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flm CERIOMETRIC DETERMINATION OF HYDRAZINE AND ALUMINUM 

I THE DETERMINATION OF HYDRAZINE 

The use of eerie sulfate as a standard oxidant in 

titrimetry has become more and more widespread in the last 

few years, due, in part, to the, availability of an increas

ing number of good reversible redox indicators (8). The 

many advantages of this reagent, among which are: its 

extreme stability, its simplicity of chemical change, and 

its use in hydrochloric acid solution, make it far superior 

to potassium permanganate, and, in many respects, to 

potassium dichromate. 

There are many different methods in the literature 

for the determination of hydrazine. Ray and Sen (9) were 

the first to determine the quantitative relationship 

between hydrazine and alkaline ferricyanide solutions. 

The reaction proceeds as follo ws: 

N 2H4 + 4 K3Fe(CN )6 + 4 KOH ---+ N2 + 4 :K4Fe(CN )6 +- 4 H20 

They made this reaction the basis for a gasometric method 

for the determination of hydrazine. The reaction was 

found to take place without the formation of ammonia as 

is the case when many oxidizing ag ents react with hydrazine. 

Cuy and Bray (5) in a further study showed that the oxygen 

error is neglig ible if the alkali is added after the 

ferri~yanide. They determined conclusively that in 
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alkaline solution it is the atmospheric oxidation of the 

hydrazine that produces a weakening of _the solution and 

not the decomposition of the hydrazine. They also sug

gested that a titrimetrio method for hydrazine could be 

used, in which excess of standard potassium ferrioyanide 

solution is added to the alkaline hydrazine solution and 

the excess ferrioyanide determined iodometrioally. 

However , since several more rapid methods were available 

they did not recommend this procedure for the determination 

of hydrazine. Benrath and Ruland (2) state that hydrazine 

is oxidized by eerie sulfate to nitrogen and ammonia 

according to the follo ing equation: 

2 Ce(S04)2 + 2 N2fl4 ---;a.. N2 + (N~)2S04 + Ce2(S04)3 

However, Lang (7) determined hydrazine and hydrazoio acid 

together by adding an excess of standard eerie sulfate 

solution, treating the excess with an excess of standard 

arsenious acid, and completing the titration with stand

ard eerie sulfate. The hydra~ine was then determined in 

a separate sample by the iodine cyanide procedure . 

The purpose of the present work was to develop a 

simple method for the determination of hydrazine by 

making use of potassium ferricyanide and eerie sulfate. 

The method consists in the oxidation of hydrazine with 

an alkaline ferricyanide solution, and the titration 

with a standard eerie sulfate solution of the ferrocyanide 
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which is produced . Potassium ferrocyanide is readily 

titrated with standard eerie sulfat e, either potent

iometrically (I, 6 , 11) or with indicators (3, 12). 

PREPARATION OF SOLUTIONS 

Hydrazine Sulfate . An approximately 0.1 N solution 

was prepared by dissolving about 3.3 grams per liter. 

This solution was standardized by the well known iodate 

method of Bray and Cuy (4). 

Potassium Ferricyanide . A 0.5 M solution. 

Ceria sulfate. An approximately 0.1 N solution was 

prepared by dissolving 80 grams of eerie sulfate in 

500 ml . of ~.0 N sulfuric aoid and diluting to one liter. 

This solution was standardized against pure potassium 

ferrocyanide follo ving the directions of Furman and 

Evans (6) 

Sodium Hydroxide. A 6 M solution. 

Hydroo~lorio Acid. A 6 M solution. 

PROCEDURE 

The procedure followed consisted of adding to a 

measured volume of hydrazine sulfate solution an excess 

of potassium ferricyanide, making alkaline with sodium 

hydroxide, shaking for one-half minute, and letting stand 
I 
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for a definite time. The mixture was then acidified with 

