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THE PRECIPITATION OF IROH AS A BASIC ACETAIE.
By Warren P. Baxter.
INTRODUCTION.

The object of this investigation was to determine the hatuie
of the factors %hich influence the precipitation of iron as e besic
»acatafe énd the extent to which these could be varied with the view
that such knowledge would help in nerfecsiing the present basic acetete
separations and in working out new ones. Some of fhese féctors
are the volume of ths solution,and the amount of iron, the concentra-
tions of acetic acid and acetgte ion, and the présence of.other
substances. As an exemple of the latter, the effect of cerium
in hindering the precipitation of iron invites question as to whether.
this effect is colloidal in nature or is due to mess-action changes
and comdlex-ion formation.

A review of the litersture shows thai nost of the work done
on the precipitation of iron by this method is largely empiricel in
qﬁestion, and gives descriptioﬁs of analyticsl procedures without
extended study of the underlying principles. & list of the more

important works consulted is given below.
EXPERIVMENTAL PART.

The first rthese of this question investigated was the determin-

ation of the meximum concontration of hydrogen ion at which it was



possible 1o secure cemplete vrecipitation of the iron. From the
results of Mittasch 1, who took 300 mg. of iron in s volume of zbout
Lo ec. with verying smounts of ammonium acetate and acetic scid end
determined the weight of the precipitate, the greatest hydrogen ion
soncentration which gave complete precipitation was caleulated to be
2
N

froﬁvh to .7 % 1Of5 molal. From the results of Funk who made

a»similar eerieé, the vélue 5 %0 0 x 19-5 was caicuiatedﬁ These
results are rather doubtful because of the unecertainty of thé initial
hydrogén ion concentration and the composition of the precipitate.
Accordingly, in order to more accurately determine this value, 2 seriss
of.experiménts was made in which only a small amount of iron was tsken
and the.initial concentrations of acetic acid and acetate were known.

For the purposes of these and other exveriments the following solutions

were used.

Stock solution ofvferrie nitrate réﬁ.ﬁé.mg.'/ ce.
Test solution of Fe'™ ™" , 7 19.0 mg. / cc.
Acetic acid solution .00 Normal
Sodiunm hydroxide ‘ .o M
Sodiun acetate solution 3,00 "
Standard HOL solution 0.6p1e P
Standard base 04507 0

The Fe(ﬁ@§)5 stock solution was nrepared Pfrom Baker's C.P. Ferric
Nitrate. It was.standardized by vrecipitating the iron with
erzmonium hydroxide, igniting, and weighing. The sclution containing
?e+++ R

10 ng. per ce. was prepared from this by diluting to the



5.
calculated volume. The sodium acetate solution was prepered fronm
the 6.00 N HAc and WaOH by mixing equal volumes of the two solutions.

The method éf making the experiment was to toke jglmg. of iron,
add measured quantities of acetic 2cid end sodium acetate, meke up to
100 cc., heﬁt to boiling and continue gentle boiling for 2 definite
length of time. . The §recipitation§ were made in 300 ¢c. Erlenmeyer
flasks in>the épéning of which was placed a flanged test-tube contain-
ing cold water which prevented undue evaporétion during the boiling.
The solution ﬁas then filtered while stiil hot and the amount of
precipitate estimated. When precipitéticn was neafly connlete
the iron in the filtrate was estimated éolcrimetrically with KSCH.

The resulte of these experiments are éiven in Teble 1,  The
concentrations of the acetic aéid and acetate are correcied for £he
amount of iron precinitated. The compogition cf_the nrecipitate
is dnknown but sﬁatemehts in the litersture end experiments will later
indicate that if is approximately ocne molé of acetate to‘th mols of
iron (see Comvosition of Precipitate belbw). Therefore wheh 10
mg. of iron was precipitated it was assumed that 0.0005 equivalents
of'ace£i¢ acid were set free and the same amount of sodium acetate
used up. The ratio Hic / Nale wes based on these.corrected

concentrations.



TABLE OF EXPERIMENTS.

