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NATURE OF “It Is well known that all precipitates have a 

THE tendency to carry down with them other sub- 

PROBLBM stances from the solution in which they are 

formed. According to the nature of the precipitate, the 

mechanism of this contamination varies." 1 Moreover, "very 

finely divided precipitates because of their very large surr 

face* pertinaciously adsorb in varying amount the impurities 

from the supernatant solution.” 

SubBtances from the solution carried down with the pre¬ 

cipitate are said to be co-precipitated or occluded* These 

salts are rigidly retained within the precipitate in contra-, 

distinction to those merely adsorbed to the surface of the 

precipitate. In either case, ho^rever, an adsorption mechan¬ 

ism is responsible for the presence of these impurities in 

the precipitate. 

Consequently, all proposed methods to minimize co-pre¬ 

cipitation resolve themselves into attempts to diminish ad¬ 

sorption. This is most usually accomplished in analytical 

determinations by employing solutions as dilute as it is 

practically possible. Further, in thoBe cases, where the 

precipitant Itself is co-precipitated, or leads to the form¬ 

ation of any soluble salt which Is co-precipitated, the di- 

1 Richards and Wells, Carnegie Institute Publication, 
No. 28, page 31, 1903. 
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luted precipitant Is added dropwise and special attention is 

given to the matter of vigorously stirring the solution in 

which precipitation is being effected. 

The general rules for the precipitation process given 

in most text-books are open to the criticism that they do 

not result in the lowest possible concentration of the re¬ 

acting substances* As an illustration of the point in 

question, consider the case where the precipitant (A) is 

added to the solution of (B). Even if (A) is added dropwise 

with constant stirring, there must ba Initially a relatively 

large concentration of (B) and locally rather a high concen¬ 

tration of (A) because of the lack of absolutely uniform mix¬ 

ing of the two solutions. 

SCOPE OF THE' The present investigation owes its orgin in 

INVE3TIGATION part to the hope that some insight into the 

mechanism of the phenomenon of co-preclpita.tion might be 

gained by the simultaneous dropwise addition of the precipi¬ 

tating reagents to a moderately large volume pure water. 

In this manner the precipitate would be formed in an 

extremely dilute solution. The concentration of those ions 

that might ordinarily be co-precipitated would certainly be 

low and therefore the amount co-precipltated corresponding- 

ly small. It remained to be determined whether the specific 

nature of the phenomenon persisted even at extreme dilution. 
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From the standpoint of the significance of silver chlo¬ 

ride in atomic weight determinations and barium sulfate in 

industrial analytical procedures, these two precipitates 

appeared to be particularly well suited for a study of the 

formation of precipitates by simultaneous addition* Aside 

from their importance in analytical determinations, the na¬ 

tures of the precipitates are so widely different as to be 

of theoretical Interest when their formation is considered* 
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BALANCE AND A No* 10 Troemner balance, sensitive to about 

WEIGHING- 0*02 mg. with a load of 50 grass, was used 

for the weighing., The weights, which were of the b9St grade 

lacquered brass, were calibrated to 0*01 mg. at the begin¬ 

ning of this work by the method of Weather,ill.3 This method 

of transposition weighing does not require the use of a set 

of tare weights and is claimed to be twice as accurate as 

the method of Richards* 

Weighings were made by the method of substitution em¬ 

ploying a suitable counterpoise whenever possible. In other 

cases, weighing was done by transposition. Vacuum correc¬ 

tions were calculated from the usual formula, the air densi¬ 

ty being determined after every weighing by weighing a large 

glass Dumas bulb calibrated in terms of weight against air 

density. 

The densities used in calculating the vacuum correc¬ 

tions were silver, 10.5; sodium chloride, 2.17 and brass,8.5* 

ANALYTICAL A mechanical device for agitating analytical 

piCTitipThwl solutions with a gentle swirling motion while 

SWIRLER precipitating was developed during the course 

of this investigation. The general appearance of the appar¬ 

atus is shown in Figure 1. The details of construction are 

given in the diagram which is scaled one quarter inch to the 

inch. The platform (B in the diagram) is made of wood; all 
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other parts are cast Iron or steel. 

The rotor ,plate is motivated by means of, a belt from 

a large pulley which is in turn belt driven by a one-tenth 

H. P. electric ,motor of 1500 R. P. M. The reduction be¬ 

tween the motor and the large pulley is 8:1; that between 

the large pulley and the one on the shaft of the swirler 

4:3. The platform of the swirler is made to describe an 

elliptical motion by means of a peg set five-sixteenths of 

an inch off-center in the rotor plate and centered in the 

platform. Three five-eights inch steel balls provide the 

bearings between the rotor and the thin steel plate affixed 

to the underneath side of the platform. These are held in 

place by means of steel sockets, one of which is shown in 

C of Figure 1, 

Besides the five-Blxteenths eccentric, one of three- 

sixteenths may also be obtained. The adjustment from one 

eccentric to the other may be made by screwing the peg from 

one hole and placing it in the other. in order that the 

ball bearings may always be the same distance from the peg, 

the rotor is drilled and tapped for bolt positions so that 

the sockets themselves may be changed to that corresponding 

to the eccentric employed. 

It has been found most convenient to use the five-six¬ 

teenths eccentric for agitating solutions and the three-six- 
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teenths for precipitation. Volumes from several hundred 

Co* to a few liters are very readily shaken on this swirler. 

The possession of a mechanical swirling device of this form, 

therefore, greatly lessens the burden of shaking solutions 

in the chemical laboratory. 

The most important application of an agitator of this 

type, however, is that for which it was primarily designed. 

Analytical solutions may be thoroughly agitated while pre¬ 

cipitating without having any external stirring mechanism 

contact with the solution. 

METHOD A more detailed description of the application 

of the simultaneous addition of precipitating reagents is 

to be found in the methods of the experiments that follow, 

so that it will suffice to give only a general connotation 

at this point. 

By simultaneous addition is meant the slow, equal drop- 

wise addition of precipitating reagents of equivalent con¬ 

centrations to a moderately large volume of acidified water 

contlnously agitated. 
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Water 

Pure water was prepared in the customary fashion by 

double distillation of ordinary distilled water. The first 

distillation was from an alkaline permanganate solution 

(approximately 2.5 liters) containing about six pelletes of 

sodium hydroxide and sufficient potassium permanganate to 

make a very dark solution. The distillate from this distil¬ 

lation was redistilled, this time from a solution containing 

5-6 drops of dilute sulfuric acid. In both cases, the con¬ 

densers were made of block tin fitted to 3 L Pyrex flasks 

with constricted necks. The connection between the tin and 

the constricted neck was sufficiently tight so that a little 

water which condensed at this joint made a satisfactory seal. 

This seal was protected from dust by a shield made of chemi¬ 

cally clean cloth. The water was collected in 2 L Pyrex 

flasks fitted with Pyrex adaptors, generally just previous 

to use. 

