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INTRODTJCTION 

Substituted hydrazines are weak bases vhich form either 

mono- or di- basic salts. To date little is known of the exact strength 

of these beses. The purpose of this work has been to determine the 

dissociation constant of sorne of tue simpler substituted hydrazines, 

naniely; methyl hydrazine and unsymmetrical dimethy]. hydrazine at known 

constant temperature and known ionic strength. 

There are several means of determining these constants. The 

principal methods are: conductivity, distribution or 'avidity' measure- 

ments, and hydrogen ion concentration measurements. More recently 

photochernical means have been applied very successfully to some of the 

ionic dissociation problems. 

The nature of tne materials used has an important bearing on 

this problem. 

The conductivity method of determining the Ionization constants 

of weak acids an bases has several uistinct experimental disadvantages. 

Very pure and expecially prepared conductivity water is absolutely 

essential. It also rejuires methods of rneasurements at infinite 

dilution by means which are in considerable disfavor at presnt (12). 

Also many of the hydrazines are unstable under the experimental con- 

ditions necessary, that is, in the presence of platinum. 

Distribution methods have been used to determine ionization 

constants of other weak acids and bases by earlier workers, with some- 



2 

what unreliable results. 

The photochemical methods have come into recent use with appar- 

ently successful and satisfactory results, but the necessary apparatus 

is not available. 

Hydrogen ion concentration measurements by potentiometric 

methods seemed to offer the most useful available means of attacking 

this problem. The methods have been well established, but the simplici- 

ty Is often overestimated, especially when a high degree of accuracy is 

desired. 

The choice of electrodes is limited due to the nature of the 

compounds under inspection. The quinhydrone electrode cannot be used 

in the presence of compounds with which it reacts as readily as it 

does with the hydrazines. The platinum black necessary in the hydrogen 

electrode catalyses the decomposition of the material, hence is not 

usable. This leaves the glass electrode as the main available electrode. 

Previous work has proven that the glass electrode is very satisfactory, 

when handled with proper precautions (21). 

Though Britton and Robinson (3) have shown that the glass elect- 

rode may give slightly erroneous results near the inflection of a 

titration and Maclnnes and Dole (i) and Maclnnes and Belcher (17) and 

others have shown that at the extreme ends of the pH scale the glass 

electrode fails to function accurately, Britten and Dodd (2), Ingham a 

and Morrison (13), Yorston (22) and others have given ionization 

constants obtained by the potentiometric curve methods that are with- 

in expected limits when comp'red to other methods. It must also be 
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considered that Auerback and Smolczyk (i) have proven that the value 

for K'depends upon the method of measurements, and slight discrepan- 

cies are to be expected between values by various means of measurement 

and calculations. 

According to Srenson's original theoretical definition the pH 

was given as equal to the negative log C,wherein the concentration 

was used directly. Modern conceptions of the pH give the equation as 

,I't 
'7 M' (I) 

in which "a" is the thermodynamic activity of the hydrogen ion. The 

relation between the two equations becomes 

: (II) 

wherein the function "f' is the activity coefficient. 

From the definition of Kas given by the ionization equation 

for a weak acid we have 

K (III) ¿HA) 

defining pK as equal to -log K this becomes 

(/4) 
(Iv) p p11 2'y 

( /A) 

wherein the quantities within the parenthesis represent the activity 

of the respective ions or to1ecules, however this may be expressed as 

LA 
- 

(V) 

The quantities in the brackets represent concentration. The f being 

an activity coefficient, assuming the activity of the undissociated 
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molecule HA is close to unity. 

piÇis a true thermodynamic constant, but the apparent constant 

pK' is frequently ¡net and some confusion exists between them. 

j 
p + f (vi) 

whence 

K 
jA .1 

e 
L. 

Jt A j (VII) 

pKwill obviously vary with the ionic strength of the solution since 

this affects the activity coefficient f. 

Since at the midpoint of the titration (Ajequals [HA) the 

apparent value becomes equal to the pH at that point. It follows 

from this that the correspoiiding relation for a weak base is 

.* .#, 
¡'.J 

(viii) 
L .1 - 

and it also follows that at the mid-point the ratio ofjB'JtoLBI 

becomes unity and the relation reduces to 

(IX) 

It is seen that 

pflj - .2.7 (K/j) (X) 

but at low concentration f approaches unity and for all purposes 

ionization constants of acceptable proximity may be obtained by the 

equation 

-A1 LA 
1MAI (XI) 

From the above equation we can calculate the value for K'at 

any point on the curve except at the extreme ends and at points of 



mciirnm inflection, which points have been shown to be slightly in 

error. (l,3,l7,l). 