hydrochloric acid, diluted to 100 ml., and titrated with 

standard eerie sulfate solution. The endpoint was 

determined by the visual method which Furman and Evans (6} 

showed coincided with the potentiometric endpoint. There 

is sufficient ferric iron present in the eerie ammonium 

sulfate, and most other sources of eerie ions, so that 

colloidal ferric ferrocyanide forms during the titration 

of the ferrocyanide. At the endpoint the green color, 

caused by the colloidal ferric ferrooyanide, sharply 

disappears and the solution has the brownish color of the 

ferricyanide ions. The writer prefers to add a few drops 

of 0.5 M ferric chloride near the end of the titration to 

give a sharper endpoint, espcially in the presence of 

excess ferricyanide ions. If the ferric chloride is 

added too soon, a blue precipitate of ferric ferrocyanide 

is formed and thus some ferrooyanide is lost. Diphenyl

amine may also be used as indicator (3), but the solution 

must be diluted to about 0.01 N ferrocyanide concentration 

before titration with eerie sulfate. The writer found 

some difficulty in obtaining a sharp en~point with 

diphenylamine in the presence of excess ferricyanide. 

Hexanitrato ammonium aerate may also be used as standard 

oxidant as indicated by Smith, Sullivan, and Fr.ank (10). 

However, since there is not enough iron present in this 
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highly purified substance, it will be necessary to add 

a few drops of ferric chloride near the endpoint in order 

to form the green colloidal ferric ferrocyanide. 

EFFECT OF AI·KALINITY 

The effect of alkalinity on the completeness of the 

oxidation of the hydrazine was studied. As seen from the 

results of Table I, a very low alkalinity will suffice for 

the complete oxidation, and a high alkalinity up to 3 M 

sodium hydroxide, yields good results. 

Table I Effect of Alkalinity 

Volume of 0.5 14 K3Fe t(.CN)6 added- 10 ml. Time being
2 minutes. Total volume being 100 ml. 

No. HYdraz ine 
Sulfate 

ml . 

NaOH 
6 M 
ml. 

HCl 
2M 
ml. 

Ce(SOt)2
0.105 N 

ml. 

Normality
Hydrazine 

1 19. 84 eo 40 19.98 0.1063 

2 19.84 15 35 19.96 0.1062 

3 19.84 10 30 19.98 0.1063 

4 19.84 7 27 19.98 0.1063 

5 19.84 4 24 19.96 0.1062 

6 19.84 2 22 19.98 0.1063 

The normality of the bydrazine sulfate solution 

obtained by the Bray and Cuy iodate method (4) was found 

to be 0.1062 N. The procedure used is as follows: To 
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10 ml. of 6 N sulfuric acid in a ground glass stoppered 

flask add a measured amount of 0.1 N iodic acid or of 

potassium iodate. 30 to 50 percent in excess of that 

needed is used, then add the hydrazine. After five 

minutes add excess potassium iodide and titrate with 

standard thiosulfate. 

EFFECT OF EXCESS POTASSIUM FERRICYANIDE 

Theoretically 20 ml. of 0.1 N hydrazine sulfate 

solution should require 4 ml. of 0.5 M potassium ferri, 

cyanide for complete oxidation. Table II shows results 

obtained using varying amounts of ferrieyanide, other 

conditions remaining constant. 

Table II Effeot of Ferrioyanide Concentration 

10 ml. of 6 M NaOH added. Time 2 minutes. 30 ml. of 
6 N HCl added. Final volume 100 ml. 

No. HYdrazine 
sulfate 

K3Fe(CN)3
0.5 M 

Ce(S04)i
0.1054 

Normality 
of 

ml. ml. ml. Hydrazine 

1 19.84 5 19.12 0.1016 

2 19.84 6 19.80 0.1052 

3 19.84 7 19.96 0.1062 

4 19.84 8 19.98 0.1063 

6 19.84 10 19.98 0.1063 

6 19.84 15 ----- -----
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In numbers 1 and 2, containing 1 and 2 ml. more than 

the theoretical amount of potassium ferricyanide, the 

oxidation was incomplete in the two-minute interval. Even 

after a five-minute interval, on a run containing 6 ml. - of 

ferricyanide solution, the oxidation was incomplete. In 

number 6 the color change was not sufficiently sharp to 

indicate the endpoint. Too large an excess of ferrioyanide 

imparts a dark red-brown coloration, and the transition 

from green to red-brown is not distinct enough to serve as 

the endpoint. However , in a potentiometric titration, this 

excess would not interfere with the endpoint. 

EFFECT OF T!ME 

Table III shows the effect of time on the reaction. 

