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Introduction 

It is a fact well known to the student of analytical 

chemistry that barium sulphate shows a strong tendency to 

adsorb sunstances present in the solution from whish it 

separares. For the most part the investigators along this 

line have been concerned with the influence of the differ¬ 

ent metallic ions on the purity of the salt precipitated 

by mixing solutions containing barium ion and sulphate ion. 

Ko quantitative data are available on the adsorption of 

cations by the precipitation of colloidal barium sulphate. 

This question is dealt with in the subsequent pages. 

Preparation of Colloidal Barium Sulphate 

A stable colloidal solution of any substance may be 

prepared if the substance is sufficiently finely divided 

that the Brownian movement will keep the particles in 

suspension and providing coalescence and the resulting 

agglomeration are prevented. A stable colloidal solution 

will therefore consist of very very fine particles kept 



from agglomeration by a protecting film of some sort, elec¬ 

trification being equivalent to a film. Small particles may 

be obtained either by condensation from vapor or solution 

(usually called precipitation) or by the disintegration of 

larger masses. It is possible to prepare finely divided 

particles of barium sulphate by mixing suitable eolutions 

of the right concentration. 

Von Weimarn(U made a careful study of the character 

of the precipitate obtained by mixing solutions of manganese 

sulphate and barium thiocyanate in equivalent quantities 

and allowing them to dtand without stirring. He found that 

when the reaction concentrations were approximately N/20000 

to N/7000 no precipitate was formed in the course of sev¬ 

eral years. With concentrations N/7000 to ll/600 perfect 

crystals were formed since the rate of crystappization is 

very small with dilute solutions. With initial concentra¬ 

tions of about N/600 to N/.75 the famaliar skeleton crystals 

and needles were formed; and with concentrations from N/.75 

to 3N the precipitate was curdy to gelatinous. Jellies 

were obtained, at least temporarily, when concentrations 

were about 3N to 7N. Von Weimam has thus showm that the 

conditions necessary to get finely divided particles is a 

high degree of supersaturation of the barium sulphate in 



the solution. This may be brought about by mixing solu¬ 

tions of high concentration or by carrying out the preci¬ 

pitation in a madium in which the precipitate is extremely 

insoluble. 

Bancroft(2) has recently called attention to the 

Influence of vigorous stirring on the size of the parti¬ 

cles formed. If the solution has but slight tendency to 

crystallizespontaneously and is stirred vigorously, a 

number of nuclei and particles of colloidal size may result 

"Because the number of nuclei is so large that the excess 

of material comes out chiefly as nuclei". 

If the very highly dispersed particles of barium 

sulphate formed by mixing the concentrations of manganese 

sulphate and barium thiocyanate are suspended in water 

the particles all agglomerate and settling results. In 

order to prevent this coalescence a protecting film of 

some sort is necessars. Stable solutions of colloidal 

barium sulphate have been prepared in a number of ways: 

Newberg and Nelmann(3) added dilute sulphuric acid 

to a solution of barium hydroxide in methyl alcohol and 

obtained a highly gelatinous precipitate of barium sul¬ 

phate which could be dried in a vacuum and heated strongly 

without any change. By goiling with water for a considerable 



time the ordinary cry Staline variety of the salt was 

obtained. 

Recoura(4) modified the process of Newberg and Nei- 

mann by adding barium ethylate to a solution of sulphuric 

acid in glycerine. In this way was prepared a stable 

colloidal solution of barium sulphate free from electro¬ 

lytes. If care was taken just to neutralize the acid the 

colloid could be diluted to several times its volume 

without precipitation.takind place. Finely divided particles 

were obtained by working with solutions in which barium 

sulphate is highly insoluble. Coalescence was prevented 

by the glycerine which served as a protection coating. 

Coagulation took place immediately on boiling. This was 

probably due to the destruction of the protecting coating. 

The addition of barium salts rendered the colloid more 

stable by the preferential adsorption of the barium ion. 

The stability in the presence of barium salts is caused 

by the combined effects of a non-electrical and an elec¬ 

trical film. 

Feilmann(5) found that it was possible to prepare 

sufficiently finely divided particles to form a stable 

colloidal solution by mixing aqueous solutions of barium 

chloride and sodium sulphate to which casein was added. 