Normalities and ratio HAC / NeAc calculated

Volume of sclutien 100 cc.
Iron taken 10 mge after precipitation has taken place.
No. | 6N HAc | 3N Nedc | Time of Normalitj -Normaiity Ratio Precipitate Filtrate Remarks
' boiling : _ | '
E#p. CGe CCe minutes HAc Nahc HAc / WaAc | wng. Fe
1 5.0 1.0 1.2 04300 0.030 10.0 trace colored
2 5.0 2.0 1 -2 .300 060 5.0 sgall 1‘colored
3 5.0 5.0 1 -2 305 45 ‘2.1 10 no color
4 5.0 3.0 1 -2 305 085 3,6 10 no color
) 5.0 2.5 { 1 -2 302 onﬁ 4.1 3 colored
é 5.0 2.5 1 -2 302 073 4.1 3 colored
7 5.0 2.7 1 -2 305 076 4.0 ‘ ?0. no color
8 5.0 2.6 1 ‘.301‘ 077 3,0 1 colored
9 5.0 2.7 1 301 080 3.8 2 colored
10 5,0 3.0 0 301 080 3.4 1 colored
{




~ %e. | 6N His | 3N Rilie e Hormality | Normality | Ratic | Prectpitate | Piltrate Ressire
Exp. G, ec. minutes - Hho Naic Hic / Nede L_ ng. Fe

11 5.5 3.0 1 0.305 0.085 3.6 | 10 | light color 0.5 mg. Pe in £il

12 5.0 3.0 2 6.505 .085 3.6 10 no col. 0,04

5 5.0 3.0 5 .305 .085 3.6 10 no col. .08

14 5.0 2.5 2 +30% .072 h.2 5 1. col. 0.5

15 5.0 2.5 5 $05 .070 4.4 10 no col. ,02

16 5.0 2.0 5 .30k 056 | 5.4 5 -8 1. col. 0.5

17 5.0 2.7 3 305 076 4.0 10 no col. ,03

18 5.0 2.5 5 305 070 b 10 no col. ,1

19 10.0 4.8 3 .602 42 4.2 4 colored

20 15.0 7.5 3 .c,aob_ .225 4.0 0

ar | 25 | 1 3 2153 4030 5.1 colored

22 2.5 1.5 3 155 .040 3.9 10 no col. .ok

23 2.5 1.3 3 L5k .035 4.4 colored

24 10.0 7.0 5 603 207 2.9 5 - 8 colored



Mo . j 6N His ’5N Niig 53?;i9f i;ﬂﬁrmgl;ty-: Normelity Retio {f P:acipifattri Filtrate " E Remerks
Exp. cc. cc. minutes HAc Nedo Hic / Naho mg. Fe
25 10.0 10.0 3 0.604 0.296 2.0 ° '1. sol. 1 mg.
26 | 12.5 | 12.5 3 3 .0 4. 500 mg. Fe
7 500 ne col. .3 Volume 300 c¢c.
27 5.0 2.5 3 305 070 4.4 10 1st. part 1. 5 g. NaCl
: last no col. added
28 5.0 2.6 3 305 073 4.2 5 g+ NaGl
10 no col. .03 Sdded
29 7.5 3.7 3 455 o6 4,30 10. ist part la last part of
' ' col. filtrete no col.
30 8.5 4.2 3 515 21 4,25 g - 10 1. col. .5
31 9.0 4,34 3 545 125 4,35 10 1st part 1. last part
: a ' R ~ col. colorless
22 9.5 4.60 3 571 137 4,16 2 eolored
33 11.0 5.26 3 .660 A58 - 4.18 0.5 colored
34 12,0 5.55 3 720 166 4.35 0.1 colored
55 10.0 4,80 5 502 L142 k.25 | 5 colored
36 10.5 4,86 3 .630 146 4.31 ! colored
57 9.5 4.50 3 572 33 4.36 5 coloresd
38 | 0.0 | 4.k ; 545 125 4,36 10 no col. .3