Nitric Acid 

Ordinary c.p. concentrated nitric acid was distilled 

through a quartz condenser fitted to a constricted neck Py¬ 

rex flask. Approximately 1500 cc. were Introduced into the 

still* Of the distillate the first 900 cc. were rejected, 

and the next 450 cc. collected in a Pyrex bottle. This was 

considered to be pure nitric acid. Its strength was about 
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16 normal. A residue of about 150 ec. was always left at the 

end of the distillation. Nitric acid fractionated in this 

manner was shown by nephelometric test of a 0.1 1 solution 

to be completely free of chloride. 

Hydrochloric Acid 

The pure acid was always prepared by distilling a solu¬ 

tion, made by diluting 750 cc. concentrated c.p. hydrochlo¬ 

ric acid with an equal volume of water, through the same 

still used for nitric acid. The first 4oo cc. of the dis¬ 

tillate were rejected and the next 900 cc. collected in a 

Pyrex bottle. This portion was assumed to be a constant 

boiling mixture containing approximately 20.2 % of hydrogen 

chloride, i.e., about 6 normal. 

Ammonia 

All ammonia used in this research was always prepared 

just previous to use. Concentrated e* p. ammonia was gent¬ 

ly boiled in a 250 cc. glass stoppered Pyrex distilling 

flask. The evolved gas passed through a bent thistle tube 

fitted into the side arm of the distilling flask, directly 

to the surface of cold water in a covered Pyrex beaker sur¬ 

rounded by crushed ice. 

Sodium Hydroxide 

Fused sodium hydroxide used in desiccators was prepared 

in the following manner. About 250-300 grams of c. p. stick 
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sodium hydroxide was strongly heated in a 350 cc. nickel 

crucible over a blast burner until the mass liquified* A few 

crystals of potassium permanganate were dropped into the 

clear melt for the purpose of oxidizing any organic matter 

or iron contained in the caustico Heating was continued un¬ 

til the liquid began to fume slightly or boiling was noticed 

around the edges of the surface. The molten caustic was 

then poured out onto a sheet of metallic nickel and allowed 

to cool until the surface of the caustic pattie hardened 

slightly* The flat sheet obtained In this manner was cut 

into pieces about one-half inch square with a cleap chisel* 

The product was immediately placed in a rubber stoppered 

bottle until ready for use. This procedure yields a pro¬ 

duct, deep green In color, which la quite brittle when cold. 

Calcium Oxide 

The pure lime on which the silver was fused was pre¬ 

pared by C, R, Johnson in 1928 according to the procedure 

outline by Richards and Wells4, 

Silver 

The details of the purification of silver have been 

described many times/ In this case the usual procedure 

was followed with a few slight modifications. 

4 J. Amer. Ghenu Soc., 2£, 459 (1905). 

Reduced silver from previous atomic weight analyses was 
\ 

dissolved in c. p. nitric acid and the insoluble material 



PREPARATION OP PURE MATERIALS 11 

filtered off. The silver ?^as then precipitated from a dilute 

solution with an excess of o. p. hydrochloric acid. Vigorous 

shaking in 8 liter bottles soon caused the precipitate to 

coagulate and settle rapidly and the silver chloride was then 

readily washed by decantation with ordinary distilled water 

until the washings were neutral, as shown by tests with 

methyl red. 

This silver chloride was next reduced by a solution of 

sodium hydroxide and sugar. An amount of sodium hydroxide 

approximately equal to three equivalents of the silver was 

dissolved in about its own weight of water, and the result¬ 

ing solution electrolyzed in a large platinum dish which 

served as the cathode. A heavy platinum wire used for an 

anode. At intervals the solution was poured off and the 

platinum dish washed with hydrochloric acid; these acid wash¬ 

ings were tested for iron with potassium sulfocyanate. When 

the teat showed the dish to be free from any iron deposit- 

and the solution presumably free from this impurity- the so¬ 

dium hydroxide was filtered through an asbestos Gooch filter 

and kept in a desiccator to prevent an excessive formation 

of carbonate. A sugar solution was prepared by dissolving 

cane sugar in a minimum amount of water and filtering 

5 Richards & Wells, Carnegie Institute Publication No. 
\ 

28, page 16, (1905). 
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off any Insoluble impurities thru filter paper. Finally 

the concentrated hydroxide and sugar solution were added to 

the thoroughly washed silver chloride contained in a large 

porcelain dish. This mixture was heated until all the chlo¬ 

ride was reduced and then the reduced silver was washed with 

cold water until the brown carmel color was completely gone. 

These operations just described: solution of silver, 

precipitation as silver chloride, and the reduction of the 

chloridej were repeated at this point, using this time, how¬ 

ever, only purified reagents and best distilled water. 

The thoroly washed silver obtained from this second re¬ 

duction was carefully dried in a porcelain dish and then fus¬ 

ed. For this ourcose about ten grams of the reduced silver 

were placed in an electric oven lined with pure lime and 

melted. The molten silver was cooled in a reducing flame* 

until the surface of the silver had cooled. The button was 

then quickly dropped into pure water. Each button was scour¬ 

ed with sand, washed, and finally etched with dilute, 

distilled nitric acid. 

After further washing these buttons were dissolved in 

concentrated distilled nitric acid (1 ec for each gram of 

silver) diluted with an equal volume of distilled water and 

the resulting solution neutralized with freshly prepared 

ammonia. Formic acid was distilled once in an all-glass 
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apparatus and neutralized with a fresh ammonia solution. 

The silver was then precipitated from solution as silver 

formate by the addition of an excess of ammonium formate and 

by warming the solution the precipitate, was quickly decompos¬ 

ed, yielding silver. This reduced silver was very thoroly 

washed with best water until the washings gave no test for 

ammonia with Messier reagent and the washed silver was dried 

as before in porcelain. 

The silver was again fused, this time on purest lime. 

Lime was prepared by heating pure, recrystallized calcium 

carbonate In ah electrically heated porcelain tube and with 

this lime was mixed one-tenth Its weight of pure, recrystall¬ 

ized calcium nitrate. Nine-tenths of this mixture were re¬ 

heated and then both portions \?ere thoroly remixed together, 

the resulting product being used to line a porcelain crucible. 

The silver was fused in the crucible in a manner similar to 

that already described. The buttons of silver obtained from 

this fusion were rinsed with best water, treated with dilute 

nitric acid to dissolve the lime, washed with water again, 

etched with nitric acid, and finally washed thoroly with 

water. They were kept in best water until used for electrol¬ 

ysis. 

The final step in the purification of the silver was 

the solution and deposition of these silver buttons by elec- 
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trolysls. For this purpose an electrolysis cell was made 

as follows; -By placing the ragged edge of a small beaker, 

the bottom of which had previously "been removed} on a watch 

glassj an anode chamber was formed which kept the anode slime 

from getting, out into the electrolyte* Three or four•buttons 

piled on too of each other within this beaker served as the 

anode. The sliver buttons were always handled with glass 

“chop-stiGksr The electrolyte was a solution of silver 

nitrate made by•■dissolving one moderate size button in nitric 

acid, evaporating the solution to dryness and redissolving 

the dry salt in best water. The cathode was a piece of pur¬ 

est silver hammered out from a small button and thoroughly 

etched with nitric acid. In the operation of the cell the 

current was adjusted so that fairly large silver crystals 

were formed, i.e., 0.0? amp., 6-8 volts. From time to time 

the crystals were raked back to prevent their bridging across 

to the anode and the larger ones removed with a glass rake. 

