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THS METHOD 

It is the purpose of the present investigation to attempt the 

purification of nitrosyl chloride by means of a process of distil¬ 

lation in vacuo, in order to arrive at a value for the atomic 

weight of chlorine through a determination of the ratio Ag : N0C1 

: : 100 : x. 

Nitrosyl chloride was prepared by the action of pure, dry 

hydrogen chloride on nitrosyl sulfuric acid. The nitrosyl sul¬ 

furic acid was obtained by the reaction of pure, dry sulfur di¬ 

oxide with fuming nitric acid. The two reactions were carried 

out in an apparatus made entirely of glass. The nitrosyl chloride 

thus obtained presumably contained only hydrogen chloride as an 

impurity. Since by ftpy practical method of preparation it is 

necessary to leave some impurity in the nitrosyl chloride, the 

above method of preparation was devised with the idea in mind 

that an excess of hydrogen chloride is probably more desirable 

than an excess of any other material which it is possible to 

leave in excess in the preparation. 

In brief, this new method of preparing the nitrosyl chloride 

k 
has two unique advantages. It leaves only one impurity in the 

nitrosyl chloride, and the low boiling point of this impurity 

lends itself to the. more ready separation of the two substances 

by fractional distillation. 

The nitrosyl chloride obtained by the above method was sub- 

■see.,Vioutsvsr, e<l. 



jected to fractional dietillation in vacuo. In all cases, the 

nitrosyl chloride was treated in all-glass vessels from which 

air and water vapor were carefully excluded. The product finally 

chosen for analysis was distilled into a number of small, highly 

evacuated glass bulbs. 

For the purpose of analysis, one of these sealed, weighed 

bulbs was broken in a slight excess of ammonia solution contained 

in a heavy-walled glass bottle fitted with a carefully ground 

glass stopper. After the ammonium chloride had been absorbed, 

the solution was poured through a quantitative filter, upon 

which the glass fragments were collected after complete washing. 

The tip of the bulb was, when necessary, crushed with a glass 

rod, in order to prevent the possible inclusion of solution. 

The solution was then acidified with nitric acid. 

In the preliminary analyses the solution was precipitated 

with an excess of fifth to tenth normal silver nitrate solution, 

and the resulting silver chloride, after appropriate washing, 

was collected and weighed in a Munroe crucible of known weight. 

From the air and water weights of the sample bulb, the weight of 

the glass fragments, and the final weight ofsilver chloride 

obtained, the results of the analysis were computed. 

In the final analyses, the calculated amount of pure silver 

dissolved in nitric acid, corresponding to the weight of nitrosyl 

chloride in the sample, was added to the filtered solution. With 

the aid of standard solutions, the analysis was finally adjusted 



to the correct end-point, which was determined nephelometrically. 

From the air and water weights of the sample bulb, the weight of 

the glass fragments, and the final weight of silver added the 

results of the analysis were calculated. 

In the event of completely purifying the nitrosyl chloride, 

the results may be used to calculate the atomic weight of chlorine. 

This method, which consists in comparing nitrosyl chloride with 

silver as a standard, has not been used previously in atomic weight 

work. The general method of analysis, however, in which a compound 

furnishing chloride ions either by solution or by hydrolysis is 

balanced against silver nephelometrically, has been employed in many 

atomic weight determinations, and has been found to be an extremely 

accurate analytical process. It has been a considerable part of the 

work of this investigation to show the applicability of this method 

in the determination of the nitrosyl chloride-silver ratio. 

The formula for the atomic weight of chlorine, using this 

ratio, is: 

Cl = (wt. of N0C1) (107.880) - 30.008 
(wt. of Ag) 

where the ratio term equals approximately 65.46. An error of one 

part in 65,000 in determining this ratio by the analysis of nitrosyl 

chloride causes an error of one part in 35,000 in the atomic weight 

of chlorine. That is, an error of one part out of 65,000 in the 

analysis places the second decimal place of the atomic weight in 



no error, and the third decimal place of the atomic weight in 

error by one unit. It has been attempted in this research to 

eliminate any error greater than one part in 250,000, but/it 

seems almost too much to hope that the final results will in¬ 

dicate that this degree of accuracy has actually been attained. 

The three terms in the above equation,—the atomic weight 

of chlorine, the ratio term, and the term to be subtracted,— 

are of the same order of magnitude. Mathematically, this represent 

an unusually favorable condition; and a determination of the 

nitrosyl chloride-silver ratio to a considerable degree of accur¬ 

acy should give a good value for the atomic weight of chlorine. 

It is of further advantage that a minimum number of antecedent 

atomic weights are needed in the calculation, and that these are 

among the best known of all of the atomic weights. 



PURIFICATION OF REAGENTS 

Vlater 

Pure water was prepared in the customary 

fashion by double distillation of ordinary once 

distilled water. The first distillation was from 

an alkaline permanganate solution containing about 

a half inch piece of stick sodium hydroxide and 

sufficient potassium permanganate to make a very dark 

solution. The distillate from this distillation 

was redistilled, this time from a solutiom contain¬ 

ing 5-6 drops of dilute sulfuric acid. In both 

cases the condensers were of block tin tubing, cop¬ 

per jacketed. These condensers v;ere fitted to 3 

liter Pyrex flasks with constricted necks. The 

connection between the tin and the constricted neck 

was sufficiently tight so that the water which con¬ 

densed at this joint made a satisfactory seal. It 

was unnecessary to use any rubber or cork connections. 

The water was collected in Pyrex flasks, or non-sol 

bottles, generally just before using it. 

Nitric Acid 

Ordinary concentrated c. p. nitric acid 

was distilled from a glass stoppered Pyrex distilling 



flask, through a Pyrex condenser, and collected in a 

soft glass "bottle. The acid was always distilled just 

before using it. The first third of the distillate was 

rejected. The last two thirds was considered to be pure 

nitric acid, having a strength of about 16 normal. A 

residue of about one-tenth of the initial volume was 

always left in the stilj|at the end of a distillation. 

Hydrochloric Acid 

The pure acid used in the purification of the 

silver was always prepared by distilling a solution made 

by mixing ZO volumes of ordinary c. p. hydrochloric acid 

with 15 volumes of distilled water, through the same 

still used for nitric acid. The last three fourths of 

the distillate were collected in a Pyrex flask. This 

portion was assumed to be a pure constant boiling mix¬ 

ture containing approximately 20.24 of hydrogen chlor¬ 

ide, that is, about 6 normal acid. 

Sulfuric Acid 

The sulfuric acid employed in drying towers 

and wash bottles was always heated to fuming just be¬ 

fore use. In some cases, where no harm could result, 

a few crystals of potassium permanganate were added to 

the acid before heating. 

Ammonia 

All ammonia used in this research was always 



prepared just previous to use. Concentrated c. p. bulk 

ammonia was gently boiled in a 250 cc. glass stoppered 

Pyrex distilling flask. The vapor was led through a bent 

thistle tube fitted into the side arm of the distilling 

flask, directly to the surface of cold water in a cover¬ 

ed Pyrex beaker cooled in ice. The apparatus was made 

completely of glass. "Water seals” joining the parts 

of the apparatus were found to be entirely adequate. 

Phosphorus Pentoxide 

Ordinary c. p. phosphorus pentoxide was sub¬ 

limed in a current of oxygen, in an iron-glass apparatus 

of the same type recommended by Finch and Peto^. 

Calcium Oxide 

The pure lime on which the silver used in the 

nephelometric analyses hereinafter recorded was prepared 

at Reed College, Portland, as follows: Calcium carbonate 

vas dissolved in pure nitric acid. A slight excess of 

the carbonate was filtered out, leaving a "neutral” 

solution of calcium nitrate. Six reerystallizations of 

the salt as the hydrate were carried out in silica dishes. 

The crystals were centrifuged after each crystallization, 

the mother liquor being rejected each time. 