The mixing resulted in the formation of a creamy solution 

from which acetic acid precipitated a curdy mass. After 

washing the precipitate and adding sodium hydroxide solution 

a milky solution was obtained which yielded a translucent 

solid on evaporation, on shaking ul some of the solid 

with water a colloidal solution was obtained. In this 

case the coalescence and the subsequent agglomeration was 

unquestionably prevented by adsorption by the particles 

of a protecting film of casein. 

Kato(6) obtained colloidal barium sulphate by adding 

an alcoholic solution of sulphuric acid (made by diluting 

a molar aqueous solution of sulphuric acid with twice its 

volume of alcohol) to an equivalent quantity of a molar 

solution of barium acetate to which had first been added 

six times its volume of alcohol, then the solution was 

evaporated to dryness below 40°C givind a solid that formed 

a stable colloidal solution with water. It seemed alto¬ 

gether likely that if particular care were taken a stable 

colloical solution free from any foreign substance other 

than a little acetic acid could be prepared by this method. 

A colloid so obtained would owe its stability to the pre¬ 

ferential adsorption of hydrogen ion and hence would be 

positive. A detailed account will now be given of the ex¬ 

perimental difficulties encountered and the precautions 



.necessary in the preparation of a considerable quantity 

of the colloid. 

Experimental 

Experiment t. A molar solution of barium acetate was 

prepared by weighing out sufficient barium acetate to 

make a solution slightly stronger than molar. This sol¬ 

ution was analyzed for barium and diluted to exactly 

molar concentration. The barium sulphate was titrated 

against sodium hydroxide which was in turn titrated against 

standard ozalic acid. It was also checked by analysis 

by precipitation with barium sulphate. 

To exactly fifty cc of the barium acetate was added 

three hundred cc of absolute alcoholand to the same volume 

of the sulphuric acid was added one hundred cc of the 

alcohol. On'standing some of the barium acetate precipi¬ 

tated as very fine needles-due to its slight solubility 

in so high a concentration of alcohol. In spite of this 

the solutions were mixed by adding the sulphuric acid to 

the barium acetate. The solution was shaken to insure 

thurough mixing. In accordance with Fato's instructions 

the solution was evaporated to dryness at a temperature 

below forty degrees. This was accomplished by placing 



the solution in a one litre round bottom flask which was 

connected to another flask by a half inch glass tube 

passing through rubber stoppers. Another glass tube was 

inserted through the stopper in the second flask and the 

system was evacuared. The flask containing the solution 

was placed in a bath and kept at about thirty-five degrees 

while the enpty flask was packed in a freezing mixture. 

By this arrangement evaporation to dryness was obtained in 

a few hours. 

From the first the mixture was quite thick and by the 

time it was evaporated to about half of its volume it be¬ 

came a heavy gelatinous mass. Just before dryness was 

reached it was as Kato described it, "A translucent casein¬ 

like residue',' but when completely dry it crumbled doun to 

a white powder. 

A small amount of the powder was shaken with water 

and if gave what appeared to be a colloidal solution. It 

was only a few hours, however, till it started settling 

out and in one day precipitation was almost entirely com¬ 

plete. The failure of this experiment is attirbuted to 

the fact that a part of the barium acetate was precipitated 

before the solutions were mixed. Also, the barium acetate 

used had been ou hand several years and may have been con¬ 

taminated in some way. 



Experiment 2, For this trial fresh barium acetate was 

prepared by adding glacial acetic acid to barium hydroxide. 

About two hundred cc of water was added to a pound of 

barium hydroxide and acetic acid was added slowly with 

stirring till all of the hydroxide was dissolved. After 

passing the end point several times to be sure that the 

solution was Just neutral an analysis was run and the 

solution was diluted to molat strength. 

On account of the precipitation of the barium acetate 

in the former experiment the acid was diluted up first. 

Two hundred and fifty cc of the acid was measured out in 

a volumetric flask. This was washed quantitatively into 

a three liter round bottom flask with a part of the five 

hundred cc of alcohol that was to be added to it. Using 

the same volumetric flask the barium acetate was measured 

and transfered to another three liter flask and the fifteen 

hundred cc of alcohol added to it. The acid was added a 

small portion at a time with shaking after each addition. 

