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A CRITICAL StOPX OF SOME APPLICATION OF

a^YDRDHQUINOLIHE W INORGANIC ANALYSIS.

8-Hydroxyquinoline or "oxlne® Is a nearly colourless,

crystalline compound melting at 75°C> almost insoluble in water,

but soluble In alcohol, acetone and acids*

I II

Its empirical formula is Q7H7O8 and its structure is
represented by formula I* In water-free organic solvents It

dissolves to give nearly colourless solutions, but If a little

water be present they become yellow, probably because of an

intramolecular change in composition of the oxine to formula II

Berg*1) . |
Oxine acts as an amphoteric compound, forming addition

compounds with acids, and combining with many metal ions to give

hydroxyquinolates or "oxinates", in which an equivalent of the

metal replaces the hydrogen of the hydroxyl group in an oxine

molecule. Many important separations are possible because the

conditions of precipitation of different metals vary consider¬

ably /
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ably. A# the majority of the metallic complexes are of

high molecular weight audi are readily obtained in an easily

filterable, crystalline form, prior to a simple gravimetric or

volumetric determination, the use of oxine as a precipitant in

inorganic analysis has developed enormously since the original

papers of Berg^), and Hahn and V±eweg(3) were published, few

of the published papers reveal, however, a high degree of

accuracy and precision in the results obtained, shoeing, either

that oxine possesses qualities that render it unsuitable as a

reagent for the most accurate work, or that the correct

conditions for its uss in specific cases, have not been adequately

defined. there seems, therefore, to be a need for a more

detailed study of some of its applications.

The main object of this research was to examine

critically the mode of determination of magnesium with oxine,

especially in carbonate and silicate rocks. The results

of this investigation are given in Section I, pages 4 to 46 •

In an additional study - Section II, pages 48 to 75, an account

is given of some experiments bearing on the joint determination

of aluminium, iron and titanium in igneous silicate rooks.
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chloride or ammonium acetate to retain magnesium in solution,

excess of an alcoholic solution of oxise. Secondly, Bahn

and fiewsg(3) added oodLne to a slightly acid or neutral solution
of magnesium and precipitated the oxin&te fcy the addition of

ammonia. Berg filtered the hot solution through a sintered

glass crucible, mashed the precipitate with hot dilute ammonia

and heated for aereral hours to "constant weight", which was

taken as a difference of 0.5 ~ 1.0 milligram. With a drying

temperature of 305°, constant weight due to the formation of

the dihydrated complex was reached in 2 - 4 hours} whereas,

at 130°, the complete conversion to the anhydrous compound took

4-8 hours. At 140° constant weight was attained more

quickly, hut decomposition was said to occur, Bahn and

Vleweg, like Berg, used dilute ammonia to wash the precipitates,

but they dried them first at 100 - 120°, sad then to constant

weight at 140 - l60°. For convenient and speedy analyses

Berg preferred to dissolve the precipitates in hydrochloric

acid and determine the oxine volumetrically with a potassium

bromate - potassium bromide mixture. Kolthoff and Sandell^
have adopted the second method of precipitation, and recommend

washing of the precipitates with cold water and a drying

temperature of 105°* In a review^) favourable reference

is made to the first method of precipitation, and a drying

temperature of 140°. Redmond and Brightin a study of

the /



the precipitation of magnesium in solutions comparable to those

obtained In the analysis of cements, employed both methods of

precipitation, obtaining low or high results with the first

due to two superimposed effects, wis., a tendency to incomplete

precipitation, and contamination of the precipitate by the

reagent, and low results with the second, due to a slow

separation of the precipitate* Ultimately they proposed a

modification of the second method and finished most of their

experiments volumetrlcally.

In the Analytical Laboratory of this University oxine

has been used for more than six years in the determination of

magnesium. During this period the following observations have

been made* The first method, employed gravimetrlcally led

to results averaging about l£ low. At 105° satisfactory

weight constancy was not obtained and 3*4 hours1 heating at

130 - 140° was required. Volumetrically the results were

236 high. By the second method, the results obtained gravi-

aetrlcally tended to be 1$ high in spite of drying at l60°j
true weight constancy was not readily achieved. Volumetrieally

the average error was 4$ high, and the maximum variation in the

results was much greater than in the first method. As

pointed out by Heck, Graonane and Ward(^) difficulties do

arise in the volumetric determination of oxine with a aromate-

bromlde mixture, but it seemed more likely that the precipitates
were /
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vera contaminated by varying amounts of oxine. Although

prolonged washing with hot water or dilute ammonia did not

remove the contaminant from the precipitates, heating at 105°

before dissolution and titration apparently did, as much better

results were then obtained. Redmond and Bright(10) made

a similar observation.

In the application of the methods to dojowdtlo

limestones the results obtained gravimetrioally have compared

favourably with those derived by determining magnesium as its

pyrophosphate, but with silicates of small magnesium content

some low, irregular results have bee® recorded. It Is

significant that most text-books which mention the determina¬

tion of magnesium by oxine, still recommend the pyrophosphate

method for use in the analysis of silicate rocks.

In this research, the writer has sought to improve

the methods for the determination of magnesium by means of

oxine, by ascertaining the cause of the foregoing errors, with

a view to their eradication,
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APPARATUS.

A box of weights wee calibrated. All volumetric

apparatus was thoroughly cleaned at intervals with chromic

and sulphuric acids, and calibrated* Grade "A* burettes

were used*

Nearly all the glassware used was Fyrex or Jena.

Standard solutions were kept mainly in well-stoppered bottles

of Jena glass* Jena sintered-glaas crucibles (Nos.10 G4 and

10 G3) and immersion filters (Nob.36 G4 and 36 G3) were required*

When it was desired to collect filtrates in beakers, Gibson's

bell-jar suction arrangement j^Treadwell and Hall^ was used*
Thermostatically-contiolled electric ovens were

used for drying all precipitates at various temperatures.

An electric motor was available for operating a glasa stirrer*

REAGENTS.

S-%dr9«yqpipoHaC — Hopkin and Williams's AaalaR.

The sample used was selected because of the sharpness of its

melting-point (7^C). It was a pale buff-coloured crystal¬

line compound.

WflBMHtfoilB Ms&fl&a — KaMbaum's "mit Garantiesohein" was

found to be entirely free from heavy metal impurity and

contained /
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contained no insoluble residue.

Potassium Bronata — Hopkim and Williams's Analafi reagent

was tested for bromide end contained none. The dried salt

was standardised against a United States Bureau of Standards

sample of arsenious oxide and found to be 99-9% pure,

fofofsluw — AnalaR. This was tested forK and

found free from* iodate.

Sodium Oxalate — United States Bureau of Standards.

Sodium Thiosulphate — K&hlbaum's "for Analysis". This

was standardised from time to time with the potassium brornate

solution.

Carbon PlBulohide was redistilled. The fraction distilling

between 44° and 46°C was used.

Totrachloro9thane — The sample used was first shaken up

with caustic soda pellets and sodium carbonate to remove

chlorine and free acid. It was then redistilled and the

clear colourless liquid distilling between 142° and 145°C
was used.

IM/



-10-

tyaUtote redistilled.

All the other reagents used were as far as possible

of analytical grade.

Filter Papers. Ashless papers, either Whataaa or Schleicher

and Schull'a, vera used throughout.
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Sittoo mgnealun oxloate shan precipitated first my

be oontanlnated t$r oxine, and the latter la volatilised on

heating {0.4 great loet 1235 per how at 105°), a voluaetric

oethod of determining oxine seened to he the beet for aowusining

the ooapoeitlon of froehly^foraed preeipitatee* the usual

nethod for the volumetric determination of la to brosdnate

it la hydrochloric acid solution with a standard potassium

hroaate » potasaian bromide aixtore, hat the nethod requires

the exercise of eonelder&hle care, end therefore other method#

of detorntiilng exine wre eataalaed.

m.mmw w mm im mmjm.mmmm
SOLUTION — Rasckin and Broad (i2) quantitatively oxidised

3 - 70 ag* of oxlaa, dissolved In 250 al* of 1035 sulphuric aoid,

hp titrating at the boiling point with a solution of potaesiua

permanganate, till the appearance of a rose colour, which

pereleted for two nlnatee. In all probability oxidation

of* lehisaru^) Experimentsto quinoXinlo acid ma effooted

were made to teat thla method.

A standard solution of cuetne In 4* sulphuric acid

ma prepared freo the eolld which had previously been dried

for two days over oaldust chloride. A 0.1S solution of

potaealun permanganate aaa freed frost hydr&tad aanganese dioxide

by filtration through a sintarad-glaas Bttchner funnel, after

one hoar* a heating on the atean bath, end standardised with

sodium /
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sodium oxalate. When various amounts of the oxine solution

were diluted with 4S sulphuric acid and titrated in the

prescribed manner, it was found that the oxidation proceeded

rapidly at first, and then became very slow towards the end-

point, which was sluggish. Sore than the theoretical

amount of potassium permanganate required to form quinolinic

acid was used. further titrations were carried out at

lower temperatures by adding an excess of the permanganate

solution, cooling, and back-titrating with a 0.Q5S ferrous

ammonium sulphate solution, in the presence of one drop of

0.025M aqueous o-phenanthroline ferrous sulphate as an

indicator to give a better end-point. The results obtained,

with reference to quinolinic acid as the final product of

oxidation, are shown in Table X.

Bxpt. Initial
Volume of
Solution (ml.).