These crystals were kept in purest water and after being 

washed completely free from the electrolyte, they were dried 

in porcelain over an electric stove. 

The dry crystals were then fused, into small buttonson 

purest lime in a current of pure hydrogen. For this purpose 

the hydrogen was obtained electrolytically from five cells, 

each of which had a platinum foil anode, zinc amalgam cathode 



PREPARATION OF PURE MATERIALS 15 

and an electrolyte of dilute hydrochloride acid* The gas 

was dried by passing over fused sodium hydroxide and phos¬ 

phorus pentoxide. Small unglazed boats, which were lined 

with'pure lime prepared In the manner already described, con¬ 

tained the silver crystals* The fusion was carried out in 

an electrolytlcally heated porcelain tube fitted at each end 

with water-cooled hempel stoppers thru which the hydrogen 

passed. The fused silver buttons thus produced were allowed 

to cool in a current of hydrogen before being removed from 

the tube. " 

After washing with dilute nitric acid to remove any 

lime on the surface, the buttons were twice etched with nit¬ 

ric acid and between etchings were carefully washed with 

best water. 

' Finally these buttons,.along with some electrolytic 

crystals5 which had hot'' been fused, were dried in a high 

vacuum, in a quarts tube heated to about 4oo°G. After cool¬ 

ing in the vacuum, the silver was placed in glass dishes and 

kept in a desiccator over fus, ed sodium hydroxide until used. 

Sodium Chloride 

Baker's c.p. Analysed Sodium Chloride was the starting 

material. About 500 grams of this sodium chloride was dis¬ 

solved in 1350 cc of best distilled water by heating to boil¬ 

ing. This solution was allowed to cool overnight to a room 
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temperature of 23°0. (about 100 grams crystallized out) and 

filtered. Approximately 1000 cc. of c.p, concentrated hyd¬ 

rochloric acid were next placed In the hydrogen chloride 

generator. Concentrated c.p. sulfuric acid was dropped.Into 

this acid from a dropping funnel through a tube leading be¬ 

low the surface# The hydrochloric acid was warmed during 

the process, using the low of an electric hot plate. The 

evolved hydrogen chloride was passed into the saturated 

Sodium chloride solution by means of an inverted funnel 

delivery tube partly touching the surface of the solution. 

After precipitating practically all of the sodium chlo¬ 

ride, the crystals were centrlfugally drained at 1000'R.P.li. 

of their mother liquor; washed twice with 10 cc. portions of 

best distilled water for every 20 grams of salt and drained 

thoroughly after each washing. 

The 200 grams of sodium chloride obtained from the first 

recrystallization was dissolved In 6QO CC. best distilled 

water, precipitated In Pyrex, centrifuged and washed as be¬ 

fore . 

From this second recrystal11sation about 120 grams of 

salt were obtained. This was made up into a saturated solu¬ 

tion, filtered into a 700 cc. Platinum dish and the sodium 

chloride precipitated by hydrogen chloride. The crystals 

were centrifuged as before in the porcelain Buchner funnels 
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supported inside the centrifuge cups by hollow aluminum 

cylinders beveled to fit the funnels. This last mother 

liquor was drained 30 minutes as was the two succeeding wash¬ 

ings. 

The sodium chloride crystals were then transferred to 

the large platinum dish and covered with a bell jar. Finally 

the sodium chloride was fused In 5 - 7 grams portions in a 

30 cc. platinum crucible heated In an electric oven; placed In 

a clean, tared glass stoppered bottle with a dust cap and 

covered with a bell jar. Approximately 70 grams of very pure 

sodium chloride were obtained. 

■ ■Barium Chloride 

About 100 grama of ■■ Baker »,e c.p. Analysed Barium Chloride 

were dissolved in 175 ec.of boiling, triple distilled water 

and the solution filtered hot to remove mechanical impuriti¬ 

es. The filtrate was reheated to dissolve the crystals which 

had separated out and cooled quickly in fine crushed ice with 

constant stirring to form small, pearly crystals. 

The solution was finally chilled to -3®C in an Ice-salt 

mixture? the crystals separated from the mother liquor and 

centrifuged for 30 minutes at 1000 R. P. M. The crystals 

were then washed twice with 10 cc, portions of cold distilled 

water and centrifuged to remove the most of the surface 

moisture. 
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Finally, the. crystals were spread out on a large watch- 

glass under a bell jar ana allowed to dry for 8 days at room 

temperatures* 'About 32 grams of 3aCla • 2H3Q were obtained. 

It1 is estimated that 60 grams of barium chloride was left in 

the mother: liquor and 5 'grams dissolved by1 the two washings* 

; Potassium Sulfate • 

About loo grams of Baker's c. p. Analysed Potassium 

Sulfate were dissolved In 425 ce. of boiling, triple distill¬ 

ed water and the solution filtered hot to remove mechanical 

impurities* The crystals of potassium sulfate which separ¬ 

ated out on the filter ppppr were distinctly a lights,red 

brown color, due to the adsorption of ferric Iona from the 

solution which was noticed to be slightly yellow before fil¬ 

tration. The filtrate was reheated to dissolve the crystals 

which had separated out and cooled quickly in fine crushed 

ice with constant stirring to form small crystals* The solu¬ 

tion was finally chilled in an lce-3alt mixture to -0*5 

the crystals separated from the mother liquor and centrifug¬ 

ed 30 minutes at 1000 R. P. If* The crystals were then washed 

twice tvith 10 ce* portions of cold distilled water and centri¬ 

fuged almost to dryness. The potassium sulfate was spread 

out in a large crystallising dish} covered with a bell jar 

and allowed to dry at room temperatures for 8 days. Approxi¬ 

mately 38 grams were obtained. ' 
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Select tubes of the same bore and thickness as well as 

color of glass. Glean and dry them,* place each tube In the 

nephelometer holder and wrap a strip of adhesive tape two 

and one-half inches long and one-half inch wide around tube 

near bottom so as to cover that oart of the tube exposed 

Just above the holder. Another piece of tape of the same 

dimensions is then wrapped around the tube near the top so 

that its upper edge is 10 cm, from the lower edge of the 

bottom strip. 

The tubes are now stoppered with corks and the bottoms 

dipped into a black paint (Slasticoat an asphalt base paint 

was used, diluted slightly with turpentine) so as to Just 

cover the exposed glass bottom and a narrow rim on the tape. 