A problem whici has not yet been satisfactorily solved for work 

of the highest accuracy is that of the liquid junction potential 

necessarily involved in the system. This potential varies with temper- 

ature, ionic strength of the adjacent liquids, and upon the method of 

forming the junction. Most workers in this field acknowledge the iiapor- 

tance of a stable junction and many modifications have been devised. 

The ground-glass junction has the advantage of permitting uniform 

diffusion in accordance with Guggenheim's requirements for reproduci.-. 

blut7, as well as being formed within a narrow tube so that the junct- 

ion will be "cylindrically symmetrical" (8) . Since, with the glass 

electrode, a vacuum-tube system is required the objection to the high 

resistance met with in the ground-glass--stoppered junction ceases to 

be a main disadvantage. Pedersen (20) has shown that in similar 

systems the liquid junction is less than $mv. at the ionic strength 

encountered, which value is given by Larsen (15) as the limit of use- 

fulness of this type junction, therefore it is logical to believe that 

in this case reproducibility may be expected to be well within the 

experimental limits of the apparatus used. 



PiRIMENTAL PAIE 

For the purpose of these determinations a vacuum-tube potentio- 

meter ws necessary due to the high resistance met vith in using the 

glass electrode. 

A st-up after the method of DeEds (5) as shown in figure I 

was used. The set-up is a modification of the original in only a few 

respects. Mainly,, there has been an increase in the plate potential 

which has necessitated increased precautions in the way of shielding 

and grounding. The instrument as finally used was highly sensitive 

internally, but relatively immune to common external interferences. 

The essential parts of the apparatus are a potentiometer, a 

232 Radiotron, and a Leeds arid Northrup beam and scale galvanometer 

#2420-C. The essential precautions in construction are: (a) the 

placing of the tube in a sealed jar along with a drying agent to pre- 

vent leakage along the surfaces of the base and glass of the tube, 

(b) using grounded shielded wire for all the main connections Cc) 

placing as much of the apparatus as possible on glass or set in 

paraffin. 

In operation the galvanometer is used as a null-point instru- 

ment. A certain amount of current flows in the plate circuit, pro- 

ducing a corresponding rotation of the galvanometer coil. The gal- 

vanometer is adjusted by means of the torsion wire until i reads on 

the scale. The sensitivity is controlled by the potential of the 

plate circuit, an increase of potential being compensated bî a readjust- 

ment of the torsion wire. The switch S' is opened, S being closed, 



Figure I 

Legend 

T = ft232 Rhdiotron 
X = Glass Cell 

R2 = Filament Rheostat 
R1 = Variable Resistance 
Pl = Plate 

P = Leeds Northrup Student 

SC 

SG 

CG 

G 

St, 

Pot 

Standard Cell 

Screen Grid 

Control Grid 
Leeds Northrup Galv. #22O-C 

51? = Switches 

nt jome ter 



and the rheostat Ris adjusted so that the galvanometer is 'zeroed'. 

The potentiometer is et to read directly the potential of the stand- 

ard cell, the switch S" is opened nd S' is closed. The rheostat R, 

is set to again zero the galvanometer. Switch S" is opened and S' is 

set to include the unknown cell X in the circuit. The voltage of the 

cefl X is then read directly by the usual potentiometric manipulation. 

The potentiometer reads directly the negative voltage of the glass 

electrode combination. 

The electrode used was made from Corning 015 soft glass by 

blowing a small bulb on the end of a short piece of mm soft glass 

tubing. Care must be exerted to get a bulb satisfactorily thin, yet 

strong enough to support the necessary operating pressure. Ageing and 

thickness aiaterially effect the snsitvity and usefulness of an 

electrode. 

The cell whose potential was measured was set up as follows: 

Hg, HgC1, KC1 (o.ÌN) /1 unknovn soln., glass, buffer (known pH), 
KC1 (o.nc), HgCl, Hg. 

where // signifies a saturated KC1 bridge. 