Ifine tenths of the final product was dissolved in 

purest water. The calcium was then precipitated as cal- 

1. J. C. S., 121, 692, (1922). 



cium carbonate by the addition to this solution of 

ammonium bicarbonate solution. The ammonium bi¬ 

carbonate was formed by the direct union of ammonia 

and carbon dioxide passed simultaneously into water 

contained in a Pyrex beaker. The carbon dioxide was 

made by the action of hydrochloric acid on marble 

chips and was purified by bubbling through two wash 

bottles containing potassium permanganate solution 

and two containing sodium carbonate solution. 

The precipitated calcium carbonate was collected 

on a filter, washed, drained, and finally ignited in 

porcelain crucibles in an electric furnace heated to 

about 900 degrees C. The resulting lime was kept in 

glass stoppetifced bottles, and when ready to be used was 

mixed with about one-tenth its weight of the pure 

moist, hydrated calcium nitrate. This mixture was 

tightly packed into a porcelain crucible, using a 

porcelain spoon, and heated to about 1000 degrees C., 

to form a surface upon which the silver might be fused. 

During the course of the past year at Rice Insti¬ 

tute, more pure lime has been prepared, for use in 

fusing the silver to be used in the final analyses.-^- 

.1* Note: The analyses completed at this time are 
considered as a preliminary series. 



In this preparation, the procedure outlined by Richards 

and Wells-*- has teen closely followed. 

Silver Nitrate 

The silver nitrate used in the gravimetric 

analyses was made by precipitating ordinary c. p. 

silver nitrate from a saturated, filtered solution 

with concentrated, pure nitric acid. The resulting 

product was dried in platinum, and was considered 

sufficiently pure for the purpose of analysing the 

samples of nitrosyj. chloride which v/ere known to 

contain an excess of hydrogen chloride. 

Silver 

The silver used in the nephelometric 

analyses hereinafter recorded was purified at Reed 

College, Portland, during the spring and summer of 

1925. 

Reduced silver from previous atomic weight 

analyses was dissolved in c. p. nitric acid, and the 

insoluble material was filtered off. The silver was 

then precipitated from a dilute solution with an ex¬ 

cess of c. p. hydrochloric acid. Vigorous shaking 

in 4 liter non-sol bottles soon caused the precipitate 

to coagulate and settle. The silver chloride was 

repeatedly washed and shaken with ordinary distilled 

1. J. A. C. S., 27, 459, (190$) 
O # 



water until the washings were neutral, as shown "by 

tests with methyl red indicator. 

This silver chloride was next reduced by a sol¬ 

ution of sodium hydroxide and sugar. An amount of 

sodium hydroxide approximately equal to three equiv¬ 

alents of the silver chloride was dissolved in its 

own weight of water, and the resulting solution was 

electroly ed in a large porcelain beaker. A large 

platinum gause electrode was used as the anode, while 

a platinum crucible served as the cathode. After the 

first two hour electrolysis, the poles were reversed, 

the electrodes being washed with concentrated hydro¬ 

chloric acid. A 5-10 ampere current was then passed 

through the solution for sixteen hours, the cathode 

being removed and washed every two hours. At the end 

of ten hours tests made upon See. portions of the 

solution, which were neutralised with hydrochloric 

acid and treated with potassium sulfocyanate solution, 

indicated that there was no iron left in the sodium 

hydroxide. The electrolysis, however, was continued 

for six hours. The solution was then filtered through 

asbestos into a Pyrex flask, and used very shortly 

after in reducing the silver chloride. 

It may be mentioned here that after this first 



electrolysis it was decided tb make the test for iron 

more delicate by testing the washings from the cathode 

instead of samples of the solution. Other improvements 

were made in the cell itself. The cover, which at 

first was a thin board coated with paraffin, was re¬ 

placed by a glass plate. Also, the necessity of using 

a rubber stopper for holding the crucible electrode 

was eliminated by using a heavy platinum spiral for 

the other electrode, in place of the crucible. 

A sugar solution was prepared by dissolving cane 

sugar in a small amount of water and filtering out 

the insoluble impurities with filter paper. This 

solution was mixed with the sodium hydroxide solution 

and added to the thoroughly washed silver chloride 

contained in a large porcelain dish. This mixture 

was heated until all of the chloride was reduced, 

and the reduced silver was washed with ordinary dis¬ 

tilled water until the washings no longer gave a 

black precipitate with silver nitrate solution. 

The operations just described,—solution of the 

silver, precipitation as silver chloride, and the 

reduction of the chloride, were repeated at this point. 

This time, however, only purified reagents and the 

best distilled water were used. The electrolysis of 



the sodium hydroxide required about 48 hours of con¬ 

tinuous running, with a 7 ampere current passing thru 

the cell. At the end of this time, the washings from 

the cathode, after a two hour electrolysis, gave no 

test for iron with potassium sulfocyanate. With the 

few modifications noted above the whole process was 

carried out just as in the first treatment. 

The thoroughly washed silver obtained from this 

second reduction was dried in a porcelain dish, using 

a hot plate with an asbestos covering. An attempt was 

then made to fuse the silver on sufear charcoal, which 

was obtained by carbonizing cane sugar in a porcelain 

dish over a low flame. After five days, during which 

about one-third of the total silver was lost, the method 

was abandoned as unsatisfactory. 

As an alternative, pure lime was packed into 

small porcelain crucibles, and the silver was fused on 

this. An ordinary air blast burner, with city gas, 

was used in the fusion. Before the fusion, the burner 

was completely overhauled, cleaned, and fitted with a 

platinum tip. The air and gas used were filtered 

through cotton packed in ïï-tubes. A considerable 

quantity of dust appeared to be removed by this fil¬ 

tration. 



On fusion, the silver was observed to pull to¬ 

gether into a small ball, which rolled around on the 

lime tinder the force of the air blast. Silica, un¬ 

reduced silver chloride, and lime collected on the 

surface of the molten silver. The molten silver balls 

were cooled in the reducing flame to prevent spitting 

of dissolved oxygen. The cooled silver buttons were 

dropped into pure water. Finally, each button was 

scoured with white sand, which was cleaned by boiling 

with aaua regia. The scoured buttons were washed, 

scrubbed with a tooth-brush, and etched with hot, 

dilute nitric acid. 

This fusion with the air blast was not a very 

satisfactory procedure, principally because only small 

buttons of silver could be easily handled at the temp¬ 

eratures reached in the flame. 

The etched silver buttons were further washed 

with best water, and dissolved in best nitric acid. 

This nitric acid solution was neutralised with 

freshly prepared ammonia solution. C. p. formic acid 

was distilled once through the same still used for 

nitric acid. It was also neutralised with ammonia. An 

excess of the ammonium formatwas then added to the 

1. J. A. C. S., £7, 459, 1905. 



silver nitrate solution. The reduction of the silver 

was completed by toiling the mixture decanted from the 

main precipitate of silver. This reduced silver was 

very thoroughly washed with test water until the wash¬ 

ings gave no test for ammonium salts with Nessler's 

reagent. The silver was dried in a porcelain dish on 

a hot plate. 

The silver was again fused, on a ted of purest 

lime in an electric furnace. The electric furnace 

was made as descrited telow. Twenty-two feet of #18 

nichrome wire was wrapped around a three-sixteenths 

inch iron rod, using a lathe. The turns were care¬ 

fully pulled apart, to prevent possible short circuit¬ 

ing. The spiral spring thus formed was wrapped around 

a 150 cc. silica beaker, using asbestos wieking to 

fasten and insulate the turns. The whole was then 

coated with insolute (not necessary) on the outside, 

and packed into a large crucible with magnesium oxide, 

completing the packing with moist sheet asbestos to 

hold the light powder in place. The mouth of the fur¬ 

nace was filled by a silica crucible cover. After 

drying for a few liours at a low temperature, the fur¬ 

nace was ready for use. It may be noted that in oper- 



ation the furnace temperature should not "be allowed 

to rise very much heyond the point at which the silver 

first fuses easily. 