The excess paint is drained off by touching the bottom of 

the tube to the beaker containing the paint, after which the 

paint is smoothed out by inverting and rotating the tube.The 

tubes are then hung up to dry by a wire sticking through 

the cork and bent in the shape of a hook. After drying 

about six hours the tops are dipped the excess paint care¬ 

fully drained off, the tubes inverted and held up-right by 

means of small nails. The tubes are allowed to dry 2 or 3 

days before using. Using a sharp knife or razor blade cut 

the paint around the edges of the tape and remove. This ad¬ 

hesive from the tape is removed from the glass by wiping with 

ether. 
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INTRODUCTION Discrepancies in atomic weight determinations 

made by precipitating silver chloride by the pouring method 

with silver in excess on the one hand and chloride in excess 

on the other hand seems to warrant an investigation into the 

possibility of occlusion of chloride during the orecioitation 

of silver chloride* 

The classical experiment s of Richards and Wells have 

left little room for improvement in atomic weight technique* 

The bulk of their investigations, however, were limited to 

the determinations of the impurities in materials and pos¬ 

sible sources of error in analytical manipulations* Even 

Richards recognized that, if silver chloride is precipitated 

by adding the chloride solution to the silver nitrate, a cere¬ 

tain amount of the latter is occluded during the formation 

of the precipitate* He recommended, therefore, that the 

silver be added to the chloride solution and solutions as 

dilute as 0.1 M be employed. As the result of few quasi- 

quant itative experiments, he concluded that ver little if 
■ ■ y 

any chloride was occluded in precipitated silver chloride, 

but did not endeavor to determine its extent. 

In the present study silver chloride has been precipi¬ 

tated by the pouring method (that ordinary employed In atomic 

weight work) and by the simultaneous addition of precipita- 

ing reagents. Nephelometric analyses have been made of the 
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mother liquors of the precipitates and a number of subse¬ 

quent washings. A brief description of the experimental de¬ 

tails follows. 

EXPERIMENTAL Sodium chloride and silver nitrate solutions 

were prepared from purified materials. The concentrations 

of these solutions were carefully adjusted so as to be 

very nearly equal and yield approximately 10 grams of silver 

chloride when 100 cc. portions were mixed. Pour precipita¬ 

tions of silver chloride were made; two by the pouring method 

and two by the simultaneous addition of the chloride and sil¬ 

ver solutions. 

A discussion of the experimental details employed in 

the precipitation of silver chloride by simultaneous addi¬ 

tion follows. One liter of distilled water and 10 cc. of 

best concentrated nitric acid were placed in a 3 L Pyrex 

glass stoppered Erlenmeyer flask and the latter placed on 

the Analytical Swirler. One hundred cc. of the chloride 

solution diluted with 100 cc. of distilled water were placed 

in the right hand dropping funnel; the same amount of silver 

solution and water in the left hand one. 

The tips of the dropping funnels were then lowered into 

the neck of the flask. Red light was turned on; the swirler 

set in motion and the two solutions allowed to drop into the 

dilute nitric acid solution. Dropping from both tips was 
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was carefully adjusted to a rate of 1 drop per second,, 

It was observed that 15 minutes after the precipitation 

was started some of the silver chloride began to agglomerate 

and adhere to the sides of the flask just above the line of 

the swirling liquid. 

This slow dropwise addition was continued for an hour 

and a half. Both funnels were washed twice with 25 cc* por¬ 

tions of distilled water and allowed to drop into the flask. 

The flask was then removed from the Swirler and stored away 

in a dark cabinet for 8 days. 

As an example of the technique of precipitation by the 

pourittg method, the manner in which the other two silver 

chloride precipitates will be given. One hundred cc. of 

the sodium chloride solution were placed in a 3 L Pyrex 

Erlenmeyer flask and diluted to 700 cc. with distilled water. 

In a like manner the silver solution was diluted and 10 cc. 

of best concentrated nitric acid added. While one operator 

held the flask containing the chloride solution, another add¬ 

ed the silver solution in 50-75 cc. portions. After each 

addition the chloride flask is gently swirled by hand in 

order to mix in the silver solution. Another addition of 

silver is raa.de and the flask swirled and so on until all of 

the silver solution had been added. Thereafter, the flask 

is rinsed several times with distilled water and the wash- 
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ings added to the liquid in the chloride flask. 

The flask was tightly stoppered and vigorously shaken 

so as to bring about the complete flocculation of the silver 

chloride. It was then 3tored away in a dark cabinet for 8 

days. 

NEPHELOMETRIC After the precipitation the four silver chlo- 
' "J > 

ANALYSES ride precipitates were treated in Identical 

manner. During the first week the flask containing the pre¬ 

cipitates were shaken twice on the Analytical Swirler for 

periods of one half hour each. 

At the beginning of the second week the mother liquors 

(containing an excess of silver ion) of the four precipitates 

were decanted into 1 L Pyrex bottles. The precipitates were 

drained 5 minutes and covered with 500 cc. of 0.16 M nitric 

acid. During the following week the flask was swirled for 

1 hour periods at convenient intervals and Nephelometric 

analyses of the diluted mother liquors made by the standard- 

solution end-point method1. 

A total of five washings of 500 cc. each of 0.16 M 

nitric acid was used. Nephelometric determinations of the 

silver ion concentration was made in each of the five and 

nephelometric ratios taken for the third and succeeding wash¬ 

ings. 

1 G. R. Johnson, J. Phys. Chem., £5, 830 (1931) 
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RESULTS The results of the nephelometric determinations of 

the silver ion concentration in each of the 5 washings are 

given in TABLE I. The nephelometric ratios obtained in the 

third and succeeding washings are given in TABLE II. 

TABLE I. 

Number 
of 

Analysis 

Method 
of 

Potn. 

Concentration of Ag+/cc., l fg.x 10”3 

Wash No. 1 2 3 4 5 

1 Slmul. 4.3 2.0 1.7 1.7 1.7 

2 Simul, 4.2 2.0 1.7. 1.7 1.7 

3 Bour*g 4,8 2.0 1.7 1.7 1.7 

4 Pour’g 4.6 2.0 1.7 1.7 1.7 

TABLE II. 

Number 
of 

Analysis 

Nephelometric Ratio AgiCl 

Wash No. 3 4 5 

1 1.00 1.00 1.00 

1.00 1.00 1.00 

0.93 0.93 0.93 

0.93 0.93 0.93 4 
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INTRODUCTION The exact magnitude of the chloride contamina¬ 

tion of silver chloride precipitated by the pouring method 

would best be shown by direct comparison of the results ob¬ 

tained when these two methods are employed in atomic weight 

analyses. 

Two duplicate determinations of the ratio NaClrAg, there¬ 

fore, have been made by the pouring and simultaneous addition 

methods of precioltation. 

METHOD Specially purified sodium chloride and silver of 

atomic weight purity have been used. The details of the pro¬ 

cedure are essentially the same as those described in the 

foregoing investigation. 

Two small silver buttons weighing approximately 2.2 gras, 

were used in each of the four determinations. These were 

dissolved in 2.2 cc, of best concentrated nitric acid dilut¬ 

ed with an equal volume of water in a liter Pyrex Erlenmey- 

er flask with a column of bulbs. Fused sodium chloride 

was weighed out in a platinum crucible in amounts equivalent 

to the dissolved silver within 2-3 mg. This was fused again 

in an electric furnace; cooled in a desiccator and a final 

weight obtained by employing a suitable tare crucible. The 

sodium chloride smoples were dissolved out of the platinum 

crucible by placing the latter In a beaker and covering it 

with water and allowing to stand over night. The extreme 
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care characteristic of all atomic weight work has been em¬ 

ployed throughout* 

A photograph of the set-up of the simultaneous addition 

percipitatlng apparatus and the Analytical Swirler used in 

conjunction is shown in Figure 2. 