Table III Effect of Time 

10 ml. of 6 M NaOH, 10 ml. of K3Fe(CN)6(0.5 M), 
30 ml. of 6 M HCl added.lOO ml. vol. 

and 

No. Hydrazine 
sulfate 

Time Ce(S01)2
0.105 N 

Normality
of 

ml. min. ml. Hydrazine 

1 19.84 1 19.86 0.1055 

2 19.84 lt 19.93 0.1061 

3 19.84 2 19.96 0.1062 

4 19.84 6 19.98 0.1063 

5 19.84 35 19.98 0.1063 
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With 10 ml. of 6 M sodium hydroxide solution in 30 ml. 

of solution oxidation is complete if the solution is 

shaken gently for one-half minute after mixing the reagents 

with the hydrazine and then allowed to stand for another 

one and one-half minutes. Erolonged standing before acid

ification produces no error. The same results were 

obtained on a run which stood for thirty-five minutes as 

on one that stood for six minutes. 

EFFECT OF FINAL ACIDITY ON THE TITRATION 

Furman and Evans (6) state that the acid concentrat

ion should be between 0.5 and 2.0 M when ferrocyanide is 

titrated with eerie sulfate. The writer found that when 

the free hydrochloric acid in the final solution was more 

than 30 ml. of 6 M acid per 100 ml. of solution, the visual 

endpoint was not very decisive as there was not a sharp 

change from green to brown. However, 15 to 25 ml. of 

6 M hydrochloric acid per 100 ml. of solution gave good 

results. 

RECOMMENDED PROCEDURE 

To 25 to 35 ml. of approximately 0.1 N hydrazine 

sulfate solution or approximeately 0.1 gram of hydrazine 

sulfate accurately weighed and dissolved in 26 ml. of 
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water in a 260-ml. Erlenmeyer flask, add 10 ml. of 

0.6 M potassium ferrioyanide solution, followed by 10 ml. 

of 6 M sodium hydroxide solution. Shake gently for one

half minute and let stand for at least another two minute~. 

Add ~0 ml. of 6 M hydrochloric acid and dilute to 100 ml. 

Titrate with 0.1 N ceria sulfate solution until the green 

color in the solution just disappears and the solution 

has a brownish color. For a sharper endpoint, 2 or ~ 

drops of 0.6 M ferric ohloride solution may be added 

within 4 or 5 ml of the endpoint. 

RESULTS 

Table lV gives the results obtained on another 

hydrazine sulfate solution by both the recommended 

procedure and the iodate method (4). Table V gives 

the results obtained with a sample of "Eastman" 

hydrazine sulfate which had been dried for three hours 

at 14000. A different standard eerie sulfate solution 

was used for the determinations given in Table v. 
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Table lV. Determination of the Normality of Hydrazine Soln. 

No. Hydrazine
sulfate 

Ce(S01)~
0.105 

Normality of Hydrazine Soln. 

ml . ml . By Oerio Sulfate By Iodate 

1 21 .86 21.76 0.1049 0.1047 

2 27.55 27.39 0.1048 0.1046 

3 22.87 22 .75 0.1049 0.1048 

4 24 .19 24.04 0.1048 

Ave. 0.1048 0.1047 

Table v. Percent Purity of Hydrazine Sulfate 

No. Hydrazine 
sulfate 

Grams 

Ce(S0~)2
0.098 8 N 

ml. 
By 

Percent :Purity 
Ceric Sulfate By Iodate 

% % 
1 0.1055 32.85 99.85 99.81 

2 0.1072 33.39 99.88 99.85 

3 0.1020 31.75 99.82 99.80 

4 0.1021 31.77 99.78 99.88 

Ave. 99.84 99.83 
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DISCUSSION 

This ceriometric method, when properly carried out, 

ia capable of giving results with a precision of leas 

than 0.1 percent and a percentage error of about 0.02 to 

0.11 percent compared with the results obtained by the 

iodate method. 