On the whole, the fusion with the electric furnace 

represented a very decided improvement over the first 

fusion. It was found that large silver buttons could 

he fused, cooled, and removed from the furnace in from 

thirty to forty minutes. The warm silver buttons were 

handled with a porcelain spoon. The molten silver 

was always cooled in the reducing flame from the plat¬ 

inum tipped burner, to prevent spitting of dissolved 

oxygen. 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 thoroughly 

with water. They were kept in best water until used 

for electrolysis. 

The final step in the purification of the silver 

was the solution and deposition of these silver buttons 

by electrolysis. For this purpose an electrolytic cell 

was made. A short length of combustion tubing, placed 

on a pordelain crucible lid, formed an anode chamber 

which prevented the anode slime from getting out to 

the electrolyte. Three or four buttons piled on top of 



each, other within this chamber served as the anode. The 

various parts of the cell and the silver were always 

handled with glass or porcelain tools designed for the 

purpose. The electrolyte was a solution of silver nitrate, 

made by dissolving one large button in nitric acid, 

evaporating the solution to dryness, and redissolving 

the dry salt in best water. The cathode was first one 

of the silver buttons, standing half-immersed in the 

electrolyte on a little glass stand. later, after the 

electrolysis had gone on for some time, two long, thick 

crystals of silver were selected to be used as electrodes 

in the cell. Each was suspended to make the desired 

contact by means of a platinum wire wrapped around one 

end. In all cases the wire was kept out of contact with 

the solution. The cell was made from a glass crystal¬ 

lizing dish, large enough so that 100 com. of electrolyte 

was less than half an inch deep in the dish. Another 

dish made a close fitting cover. The whole was covered 

by a still larger dish, its edges resting on a wet cloth. 

In the operation of the cell the current was adjusted 

so that fairly large silver crystals were formed. Prom 

time to time the crystals were raked back to prevent thètr 

bridging across to the anode; and the larger crystals 

were removed with a glass rake. The crystals were kept 



in the purest water, and after being washed completely 

free from the electrolyte, they were dried in porcelain 

over a hot plate. 

The dry crystals were then fused into small buttons 

on pure lime in a current of pure hydrogen. The apparatus 

used in purifying the gas consisted in a series of towers 

filled with glass beads and various washing solutions. 

The hydrogen was obtained electrolytieally from a large 

cell. The electrodes were of nickel gause, while the 

electrolyte was a 10fo solution of sodium hydroxide. The 

gas was passed from the cell through two towers of beads 

to condense the electrode spray; through two drying 

towers containing concentrated sulfuric acid; through 

a bulb containing a hot tungsten filiament, for remov¬ 

ing oxygen by combustion; over fused sodium hydroxide 

in a long tube; through a tube of burnt-out wood char¬ 

coal; and finally through a tube of phosphorus pentoxide 

mixed with beads, into the tube furnace. The tube of 

charcoal was included for the purpose of removing ni¬ 

trogen from the gas. 

The furnace was made by wrapping a silica tube 

about 16 inches long and 1 inch in diameter with HO ft. 

of #20 nichrome wire. The turns of wire were haId and 

insulated with asbestos wicking. The whole was then 

wrapped with moist sheet asbestos to a diameter of about 



5 inches. Temperatures sufficient to melt copper were 

easily attained in this furnace. 

For the fusion, large porcelain boats were lined 

with pure lime. The dry silver was placed in these, 

and they were pushed into the furnace. The ends of the 

tube were fitted with silver plated, water-cooled 

Hempel stoppers, through whibh the hydrogen passed. 

Thin sheets of rubber made the joint between the tube 

and stoppers tight. The silver was fused, and the 

buttons were allowed to cool in a current of hydrogen 

before they were removed from the tube. After washing 

with dilute nitric acid to remove any lime on the sur¬ 

face, the buttons were twice etched with nitric acid. 

Between etchings they were washed with the best water. 

Finally, these buttons, along with some elec¬ 

trolytic crystals which had not been fused, were dried 

in a high vacuum, in a quartz tube heated to about 

400 degrees C. After cooling in the vacuum, the silver 

was placed in glass dishes and kept in a desiccator over 

fused sodium hydroxide until used. 

Tests of specimens of silver which had undergone 

a process of purification similar to the one just de- 

scribed* shew that silver purified in this mnner has 

Baxter,' jfï!" S" 44' ^’ (192Z>> 



a purity more than sufficient for the purpose of atomic 

weight analyses. 

^During the past year 500 gm. more of silver has 

"been purified hy the same general process as that out¬ 

lined above. It has been possible in this purification 

to improve the technique considerably, more fine apparatus 

now being available. The two initial fusions of the 

silver were both carried out on a bed of lime in an 

electric furnace made from a silica beaker as herein¬ 

before described. The electrolyses of the sodium hydroxide 

for the reduction of the silver chloride were carried 

out in a large platinum dish, with platinum electrodes. 

Before use, this solution was filtered through a Monroe 

crucible, where it was before necessary to use an 

asbestos mat. The purification of this silver was halted 

by the inopportune breaking of the furnace for the third 

fusion. The porcelain glase on the tube of this furnace, 

which was entirely new, was melted at a temperature 

between 900 and 1000 degrees C., as registered by a 

calibrated thermocouple. The porcelain boats in process 

of preparation for the fusion were melted tightly to the 

tube. It is recommended that only unglazed porcelain 

be used in furnaces operating at these somewhat elevated 

temperatures. 

The purification of this silver will be continued 



after a new furnace has been constructed. 

Sodium Hydroxide 

The purification of the sddium hydroxide used in 

the reduction of the silver chloride has been described. 

The sodium hydroxide used in towers was a concentrated 

solution of ordinary c. p. sodium hydroxide made up 

with distilled water and boiled for a few minutes just 

before using. 

The fused sodium hydroxide used in drying the hydrogen 

gas and in desiccators was prepared by fusing ordinary 

e. p. stick sodium hydroxide in a nickel crucible. A 

few crystals of potassium permanganate were dropped into 

the clear melt, which was then poured onto a slab of 

clean marble. The flat sheet obtained in this manner 

was quickly cut into small pieces with a clean chisel. 

The product, which has a deep green color, was placed in 

a stoppered bottle until ready for use. 

Other laterials 

The preparation of the reagents used in the synthesis 

of the nitrosyl chloride is described in the following 

section of this record. 

All vessels and apparatus used in this work were 

carefully cleaned before using, to prevent contamination 

of the reagents by solid impurities. Chromic, nitric, 

hydrochloric, and acetic acids, aqua regia, sodium and 



ammonium hydroxides, methyl alcohol, and ether were used 

as solvents, depending upon the nature of the suspected 

impurity. The action of the solvent, when necessary, 

was supplemented by vigorous seouring. The vessels 

were always rinsed several times, first with ordinary, 

and finally with best distilled water. 

Sodium Chloride 

The sodium chloride used in making the standard 

chloride solution was purified by twice precipitating 

it from a saturated solution v/ith hydrogen chloride gas. 

The initial material was c. p. and student analyses 

showed its purity to be of the order of 99.9^ HaCl. 

The material from the second precipitation was washed 

with best water, dried in platinum, and fused in a 

platinum crucible in an electric furnace. In view of 

its initial purity and the known efficiency of the 

method of purification adopted^, the resulting material 

was assumed to be pure HaCl. It was kept in a weighing 

bottle over fused sodium hydroxide. 

1. J. A. C. S., 27, 459, (1905). 
Pub. Car. Inst., #28, p. 15. 



PREPARATION OF NITROSYL CHLORIDE 

A. Method and Apparatus. 

Several preliminary experiments were performed in 

the search for a suitable method of synthesizing the 

nitrosyl chloride. In the last of these, a small 

sample of N0C1 was prepared by the action of dry 

hydrogen chloride on nitrosyl sulfuric acid, which, 

on analysis, gave a value of 35.471 for the atomic 

weight of chlorine. Preparations were at once made for 

making nitrosyl chloride on a larger scale by this 

method. 