RESULTS The exact weights of sodium chloride and silver used 

in the above analyses are given in TABLE I* The ratio 

NaClvAg and the atomic weight of sodium calculated from this 

ratio using the atomic weight of silver as 107.88 is given 

in TABLE II. 
TABLE I. 

Number 
of 

Analysis 

Weight of 
NaCl in 

vacuum. 

Weight of 
Ag in 

vacuum* 

Weight ofAg 
added or 

subtracted 
in solution. 

Corrected 
Weight of Ag 

In vacuum* 

,gm. go. gm. gm. 

,1 1.23993 2;. 29134 -0.00282 2.28852 

2 1.20732 2.21965 +0.00853 2.22818 

3 1.23847 2.28148 +0.00430 2.28578 

4 1.20999 2.23777 -0.00463 2.23314 

TABLE II. 

Number 
of 

Analysis 

Method Pptd. with 
of Ag or Cl 
Pptn. in excess 

Ratio 
NaClvAg ^ 

Atomic 
"eight of 
Sodium 

1 Simul, Ag+ 0.54180* 22.993 

3 Simul. Cl” 0.541815 22.994 

2 Pour’g Cl” 0.54179 i 22.991 

4 Pour’g Ag+ 0.541833 22.996 
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FIG. 2. 
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INTRODUCTION The estimation of sulfate by precipitation as 

barium sulfate has always had inherent difficulties due to 

the phenomenon of co-precipitation. It has been found that 

the error from this cause can amount to as much as 

There have been a great number of investigations of 

this problem and, while the conclusions are not all in agree¬ 

ment, certain facts about co-precipitation have been estab¬ 

lished. These are (1) that the action is specific, (2) that 

co-precipitation takes place at the time of the formation 

of the precipitate and 0) that the amount of a salt co-pre¬ 

cipitate Is a function of the concentration of that salt in 

the precipitating solution* 

Nitrate and ferric ions appear to be the most trouble¬ 

some. The former ion gives high results when barium ion 

is in excess, while the latter gives low results when sul¬ 

fate ions are in excess. But even with these ions absent, 

the estimation of sulfates as barium sulfate gives results 

which are consistently low# 

Many explanations as to the reason for these low 

results have been given. Allen and Johnston1* for example 

have shown that the alkali sulfates are persistently co- 

preclpitated, potassium sulfate even more than sodium 

sulfate, when as little as 0*2 cc. of 20^ hydrochloric acid 

1 Allen and Johnston, J. Am. Chem. Soc., 32, 588 (1910) 
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Is present In a final volume of 350 cc. Moreover, barium 

chloride, the precipitant, itself is co-precipitated in 

amounts corresponding to 0.17$ of the weight of the barium 

sulfate. 

Popoff and Neuman3 as the result of an extended study 

of the precipitation of barium sulfate give the following 

factors which tend to “increase the chloride contamlnationt 

(1) increasing the concentration of HClj (2) decreasing the 

time of addition of KsS04;(3) increasing the excess of bar¬ 

ium chloride (beyond 15 cc. of 0.1 M); (4) Increasing the 

time of digestion from 1 hour to 24 hours; (5) employing 

the reverse and the Hahn and Otto methods3 of precipitating 

BaSQ4, rather than the regular and other recommended methods!
1 

The distinction between the two generally employed 

methods is mainly that of the sequence of adding the preci¬ 

pitant. By the regular method the barium chloride is added 

dropwlse to a hot solution of the sulfate acidified with 

hydrochloric acid. By the reverse method (Popoff) the sul¬ 

fate is added dropwlse to a hot solution of barium chloride 

acidified with hydrochloric acid« Solutions of 0.05 - 0.10 

M are usually employed with from 4 - 8 cc. of 3 M HC1 in a 

volume of 350 cc. 

9 Popoff and Neuman, Ind. & Eng. Chem., Anal. Ed., 2, 
45 (1930). 

3 Hahn and Otto, Z. anog. allgem. Chem. 126, 257 (1923). 
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It has been shown by the investigation of Popoff and 

Neuman that the reverse method of precipitation gives re¬ 

sults which are nearer to the theoretical than the usual 

and most of the recommended methods. The order of adding 

the precipitant is, therefore, instrumental in the results 

obtained. 

For this reason, a study of the precipitation of bar¬ 

ium sulfate by simultaneous addition of the reagents was 

undertaken. Further, in order that the results of this 

study might be coraoarable with those of Popoff and Neuman, 

concentration of contaminating ions, weights of precipi¬ 

tates, and other conditions, were made the same. 

MATERIALS All chemicals used were Baker's c, p. Analyzed 

quality. Triple distilled water (Cf. p. 8) was used for 

all crystallizations and solutions. The barium chloride and 

potassium sulfate used were once recrystallized with cen¬ 

trifugal drainage (Of. pp. 17-18). The 3 M hydrochloric 

acid was obtained by diluting constant boiling hydrochloric 

acid with an equal volume of water. Pyrex bottles and 

beakers were used throughout. 

SOLUTIONS The barium chloride solution was prepared by 

dissolving 16.564 grams in water and diluting to 500 cc. in 

a calibrated volumetric flask. The potassium sulfate solu¬ 

tion was prepared by dissolving 11.9^6 grams in water and 
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diluting to 500 cc. in a calibrated 500 cc. volumetric flask. 

The potassium sulfate was dried first for one hour at 300°C, 

ground in an agate mortar, and finally dried for one hour at 

275°C* Duplicate determinations of the concentration of the 

potassium sulfate solution were made by evaporating 25 cc* 

portions In a platinum crucible to dryness in an air bath at 

103°C. Heated for one hour longer at this temperature, and 

then dried in an electric furnace at 300°C for one hour. No 

vacuum corrections were applied to the weights of the salts. 

APPARATUS The precipitates were prepared in 800 cc. beakers. 

While being precipitated, the solutions were swirled on the 

Analytical Swirler described on page 4. Gooch crucibles 

were prepared in the ordinary fashion using 10 cc. of asbes¬ 

tos soup. This amount of asbestos was washed several times 

with distilled water and the mat finally sucked down tight. 

The crucible was dried in an oven for 10-15 minutes and 

then Ignited strongly over a Meker Burner for 5 minutes. 

After being allowed to cool in the desiccator, it was placed 

in the filter funnel and washed with 200 cc, distilled water. 

It was ignited a second time, allowed to cool in the desic¬ 

cator and weighed. It was'next washed with the same quanti¬ 

ty of water, ignited, allowed to cool, and weighed a second 

time. The weighings agreed on the average within 0.1 mg* 
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Crucibles so prepared filter rapidly and thoroughly with a 

medium suction. 

