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PART I. QUANTITATIVE DETERMINATION OF HYDRAZINE
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FART %,

A.

Investigation of methods for preparing quantities of hydrasine 
of 95% oonoentration or greater necessitated a rapid, convenient 
analytical procedure. A search of the literature revealed no re*  
cent survey of analytical methods. Two summaries of work by in­
dividual investigators were published in 1924 (1,2) but no complete 
survey has appeared since that date. The importance of hydrazine 
as a rocket fuel has focused attention on methods of producing 
hydrazine in tonnage quantities*  with consequent increased interest 
in and need for analytical or assay procedures# The instability 
of free hydrazine and the ease of catalytic decomposition make 
necessary frequent analyses# f

Stolle (3) reported that hydrazine in bicarbonate solution 
decomposes slowly. Bray and Guy (2) obtained similar results for 
solutions containing a phosphate buffer at pH 7. They assumed 
that dissolved oxygen was responsible for the decomposition since, 
In a closed# unshaken flask# 0.9% of 0.1 g hydrazine disappeared 
in the first two hours and only 1.9% in the next twenty-two hours. 
From an open flask a loss of 8.1% in 48 hours was noted. They 
confirmed that oxygen was causing the decomposition of the hydra*  
zine8 by excluding oxygen# the decomposition of an alkaline hy*  
drasine solution was negligible in 24 hours (4). Work by Brown 
(5) in thia laboratory demonstrated that Nprio and sine ions#
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as well as manganese dioxide, cause catalytic decomposit ion of 
hydrazine. The observations of Gilbert (6) were extended by 
Brown (5) to show that atmospheric oxidation of hydrasine in 
solutions up to 0.8 g is catalyzed by caustic soda; the cataly­
tic effect reaches a maximum at 0.02-0.03 g HaOH, Concentra­
tions of sodium hydroxide greater than 0.30-0.40 g effectively 
inhibit this oxidation*

Because of the need for an accurate quantitative method for 
hydrazine, this summary of analytical procedures was prepared 
from a careful survey of the literature*  Several of these pro­
cedures were checked by the author on samples of differing hydra­
zine content. The available methods and reagents used for the 
quantitative determination of hydrazine are:

1*  * Direct-acid titration*
3«*»<^mbination  acidimetric and iodate*
3*  ^Direct"iodate, using solvent*
4*  ♦Direct iodate with internal Indicator*

■ 5. Indirect iodate.
6. ♦Direct iodine*
?. Indirect iodine*
8*  ♦Direct permanganate*
9. ♦ Indirect permanganate*

10*  Bromate*
11*  Ferrlcyanide-oerlometric.
13*  Sodlw*P*tolwls<fonohlorami
13. Bromine and hypo chlorous acid methods*

♦Denotes methods checked in the present study*
♦♦An original method proposed and evaluated by the author.

8>*alal  factor, to beaonmdered in the OttantmUTe deter*̂^

The usual requirement, of aoouraoy and reproducibility are 
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extremely important in the analysis of hydrasine, since oxidation 
of hydrasine can result in a variety of products. Principal pro­
ducts which have been observed are hydrasoic acid, nitrogen, and 
ammonia (3,4,7)*  An oxidising agent such as permanganate which 
is satisfactory in the presence of hydrochloric acid, gives a 
variety of side products if sulfuric acid is used (1), Potassium 
dichromate is useless if oxidation to nitrogen is desired (4,7).

Ammonia is a decomposition product of hydrazine as well as 
a raw material for its production*  Thus a desirable analytical 
method must be specific for hydrasine in the presence of ammonia. 
In addition, the method must be applicable both to free hydrasine 
and to hydrasine salts. Since side reactions (3,4) can be in*  
flueneed by various conditions, such as acid concentration, type 
of oxidising agent, or presence of metallic ions, it is advisable 
to check any analytical method for reproducibility where unusual 
conditions are encountered. The rapidity and suitability of a 
method to routine analysis are, of course, other factors to be 
considered*

Since a direst titration is better in principle, and more 
convenient where analyses must be made frequently, the indirect 
iodate and iodine methode were not checked, even though excellent 
accuracy is claimed for them (1,3)*  The bromine and hypo chlorous 
acid methods were not evaluated, the reagents being of an objeo*  
tlouable nature*  Because of the similarity between the iodate 
and the bromate methods, the latter was not checked*  The exper­
ience gained through several hundred analyses has shorn that the



direct iodate and the combination aoid-iodate procedures are the 
most suitable, especially «hen free hydrazine and/or hydrazine in 
basic solution is to be determined. For completeness, all the 
methods listed above are described in detail in the experimental 
section, even though several of these were not evaluated experi­
mentally.

hrndlte solutions to be analyzed
a) Since solutions containing free hydrazine in appreciable 

concentration are subject to oxidation by atmospheric oxygen, 
fume badly, and pick up carbon dioxide, all sample weighing should 
be made using weight burets or pipets.

b) The hydrazine should be added to water containing a slight 
excess of acid followed by dilution in a volumetric flask to ap­
proximately 0.1 g. (0.025 &). Where iodate oxidation is to follow, 
hydrochloric acid should be used. Hydrochloric acid is preferred 
to sulfuric acid since the hydrochloride is more soluble than the 
sulfate. Such acid solutions are stable for long periods.

o) In the acidimetric titration of free hydrazine, recently 
boiled (oxygen and carbon dioxide free) water should be used for 
dilution of the sample.

d) With sufficient care, the use of micro pipets has.been 
shown to give results which are accurate to within 0.1^-0.% 
especially where very small amounts of concentrated hydrazine 
solutions were analysed. Micro pipets, 115-580 microliters in 
volume, were constructed from capillary tubing by blowing two 
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tiny reservoiis and drawing the capillary down at both ends. 
Using a 1 ml. hypodermic syringe, the pipet was filled with the 
liquid to be analyzed. Since the openings of the capillary were 
extremely fine, the pipet could be wiped and weighed with no ad­
ditional precaution against hydrazine lose. Furthermore, the re­
sults in Table 1 show that the reproducibility of filling and 
transfer of the contents is excellent. in effecting discharge 
of the pipet, the tip is placed beneath the surface of 50 ml. of 
boiled water and the contents are expelled by depressing the plun­
ger of the syringe. The tip is moved to another section of the 
liquid, filled and emptied twice. Finally, the tip is washed with 
a few drops of distilled water and quantitative transfer is com­
plete. Before re-use, the pipet is dried by connecting it to the 
laboratory vacuum line and drawing air through it.

A rapid and convenient method for the analysis of free hy­
drasine involves titration with a strong acid. The titration was 
followed with a pH meter4 end either methyl red or methyl orange 
were found to be satisfactory indicators. la the preliminary ex­
periments, 0.1000 I sulfas io acid, a convenient * solid, primary 
standard was used. It was found that this acid concentration was 
too weak, giving an indicator error. As a result, 0.5000 & HOI 
was used, and was standardised against freshly prepared 
Typical titration curves are depleted in Figure 1.

The two indicators are satisfactory if used correctly. The
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true inflection point falls in the lower (more acid) range of 
methyl red, and in the upper (more basic) range of methyl orange. 
Results of analyses using both indicators appear in Table 1. The 
sample® were taken using the micro pipet technique described ear*  
lier and weighed about 0.6 grams each.

£I2B*
99.88

100.00
99.90

99.93 av

99.94
99.83 99.88 av

methyl orange to color 
of pH 4 buffer

methyl red to color 
of pH 4.5 buffer

Combination aoidlmetrio and Iodate method
In the presence of ammonia or other base, the acid method 

will not indicate the true amount of hydrazine. However, combina­
tion of the acidimetric with an oxidimetrio method on any one 
sample, in that order, yields a procedure for determining both 
total base and hydrazine. For example, a hydrazine solution after 
titration with standard acid can be t Crated using the iodate me­
thod. The difference in the two titres gives a measure of the 
amount of other basic components that are present.

To shook the accuracy of this method*  a synthetic mixture 
was prepared containing a known amount of ammonia and hydrasine. 
In a weight buret*  35.4587 g. of 53.67% hydAzine was mixed with 
4.8630 g. of 17.86% ammonia. The contents of the buret were thor­
oughly mixed and four samples were taken using the micro pipet



technique previously mentioned. The results are recorded in Table

Analyses of a synthetic sample containing 44.3^ HoHa
and 2.87< by the combination acid and iodate method
Sample 
wt.,g.

ml. of 
0.3993 1

BOL
ml. of 0.1004 g 
KlOg for 100/250 

aliquot
& % % obsd.

0.5908 33.96 33.48 44.33 3.93
0.5909 32.94 32.51 44.36 3.97
0.5927 33.03 33.57 44.31 3.93
0.5908 32.95 33.51 44.36 3.88

. SAlTPAt.ÜJ
* B2H4 » KI03 . 2HC1 —> KOI ♦ ICI ♦ S3 ♦ æ2°

In the presence of concentrated hydrochloric acid (4 £ or 
above) hydrasine can be titrated directly with standard iodate 
solution. The addition of iodate is continued until the iodine 
color is discharged. Actually, the initial reaction involves re­
duction of iodate to iodine. The latter is subsequently oxidised 
by additional iodate to ICI, resulting in the disappearance of the 
iodine color. Partial reactions can be written representing these 
various steps.

a3 . 48+ , 4e~
5<r . I03* * . 88* —> $a3O ♦ >I2 

Cl* -> ICQ. . e*
A few al. of OHC1S or CCI. Is added to dissolve the Iodine, the 
end point being reached when the solvent layer is decolorised.
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A sample of Merk’s "Suitable for Micro Analysis*  hydrazine 
sulfate was recrystallized and dried at HO° G and then titrated 
using a 0.4000 I (0.1000 g) solution of Baker’s KI0&. Duplicate 
analyses were made, the second sample containing 0.5 g. ^Gl/g. 
H8H4.H2SO4. Results of these test runs indicated 100.1 and 100.0^ 
purity of the hydrazine sulfate. These experiments confirmed the 
literature claims (3) to the effect that the presence of ammonium 
salts does not interfere with this procedure.

Since reagent iodate occasionally contains some periodate, 
it is recommended that each new bottle be checked against recry­
stallized hydrazine sulfate, Recrystallized potassium di chromate 
and potassium iodate were compared and the iodate was used to ana­
lyze the recrystallized hydrazine sulfate. Results agreeing to 
within one part in a thousand were obtained. Thereafter, each new 
bottle of reagent iodate was checked against the hydrazine sulfate.