Temp.
°C.

% Excess
of H&1O4
added.

Wt. of oxine (mg.).

Taken- Found.

1 50 60 25 7 '98 9.45

2 50 60 25 9.52

3 4Q 60 26 15.96 18.26

4 40 60 21 17.85

5 40 40 28 7.98 8.33
6 40 40 16 8.12

7 20 16 26 7.91

8 20 16 16 7.90

Except /
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Excapt at room temperature, at which the results

were good, the errors were positive, and increased with

increasing temperature j they also seemed to wary slightly

with the percentage excess of potassium permanganate added

(expta. 3 and 4, and 5 and 6). Additional experiments

were therefore carried out at rocs temperature, certain factors

being varied, in order to see whether reproducible result#

might be obtained under all conditions at this temperature.

The results are shown in fable 11.

TJtffT.lC TT
«SMiMiililYJWrf»ii nii.WO

temperature » !5^G

Weight of Oxina taken =» 16.71 mg.

Initial volume of solution = 40 ml.

Expt, H in
H2SO4

% excess of
KMn04&dded.

time of
addition
of SXn04
• irlnpt

It. of oxine
(mg.) found.

9 3.5 23 12 16.65

10 3.5 30 15 16.96

11 3.5 23 20 17*17

12 0.5 23 10 15*71

13 2.0 29 10 16.93

14 3.5 23 10 16.46

15 8.0 23 10 16.02

The amount of oxidation taking place depended on

the /
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the time elapsing before the back-titration with ferrous

ammonium sulphate (axpts. 9 - 11) | It also decreased with

increase in acid concentration from 2 - 8n (expts.13 - 15).

When the acidity was reduced to Q«5N (expt.12) manganese

dioxide came down on standing with excess of permanganate

solution, but disappeared during the back-titration.

Xt is evident that consistent results were unobtain¬

able, every factor varied having an influence on the titration.

V* OsjMfrQltes ylth ffarlQ Solutions. — An attempt

was next made to use 0.3N solutions of hexanitrato-aamonium

cerate in various acids for the oxidation of oxine dissolved

in the aame acids* The oxidation potentials of the oerate-

ceroua systems in normal sulphuric, nitric and perchloric

acids, respectively, are 1.44, 1.6l and 1.70 volts referred

to the normal hydrogen electrode smith and GetaC"1^ whereas

that for the permanganate - smnganous system in normal sulphuric

acid is I.52 volts Togel(15) Oxine solutions in nitric

acid were found to be rather unstable on standing. Ho full

Investigation of the use of cerate solutions in nitric acid

was therefore carried out, although it was found that at

boiling point oxidation proceeded further than the qulnolinic

acid stage.

In /
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la 2$ sulphuric acid solutions, oxlne was oxidised

rery slowly at 15° and experiments were made at ▼arious higher

temperatures by adding en excess of the corresponding cerate

solution, cooling and back-titrating with a ferrous ammonium

sulphate solution, using o-phenanthroline ferrous sulphate

as an indicator. The results were as follows t

Weight of oxtne taken • 7*98 mg.

Initial volume in 2N sulphuric aoid » 25 ml.

Excess of cerate solution added « 40%

Temp.
°C,

Wt, of oadne
found (mg.).

50 2.42

50 3.18

B.P. 6.44

B.P. 6.62

B.P. x 7.70

B.P. f 8.21

x Kept 10 ains. at B.P. before cooling.

/ Kept 30 rnins. at B.P. before cooling.

Approximately quantitative oxidation took place only

under the conditions of the last two experiments. The cerate

solution which was itself quite stable under those conditions

was standardised against ferrous ammonium sulphate.

Similar /
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Similar experiments were made with perchloric acid
I -v

solutions of the cerate. In spite of their high oxidation

potential, oxidation at room temperature, as seen from the

table below, took place very slowly.

Weight of oxlne taken * %&7 mg.

Initial volume in N/2 perchloric add * 25 ml.

Excess of cerate, In H perchloric acid, added » 75$

Temp.
°c.

Period elapsing (sins.)
before back-titration.

Wt. of oxine
found Cms*).

50 3-30

50 15 5.79

50 30 6*31

70 — 5.*8

B.P. —
. 5.69

15 — 1.33

15 30 2.24

15 60 2.63

15 180 4.00

At 50° it was necessary to leave the oxine in

contact with an excess of the cerate solution for a short

time before back-titrating, but if too long a time elapsed

the theoretical amount of cerate required to form qulnolinic

acid /
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ftcid was exceeded, this being only partly due to decomposition

of the cerate solution itself* An oxine solution titrated

at the boiling point gave, if cooled Immediately after the

addition of the cerate, a theoretical result, which was no

doubt fortuitous* After this work had been done, Nielsen

published a paper describing a method essentially the same.

He found that, if small amounts of magnesium oxinate dissolved

in perchloric acid, were heated at the boiling point for 10

minutes, with an excess of a cerate solution, oxidation pro¬

ceeded far beyond the quinolinic acid stage, approximately

29 equivalents of cerate corresponding to 1 mole of oxine.

The cerate reagent was somewhat unstable, and the method suited

only to the determination of very small amounts of magnesium.

A few direct titrations with the cerate solution

were made potentiometric&lly at 70°. These, however,

were not a success, since, after the addition of a little

cerate solution, the potential rose with each drop added, and

then fell slowly again, thus obviating the possibility of

obtaining a satisfactory end-point.

It was concluded that titrations with cerate solutions,

whether in sulphuric acid or perchloric acid, were unsatisfactory

for the volumetric determination of oxlne.

The Quantitative Brominatlon of Oxine — Since no successful

oxidation /
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oxidation method could be found for the determination of oxine,

a method, based on the bromination procedures of Fleck, Greenane

i and Ward, and Schulek and Clauder^^, was finally adopted.

Standard solutions of potassium bromste, and oxine

{previously dried for two days over calcium chloride) in

2JT hydrochloric acid, were prepared. The bromate had been

dried at 121°, and its solution was used to standardise

solutions of sodium thiosulphate, which were usually one-fourth

of the strength of the bromate.

An appropriate amount of the oxLne solution was

measured into a Pyrex flask, S 84, in which the neck is

widened out to form round the ground stopper, a shallow cup

capable of holding a few ml. of liquid. To the solution

(25 ml, or more) which was in 2N hydrochloric acid one gram of

potassium bromide dissolved in 10 ml. of water and 2 ml. of

0.005/^methyl red solution were added. A Q.1N potassium

bromate solution was then added in a fine stream with swirling

of the flask, till an excess of 1 - 3 *&s present, as

shown by the decoloris&tion of the methyl red. The flask

was stoppered, the cup round the stopper filled with 8 ml. of

either tetrachloroethane or carbon disulphide, and then, after

five minutes, the solvent was added to the flask, followed by

two grams of potassium iodide dissolved in 10 ml, of water.

The contents of the flask were thoroughly shaken up, starch

solution /
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solution mas added, and a back-titration was made with the

thiosulphate solution, which was added dropwise till the blue

colour disappeared, giving a rather cloudy greyish solution.

The addition of one more drop of the thiosulphate solution

gave a clear lemon-coloured solution which was taken as the

end-point* Solutions containing small amounts of oxine

(<30 mg.) in volumes under 25 *1. were titrated in 100 ml*

stoppered conical flasks.

Purified redistilled tetrachloroethane was used

instead of carbon disulphide to prevent the separation of the

polyiodide compound of dibroao-B-hydroxyquinoline that may be

formed on the addition of the potassium Iodide cf. Fleck,

than that of earbon disulphide. It was found later, however,

that it deteriorated on standing, liberating a small amount of

chlorine, so that it seems preferable to use carbon disulphide.

By means of the special Pyrex flask, S 84, cf. Schulek

of oxine were avoided.

The majority of the results obtained, tended to be

Its odour is much less objectionable

small losses of bromine equivalent to 0.5 ®g»

slightly low, as shown in Table III

Initial /
TABLE III
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ULUL1 IU

Initial vol* (ml.) Wt. of oxine (ms?*) % Error
as in HC1. Found Taken

50 199.7, 199.6 199.8 -0.1, —0.1

25 99.6, 99.4
99.4, 99.4

99.7 —0.1, -0*3
-O.3, -0.3

25 39.87, 39.84 39.93 —0.2, —0.2

25 20.06, 20.08 20.01 *0*3$ +0.4

10 16.06, 15.99 15.97 40,4, 40,1

10 7.97, 8.01 8.00 -0.4, 40.1
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m smmm or maskmi omm-

Experiments were next made to ascertain the composition

of freshly-formed precipitates of magnesium oxinate, first

of all, a O.O5K solution of magnesium sulphate was prepared,

and 50 ml. portions were standardised from time to time by

the pyrophosphate method, exactly as prescribed by Epperson^),
The magnesium, in suitable portions of this solution, was then

precipitated as magnesium oxinate by each of the following

methods, which correspond to the two general methods mentioned

on page 4 • The reagent was a % solution of oxine in

2N acetic acid. This was preferred to an alcoholic solution,

which gave precipitates that varied in colour according to the

age of the reagent solution, although their composition

appeared not to wary.