METHOD OF Samples of barium chloride and potassium sulfate 

ANALYSIS were drawn up into the 25 cc. pipettes of the 

precipitation apparatus (shown, in Figure 3) and the levels 

adjusted to the makr by means of' auxilary Hoffman clamps# 

An 800 ec|* beaker containing 300 cc* of boiling distilled 

water acidified with 4-cc. of 3 M hydrochloric acid was 

then placed on the Analytical Swlrler and the tips of the 

pipettes lowered to within two inches of the liquid surface* 

The Swirler was set in motion using the 5/16 eccentric and 

the clamps released so as to: cause a slow, equal flow,of 

about 1 drop every two seconds# > 

Incipient precipitation pccured in 3-4 minutes. After 

15 cc. of the reagents had been added a small pile of pre¬ 

cipitate began to stack up on the bottom center of the beak¬ 

er, but continued to be swirled around by the motion of the 

liquid. Dropwlse addition was continued for about 30 min¬ 

utes, Meanwhile, the solution had cooled to 60°C. , After 

completing the precipitation, the tips s of the pipettes were 

drained by touching to the side of the beaker three times* 

The precipitates were digested on a steam plate at 70°Co 

They became quite clear 20 minutes after completing the 

simultaneous addition. At this time 1 cc. ofbarium chlo- 
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FIG. 3 
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ride solution was added to the supernatant liquor but no 

further precipitation resulted. 

After 24 hours the precipitates were washed by decanta¬ 

tion.with two 25 cc. portions of hot water, and then trans¬ 

ferred to the Gooch filter by means of a jet of water from 

the hot water wash bottle. The sides of the beaker were rub¬ 

bed down with a “policeman" and the beaker rinsed out thor¬ 

oughly. The total volume of the filtrate and washings were 

between 550-600 cc. The last 25 cc. of wash water failed to 

give even the faintest turbidity with 5 cc. of 0.1 M silver 

nitrate. The precipitates were sucked dry and then placed 

In an oven at 126°C for 30-4o minutes. They were then 

ignited in an electric furnace for 1 hour at 800°Gj cooled 

in a desiccator in the balance room for several hours and 

the crucibles weighed by the method of substitution to the 

nearest 0.1 rag. 

RESULTS Four duplicate determinations of barium sulfate 

precipitated from potassium sulfate were made as follows. 

Barium chloride and potassium sulfate solutions were added 

simultaneously to 300 cc. of hot distilled v^ater (1) acid¬ 

ified with 4 cc. 3 M HCl; (2) containing 1 gram of c. p. 

potassium nitrate and 4 cc. 3 1 HClj (3) containing 0.35 

gram of c. p. ferric chloride (hexahydrate) and 4 cc. 3 M 

HCl and (4) a barium chloride solution and a potassium 



PRECIPITATION OF BARIUM SULFATE 35 

sulfate soultion containing 1 gram of c.p* potassium nitrate 

per 25 cc. were added simultaneously to 300 cc. of hot water 

acidified with 4 cc.; of 3 M HC1* 

Duplicate determinations of the amount of potassium sul¬ 

fate contained in the 25 cc. portions of the solution employ¬ 

ed in the precipitations as outlined above gave 0.5969 gram 

KaS04 which corresponds to a theoretical weight of barium 

sulfate equal to 0.7996. 

The weights of barium sulfate obtained are given in 

the following table. 

TABLE I Precipitation of BaS04 from potassium sulfate 

In presence of (1) HC1 (2) KN03 (3) FeCl3 (4) KNOa 

BaSO found (a) 0.7939 g. 0.8061 g. 0.7934 g. 0.8059 6 

■(b) 0.7932 0.8092 0.7924 0.8068 

mean 0.7936 0.8074 0.7929 0.8064 

BaSO^ theor. 0.7996 0.7996 0.7996 0.7996 

Inaccuracy in mg. -6.0 +7.8 -6.7 +6.8 

Inaccuracy in % -0.75 +0.98 -0.84 +0.85 

Mean Dev,, in % 0.04 0.19 0.06 0.06 
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It has been found possible to detect the present of 

occluded chloride in silver chloride precipitated by the 

pouring method by continued washing of the precipitate and 

nephelometric analysis of these washings. The most surpris¬ 

ing revealation is that the occluded chloride appears to 

wash out at a constant rate* Furthermore, silver chloride 

precipitated by the simultaneous addition of reagents appears 

to be entirely free of amounts of occluded chloride detectable 

by nephelometric analysis. The manner In which excess silv¬ 

er washes out of silver chloride precipitated by an ex¬ 

cess of silver indicates a reversed or exchanged adsorption 

mechanism. 

A lower value than the present excepted value for the 

atomic weight of sodium has been found. This is believed 

to be concordant with the fact that a lower atomic weight 

is found when silver chloride is precipitated with chloride 

in excess than when silver is in excess,, 

A study of the precipitation of barium sulfate from 

potassium sulfate shows that by the simultaneous addition 

of reagents values intermediate between those by the re¬ 

gular and reverse methods are obtained. Reference to 

Figure 4 will show this graphically. 



37 

HCI KM03 FeCI3 

I •2. 3 4 
Wa,? k. Number 

Fi Gr. 5. 

5 



SUMMARY 



SUMMARY 38 

(!) This thesis gives the results of a study of , the 

precipitation process by the simultaneous addition of re- 
,v 

agents employing a new device for swirling analytical sol¬ 

utions, which is described. 

(2) A comparison of this method and the pouring method 

of precipitation, in the case of silver chloride, indicates 

that almost a constant amount of chloride Ions is occluded 

in silver chloride precipitated by the pouring method. 

(3) Two duolicate atomic weight analyses by means of 

the nophelometer has been made on the ratio WaCl'lAg by the 

pouring and simultaneous methods of precipitation. 

(4) Barium sulfate has been precipitated from potas¬ 

sium sulfate In the presence of hydrochloric acid alone and 

in the presence of nitrate and ferric ions. 
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IMTRQDUCTION The preparation of selenium oxychloride was 

undertaken in the interest of determining the atomic weight 

of selenium. A method, therefore, which would give a good 

yield of a nearly pure product was sought in the literature. 

It was found that the greatest amount of work on selenium 

oxyh&lides had "been done by Victor Lenher1, 

A method of preparation envolving the reaction between 

selenium dioxide and selenium tetrachloride suspended in 

carbon tetrachloride was first tried on a small scale. But, 

it was found difficult to initiate the reaction even at the 

boiling point of the carbon tetrachloride. Therefore, an¬ 

other method described by Lenher was tried. 

This method consisted essentially In the partial hydro¬ 

lysis of selenium tetrachloride suspended in carbon tetra¬ 

chloride which served as a solvent medium for the selenium 

oxychloride so formed. Experiments on the small scale pre¬ 

paration of the oxychloride in this manner gave encouraging 

results. A larger scale preparation was carried out, but, 

after encountering poor yields, besides the multiplicity of 

steps involved in the preparation of the oxychloride by this 

method, It was decided to try the reaction described by 

Gammeron and Macallan.® Though published in another Journal 

1 Victor Lenher, J. Am. Chem. Soc., 42, 2498 (1920). 
8 Cameron and Macallan, Chem. News, §2, 269 (I889); 

Proe. Roy. Soc., 46, 35 (1890). 
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both of the references were essentially the same and were 

stated as follows.* 

<lIt may be useful here to mention a reaction hitherto 

unde scribed, by which selenium oxychloride can be obtained. 