SUMMARY 

A new titrimetric method has been developed for 

the determination of hydrazine in which ceric sulfate ia 

the standard oxidant. This method has numerous advantages 

over the standard iodate method: It can be carried out 

in half the time; it gives comparable results; only 

one standard solution ia required; no indicator ia 

needed; and the coat of materials ia leas than a third 

that of the materials used in the iodate method. Another 

advantage which it possesses over nearly all the other 

methods for the determination of hydrazine ia that in 

the final titration local excess of titrant during the 

titration produces no error. 
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A Note on the Determination of Phenylhydrazine 

Ray and Sen (9) had also found that the reaction 

of alkaline ferricyanide on phenylhydrazine was quant

itative according to the following reaction: 

C6H5NHNH2 + 2 K3Fe (ON) 6 + 2 KOH~ 

C5H6 + 2 J4Fe(CN)6 + 2 H20 + N2 

They made this reaction the basis for a gasometric method 

for the determination of phenylhydrazine. 

The writer attempted to apply the procedure developed 

for the determination of hydrazine to the determination 

of phenylhydrazine. It was found that when the alkaline 

ferricyanide reacted with the phenylhydrazine there was 

produced a rather deep orange color. This was thought 

to be due to the formation of a trace of some azo deriv

ative . The presence of this orange color seemed to inter

fere with the determination of the endpoint. Another 

possible explanation of this interference may be due to 

the benzene affecting the surface tension of the solution 

and thus influencing the stability of the colloidal ferric 

ferrocyanide. However, t he use of an indicator, such as 

diphenylamine did not yield re~roducible results. 

In all probability good results would be obta ined by 

means of a potentiometric titration. 
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II. THE DETERMINATION OF ALUMINUM 

There are numerous method described in the literature 

for the determination of aluminum. Among the most widely 

used are the usual gravimetric method, wherein the 

aluminum is precipitated as the hydroxide, ignited to the 

oxide, and weighed as such and the 8-hydroxyquinoline 

method wherein the aluminum is precipitated by 8-hydroxy

quinoline (2). The aluminum hydroxyquinolate may then 

be filtered and (a) dried at 120°0 and weighed as such; 

(b) ignited with oxalic acid and weighed as the oxide; or 

(c) the precipitate may be dissolved in hydrochloric acid, 

treated with a standard solution of potassium bromide

bromate until it is in excess and then titrated with a 

standard solution of sodium thiosulfate after adding a 

solution of potassium iodide. 

It was the purpose of this investigation to develop 

a titrimetric method for aluminum using eerie sulfate as 

a standard oxidant. An adaptation of the method developed 

by Nielsen (3) for the determination of magnesium was 

used. Nielsen's method consists of precipitating the 

magnesium with a-hydroxyquinoline, dissolving the 

precipitate in 2 molar perchloric acid, adding an excess 
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of 0.05 N ammonium hexanitrato cerate in 2 molar 

perchloric acid and heating for 10 minutes in a water 

bath to oxidize the hydroxyquinoline. He then titrated 

the excess cerate with a standard solution of ferrous 

sulfate. A known magnesium solution was treated in 

exactly the same way and the magnesium equivalent determine~ 

From the equivalency between the cerate and the magnesium 

the amount of magnesium in the unknown solution was 

calculated. 

PREPARATION OF SOLUTIONS 

Potassium Alum . A standard aluminum solution was 

prepared by dissolving 2.1038 grams of pure potassium 

alum in 1000 ml . of water. 100 ml . of this solution 

contains 11.96 milligrams of aluminum. 

8-Hydroxyquinoline. A 5 percent solution in 2 M acetic 

acid. 

ortho-phenanthroline Ferrous Complex. A 0.025 M 

solution was prepared by dissolving the calculated 

amount of the monohydrate in acid free 0 . 02 5 M ferrous 

sulfate solution. In the formetion of the complex 

three mols of the monohydrate combine with 1 mol of 

ferrous ion. 

eerie Sulfate . An approximately 0.1 N solution was 
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prepared by dissolving 80 grams of ceric ammonium 

sulfate in 500 ml. of 2 N sulfuric acid and diluting to 

one liter. The solution was then standardized against 

pure ferrous ammonium sulfate using ortho-phenanthroline 

ferrous complex as indicator. 

Ammonium Hexanitrato Cerate. An approximately 0.05 N 

solution was prepared by dissolving 30 grams of the salt, 

(Nff4)2Ce( N03) 6 , in 1000 ml. of 2 M perchloric acid and 

heating the solution just below boiling for three hours. 

After standing for three days the solution was filtered 

and standardized against pure ferrous ammonium sulfate 

using ortho-phenanthroline ferrous complex as indicator. 