Method (1) — To 25 ml. of a solution containing the equivalent

of 13 mg. of maxnesium oxide, 0.5 g. of ammonium chloride and

5-10 drops of 0.02$ o-eresolphthalein in alcohol were added,

followed by <9S ammonia dropwlas until a strong violet colour

developed (Pg 9*5)» and then 1 ml. in excess. The solution

was heated to 70° and the oxine reagent was added very slowly,

with stirring, until an excess was present, simultaneously with

an equivalent amount of SK ammonia. The precipitated

magnesium oxinate was digested for 10 minutes at 70°, filtered

hot on a Whatman no.44 filter paper, and washed with 25 ml.

of /
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of hot water. Thereafter it was dissolved in 28 hydrochloric

acid and the oxine determined volumetrieally as on page 18 »

Method (2). — To a similar solution, acidified with 5 ml. of

28 hydrochloric acid, an excess of the oxina reagent was added.

The solution was heated to 70° and magnesium oxinate precipitated

by the slow addition with stirring of an excess of £8 ammonia.

The further procedure was the same as in Method (1) • If a

reprecipitation process was required, the first precipitate,

unwashed, was dissolved in 28 hydrochloric acid and reprecipi-

tated as before, but without the addition of more oxine.

Thereafter the original procedure was followed.

The results of the foregoing experiments are given

in Table XT. These clearly show the superiority of the

first method over the second. Magnesium oxinate precipitated

by Method (2) was largely contaminated with oxine, unless the

excess of oxine added was very mall. In practice a control

of the mount of reagent added, could be obtained by the use

of the first method, due to the strong yellow colour of the

solution with excess oxine5 whereas in the second method one

could not, without knowing the percentage of magnesium oxide

sought, restrict the excess of oxine to the amount required.

Additional washing of the precipitates formed fay Method (2)
had no important effect (cf. expts. 5 and 8), showing that the

contaminating /
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contamin&ting oxLne ma bound up with the magnesium oxinate,

barge amounts of ammonium chloride and ammonium acetate did,
I

however, greatly reduce the amount of contamination (expts.10

and 11), but it mis noted that the precipitates were much

lighter in colour and bulkier than the others* The effect

of reprecipitation (expt. 7) was what one would anticipate

by comparison with the results of experiments 4 and 5. Thus

the first precipitate would be contaminated, presumably with

ower 1% of oxine, which would constitute the excess for the

second precipitation, and therefore lead to a final positive

error exceeding 1$.
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THE EFFECT ,QF HF4Y ON MAGNESIUM QXINATE PRECffM.

As stated on page 5 , temperatures of 105°, 130 * 140°,
and 140 - 160° have been proposed for drying magnesium oxinate.

The first gives the dihydrated complex as the weighing form,

and the others, the anhydrous complex. Since oxine is volatile,

contaminated precipitates should be more readily brought to

constant weight by heating at the higher temperatures. Berg(7),
however, pointed out that slight decomposition occurred at 140°.

Experiments were therefore made to find how precipitates formed

according to methods (1) and (2) behaved on heating* Those

derived by method (l) were precipitated by means of a small

excess of oxine, since such control would be possible in practice,

whilst those derived by method (2) were precipitated in the

presence of a 333" excess in order to ensure the formation of

the contaminated precipitates that would almost certainly be

obtained in practice. The effects of heat, at various

temperatures, on these precipitates are shown in Table V.

The results show that a precipitate formed according

to method (l) readily gives weight constancy at 105°, but that

prolonged heating leads to a loss of about G.$6 probably owing

to slow dehydration. The precipitates formed by the second

method give s highly unsatisfactory series of weighings at this

temperature. At 140° two hours' heating is required to

dehydrate the precipitate formed by method (l), and a further

short /
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7 49 k 3 v

Heating at 105° Method (2,) Method (2)

Weight in g. after 1 hour 0.4435 0.4593
n n m n 1 hour more «•*» 0.4513 0.4537
n R R R 1 » n 0.4498 0.4495
r r r n 1 « » 0.4432 0.4475 0.4484

r R r r I n r 0.4464 0.4472

R H R R 16 » « 0.4408 0.4384 0.4390

Theoretical Mg(C9H6pN)2.2H^) 0.4438 g.

Heating at 140°

Weight in g. after 1 hour 0.3782
r R r r 1 hour more 0.3648
h r fl n 1 r fl O.3645
R r r U 46 " » 0.3620

Theoretical Ug(C^S)2 0.3643 g.

, o
Heating at 160

Weight in g« after 1 hour 0.3950 0.4026 0.4033
r n r h § hour more 0.3943 0.4008 0.4015
r h r r | r r 0.3947 0.4002 0.4014

fl R » r § " " 0.3943 0.3997 0.4005
r r r r 24 » ■ 0.3931 0.3964 0.3972

Theoretical Ug(C$i$)N)2 0.3940 g. 08K)e0 g.
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short period of heating does not much influence the result*

The precipitates formed by both methods attain constant weight

after 1^-2 hourrf heating at l60°, but those formed by

method (2) show a positiTe error of 0,6 - 0.9J6, whereas that

produced by method (1) gives a positive error of only 0*1$,
a-

It would appear that the former may give weight constancy while

still retaining a little oxine, Prolonged heating at 140°
and l60° leads to further slight losses in weight, similar to

those found at 105° » so that there is no evidence of extensive

decomposition.

Dihydrated magnesium oxinate was not hygroscopic,

but the anhydrous compound, whether dried at 140° or 160°, was

distinctly so, and had to be rapidly weighed. To confirm

this effect a precipitate dried at 160° and weighing 0,39 g.

was placed alongside a dish of water, under a bell-jar* It

increased in weight by 1,256 in one day, and then, when placed

in a desiccator over calcium chloride, lost all but 0,2?t of

this increment. Under ordinary weighing conditions the

effect is probably of the order of 0,256.

Some unexpected results were obtained in testing the

solvent effect of ethyl alcohol on dried uncontaminated

precipitates. A precipitate dried at 105°, treated with 50 ml.

of alcohol added in small portions, and redried for half an hour,

lost about 7 mg. each of two treatments. When the
.

precipitate /
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precipitate was heated at 105° *"or 24 hours and retreated,

further similar losses occurred, showing that all were due

merely to the slight solubility of the oxinate in alcohol.

ka a matter of interest, precipitates dried at 140° and 160°
to form the anhydrous complexes, were similarly treated with

alcohol, with the following results*

The first, weighing 0*360 g», lost 59 »£• i» the

initial treatment, and 8 isg. in a further one; the second,

weighing 0,345 g., lost 55 «£• the first time, and 9 mg. the

next* The smaller losses compared favourably with the

solvent effect of the alcohol on the hydrated complex. After

the initial large losses the precipitates, originally canary-

yellow in colour, became very pale yellow, and the filtrates

were strongly coloured. One of the pale precipitates was

reheated at 140° for a day, without apparent change, and re-

washed with %) ml. of alcohol. The loss of leas than 9 mg*
■

merely represented the solvent effect of the alcohol on

magnesium oxinate.

It is evident that during the dehydration at 140° or

l60° two changes occur, namely, loss of water, and the produc¬

tion, in a subsidiary reaction, of a small amount of a yellow

substance* Continued heating of the anhydrous complex

appears not to involve further generation of the yellow compound*

Probably a series of changes takes place as

follows /
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followa i

MgfC^gQiOg.SHjO = MgfCgHeQlOg.HjQ ♦ HjO = MgO ♦ (C^JgO ♦ &&
the 8 * s'diquinolyl ether being formed. No information

about this compound could be obtained in Beilstein1«Cl8), or

Heilbron^^) books. It is significant that the maximum

amount, 1.2$, of hygroscopic water absorbed by magnesium oxin&te

precipitates dried at 140° - 160° (page 27 ), corresponds roughly

to that which would be required to convert to magnesium hydroxide,

the magnesium oxide equivalent of the yellow compound supposedly

formed.

in attempt was made to isolate the yellow compound

by fractional crystallisation from its admixture with magnesium

oadnate simultaneously dissolved by the alcohol. The

alcoholic solution was slowly evaporated and small solid deposits
■

were removed at intervals. No fraction yielded any non-

metallic substance except the last, which gave a compound

crystallising in a few long, needle-shaped, colourless crystals.

This appeared to be oxins, since it melted between ~/0 - 80° C,

and its formation was presumed to be due to hydrolysis of the

yellow compound. The colour of the solution gradually faded

daring each crystallisation process.

The /
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The conclusions to be dram from the results of this

section are t

(a) Precipitates formed according to method (1) may be

satisfactorily weighed after drying at IO50 or l6Q°, 160°
being chosen in preference to 140°, because dehydration is

more rapid, and there is no essential difference in the

final results* Since precipitates heated at 160° do not

consist entirely of anhydrous magnesium oxinate, and are

slightly hygroscopic, 105° is the more reliable drying

temperature*

(b) Precipitates formed, according to method (2), if badly

contaminated with oxLae, do not giro satisfactory weight

constancy at K>5°, and must be dried at 160°« This

temperature is not, however, entirely satisfactory.

(c) Since oxine-cor,tamlnated precipitates, even whan dried

at l60° apparently retain a little oxine, the first method of

precipitation of magnesium oxinate given on page 21 is

preferable to the second, for gravimetric as well as for

Volumetric determinations.
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THE SOLUBILITY OF MAGNESIUM OXINATE
IN FARI0U3 WASH LIQUIDS

The solubility of magnesium oxinate precipitates in

(a) water (b) N ammonia and (c) 2N ammonia waa tested in order

to find if any was preferable for washing the complex* For

these experiments an oadne-free sample of magnesium oxLnate was

prepared and dried at 105°* The solubility losses were

determined by washing, slowly, and with small quantities at a

time, 0*5 g. of magnesium oxinate in a glaas crucible, with

250 ml* of each of the toiling liquids in turn* The magnesium

oxinate was dried at 105° for an hour before and after washing,

and the loss in weight due to the wash liquid therefore detezv

-mined directly by weighing* When the ammoniacal solutions

were in use, the precipitate was washed with 240 ml. of ammonia

solution and then with 10 ml* of water to remove the ammonia,
I

before it was dried and weighed.

solubilities, but merely represented the losses incurred under

the experimental conditions pertaining to all filtration

The losses in weight did not correspond to the true

processes in Section I. They are tabulated below.