The known buffer used was cne given by Guggenheim and Schindler 

(9) consisting of 0.O1N HO. and 0.09N KO.. The purpose of using this 

particular buffer was to reduce to a minimum the changes oc curing from 

dilution with the 0.1N KC1 with which it was in contact. A sodium 

acetate buffer would be subject to wide variations with very little 

dilution by the KCÌ, but the HC1-KC1 being so near the same concen- 

tration as the contact liquid would not be subject to these variations. 



Liquid junctions were modified by use of ground-glass joints. 

The tip of the first calomel was capped with a ground-glass tip, as 

well as were both ends of the saturated KC1 salt bridge. The second 

calomel was not tipped but the stopcock was kept closed and free from 

grease so that a contact was maintained around the stopcock with a 

minimum of flow. These four ground-glass joints in the system were 

calculated to reduce to a constant and reproducible minimum the liquid 

junction potential, the exact potential being unknown, but possible 

of approximation by means of Henderson's equation (11). 

Several means of taking readings were considered, but the one 

previously applied by Gilbert (7) and b Gene and Ingold (6) and others 

of plotting the potentiometric curve, and reading the p tential of the 

system at the mid-point between the first and second end-point was 

finally adopted. 

Buffers given by acInnes, Beicher, and Shedlovsky (19) were 

used as reference buffers, and checked against the well known phthalate 

buffer to give a set of standards from which to work. The buffer 

inside the glass electrode was an HC1-KC1 buffer as previously stated. 

In operation the sodium acetate buffers were alternately placed in 

cell X and readings taken. From these readings the pH as checked by 

means of the equation: 

¡4 
2.3 iT,/,v7 

where oH is the pH of the known buffer. 

It will be seen from the above relationship that the pH of the 

inside buffer is not used, and by checking against the known 



buffers before nd after a run any change in the stand?rd is checked. 

In nil the runs no change was noted even wnen the system was allowed 

to stand for a considerable time. Hence changes in the system due to 

liquid flow between the several sections were found to be nil in the 

major part. 

All runs made with methyl hydrazine were made with O.lOO gm 

samples of methyl hydrazine as the sulfate in 50cc of water titrated 
against stndrd 0.0980N KOH. Runs with unsymmetrical dimethyl 

hydrazine viere madw tih approximately 0.1 gm samples. Because of the 

instability of the material it was deemed wise to reduce weighing 

time to a minimum. This was accomplished by making a small measuring 

cup that held approximately the desired sample, then weighing the sample 

accurately as rapidly as possible. Typical curves obtained are given 

in igures II and III. 
The hydrazines used were prepared by the method of Liatt (io), 

and were recrystallized immediately before use. The water used to 

make up the solutions was first boiled to remove any dissolved 0and 
COwhich may have interfered with the titration by changing the 

alkalinity of the solution, or by decomposing the hydrazine. 

The titration was carried out in a vessel arranged so that 
a minimum of air was in contact with the solution. This was found to 

make consistantly reproducible results easy to obtain. 

Readings were taken at several ternperaturos in order to show 

variations of the ionization constants with the temperature. 
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RESULTS AND DISCUSSION 

Results are given in Tables I and II, and Figures II, III, IV, 

V, and VI. Tables I arict II give the combined results of both hydrazines 

used, as well as one check run with hydrazine sulfate with results 

obtained by this method as well as results obtained by Spulnik (21) by 

another procedure. Figure II gives the characteristic curve for 

methyl hydrazine sulfate, Figure III gives the curve for unsymmetrical 

dimethyl hydrazine monohydrochioride, and Figure IV gives the tempera- 

ture curves of both compounds. Check runs were obtained under all 

conditions. After technic had been standardized and modified 

usable checks were easily obtained with no determinations discarded. 

Because of the fact that the ionization constant, as derived in 

tne theoretical discussion above, involves a knowledge of K (the 

activity product for water) waich varies with the sait concentr2tion 

of the solution, it is more simple to treat these bases from the 

stand point of Bronsted's exte:icied theory of acids and bases. 