Since the end point depends on the appearance of iodine and 
its subsequent disappearance by oxidation to Id, it is necessary 
to keep the normality of HC1 within certain limits, preferably be­
tween 3 and 5. The importance of this requirement was demonstrated 
by the following experiment: one-hundred ml, of concentrated hy- 
dorchloric acid (13 g) containing HOg and an excess of hydrazine 
was progressively diluted with water and shaken with 5 ml. of CGI*.  
The results appear In Table 3. it will be noted that ICI is suf­
ficiently stable in concentrated hydrochloric acid (presumably as 
IClg*)  that it is not reduced to iodine by hydrazine unless the 
concentration of hydrochloric add is less than 7-8 %. However, 
the reaction between hydrazine and iodate (in HC1) to form Idg*
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occurs immediately. The influence of hydrochloric acid concentra*  
tion on this reaction seems to have escaped attention by previous 
workers.

a
of 101 by hydrazine 
Remarks

13 H» evolution and formation
Qi ICI observed immediately. 
Ho iodine color in solvent, 
aqueous solution yellow.

8.3 Appearance of faint iodine
color in solvent, aqueous 
Solution yellow.

7.8 Definite iodine color in
solvent, aqueous solution 
slightly brown.

6*8  Deep iodine color In solvent,
aqueous solution brown.

tert».
Concentrated Hd, standard KI05, CBdg or

To a glass*stoppered  flash containing the solution of the 
sample add ^0^ more than an equal volume of concentrated BOI 
(12 X) and 5 ml. of CC14. Add standard iodate solution until 
the aqueous layer begins to change from a dark brown color to a 
light yellow. At this point add the iodate dropsies and shake 
the solution vigorously, after the addition of each drop» When 
the iodine color is completely discharged from the solvent layer, 
the end point has been reached. The final normality of HO1 should 
be between 3 and 6.
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filagl. Iodate... with internal indicator (9)
The procedure is the same as given above for direct iodate 

using solvent, except that a water-soluble dye is used instead 
of the solvent. Amaranth and Brillant Ponceaux SR having British 
Colour Index numbers 184 and 185, respectively, are satisfactory 
for this purpose. (These dyes are known under the National Ani­
line Co. names of tool Red, 40F, and Brilliant Scarlet, 3R). A 
0.2$ aqueous solution of either of these indicators is made up;
three to five 
in 350 ml & of 
acid, iodine, 
tian, but are

are sufficient to give a aiatinot end point 
solution. The dyes are not affected by hydrochloric 
or iodine monochiaride under conditions of the titra*  
readily destroyed by a trace of iodate in M J HOI 

at temperatures above 30° C. The heat of dilution of concentrated 
HOI to 5-6 g is sufficient to raise the temperature above this per- 
miscible minimum. The addition of the indicator is delayed until 
the end point is approached, that is, until the iodine color begins 
to lighten. The iodate analyses presented in Table 3, page 7, 
were obtained using this method.

,-MI^ .(3)
«r ♦ bh2H4 * 4IO3 sag # 3i3 ♦ laa^ (a)

SET*  ♦ 51*  ♦ I03- ** 31g » SHgO (B)

The oxidation of tgrdxasine to nitrogen by iodate prooeede 
slowly in neutral or alkaline solution but is rapid and Q^atlta- 
tire in acid solution. Both hydrazine and iodide lone reduce 
iodate to iodine; the hydrasine sample in add solution is treated 
with an excess of iodate and the excess iodate is determined toy
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addition of potassium iodide. The liberated iodine is then titra­
ted with thiosulfate. In 0.5-2 g sulfurio acid, reaction (A) is 
complete in three minutes. Addition of iodate dropwise to hydra­
sine solution, or the reverse addition, has no effect on the accur­
acy. Sa alkaline alution, however, the reaction does not give 
quantitative results.

KI, starch solution, standard KI03, standard HagSgOg, 4 & 
sulfuric acid.

To a given volume of standard iodate, 30-50$ in excess of 
that needed to oxidize the hydrazine, add an equal volume of 4 g 
sulfuric acid. Add the hydrasine sample to the solution. After 
five minutes add potassium iodide in excess and titrate the liber­
ated iodine with thiosulfate.

. UJ
HgH, ♦ 31g —» 4HI * »2

Hyd%a%ia« am be titrated d&rwtly with standard iodine 
solution if the pH Is jregulated to 7.0»7.4 and if the last drops 
of iodine solution are added at intervals of a few seconds. At 
a pH lower than 7 the reaction la quantitative but vary slow. If 
the pH is greater than 7,5 the method gives low results, Wing 
0.1 X Ig solution, one drop will give to 300 ml, of the solution 
a perceptible yellow solar that is permanent for several minutes. 
Against a good light and a white background the end point is easily 
discernible..
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TM prwmw of ammonium salts was found to have no effeot*  
sinoe triplicate analyses used 32.96, 33.00, 32.99 ml. of standard 
Ig (last sample contained 0.5 g. 8H4GI).

In experiments by the author, no reagent blank was subtracted 
since 150 ml. of water containing 0.5 g. KI (amount present after 
a normal titration) and adjusted to pH 7.0-7.2 with HaHOOg re­
quired but 0.02 ml. of standard iodine solution.

Standard Ig, standard HagSgOg, KaHCOg.

A hydrasine sample is diluted to ca 150 ml. in a 600 ml.
beaker containing pH meter electrodes and a stirrer. Solid HaHCOg 
is added until the pH has been adjusted to 7.0*7.2  and standard 
iodine solution is added. Additional HaHOOg is added whenever ne­
cessary to maintain the pH in the desired range. When the yellow 
color begins to linger for a fraction of a second, the rate of 
iodine addition is decreased to one drop/five seconds. At the 
equivalent point the color will persist for several minutes, Re­
ference has already been made to the fact that hydrasine is readily 
oxidised by air at a pH above 7. In carrying out this procedure 
it would be desirable to eliminate this possible source of error, 
by introducing nitrogen gas into the container.

Ml3»*  r
The oxidation of hydrazine by iodine occurs rapidly in alka­

line solution. To prevent errors resulting from the formation of
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iodate, a large excess of iodine is used and the iodine is added 
to the hydrazine solution before addition of the alkali. Errors 
due to loss of hydrazine from alkaline solution are reduced by 
rapid addition of the iodine. Following the recommended order of 
addition, an accuracy of 0.3?» is achievable.

Wfiente requis
Standard iodine, standard thiosulfate, 3 & HaOH, 3 g HgSO*.  

starch solution.

ternie
The hydrazine sample is placed in a glass-stoppered flask, 

an excess of standard iodine solution la added, followed by an 
excess of alkali. After two minutes the solution is acidified 
and the residual iodine titrated with thiosulfate.

tessi . WW W
5»gH4 • 4MnO4~ * 13H*  5hg ♦ ISHgO ♦ 4MB**

In boiling 1 H01 solution hydrazine can be titrated with
Otn04. The author found that the end point faded rapidly. The 
procedure is not recommended.

4 % HCd, standard

To 40 ml. of 0.1 g hydrazine, solution add 30 el. of 4 g HOI 
solution, heat to boiling and titrate with 0.1 g KHnO*  until the 
solution is pink. The end point is fleeting.
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.Indirect permanganate method (1)

WU * * 3H8 ♦ 40H*  ♦ 4H20 (alkaline solution)
Kolthoff (1) claimed to have achieved excellent results by 

the oxidation of hydrazine in alkaline solution with excess per­
manganate and back titration of the excess in cold solution using 
Kl and thiosulfate. The author found, however, that the perman­
ganate method was subject to erratic variations, amounting fre­
quently to 1$ and occasionally to as much as 3-5$. The deviations 
on duplicate titrations were often as large as 0.5-1$. in compar­
ison with results obtained by the iodate and iodine methods, the 
errors using the KMnO4 method were always negative, i.e., gave 
lower values for hydrazine content. Kolthoff based his claims on 
the analyses of a standard solution of hydrazine sulfate, whereas 
hydrazine solutions of widely differing concentrations, some con­
taining acid and others only free hydrazine, were analyzed in 
checking the method.

In an effort to determine the cause for the observed dis­
crepancies, the order of addition of reagents was varied; that is, 
hydrazine was added to alkaline permanganate rather than the re­
commended procedure in which permanganate is added to the alkaline 
hydrazine solution. Since iodine le subject to oxidation to iodate 
in alkaline solution, the addition of KI was delayed until after 
acidification. However, the method still gave results which would 
frequently deviate 1$ or more without apparent reason. It was 
concluded that the method is capable of giving reproducible results 
only if carefully standardized and repeated exactly under those 
conditions. Typical results are presented in Table 4.
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ShmPles analyzed by MnOa. KIO,. and lomethods
KMnO4 I3 kio3 % Mfferenoe

.... jbaéed on iodate ,
96,9 99,4 99,4 -3.5 (a)
98.3 99.4 99.4
9?e4 99,3 -3,0 *
99sl 99,4 *0.3 (b)
10.04 10.021 *0.2  ■
11.63 18.0C। -3.1 *
13.39 13,53i #-1.3 *
19.68 19.75i -0.35 » .

(a) Order of addition: HaOH, KMnO4, N2H4, H3S04i KI.
(b) Order of addition %, HaOH, «n04, KI, HgS

Standard KMnO4, standard 4 & HaOH, 4 & H3S04, KI,
and starch solution.

ZESSfiter
As excess of standard KKaO4 is placed in a 500 ml. ooniSal 

flask containing the hydrazine solution and ten ml. of 4 K HaOH. 
Since the reduction in alkaline solution yields HnOg, the norman 
lity is three-fifths that in sold solution. After 30-45 minutes, 
3 g. of KÏ is added and the solution is acidified with 30 ml. of 
4 $ %S04. the liberated iodine is titrated with thiosulfate.

This method is essentially similar to the iodate procedure.
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If the titration is carried out at room temperature and indigo or 
methyl orange is used to detect free bromine at the end point, an 
excess of bromate is required. The excess can be determined iodi- 
metrloally. In the presence of 6 g HOI the reaction is quant ita- 
tive if begun in boiling solution. Reference (11) mentions the 
use of phosphomolybdio acid as indicator.