The reactions involved in the preparation are: 

O v\ 

OH
>SO^HCS.-* 1riOGfl- 

OKO 

The preparation, once begun, was continuous, both of the 

reactions being carried out in the same flask. 

The apparatus used in generating and washing the 

gases used in the preparation, and the collection apparatus, 

was practically all of glass. Carefully cleaned rubber 

connections were used in the air washing train. Rubber 

connections in the towers were in all eases separated 
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from the gases by a trap of the washing solution. The 

hydrogen chloride and sulfur dioxide trains of towers 

were entirely of glass. The first ten feet of the out¬ 

let tube from the reaction flask was of glass, and a U- 

tube of phosphorus pentoxide with ground glass stoppers 

in the ends terminated this tube. The outlet opening 

proceeded through several traps and bottles of drying 

material to a water suction pump. It is recommended 

that a glass pump be used, since the issuing gases are 

extremely corrosive, and destroyed two of the metal 

pumps. Diagrams of the complete apparatus and the 

reaction flask are shown in Figures 1 and fi. The "towers 

indicated in the diagrams were all 12" x 1" tubes 

containing eighth inch glass beads moistened with the 

washing solution, through which the gases bubbled. 

B. Reagents. 

The reagents used in the preparation of the 

nitrosyl chloride are described below: 

SULFUR DIOXIDE 

Ordinary tank sulfur dioxide was washed by bubbling 

it through five towers of beads moistened with sulfuric 

acid. 

Sulfuric Acid 

For use in the drying towers and in the hydrogen 



9^ 

Air ml.î 

Dotcni of Re&c.\io^n £- 



chloride generator, ordinary c. p. sulfuric acid heat¬ 

ed to fuming and cooled, v,as prepared. 

Sodium Hydroxide 

For use in towers, ordinary c. p. sodium hydroxide 

was dissolved in an approximately equal volume of water 

in a porcelain beaker, heated to boiling, and cooled. 

Calcium Chloride 

The calcium chloride used in the air drying train 

was ordinary c. p. material through which large amounts 

of air had previously been drawn. 

Silver hitrate 

The silver nitrate solution used in the air washing 

train vas made by dissolving crystals of the ordinary c. 

p. material in water. 

Fuming Efitric Acid 

Baker’s c. p, fuming nitric acid was used. The 

analysis given for this material was: HHO3, 89-95 

HO2, trace; Cl, -.001 f>\ Ig, none; SO3, .002ÿ&; 

Fe, .003*; H. 7. M., .01 *. 

Hydrogen Chloride 

This gas vas prepared by the method described in 

Vanino’s "Bandbuch der Fraparativen Chemie"*. Concen¬ 

trated, c. p. sulfuric acid was dropped into concentrated 

1. 7ol. 1, pp. 39-40. 1915. 



c. p. Hydrochloric acid contained in a 3 liter flask. The 

mixture was warmed moderately when the initial gas evolu¬ 

tion had slowed down somewhat. The gas was dried "by 

passing it through four towers of heads moistened with 

concentrated sulfuric acid. • 

C. The Procedure. 

The actual preparation of the nitrosyl chloride used 

in this research will now he described in detail. 

Five pounds of fuming nitric acid were placed in 

the 3 liter Pyrex flaslc "C". (The letters in the follow¬ 

ing description refer to the diagrams of Figures 1 and 

2.) Sulfur dioxide vas passed into the flask through 

the tube leading below the surface of the fuming nitric 

acid. When this ?/as first done, the absorbtion of the 

sulfur dioxide was rapid. Heat was given off in the 

reaction and brown fumes appeared in the flask. The 

flask was cooled in a bath of cracked ice during the 

passing in of the sulfur dioxide. 

I^ter, the absorbtion of sulfur dioxide, while 

still q.uite strong, appeared to take place more slowly, 

and crystals of the nitrosyl sulfuric acid separated 

from the solution. The compound vaporized in the cur¬ 

rent of gas sweeping through the outlet tube and was 



carried through the outlet tube and into the absorbtion 

apparatus. None of this material went through the 

apparatus intended for the collection of the nitrosyl 

chloride, as this was connected in parallel with the 

outlet tube by a special valve, which was only opened 

when the collection of the nitrosyl chloride was about 

to begin. 

It is recommended that all connections in the outàèt 

system be made of glass. The tubes should be rather 

large; and it is not advisable to use ordinary ground 

glass stoppers in the outlet system, as the sublimate 

is likely to block the tubes at any constriction. 

In all, sulfur dioxide ms passed into the flask 

at a moderately rapid rate for about forty-two hours, 

dis continuously. When it became necessary to. shut off 

the sulfur dioxide current, the stopcock F was closed, 

G was opened, and the sulfur dioxide was replaced by 

air. During the latter stages of the reaction, when 

the tube leading into the reaction flask became clogged 

with crystals of nitrojpulfuric acid, it was opened by 

applying suction at the outlet tube and allowing concen¬ 

trated sulfuric acid to run into the inlet tube from the 

separatory funnel at "H", with stopcock "Gw open. When 

the clogging begins, it is very advisable to wire the 



stop-cocks of the apparatus in position. It was thought 

that'-the difficulty due to the "blocking of the inlet 

tube into the reaction flask might "be avoided hy hav¬ 

ing a tube leading in at the surface of the solution, 

but this tube also became clogged. 

Sometime after the crystals had begun to separate, 

the brown gas which had been coming from the mixture 

stopped for the first time. The contents of the flask 

became noticeably lighter, changing rapidly to a white 

to lemon-yellow color. It was noticed that a purple 

substance, the anhydride of the nitrosyl sulfuric acid, 

formed at points in the apparatus where the dry, color- 

less nitrosyl ohiorido came in contact with sulfur 

dioxide. 

After this stage was reached, sulfur dioxide was 

passed into the reaction flask for another three hours. 

At the end of this time a small amount of liquid still 

remained in the flask. 

About £00 com. of concentrated sulfuric acid were 

added to the mixture in the flask through the funnel at 

nHn, in small portions, while air was passing through 

the flask. Simultaneously, the flask was heated in a 

water bath to about 100 degrees C. The contents of the 



flask gradually "became liquid, and the powder in the 

outlet tube was replaced "by a yellow liquid, as air 

was kept passing through the flask. The space above 

the liquid was filled with "brown fumes of nitrogen 

dioxide, which gradually grew lighter. Air was 

"bubbled through the mixture in the reaction flask 

for about 66 hours, with the flask in a water bath 

at 100 degrees C.*, to remove all of the nitric acid 

and nitrogen dioxide. 

At the end.of this treatment, air was passed 

through the flask for another six hours, with the 

flask at room temperature. The liquid in the flask 

was a light lemon-yellow color at this time, and the 

vapor above the liquid was colorless. The outlet tube 

contained only patches of solution of the same color 

as that in the flask, and also was free of brown fumes. 

The current of air was stopped, and a tube con¬ 

taining resublimed phosphorus pentoxide mixèd with beads 

was placed between the sulfuric acid wash bottle and the 

collecting bulbs. The valve leading through the collect 

ing bulbs was then opened and the outlet tube sealed 

to direct the vapors from the flask through these bulbs. 

A current of air was drawn through the apparatus again 



to remove any moisture which might have diffused back 

into the outlet system during the sealing-in of the 

phosphorus pentoxide tube. The reaction flask and 

collecting bulbs were now in an all glass system in 

which the only possible entrance for moisture ££0® 

the air lay through stopcocks lubricated with concen¬ 

trated sulfuric acid, in a few places in the apparatus. 

1500 com. of concentrated hydrochloric acid were 

next placed in the hydrogen chloride generator. Con¬ 

centrated, c. p. sulfuric acid was dropped into this 

acid from a dropping funnel through a tube leading 

below the surface. The hydrochloric acid was warmed 

during the process, using the nlown of the hot plate. 