jii%ﬁ:l&k'ﬁ&if 55 Neac | Tids of poEormsiity | Normelity | Ratlo ~ | Prectpitate | _
_:Qé;l; oo, | e :::ii:fw; . HAe " Nato ﬁhc:/ NaAs |  mg. Fe Flitrate. - Remrks
39 | $5.00 2.20 5 0.%05 0.061 5,00 J 10 no col. ,2
4o 7.5 3.20 3 45k . 002 4.o4 8 colored
M 8.5 3,60 3 512 06 4,84 5 n
42 10.0 h.oo 3 602 118 5.10 3 .4 n
43 12.0 4,84 3 .720 145 h.a7 5 _ 1 "
44 15.0 £.00 5 .000 180 5,00 4 " ?
bs 15.0 .6.00 5 000 .180 5.00 0.1 *
Lé 10.0° 5.04 3 805 73 5.50 1o l. col. .5
47 15.0 8.67 35 '-960 .250 5.46 0 eolored
48 12.0 6.90 3 .Zfo_ .207 3,48 | 1 r
4o 5.0 2.00 0 301 L0509 5.1 1.2 " J
50 5.0 2.00 5 305 05D 245 10 1. col. herd to £ilter I
51 5.0 2'00. 10 505 055 R 10 no cél. .oh ppt. coaguleted
52 5.0 2,00 3 .303 057 5.3 5-7 colored



Yo. | 6N Hho | 5% Wase | Time of | Normality | Normelity | Retlo Precipitate ] N
: ' beliling ' _ ‘Filtrate Remarks

Exp. 0C. cce minutes  Hic Nade HAc / Nshc  mg. Fe

53 3.3 5.3 0 | 200 1. color 2oo'mg. £€ken'

54 5.3 5.32 3 V 200 no color LI r

55 5.3 5.39 o 200 - no color LA "
ﬁ56 0 5.0 1 200 no color L "

57 15.0 15.0. 3 .001 JSAho 2,00 ? 1.5 -2 .colored

58 12,0 12.0 3 .721 .350 2.01 3 "

50 20.0 | 20.0 3 1.200 600 2,00 ‘ o " 1 ]

60 1 6.0 1 200 no color 200 mg. taken
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DISCUSSION OF RESULTS.

In Curve ! are shown disgramatically the results of Exp. 1 - 7,

and 12, 14, for which the time of boiling is one to two minutes and the

- amount of AN HAe taken is 5.0 cec. The ratio HAc / Naldc is plotted
against the mg. of iron precipitated. It is seen from the curve
. that precipitation is complete with & ratio of 4 or less. The

. gsharmess of the break ééems rather remarkeble in view of the influence

of the time of boiling on the completeness of the precipitation.

Thus in Exp. 15 and 18 with three and five minutes heating the precipitation
is comrlete even with a raﬁic/of 4.4, The results discussed below |

also make this curvexless significant from mass-action effects.

However, such & break would be sharp if these effects were the decidingfactfor

since the amount of iron is smell.

LENGTH OF BOILING.

The length of boiling is an important facior in thé precipitation
of the iron. . In the literature emphaéis is placed on the neceséity
ofvonly’a short period of boiling in order to avoid slimy precipitates
that are diffieult to filter. Most directions call for a period of
heating of from one to two minutes. In the experiéente with only
& small amount of iron present the length of boiling wasrfoﬁﬁd to have
practically no effect on the charecter of the precipitate. Most of
the precipitates obtained were somewhat diffieult to filter. but no better
results were obtained even with very short boiling. In the first
eighteen experiments 5 cc. 6N HAc were used, the Nahe ( 3 N ) varied

from 2.5 to 3.0 ce, and the time of boiling from one to five minutes.
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‘ihé resulté 1nalcated that o time of three minutes was preferable for
complete precipitation but that longer heatlnw W8S unnecessary.
Accordlngly, b0111ng for three minutes was adopted for most of the
subaequent work . ‘ |

The effect of boiling on the completeness of‘precipitationie
shown in Curve 2.k Exps #o -55 ). Solutions conteining 10 mg. of
1Qon; 5.0 cc. HAc end é;o cc. Nale were,boiled‘for variogs‘times.

There is almost no precipitatién on heating just to boiling, but five
minutes gives very fair ?recipitation}while ten minutes giﬁesygomplete
reaction. A similar-tendeﬁcy is shown with larger amounts of iron.
Exp. 53, 54 an&‘55 with 200 mg. iron gave very slinmy precinitatesybutv
the longer bolling gave sllphtly nore easmly filtered sclutions. In
thesge exnerlments, the effects just mentioned are not due to bolling
out the acetic acid from the solution, since 1n‘every case & test-tube
Pilled with cold water was placed in the mcuth of the flask and acted
efflclently 28 a reflux condenser.