^x.rloysnide~o^ (18)

H3H4 * 4K3Fe(0H)6 * 4K0H —► 4^e(OH)g * 4H30 ♦ H3
The oxidation is accomplished by adding excess ferricyanide 

in basic solution, acidifying with HC1 and determining the amount 
reduced using standard eerie sulfate. The amount of excess alkali 
was found to be without effect. The final acidity should be less 
than 1.9 g in HOI. It is stated that oxidation of hydrazine is not 
complete if insufficient excess ferricyanide is added. However, a 
large excess of ferricyanide must be avoided since the end point 
cannot then be seen easily.

Standard ceric sulfate, 6 1 HOI, 0.5 & K3Fe(CH)6, 0.5 g
FeOlg, 6 I Ham.

Dilute 35 ml. of 0.1 2 hydrazine solution to 60 ml. in a 36® 
ml, conical flask, add 10 ml. of 0.5 & XÿMOBjg solution, followed 
by 10 ml. of 6 S MDH. Shake gently for one-half minute and allow 
to stand for two minutes. Add 30 ml. of 6 g HCl and titrate with 
standard ceric sulfate solution until the green color just .
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disappears and the solution assumes a brown color, Md 2-3 drops 
of 0.5 % FeOlg solution just before the end point for a sharper 
color change.

(13)
The use of Chloramine-T, (name given above) is described in 

reference (13) and involves a potentiometric titration of hydra­
sine solutions using that reagent. A modification is to substitute 
ChloraMne-T for iodine and proceed as in the direct iodimetrio 
analysis.

Ml
For the sake of completeness, two other methods are mentioned, 

bromine oxidation and hypoohlorous acid oxidation. In the former, 
excess standard bromine solution is added to a dilute acid solution 
of hydrazine and the excess treated with KI after two minutes. The 
iodine is titrated with standard thiosulfate solution. The hypo­
ohlorous acid method involves addition of the hydrazine sample to 
a buffer of mono- and di-sodium phosphate (pH 7) followed by addi­
tion of excess standard hypoohlorous acid. After five minutes, KI 
and sulfuric acid are added and the iodine titrated as before with 
thiosulfate.

C- SJMUAHY

1 ) A survey has been made of methods recorded in the litera­
ture for the quantitative determination of hydrazine. The advan­
tages and disadvantages of these various procedures have been con­
sidered and the most promising methode subjeoted to experimental
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study,

2) Scellent and reproducible results were obtained using 
elthe  a) the direct iodinw» or b) the direct iodate method with 
solvent or with indicator.
*

3) The direct acid titration of free hydrasine with 0.5
te either the methyl red or methyl orange and point, followed 

by iodate oxidation, is a useful combination where ammonia and/or 
other basic constituents are present.

4) The use of micro pipets is recommended for the analysis 
of concentrated hydrasine solutions.

8) Prompt acidification of hydrasine samples prior to analy*  
sis is recommended to avoid carbon dioxide or moisture absorption*  
or loss of hydrasine by air oxidation.
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PART II. PREPARAT» OF ASÏÎÏJHOU3 HTBRASIHE



PASS n.

A.

The Interest in anhydrous hydrasine for possible use as a jet 
propulsion fuel prompted the author to undertake first, a critical 
survey of recorded procedures for the dehydration of hydrasine hy­
drate, and secondly, an experimental study, based on certain theor- 
etloal premises, of an improved process for the production of anhy­
drous hydrasine, Although a considerable number of investigations 
have dealt with the preparation of anhydrous hydrasine, there seems 
to be doubt concerning the efficacy of the various recorded prose- 
dures, in many instances a method reoommended by one investigator 
has not been found suitable by another.

The starting material used by previous investigators has been 
(in most instances) hydrazine hydrate, ranging in composition from 
85-10^ NgH^HgO. A variety of dehydrating agents such as barium 
oxide, sodium hydroxide, potassium hydroxide, and calolum oxide has 
been used in conjunction with procedures of varying complexity. 
Long refluxing slth the dehydrating agent has usually been recom­
mended; followed by repeated distillation either in vacuum or In an 
inert atmosphere. These steps have occasionally been followed by 
fractionally freezing to produce anhydrous hydrasine, usually in 
poor yield,

B. miœm

of hydrazine hydrate with barium oxide and with barium



Baritim oxide vas fixât used (18&0) by Curtius and Sohuitz (1) 
in an unauocesaful attempt to prepare anhydrous hydraaine from the 
hydrate. DeBruyn (3) later succeeded by refluxing the hydrate with 
excess barium oxide at 110*,13g?  0 for several hours, followed by 
distillation at 100-150 mm„ To distil over the last quantities of 
hydrazine it was necessary to reduce the pressure to 40-50 mm. and 
increase the temperature. The distillate, which still contained 

water, was redistilled from half its weight of barium oxide 
in an atmosphere of hydrogen at a pressure of 150-300 mm. Shier 
and Krause (3) obtained 93^ hydrazine after refluxing the hydrate 
for 13 hours with twice its weight of barium oxide and subsequent 
vacuum distillation. Repetition of this treatment, followed by 
fractional freezing, increased the concentration to 99.7^ hydrazine.

In 1911 Bale and Shetterly (4) investigated several methods 
for the preparation of anhydrous hydrazine, The hydrate was re­
fluxed with excess barium oxide in an all-glass apparatus for one- 
half to one hour at the boiling point (ca 114 9) using a Vigreux 
column as a reflux condenser. Thereafter, the pressure was reduced 
to 20-300 mm, and the distillate collected in a current of hydro­
gen. In a typical experiment, 150 ml. of hydrazine hydrate and 
415 g. of crushed barium oxide yielded 93 g. of 99.83# hydrazine. 
Welsh (5) modified this procedure to the extent of using a water- 
cooled Vigreux column as a more efficient condenser during the re­
flux period. Partially dehydrated hydrazine hydrate was boiled 
for three hours with a 50# excess of barium oxide and thereafter 
distilled in an atmosphere of hydrogen to yield a distillate sen- 
taining 99.7# This method has been u$d by other investigators
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%7) who report preparation of material oontainlng 99.6^ (7);
no data of the yield is given, More recently Giguere and Rundle 
(8) prepared 99.4% by repeated refluxing and distillation 
from barium oxide followed by two fractional freezing steps.

Hale and Shettexly (4) investigated the effectiveness of bar*  
lum hydroxide as a dehydrating agent. One distillation increased 
the concentration from 64% BgH*  (amount present in to 78%;
redistillation of this product gave an additional increase up to 
88%. Distillation of a mixture consisting of 91.5 g. of 82.5%

and 400 g. Ba(OH)g gave a product containing 93.1% #384. Re*  
distillation of this material with fresh barium hydroxide yielded 
two fractions, the most concentrated containing 96%

dehydration of eodj;^ hy#^
Raschig (9) claims to have prepared anhydrous hydrazine in 

substantially quantitative yield by the following procedure*  
equal quantities of sodium hydroxide and hydrasine hydrate were 
heated to 113*  (approximately the boiling point of The
temperature was slowly raised to 150*  and the vapor condensed*  
taking precautions that it did not contact organic matter. From 
100 g. of he obtained 60 g. of distillate; no analysis
of the product is given.

Raschig's method was studied in more detail by Kale and 
Shetterly (4). After heating 250 g. of hydrasine hydrate with an 
equal weight of sodium hydroxide at the boiling point for two hours, 
the mixture was distilled and four fractions collected*  The frac­
tions weighed 50,54, 55 and 10 g*,  and contained 98.6, 97.5, 95.0
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ana 87.0;% respectively. In a similar experiment using fused 
sodium hydroxide, three fractions were collected weighing 25, 23, 
and 31 g. and containing 99.3, 98.1 and 98.1% W&, respectively.

After partially dehydrating the hydrate by sodium hydroxide 
(Rasohig*s  method), ^elsh and Broderson (10) found it necessary to 
use barium oxide in order to eliminate the last traces of water. 
Friedrichs (11 ) distilled hydrazine from sodium hydroxide after re— 
fluxing the mixture for several hours, then redistilled twice from 
B&O*,  and finally resorted to fractional freezing to achieve 99.9% 
%8%4. Ifo data concerning the yield are given. Gilbert (12) pre*  
pared 99-100% K3H4 by dehydrating the hydrate with sodium hydroxide 
in an all-glass apparatus*  The product was subjected to fractional 
freezing to yield 99.90% 8^84. Kahoveo and Kohlrausoh (13) also 
prepared hydrazine using sodium hydroxide and hydrazine hydrate; no 
analyses are given, but the boiling range, 114*9^115.7^0,  is some­
what higher than the accepted value for anhydrous hydrazine, 113.5*  
0 (14), 

&ehy.dr^ potassium hydroxide
r/enner and Beckman (15) prepared anhydrous hydrazine from hy­

drazine hydrate and fused potassium hydroxide by the following 
method (which, they state, is superior to the barium oxide proce­
dure)*  the hydrate was refluxed for three hours with fused pot as- 
slim hydroxj^ pf hydrogen, hydrazine was them
«Rediatillation from barium oxide was accomplished in an allglass 
apparatus. The hydrazine was progressively distilled by cooling 
the receiver bulb with dry ide-dcohol and heating the other. #hen 
one-half the hydrazine had distilled over, the bulb containing the 
residue was sealed off. Two of these sealed-off flasks exploded 
subsequently after a period of exposure to ordinary daylight. Ana­
lysis of gas in an unexploded bulb indicated the presence of hydro­
gen.
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distilled la a stream of hydrogen at pressures from 30^100 mm# 
repetition of this distillation (three times) gave 98.9 à 
Semeeheen (16) used this method and obtained & produet, boiling 
at 113,4*0  (781.5 mm. ). This figure oompare*  veil, with the ao*  
oepted value of 113.5@0 (14), Bamford (17) reported the prepara­
tion of anhydrous hydrazine by repeated refluxing of hydrazine 
hydrate with potash hydroxide and vacuum distillation, Bushnell, 
Hughes, and Gilbert (18) prepared anhydrous hydrazine using both 
barium oxide and potassium hydroxide as dehydrating agents; they 
state that barium oxide is the more efficient dehydrating agent, 
although a greater loss of material is entailed in its use.

msoellaneaus^
An interesting method, historically, is the reaction of hy­

drazine hydrochloride with sodium methylate in anhydrous methanol 
(2). After filtration of the precipitated sodium chloride, the 
hydrazine and methanol were separated by fractional distillation. 
The ammonolysis of hydrazine sulfate in liquid ammonia (19) is said 
to give substantially anhydrous hydrazine. Since ammonium sulfate 
is insoluble in liquid ammonia it can be separated easily from the 
liquid phase consisting of ammonia and hydrazine. Simple evapora­
tion of ammonia leaves a residue of hydrazine. Pleskow (30) frac­
tionated the ammonla-hydrazine extract over barium oxide under 
reduced pressure and then vacuum distilled the hydrazine#

stabler (31) attempted to use calcium oxide as a dehydrating 
agent# Two-hundred grams of the hydrate was heated to 120*C  with 
700 g« of calcium oxide. Kven after raising the temperature to
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145*-150*C,  little hydrazine vas obtained, Distillation prooeeded 
gradually, but decomposition also oocured, since the product con­
tained asmonia. However, Barrlek (22) prepared anhydrous hydrazine 
by the method of Hale and Shetterly (4k) ^ith final drying over 
freshly prepared calolum oxide and high vacuum distillation.