The evolved hydrogen chloride was dried by passing it 

through four towers of beads wet with concentrated 

sulfuric acid, and passed at a moderately rapid rate 

into the solution in the reaction flask (nitrosyl 

sulfuric acid in sulfuric acid). 

Soon green-brown fumes of 1T0C1 were noticed in 

the flask. The two collecting bulbs, in series, were 

cooled at this stage. The first bulb, "AAn, was cooled 

to about -18 degrees C. in an ice-salt mixture. The 

second bulb, "A", was cooled to about -SO degrees to 

-35 degrees with carbon dioxide snow in ethyl alcohol. 



Condensation of the nitrosyl chloride began.at once. 

The first "bulb collected the nitrosyl chloride at a 

more rapid rate, but the losses would have been great 

without the additional cooling of the second bulb 

with COg-alcohol mixture. 

The liquid in the flask, as the hydrogen chloride 

continued to pass in, changed gradually from a lemon- 

yellow color to a deep orange. 

When the first of the ftOO ccm. collecting bulbs 

was about 5/8 full and the second bull about 1/3 full, 

the second bulb was cooled to betxveen -30° C. and -50° 

C., and the cooling bath was taken away from the first 

bulb until all of the collected nitrosyl chloride was 

in the second bulb, "A". The reason for removing one 

bulb was that the reaction seemed to be slowing down 

considerably, and that large amounts of nitrosyl 

chloride were coming out of the exit tube, which, 

incidentally, led into the hood through a 10 ft. length 

of tubing, at the end of which a phosphorus pentoxide 

tube was sealed. 

When bulb "A« contained the whole of the collected 

product it was about 3/4 full. The first bulb, "AA", 

was again placed in a cooling bath of ice and salt, the 

current of hydrogen chloride was stopped temporarily, 



and tmrb "A” was sealed off at the capillary connect¬ 

ing it with nAAw. The full suction of the pump was 

then applied, and nitrosyl chloride was allowed to hoil 

away until the "bulb was a little over half full, where¬ 

upon it was sealed off completely from the air. It was, 

incidentally, fitted with a special valve to permit its 

contents to be transferred to another all-glass system. 

This bulb was estimated to contain a bout 150 cc. 

of nitrosyl chloride. 

The special seal connecting bulb "AAW to the out¬ 

let system was then opened, and a current of hydrogen 

chloride was again passed into the reaction flask. "AA" 

was cooled to about -20 degrees C. with CO^-alcohol mix¬ 

ture, and the reaction flask was heated to 100 degrees 

C. in a steam bath. The condensation of nitrosyl chlor¬ 

ide took place at a much slower rate than previously. 

A 50 # tank of carbon dioxide was used in collect¬ 

ing the nitrosyl chloride. When this became empty, the 

current of hydrogen chloride was stopped, bulb nAA” was 

sealed off from the reaction flask, and, after the full 

suction of the water filter pump had been applied for 

ten minutes, it was sealed off completely. This bulb 

was found to contain about 35 ccm. of nitrosyl chloride. 

This reaction was carried on continuously from 9:00 



A. I.I. to 4;00 £. II, the following day. The first bulb 

v/as removed at 9:20 P. II, and the second at 2;30 A. II. 

The preparation above described beçan on December 23, 

19°7, and v;as concluded on January 11, 1928. 



DISTIUATIOEf OF NITROSYL CHLORISE 

A. The Method 

The nitrosyl chloride which was prepared as described 

in the previous section of this record was subjected to 

distillation in evacuated apparatus. There were two main 

reasons for applying this method. In the first place, 

it was necessary to keep the compound out of contact with 

air and water vapor. The type of apparatus used was ad¬ 

mirably suited to this purpose. More important was the 

fact that such a distillation was considered the best 

means of removing the impurities, both known and unknown, 

from the nitrosyl chloride. The work of Stock and Priess^- 

on the removal of silicon tetrachloride from boron tri¬ 

halides may be cited as showing the effeciency of the 

fractionation effected in distillations of this type. 

While no data regarding similar purifications of 

nitrosyl chloride were available, this method of pur¬ 

ification of the nitrosyl chloride by fractional distil¬ 

lation in vacuum was adopted as the method having the 

greatest possibilities. 

B* description of a Typical Distillation. 

A diagram of the general type of apparatus used in 

1. Ber., 47, 3115. (1914)/ 



the distillations is shorn in Figure 3. Various mod¬ 

ifications of this general form of apparatus were used 

throughout in the purification. All of these were made 

wholly of soft glass. The nitrosyl chloride, until 

the final breaking of the "bulbs for analysis, remained • 

within a sealed glass system. The description of a 

typical distillation follows: 

The nitrosyl chloride was obtained for purifica¬ 

tion in a bulb such as ”An, Fig. 3., from the initial 

preparation. To this previously there had been fixed 

a valve ”Dn, with which the connection to the new sys¬ 

tem was finally made. This type of valve was first 

described by Bruner and Bekier^ in 191?. A similar 

form ms used by Briscoe and Little^ in 1914, and by 

Baxter and Starkweather3 in 1916. A modified form, 

suitable for use in fixed pieces of apparatus, is 

described by Richards and Craig.4 The writer is in¬ 

debted to Br. A. F. Scott, of Rice Institute, for the 

valves of this type used in this research. 

The bulb rtAw (the letters refer to Figure 3), 

containing the nitrosyl chloride was sealed on to the 

new system at "1” and the whole was sealed to the in¬ 

take from the vacuum system, which consisted of a 

mercury pump and oil pump in series, connected with a 

1. Zeit. fur Elek; Chemie, 18, 368. 1918. 
2. Trans. J. Chem. Soc., 105, 1310. 1914. 
3. J. A. C. S., 42, 911, (1920) 
4. J. A. C. S., 41, 131, (1919). 
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McLeod gauge, at "F”. The pumps were then started and 

operated until the pressure was reduced to at least .001 

mm. of mercury, as indicated by the McLeod gauge. 

When this vacuum had been reached, the distillation 

apparatus was sealed off from the vacuum system. The 

capillary at "H" was heated with a small flame and the 

walls were allowed to fall together. The resulting rod 

was softened by heating and was pulled apart. The two 

solid tips were allowed to cool. 

The bulb nAM was then cooled in an ice-salt mixture 

to lower the pressure of the nitrosyl chloride. The 

valve nDtt was broken by carefully tilting the whole 

apparatus and allowing the mercury-filled glass tube wp,{ 

to fall against the tip. These tips were scratched with 

a file when they were made, to insure their breaking 

properly. 

'Bulb "A* was then warmed in a water bath, which was 

never allowed to go above 15° C. The lighter fractions 
enioridft. 

of nitrosyl „were removed as desired by cooling the small 

bulbs a, b, c,......with liquid oxygen or COg-alcohol 

mixtures, and sealing off the bulbs at the capillaries. 

A larger intermediate fraction was distilled into Bulb 

wBn in similar fashion; and a heavier residue was usually 

left in "A", the initial bulb. Bulb "Bn was then sealèd 



off at the capillary "Tn, giving a new system similar 

to the initial one. Bulb nBrt was later sealed on to 

another system at E, and the process was repeated. 

The above technique ms employed throughout in 

the purification of the nitrosyl chloride. In the 

following description of the distillations it is to 

be understood that the fractions were separated in the 

manner outlined above. 

C. The First Distillation. 

Bulb "A", containing the 150 ccm. portion of 

nitrosyl chloride, was fastened to a system contain¬ 

ing another 250 ccm. bulb with a special seal, and 

five smaller bulbs of about 5-10 ccm. capacity. After 

the pressure in the new system was reduced to .001 mm. 

of mercury, the apparatus was sealed off from the 

pumps and the special seal broken to admit the con¬ 

tents of ”An into the new system. 

