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A Spectraphoiomeiric Method for the Determination of Alumintm in the Pressnce

of Iron Using Ferrom.

Abstract

Alpmimum and ferric irem in a buffered acetate-ecstic acid soluticn
form camplexes with the reagent ferrom, T-icdo-8-Bydrozyguinoline-S-sulfonic
acid. The absorption maxima of the two complexmes ars sufficiently fer apart to
permit spectrephotamstric measuremenmts of (a) the ferric-farron camplex at 500 mp
and {b) the ferric-ferron complex plus the alumimm-forren complex at 370 mp. The
cosplexss are steble for a reasomably long period of tims. The method is suitable
for the acourate determination of O - 50 pg of aluminum in the presenoce of
0 - 100 pg of irom.

Introduction

Perron vas Pirst proposed as a reagent for iron by Yoe (1). Later
Swenk std Meliom (2) reported thet aluminum in large concentrations (2 mg.
A1/0.1 mg Pe in 100 ml.) interfered in the ferrcn method for iron although no
visible colored ocomplex was formed.

The author has fovnd that this alwxinum-ferron complex hes a maximum
aebsorption at 370 mu end that at this wave lemgih, using small eoncentratiams of
aluminum et a constent pH, the complex cbeys Beer’s law. The iron-ferron complex
elso ebsarbed at this wave lemgth but it will be shown that the emownt of ebsorption
&ns to 4his fron complex oen be accurstely determined. One method using hemstoxylin |
makes use of the mixed colors obtained from the sluminum and iron lakes. Howsver,
the absorption curves for the two lakes overlap each other which means that the
optical density at each absorption maximumm is dependent upon the concentratiom of
both cations. Also, ths color of the alumimum lake changes quite rapidly om standin
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Solutions snd Methods

Redistilled vater was used in the preparation of all selutions. _

Standerd eluminum solution, 1.000 mg./ ml. Ths seluticn wves prepared
by dissolving 1.000 g. of aluninmm sstal tumings, J» T. Baker Chemicel Co.:in
mu.o&ugmmmm»uummtalnm. The fimal solution
wvas staniardtzed grevimstrically wing eamonivm hydroxide. A solution 10,0 ng./ml.
was prepared by Gilution of an aliguot of the standerd.

Standerd {ron solution, 1.000 mg./ml. The solutiocn vas prepared hy
dissolving 0,100 g. of irem wire, J. T. Baker Chemical Co. #36 iren wire for
mn&jmson.dlseomomlonesmmmmmmmon. A
solution 10.0 yg./ml. vas prepared by diluting sn aliquot of the stendsrd.

Ferron (0.2%). Ths reagemt obtained from Eastmmm Kodek Company vas

used without further purification. An agusous solution was prepared by dissolving
1.000 g. af reagent in 500 ml. of redistilled water.

Amonium ecotate (10%). Fifty grems of reegent were dissolvsd 1
%00 ml. of redistilled waber end diluted to 500 ml.

Hydrochloric ecid {(1:9). C. P. Avalytical grade agid was used.

Nitric ecid (1:9). C. P. fmalytical grade acid was used.

Buffers: The desived pH valuos were cbiaimed by varying the consentration
of either hydrochloric asid or nitric asid priar to the adiitiom of 5 ml. of ammoniv
acotate. This prosedure was followed in wrder to insure complete solution of
alumimm apd iron. mmqm5ﬂ.dmmimmum1mm2u.
of the ferrom solution were added: Soluticus were made up to a final volume of
25 ml, and reesd in a Beckuan spectrephotcuster using 1 cm. eells,

Spectral fbsarption eud Effect of pf
It cen beo seen from Pigure 1 and Figure 2 that absorption maxima for the

iron and alumivum complexss are obtained at a2 wave length of about 370 mp sand that &~
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e vave lergth of about 600 mp only the caiored camplex of iram shows absorptiem.
The aluminum-ferron ccmplex trepsmits more light than the blank between 41O mn
and 540 mu. Maximum color development for each of the complexes was foupd at
epproximgtely a pH of 5.
Yalidity of Beer's Lev

Calibration data for varying iron concentratiom vs. extinetion at
370 mp and at 600 mp and for varying aluminum concentratiom vs. extinctiom at 370 u.
give the curves gbtained in Figures 3 and 4. The alumintm-ferron complex does not
obey Beer's lew at ooncentrations higher than %0 pg./25 ml. but the curve is
reproducible to at lsast a concemtration of 60 ng./25 ml. Ancther point to be
noted is that the irom concentraticn vs. extinction data at 600 mp gives a
straight lins plot under the sbavs conditions, wherees Swank and Mellem (2) reported
that Beer's Law was not obeyed under their conditions (pH of 2 - 3) vhen the
ferron concentration was kept constant.