Dschawaahcw (23) investigated the equilibrium for the systems 
hydrazine-boric acid. Upon heating to 250-260^0^ 
decomposes into the latter dissociating into
and above 260*C.  He stated that this procedure could be used 
to prepare anhydrous hydrazine. Gtolle*  and Hofmann (24) claimed 
that hydrazinocarbonic acid or its hydrazine salt could be heated 
with barium oxide or calcium oxide to yield hydrazine. An attempt 
to carry out this experiment using a 100 g. quantity resulted in 
a violent explosion.

étoile*  (25/ dehydrated hydrazine solutions by the addition 
of sodium amide in molar proportions to the water present, follow­
ed by distillation*  An excess of the amide is to be avoided, since 
the explosive material, sodium hydrazide, is formed by reaction of 
hydrasine with sodium amide*  Schlenk and iWohself elder (26) re­
moved traces of water still present in hydrazine dehydrated by the 
Raschig procedure (9) by the addition of sodium metal. The hydra­
zine was removed slowly by vacuum distillation. The residue, con­
taining some sodium hydrazide, exploded violently on contact w*h  
air or moisture,

0. &IS0l#8^ THBLIT^
It is obvious from the foregoing literature survey that some



confusion exists concerning the best method of preparing anhydrous 
hydrasine. However*  there are some salient features which may be 
discussed under the following headings;

a) Removal of water from hydrazine hydrate by chemical com^ 
bination, e.g., with barium oxide or calcium oxide.

b) Reduction of the vapor pressure of water using materials 
which form hydrates of low vapor pressure, e.g., sodium 
hydroxide, potassium hydroxide, and barium hydroxide.

o) Time of reflux before distillation of hydrasine.
d) Distillation in an inert atmosphere and/or at reduced 

pressure.
e) Repetition of the above steps.
f) Fractional freezing.
Procedure (a) involves the difficulty of mixing a liquid with 

more than its weight of solid and subsequent distillation from this 
heterogeneous mass. Poor heat transfer and mechanical entrapment 
are obvious disadvantages of this procedure, and could account for 
the reported loss of material (18). The long period of refluxing 
undoubtedly serves to establish equilibrium in (a) where an excess 
of solid reagent is used. Barium hydroxide forms solid hydrates 
and its use is therefore encumbered by the disadvantages cited for 
procedures given under (&). In addition, these hydrates possess 
high vapor pressures even at ordinary temperature ranges, and for 
that reason barium hydroxide cannot be considered an effective de­
hydrating agent. However, in the case of sodium hydroxide, the 
reason for long refluxing is a little more obscure, since (within 
a great range of concentration) sodium hydroxide, hydrasine and
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watez 5ore a completely liquid, syates# Operation (d) assumes 
importance because of the ease of oxidation of hydrazine and its 
inherent instability, thermodynamically, toward decomposition into 
its elements, (dami'ord (17) reported explosions produced by spark— 
ing hydrazine vapor at 100°0). The necessity for (e,f) obviously 
results from the inefficiency of the previous steps.

d.
After a careful study of the literature, it was decided to in­

vestigate more fully the use of sodium hydroxide for the dehydra­
tion of hydrazine hydrate. Two obvious advantages of its auccess- 
ful use would be : a) its low coat relative to the other dehydrat­
ing agents, and b) the ease of distillation from a completely 
liquid system. The M*  ion is smaller than the K*  ion, which would 
lead one to expect that a hydrate of sodium hydroxide should have 
a lower vapor pressure at a given temperature than the correspond­
ing hydrate of potassium hydroxide. This is equivalent to stating 
that sodium hydroxide might be expected to be a better dehydrating 
agent than potassium hydroxide, both on a weight and molar basis. 
Thia prediction is verified by data (37) appearing in Table 1.

At the melting point of WJH.HgO (64.3°C) the vapor pressure 
is 0.3 mm., while that of hydrazine is 108 mm. (28). Assuming that 
equilibrium would favor complete conversion to Ka0K.H30, it should 
be possible to add sodium hydroxide (in molar proportions to the 
water present) to a hydrazine-water solution and distill substan­
tially anhydrous hydrazine from a system which is completely liquid 
above 64.3°C. Of course, the freezing point of the monohydrate 
would be depressed somewhat, due to solubility of hydrazine in this 
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phase. Reference is made to the fact that the addition of sodium 
hydroxide up to the eutectic composition (1.33 MaOH:lHgO) m.p., 
61.5°C, produces an additional vapor pressure lowering (see Table 1X 

The following equilibrium reaction
8aOH(s) * Hg^.HgOdiq. ) SSS KaOH.HgOdiq. ) * K^diq. ) 

can be assumed to favor the formation of the products on the right. 
Sufficient free energy data are not available to allow estimation 
of the equilibrium constant. However, the large differences in 
heats of hydration,

HaH4dlq.) , HgOdiq. ) ----  H3H4.H30(llq. )

4 Hggg*  • -1.80 Kcal (18)
MaOH(s ) t HgOdiq. ) — NaOH.HgOd) 

^H391° * -6.01 Kcal (39) 
indicate that thle 1» a fair æauaptlon.

On thie Mele» then, proper adjustment of the NaOHratio 
should make it possible to use technical oauatlo soda if allowanoe 
is made for the mater oontent of the latter*  There is no theorem 
tloal advantage for using fused sodium hydroxide. Furthermore, 
equilibrium in this liquid ayatea ahotad be attained rapidly, and 
thus no advantage mould result from long refluxing prior to distil*  
lation# It is felt that variations in ooncentration of hydrazine 
as effected by methods reported in the older literature were not 
caused by the dehydrating agent, but by another factor, apparently 
unrecognised previously, namely, reotifioation of the vapor after 
evaporaticm frms the liquid phase,

Theoretically, it seemed highly probable that oonsidaration of 
the fasters outlined above would lead to the development of a suit*  
able method for the preparation of anhydrous hydrazine, An expert*



alkali .hydroxides and
preBsiKeg of their hydrates (27)

Temp., 
_°x.... ..

Vapor pressure, 
___ m*Jlu ..............

8oll4 phase Solubility, 
B0K/100 fe. KaO

30 0,61 NaOH.H 0 109so 0.91 # 117.540
50

1.2 * 1291.3 a 14560 1.0 » 17463.5 0.7 It 190.764.0 0*4 s 21164.3 0.3 KaOH.K^O m.p. 222.364.0 0.16 340*62.5 0.06 269
29561.5 0.025 (Buteotlg)

80 0.075 HaOH 314100 0.85 * 338150 4.4 » 416

30 2.4 K0H.2H20 13633.5 2.2
■ yaw

135
40 3.3

AUÜe ngu

50 5.5 # 14060 9*1 N
80

100 3140
« 161

•Th» appâtent dissoutinulty in solubility arise» because of the 
solubility of KaOH in liquid HaOH.^0.
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mental study was therefore undertaken to evaluate the following 
points:

a) The feasibility of distilling hydrazine from the three 
component system using EaOHtHgO ratios
tm a molar basis) of one or greater.

b) Substitution of technical caustic soda for O.P. or fused 
sodium hydroxide.

o) Distillation at temperatures above the melting point of 
the BaOMgO eutectic (61.5*0).

d) Distillation, as in (a), using a fractionating column.

%. mgsmcA

Pyrex-glase apparatus with standard taper connections was used 
throughout this investigation. The tapers were lubricated by cere- 
fully applying silicone grease to the top one-third only. A liter, 
round-bottom flask, fitted with a 34/40 taper was used as the still 
pot. It was heated by a glascol heating mantle, the temperature of 
the latter being controlled by a Varias transformer. A thermocouple 
well was sealed into the side of the flask and extended nearly to 
the bottom. To prevent spray from contaminating the distillate, an 
ordinary condenser (uncooled) was mounted vertically. Vrom the top, 
connection was made to a water-cooled condenser, and a thermometer 
was inserted at this junction to indicate the vapor temperature. A 
fraction cutter was used to collect the distillate, provision being 
made to evacuate the receivers and to allow sampling without Inter­
ruption of distillation.

Reduced pressure (on 90 mm. ) was maintained during distillation 



with either a sater aspirator or a vacuum pump. The latter was 
actuated by a relay and manometer. Since the aspirator functioned 
satisfactorily it was used in all but the first two runs. The va­
cuum was adjusted manually by bleeding air into the system (at the 
pump) by means of a capillary and stop-cock, a two-liter ballast 
flask was inserted to cushion sudden pressure changes. The pressure 
was read using a Hermann (30) type barometer.

Procedure

This sequence was followed in all runs: the apparatus was 
flushed with nitrogen and stoppered. A quantity of ana y zed hydra­
zine hydrate» (oa 85% %%.%0) was weighed quickly into the dis­
tilling flask. The requisite amount of sodium hydroxide was weighed 
out as quickly as possible into a taxed bottle. After the flask had 
been inserted into the heating mantle, the sodium hydroxide was ad­
ded. The flask was then connected to the distillation apparatus 
and the system evacuated to approximately 90 mm. Since the heat of 
reaction is sufficient to raise the temperature to about 45°c, the 
flask must be connected immediately to the distillation apparatus 
to avoid hydrazine losses. Sufficient heat was then applied ex­
ternally to begin distillation (61-62®C).

A ijyflgagl.ne. ..solution containing reagent sodium 
hydroxide and water quantities.

Following the procedure outlined above, hydrazine hydrate and 
reagent sodium hydroxide were mixed and three fractions were dis­
tilled from the mixture.