Evaporation was carried out as in the above experiment. 

The residue did not crumble down this time but came 

out as bluish white lumps. On the addition of water it 

dispersed to a colloidal solution. A small part of settled 

out the first day but the greater part of it would stay 



up for over a week even in solutions as strong as twenty 

grams per liter. 

Another batch was prepared in exactly the same way 

except that the alcohol used was first redistilled. The 

product was whiter this time but would not hold up any 

better than the other. Since the two batches seemed to 

have the same properties they were combined by grinding 

in an agate mortar and putting through a hundred mesh 

sieve. This gringing caused the barium sulphate to dis¬ 

perse mush more quickly. 

A test for the charge on the colloid was made by 

placing some of the solution in a small U tube and elec¬ 

trolyzing with a hundred and fifty volts. The side with 

the negative pole became perfectly clear and all the 

barium sulphate went to the negative pole, this shows 

the colloid to be positively charged as was expected, 

the addition of sodium sulphare to some of the colloid 

caused immediate precipitation. This indicates that the 

stability of the colloid is due to an electrical charge 

gained by the preferential adsorption of positive ions. 

Experiment 3. This experiment was exactly the same as 

experiment 2 except that absolute alcohol was used and that 

fifty cc of water was added to the barium acetate solution 



to prevent precipitation. The product obtained was far 

superior to that from any of the above experiments. It 

dispersed completely into a colloidal solution and appar¬ 

ently none settled out after standing a week. There was 

only a small part precipitated even after several weeks. 

The solution transmits only a reddish brown light and 

is bluish white by reflected light. The material used in 

the subsequent experiments on adsorption was from this run. 

Adsorption of Cations by Earium Sulphate 

As previously stated it is a well known fact that 

precipitated barium sulphate, as usually obtained, is con¬ 

taminated to a dreater or lesser extent by substances 

present in the solution from whish it separates. In many 

cases the degree of contamination is sufficiently great 

to effect materially the estimation of barium or of sul¬ 

phate by the barium sulphate method. A quantitative study 

of the contamination with barium chloride has been made 

by Richards and Parker(6) and by Hulett and Duschat(®). 

The latter investidators find that barium chloride is taken 

up not only during precipitation nut also when finely 

divided crystals of barium sulphate are suspended in a 

solution containing barium chloride. As an explanation of 

this phenomenon they consider the possible formation of 

complex salts, such as BaClHSC>4 and (BaClJgSO^ Schneider(9) 



has investigated quantitatively the contamination of ba¬ 

rium sulohate by ferric sulphate and Crighton^0) has 

made a similar study of the contamination by aluminum 

sulphate. Both investigators regard the phenomenon as 

one of solid solution. The work of Euster and Thiel^^ 

and of Eorte(*^) who repeated and extended Schneider's 

axperiments indicates that the phenomenon! is one of ad¬ 

sorption. An extensive investigatioh of the various 

factors effecting the purity of the barium sulphate has 

been made by Allen and Johnson^3) and by Johnson and 

Adams(14). They find that adsorption occured with all 

the common metals, the sulphates of which are soluble in 

watery and that the amount of adsorption expressed in 

moles is of the same order of magnitude for all metals. 

The adsorption of nickel and copper and zinc was the same 

and the adsorption of manganese and cadmium was the same; 

but the actual values showed the adsorption of the former 

group to be approximately noe-half of the latter. Lithium, 

sodium and potassium are similarly adsorbed but the ad¬ 

sorption was considerably less than of the divalent metals. 

Aluminum was was adsorbed less than manganese and cadmium 

if the value is expressed in moles but the trivalent 

element is adsorbed slightly more than the divalent ele¬ 

ments if the values are expressed in equivalents. 