It consists In distilling a mixture of sodium chloride and 

selenium dioxide. The reaction is a simple one. 

2#e0^ <«■ 2NaCl s'. If&aSsQ^ +■■ SeOCle 

Half of selenium remains as sodium selenite.0 

This last named method was followed with a few modifi¬ 

cations in the preparation of the greater part of the selen¬ 

ium oxychloride made during this investigation. A descrip¬ 

tion of the experimental details employed in the various 

preparations is given below. 

EXPSRIMENTAL The details of the procedure for the prepara¬ 

tion of selenium oxychloride by the partial hydrolysis of 

selenium tetrachloride is described in Preparation Ho.1. In 

Preparation No. 2. and subsequent preparations distillation 

of a mixture of sodium chloride and purified selenium diox¬ 

ide was employed. 

PREPARATION No. 1. Approximately 200 grams of dried, 

powdered selenium were added to 1500 cc* of c. p. carbon 

tetrachloride contained in a two liter round bottom flasfe; 

the whole agitated with an electric-motor-powered glass 
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stirrer, and a slow stream of dried chlorine gas bubbled 

into the mixture. The liquid immediately began to turn a 

light brown, darkening with continued passage of chlorine 

due to the formation and solution of selenium monochloride 

in the carbon tetrachloride. The powdered selenium was 

directly chlorinated to selenium monochloride and selenium 

tetrachloride. The latter compound, however, Immediately 

reacted with the excess selenium present to form selenium 

monochloride. 

Equations representative of these reactions are* 

2 Se 4 O
 

&
 II
 Se 01 

a a (1) 

Se Cl 
a a 

4 3C1 s 
0 

2SeCl 
4f 

(2) 

SeGl 
4 

4 3Se s 2Se Cl 
a a (3) 

After all the selenium present was converted to the 

monochloride, the deep brown liquid began to take on a 

creamy appearance due to the precipitation of selenium tet¬ 

rachloride which is insoluble in the carbon tetrachloride 

dispersion medium. 

Toward the end of the chlorination of selenium to the 

tetrachloride small amounts of chlorine began to escape from 

the exit tube, detectable only by holding the mouth of a 

dilute ammonia bottle close to the exit tube. When dense 

clouds of ammonium chloride began to be formed, chlorination 

was considered to be practically complete and the chlorine 
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supply shut off* Agitation was continued for one hour long¬ 

er* however, before dried air was admitted in order to re¬ 

move as much of the dissolved chlorine from the carbon tet¬ 

rachloride in this manner as possible, and to allow time for 

the last traces of selenium to be chlorinated. The passage 

of dried air was continued overnight without agitation, but 

stirring was resumed the next morning until chlorine could 

not be detected in the exit gas. 

At this point 95% of the water necessary for the par¬ 

tial hydrolysis of the selenium tetrachloride to selenium 

oxychloride was admitted in slow,drop-wise fashion through 

a separatory funnel in the stopper. Large amounts of hydro¬ 

gen chloride became detectable from the exit tube and the 

mixture gradually became less viscous. On completion of 

adding water in this manner, air saturated with water vapor 

at room temperature (25°-3Q°G) was bubbled through the mix¬ 

ture to bring the partial hydrolysis to a slow completion* 

SeCl^ * HaQ = SeOClg + 2HG1 (4) 

The selenium oxychloride thus formed Is soluble in the 

carbon tetrachloride. To remove as much of the absorbed 

hydrogen chloride as possible, dry air was bubbled through 

the mixture at a slow rate for about three hours. A fast 

rate being purposely avoided in order to reduce the loss 
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of the oxychloride to a minimum. 

The carbon tetrachloride solvent medium was now remov¬ 

ed by gnetle distillation of the mixture. The carbon tet¬ 

rachloride distills over from 760-8Q.°C. As the last 100 

-ISO cc. of the carbon tetrachloride is being removed the 

liquid in the distilling flash begins to darken to a brown¬ 

ish red color. This deepening in color is due to the 

thermal decomposition of the selenium oxychloride. That 

fraction distilling between 80°-175®C amounting to 25-35 cc. 

was rejecWd as containing principly carbon: tetrachloride 

with some dissolved oxychloride. The selenium Oxychloride 

distills over between 175°-178®C at ordinary pressures, 

with the bulk of the distillate coming over between 176°- 

1J7°C. The selenium oxychloride thus recovered is a heavy 

red-brown liquid. This red brown color being due no doubt 

to dissolved selenium monochloride, since the oxychloride 

decomposes somewhat when distilled at ordinary pressures. 

Some 50-60 grams of selenium oxychloride prepared by 

this method solidified with difficulty in a freezing mix¬ 

ture at -10°0 to a red-orange mass of needles. 

PREPARATION No, 2. An intimate mixture of sodium ch¬ 

loride and selenium dioxide was heated in a retort on a sand 

bath to around 210°-240^C. At this temperature the oxychlo¬ 

ride began to distill over slowly as a viscous, pale yellow 
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liquid. This darkened somewhat on standing three \?eelts, due 

no doubt to absorption of moisture or photochemical decom¬ 

position or both. A good yield, about 60-7G/£ of the theo¬ 

retical was obtained. A yield this low* however, was due to 

sublimation of some of the dioxide to cooler portions of the 

neck of the retort, thereby removing it from contact with 

the sodium chloride which was mixed in 100^ excess. This 

distillate soldlfled easily in an ice-salt mixture and melt¬ 

ed again at 8®-10oG on gradual warming. This product seemed 

so superior to the one obtained by hydrolysis of the selen¬ 

ium tetrachloride that it waB decided to continue the use 

of this reaction in a modified procedure, 

PREPARATION No. 3* Starting this time with freshly 

prepared, thoroughly dried and powdered selenium dioxide 

and sodium chloride powdered to such finess that 100fa passed 

through a 100 mesh sieve. The dioxide and chloride were 

thoroughly mixed in'the ratio of 1*3 of the theoretical 

amount required. This intimate mixture consisting of 165 

grams (0.735) mole, dioxide and 258 grams of sodium chloride 

and loosely packed In a 500 ee. Keldahl Flask with side arm 

and receiving bulh and a layer of 80-100 grams of granular 

G.P. sodium chloride placed on top. This amount of selenium 

dioxide would theoretical yield 50 cc. or 122 grams of sel¬ 

enium oxychloride. 
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The distilling flask was then connected to a vacuum 