‘ The resultg of Exp. ?7 and 28 indicate that the addition of five

. o_Fprec/p/’f'a‘f'IDl')
grQQS'OLvNaul has no noticeable effect cither on the completenessaor on

the character of the precipitate. The effect of the presence of
%Qe-preﬁene&ﬂsf other substances was no£ determined.

It is stated that the initial concentration of scid must be small
_in order to give a precipitate that is easiiy filtered an& washed.
This is borne out by Exp. 56 and 80 in which 200 mg. of iron were tsken.
In one experiment 5 cc. Nalc ﬁut no Hic was added, in the other 1 cc.
Hhc and 6.00 cc. Nadc were used. In the first case'thevprecipitate

obtained was very similar to thet obiained with the use of emmonia and
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ﬁaa easy to filter. The other, however, was somewhat more slimy

and more difficult to handle,

EFFECT OF CONCENTRATION OF ACETIC ACID.

The experiments to determine the effect of the total acetice
gcid presgnt yielded resulte that appear rather aurpriaing. The
ndtufo of the phenomena is illustrated in Curves 3 and 4. The
‘menner of carrying out the experiments wes the same as béfore except
.that in each series the retic HAC / NeAc was kept constant, only the
 total concentrations of these resgents being varied. Thus for Exp.
18, 19, 29 -~ 38 the ratio HAc / NeAc wes meinteined et 4.55 but the Hhe
was varied from 5 to 12 cec. added initially. The amounts of acid
end scetate used were caleuleted for 2 given ratio on the assumption
thet the precipitetion would be complete. If the precipitation
wes not complete, the ratio would be léss than calculated, but this.only
mekes the resulte more certein. It is seen in Curve 5.that
precipitation is complete when 7.5 ce. of ecid are taken but with 11 ce.
there‘is almost no precipitation. In Curve 4 are illustrated the
saﬂe phenomena for ratios of 5.00, 3.50, and 2.00. . The nature of
the results is, however, best seen in Curve 3, in which the number of
experiments is greater. Presumably, with the same ratio of acid to
scetate, the hydrogen ion concentration is consiant unless the activities
of these two substances vary.differently with concentration. For
any usual mess-action expression for the formation of basie ferric
acetate the concentration of the acetate ion is reised to a higher power

then the scid. Acéordingly, it would be expected that increesing
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the conceﬁtratian of both the HAc and HNeAc would give more certain
precipitation, thet is, the lines would slope in the opposite direction
from thé observed. The erossing of the lines in Curves 3 and 4

1; probably due to the iﬁexgct gqualitative nature of the expériments,
In general, however, the curves show that for any particular ;oncen-
tration of'acid,ﬁhe precipitaticn is more complete for greatér emounts
ﬁf‘NaAc. In experimenté with large quentities of acid it wés

. notice& that the deep red célor characteristic of the.solution»just
beforé precipitation took place was absent.

J. Jewett hes revorted this effect of large quentities of
acetic aeid. WHe Purther mscertained that iron could not be
precipitated in presence of a large amount of acetic acid by increasing
the amount of sodium scetate." Possibly the explanation of the
effect ié to be found in the chemistry of colloidél iron produced from

acetate solutions.
COMPOSITION OF THE PRECIPITATE.

- Textbooks of quentitative énalysis B zive the com@@sition of
basic ferric ancetate as Fe(OH)QAc. It is unlikély that the
precipitate‘is as simple as this and possibly varies through rather
wide limits under different conditisons. Weinland 2 hes studied
the salts of ferric scetate scomplexes snd hes shown that salutioﬁs of

Fe(OH)5 in agetis acid containe the acetate of a hexa-acetatetriferric

3y

a) Treadwell and Hall, Quentitetive Analysis, Sth. ed., p. 152.