Wash Liquid mg. of Mg Oxinate
diqpolvsd pey U&&

Equivalent of
MgQ (mg.)

Water 6.8, 10 0.9

0.6N Ammonia 4*4, 6*8

2N Ammonia 3.2, 3.6 0.4

These/
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The8© figure® show that, although the solubility of

magnesium oxinate in ammonia 1® lea® than in water, no great

error will be introduced by using moderate amounts of hot water

instead of dilute ammonia, Vater we® preferred, as the

filtrate® were nearly colourless, whereas those from the

ammonia washings were pinkish brown in colour*
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THB VOLUMETRIC DETERMINATION OF MAGNESIUM

It has been shown that magnesium oxinate should be

precipitated by adding oxine last, to a suitably prepared

solution. Systematic determinations of various amounts of

magnesium were now made, essentially according to the procedure

outlined on page 21 , but a number of factors were varied in

order to find their influence. The results are shown in

Table VI, All the precipitates were washed with hot water.

The results for 13 mg. of magnesium oxide (equivalent

to 94 mg. of oxine), in an initial volume of 25 ml», show, in

general, a small negative error, which may be associated with

the volumetric process (cf, the results for oxine on page 20 ),

From the solubility data given on page 31 the amount of magnesium

oxinate dissolved in the wash water corresponds to only about

0,02 mg. of magnesium oxide.

The period of digestion (expts, 1-4), mechanical

stirring (expts, 2), and cooling before filtration (expts. 1)

I have no important influence. The amount of ammonia added

beyond a Pa of 9»5 (expts. 2, 7-9) say evidently be varied

considerably^ excesses of ammonium chloride, and a 100$ excess

of oxine have a mall influence in increasing the final result

(expts. 2, 5 and 6j H«)

The large positive errors recorded in experiments 13

were attributed to the use of too concentrated a solution of

oxine /
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oxln«» and en improvement was effected by substituting a 1%

solution (expts, 14). In experiment 15 there is evidence of

incomplete precipitation, which would no doubt have been remedied

by digesting the precipitate for a longer period, or by cooling

the solution before filtering. For small amounts of magnesium

oxinate Berg^) mentions filtration in the cold. The

precipitates formed in dilute solutions (expts. 16 and 17) were

vary finely divided, and difficult to filter and wash. A

longer period of digestion improved the filtering qualities, but

not the % error (expts. 18 and 19). Very small amounts of

magnesium were precipitated with difficulty in large volumes of

hot solutions (expts. 20 - 23), and a longer period of digestion,

followed by cooling, was required to effect complete deposition.

The most favourable results were obtained by precipitating in

the cold and coagulating the very finely divided precipitates

at 70°. With low concentrations of magnesium it was impossible

to control the excess of oxine to a small amount.

It will be noted that one general method of precipita¬

tion can be adopted for concentrations of magnesium oxide

exceeding 10 ag. per 100 ml. Below that, the procedure must

be modified.
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q^V^EXRlC PTOMiaATIQEj Of MA^EglUM,

The following standard method was adopted for the

gravimetric determination of magnesium.

To 100 ml. of a solution containing magnesium sulphate,

2 g. of ammonium chloride and 0.5 ml. of o-cresolphthalein

indicator (0.02$ in alcohol), Qi ammonia was added till the

solution became violet (Pg 9«5)» and then at least 2 ml, in

excess* The solution was heated to ?00 - 83° and, according

as the amount of magnesium Was large or small, & "5$ or 1%

solution of oxine in acetic acid (21 and Q.5N, respectively) was

added very slowly, with constant stirring, till precipitation

was complete sand a small excess was present, as shorn by the deep

yellow colour of the supernatant liquid. At first, ammonia

was added simultaneously with, and in amount equivalent to, the

acetle acid in the oxin© solution, in order to maintain the high

Pjl value. latterly, however, a larger excess of ammonia

was added before the oxine. The precipitate was digested for

10 minutes on the steam bath, filtered hot on a sintered glass

crucible, the filtrate being used to complete the transference of

the precipitate to the crucible, A trace of sodium

tauroglycocholaie in the solution reduced the tendency of the

precipitate to adhere to the sides of the beaker Hopkin and

Williams. Finally it was washed with 50 ®1* of hot water

and dried at 105° or 160° for 1 hour, and then for further half

hour periods to constant weight. The results of a series of

experiments are shown in Table VII.



TABLEVII

Expt.

Excess
ofoxine

Tjrpeof crucible

Mg.of MgOtaken

IO50drying

Mg.ofKgOfound
%Error160°drying
%Error

I

small

03

51.3*

51.37

40.06

2

small

G4

51.34

51.35

40.02

51.35

40.02

3

10036

04

51.34

5U53

40.4

51.38

40.08

4

fanifrl1

G4

20.56

20.53

.0.15

20.65

40.45

5

small

G7

10.31

10.24

-0.7

6

small

G4

10.31

10.32

40.1

10.27

-0.4
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The results obtained at 105° with 10 04 crucibles,

and concentrations of magnesium oxide ranging from 10 - 50 mg.

per 100 ml,, are excellent and superior to those obtained

volumetrlcally (page 34 )« With & small amount of magnesium

oxide the 10 Q3 crucibles gave a slightly low result.(expt. 5)#

owing to the fact that the precipitate was more finely-divided

and tended to pass through the filter. This mas remedied,

however, by the use of a 04 crucible (expt, 6). With a

larger excess of oxine (expt, 3) the result tended to be high,

due no doubt to contamination by oxine, end heating at 160° was

preferable. For the smaller amounts of magnesium oxinate

(presumably oxlne-free), drying at 160° led to less accurate

results than drying at 105°.
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THE DETERMIKATIQN OF MAGNESIUM OXIDE IN CARBONATE
AND SILICATE ROCKS.

A satisfactory standard procedure having been developed

for the precipitation of magnesium oxinate, it was now proposed

to apply it to the determination of magnesium oxide in carbonate «

j mi silicate rock.. As better results .ere obtained grari- j
metrically than volumetrically the gravimetric method was adopted.

Carbonate Rocks. — If, in the complete and accurate analysis
|
of a carbonate rock, 1 g. be decomposed by means of hydrochloric

acid, the insoluble residue (if small) removed without further

treatment, iron and aluminium precipitated twice by means of

ammonia in the presence of ammonium chloride, and calcium

precipitated twice as oxalate, the solution, prior to the

determination of magnesium, contains 15 - 20 g* of ammonium
,

chloride, and 4 - 2 g. of ammonium oxalate, according as the

amount of magnesium to be separated from calcium is large (20% MgO)
or small (< 2% MgO). cf. Kolthoff and Saadell^^i. In

a rock containing 5 - 25$ of magnesium oxide it will be un¬

necessary to use for a gravimetric experiment more than one-fifth

of the filtrates from the precipitated calcium oxalate. (For

a single volumetric determination one-twentieth would be required)

The filtrates from calcium oxalate may, therefore, be very

conveniently made up to ml. For amounts of magnesium

oxide under ^6, the whole of the filtrates from the calcium

oxalate /



TABLETill

wt.(g.)
ofrock referredto

0.ofaddedsalts
Crying Temp.

%ofMgOunder consideration

tofHbOfc
naad

NH4C1

(HH^gOx

Method, (a)*.

Method (b)

Method, (c)

0.2^

4

0.8

105°

25.00

24.93,24.91
24.85*

—

oj

4

0.8

160°

25.00

24.92

—

0.2^

4

0.8

105°

5.00

4.94

5.08

—

0.2^

4

0.8

160°

5.00

4.99

—

1*

20

2

160°

1,00

0.98

1.05

xWeightconstancydifficulttoobtain. /Initialvolumeofsolution100ml.,andexcessofoxinesmall. 0mmnn200****■50g *ReferstostandardmetkocLofp.36.
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I I
oxalate should be utilised, after evaporation to about 200 sal*

1
.

Experiments were therefore made on the determination

of various amounts of magnesium in solutions comparable to these,

the standard gravimetric procedure described on page 36 being

first applied* In all the solutions containing oxalate the

precipitation of the oxinate was retarded, and, as a rule, a

considerable amount of oxine was added before any precipitate

appeared* Redmond and Bright^10) made a similar observation,

It was impossible, when the concentration of magnesium was low,

to restrict the excess of reagent added to a small amount)

indeed an excess of 5° - 10OJ6 was required to ensure complete

precipitation, is shown in Table Till, method (a), slightly

low results were obtained for and 36 of magnesium oxide.

For smaller amounts the results were unsatisfactory.

The standard method (a) was therefore modified by
j

cooling all solutions for 2 hours before filtration — method (b).

Precipitates were dried at IO50 or 160°,. but only those dried at

the latter temperature were adequately freed from oxine, that

was apparently carried down with the precipitates in the cooled

solutions. For precipitates dried at l60°, the errors on 25,

5 and l£ of MgO were -0.08, -0.01 and -0.02, respectively.