♦Fairmount Chemical Co., Inc
600 Ferry St., Newark J.
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SSJL.
a) 366 g» : 300 g. HqHzi, 6,35 noies

(85.5> HaH4.Hs0) 166 g. KO, 9.33 *
Materials '

used b) 386 g. HaOH: 374 g. MaOH, 9.36 ’
Minurai» assay 97ÿJ
asswainig lÿ Hg0 3.3 g. HgG, 0.23 "

rotai : 6.35 noies HgH*  9.44 noies» HgO, 9.36 noies HaOH.

âBÊ£â$lBg^3Èâ

Ratio ; isoles ïfaOH inoles HgO » 0.99

Pressure, 
..... .

Pot temp., 
^0

Vapor^taap.,

94 63 63
96 63 63 Fraction (1)
88 63 61

... S3 -...-...A3......... —... m________88 63 61
90 78 63 Fraction (3)

— 83 .... 75 _ 64_________
88 79 65 ‘
88 84 66 Fraction (3)
88 89 67

>W (1) 106.6 g., 98.0 8^4. 
61.4 g., 97.92 

EmUÆ.(3) 27.3 g., 90.4/ K3li4.
Total recovery: 94.82 of theoretical.

The hy&raalne analyaea were aMe by the Iodate method of Smith 
and Wiloo% (31) uelng & weight buret or micro pipet, The hydrasine 
was transferred» immediately after weighing, into an exceed of hy- 
droohlorlo acid to prevent air oxidation. (9ee Part I, page 4), 

After about 170 g. of distillate had been collected, the tern*  
perature of the still rowe rapidly. The laet fraction, collected 
during thin temperature interval, wae of lower hydrazine content.
Thio observation was used in later rune to determine at which 
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temperature to out the last fraction which was invariably of lower 
hydrazine content.

A .hy.drazi^ soiut^oa contaliiinR reagent sodium 
SXdroxide and .water in a molar ratio of 1.3:1.0

The following experiment was performed to evaluate the effect 
of increasing the HaOH:Hao mole ratio to a value larger than one. 
The materials and apparatus were the same as in Run 1, distillation 
scouring at pressures from 90-105 mm.

a) 366 g. N^.HgO:

^sed^ 200 6‘ Vi' 5*35  moles
166 g. Hs0, 9.38 moles

b) 471 g. KaOH:

(Assuming 10 %0)
457 g. HaOH, 11.43 moles
4.7 g. H20, 0.86 moles

I2W.: 8.35 moles 8384, 11.43 moles BaOH, 9.48 moles HgO.
Ratio: moles HaOH:molee HgO a 1.31.

107.4 g., 98,40
P) 81.3 g., 97.30 «3H4.

mqtljm,l3) 6.7 g., 93.70 V3H4.

Pot temperature 62°C.
Pot temperatures 63-66°0.
Pot temperatures 66-87°C.

Total recovery: 95.40 of theoretical.

Comparison of Run 1 with Run 3 shows that there is an advan­
tage to increasing the mole ratio SaOHiHgO from 0.99 to 1,31, As 
indicated in Table 1, the ratio of HaOHiHgO at the Ha0H.H30-Ha0H 
euteotic is 1.33.
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ihe melting points of HaOH.HjjO and are 64.3 and 1.8°o, 
respectively. It was thought that solid HaOH.HgO might precipitate 
on cooling a solution as prepared in Bun 1, leaving concentrated 
®3®4 solution. A composition corresponding to that used in Run 
1 was heated until complete solution oocured. Examination revealed 
the presence of two liquid phases, the upper phase being about one­
fifth the volume of the lower phase*  Upon cooling to approximately 
65% the lower phase began to crystallise*  Further cooling resul­

ted in formation of a semi-solid mass. The ternary system NaOH- 
U3H4-H30 was subsequently investigated in detail at various tempera­
tures. The data appear in Part III of this thesis.

Dlstj.llati.% frqm a .hydrazine solution containing technical caustic 
goda ,%d water jn equimolar quantities

Technical HaOH (Merck, U.S.P., approximately 95%) was used in 
all subsequent experiments*

Run 3

a)

b)

373 g*  M3H4.H30: 
(Assay 84.3,1 K2H4.H30)
450 g*  technical KaORi
(about 95%)
Assuming 5% HgO

301 g. H2H4,
171 g. H20, 6*36  moles

9*50  *
438 g*  MaOH, 10*68  -

23*5  g*  H30, 1*35  *
Total: 6*26  moles S3H4*  10*68  moles HaOH, 10.75 moles H20*
Ratio: moles HaOH: moles H30 * 1*0.

%A#jpn n<(^2 88.0 g., 98.0% H3H4, Pot temperature 63-6590, 
pressure 98-105 am.
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69.7 g., 99.lj» H2H4. Pot teageratuze 65—75°C, 
pressure 109-110 «a.

,(3) 45.3 g., 78.8/i HgH^. Pot temperature 75-97°0> 
pressure reduced to 19 tea.

total zeeovegYi 100,à of theoretical

Fraction (1) was collected at the rate of 3 g./min., and frao- 
tlon (3) was also collected rapidly. Fraction (3) was collected 
slowly.

sun 4 was a duplicate of Hun 3 except that distillation was 
allowed to proceed very slowly, 1| hours being required to collect 
fraction (1),

Oats
101.8 g., 99.0,4 33H<. 
pressures 91-105 m.
68.6 g., 98.8% RgH*.  
pressures 102-105 mm.
32.1 g. , 91.7% 3g%,

gsm

Pot temperatures 60~64°0,

Pot temperatures 64-69°C,

Pot temperatures 69-94°c,
pressures 98-102 mm.

SsSsk ?,«rn. 98.5*  of theoretical.

A fractionating column was constructed of 12 mm. (i.d.) pyre*  
tubing. At the base, it was drawn down to form a drip-tip with 
appropriate vapor holes. A short length of 25 mm, tubing was seal­
ed to the column above the drip-tip and a 24/40 taper was sealed 
to the other end of this large tubing. The column was packed to a 
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height of 98 am*  with 5/33-inah glass helices*  After packing, the 
column was placed within a silvered vacuum jacket, 93 Cm*  in length*  
The jacket rested on the 35 mm*  extension at the base of the column, 
direct glass-glass contact being avoided by the use of a call of 
pipe cleaner as a cushion*

The column was operated at total reflux, all the condensate 
being returned to the column. A take-off head, Illustrated in Fi­
gure 1, was constructed so that all the condensate was required to 
pass through a 35 ml. reservoir before being returned to the top of 
the packing. The liquid passed in the top of the reservoir and was 
returned to the column by a constant-level eyphon operating from 
the bottom of the reservoir. In this manner the column was opera­
ted at the maximum fractionating efficiency. Distillation was al­
lowed to proceed until the column had been operating (with the re­
servoir full) for approximately one hour*  By a system of stop 
cooks, the reservoir was emptied without interruption of distilla­
tion*  Subsequent samples were collected at approximately one-half 
hour intervals*

itauJt
Materials used! see Run 3*
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WA

Pressure, 
.......

Pot Temp., 
°C Time Remarks

100 81 0 min100
93
93

81 10 a

63
63 35

35
M Two liquid phases;

94 61 1 hr,30 M Fractions combined to94 61
. ........%.. .......

1 hr, 55 fl give fraction (1),.. 87 ..... Jar,30 H 100.1 %, . .....  .............
84 65

64
3
3

hr, 45 « Two liquid phases, upper88
84

hr,10 » phase slightly yellow.84 3 hr,30 » Fractions combined to
„ 30 . . __ 65.... . .3 hr, 50 fl give fraction (2), 57.7a

78 73 4 hr,10 One phase, pot tempera-« ture increased rapidly.78 90
95

4 hr, 25 « Fractions combined for78 4 hr, 35 R fraction (3), 33.4 g#
aasiiM-Ul loo.i 5*  » 99.9ÿ KgKi.
ImRttBlHa) 57.7 g*» 99.9 > %-

. (S) 33.4 B*  > 99.7#
94.8# of theoretloal.

On standing (oloaed) overnight, a fee ml. of liquid drained 
from the column, and the parking was still visibly yet. The holW 
in the column undoubtedly amounted to several grams. of course, 
this amount would be of less significance if larger quantities were 
distilled, or several runs were made in succession. It should be 
noted that the poorest fraction contained 99.7# whereas, with­
out fraetion&tlen, the concentration of the poorest fraction varied 
from 78-93#. Furthermore, the freezing point of fraction (3) was 
found to be 1.7^0 (corrected) which agrees with the accepted va­
lue for anhydrous hydrazine (19,18).

An observation port, located at the junction of the two liquid 
phases, made it possible to note the disappearance of the upper 
phase as distillation progressed. After approximately 80# of the 



amount of hydrasine originally present had distilled over, there 
remained only one phase. Thereafter, the temperature of the pot 
rose rapidly and the distillation rate decreased markedly.

The hydrazine-water system has a maximum boiling point at a . 
composition corresponding to 58.5% hydrazine and 41.5» water (33). 
The boiling point of hydrasine hydrate (64*  h2h4, 36*  Ha0) is 
118.5*0  (33) while that of hydrazine is 113.5*0.  Fractional dis­
tillation of a solution containing more than 58.5*  hydrazine will 
result in the removal of hydrazine-rich material until the mixture 
of maximum boiling composition referred to has been reached. Scott 
(33) has shown that in the vapor state, hydrazine hydrate is large­
ly dissociated into h^(g) and HgO (g) at 99°C and 366 m., the 
dissociation being essentially complete at 138*0  and 744 mm. Dis­
tillation at lower pressures would favor dissociation of any hy­
drazine hydrate molecules in the vapor state, if indeed they exist.

Rectification of the vapor from a hydrazine-water-sodium hy­
droxide composition is extremely efficient, especially when a col­
umn is operated on total reflux, as demonstrated in the distilla­
tion without fractionation, the initial distillate contains about 
99% hydrazine. If this material were fractionated, the vapor in 
equilibrium with liquid of such composition would be still richer 
in hydrazine. In a packed fractionating column, where all the con­
densate is returned to the top of the packing, the liquid at the 
top approaches pure hydrazine while the hydrazine-poorer material 
washes to the bottom of the column. However, under equilibrium con­
ditions, the water content of the material on the first theoretical 
Plate above the still cannot exceed the low value fixed by the
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vapor pressure of water over the solutfou in the
still. As a ooaeequeuoe, the oaluem is continually supplied with 
high concentration hydrasine, and if a reservoir le placed so as 
to allow all the distillate to pass through, but retaining a part, 
its contents will rapidly approach 100^ hydrazine.