A. A, Noyes, Qualitative Analysis, &fh. ed., p. 105.
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| meid—conbair-the-seetrte-of-a-hepsusoetetetriferrie base. The cation

[ ++t o io acic
Faﬁ(cgﬁsog)é ie the basis of the FeCly reaction for acetic acid.
5 FeCly + o NaAc + 2 Hp0—> 0 NaOl + Feg(CpHz0p)4(0pH50,)(0H), + 2 Hic

Vienland made two séries of experiments on the conmposition of the
ordinary basic acetate precipitate; (1) varying the volumercf phe solution,
_ (2) varying the ambgnt of aocdium acetete. The results obtained lie
:_cloée to the value of one mol of ecetate to three mols of iron. . With

330 - 1500 cc. volume he found Fe / Ac as 3 / Q.ﬁ&,wﬁilﬁ with 100 ce,

the proportion was 3 / 1.04. TWith 2 g. Hake the proportion was
3/ 0.88, with 3 g. 3 / 1,14, and 0 8. 3 / 1.17. He assigns the
composition of the dried precipitate as Fe§(GQH302)(OH)205,V 0.F.

Tower | determined the compoéition of hasic ferrie formete and obitained
also this formula. |

It was desired to détermine'the conposition of the precipitate
under somewhat more verying conditions. | By teking delinite volumes
of £h3 standard iron solution it would only remain to determine the
scetate in the precipitate. It was thought that distillation with
‘phosphoric acid and titration of the distillate would acecomplish this
eagily and accﬁrately but it wes found that the pronouanced tendency
of the mixture t0 bump made the method impractical. A combination
of straight and steam distillation from & sulphuric acid solution was
next tried and blank experiments showed that the method would be
 satisfagtory.
However, only two preliminery determipations were mede.

Five cc. of Fe solution and & cc. Nahe were made up to 200 cec., heated
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. 4o boilling, and boiled for three minutes. The pregipitate was
‘fiitered»with the 2id of suction and washed with hot water until the
washings no longer discolored 2 drop of NaOH in phenolphthalein solution.
The“filter’aﬁd precipifate were transfered to a beaker and 50 ce. of
-stagdard‘KOH added, together with 100 ce. of water. This &ixture

was boiled for ten minutes, allowed to cool, and then titrated with

HOl. - After 20 cc. of acid had been added to the mixture, it was
" Piltered and weshed, end the titration completed. Volume acid,
32.50 cec. . This gives Fe / Ac as 3 / 1.61.

In thé second determination the amounts of material taken and
the procedure were the seme excepl thet it was also attempted to
determine the acid in the Filtrate. The first 100 ce. of filtrate
wa.s titraté&>with standa:d,base;( 17.77 ce. base, 0.04 ce. acid J.
This gives ratio of 3 / 1.00. ~ However, the loss of solution by
evaporation during the Eiltraticn renders this result‘worthlesé.

The nrecinitate was washed, bolled for a half hour with 25.00 cc KOH,
dlluted to 100 ce., filtered through a dry filter, and 50 cc. of the
Llltrate titrated with HOL solution. Standard Acld, 6.83 ce.

Fe / hc = 3./ 1.50.

The investigation wes discontinued at this point.
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u..,-xARi AND UO SIOW&

A nunber of basic acetats precipitations have been made taking
10.mg. of iron and determining the effect of varying the smounts of

sodium scetete and acetic acld and the length of boiling on the character

of the precipitate and the completeness of precipitation. The
results have been illustrated by several diagrams. These experiments

indicate that;

1. The length of boiling has only a slight effect on the character

of the precipitate. |

2.  Increasing the length of boiling incremses the completeness of the
precipitation.

e Increasing the amount of sodium acetale 1acraases the completenessa
of precipitetion.

4. The reaction cannot follow any simple mass-asciion expressién.

Curves 3 and 4 illustrate 2 phenomena which has not yet»beén explained.

Two determinziions give the composition of the precipitate a8
Fe / Ac = 3 / 1.60. The precipitate may therefore consist of

epproximately equal arocunts of e(OH) and Fe{OH)EAc-
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PART B. ANALYSIS OF THE IRON GROUP.