In method (c) the procedure (b) was followed, but with

the addition of mechanical stirring. Thereby a distinctly

high result was obtained for 1$6 of MgO.

For /
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ammonium oxalate Washington^)
rock only one-fifth of the filtrates from the calcium oxalate

need be utilised for the determination of more than 5* of

magnesium oxide. For amounts of % and leas, the whole of

the solution, evaporated to 200 ml. is required.

Experiments, bearing on the determination of amounts

of magnesium oxide not exceeding 5$, were made by the same

methods as were applied to carbonate rocks. The standard

method (a) invariably gave low results (Table IX), and it was

necessary /

For amounts of magnesium oxide ranging from 1 - 25*

in a carbonate rock, method (b) with drying at 160° should be

adopted.

Silicate Rocks. — If 1 g, of a silicate rock be fused with

5 g, of sodium carbonate, silicic acid separated in a hydrochloric

acid solution, iron, etc. precipitated twice with ammonia in

the presence of ammonium chloride, and calcium, in moderate

amounts, by two precipitations with ammonium oxalate, the

solution for the determination of magnesium contains 6 g, of

sodium chloride, 25 - JO g. of ammonium chloride, and 2 g. of

ammonium oxalate. If, as is more likely, the large excess

of ammonium chloride be expelled before the precipitation of

calcium oxalate, by evaporating the solution with an excess of

nitric acid, the components of the solution will be, instead,

8 g, of sodium nitrate, 7 g, of ammonium chloride, and 2 g. of

As with the carbonate



TABLEII
Allreferto1
a.ofsilica^
pe:excess
ofovinelartre.

Initial

G.ofaddedsalts

%ofMgO

%ofMgOfound

volumeof

Drying

referred

Method

(c)

Expt.

solution(ml.)
NH4C1

(NH4)20x

NaCl

temp.

to

U>

(b)

1

200

30

2

6

105°

5.00

4.72

4.99

2

200

30

2

6

105°

1.00

0.53

0.97

NaHO*

4.88*

3

200

7

2

85

1050

5.00

5.06

—-

4

200

7

2

8

160°

5.00

—

4.97

5

200

7

2

8

105°

1.00

0.87

—

6

200

7

2

8

160°

1.00

—

0.91

1.03

7

100

0.5

-

8

160°

1.00

—

1.02

8

100

0.5

-

8

Volumetric

0.26

—

0.26

sWeightconstancydifficulttoobtain
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neceasaxy to modify the procedure as before, When the

solutions were cooled before filtration, and the precipitates

dried at 160°, the aurora on gjt and 1% of magnesium oxide were

-0.03 and <-0,09 respectively (expta. 4 and 6}, the latter being

too large* is in the case of carbonate rocks, drying at 1050

(sxpt, 3) gave too large a positive error, via,, 0,06 on 5% of

magnesium oxide. For 1% of magnesium oxide, cooling, and

mechanical stirring (method (c)) were essential for complete

precipitation, and a positive error of 0*03 was incurred. The

fairly satisfactory results obtained by method (b) in experiments

1 and 2 were attributed to balancing errors. It is unlikely

that one would normally attempt to determine magnesium in the

presence of so much ammonium chloride.

On the whole the determination of small amounts of

magnesium oxide in the presence of oxalate is unsatisfactory,

and it is necessary to destroy the latter before proceeding.

This necessitates an additional evaporation of the solution to

| dryness with nitric acid and prolongs the analysis. Experiments
7 and 8 show that satisfactory results would then be obtained,

A very small amount of magnesium oxide would be determined

volumetrically.

THE /
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THB DETEI&OHATIQR OF MAQKESIUM OXIDE IE TOO
U.S. BUBEAD OF STANDARDS SAMPLE.

Finally, dolomite, No#88 and Argillaceous limestone,

No# la, of the U.S. Bureau of Standards were analysed for

magnesium. 1 g. portions dried at 105°, vera decomposed with

hydrochloric acid, and the insoluble residues removed. As

the residue in the limestone eas large, it was ignited, treated

with hydrofluoric acid to expel silica, fused with a little sodium

carbonate, dissolved in hydrochloric acid, and the solution

added to the filtrate from the original residue# Iron,

aluminium and manganese were precipitated twice as the hydroxide#*

and calcium twice as calcium oxalate, according to standard

methods already referred to# In the dolomite analysis, one-

fifth ©f the combined filtrates from the calcium oxalate

precipitates was taken for the gravimetric determination (160°)
of magnesium by either method (a) or method (b), and for the

limestone, the whole solution for a determination by method (c).
(See page 44.)

The following results were obtained I

% of MgO found Bureau
Method (a) Method (b) Method (e) of Standards

fk

Dolomite 21.15 21#31 - 21*48 -0»06

limestone «#» «w 2.16 2*19

In view of the large number of separations that

preceded the isolation of magnesium the results cited under

methods /
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aethods (b) end (c) were considered satisfactory. As anti¬

cipated, method (a) gave a distinctly lower result for the

dolomite.

As a whole this work like that of Redmond and Bright

shows that the precipitation of magnesium oxinate is very suscept¬

ible to the manner in which It is carried out, and to the

conditions prevailing in the solution. In the determination

of magnesium in silicate and carbonate rocks the presence of

oxalate causes most trouble. Oxalate may, of course, be

destroyed, but the main benefit of using oxine as a precipitant,

▼is., time-saving, is then lost* The conclusion is that, in

the determination of magnesium in the presence of oxalate, the

reagent if used in the manner prescribed (methods (b) and (c),

page 41) quickly gives serviceable results, which, however,

lack accuracy and precision.
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SECT1QN II



m Qt 033NE » PRBCiPIW fPT ttf

m^ic caumwys 9f tfrt» m^xBD oxidj®*

. to SILICATE ROCK ANALYSIS

In the complete analysis of igneous silicate rocks of

Washington^) ,itthe composition shown in the following table

is customary to fuse the silicate with sodium carbonate, acidify,

and separate the bulk of the silica by two evaporations with

hydrochloric acid*

Silica 40 and over

Alumina 10-20

Ferric Oxide 0-10

71tenia 0-4

Manganese Oxide 0 - 0,5

Phosphoric Oxide 0 - 0,5'

Lima 0-10

Magnesia 0-10

In the filtrate, iron, aluminium, titanium and phosphorus are

precipitated with ammonia, manganese accompanying them if an

oxidising agent be added. The precipitate carries down about

1% of silica that escapes the initial separation, while a little

aluminium hydroxide passes into the filtrate, and must be

recovered in accurate work, prior to the determination of calcium

and magnesium. The element determined with the least certainty,

and /
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and only after a considerable expenditure of time, is aluminium.

Its indirect determination depends on the weight of a mixture of

five or six oxides, and the accurate determination of four or

fiwe. The "ammonia precipitate" is highly gelatinous,

difficult to filter and wash, adsorbs calcium and magnesium, and

must be dissolved and repreoipitated. On ignition it retains

moisture tenaciously and difficulty may be experienced in

obtaining "constant weight". Many attempts have been made

to determine aluminium more directly, but other complications

usually arise when all the rock constituents eited have to be

determined*

Zt was thought that oxine might be substituted for

ammonia, as s precipitant. Goto^24^, and fleck and Ward^
have shorn that the precipitation of s number of metallic

oxinates takes place under the following conditions of acidity.

Oxinate Pg limit of no Pptn, Pg range of
complete pptn.

Goto JUL 2.8 4.2 9.8

Fe*** 2.4 2.8 11,2
» 1 M A

Ti++++ 3.5 \o•CO1CO•

Mn++ 4.3 5,9 10.0

Ca 6*1 9,2 - very great

Kg 6.7 8.2 - very great

Fleck and Ward Kg 7.7 9.4 12.7

The /
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The first four metal oxlnates ere precipitated quantitatively In

acid solutions, thus permitting e separation from calcium and
..

magnesium, provided that the precipitations of the latter are

not induced at lover Pg values then those shorn.
.

I

Important papers bearing on this theme have been

published by Schoklltseh^®^ end Hecht^2^ , both of whoa have

analysed silicates on a micro-scale. The former, in silica-

free solutions (silica, which was determined in a separate portion,

had been removed by mesas of hydrofluoric acid), precipitated

together, in buffered acetic acid solutions, the oxlnates of iron,

aluminium and titanium, but did not weigh them* la a solution

obtained after decomposing this mixture, iron and titanium were

separated from aluminium by means of eupferron, and eventually
'

precipitated together as the oxinates, under the conditions
,

initially used, end weighed* Aluminium was also determined as

the oxinate* Hecht, too, precipitated the oxinates of iron,

aluminium and titanium, but at a higher Pg, and did not weigh

them* In the course of a subsequent complicated series of
. •

separations he determined iron alone, finally as the oxinate,

and precipitated together, in an ammoniacel tartrate solution,

the oxinates of aluminium and titanium, which he weighed.

Following the colorlmetric determination of titanium, aluminium

was found by difference*

It seems surprising that neither weighed the three

oxinates /
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oxinates together, if iron and titanium can be weighed jointly,
I

and likewise aluminium and titanium. The initial precipitates

might, of course, adsorb impurity, but neither worker suggests

that the subsequent determinations of calcium and magnesium

were in error, because of partial loss by adsorption in the

oxinate precipitate# In Hecht's experiments the second oxlnate

precipitation was made under different conditions from the first,

but in an earlier paper he referredHecht and Srafft-Ebing^2^
to weighing together iron and aluminium oxinates, precipitated

from slightly acid solutions* Consequently, the possibility

of weighing for quantitative purposes a mixed precipitate of

iron, aluminium and titanium oxinates, separated from a slightly

acid solution, is not eliminated*
.