Effect of Foreign Yoms

The effect of anions was not investigated. A number of ceations do give
positive interference. Urenium, thari\n:n, copper, nickel, chromium, molybdenum,
manganese , zirconium and zine wers found to interfere whem present in a 1:1 ratie
wvith eluminm. The degree of mtorrorme u;comtored vhen thess cations ars
present appeers in Tsble I. In gemeral, those catiomns which form hydraxyquinclates
in the pH range of the colorimetric methed will interfere. Thus, magnesium,
vhich ccmpletely precipitetes with S-hydroxyguinoline in the pH range 9.4 - 12.7
doss not interfere vhen present in mioderate amounts. Therium vhich precipitates
at pH 4.4 - 8.8 gives a definite pesitive interference in the colorimetric

method.
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Table I
Effect of Commcen Cetiens on the Aluminum-Ferrom Complex

(20.0 PEo of Alumimm in 25 -15)

Ion yg. Prosent in Inoreese in
25 ml. Absorption at 370 mp
arté 20,0 148
catt 20.0 2008
»e' 20.0 0%
S g 20.0 5%
OS] 20.0 | 2k
me 20.0 100%
Y W5 50%
o*6 20.0 19%
2@ 20.0 65%
ot 20.0 35%

Procedure

R et )

Transfer to a 25 ml. volumetric flask, 5 - 10 ml. of e nearly pneutral
sample solution containing slulioum, iron or both, having s total concentration
of 10 - 60 micrograms. A2d, in the following order, 1 ml. of BCl (2:9), 1 =l.
orllb3(1:9) (to emvert all iron to the ferric state) 5 ml. of ammontum acetate
(108, and 2 ml. of forron{0.2%. Dilute to 25 ml. and vead the oxtinction in
Beckman 1 cm. cells at the wave lengths 600 mp and 370 mp. Determine the total
iron present from Curve A, Figure &, the calibration curve for irom at 600 mp.
R o oF £hts ocmomicatiien of 1ron $a M fotal extinetion eAsEE
et 370 mp may be dotermined from Curve B, Figure 4. Subtract this value from
the total extinction. The concenmtration of slumimm present which is respomsible
for the remainder of the total extinctian at 370 mn is calculated from Figure 3.
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Results ~9-

A numbeyr of mired solutions comtaining keown amounts of alusinum
and iron in varyilng ratios vere prepared and enalyzed by the ferrcn method.
The results appear in Table ¥I.

Teble I¥
Repults of Analysis of Aluminug - Iron Solutions by the Verren Hethod
Eresent Found
AL Fe AL Fe
Semple No. pg./25 ml. ye-/25 sl.  pg./25 ml. BZ./25 ml.
1 10.0 20.0 9.5 19.5
2 20.0 20.0 20.0 20.5
3 30.0 20.0 24.0 20.5
5 20,0 10.0 19.2 10.0
5 20,0 20.0 20.0 20.0
6 20.0 30.0 19.2 30.5
T 10.0 10.0 9.6 10.0
8 10.0 80.0 9.2 78.0
29 50.0 10.0 39.0 10.0
#10 20,0 k0.0 195 k0.0

#pbsorption did not change aftcr standing 2% hours.

Summary

Alvminm in a buffered acetate solution at a pH 5 forms a complex with
ferron which cbeys Besr's Lav for amounts of aluminum fn the range 0 - O pg./25 ml.

The interference Gus %o iron may be accurately determined by spectro-
photomstric measuremenis of the same solution at smother wave lengih.

The complezes of alumirm end iron are steble for at least 24 hours. Catioms
vhich form hydroxyguinolates ip slightly acid medie give positive interferencs
in the colorimstric method. In the presence of thess interfering catioms, a




prelivwirary soparation of aluminum and irop is nescessary. The metbold is
aopliceble to the direct determinstion of traces of aluminum in wvater solutioms
end soil sxtracts.
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