With bulb "A” in ice-salt at -18 degrees C., about 

5 ccm. of nitrosyl chloride was distilled into small 

bulb #1, which was cooled in a carbon dioxide saow- 

aleohol mixture. The seéL next to the apparatus fell 

together nicely, but the bulb itself could not be sealed. 

Small bulb #2 ms taken off similarly, with about 4.5 ccm. 



of ET0C1. It also contained enough hydrogen chloride 

so that it could not he sealed. Bull #3 ms removed 

in the same way, with 4.5 com. of ÏÏ0C1. Both seals 

were satisfactorily completed in the case of this 

hulh, and of hull #4, which contained 4-5 com. of the 

nitrosyl chloride. 

It ms noted that the distillation seemed to 

proceed much more rapidly after the first two hulhs 

were removed. The "such hack” through the capillary 

when the cooling mixture of COo-alcohol was removed 

momentarily, which ms noticed in the case of the 

first two hulls, could not he detected for the others. 

The main part of the IT0C1 ms then distilled into 

a 200 ccm. hulh WB", fitted v/ith a special valve of 

the type previously described. "B" was sealed away 

from the rest of the system. Bull #5 was then 

removed with the heavy fraction from "Aw. 

D. The Second Distillation. 

Bull nBn was cooled and sealed on to the evac¬ 

uated system containing another 200 ccm. hulh "Cn and 

19 small hulls. The special valve ms opened. With 

"B" in ice-salt at -18 degrees C. hulls #6 to #11 in¬ 

clusive were removed, with liquid air cooling. The 

remaining contents of "B" were then distilled into "C", 



which was cooled in an ice-salt mixture. The remaining 

small bulls were each partially filled with nitrosyl 

chloride and allowed to empty again into ”Crt. wBn was 

then removed from the system. Bulbs #12 to #24 were 

then sealed off, with nC” in ice-salt mixture at -18® 

C., and with liquid air cooling. The bulb nCw, contain¬ 

ing about 60 ccm. of HOCl, was removed from the system. 

The contents of the various bulbs was estimated as 

follows: 

6. 0.5 ccm. 12. 3.0 ccm. 18. 3.0 ccm. 
7. 2.0 ccm. 13. Blew up. 19. 2.5 ccm. 
8. 3.5 ccm. 14. 4.0 ccm. 2.0. 3.0 ccm. 
9. 2.5 ccm. 15. 3.5 ccm. 21. 3.0 ccm. 

10. 3.5 ccm. 16. 3.5 ccm. 22. 3.5 ccm. 
11. 4.0 ccm. 17. 2.0 ccm. 23. 4.0 ccm. 

24. 4.0 ccm. 

E. The Third Distillation. 

Bulb "C" was sealed to a system containing two 

S00 ccm. bulbs "D" and nEB. A vertical 16 in. by 5/8 

in. tube filled with glass beads was connected to BDn, 

and led into bulb BEn, which was at the same level as 

"D«, through another 16 in. tube. The new system was 

evacuated, sealed away from the pumps, and the, special 

valve opened into it from BCB. The contents of ”Cn 

Were distilled into "DB and BCB was sealed off from the 

new system, BDB being cooled in ice-salt mixture at the 



time. Then, with nDrt in an ice-salt mixture, the re¬ 

fluxing column surrounded "by a jacket containing C0g 

snow and alcohol at a temperature of -35° C., bulbs 

#25 and #26 were sealed off in succession, the contents 

being solidified v/ith liquid air. The refluxing column 

containing the glass beads appeared to work efficiently, 

as liquid N0C1 was condensing and running down the 

sides of bulb ”D”, as the bulbs v/ere sealed off. 

The new system contained nine small bulbs, #25 to 

#33 inclusive. After #26 had been sealed off, all of 

the remaining bulbs were partially filled v/ith 1Ï0C1, 

which was allowed to distill out again. Then, with 

n3)w at -18° C. and the column at -35° C., bulbs #27, 

#28, and #29 were removed in succession with liquid 

air. The refluxing appeared efficient as before. The 

remaining small bulbs were partially filled, emptied, 

and sealed off, using the refluxing column, and cooling 

the bulbs with liquid air. •ftMrh A,, . 
J5UXD wo3 v/as left, however. 

MEn was then cooled to -18 degrees C. and "I)” 

heated with warm water until all except about 4 ccm. 

of liQuid were left in "E". "E«, containing about 45 

ccm. of HOCl, was sealed away. The residue from wDn 

v/as distilled into the last of the small bulbs, #33. 



Tlie material prepared and. purified, as described in 

th.e preceding paces of this record, v/as analysed at 

various stacks in the purification process. A descrip¬ 

tion of the method of analysis adopted and the findings 

of the analyses follov/s. 



TIH& ANALYSES 

AVprevious section of this report gives a brief outline of 

the method of analysis which was adopted in this work. The 

following is a more complete description of the process. In 

all of the work leading up to the analyses, arid in the analyses 

themseVves, the technique which is customary in atomic weight 

investigations was maintained. 

A. Weighings. 

All analytical weighings were made on a very excellent 

Troemner balance, fitted with a beam graduated to .05 milli¬ 

grams and sensitive to about,0.01 milligram. This balance 

was perfectly adjusted at the beginning of the work; and it 

was used exclusively for this research. 

The set of weights used consisted of lacquered brass 

weights and platinum and aluminium fractional weights. These 

were carefully standardized to hundredths of a milligram by 

a method essentially that outlined by T. W. Richards^. The 

values of the fractional weights, in terms of the brass 

weights, which are obtained by this method of calibration, 

may be used in the usual vacuum correction formulae, as a 

result of a very fine approximation relation which holds 

under the conditions of use. The weight values, both unit 

and fractional, obtained by the above method of calibration 

1. J. A. C. S«, 22, 144, (1900) 



may thus be used in the following equations without further 

correction* That is, the difference between the densities of 

brass and platinum may be disregarded in any vacuum corrections 

involving the density of the weights. 

The precautions necessary in making very accurate weighings 

were always observed in this research* All weighings were made 

by the method of substitution* In all cases ample time was 

allowed for the attainment of constant temperature, and for the 

adjustment of the balance beam to its load^* Two large pieces 

of a radioactive - ore were kept intthe balance case to prevent 

the formation of static electric charges which might affect 

the weighings* Whenever it seemed advisable, suitable counter¬ 

poises were used in the weighings. 

Apparent weights were in all cases reduced to vacuum weights, 

by the application of the following formulae: 

Vacuum Weight = Apparent Weight(l + V. C.) (I) 

where V* C* represents the so-called ,fvacuum correction per 

apparent gram” as given by the formula: 

t — the temperature in degrees Centigrade during the weighing* 
This was:measured with a 50° by tenths thermometer 
calibrated to hundredths of a degree against a Bureau 

of Standards calibrated thermometer. 

1. Phil. Trans. Roy. Soc., 210 A, 387, (1910). 

V. C 0.001293 
I + 0.00367 t 

where 



b = the barometric pressure in millimeters, reduced to 
0° C., as determined by an engineer's barometer 
compensated for temperature. This barometer was 
calibrated at the Houston Weather Bureau station. 

e = the actual vapor pressure, that is, the vapor 
tension of water at the time of the weighing 
times the relative humidity over 100. The rel¬ 

ative humidity was accurately measured with a 
sling psychroraeter, the relative humidity being 
obtained from the ü. S. Weather Bureau "Psych- 
rometric Tables" from the readings of the wet 
and dry bulbs. 

d = the density of the substance or body weighed. 

d'= the density of the weights = 8.3. 

In order to apply vacuum corections to substances which 

were frequently weighed, such as silver and glass, a table 

showing the vacuum correction per apparent gram for different 

air densities was prepared. Whenever these substances were 

weighed, reference to the tables made the calculation of the 

vacuum correction an easy matter. 

