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INTRODUCTION

Students in gravimetric analysis are often discou-

raged by the lack of consistent results in the determination

of iron in dolomite, limestone and other compounds. This in-

consistency in results may oe due to the fact that something

besides iron is separated from the solution when the iron is

precipitated as ferric hydroxide, and no amount of washing is

sufficient to remove this impurity.

The customary procedure has been to re-dissolve the

ferric hydroxide and then to precipitate it again, so that,

since the concentration of the impurity in solution is much

less the second time, much less will separate out on repre-

cipitation. This procedure can be repeated several times until

a minimum has been reached, but in all cases there may be some

impurity remaining.

No attempt has been made so far to determine whether

an impurity is actually carried down with the ferric hydroxide,

and, if so, how it is carried down. Since the chief con-

stituents of dolomite, limestone and similar compounds are

magnesium and calcium, it may be that the ferric hydroxide,

when precipitated in the presence of an excess of these ele-

ments, carries down with it magnesium or calcium. The magnesium

or calcium may Oe occluded, included or adsorbed on the surface

of the ferric hydroxide; formation of mixed crystals may take

place or there may be an exchange reaction. i*t any rate, what

actually happens is still not known, and this interesting pro-
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2.

blem is the basis of the research presented here.

It has been a general custom in analytical chemistry

to use the words, coprecipitation, carrying down, occlusion,

inclusion, adsorption, etc* as collective names, meaning noth-

ing else but the establishment of the fact that impurities are

carried down with or in a precipitate.

The object of this research is to determine analyti-

cally whether there is actually coprecipitation of iron with

magnesium when ferric hydroxide is precipitated in the presence

of varying amounts of magnesium, and also to determine whether

this coprecipitation, if any, obeys the adsorption isotherm,

thus indicating that the magnesium may be adsorbed on the sur-

iace of the ferric hydroxide and carried down in this manner.

« word or two about the adsorption isotherm. The

adsorption of a dissolved substance follows a kind of distri-

bution law. Freundlich-^ found that the following relation

applies at constant temperature after equilibrium has been

established:

(adsorption isotherm)

where A is grams of impurity adsorbed per gram of adsorbent,

C is the concentration of the impurity in solution, k. is a con-

stant, and a a second constant of value greater than 1 and

. frequently close to 2. The plot of X as ordinate against 0 is

1. Freundlich, Oolloid and Capillary Chemistry* Methuen 1926
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3 .

a paraoolic curve. Hence a large increase in concentration

does not cause a great increase in adsorption. For example if

n-2, the amount of substance adsorbed is only doubled when the

concentration is four times as great. A typical adsorption

isotherm is given below:

Adsorption isotherm for the adsorption^of arsenious

acid by ferric hydroxide at room temperature.

By taking logarithms of both sides of the Freundlich

equation it is evident that a straight line should result hav-
1 1

ing the slope n and the intercept n log k. In this way, from

the curve itself which is determined experimentally, the ad-

sorption isotherm can be calculated.

2. Blitz, -ber. 22,3138,(1904)





PURIFICATION OF REAGENTS

The foILowing reagnts v/ere used in this research:

(1) Baker’s chemicalLy pure 16 N HO 1 ; specific gravity =

1.18-1.19; Assay = 35/5.

(2) Baker’s chemically pure 16N HNO3; specific gravity =

1.415-1.420; Assay = 68-70 '.

(3) Baker’s chemically pure NH4NO3.

(4) Sterling’s chemically pure NH4CI, free from hydro-

carbon.

(0) Baker’s iron wire f30 for standardizing; Fe = 99.8/5.

(6) Chemically pure Mg turnings from the Research Labora-

tory of the Eastman Kodak Company.

(7) Baker’s chemically pure ammonium hydroxide; assay z

28-29/5.

In order to remove any silica which might have been

dissolved from the reagent cot tie by the ammonia, the reagent

was freshly distilled in the following manner:

The ammonia was placed in a round-bottom flask to

which was attached by means of a one-hole cork stopper a sort

of a U shaped glass tube. This glass tube led to an erlen-

meyer flask which was partly filled with distilled water, the

end of the tube being about |- inch from the surface of the

water. The erlenmeyer flask was placed in an ice bath, and

the neck of the flask was stuffed with absorbent cotton. The

round oottom flask was then heated for 15 minutes, during which

time the ammonia gas was distilled over into the erlenmeyer
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flask where it was absorbed by the distiiLed water.

The following is a diagram of the apparatus for distil-

ling ammonium hydroxide:
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6 .

METHOD OF 7/EIGH ING

The balance used in this experimental research was

Ba Lance #10 manufactured by Henry Troemner of Philadelphia.

The weights used were from Howe and French, Inc., and

were made in Germany. The weights from one to fifty grams were

goLd-pLated; from 0*01-0.5 grams, platinum weights were used.