As no work comparable in nature to the foregoing

appears to have been done on the macro-scale, it was proposed

to find out whether or not the combined oxinates could be readily-

determined quantitatively, in solutions similar to those obtained

in rock analysis, and how the other components of the solution

would affect the results. Methods that would render difficult

the subsequent determinations of calcium and magnesium, were not

under consideration.
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PWaratiop of stands solutions.

IBQN. —«• A 0.036M solution of ferric chloride (Kahlbaum*s "ait

Garsntieschein") was prepared In Q.5N hydrochloric acid.

Two 100 al. portions were standardised by the usual method of

precipitation by ammonia and determination of the iron

gravitaetrioally as ferric oxide. The results agreed to

0,1$ and were corrected for a small amount of non-volatile

residue in the ammonia,

ALUMINIUM. «m> A standard, approximately 0.0/K solution of

aluminium in 0,5» hydrochloric acid was prepared directly, by

dissolving 3»8 g» °** aluminium (guaranteed 99*9% para) in

100 ml, of 1.1 hydrochloric acid,and diluting to two litres

in a standard flask,

TITANIUM. — A Q.Q4M solution of titanium in 5N hydrochloric

acid was prepared from pure titanic chloride obtained from

British Brag Houses Ltd., and stated to contain approximately

0,01% of iron and 0.05% 0? lead and copper jointly. The

solution was standardised in two ways:

(a) by precipitating the titanium in a 25 ml. portion as

titanic hydroxide, and converting to titanic oxide by

ignition^®^;
(b) by precipitating the titanium in a similar portion with

the .-.aid of a 6% aqueous solution of cupferron and again

converting /
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conTorting the precipitate by ignition to titanic oxide .

Both methods gave exactly the same result*

UaSffiStt* — A standard approximately Q*02«H solution of

manganese was prepared directly by reducing 1 gran of potassium

permanganate with sulphur dioxide, boiling out the excess of

the latter, end diluting to 250 ml.
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PRELIMINAKT EXPERIMENTS OS THE CONTROL OF PH
IN THE PRECIPITATION TOGETHER OF IRON, ALUMINIUM

TIXmm ORATES,

Since the weight of "mixed oxides11 in 1 g. of an

igneous silkacte rock is commonly shout 0,3 g,, end the corres¬

ponding weight of "mixed oxinates" about 2 g., it was supposed

that not more than 0,5 g. of a silicate would be taken for analysis,
!

and that the bulk of the silica would be removed, following fusion

with sodium carbonate (see Washington^)).
Two general nethoda may be adopted for the precipita¬

tion of the combined oxinates in slightly acid solutions, vis,,

to a buffered solution of appropriately adjusted acidity a

solution of oxine in acetic acid (not alcohol which has a solvent

effect on aluminium oxinate) may be added, or, to a distinctly

acid solution containing oxine a suitable reagent may be added

to reduce the acidity. From the table on page 49 it is seen

that at a Pg of 5> iron, aluminium and titanium may be separated

from calcium and magnesium, and at least from a small amount of

manganese. At Fjj 6 manganese might accompany iron, aluminium

and titanium. A few experiments were made to find the best

means of effecting the necessary control of Pfl in a hydrochloric

acid solution containing aluminium, iron and titanium equivalent

to 0,09 E- of AI2G3, 0,03 g, of Feg03 and 0.01 g. of TiOg,
respectively.

First of all it was proposed to add simultaneously

to /
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to the buffered solution at PijjFj en oxine solution in acetic acid
and an equivalent amount of dilute alkali. This method was

early abandoned as it was uncertain that the hydroxides of iron

and titanium, which separate before a Pg value of ^ is reached,

would be converted to the oxin&tes cm the addition of oxine.

Tartaric acid could not be used to prevent the separation of the

hydroxides, aa Benedetti-Pichler(3°) has stated that it causes

the precipitation of aluminium cudnate to be incomplete.

In applying the second method numerous experiments

were made before a satisfactory procedure was devised. If

to the same acid solution as before an excess of oxine was added

initially, either in the solid form, or dissolved in a minimum

amount of hydrochloric acid, the solution became very dark green

in colour owing to the presence of iron,so that it was impossible

to adjust the acidity with reference to the colour change of an

indicator of Pg. It was therefore proposed to reduce the

acidity by gradually adding to the hot solution 2K sodium or

ammonium hydroxide, until the oxinate precipitate just started

to separate. According to Goto (page 49 ) there is not much

difference between the Fg values at which the precipitations of

aluminium and iron oxinates start, so that this control point

would be fairly definite, whether or not iron was present. A

calculation was next made of the amount of sodium or ammonium

acetate that would have to be added to increase the Pg to about

5 /
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Xolthoff and Furman^H Poring the addition of an acetate

solution the oxinstea would be gradually precipitated. It

would,of course, be necessary to carry out all analyses in exactly

the same manner.

At a somewhat low Fg (l - 2) it was noticed that a

light brown precipitate was separating frost the solution. This

was unexpected, the separation of black ferric oxinate being

anticipated from Goto*s data. As the precipitate looked like

ferric hydroxide the experiment was repeated with a solution

containing iron only, but the black oxin&te alone separated.

The original brown precipitate was then decomposed by means of

nitric and sulphuric acids to remove organic matter, and found

to contain titanium by the hydrogen peroxide test. As

titanium oxinate was separating at a distinctly lower Ph value

than that indicated by Goto, a few approximate measurements were

made of the Pg values at which the oxinates of iron, aluminium

and titanium just appear.

To the acid solution of the metal containing oxine,

at room temperature or at the boiling point, 2N sodium hydroxide

was slowly added, with mechanical stirring of the solution,

tintil precipitation just started.

The solution was filtered immediately, and the Pg of

the undiluted filtrate measured at 18°, using quinfcydrone and

a normal calomel electrode.

The /



The following results were obtained.

Oxinate

Pg of filtrate at 18°
Pptn. at 15° Pptn. at B.P.

Aluminium 3.8 3.7

Iron 1.4 1.4

Titanium 2.3 1.5

Even allowing for the approximate nature of the estimations, it

is clear that the precipitation of titanium oxinata starts at

quite a low value, and also that there is a very considerable

difference in the Ph "values at which iron and aluminium oxinates

begin to precipitate.

Since iron and titanium separate at a much lower Pjj

than aluminium, and iron and titanium may, or may not, be present

in the rock it was evident that adequate control of the Pjj could

not he obtained by a preliminary adjustment to the point at

which the oxinates first separated. The control might have

been effected by adjusting to the point of precipitation of

aluminium oxinate, but in a solution containing much iron, which

gives a finely divided, slow-settling, Mack precipitate, such a

point would be difficult to detect.

The final control of Pg had to be effected in a manner

suited to any combination of aluminium, iron and titanium, and

the /
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the only thing that seamed feasible was the employment of test

papers externally. Two indicator papers were very useful*

via., thymol blue (Pg range 1-3), and bromocresol green

(?H range 4*3 - 6), both of which were obtained from British

Drug Houses Ltd. In the precipitations it was proposed to

reduce the acidity with sodium hydroxide, to a Pg of about 3#
and then replace the strong alkali with sodium acetate for the

careful adjustment to a final value of about 5» The test

papers were to be spotted at intervale with tiny drops of the

solution to be precipitated, until a colour was obtained that

corresponded to that given by a prepared buffer mixture of the -

required Pg. The drops removed from the solution would be

too small to cause any appreciable error.

In order to test the accuracy of the adjustment of Pg

a hot, hydrochloric acid solution, containing iron, aluminium,

titanium, and oxine as before, was mechanically stirred and

treated dropwise with 21 sodium hydroxide until the Pg was 3*

and then with a 451 sodium acetate solution added slowly until

it was 5; rfl recorded on the bromocresol green paper. The

solution after a short period of digestion was filtered hot,

the Pg of part of the undiluted filtrate being measured at 18°
and found to be 4*9. This result showed that a most

satisfactory control had been effected. The remainder of the

filtrate was made alkaline and boiled in order to find if any

further precipitation occurred. No precipitate appeared,

showing /
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showing that the mixed oxinates of iron, aluminium and titanium

had been completely separated at a Pg of about 5»

rmimmw <y WTOTO m oxxnat^S.

Although the precipitation of the mixed oxinates was

complete by the procedure outlined above, it remained to be seen

if the precipitate could be used for their joint determination

gravlmetrieally. It was desirable to find out how the single

metals behaved, when determined alone, under the conditions used

for the mixture* The choice of a drying temperature for the

precipitates was important.

Berg (32) weighed iron oxinate, Pe (CgH^BI)^, after
drying at 120°, Manganese oxinate, Mn (CqH$N)2 * which it

was proposed to include in further experiments, since it might

accompany iron, aluminium and titanium was stated by Berg to

decompose above 110°« With titanium Berg and Teitelbaum(33)
found no decomposition of the oxinate, TiO (CgH^QN)p, at l]p0.
Both Knowles(34') and Benedetti-Pichler(35) had to heat aluminium

oxinate, A1 (CgHgpI)^, for several hours at 135° or 140° in order
to obtain weight constancy. Hahn and Vieweg(3) finally heated

it at 140 « 160°.