To apply a vacuum correction to the weights of the sample 

bulbs it was necessary to determine d, the density, for each 

bulb. This was accomplished by weighing the bulbs, first in 

water, and then in air. The density of the bulbs was calculated 

by means of the formula: 

Density = d = Apparent weight of bulb in air (ill) 
Ax B 

where 

A = the apparent loss of weight of the bulb in water at 
t° C. 

B = the volume of an apparent gram of water at t° C., the 
temperature of the water. 



When a large number of weighings are to be made, a method 

of finding the a± density (i. e., the first two factors in 

equation ”11*') which has been described by Baxter^, is often 

convenient. Briefly, it may be said that the temperature, 

barometric, and psychrometric readings and the long calcula¬ 

tion necessary for finding the air density are repkdcei by a 

single weighing in this methoéi 

B. Preparation of the Bulb for Breaking. 

The volume of the sample bulb (i. e., the factor A x B 

in formula "III") , was determined by finding its loss of 

weight in water. To find its weight in water, a small basket 

made of fine aluminium wire was weighed in water, first empty, 

and then containing the bulb. Enough water was removed from 

the container before the second weighing so that the suspending 

wire was submerged to exactly the same extent. Thejbemperature 

of the water was taken, so that the volume of an apparent gram of 

water might be obtained. The weighings were made only to milli¬ 

grams, sice an error of even a centigram affects the vacuum 

correction by only 0.01 milligram. 

The bulb was then cleaned by being i.anersed in cleaning 

solution for several hours; after which it was soaked in the 

best water for at least a day. Finally, the bulb was placed 

1. J. At C. S., 43, 1317 (1921) 



on an aluminium triangle and thoroughly rinsed. The last drop 

of eater which collected on the bottom of the bulb was removed 

by a clean cloth. With the aid of a clean piece of cloth held 

between the fingers, the bulb was grasped by the tip and trans¬ 

ferred to a small glass triangle placed in an evaporating dish. 

This dish was always kept in a desiccator over fused sodium 

hydroxide. After remaking in the desiccator for at least over 

night, the bulb was weighed by the method of substitution. 

In handling the bulb for weighing, and on all subsequent 

occasions, a clean piece of cloth was always used. 

G. The Breaking of the Bulb. 

Avl.5 liter heavy walled Pyrex Erlenmeyer flask fitted 

with a very carefully ground glass stopper was used as a 

breaking flask. Into about 200 ccm. of best water contained 

in a covered, ice-cooled Pyrex beaker there was distilled 

sufficient ammonia to neutralize the acids formed by the 

hydrolysis of the nitrosyl chloride in the sample bulb. A 

small excess of ammonia was generally used. This solution 

was immediately transferred to the breaking flask. 

The weighed bulb was then removed from the desiccator 

and introduced into the flask by allowing it to slide easily 

down the side. The stopper was then wetted and fitted tightly 

into place. 

At this point, in order to reduce the pressure within the 



flask as much as possible, the flask was placed in an ice-salt 

bath for about an hour. Only the lower part of the flask was 

immersed in the ice-salt. At the end of this time the flask 

was washed, dried, wrapped in towels, a&d the stopper was 

firmly tied and held by means of clean cloths. 

In order to break the bulb, the flask was given several 

violent jerks. A.muffled detonation marked the actual break¬ 

ing. However, the hydrolysis does not appear to take place too 

vMLently; and there is no question that this part of the pro¬ 

cedure was entirely satisfactory. In one< case^ with one of 

the bulbs cataining some hydrogen chloride, the stopper was 

blown loose when the bulb broke. This mayhave been due to 

the fact that only lOOccm. of water was placed in the breaking 

flask. 

D. The Collection of the glass Fragments. 

After the bulb was broken, the flask was allowed to stand 

for several hours, with frequent shaking to hasten the solution of 

the ammonium chloride and other vapors formed on the breaking of 

the bulb. The resulting solution was in every case perfectly 

clear. 

The flask was then cooled in an ice bath. After the 

out «de of the flask had been quickly rinsed and dried, the glass 

stopper was carefully loosened, washed into the flask, and placed 

in a clean, covered beaker. Whenever the above precaution of 



cooling the flask was observed, air was drawn into the flask when it 

was opened* 

The solution was next poured through a quantitative filter 

paper into a cèan precipitating bottle. The glass fragments were 

then washed with two 200 com. portions of water. At this stage, 

whenever necessary, the capillary tip of the bulb was broken with 

a blunt glass rod, in order to prevent the retention of solution 

in the hollow part of the capillary. The fragments were then 

washed eight times with 50 com. port ions of water, by decantation, 

and transferred to the filter paper. This was accomplished bÿ 

putting about 100 ccm. ofwater in the flask, inserting the stop¬ 

per, and giving the liquid a quick whirling motion, at the same 

time inverting the flask. Practically all of the fragments were 

brought into the neck of the flask by this operation. The flask 

was then brought tea horizontal position, and the stopper was 

removed and rinsed into a clean 600 ccm. beaker. The larger 

fragments of glass were transferred to the filter with a stirring 

rod. The smaller fragments were first washed into the beaker, 

and finally transferred from the beaker to the filter with the 

aid of a stream of water from a wash bottle. The flask and the 

beaker were always minutely examined in bright light at various 

angles, to make certain the transfer of every trace of broken 

glass to the filter. It has been shown that all of the glass 



fragments can be collected in this manner1. 

The filter paper containing the glass fragments was allowed 

to dry, standing covered in the filtering funnel* It was then 

folded and placed in a weighed platinum crucible with the aid of 

a pair of ivory tipped weight tongs. The crucible was placed on 

a silica triangle over a low flame. After the paper was dry, the 

flame was increased, to burn whatever paper remained without 

fusing the glass. The cover was kept on the crucible at all 

times. The crucible was cooled for several hours in a desiccator 

before weighing. The crucible was then reheated to fuse the 

glass, cooled, and weighed again. The change in weight was 

generally not more than 0.02 mg. 

These processes just described,—the filtration, the transfer 

of the glass fragments and solution, and the collection of the 

glass fragments,—are the most delicate operations in the whole 

procedure; add they were performed with extreme care. 

S. Preparation of the Solution for Precipitation. 

The precipitating bottle into which the solution was filtered 

was a 4-liter Pyrex bottle fitted with a very carefully ground 

glass stopper. 

The filtrate from the solution and the washings contained 

in this flask was made to a volume slightly greater than that of 

the elver nitrate solution to be used in its precipitation. 

Further, just before precipitation, the slightly ammoniacal 

1. J. A. C. S., 42, 911 (1920) 



solution «as made acid by the addition of dilute nitric acid. This 

was accomplished by adding 6 normal acid through a funnel with a 

stem extending to the bottamjef the station. In most cases, sufficient 

acid was added to make the solution about 1 normal. Experiments 

by HBnigschmidt and Birchenbachl show that no hydrochloric acid is 

lost from a chloride solution under such conditions. 

F. Precipitation and Determination of Endpoint. 

From the weight of the bulb and the nitrosyl chloride and the 

weight of the glass fragments, reduced to a vacuum standard as 

described above^ the vacuum weight of nitrosyl chloride was found, 

assuming the material to be pure, the amount of silver equivalent 

to the chloride was calculated. By reversing the sign of the 

vacuum correction for this amount of silver the apparent weight 

of siver was determined. This amount of silver was then weighed 

out by the usual method of substitution. Silver buttons were 

used to make up this weight within a decigram of the required 

value. The remainder of the calculated amount of silver, to within 

a milligram, was added in the form of electrolytic crystals. The 

silver was always handled with clean, ivory-tipped weight forceps. 

The weighed silver was transferred toepïconical dissolving 

flask of Pyrex glass, fitted with a Richarde tower. It was 

dissolved in 1:1 nitric acid, by gently warming it over an electric 

hot plate. 6 ccm. of acid were used for every gram of silver. 

1. Berichte, 54, 1873, (1921). 



Car© was taken to always have the buttons covered with the solution. 