Ferrous Ammonium Sulfate. Twenty grams of ferrous 

ammonium sulfate. hexahydrate were dissolved in 1 liter 

of 0.5 N sulfuric acid. Since this solution is not 

stable it was compared with the ceric sulfate solution 

at the time of use. 

PHOCEDURE wiTH CERIC SULFATE 

In order to determine the equivalency between the 

aluminum and the ceric sulfate an aliquot of the standard 

potassium alum solution containing 11.96 mg . of aluminum 

was taken, precipitated as the hydroxyquinolate , filtered, 

washed , dissolved in 30 ml . of 6 N sulfuric acid and 
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accurately diluted to 250 ml. The precipitation was 

done according to the direction of Lundell, Hoffman , 

and Bright (2) in an acetic acid - ammonium acetate 

solution at a pH of 5.7 • This pH is attained by adding 

to the aluminum solution, which is acidified with a few 

drops of mineral acid,25 ml. of 2 N ammonium acetate 

solution per 100 ml. of aluminum solution. To a 5 ml. 

aliquot of this solution an exoess of standard eerie 

sulfate solution was added and the solution was heated 

in a boiling water bath for exactly ten minutes. After 

cooling, 5 ml. of ferrous sulfate solution were adde d 

and the titration completed _with standard ceria sulfate 

using a micro burette. The volume of oerio sulfate 

equivalent to the 5 ml. of ferrous sulfa~e solution was 

determined by a separate titration. Table I shows the 

results of these determinations. Column 1 gives the 

volume of aerie sulfate solution added to the aluminum 

hydroxyquinolate, column 2 gives the ml. used in the 

back titration of the excess ferrous sulfate, and oolumn 3 

gives the net volume of aerie sulfate solution consumed 

in the oxidation of the hydroxyquinoline, obtained by 

subtracting from the total volume of aerie sulfate 

solution used the volume equivalent to the 5 ml. of ferrous 

sulfate solution added. 
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Table 1 Determination of Alumfoum Equivalency 

Ceria Sulfate Solution 0.1049 N 

Ml. added Ml used in the 
titration 

Ml. 
to 

equivalent
aluminum 

Aluminum 
equivalency 

7.00 1.97 3.97 46.96 

7.00 1.90 3.90 46.13 

7.00 2.03 4.03 47.67 

7.00 1.80 3.80 44.95 

7.00 1.95 3.95 46.72 

From the volume of ce~ic sulfate solution used in the 

oxidation of the hydroxyquinoline the number of equivalents 

or mole of ceric sulfate equivalent to one gram atom of 

aluminum was calculated. Column 4 gives these results. 

It is evident that the oxidation is not reproducible under 

the conditions used. In order to determine the effect of 

time on the oxidation three 10-ml. aliquots of the 

aluminum hydroxyquinolate solution were treated with 20 ml. 

of ceria sulfate solution in a hot water bath for varying 

lengths of time. After cooling, 19.92 ml. of ferrous 

ammonium sulfate solution were added and the titration 

completed with the standard eerie sulfate solution. The 

results are given in Table II. From the results of these 

runs it is seen that the hydroxyquinoline is not completely 

oxidized during a 45 minute period under the conditions 
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used . This incomplete oxidation by eerie sulfate will 

explain the results obtained in Table I. Because the 

hydroxyquinoline is not completely oxidized during the 

ten-minute interval, any slight change in conditions or 

slight deviation from a constant time would cause the 

amount of oxidation to vary slightly and give varying 

aluminum equivalencies. It was therefore decided to use 

a more powerful oxidizing agent and conditions that 

would give more complete oxidation. 

Table II. The Effect of Time on Oxidation by eerie Sulfate 

Ceria Sulfate Solution 0.1049 N 

Ml. added Ml. used in Ml. equivalent 
titration to aluminum 

Aluminum 
equivalency 

Time 
min. 