In connection with the work on the precipitaticn of iron as a
vesic acetale some experiments were made on 2 proposed modification of
the analysis of the iren group. In the present method for the detection
of menganese by potassium chlorate in concentrated nlﬁrlc acid solutlen
(procedure &1. 4. A. Noyes, Qualitative Analysie) smell quentities of
menganese are-sémetimes rissed; possibly due to the reduction of the K3105
5y the fi1£er paper ovulp present in the solution. Also, the sepmration
of nickel and cobalt from iron with ermonia is unsatisfactory because of
the large fractions:carried down by much ferric hydroxide. It we
‘thought thet the following scheme would offset these difficulties to

some extent,and in general be more simpnle.

ANALYSIS OF THE IRON GROUP.

Precipitate: Fe(OE)ﬁ, Mn0y, Ni(0H)a, 00{6335, (Zn, alkaline-earths).

Treat with Hﬂl,vadd Nahc and heat.

Precipitate Solution: ¥Mn**, ¥i™%, Co**, (Zn, alkaline=earths).
Fe(OH),Ac. - Add Bry and heat.
Precipitate Solution: Hi**, Co**, (2Zn*?,
1Oy , 21k, —earths ).
Follow usual proeedure.

~ If phosphate was present the procedure would be the same except
that a Separate-small portion would be tested for iron and also iron

added to the main portion with the sodium scetate unless a red precipitate

had already formed.
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The first point investigeted was the conditions under which.
.‘manganaae would be precipitated by bromine in acetic acid, sodlum acetate
solutions. Calsulation showed that with about 500 mg. Fe and using
15 ce. 3N Nahc, with volume 100 - 150 e¢c., the conceatrations of.ﬁﬁc and
NaAc éfter precioitetion of the iron Woukd‘corresponﬁ té 5 .cc. 61 BAG
and-7 ce. 30 Nahc in 100 cc. ~ Experiments were made using these and

_ other concentrations with various amounts of manganese and bromine and

" deteraining the effect of heating. The following procedure was
found to give complete precipitation of the manganese. Add teaz.
& - £ o (&)

liquid bromine to the scluﬁion, shake for about & minute, heat on the
water bath for 5 minutes, boil until bromine fumes are no longer
noticeable, and then boil five minuies longer. { Dark brown or hlack
precipitate;.zresence of wanganese. ) Filter. If the precipitate
is more than 100 mg. add 1.3 cc. 6N NaOH to the filtrate and 0.2 ce.
bromine and boil for five minutes.

Thié is a very sensitive test for mengenese and 0.1 mg. can be
détected because of the dark colqr of the precipitete. Although
‘most of the manganese is easily precipitated, the last few traces are
difficult to‘ggt domn, but the above procedure gives satiefa;tcry results.
The precivitate is quite compact and the hot solution is easy to filter.
A couple of trisl anelysés were made with 55Q/mg. Fe and 1 mg. in and
both gave a very distinei test for mengenese Ey this method.

So far this method would seem to be very satisfactorj; ut the
‘behaviour of cobalt end nickel with bromine‘renders the method worthless.
Five hundred milligrams of cobalt was teken with 15 ce. Nade and 1 ce. Hie
and treated with bromine according tc the abbvg procedure." Déring

+T . P Y 3 . ‘
the heating e black slimy precipitate formed,{about 450 mg.).
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| The Piltrate was pink colored. 14 was neutralized with sodium hydroxide,
1 ce. HAc mdded and then 1 ce. bromine, and the mixture heated. A black
precipitate forned, {150 ng.). The fiitrate was colorless.

. Pive hundred mili

grams of nickel with 18 cc., Nade, 1 ce. Hie, and

{ e¢c. bromine in 100-cg. solution was heated for five minutes and then boiled

to exvel the bromine. About fifty milligrams of a dark colored precipitete
formed. . The filtrate was green.

_ﬁhiie these.résults render this proposed method for the iron groun
ﬁseless; possibly conditions could be worked out for the séparéticn of
coﬁalt Trom nickel by meaens of bromine in acetate solutions which would
serve better than the present tests with dimethylzloxime and potassium
nitrite. With respect to the oxidetion of cobelt Lundell ( J. Am.
Chem. Soc. 45, 2600,(1923) shows that cobelt interferes with the bismuthate

method for manganese because it is oxidized.