These weights were standardized according to Richards’

method. The weights to be standardized were weighed wholly on

one side of the baLance, the comparison being made by substitution.

This procedure eliminated the effect of any inequality in the

length of the arms of the oalance. A crude set of weights was

used as the ware.

In weighing, iirst the zero point was taken, then the

object to be weighed was placed on the left-hand pan and the

weights were placed on the right. The weight was taken as

accurately as possible to four places and the rest point ob-

served. Then the rider was shifted one milligram and the sens-

ibility was obtained by dividing one-thousandth of a gram by

the change in rest points. The sensioility multiplied by the

difference between the zero point and the rest point when the

object was weighed gave the necessary correction in order to

get the fifth place.

The weights taken in air were corrected to weight in

3. Richards, T.W., Note on a method of standardizing weights,
J. American Chem. Soc. 22

1
144 f 19001
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7 .

vacuo, using the following formula:

(I JL )

W0 W + (d - 8.3) .0012

where W0 = weight of object in vacuo.

W weight of object in air*

d a density of object*

8.3 = density of weights.

.0012 s weight in grams of one mi. of air.

Only the weights of the ferric chloride solution in

air were corrected to weight in vacuo, since with all the others

the correction was negligible*
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i&PSrfIMBNTAL PKGGBDUBS

The procedure lor the analysis of iron in the pre-

4
sence of magnesium was that suggested by Dillard and Furman

with certain revisions.
»

First, it was decided to analyze the percent of iron

in iron wire quantitatively in order to know definitely how

much iron was present to begin with.

Lengths of iron wire about 30 inches long were clean-

ed by rubbing with fine sandpaper, then wiped clean with a cloth

They were then weighed accurately to five places (about .2-.25

gm.) and placed in 150 ml. erlenmeyer flasks. A solution of

10 ml. of distilled water and 10 ml. of concentrated HOI was

added to each flask, the flasks were covered with a watch-glass

and the material heated just below the boiling point until the

iron wire was dissolved. The time required to dissolve the

sample was usually k to 1 hour, depending upon the temperature,

as the action in the cold is extremely slow. Two ml. of con-

centrated nitric acid were added to the solution, and the

solution was boiled a moment to oxidize any ferrous chloride.
•

The solution was then transfered quantitatively, to a 400 ml.

beaker and diluted to 150 ml. and covered with a watch-glass.

The solution was heated to boiling, the watch-glass

and the sides of the beaker rinsed thoroughly with distilled

water. Freshly distilled ammonium hydroxide was added slowly,

4. Willard and Furman: ElementaryJ&anW Analysis, 302-3^1933.-

•
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9 .

with constant stirring, until the precipitate of ferric hydrox-

ide coagulated and the steam had a slight odor of ammonia. Gare

?/as taken to avoid a large excess of the ammonium hydroxide,

since some of the ferric hydroxide may dissolve in an excess of

the ammonium hydroxide. The solution was boiled gently for a

minute and allowed to settle# As soon as most of the precip-

itate had settled the supernatant liquid was decanted through

a filter, leaving as much of the precipitant as possible in the

beaker#

In the meantime, a wash solution of l,o ammonium

nitrate was prepared and kept at the boiling point. About

25-30 ml. of this hot solution was added to the precipitate,

the mixture stirred thoroughly and the precipitate allowed

to settle. This method was repeated 5 times, in order to re-

move most of the salts from the solution. The precipitate W2s

then transferred to the filter, two filters being necessary.

All particles adhering to the beaker and stirring rod were

rubbed loose and transferred to the main bulk of the precip-

itate. This was done 5 times too, thus washing the precipitate

at the same time. Traces of precipitate which may have ad-

hered to the sides of the beaker were wiped off with a piece of

moist filter paper which was then added to the main precipitate

after the latter had been washed#

The edges of the filter papers were folded over and

the precipitate and filter was transferred to a platinum





10 .

crucible previously ignited and brought to constant weight*

The material was dried over a flame, and the paper was charred

below a red heat. The carbon was burned off at a low temp-

erature, then the temperature was raised to a moderate red

heat to dehydrate the hydroxide keeping the flame on the bottom

of the crucible and not allowing the gases to get inside the

crucible. The precipitate was ignited for 30 minutes after the

filter was burned; then it was cooLed and weighed (to 5 places)

as ferric oxide. The ignition was repeated until the weight of

the material was constant.

In each case two analyses were made at one time. In

all cases an attempt was made to standardize the procedure and

the conditions under which the iron was precipitated.

However, the results for the percentage of iron in

the iron wire were much too high (over 100/&) and were very in-

consistent. It was decided to proceed in a different manner

since it was possible that the iron wire was not homogeneous in

short lengths.