pump and evacuated to 0.005 mm, pressure* To remove the 

last traces of water by means of phosphorous pentoxide 

the flask was heated in an air bath for 36-48 hours at 120- 

150®C. On raising the temperature to 230-24O4G the oxychlo¬ 

ride began to distill over slowly and condense In the receiv¬ 

ing bulb, Heating at this temperature was continued for 48 

hours and the temperature then raised to ,300-330°Cf in order 

to bake out the last traces of selenium oxychloride adsorb¬ 

ed by the selenium dioxide which by this time had begun to 

collect in the upper portion of the neck. The neck of the 

flask was warmed gently with a luminous flame arid the recelv- 
v 

ing bulb cooled gradually by Immersion In a carbon dioxide 

alcohol mixture. This treatment was continued at intervals 

of 3-4 hours until practically all of the oxychloride was 

driven off. The receiving bulb was then sealed off at the 

capillary and the sample thus obtained, preserved in the seal¬ 

ed bulb, 

RECOVERY OF SELENIUM For additional preparations the 

selenium was recovered from the residues In the distilling 

flask by dissolving the contents of the flask in 2 liters of 

pure distilled water, filtering and diluting 1000 cc. por¬ 

tions to 1800 cc. This solution contained in a 2 liter 

beaker was agitated by means of an air powdered glass stirrer 
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and sulfur dioxide slowly bubbled into the liquid. After 

about five minutes concentrated C. P. hydrochloric acid was 

added slowly until the solution began to take on a yellow- 

orange tinge. Addition of hydrochloric acid serves to 

accomplish the reduction of the selenlc Ion to the selenous 

ion which is then precipitated as the very finely divided^ 

red amorphous selenium by the sulfur dioxide in this acid 

medium. Prom time to time the bulk of the precipitated 

selenium was filtered off and small additions of hydrochlo¬ 

ric acid made until no more selenium was formed and the es¬ 

cape of sulfur dioxide from the surface of liquid was quite 

noticeable. On completion of the precipitation the residues 

of the red selenium were combined and washed thoroughly by 

suction with cold water. 

The selenium was now transferred to a 2 liter beaker, 

approximately 1800 cc. of cold distilled water added, and 

the whole agitated for several hours. The wash water was 

changed six times; the filtrate from the sixth washing show¬ 

ed only slight turbidity with silver nitrate. A seventh 

quantity'of wash water was then added, the whole agitated 

thoroughly and the temperature of the water brought up to 

60°C and maintained at- this temperature by heating with a 

Bunsen flame for 4 hours longer. This treatment with hot 

water was repeated once more after which the filtrate gave 
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no turbidity when tested with silver and barium nitrates 

■respectively.; 

The selenium, which by this elevated temperature treat¬ 

ment had turned from red to a greyish-black color and had 

become somewhat coarser, was filtered off, dried with suc¬ 

tion transferred to a 250 cc. casserole and placed in an 

oven at 130®C to dry. As soon as the weight of the casserole 

and selenium became constant after eight hours of drying be¬ 

tween weighings, the powder was transferred to a deep pro- 

celaln casserole and treated with 25 cc. portions of fuming 

nitric acid until the brown fumes of nitrogen dioxide ceased 

to be vigorously evolved. The casserole was now planed on a 

small electric hot plate and heated to dryness. The dried 

mass took on an orange-pink tinge due to the reduction of 

the selenium dioxide by dust particles. This reduction was 

prevented after further treatment with fuming nitric acid 

by placing an 8 inch watch glass over the casserole. Con¬ 

tinued heating resulted in sublimation of the greater por¬ 

tion of the selenium dioxide into long, snow-white needles. 

This was mechanically separated from the darker portion and 

preserved in a paraffin sealed glass stoppered bottle. The 

dark portion was again treated with fuming nitric acid and 

heated until practically all of the selenium dioxide sub¬ 

limed In long needles® 
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It has been stated by some workers3 that selenium diox¬ 

ide does not sublime In a perfectly anhydrous form from the 

acid, therefore, further drying in an oven of the powdered 

product at a temperature of 130°C supplimented the sublima¬ 

tion in order to obtain a product of minimum water content# 

PREPARATION No, 4, The weights of materials used were: 164 

grams of powdered selenium dioxide and 260 grams of pulver¬ 

ized sodium chloride. These were ground together In a motar 

in small portions using approximately 25 grams of selenium 

dioxide and 35 grams of sodium chloride. On grinding the 

mixture became only slightly damp due to the absorption of 

water by the selenium dioxide, which was kept in a desiccat¬ 

or and the small portions taken at intervals. As soon as 

each batch of material was mixed sufficiently, the mixture 

was quickly transferred to the 500 cc. distilling apparatus. 

After all material had been ground pulverized sodium chloride 

was packed on top_to fill to within about 2 inches of the 

outlet tube. The neck of the distilling flask was then 

Bealed up the flask connected to the vacuum pump. 

Absorbed air was drawn off slowly after which the flask 

was heated and maintained at a temoerature of 100-100° for 

the purpose of driving off the water. After completely dry- 

J. Janek and J. Meyer, Ber., 55B 2082 (1922). 3 
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ing the materials at this temperatue the distillation ap¬ 

paratus was sealed off with a pressure of 0.001 mm. 

The temperature of the air bath was raised slowly at 

convenient intervale during the next 48 hours, but no visi¬ 

ble distillation occured until a temperature of 215°C was 

reached. The temperature was then raised to 270°G and heat¬ 

ing continued until practically all of the selenium oxych¬ 

loride obtained in previous preparations had distilled over* 

The receiving bulb was sealed off and kept in the dark. 

PREPARATION NO. 5* The experimental details followed in 

this preparation were the same as that of the previous one, 

except that 186 grams of selenium dioxide and 295 grams of 

sodium chloride were used in the mixture. The distilling 

flask was sealed off under a pressure of 0.001 mm. 

It may be mentioned, here, however, that throughout the 

foregoing preparations it was observed that the first selen¬ 

ium oxychloride which distilled over was a red-brown, where¬ 

as, the middle and end portions were practically colorless.' 

DETERMINATION OF YIELDS A tare weight was obtained on the 

receivers of the five preparations and the bulbs packed in 

ice shavings. The bulbs were then opened in turn and each 

emptied into the first distillation system the flask of 

which was chilled so as to solidify the selenium oxychlo- 
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ride as fast as it was poured in. The empty bulbs were then 

weighed and the following yields determined. About 80 grams 

were obtained from the first preparation, whereas, the other 

four preparations averaged about 39 grams, 

DISTILLATION OF At the beginning of this investigation it 

SELENIUM was believed that selenium oxychloride could 

OXYCHLORIDE eventually be highly purified by meanB of 

vacuum distillation, 

No less than five distillations' in vacuum were attempted 

without giving more than one satisfactory separation of the 

gaseous impurities. The succeeding distillation resulted in 

partial decomoosition of the selenium oxychloride into its 

components, 

CONCLUSION Attempts to fractionate selenium oxychloride have 

resulted in a thermal decomposition of the compound, when 

chlorine is removed from the vacuum distillation system. It 

is believed therefore, that the best means of purifying the 

oxychloride is by distillation at ordinary pressures in an 

atmoaohere of chlorine. In this manner all other impurities 

may be made to separate from the oxychloride. The problem of 

purifying selenium oxychloride for atomic weight purposes re¬ 

solves itself into the subsequent removal of the chlorine by 

alternate freezing and warming the oxychloride and sweeping 

out the chlorine thereby released by means of some inert gas. 
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