When the s&rer was entirely dissolved, the solution was diluted 

with an equal volume of best water and warmed to drive off any 

nitrous acid. It was finally diluted to a volume containing about 

10 gm. of silver to a liter of solution. In some cases 10 ccm.. 

of concentrated nitric acid were added to this ilver solution at 

this point. Before precipitation, the solution was mixed by 

rotating the flask and the tower was carefully rinsed into the 

flask. 

It may be mentionec|here that the following precipitation 

said all subsequent operations were carried out in a dark room 

illuminated only by a single red light. 

To the acid solution in the precipitating bottle the silver 

nitrate solution was slowly added in small amounts. The pre- 

cpitating flask was cautiously rotated after each addition. When 

all of the solution had been added in this way, the thoroughly 

rinsed dissolving flask was set aside, the stopper was fitted 

into the precipitating flask wfch a water seal, and the flask 

was shaken to insure a complete mixing of the solutions. During 

the next few weeks the precipitating bottle was shaken frequently and 

vigorously, in order to hasten the soaking out of any chloride 

occluded in the silver precipitate. 

After several days, two equal portions of the clear liquid 

above the s&ver chloride precipitate were withdrawn and placed in 



the tvdjpups ofja nephelometer. 

Mes&while elutions of silver nitrate and sodium chloride, 

containing 1 gram of silver or its equivalent respectively per 

liter, were prepared for standard and test solutions. The above 

solutions were made up in a calibrated flask, the volume of which 

was referred to the standard milliliter through the Bureau of 

Standards certificated weights of the Chemistry Department. 

The next step was to test the solution, and so determine 

the end point. This was done in the following manner. The 

two portions of liquid were first allowed to come to a uniform 

temperature. Then, to one of the two portions, from 1-5 ccm. 

of the standard silver solution were added from a calibrated 

5 ccm. burette. An equal volume of the standard chloride solu¬ 

tion was added to the other portion from a second 5ccm. calibrated 

burette. After the addition of the standard solutions, the 

test solutions were thoroughly stiired and allowed to stand for 

a time before inserting them in the nephelometer. 

Finally the cups containing the two colloidal suspensions 

were placed in the nephelometer; add the relative amounts of 

suspended matter in each cup were determined. The approximate 

excdss of silver or chloride ion in the supernatant liquid over 

the main precipitate was calculated from the ratio of the 

nephelometer readings. The corresponding additions of silver or 

of chlorine required to bring the solution in the precipitating 



bottle to the correct end point were made with the aid of the 

standard solutions and the calibrated 5 ccm. burettes. After 

a few days, during which the solution was frequently shaken, it 

was again tested as before. In all cases tnese adjustments 

were continued until the end point had been reached and checked. 

At this final condition, of cwrse, eaual depths of colloidal 

suspension in the two cups were identical when viewed through 

the nephelometer eyepiece. 

In general, test solutions were not returned to the pre¬ 

cipitating bottles. However, a record of the volume of the 

supernatant liquid was kept at every stage in all of the analyses; 

add the necessary corrections were made for all removals of 

solutions. Under the conditions which this process of analysis 

was designed to meet, these corrections are almost always 

negligibly small. 

G; Gravimetric Analyses. 

The above dessription covers the nephelometric analyses. 

Gravimetric analyses were employed to follow the removal of the 

excess chlorine during the process of distillation. In these 

analyses, the content of the sample bulb was found as before 

described in this report. The solution, however, was precipitated 

with silver nitrate solution in excess, and the resulting silver 

chlorid* was collected in a weighed Munroe crucible, washed with 

dilute silver nitrate solution (previously) by decantation, washed 

finally with water, dried, and weighed. In general, no solubility 

corrections were applied in these analyses, principally because 



ftanephelometer «as not available at the time they were made. Details 

in the particular technique employed in the work were decided by 

reference to the articles of Baxter and Cooper1, Harkins and Liggett2, 

3 
and Richards and Wells • 

1. Proc. A. A. A. & S., 59, 235, (1924) 

2. J. Phys. Chem., 28, 74, (1924) 

3. Pub. Car. Inst., 28, 31, (1905) 



THE ANALYSES 

The total vacuum weight of silver or silver chloride corres¬ 

ponding to the weight of nitrosyl chloride in the sample was 

used to calculate the percent of chlorine in the sample and the 

atomic weight of chlorine. The method of preparation and the 

subsequent distillations justify the assumption that the chloride 

ion was the only ion present in the tested solutions which fur¬ 

nished an insoluble precipitate with the added silver. The 

instability of nitrous acid, in view of the aeration resulting 

from the vigorous shaking of the bottles in the nephelometric 

analyses, and the presence of nitric acid in the solution pre¬ 

cluded the possibility of silver nitrite forming as a permanent 

precipitate. 

Table I gives the results of all of the analyses completed 

at the time of this writing. It is expected that the endpoints 

of the three nephelometric analyses will be known definitely 

within the next few weeks, so that these analyses, while incom¬ 

plete at present, are included in the table. 

An inspection of this table, in connection with the fore¬ 

going description of the distillation process, seems to justify 

the following conclusions: 

1. The new method of preparing and purifying nitrosyl 

chloride which has been described is capable of yielding a 

product of a high degree of purity. The material now in our 

possession has a chlorine content between that of Bulbs §32 and 



TABLE I 

ANALYSES OF SAMPLES 

I. TRIAL PREPARATION. Type of analysis: Gravimetric. 

Bulb 
No. 

Vacuum 
Wfc. 
N0C1 
Grams 

Vacuum 
Wt. 
AgCl1 

Grams 

% of Cl 

In 
Sample 

At. Wt.2 

Cl 
Nature of 
Fraction 

la 1.0047 2.1995 54.15 35.47 Light 

n. FINAL PREPARATION. 

A. Samples from First and Second Distillations. 
Type of Analysis: Gravimetric. 

Bulb Vacuum Vacuum % of Cl At. Wt.2 Nature of 
No. Wt. Wt. in Cl Fraction 

N0C1 AgCl1 Sample 
Grams Grams 

3 5.787 14.050 60.05 29.03 Light 
5 8.289 18.236 54.42 35.15 Heavy 
24 6.203 13.629 54.35 35.23 Light 

B. Samples from Third Distillation. 
Type of Analysis: Nephelometric. 

Bulb Vacuum Vacuum % of Cl At. Wt. Nature, of 
Mo. Wt. Wt. in Cl Fraction 

N0C1 Ag3 Sample 
Grams Grams 

31 4.25553 1. OV-T-lol Lieht 
32 4.32337 54.2-n°|. "a ^ O 

iJJUgiU 1# 

Light 
33 4.07501 6.T l|Xi -a»S .4^(0 Heavy 

1. Correction for AgCl in washings not applied. 
2. Antecedent weights: Cl » 35.457; Ag = 107.880; N = 14.008 

3. All corrections applied. 



#33, whereas the theoretical value for pure nitrosyl chloride is 

54.162J*. 

2. Our initial assumption that hydrogen chloride is a 

not altogether undesirable impurity in the original preparation 

seems to be justified. The excess of hydrogen chloride is 

•.removed at a rapid rate by the process of distillation in vacuo. 

Indeed, it may be said that this impurity is removed much more 

rapidly than the chief impurities in other preparations of this 

same general nature which have been used for atomic weight work.1 

3. The analysis of the contents of Bulb #33 indicates the 

presence of a very small amount of some high boiling material. 

More heavy fractions should have been removed in the distillation 

process. 

4. While the material is not yet of atonic weight purity, 

it seems highly probable that it may be obtained in such a state 

by a comparât ively few distillations. In other préparât ions1 of 

the same general nature far more than three distillations have 

been required to bring the material to a state of purity com¬ 

parable to that which the above analyses indicate for the nitro¬ 

syl chloride prepared and purified as above described. 

1. J. A. C. S. , 1228, 45, 1923* 
P* A. A. A. S«, 58, 245, 1923. 

" , 52, 21, 1923. 
” , 59, 235, 1924. 
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