As the mixed oxinates under consideration would always

contain a high proportion of aluminium, end probably be difficult

to heat to constant weight, a drying temperature of l60° was

favoured /
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favoured, particularly as this temperature was very satisfactory

for ©xine-cc»taainated magnesium oxinate (cf. page 30 )# Iron

being the next most important constituent of the mixture, the

effect of heating 0*4 g. samples of oadne-free iron oxinate at

130° and 160° was, however, first examined. Neither tempera¬

ture caused decomposition, and, with each, constant weight was

readily attained* If manganese accompanied the other metals

as oxinatea and partly decomposed, it would not, as a minor

constituent, cause a large error* Consequently 160° was

chosen as the temperature of drying*

The majority of authors recommend washing of the

oxinates with hot water, although fiahn and Vieweg(3) washed

precipitates of aluminium oxinate with dilute acetic acid, which

as pointed out by Benedetti-Plchler^35) led to low results. The

solubilities of pure iron oxinate were determined in water end

O.25N acetic acid, and found to be 1*4 mg. and 40*8 mg. per

litre, respectively, thus confirming the fact that water is the

only suitable wash liquid for the mixed oxinate precipitates*

The following experimental procedure wis used for the

determination of the various metals singly »

To a solution, distinctly acid in hydrochloric acid,

containing the equivalent of 0.4 g, of the oxinate a 50$ excess

of oxine was added* The solution was diluted to 200 ml. and

heated to 70 - 90°, except where otherwise stated, and a fresh

2N/
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2R solution of sodium hydroxide was added, with mechanical

stirring, until the Pg was 3 (thymol blue indicator paper). An
approximately 4H solution of sodium acetate was then added

slowly until the Pg was 4,5 or 6 (bromocresol green indicator

paper). In duplicate experiments, one was done at the lower

Pg, end the other at the higher, in order to find if the results
differed,

The precipitate was left to settle on the steam bath

and was then filtered off on a sintered glass crucible, 10 G3

or 10 04 (preferable), the filtrate being used to transfer the

bulk of the precipitate from the beaker. The last traces

were removed by wetting with a dilute solution of sodium

tauroglycocholate said washing down with the filtrate. The

precipitate was washed with hot water until free of chloride,

dried at 160° end weighed. The results are given in Table X,

The precipitation of aluminium oxinate (expts. 1 and 2)

presented no difficulties, satisfactory results being obtained

after drying at 160° whether the final Pg was 4,5 or 6, Ferric
oxinate was finely divided and more difficult to filter and did

not give such satisfactory weight constancy (expts. 3-5)

although there was no extensive loss in weight after 24 hours'

heating, Niessner^^) mentions that a coarser and more

easily filtered precipitate of iron oxinate was obtained if

precipitation were done from a solution containing tartaric acid.

This method is not permissible here (cf. page 55 )♦
In /



TABLEX

Espt.

Metal

Final

Weightofoxinateobtained(g) Periodofheating(hrs.)
Theory

PH

1

2

31

20

1 a

A1

4.5 6

0.4058 0.4057

0.4058 0.4054

0.4058 0.4054

0.4053 0.4050

0.4050

3

Fe

4.5

0.4402

0.4392

0.4388

0.4367

4

6

x0.4475

0.4466

0.4395

5

6

0.4384

0.4374

0.4367

6

Ti

6

00.0957

0.0961

O.I869

7

6

0.1038

0.3738

3

ill

4.5

0.4799

0.4793

0.4795

0.4G5G1

9

+TiJ

6

x0.4860

0.4848

0.4848

+0.0750J

10

6

0.4828

0.4822

0.4817

0.4800

11

6

0.4816

0.4812

12 13

Mn

4.5 6

00.2068 £0.2184

0.2068 0.2188

0.2069 0.2189

2078 2199

0.2155

xPrecipitationinthecold.
J2fInitialvolume.100ml._
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In precipitating titanium oxinate it was noted that a

greyish-brown finely divided solid separated during the reduction

of acidity with sodium hydroxide, as if the titanium were coming

down partly as hydroxide. Although the precipitation seemed

to he complete, as a check the filtrate from the oxinate

precipitate in experiment 7 was evaporated to dryness, oxine

destroyed hy means of nitric and sulphuric acids, and the residua

tested for titanium with hydrogen peroxide. None wis found.

It is to be noted that Berg and Teitelbaum separated titanium

oxinate from a solution containing tartaric acid, thus preventing

the precipitation of titanic hydroxide, wad presumably ensuring

complete transformation of the titanium to its oxinate. As

already mentioned tartaric acid was not permissible here. The

admixture of aluminium with titanium (expts. 8—11) apparently

guaranteed the complete precipitation of titanium as oxinate,

and there was a tendency for a mall positive error.

Manganese oxinate which was pale yellow when freshly

Mn (C^^XI)2 onprecipitated readily gave weight constancy

drying at 160°, the colour becoming dark brown. There was no

evidence of the decomposition mentioned by Berg (page 59 )» and

the precipitates wore hygroscopic, 5 mg. of water being absorbed

in an atmosphere saturated with water vapour at room temperature.

At ?h 4»5 the low result indicated incomplete precipitation,

whereas the high result at Pg 6 probably indicated complete

precipitation /
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precipitatian and slight contamination. As the amount of

manganese in the minerals under consideration would never be high,

the results were adequate for the present purpose.

In two experiments (4 and 9) the precipitations were

made in the cold, and the mixtures afterwards digested at 70 • 09° *

the distinctly high results pointed to oxine contamination, and
ft,

demonstrated the advantage of effecting the precipitations in

hot solutions.

ths tocipmnoa or the comma) ophites
of raw. iunatam mv rowanm.

After the fusion of 0,5 g, of a silicate with 3 g* of

sodium carbonate, and the removal of silica in the customary

manner^^, about 3 8• of sodium chloride and 3 ml. of concen¬

trated hydrochloricfiwill be present in the solution containing

the other constituents. Accurate experiments were now made

on the determination of iron, aluminium and titanium together

as their oxinates, in accordance with the procedure outlined

for the single metals.

To the solution containing the equivalent of 1856 of

AlgO^, Gft of Pe^Jj, and 3% of TiOg, referred to 0.5 g. of
silicate, 3 g* of sodium chloride were added, and, if required,

enough hydrochloric acid to raise the total to 3 of the

concentrated /
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Expt.

Vol.of SoIn. da.)

Excess Oxine (z.)

Weightofoxii Periodof
aateobtained(g.) aeating(hrs.)

Calculated Weightof Oxinates

1

2

3

20

1

250

1.0

I.O896

I.O855

1.0835

1.0832

2

250

c.5

1.0488

1.0480

3

250

0.1

I.0327

1.0320

1.0293

4

500

1.0

1.0440

1.0422

1.0380

5

500

0.5

1.0360

1.0339

I.0331

1.033

6

500

0.5

1.0380

1.0354

1.0346

1.0330

7

500

0.1

1.0327

1.0313

I.0305

8

500

0.1

1.0313

1.0298

1.0297

1.0283

9

500

0.5

x1.0528

1.0513

1.0465

10

500

0.5

1.0767

1.0765

1.0754

1.073?

li

500

0.5

0.8210

0.8200

0.8197

0.8210

xReductionofaciditywithammonia. 0%Al^-14,Fe^O,=12;Ti02»3- 0%Al20^=18;Fe^=0.3;Ti02=0.1.
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concentrated acid, in excess of solid oxine was added and

dissolved, end the solution diluted to 250 or 500 ml. There¬

after the procedure on page 60 was followed, the final Pg in

every experiment being 5* The results are given in Table XX.

Experiments 1-3 clearly show the effect of precipi¬

tating the mixture of oxinates in a volume of 250 ml,, with
!

decreasing excesses of oxine. Where a large amount is present,

the precipitate is presumably badly contaminated by oxine, which

cannot be removed even by prolonged heating at 160°, If the

composition of the silicate to be analysed, were unknown, the

weight of oxine could not be restricted to an excess of 0,1 g.

In order to allow for variation in the amount of the constituents

of the "ammonia precipitate" about 1*5 g* of oxine would have to

be added, which would constitute, for the average rock, an excess

of 0,3 g.

Precipitation in 250 ml. of solution was therefore

ruled out, and the effect of dilution was examined to see whether

a decrease in concentration of the excess oxine might lead to

less contamination. When precipitation was effected in

(expts, 4 - 9)» the combined oxinate precipitates were much less

contaminated than those obtained in a volume of 250 ml. Experi¬

ments 5 and 6 show that with a 0,5 g, excess of oxine moderately

satisfactory results may be obtained by averaging from consecu¬

tive weighings differing by not more than a milligram. These

are /
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are X.O335 «nd X.O350 g., respectively, compared with a theor¬

etical value of I.O3O g. An excess of 1 g. of oxine (expt. 4)

gives a result more than 3$ high, and correct results may be

obtained by reducing the excess to 0,1 g. Precipitations

referring to 0,5 g. of silicate have to be made in general with

1,5 g« of oxine in a volume of 5°° ml., a small positive error

being thereby as a rule incurred.

In experiment 9 the precipitation of the oxinates was

gradually effected by the slow addition of SI ammonia to a final

?g of 5* The high result apparently indicated much greater *

contamination by oxine. The filtrate in this case was

brownish-red in colour and differed from the yellow filtrates

obtained when sodium hydroxide was used.