_Frlon05) has carried out some interesting quantita¬ 

tive experiments on adsorption by barium sulphate in the 

presence of magnesium nitrate and lanthanum nitrate three 

general methods of proceedure were followed. In the first 

the salt was precipitated in the presence of the cations 

whose adsorption was being investigated, and the amount 

of adsorption was determined by the change in concentra¬ 

tion of the cation in solution. In the second method the 

difference between the theoretical and the observed weight 

of the precipitated barium sulphate gave an approximate 

measure of the amount adsorbed. In the third method the 

precipitated barium sulphate was rendered soluble by con¬ 

verting it to the carbonate, and the adsorbed ions were 

determined ditectly. The investigators Included deter¬ 

minations in acid, neutral and alkaline media. The results 

have been summarized as follows: "The two indirect methods 

gave an upper limit of the amount of lanthanum or magnes¬ 

ium adsorbed; the direct method gives us with certainty a 

value close to the lower limit; the direct results there¬ 

fore furnish us with a quantitative indication of the 

amount adsorbed. 

”1. The summary of the results shows the predominat¬ 

ing influence of the nature of the medium in which the 



precipitation takes place and leads us to conclude that: 

the adsorption of a soluble substance by a precipitate 

is greater in a basic medium than in a neutral medium 

and is greater in a neutral medium than in an acid medium. 

In the case of lanthanum the ratios are basic : neutral : 

acid : : 2. : 1.9 : 1*2. 

"2. By varying the concentration of the lanthanum ni¬ 

trate from N/1000 to 11/100 the weight of the lanthanum 

varies in the ratio of 1 : 2. The adsorption increases 

with the concentration of the adsorbed ion. 

”3. For the purpose of comparing the results with 

magnesium and lanthanum, I recall that one La” ion cor¬ 

responds to 0,54 grams of L&2O3 and that one Mg r ion 

corresponds to 0.54 grams of Mg2P20y. We have then ten 

times as much lanthanum ion as of magnesium ion adsorbed 

by barium sulphate; since there are 500 of La for 50 of 

Mg in a neutral solution (taking as the mean value, 

0.995 grams of the magnesium adsorbed in the neutral 

solution. 

"Adsorption increases with the Valence of the adsorbed 

ion. There id ten times as much trivalent lanthanum ad¬ 

sorbed as of divalent magnesium." 

In all of the cases above considered the amount of 

adsorption has been determined in the barium sulphate 



precipitated by mixing solutions containing barium ion and 

sulphate ion. When a colloid is precipitated it is usually 

considered that only cations are concerned in the precipi¬ 

tation of a negative côlloid and ony anions in the preci¬ 

pitation of a positive colloid. As a matter of fact however 

the ion with the same charge as that of the colloid has 

some effect since numerous cases are known where different 

concentrations of different salts with the same anion are 

necessary to precipitate a positive colloid. Thus Weiser 

and Mddleton^^ found that a higher concentration of 

acide was necessary to precipitate positive colloidal 

ferric oxide than of the potassium salts of the same acid. 

This is because hydrogen ion is adsorbes more strongly 

than potassium ion. Hence the former ion tends to stabal- 

ize the colloid to a greater extent than the latter so 

that higher concentrations of the acid must be used to 

effect precipitation. Now colloidal barium sulphate prepared 

in the manner above described is negative so that anions 

are chiefly instrumental in effecting its precipitation. 

But it was desired to know the order of adsorption of the 

cations when precipitation was effected with the salts 

derived from the same acid but having cations of different 

valence. Accordingly the following experiments were 

carried out: 



Experimental 

For the determination af the amount of the anions 

adsorbed an indirect method was used as subsequently de¬ 

scribed. By the proceedure of Allen and Johnson of that 

of Frion there is a possibility of carrying down not only 

adsorbed ions but also of ions mechanically occluded dur¬ 

ing the growth of crystals. The proceedure used in this 

investigation was to shake up some of the dry barium sul¬ 

phate, prepared as above described, with a solution of 

tha anion under investigatlonand to determine the change 

in concentration of the ion. This change in concentration 

is assumed to be the amount adsorbed. For this purpose 

solütions that were approximately 11/100 were used. 100cc 

was shaken vigorously for 15 minuteswith one gram of the 

dry powder and then the barium sulphate was centrifuged 

out. 50 cc of this solution was drawn out with a pipette 

which was already wet with some of the original solution. 