? gmm
1. Anhydrous hydrazine has been obtained in essentially 

quantitative yield by fractional distillation (at ea 80^100 mm. ) 
from a hydrazine solution oorkining sodium hydroxide and water 
in equimolar quantities. The distillation was carried out at or 
above the melting point of sodium hydroxide monohydrate,

8. At temperatures higher than approximately QO^C, the sys­
tem is completely liquid# allowing efficient heat transfer and 
rapid achievement of equilibrium.

3. Within certain concentration ranges, this liquid system 
consists of two liquid phases.

4. Distillation without fractitmat ion, l.e.# simple distil­
lation, makes it possible to remove approximately 80% of the hydra­
zine present In 85% hydrazine hydrate as a product of 97-99% purity# 
provided equimolar amounts of sodium hydroxide and water are pre­
sent in the mixture. The remaining 80% of hydrasine may be obtain­
ed as a product containing up to 90% 8384.

5. Distillation as in (4) but using a mole ratio B&OH4H3O 
of 1.31 increases somewhat the concentration of hydrazine in the 
distillate# particularly of the last 30%.

6. Teohaioal caustic soda wq# substituted successfully for 
fused or reagent sodium hydroxide, allowance being made for the 
water content of the technical material.
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PART III. PHASE EQUILIBRIA IN TERNARY SYSTEMS
CONTAINING HYORAZIBE
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MfiT III, PHASE gqOI&IRRlA IB. TERNARY BWffljfltS COWAIKIHO HYDRAZIME

A. BTRO3%nON
The preparation of anhydrous hydrazine by the sodium hydroxide 

procedure (see Part II of this thesis) involves the distillation of 
hydrazine from a solution which contains water and sodium hydroxide 
in equimolar quantities. During the early stages of this investiga­
tion it was observed that 85^ hydrazine hydrate and sodium hydroxide 
form two liquid phases when heated to approximately 60°C. Since this 
phenomenon had not been reported previously, it was decided to inves­
tigate quantitatively the hydrazine-water-sodium hydroxide system as 
a function of temperature. In addition, hydrazine, water and a) po­
tassium hydroxide end b) potassium carbonate were studied quantita­
tive! y at a single temperature. A qualitative study using still 
other compounds was made in an unsuccessful attempt to find another 
ternary system exhibiting two liquid phases in the temperature range 
from 25-100°C.

it was not entirely unexpected that hydrazine (HgHPHg) should 
be salted out of water by the addition of sodium hydroxide, since 
the same phenomenon is exhibited by ethylene diamine (HgBOHgCHgHHg) 
(1). Above atmospheric pressure, ammonia, water and sodium hydroxide 
also form two liquid phases (2).

B- BMW
The representation of a three component system using triangu­

lar coordinates was first proposed by Gibbs (3). A brief discussion 
of the salient features of this method of depicting phase relation­
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ship*  in snob systems is appropriate at this points It la a obérai 
teristlo of the equilateral triangle that the sum of perpendiculars 
from aay point within the triangle to the three sides is eqaal to 
the height. It is convenient to set the sun of the weights (or mo­
lar mounts ) of the three components equal to one-hundred and divide 
the height of the triangle into one-hundred parts. Lines are drawn 
parallel to the three sides and any composition can be located by 
measuring the percentage of each component from the base opposite 
the corner representing the pure component. This is demonstrated 
in Figure 1, where the point P represents a mixture containing 70% 
0» 15% A, and 15% B.

More complex equilibria» where several phases are present*  
can be treated according to the method of Tammann (4). For purposes 
of illustration» the case of three phases coexisting in equilibrium 
may be treated» using Figure 1. If % and grama of the three 
phases of compositions ?%» Vg, and V&, respectively*  are mixed» the 
over-all composition corresponds to V*.  This point is the center of 
gravity of the triangle V% Vg Vg. The calculation is made as fol­
lows; the line oonnwting and Vg is regarded as a lever*  with 
the masses and % on the appropriate wds^ ba order that the 
lever may balance there must be a fdterm F such that Xg x # 
% x The composition F is now aonnected by a line through Tg. 
A similar situation exists so that Xg) x Mg # Xg x 
The following proportion dec holds:

W?jW| »
An additional feature of the.equilateral triangle to demon­

strated by the line 38 In Figure 1. All compositions along this
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line represent a fixed ratio of A:C with varying amounts of compon- 
eat B,

If & BO114 le fee# a three component liquid eye*,
tem, it is often difficult to free the precipitate of adhering 
mother liquor, thus making accurate analysis impossible. An ele­
gant way of overcoming this difficulty was proposed by Schrelne- 
«akers (5). This method is depicted in Figure 2. The precipitate, 
with adhering mother liquor, is analysed to give a composition cor­
responding to the Point 3. The liquid with which it is in equili­
brium is also analyzed to give the point s. a line is drawn between 
the points B and D and extrapolated until it intersects the side 
of the triangle at F to give the composition of the solid phase. 
According to the lever rule, the wet solid of composition D is coa- 
posed of liquid K and solid F of proportions 9 and % respective­
ly. Any other pair of analyses, e.g., « and 6, would extrapolate 
to the same point, provided the same solidphase (in the example, 
50 A, 50,4 B) is precipitated. Of course, if the precipitate is 

a compound containing all, three components, then two pairs of ana­
lyses would be necessary and the extrapolated lines would intersect 
at some point in the interior of the triangle.

The system hydrasne-water-sodium hydroxide belongs to a class 
in which the two liquid components are miscible throughout a wide 
range of concentrations, while the solid component is only very 
slightly soluble in one liquid but very soluble in the other. 
Water and hydrazine are completely miscible in all proportions, 
while sodium hydroxide is insoluble in anhydrous hydrazine.
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The heating bath consisted of a pyrex jar (21x26 cm.) around 
*hioh was wound a nichrome ribbon of 10 etas resistance. This re­
sistance winding was insulated with asbestos and was connected in 
series with a variable resistance. Heating by this coli was con­
tinuous and was adjusted so that the desired bath temperature could 
not be reached using this heater alone. A Sargent Zero-Current 
Relay unit with thermostat and heater was used in intermittent op­
eration to bring the temperature to the desired point. The varia­
tion in bath temperature did not exceed 0.1°0.

stanollad mineral oil, U.s.P. heavy grade, was used as the 
bath liquid. Stirring was sufficiently vigorous so that tempera­
ture gradations throughout the bath did not exceed 0.1°C. The 
temperature was read using a Rascher and Betfold thermometer, gra­
duated in 0.1 degree divisions. It was calibrated at the ice-point 
the transition point of sodium sulfate decahydrate, and at the 
boiling point of water. After suitable correction for emergent 
stem (6) and the barometric pressure, a smooth curve was drawn 
through the three points and the proper corrections were applied 
to the apparent temperature readings. The temperatures appearing 
in the following pages are all «treated values.

The equilibrium studies were made using a closed pyrex cell 
(18X3.5 om.) with stirring accomplished by means of a solenoid 
stirrer patterned after the one used by Booth and Martin (7). The 
solenoid was wound using 250 feet of 30 gage copper wire (3.5 ohms 
total) wound around a 8/4 inch hollow spool. Current (from the
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%10 V. A.0» line) vas milled te this seleneld through tvo 600 
vatt eone Matera oonneoted in series, The current vas interrup­
ted by a 34 ypm motor*  whioh operated a can and furnished 48 pul­
sea per minute to the stirrer. The stirrer was made of 3 mm. 
tubing wound into a spiral in the upper end of which an iron nail, 
sheathed in glass, had been sealed. This end was drawn up into 
the field of the solenoid when it was energised. The stirring 
fate was sufficient to produce the desired mixing of the two liquid 
phases. More rapid stirring caused foaming of the mixture.

*Kerkel-Korff Gear Company, 213 M. Morgan Street, Woago* Illinois

Kefarenas Was made in Part I to the fact that free hydraxine 
is oxidised by atmospheric oxygen. Sodium hydroxide catalyses 
this oxidation when present in o ertaln concentration ranges. It 
was consequently necessary to take suitable precautions in samp­
ling the mixtures to prevent contact with the atmosphere during 
weighing mid analysis. Furthermore, crystals usually precipita­
ted from samples on cooling, making it necessary to withdraw sam­
ples at the temperature of the bath.

Consideration of the above factors made it necessary that a 
procedure be used to affect the following*

1. Sampling at the bath temperature.
3. Protection of the sample from oxygen and moisture.
3*  Sampling of the lower phase without contamination from 

the upper ghaeo.
4. Prevention of sample loss or change during crystallisa­

tion on cooling to room temperature.
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The conditions listed above were met by the use of the pipet 

illustrated in Figure 3. The pipets were made of thin glass, 
weighed about 0.5 grams each, and had a capacity of about 1 ml. 
The capillary ends prevented any significant sample change either 
by oxidation or by absorption of carbon dioxide and water. After 
cooling to room temperature, the fullpipets were weighed and then 
crushed beneath the surface of oxygen-free water in a nitrogen at­
mosphere. The pipetswere never filled completely, since it was 
difficult to crush them (when full) after the sample had solidified. 
The pipets were heated before being introduced into the equilibrium 
mixture and were allowed, to come to the temperature of the bath 
before the sample was withdrawn, A 1 ml. hypodermic syringe was 
used to draw the liquid up into the pipets. Shea a sample of the 
lower phase was taken, the plunger of the hypodermic syringe was 
depressed slowly as the end of the pipet was being lowered through 
the upper phase, causing a tiny stream of bubbles to leave the 
capillary tip and preventing any liquid from entering.

The analytical procedure has already been discussed in Part 
I. Ose was made of the combination acid-iodate method proposed by 
the author. The pipets were crushed beneath 50 ml. of oxygen-free 
water in a nitrogen atmosphere in 500 ml. Erlenmeyer flasks. The 
resulting solutions were titrated immediately with standard 0.5 g 
MCI to the methyl orange end point. This acid titration gave the 
total base present. The entire sample, or an aliquot, was then 
titrated with 0.1000 X iodate to give the amount of hydrazine dir­
ectly. After allowance had been made for the acid equivalent of 
hydrazine, the percentage of sodium hydroxide was obtained by
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Figure 3

Bottom flat to prevent rolling duri 
weighing and crushing operations



difference. The percent of water was obtained as a second differ- 
enoe^ Examples of the reproducibility of this method appear in 
Table 1.