Consequently enough wire was cleaned so that the

total length weighed 2.0-2.5 grams. This wire was dissolved

in a soltuion of 25 ml. hydrochloric acid and 25 mi. distilled

water at a temperature just below boiling. The solution was

transferred quantitatively to an evaporating dish and evap-

orated on a steam bath to 15-20 ml. Then the solution was

transferr ed to a weight pipette. It was impossible to get a
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11

good quantitative transference from the evaporating dish to the

weight pipette because the weight pipette held only 25 ml. and

there were 20 ml. to be transferred not including washings*

Moreover on shaking to insure a homogeneous solution, sbme

solution went up into the glass stopper and this had to be

wiped dry or else there would have been continuous loss of

weight by evaporation. To make sure of the correct weight of

the pipette, it was rubbed with a damp cloth and allowed to

stand in the balance room for an hour before weighing. Another

weight pipette to be used as a counterpoise was also rubbed

with a damp cloth and allowed to stand an hour. The weight

pipette with the iron chloride was hung on the left-hand side

of the balance, the counterpoise pipette on the right, and the

weight was taken to the fifth decimal. Portions of 1.5 to 2

grams of iron chloride were drawn off into beakers and the

weight pipette weighed after each portion was drawn off. The

portions in the beaker were diluted to 150 ml., concentrated

nitric acid added, and the procedure carried out as before. In

this case the results were perfectly uniform, demonstrating tha

the solution itself was homogeneous and that it was highly

probable that the iron wire was not homogeneous for a length

corresponding to .20-.2o grams.

Now that the results were consistent, experiments

were conducted in which ferric hydroxide was precipitated in

the presence of magnesium. A large quantity of ferric chloride
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12 .

solution (200-225 ml.) was prepared in the following manner:

approximately 2k times the amount of iron wire normally used

(about 5 grams) was dissolved in a solution of 90 ml. hydro-

chloric acid and 90 ml. distilled water. A quantitative

transference was made to a bottle and the solution diluted to

200-22u ml. and shaken well to insure a homogeneous solution.

Also 2 samples of 0.01 gms. magnesium and 2 samples of 0.1

grams of magnesium were weighed to 4 decimals and dissolved

in solutions of 1 ml. of hydrochloric acid and 1 ml. of distil-

led water. Three analyses were then made. Six samples of

3. 5-4.0 grams of iron chloride were drawn from the weight

pipette full of iron chloride and the loss in weight recorded.

The first two samples were analyzed for iron alone; to the

next two samples were added the 0.01 gram samples of magnesium

dissolved in hydrochloric acid, and then the solutions were

analyzed for iron; to the last two sampleswere added the 0.1

gram samples of magnesium dissolved in hydrochloric acid and

these solutions were analyzed for iron. However if ammonium

hydroxide alone were added to these solutions the magnesium

would also be precipitated quantitatively from the solution,

since it also forms an insoluble hydroxide with ammonium

hydroxide. The addition of ammonium salts, however, prevents

the quantitative precipitation of the magnesium and these

salts were addedo

Since there were two ammonium salts which could be used.



.

.

.

%

* ;

* » i V 0 j ,
J -i. w

JL. •• - • • • '
• J _ . J

’
l S

»

.

i rev: uLr i
' j'

. :o

.

‘ 3 ,r
it

. - .

i J
f
t ©. ;© ' -•)

'J
•

. £ .

t
-

• n -i j - )8 e j

eaOa ii e>iux<.*l ,

’
t
;

oait. ®ox:>

i -i .

r i

a :



namely ammonium nitrate 2nd ammonium chloride, it was decided

to experiment with Doth and determine the more suitaole one*

Consequently three runs were made in the following manner:

Bun fi

(1) 2 samples ferric chloride plus 5 grams ammonium

nitrate.

Precipitates washed with l/o ammonium nitrate.

(2) 2 samples ferric chloride plus 5 grams ammonium

nitrate plus 0*01 gram magnesium.

Precipitates washed with 1Jo ammonium nitrate.

(3) 2 samples ferric chloride plus 5 grams ammonium

nitrate plus 0.1 gram magnesium.

Precipitates washed with 1/o ammonium nitrate.

Bun #2

(1) 2 simples ferric chloride plus 3 grams ammonium

chloride.

Precipitates washed with 1
;
jo ammonium chloride.

(2) 2 samples ferric chloride plus b grams ammonium

chloride plus 0.01 grams magnesium.

Precipitates washed with l/o ammonium chloride.

(3) 2 samples of ferric chloride plus b grams

ammonium chloride plus 0.1 grams magnesium.

Precipitates washed with l;o ammonium chloride.



'

'

*

ci ex/Jq

*

*

*

*

- *

* a J - c * -

*






































