In experiments 10 and 11 are shown the results for

two mixtures, the composition of which was unknown to the oper¬

ator, Both may be considered satisfactory#

;

THE EFFECT OF OTHER ROCK CONSTITUENTS ON THE
JOIST DETERMINATION OF IRON, ALUMINIUM AND

TITANIUM AS THEIR OXINATES.

MANGANESE. — In Table X it was shown that manganese oxlnate

is incompletely precipitated at Pr 4#5, and probably completely

precipitated at Pr 6, A small amount might therefore escape

separation with the oxinates of iron, aluminium and titanium at

PH 5- *» order t«t thia, Mall amounts of a standard
manganese solution were added to mixtures identical with those

previously /



TABLEXII
Weightof

Weightofoxinateobtained(g.)
AnticipatedWeight(g.)

Bxpt.

%KnO

Oxinein

Periodofheating(hrs.)
Mn

absent

excess(g.)

1

2

3

present

1

0.65

0.5

4.5

1.0426

1.0408

1.0396

1.050

m1.034

2

0.65

0.5

6

1.0454

1.0446

1.0435

7

0.26

0.1

6

1.0303

1.0279

1.036

111.030

4"

0.26

0.1

6

1.0336

1.0331

mWhen0.5g.ofoxinewasaddedinexcessitwassupposed thattherewouldbeapositiveerrorof0.4$,andfor0.1g. inexcess,thattheresultwouldbetheoretical(cf.TableXI)



previously analysed, and the effect on the results noted for

precipitations in 500 ml. of solution, and final Pg values of

4*5 and 6, In Table HI the amount of manganese added is

given as the % of MnO referred to 0,5 g, of silicate.

Experiments 1 and 2 show less satisfactory weight

constancy than usual. Taking constant weight in the two

experiments as 1,0402 and 1,0450, respectively, the amounts of

MnO unprecipitated correspond to about 0.4/6 and 0.2$, Experi¬

ments 3 and 4 were made similarly with smaller amounts of

manganese, and the final Pg was 6, so as to make the conditions
more unfavourable than they would normally be. Xn order to

be more certain of the effect of manganese, the amount%xine
added was reduced to an excess of 0,1 g., so that the precipitate

would be oxine-free. It is evident that in experiments made

at a final Pg of 5, at least 0,256 of MnO would not accompany

the other metals. As a check on the results in experiments

3 and 4, the filtrate in the latter was evaporated to dryness,

oxine destroyed as usual, and the manganese in the residue
I

oxidised by means of potassium periodate to permanganic acid,

which was determined colorimetrically. Mot less than 80% of

the manganese added was found,

CALCIUM jap MA@fESXPM« — Experiments were next made in the

same manner as experiments 5 and 6 of Table XX but with calcium

or magnesium, or both, added, first of all in approximately the

mavlmum /



maximum amounts in which they might be present in a rock*

Calcium was added as the purified carbonate, and magnesium as

magnesium sulphate* As both metals might be expected to

contaminate precipitates more readily at higher Pg, experiments
were tried at Ph 5 and Pg 6* The results are given in

Table XIII (expts, 1*3), and show that calcium and magnesium

both contaminate the oxLnate precipitate slightly, 10$ of CaO

to the extent of 0.4$ at constant weight, independently of the

Pg, end 10$ of MgO to the extend of 0*6 - 0.8$, depending on

the Pg* The addition of these amounts of calcium and

magnesium together does not further influence the result (expt*5)»

When the percentages of CaO and KgO were reduced to 1 there was

no interference at Pg 5* Probably amounts of the order of 2$
could be tolerated*

A few experiments were made cm the reprecipitation of

oxinates formed in the presence of large amounts of calcium and

magnesium* The following method was adopted* After the

formation of the first precipitate in the usual way, the super¬

natant liquid was removed by means of a Jena sintered glass

immersion filter no.36 G.4, and the precipitate washed a few

times with hot water. The precipitate was dissolved in 12 ml#

of boiling 1; 1 hydrochloric acid, a very small residue being

observed, and the solution was diluted to 2?0 or 500 ml. 0,1 g.

of oxine was added, and a reprecipitation effected in the

customary manner. The results are shown in Table XIII
*

(expts./



tablenix Wt.ofoa&natesobtained(g.) Periodofbeating(bra.)

Expt.

%a

%MgO?

p,

H

Anticipated Talue,ifno interference.

1
2 3

4 5 6 7

10 10
10

1 1

10 10
10

1 1

5 6 5 6 6 5 5

1.0411 1.0406 1.0407 1.0452 1.0440 1.0346 I.O355

I.O389 I.O376 I.O398 1.0417 1.0422 1.0327 1.0347

1.0379 I.O376 1.0412 1.0413 1.0320

1.034*

Twoprecipitations 8 9

10 JLL

10 10 10 Jft.

10 10 10 JiL

Vol.forsecond precipitation (si.) 250 250 JQQ.

I.0445 1.0502 I.0239 1.023!?

1.0426 I.0431

1.0411 1.0426

I.O3O* 1.030*

Referredto0.5g.ofsilicate
xCf,TableXI.
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(expts. 8 - II)* As the excess of oa&ne was only 0*1 g. it

was thought that experiments 8 and 9 would give results similar

to that for experiment 3 in fable XI* This was not soj

positive errors were recorded* In experiment 9 the email,

insoluble residue referred to above* had been removed* so that

it was not responsible* Dilution to 500 ml. was evidently

required for the second precipitation* as for the first*
1

Unexpected negative errors were than observed (expts.10 and 11).

The small residue that was being neglected was now given

a fuller examination* In an experiment similar to those

above, the residue from the treatment in li 1 hydrochloric acid

was separated by centrifuglng and found to withstand boiling in

aqua regie* It was than fused with potassium bisulphate,

dissolved in sulphuric acid* and tested for iron, aluminium and

titanium* Only aluminium was found* the amount in the whole

solution corresponding to about 3 *g« of aluminium oxinate*

following a colorimetric estimation* with the aid of aurin-

tricarboxylic acid Gumming and Xay^^ This represented

half the amount by which the results in experiments 10 and 11 are

low as compared.with experiments 7 «nd 8 in Table XI. The

r©precipitation process therefore requires a fuller investigation.

PHOSPHATE. — Since calcium phosphate precipitates at a Pg of

6*2* it was thought that phosphate in association with calcium

might contaminate the oxinates precipitate. Two experiments

were made in which the equivalent of 1$ of CaO* l?t of MgO and

0.5* /
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0,536 of (as diammonium hydrogen phosphate) were added to the

usual mixture. The results obtained at constant weight, for

precipitations made at Pjj 5» *«r® I.O3I8 and 1,0322 (anticipated
value, 1*034) and indicated no contamination,

SILICATE, mm Finally, it was interesting to find if the amount

of silicic acid (ca. l£ of SiOp) that normally escapes separation

in the early part of a silicate analysis would be carried into

the nixed oxinates precipitate, as it is into the nixed oxides*

The following experiment was made* 5 m&* of finely ground,

pure quarts were fused with 1 g. of sodium carbonate, dissolved

in 50 ml, of water and acidified. Iron, aluminium and titanium

were added as in all the earlier experiments and precipitation

effected as usual* The weight of oxinates obtained was 1.035 8*

(anticipated value —. 1,034 g.) • Most of the precipitate was

next transferred to a platinum crucible, and ignited to the

"mixed oxides", this residue then being treated with hydrofluoric

and sulphuric acids,for the expulsion of any silica that might

be present, and re-ignited* The weight was unchanged,

Henoe°I,nLt,a dld not -Td0,n 3iUcic lcid-

The /
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The conclusions to be drawn from this study may be

summarised as follows t

Iron, aluminium and titanium in half a gram of a

silicate rock may be jointly determined gravimetrically as their

oxinates, the error cm the determination being less than 0.5$,
and positive, if not more than 0*2$ of manganous oxide and 1$

(perhaps 2$) of each of lime and magnesia be present. 0.5$

of phosphoric oxide does not influence the result and silicic

acid that escapes the initial separation in a silicate analysis

is not carried down by the precipitate. The precipitation

of the metals seems to be complete.

In order to achieve the above result the precipitation

must be made in half a litre of solution with not more than 1.5 g.

of oxine, at a final Pg of 5# the precipitate should be
dried for two hours at l60°.

If a repreeipltatlon is required, as when larger

amounts of lime and magnesia are present* it must also be made in

a volume of half a litre. The final result will, however, be j
0.6$ low, unless account is taken of a very small, difficultly

-

soluble residue from the first precipitate, that contains

aluminium.

If,' for the further analysis of the mixed oxinatea, the

precipitate b» decomposed by means of nitric and sulphuric acids

to /
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V

to destroy oxine, and iron and titanium be determined by standard

methods, then the determination of aluminium, by difference, will

depend on three factors, as against five or six, when ammonia is

used as a precipitant*

Likely objections to the method in practice, when other

rock constituents have to be determined are >

(a) the bulk of the filtrate and washings derived from

only 0*5 g. of silicate*
■

(b) the presence of e considerable amount of oxine and sodium

salts in the filtrate.

(c) the passage of about 1% of silica into the filtrate*

The consideration of these points is a task for the

future, but « reduction in the scale of oper.tlcno to e fifth or j
e tenth (semi-miero-soale) could appear to command Itself.

Xn conclusion X would like to express my indebtedness

to Br* Miller for the constant advice and unfailing encouragement

which she has given at all times.
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