This 50 cc was analyzed parallel with 50 cc of the original 

solution and the results compared. To determint the degree 

of reversibility the remainder of the solution was poured 

off of the precipitate and the bottle rinsed out with a 

little water. The precipitate was shaken up with 25 cc 

of water, centrifuged and the washings combined with that 

which was poured off. If none was washed out this analysis 



should show the same amount of anoln as the first 50 cc 

drawn off; if all is washed out it should show as much 

more than the original solution as the first portion 

drawn off shows less than the original. 

Adsorption of Calcium Ion. As described above 100 cc of 

N/100 calcium sulphate was shaken up with one gram of the 

dry substance, 50 cc drawn off, and the remainder with the 

washings transfered to to another beaker. The beakers 

were numbered from 1 to 6. 1 an 2 were 50 cc of the orig¬ 

inal solution, 3 and 4 were the first 5P cc drawn off the 

barium sulphate, and 5 and 6 the remaining 50 cc plus wash¬ 

ings. To each beaker was added 10 drops of glacial acetic 

acid and while boiling 3 cc of !>% oxalic acid was added. 

After boiling a few minutes the solution was mand alkaline 

with ammonia and then alliwed to cool and settle. All the 

precipitates were washed the same number of times with the 

same quantity of dilute ammonia. The precipitates together 

with their tilters were transfered to their otiginal beaker 

and 75 cc of A% sulphuric acid added. This was heated to 

about 60° and titrated with potassium permanganate. The 

end point was very carefully derermined by back titration 

with standard oxalic acid. The results are shown in Table I. 

The first column is milli equivalents of calcium sulphate 

in 100 cc of the original solution. Column two is milli- 



equivalents of calcium sulphate found in 10 cc of the sol¬ 

ution after treatment with "barium sulphate. Column three 

is mi Hi equivalents found in the last 50 cc plus washings. 

Column four is column oue minus column two which gives the 

amount carried down "by one gram of "barium sulphate from 

100 cc of N/100 calcium sulphate solution. Column five 

shows the amonnt removed "by one washing. Column six shows 

the amount held after washing. 

Table I 

1 2 3 4 5 6 

1.0027 .8836 .4826 .1181 .0408 .0773 

.9982 .8809 .4826 .1173 .0428 .0745 

1.0005 .8823 .4826 .1177 .0418 .0759 

Similar experiments were run with calcium hydroxide 

to determine the adsorption from alkaline solution. The 

solution were protected from the carbondioxlde of the air 

till after the centriguging. In this case it was not pos¬ 

sible to wash the precipitate because it went back quanti¬ 

tatively into colloidal solution. The analysis of 100 cc 

of the original solution showed 0.9863, 0.9728, 0.0863 

mllliequivalents of calcium on three runs. After shaking 

with barium sulphate the analysis showed 1.0046 and 1.0044 

on two runs 



It is noted that the analysis after shaking with the 

barium sulphate is higher than before. This may be accounted 

for by the slight solubility if finely divided barium sul¬ 

phate in water. There is also a possibility of some barium 

acetate being present in the barium sulphate. This would 

be dissolved out by the calcium hydroxide solution. To 

check up on this point of solubility one gram of the barium 

sulphate was shaken up with some sodium chloride solution 

and centrifuged. The addition of sulphuric acid to the 

supernatent liquid showed the presence of a considerable 

quantity of soluble barium. There were no quantitative 

runs made to drtermine the amount of soluble barium present 

in the barium sulphate. 

Adsorption of Magnesium Ion. The method used to determine 

magnesium was to add micro cosmic salt to the solution 

while faintly acid. !7hile boiling, with constant stirring, 

dilute (abbut 3/0 ammonia was slowly added till in slight 

excess. One third of the volume of the solution of 1 s 1.5 

ammonia was then added and the solutions allowed to stand 

for 48 hours. The precipitate was washed with dilute 

ammonia and the precipitates with the papers dried in the 

open air of the room. The precipitate was dissolved in 

an excess of standard N/20 sulphuric acid and then the 

solution was back titrated with sodium hydroxide, methyl 



orange being used as an indicator. The firat one titrated 

was Used as a standard to titrate all to the same color, 

the same amount of indicator being used in the same volume 

of solution. Two or more end points were carefully taken 

in each titration. 

The results are tabulated in Table II the columns 

being arranged in the same order as described under the 

adsorption of calcium. 