20.00 12.87 10.69 63.32 30 

20.00 13.91 11.73 69.37 45 

20.00 14.61 12.43 73.00 60 

PROCEDURE WITH HEXANITRATO Al~ONIUM CERATE 

The oxidation potential of the system eerie/cercus 

ions in molar sulfuric acid is 1.44 volts as determined 

by Kunz (1). Smith and Getz (4) have shown that this 

potential can be increased by the addition of perchloric 

or nitric acid. By using solutions entirely free of 
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of sulfate ions but containing nitric or perchloric 

acid they found that the oxidation potential for the 

above system in a 1 N acid solution was 1.61 and 1.70 volts 

respectively. Upon the addition of sulfuric acid there 

was an immediate drop in potential of the system. With 

increasing concentrations of perohloric acid the potential 

of the system rose to 1.87 volts in an 8 N perchloric acid 

solution. The explanation given for this difference in 

potential in solutions of various acids was the varying 

stability of the complex ions of the type Ce(Cl04)6-- and 

Ce(so4 )3--· Thus eerie ions in a perohlorio acid solution 

are one of the most powerful oxidants for titrimetrio work. 

For this reason the use of eerie sulfate in sulfuric acid 

was abandoned as a means of oxidation of the hydroxyquino

line obtained from the aluminum hydroxyquinolate. 

Dilute solution of hexanitrato ammonium cerate in 

perchlorio acid are not entirely stable over long periods 

of time. Smith and Getz (5) showed that a 0.05333 N 

solution in 3.0 N perohloric acid underwent a 1.29 percent 

decrease in strength on standing for seventy-five days 

in the dark. At a temperature of 95°-100°0 the decamp

position is more rapid. According to Nielsen (3) after 

heating a 0.05 N solution in 2 M perohloric acid for two 

hours in a boiling water bath and letting stand for two 

days there was a 5.5 percent decrease in titer, but no 
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further change during the subsequent two weeks. 

The solution used in this work was prepared and standardized 

as indicated under the Preparation of Solution. 

In order to determine the completeness of oxidation 

under the conditions used , the aluminum hydroxyquinoline 

was heated with excess of the standard hexanitrato ammonium 

cerate solution (which will hereinafter be referred to as 

cerate solution} for varying lengths of time. To have more 

complete oxidation than was obtained with eerie sulfate 

in sulfuric acid, the aluminum hydroxyquinolate precipitate 

was dissolved in 2 M perchloric acid and the solution 

diluted to such a volume that a 10 ml . aliquot contained 

about 0.1 mg. of aluminum . This is less than half the 

amount used in the previous work . After heating in a 

water bath for 15 minutes with 10 ml. of t he cerate solut

ion, the solution was cooled in a cold water bath, 5 ml. of 

0.05 N ferrous sulfate solution added and the solution 

titr ated with t he standard cerate solution. The results 

are shown in Table III. It is seen that the oxidation 

of the hydroxyquinoline approaches a maximum after a 

12-mi nute period of heating. Since the cerate solution 

under goes decomposition at the boiling point, it was 

necessary to run a blank on the volume of cerate used 

for the various time intervals. Column three gives the 

ml. of the cerate decomposed during the indicated times. 
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Table III Effect of Time on the Oxidation by Cerate 

Cerate Solution 6.05543 N 

Ml. Ml. Ml. Ml. Aluminum Time . 
added used ih 

titration 
blank equiv.to 

aluminum 
equivalency min. 

10 3.38 0.16 8.oo 122.1 8 

10 3.86 0.24 8.40 128.3 10 

10 4.11 0.25 8.64 132.0 12 

10 4.15 0.25 8.68 132.6 14 

The following procedure was then adopted in order to 

determine the aluminum equivalent: To a 10 ml. aliquot of 

the standard aluminum hydroxyquinoline solution containing 

0.09560 mg. of aluminum 12 ml. of the aerate solution were 

added, the mixture placed in a hot water bath and heated 

for exactly 15 minutes. After cooling, 5 ml. of ferrous 

ammonium sulfate solution were added and the solution 

titrated with the standard aerate solution. A blank was 

run on 12 ml. of the aerate solution with 10 ml. of water 

for the 15 minute period. The decomposition amounted to 

0.54 ml. of aerate solution. 

From the results of these experiments as shown in 

Table IV, the oxidation of the hydroxyquinoline appears 

to be quite reproducible under the conditions used. 
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Table IV Determination of Aluminum Equiv~lent by Cerate 

Cerate Solution 0.05543 Aluminum Equivalency 

Ml. 
added 

Ml. 
used in 

titration 

Ml. 
equiv.to
aluminum 

Mg. Al equiv. 
to 1 ml. of 

cerate 

Mols cerate 
equivalent to 
26.97 gm. Al. 