ZAMA
Duplicate analyses of samples containing 

and sodium hydrous
Sample ... MaOH . Mo . Temperature

Upper Phase 90.0 3.4 7.6 70.0%(45 min. apart) 90.0 2.5 7,5
lower phase 7.78 68.3 27.0 «

(1 hour apart) 7.75 65.4 26.0
upper phase 70.5 13.2 17.3 «

(30 mln. apart) 70.4 12.0 17,5
lower phase 23.6 46.6 30.6 »

(30 min. apart) 33.8 45.8 30.4
upper phase 77.5 9.3 13.3 60.0%

(different run) 77.4 9.0 13,6
lower phase 19.0 51.4 29.6 it

(different run) 19.0 61.3 29.8

Based on the results summarised in Table 1, it can be seen that 
analytical results are subject to comparitively small errors with 
maximum deviations of the following order of magnitude*  - 0.1j& 
for ï 0*3^  for and 0.4% in the water values. The 
percentage of water is subj ect to the maximum error since its de­
termination is based on two differences. In the tables that fol­
low# the values for the percentage of water are rounded to the 
nearest 0,5^,

. a*.
Being the techniques and apparatus disoussad In the previous 
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sections, the system consisting of reagent sodium hydroxide, 
anhydrous hydrazine and distilled water was investigated at 100®C. 
The results of this investigation are summarized in Table 3 and 
are presented graphically in Figure 4.

Several separate runs were necessary since it was impossible 
to perform all of the necessary dilutions or additions using a 
cell of the indicated dimensions. Fresh materials were used at 
the beginning of each run. However, no decomposition was observed 
except during one attempt to study mixtures containing only a few 
percent hydrazine and 70% KaOH. A trial mixture of approximately 
this composition was made by the addition of anhydrous hydrazine 
to a saturated solution of sodium hydroxide in water. The mixture 
darkened quickly and gas evolution was noticed. On the other hand, 
a mixture consisting of 98% hydrasine and solid sodium hydroxide 
was stirred for several hours; the liquid phase was found to give 
identical analyses both before and after treatment.

WÆ..a
at ioo°c

2M§£ MA
1) uppe? 

lover
93.7 
S.7

3.4 6
70.3 24 *6 Limiting

,0 of the tvo liquid phase#
3) lover 6.3 89,7 34^0 Too liquid phase#
3> Upper 

lover
59,0 
32,9

19.1 23
37.8 39 .0 «

,5
4) epper 

lover 9,3
3,0 9

63.9 38
.5 *
,0

5) upper 
lover

80.6
15.5

6.4 13
54.4 »

,0 #

6) upper 
lower

70.6
83.2

U.S 18
46.1 31.
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? 20.0 of pi%l$
point

în ïlgwre 4 the letters have the fallowing aignifioaaoe t 
region I is the region of complete miscibility, there being only 
one liquid phase and no solid phase. Region II is bounded by the 
binodal curve OPR and represents a two liquid phase region in which 
the compositions of the conjugate liquid phases vary from the limit­
ing values 0 and R up to the plait point P, where the compositions 
of the two liquids become identical. Region III (shaded area) is 
a three phase region, in which the two liquid phases with the com­
positions represented by the points 0 and R are in equilibrium with 
solid sodium hydroxide. The equilibrium amounts of the phases are 
governed by the lever rules discussed on page 43 in connection with 
Figure 1. Regions IV and V are two phase regions in which solid 
sodium hydroxide is in equilibrium with saturated solutions of com­
positions indicated by the dotted lines AO and RS, The un6 AO 
represents the solubility of sodium hydroxide in concentrated hy­
drazine (above 93.7^ R3H4), while the line RS depicts the solubi­
lity of sodlun hydroxide in water containing a few percent of hy­
drasine. The point & gives the solubility of sodium hydroxide In 
water at 100°c.

SalMRt hydragine-water-sodiva hydroxide at 90*0
The analytical results obtained for this system appear in 

Table 3 and are depleted in Figure 5. The designations and re­
lationships in Figure 6 are those previously discussed in connec­

tion with Figure 4.
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. Table 3
.to&roMâe.at 80^0

-aSaOH . . ... Reaarka .,
1 ) liquid 

*
03.9 0.9 8#0 Oue liquid pb&ee la
93,0 1.3 6.0 equilibrium with 30

eodlum ^rdroride
2) ' 98.1 0.1 2.0 *
3) upper 

lower
67.0 30.8 33.0 Two liquid phaeew
35.0 36.9 38.0

4) upper 
lower

68.9 12.6 18.5 •
25.3 44.9 30.0

5) lower 21.0 48,6 30,S •
6 ) lower 18,0 51.8 30.0 6
7 ) lower 15.9 54.3 30.0 *
8) upper 93.3 3.0 6.0 Limiting eompoeitlo

lower 5.9 69.3 35.0 the two liquid pha#
eel id phaee preewat 
pooling from 100 0.

8) upper 
lower

10) upper

91.6 2.1 6.5 Two liquid, phases
6.4 68.4 25.0

90.8 2.3 7.0 *
11 ) upper 

lower
89.5 ' 2.6 8.0 *
7.8 65.2 27.0

13) upper 
lower

87.7 3.4 9.0 *
9.3 63.8 28,0

13) upper 
lower

72.6 10.8 16.5 *
31.9 4^.8 30.5

14) upper 
lower

75.1 9.3 15.5 ’
19,9 49.8 30.5

15) lower 16.6 53.4 30.0 "

is) ** *»  w 48,8 88,8 38,0 O(Mipeaitlén of plal
point, interpolated
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System, hydroxide at 70°G
The analytical remilte for this eyatma are preaentea in Table 

4 and are plotted in Figure 6. The ternary system mas first in­
vestigated at this temperature. In order to check the analytical 
and sampling procedures' and to determine if equilibrium is reached 
quickly, duplicate samples were takm for many of the compositions. 
The phase areas and designations lAich appear in Figure 8 are si­
milar to those appearing in Figure 4; the discussion is identical.

Examination of the curves presented for the system at 100^, 
, and 70^8$ and of the data for limiting compositions 0 and R 

and plait points (Table 8) at these temperatures, reveals only a 
very slight change in the shape of the blnodal curves OPR with 
temperature. It is interesting, therefore, that the values listed 
in Table 8 and plotted in Figure 7 shorn a significant decrease in 
the extent of the blnodal curve at 80^0. Furthermore, a nev cry­
stalline phase, BaOB.BgO, m.p.» 84.3*8$  is the stable solid phase 
in equilibrium sith the liquids 0 and R# and a second three phase 
area is noted*

(hie very important practical reason for undertaking a study 
of the ternary system, gÿ%-%0-XaOB, mas to determine if conoon­
tration of hydrasine could be effected economically by bringing 
about separation of a hydrasine-rich phase, since 85$ 
is a commercially available material, the effect of adding in­
creasing amounts of sodium hydroxide to it may be discussed in 
terms of the data presented graphically in Figure 7. Actually, a
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hytoagine-gater-aodlun hydroxide at 70°C

Sam_ -J».... ...%0 . ....
1) upper 90.9 

6.? 3.8 6.0 Limiting G<%positlQB oflower 87.6 35.5 the two liquid phase#; mixture oooled from 100^0,
solid present

3) upper 67.? 20.1 22.0 Two liquid phase#lower $3.6 37.5 39.0
3) lower 6.8 66.9 36,6 »
4) lower 15,3 54.9 30.0 «
5) upper 

lower
87.9
9.0

3.6
63.0

8.5
38.0

«

6) upper 
upper

90.0
90.0

3.4
3,5

7.5
7.5 Duplicate#*  *

lower 7.8 65.3 37.0lower 7.8 65.4 37,0
7) upper 78.0

17.5 8.0 14.0 Two liquid phase#lower 53.0 30.5
8) upper 70.5 13.3 17.5 Duplicate*,  *upper 70.4 13.0 17.5lower 23.6 45.8 30.5lower 23.8 46,8 30.5
9) * * *• 45.4 38.5 36.0 OGwpoaition of plait 

point. Interpolated



by ai oxide at 6Q°0
Table 5

-EÈMê_____ . . &!a0H &0 ___ Remarks..........................

1)

<$ \

lover 
lover

55.836.7
36.8
CE A

23.7
36.3
36.2

21.3
27.0
27.0

Two liquid phases

3)
upper
upper 
lover

71.?
32.9

lo. 3
12.3
47.4

18.5
16.0
29.5

«

4) upper 
lover 77.#

19.0
9.331.4 13.089.5 Limiting oompositiou of conjugate liquid phases

5) upper 
lover

77.4
19.0

8.9
51.2

13.5
30.0

Dupllo&te» *

6) liquid 79.6 7.8 12.5 One liquid p&Mwe In equl^ 
librium with solid MOK. 
%0

7) liquid 
liquid 
liquid

91.4
91.4
91.6

2.0
3.3
3.3

6.5
6.6
6.0

Limiting composition of 
the liquid phase in equi­
librium with MOK end 
MOH.%0

8) liquid
wet solid

90.0
I 52.0

3.031.4 7.0
16.5

*Pair of analyses few the 
Sohreinemakere * method 
for gomposition of solid 
phase

9) liquid 02.6 1.8 5.5 One liquid phase in equi# 
librium with MOK

0) * ** 4* 46.5 39.6 26.0 Interpolated composition 
of plait point

♦©
is

ctrapolation gave 7C 
69.0^

L2# 'the that>retioal value for MOK. BgO



Summary of plait points and limiting compositions 
of _B_oBjugate liquid Phases

-MA-
100

90 9&a*e 98.7 3.4
3.0

5.0* » 93.3 8.070 # n 90.9 3.3 6.060 w # 77.6 9,3 13.0
100 lower phase 5.7 70.3 24.090 « , # 6.9 69.3 36.070 » » 6.7 67.6 25.560 » a 19.0 51,4 29,5
100 pl&it point 45,9 27.9

28.2 36.090 « « %: 28.0
26.070 » 28.560 * » 48.5 39,6 35.0
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more effilent séparation vould occur at lOO^C, but the complexity 
of the system at 60*0  justifies the discussion of the effects at 
this temperature. The 85$ hydrate material is represented by the 
point Bn and the line ,E® represents changes which occur as inoreas— 
ing amounts of sodium hydroxide are added to composition D. Over­
all compositions represented by the line % up to the point where 
it intersects the blnodal curve OPR at % consist of but one liquid 
and no solid phase. The interval 3F represents compositions which 
separate into two liquid phases*  but no solid phase. Over the in­
terval R" the two liquid phase# 0 and R are present together with 
a precipitate of solid gaOH.%0. At G, phase R has disappeared» 
leaving only liquid of composition 0 and solid KaOR.%0. During 
the interval GH, solid KaO^.HgO is in equilibrium with solutions 
of hydrazine of compositions indicated by the curve 3S. in the in­
terval ?®t solid HaOH> solid SaOH.HgG and a hydrasine solution cor­
responding to point % are in equilibrium.

hydroxide at 56*0
The two liquid phase region does not exist at this tempera» 

tore; relationships are represented by a simple solubility curve. 
Obviously» In the temperature range 50-60*0  this solubility surface 
inter seats the surface representing the conjugate liquid ghasec.