Table II 

1 2 3 4 5 6 

1.0089 .9969 .49995 .0127 .0015 .0113 

.9960.: .49950 .0136 .0015 .0121 

1.0105 .9920 .49995 .0176 .0038 .0138 

.9964 .50090 .0132 .0022 .0110 

1.0096 .9955 •50000 .0141 .0022 .0119 

Adsorption of Aluminum Ion. Aluminum was determined by 

weighing as AI2O3. In order to have a larger quantity 

to weigh 200 cc of H/100 aluminum sulphate was shaken up 

with 2 grams of barium sulphate and 100 cc was drawn off 

for analysis. Columns 1i 2^and 3 in Table III are expressed 

in grams of A1203 as found in the analyses. They correspond 

to columns 1, 2, and 4 respectively of the above tables. 

Column 4 is the same as column 3 calculated to milllequi- 

valents. 



Table III 

1 2 3 4 

01874 .01820 .00054 .03260 

01877 .01821 .00056 .03250 

01875 .01820 .00055 .03255 

Discussion of results 

For the sake of comparison the results have been tab¬ 

ulated in Table IV. All values are calculated to the amount 

carried down by one gram of Earium sulphate from 100 cc of 

N/100 solution of the sulphate of the ion in question. 

Table IV 
er #lf*4 

Milliequiealents .1177 .0142 .0326 

Millimoles .0589 .0071 .0109 

Grams .00236 .00017 .00059 

From the above table it will be noted that the order 

of adsorption is expressed by the ratio of Ca J Kg : Al :: 

8.0 : 1 : 2.3* It is evident therefore that the degree of 

adsorption is not a question simpjy of the valence of the 

ion. If the valency law held for the adsorption of a 

cation by a positive colloid the ratio would be Ca: Mg: 

Al : : 2 : 2 : 3 when expressed in milliequivalents. Hence 

the spécifia adsorbllity of the ion is the most important 



factor controling the actual amount that will he carried 

down. It is practically independent of the valence in this 

particular case. 

The behavior of the precipitated barium sulphate seems 

to be vety well explained by the differences in the adsorp¬ 

tion valued of the positive ion present during the precipi¬ 

tation. TCe should wxpect that the adsorption of a positive 

ion by a positive colloid would stabalize the latter. The 

The barium sulphate precipitated in the presence of the cal¬ 

cium ion was much more difficult to centrifuge out than that 

precipitated in the presence of magnesium ion. After poutln 

off the calcium sulphate solution and shaking up with water 

it was impossible to centrifuge out the barium sulphate 

completely, even by running a &alf hour or longer. On the 

other hand, it was possible to wash the precipitate from 

magnesium sulphate and throw it out completely in a few 

minutes. It will be noted also that the amount of calcium 

removed by one washing is about twenty times that of mag- 

mesium. „This is significant sine it was found that the 

precipitate from calcium was almost completely reversable 

in two washings while that precipitated from magnesium 

sulphate shows but slught tendency to be repeptized by 

washing repeatedly. 



Summary 

1. A survey of the conditions necessary for the for¬ 

mation of a colloidal solution has been Given. 

2. Detailed instructions for the preparation of col¬ 

loidal barium sulphate have been given. 

3. The adsotption of the cations of calciumm magnes¬ 

ium, and aluminum have been determined. 

4. The order of adsorption is Ca A1 Mg and the 

retio of the amounts adsorbed determined quantitatively 

is f!a : A1 : Mg : : 8.9 : 2.3 : 1. 

5. The degree of reversibility of precipitation of 

colloidal barium sulphate has been determined and the 

results conform to what one would expect from the adsorp¬ 

tion values. Thus calcium ion is most strongly adsorbed 

by the precipitated barium sulphate and the latter is 

readily repeptized by washing while magnesium ion is least 

strongly adsorbed and the colloid is not readily repeptized 

by washing. This is to be expected in view of the fact 

thafc colloidal batium sulphate is positive and hence is 

stabalized by the preferential adsorption of cation. 



This investigation was undertaken at the suggestion 

of Professor Harry B. V/eiser and bas been carried out under 

his supervision. I take this opportunity to thank him most 

greatfully for his kindly Interest and for his generous 

advice and criticism. 
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