12 2.70 8.96 0.01067 140.0 

12 2.71 8.97 0.01068 140.3 

12 2.77 9.03 0.01069 141.2 

12 2.74 9.00 0.01062 140.8 

Ave. 0.01064 140.6 

Column 3 gives the ml. of the standard cerate solution 

equivalent to the hydroxyquinoline oxidized; this is 

obtained by subtracting from the total volume of cerate 

solution used- the sum of column 1 and column 2- the 

volume of cerate equivalent to the 5 ml. of ferrous 

ammonium sulfate solution and the 0.54 ml. corresponding 

to the blank. Column 4 gives the value of 1 ml. of the 

cerate solution in terms of mg. of aluminum and column 5 

gives the mols of cerate equivalent to one gram atom 

of aluminum. 

DETERMINA~ION OF UNKNOWNS 

A sample of potassium alum weighing 0.4052 grams was 

precipitated as aluminum hydroxyquinolate in acetic acid 



24 

according to the method used above. After filtering 

and washing, the precipitate was dried at 135°0 for one 

hour and weighed. The percentage of aluminum found was 

5.708 percent. ~his precipitate was dissolved in 20 ml. 

of 2 M perchloric acid and diluted to 250 ml. A 50 ml. 

aliquot of this was further diluted to 500 ml. Several 

10 ml. aliquots of this solution were then treated by 

exactly the same procedure as used for the determination 

of the aluminum equivalency. Using the average value of 

one milliter of the cerate solution as being equivalent 

to 0.01064 mg. of aluminum, the percentage of aluminum 

in the original sample was calculated. The results are 

shown in Table V. 

Table V. Determination of Aluminum in Potassium Alum 

Cerate Solution 0.05543 N 

Ml. Ml. Ml. Mg. of :Percent of 
added used in equiv. to Al. found in aluminum 

titration aluminum 10 ml. aliquot 

12 2.44 8.70 0.09257 5.711 

12 2.48 8.74 0.09299 6.737 

12 2.43 8.69 0.09246 5.707 

12 2.48 8.72 0.09278 5.724 

Average ....... . .... . . . .... . . .. . . . . . .. . . 5.719 

By Gravimetric Quinolate Method •••••••• 5.708 

Average Deviation .. . . . ... . . . . . ... . . . . . . 0.011 
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Two other aluminum salts were used to check the 

accuracy of the method. A 0 . 1240 gram sample of the 

hydrated aluminum sulfate , Al2 (so4 )3.18 H20 , was precip

itated as the hydroxyquinolate , dried , and weighed . The 

percentage of aluminum was found to .be 8. 393 percent. 

This precipitate was dissolved in 20 ml. of 2 M perchloric 

acid and accurately diluted to 1000 ml . A sample of 

anhydrous aluminum sulfate weighing 0.0778 gram was precip

itated and the aluminum determined as the hydroxyquinolate . 

The percent of aluminum was found to be 13.93 percent. 

This precipitate was also dissolved in 20 ml. of 2 M per

chloric acid and diluted to 1000 ml. Several 10 ml. aliquots 

of these aluminum solutions were than analyzed by exactly 

the procedure as used on the previous samples. The results 

are shown in Tables VI and VII . 

Table VI . Determination of Aluminum in Al2(S04)3.l8 H20 

Cerate Solution 0 . 05543 N 

Ml . Ml . Ml . Mg. of Percent of 
added used in equiv . to Al . found in aluminum 

titration aluminum 10 ml. aliquot 

12 3 . 57 9 . 81 0.1044 8 . 418 

12 3 . 54 9.78 0 . 1041 8 . 393 

12 3 . 55 9 . 78 0 . 1040 8 . 400 

12 3 . 56 9 . 82 0 . 1045 8.426 

Average .. . . . .... . . .... ... .. . ... . ......... . 8 . 409 
By Gravimetric Quinolate Method • •••• •• • • 8 . 393 
Average Deviation • •• • ••• • • • • • • ••••••••• • 0 . 016 

http:Al2(S04)3.l8
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Table VII. Determination of Aluminum in Al2 (S04}3 