According to this theory the cation of the base (in terms 

of the classical theory) may be considered as an acid in the following 

manner: 

+ (xiii) CH3/V/I + 

whence 

Kc( - 
NH3 )( i-1 ) 

(xIv) 
(:N3AA. fl:ql) 

Similar equations also apply to the diinethyl hydrazine. 
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TABLE I 

(a) Methyl hydrazine sulfate 

Temperature 25'C 

NaOH pH pK pIÇ Kx iO7 

15.00 7.44 3.O5 0.0221 8.12 5.88 13.2 

17.00 7.79 8.06 0.0210 8.13 5.87 13.5 

20.00 .24 8.08 0.0201 8.15 5.S5 14.2 

22.00 8.52 .O6 0.0195 .13 5.7 13.5 

23.00 .73 8.08 O.O19 8.15 5.5 14.2 

(b) Unsymmetrical diniethyl hyth'azine hydrochloride 

2.50 6.4 7.3e 0.0203 7.45 6.55 2.82 

4.00 7.13 7.39 0.0197 7.46 6.54 .89 

5.50 7.38 7.40 0.0192 7.47 6.53 2.95 

7.00 7.64 7.42 0.0187 7.49 6.51 3.10 

9.00 8.07 7.47 0.0181 7.54 6.45 3.47 
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TABLE II 

(a) Methyl hydrazine sulfate 

Temp. pH x 10e' 

19 8.05 1.12 

25' 8.07 1.18 

28 8.09 1.23 

(b) Unsymmetrical dimethyl hydrazine hydrochloride 

Temp. pH x 10" 

18' 7.28 0.191 

25' 7.40 0.251 

27 7.43 0.269 

(c) Hydrazine sulfate 

Temperature 25 C. 

t4 pH 

1. Spulnilc (21) 0.89 8.116 

2. Check 0.75 8.13 
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This Kis the constant of the substituted hydrazinium ion as an 

acid and is related to K (the ionization constant of the corresponding 

hydroxide dissociating as a base) by the ration 

/{ . 
(xv) 

where K,is the activity const3nt for water. 

From the basic Debye-Hickel theory 

(XVI) 

substituting this in eqution VI we have 

pX - A (XVII) 

where A is the theoretical Liebye-HuckeJ. constant of 0.504 and, is 

the ionic strength. The values for pKin Table I have been calculated 

with this equation. The values for, are obtained from the equation ( /J (XVIII) 

where C'., C,., y4., and y. are tke concentration and valence of the 

positive nd negative ions respectively. 

The vlues for pK'.in Table I have been calculted by equation 

XI and pK from equation XV. 

From Figure V it is seen tnat the ionization conotants increase 

with temperature as would be expected. The methyl hydrazine increases 

at a smaller rate than the dimethyl hydrazine. 

Figure VI is the plot of log Kagainst l/T. From this can 

be calculated the .J1by use of the equation 

(xIx) k 4 
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Taken in conjunction with constants for hydrazine, figures 

given here offer a starting point for the study of the effect of 

substitution on hydrazines. 

No data are vailab1e for comparison to date. As found here 

methyl hydrazine is slightly stron:er, and unsymmetrical diríiethyl 

hydrazine is considerably weaker than hydrazine. 

Data on symmetrical simethyl hydrazine, if available, would 

allow a more complete and clearer picture. 

In the ammonia series the substitution of a methyl group gives 

a base st:onger than ammonia, and a s cond substitution increase this 

effect. However, in some of the relted members of the ainnonia series, 

the position o' the substuted group materially affects the strength of 

the base, and in some cases a decrease in strength is noted. 

Variations of the ionization with temperature offers the 

possibility of calculating the heat of ionization from euation XIX 

and Figure VI. 

For methyl hydrazine the value for caluclates Lo l4O 

cal./mol/ and for unsymmetric3. dimetnyl hydrazine 6600 cal./mol. 

No data however are available for comparion. 
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StJMMARY 

1. The ionization constants of several substitutea hycirazines 

have been determined by potentiometric titration with standard 

potassium hydroxide. A glass electrode has been used for measure- 

ments. 

2. The ionization constants for methyl hydrazine ànd unsym- 

metrical dimethyl hydrazine are given at several teraperatures. For 

methyl hydrazine the constant at ¿5°C is given s 1.42 x lOand for 

unsymmetrical diinethyl hydrazine at 25°C as .95 x 10'. These values 

are for the base dissociation. 

3. From variations of the ionization constant with the 

temperature the heat of ionization is calculated. H, for methyl 

hydrazine is given as 1840 cal./mol. For unsymmetrical diriiethyl 

hydrazine 4His given as 6600 cal./mol. 
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