The analysis of samples taken at 50*0  was oemplloated by the 
gelatinous nature of the RaOH.RgO precipitate. Because of the poor 
settling properties of the precipitate it was necessary to resort 
to another means of sampling the liquid phase. 1 piece of Alundum 
extraction thimble was sealed into the end of a length of 6 mm, 
glass tubing. Thia tube was inserted into the slurry and the liquid
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was allowed to filter the alimdum into the hollow tube, A
sample of this liquid was then taken using the pipet technique pre^. 
viously described by the author. The seatter of values obtained 
using this technique is greater than found previously. The data 
appear in Table 7 and are plotted in Figure 8.

WA.X
Sy#em,. hvgiazine-»ater~3odiim hydroxide, at 50°C

—Ætaos........^ue. Remarks.. ,................
1) liquid

. .. &•*■■■■

45.9 26.3 38.0 Saturated liquid
2) s 33.1 40.4 36.5 a
5) % 87.8 3.7 8.5 H
4) w 39.8 29.4 31.5 H
5) N 60.0 17,3 33.0 B
6) 94.0 1.6 4.5 «
7) fl

solid 
(wet)

83.1
51.4

7.4
30.5 9.5

18.0
Gohrainemakers method 
for composition of 
solid phase

8) liquid 
solid 
(wet)

93.146.2 1,735.9 5.0
18.0

#

Kydrasine hydrate and potassium hydroxide were heated to 100*0  
and cooled slowly to room temperature, Only one liquid phase was 
observed in the range 100^35°0. The system was investigated quan­
titatively at 50^0. The data are presented in Table 8 and in Figure 
9. Solid potassium hydroxide monohydrate is the stable phase at 
this temperature, the Bchreinemakers*  method giving a value of 
75,3^ KOB shiah compares well with the theoretical value of 78.7% 
KOS for KOK.%0.
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hydroxide at

1) liquid
Mst-

91 o 9
—te....

1,8
—__ Sharks ..........

6.5 Saturated liquid
2) 59,1 19,1 33,0
3) 38,3 33,8 29.5 w
4) M 19 ml 45,6 35.5 N
5) # 13.0 50.2 3?.O w
6) % 4.8 56.0 39.0 «
7) 68,8 12.8 18.5 «
8) 33.7 53.8 12.5 Sehreluem&kerB*  methodsolid 

(vet)
48.? 39.3 38.0 for composition of solid

SaaW» QMMnatg at 50°C
The system hydrazine hydrate and potassium carbonate was in­

vestigated qualitatively over the temperature range 25-100^0 in the 
search for conjugate liquid phases. Only one liquid phase was 
found. The system was investigated quantitatively at 50°C. The 
data appear in Table 9 rod in Figure 10. The solid phase in equi­
librium with the saturated liquid was found to be %00g. 3/2H30; 
extrapolation using the Schreinemahers method gave exactly the 
theoretical composition for this hydrate.

An unsuccessful attempt was made to find another ternary sys­
tem (involving hydrazine and water as two of the components) which 
would exhibit the phenomenon of conjugate liquid phases in the tem­
perature interval 35*100°G.  Several substances were tried in a
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System. hydr azlne-'aat er-pot aaajwa carbonate at 50°C

.... -Wa......feOQg
1) liquid 97.0 0.6 3.5
2) # 53a 6.0 40,5
3) s 7.6 47.9 44.5
4) it 16.3 38.5 45.5
5) ft 38.7 25,0 46.5
6) # 40.5 14.3 45.0
7) W

solid 
(wet)

69.8
27.7

2.7
51.7

27.5
30.5

... .
Saturated, liquid

ii

SI

H

It

it

gchreinemakere * method
for compogitlcm of aolld

10
^uallt^tlYa lnTe$t ia&tion&

%a.teri^
Ha^PO^ 
WagOO^

%0*3

M^uid
oao

&

«
R
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qualitative manne*,  The material tmder teat *&*  placed in the 
equilihyium tube at 100^0. Sufficient 85$ hydrasine hydrate was 
added to just dlasclve the solid# and then a slight excess of the 
solid was added. The mixture was cooled slowly to room temperature 
with constant stirring and observed at 10*  intervals. None of the 
materials listed in Table 10 were observed to offset separation 
into two liquid phases,

in general# a ternary system has four variables# temperature# 
pressure# and mole fraction of two of the three components*  In the 
present study# pressure was not a variable# being always equal to 
the atmospheric pressure. Use of triangular coordinates allows 
the representation of all possible three component mixtures in one 
plane. Temperature may be represented by the third dimension. 
Thus# with pressure constant# the temperature dependence of ternary 
systems can be represented using a solid prism# with the height re*  
presenting the temperature. Isothermal planes through this prism 
allow planar representation of data presented in Part III of this 
thesis. It is obvious that these isothermal planes intersect a 
surface# and it is the trace of this surface on the isothermal 
plane that gives the curves i&ieh have been presented.

The preparation of anhydrous hydrasine by distillation from 
an aqueous solution which contains sodium hydroxide was presented 
in Part II. It was observed during the distillation at constant 
pressure that the temperature of the still contents increased only 
a few degrees while approximately 80$ of the hydrasine was being 
collected, Thereafter# the temperature of the still rose rapidly# 



and the rate of hydramine distillation decreased sharply. Obser^ 
vatlon showed that these effects occured when the last amounts of 
the upper phase had disappeared.

According to the Phase Rule, F • 0 3 * a two—c opponent
system, consisting of two liquid phases and a vapor x&ase, is und^ 
variant. At a given temperature such a system has a fixed pres­
sure. Distillation at a fixed pressure (T constant) occurs until 
one liquid phase disappears. A three component system, having two 
liquid phases and a vapor phase, is bi-variant. There are, however, 
three variables, temperature, pressure, and the percent of one com­
ponent, Thus, removal of a component by distillation at constant 
pressure is accompanied by a temperature change.

In view of this discussion, it becomes necessary to explain 
why a rapid temperature change during distillation did not occur 
until after the upper phase had disappeared. Examination of the 
tie lines in Figure 6 shows that they slant sharply toward the hy­
drasine apex. It was shown in Figure I that compositions along a 
line that passes through a corner of the triangle involve only a 
change in the amount of that component, Bines removal of hydrasine 
causes the composition of the residue to move approximately parai*  
lel to the tie lines in the two liquid phase region, it is apparent 
that the composition of the conjugate phases will not change rapid­
ly, but that the amount of upper phase will steadily decrease until 
the composition of the residue has moved past the curve PR into 
field I.

However, a slight temperature increase was noted; consequently 
the explanation offered in the proceeding paragraphs is not oom-
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pletely valid. Tke eltu&tioA actually involves a small tempeyatnre 
increase, and consequently the still composition moves not only 
away from the hydrasine apex but upward along the temperature axis 
as well. Actually, the slopes of the tie lines and the extent of 
the binodal curves are almost identical for the temperature range 
?0^100®G as demonstrated in Figures 4, 5, and 8^ Bata for the 
limiting compositions, 0 and R, and the plait point P, also lead 
to the same oonoluslon (Table 6), In the temperature range, 
70-100*0,  the surface representing the compositions of the con­
jugate liquid phases rises essentially vertically. Therefore, 
over this temperature range, the behaviour of the still composi­
tion on the removal of hydrasine oan be represented (as a first 
approximation) on an isothermal plot.

A method of extreme simplicity and convenience in determing 
the exact over-all composition resulting from the addition of sod­
ium hydroxide to an aqueous hydrasine solution of any composition 
is illustrated in Figure 11, If the molar proportions of water 
and sodium hydroxide are to be 1;1, corresponding to NaOH.HgO, a 
line B% is drawn from 69# BaOH throng the hydrasine apex. Com­
positions along this line represent the addition of hydrasine to 
KaQBfKgO. A line is then drawn from the point % representing any 
particular hydrasine-water composition (in the example 53# BgH#) 
through the sodium hydroxide apex. Compositions along this line 
represent the addition of sodium hydroxide to a hydrasine-water 
solution of composition R. The intersection of these two lines 
at F gives the exact composition of the mixture, obtained by the 
addition of sufficient sodium hydroxide to the hydrasine-water
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solution to yield a laOHÆgO mole ratio of one. This shows that 
the final composition must contain Sl.^ BaOB. An initial compo­
sition corresponding to G would intersect the line 3 at a and 
would require 44.6ÿ NaOH in the final mixture in order that sodium 
hydroxide and water be present in equimolar quantities. Although 
self evident*  this method of quick calculation has not appeared 
elsewhere*  to the author's knowledge. It amounts to the graphical 
solution of two simultaneous equations in triangular coordinates.

%, gmm
1. The system hydrazine-water-sodium hydroxide has been 

studied quantitatively at 50» 60» TO, 90, 1000.*
2. At temperatures from approximately 600  to the boiling 

point this system exhibits two liquid phases, within certain con  
centration ranges.

*
*

3. At 50% a simple solubility curve is observed, with 
BaOHJIgO in equilibrium with a saturated solution containing hy­
drazine, water and sodium hydroxide.

4. The effect of these conjugate liquid phases on the pre­
paration of hydrasine by distillation from a hydrazine, water, 
sodium hydroxide mixture has been discussed.

5. A quantitative study of the systems, hydrazlne-water- 
potassium hydroxide and hydrazine-water-potassiw carbonate was 
made at 500.  Neither system gives evidence for formation of 
two liquid phases.

*

6. A qualitative study was made in the temperature interval 
35-1000  in an unsuccessful attempt to find another hydrazine  
water ternary system exhibiting two liquid phases.
* *
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