Cerate Solution 0.05543 N 

Ml. Ml. Ml. Mg. of :Percent of 
added used in equiv. to Al. found in aluminum 

titration aluminum 10 ml. aliquot 

12 3.89 10.16 0.1081 13.89 

12 3.90 10.17 0.1084 13.91 

12 3.84 10.11 0.1076 13.83 

12 3.84 10.11 0.1076 13.83 

12 3.90 10.17 0.1084 13.91 

Average ... . . .... . . .. . . . . . . . . . . . . . . . . . • • • 13.87 

By Gravimetric Quinolate Method . . . . . . . . .. 13.93 

Average Deviation . . . .... . . . .. . . . . ... . . . ... 0.05 

DISCUSSION 

This ceriometric method for the determination of 

aluminum is an empirical method, and, as such, must be 

carried out with exacting detail. On the assumption that 

the hydroxyquinoline is oxidized to carbon dioxide, water, 

and nitric acid the following equation was formulated: 

3 C9H6N(OH)+ 69 (0)----) 27 C02 + 9 H20 + 3 HN03 
From this equation it is seen that 139 equivalents of 

oxidizing agent are required for the complete oxidation 
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of three mols of hydroxyquinoline which are equivalent to 

one gram atomic weight of aluminum . The experimental 

value determined in this work as 140.6. Thus, in all 

probability the hydroxyquinoline is completely oxidized 

under the conditions used. If the amount of hydroxy

quinoline e · uivalent to the aluminum is much greater than 

that specified in the recommended procedure, the oxidation 

will not be complete. However , when the equivalency 

between the cerate solution and the aluminum is determined, 

if the amount of a l uminum used is approximately the amount 

to be encountered in an equal volume of the unknown solut

ion, concordant results should be obtained , even though 

the hydroxyquinoline is not completely oxidizeQ ~1der the 

conditions used . If t his is the ca se , there is a greeter 

possibility of error in t he determination because of t h e 

time element involved . For example, if the time of oxi

dation of the unknown is allowed to vary for thirty seconds 

more or less than in the case of the standard , the aluminum 

content found will be in error because more or less cerate 

will have been consumed . Therefore , it is advisible to 

choose quantitative conditions so that the hydroxyquinoline 

will approach maximum oxidation . 

The excess cerate solution after oxidation is complete 

may be titrated directly with a standard solution of 
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ferrous sulfate instead of adding an excess of standard 

ferrous sulfate solution and ba ck titrating the excess 

with standard cerate solution. 

A fair degree of reproducibility can be obtained. 

Results compare favorably with those given by the 

gravimetric ~uinolate method. Results may be duplicated 

with a precision of 0.1 percent . As seen from Tables 

V, VI, and VII the largest deviation from the gravimetric 

quinolate method was 0 .1 percent and the maximum average 

deviation was only 0.05 percent. 

This titrimetric method and the gravimetric quinolate 

method have the advantage over the regular gravimetric 

aluminum oxide method for aluminum in that the aluminum 

8-hydroxy quinolate is a crystalline precipitate and does 

not tend to adsorb salts as aluminum hydroxide does. 

For this reason, the aluminum oxide method tends to give 

high results. 

SUMMARY 

There is presented a proposed empirical titrimetric 

method for the determination of aluminum. One of its 

chief advantages is that it can be used for small amounts 

of aluminum. This is due to its extremely small equivalent 
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weight which is about 0.20 gram. - ~ile this equivalency 

may vary slightly under different conditions, if each 

analyst establishes for himself the relationship between 

the standard cerate solution and the standard aluminum 

solution under the particular conditions used, good 

results can be obtained. It is not even necessary that 

the cerate solution be standardized unless the actual 

equivalent weight of the aluminum is to be calculated. 

All that is necessary is that the value of 1 ml. of the 

cerate in terms of aluminum to be determined by using 

the standard aluminum solution. 

Perhaps the main disadvantage of the met hod is that 

the approximate aluminum concentration be known. This is 

necessary so that an aliquot of the unknown will contain 

about the same amount of aluminum as an equal volume of 

the standard aluminum solution used in the determination 

of the equivalency between the cerate reagent and the 

aluminum. 

A fair degree of reproducibility can be obtained. 

Results compare favorably with those given by the 

gravimetric quinolate method and may be duplicated with 

a precision of 0.1 percent. 

~d 
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