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A METHOL FOR THh ~ETERMINATION OF 

SMALL AhlOU~TS OF CHLORINE 

In spite of the large amount of work that has 

been done on the determination of 6hlorine there are at 

present only three methods in general use, the gravimetrio 

one of preoipitating the ohlorine as silver chloride 

and the volumetrio methods of Volhard and Mohr. 

For extremely small amounts of chlorine, as for example, 

chlorine oocluded in barium sulphate precipitated in the 

presence of barium chloride there has been no method. 

The only method applicable for aoid solutions, the 

Volhard, calls for solution in nitric aoid. in which 

barium sulphate is insoluble. The preposed method 

is for the determination of those very small amounts and 

is applicable to all substanoes soluble in hot concentrated 

sulphurio aoid and also in mixtures of sulphurio and nitrio 

aoids. 

Of the present methods, the Mohr is applicable only 

to a neutral or very slightly alkaline solution. 

It consists in titrating the chlorides with a standard 

solution of silver nitrate using potaSSium chromate as 

an indicator. After all the chloride is precipitated 

by the silver nitrate the next drop of the silver nitrate 
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produces B red precipitate of silver chromate. For small 

amounts of chlorides in a concentrated solution, the 

method is very accurate. This method is very extensively 

used in w8ter analysis as it is quick and accurate. 

outside of this, however, it is but seldom used. 

Volhard's method is the one that is almost 

universally used, from the fact that it is applicable to 

the titration of chlorine in acid solution. When 

solutions of silver and an alkali thiocyanate are mixed 

in the presence of a ferric salt, the thiocyanate combines 

with the silver to form insoluble white silver thiocyanate. 

The next drop of excess thiocyanate then forms the red 

ferric thiocyanate. A saturated solution of ferric 

ammonium alum to which has been added sufficient nitric 

acid to remove the red color is used for the indicator. 

An excess of Silver nitrate is added to the nitric aoid 

solution of the chloride, the Ag 01 is then filtered off 

and the excess silver nitrate is titrBted with either 

ammonium or potassium thiocyanate, generally the former, 

using 5 c.c. of a saturated f:olution of ferric ammonium 

alum,as indicator. Volhard's original directions did not 

provide for the filtration of the AgCl but it was fo und 

by G. Drechsel el} and later confirmed by ~. a. Rosanoff 

and A. E. liill (2) that the Silver chloride reacted with 
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the red ferric thiocyanate making the end point uncertain 

and the results low. We will refer to this later in 

the discussion. Neither of these methods provide for 

extremely small a.mounts of chlorine as ocoluded chlorine 

in precipitates insoluble in nitrio aOid. 

The first suggestion for this work was found in 

a paper on nChlorine in Ba.rium sulphate PreCipitated 

in the Presence of Barium Chloride" by G. A. Hulett 

and L. H. Duschak. (3) In this paper. the authors. 

in determining the amount of occluded barium chloride 

in barium sulpha.te preCipitated ir:; the usual manner 

made use of the foregOing method. ~he following 

is that part of the article that deals with the method 

in question. 

nChlorine in Barium Sulphate Precipita.ted 

in the Presnece of Barium Chloride." 

G. A. Hulett and L. h. ~uschak. 

nBarium sulph&te is easily soluble in concentrated 

sulphurio acid. From the sulphurio acid solution 

the ohlorine is easily and co~pletely driven off 

as HOl by me~ns of an inert gas. The HCl oan be determined 

in an excess of N/lOO silver nitrate solution, a 

definite amount of which is poured into two washing 
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flasks. The chlorine determination is done in the flask 

in which the excess silver nitr&te is titrated. We find 

that a stream of purified air drives the entire amount 

of HCl from the sulphuric acid solution within two hours. 

At no time hsve we found HCl in the second flask. 

The chlorine can be determined in this manner to the 

1/100 part of a milligram. The method also gives very 

"trustworthy results which follow from the following 

experiments. Moreover the actual time neDessary for 

the analysis is short. 

"TO prove the method, a well mixed sample of 

barium chloride was introduced in a little tube and 

ooncentrated chlorine free sul:phuric acid added. The 

second tube contained stEndardized silver nitrate solution. 

The other end of the tube containing sulphuric acid W8 S 

warmed with water and a stream of purified air conducted 

through the s¥stem of tubes. Within two hours after 

the sslt is dissolveJ, the HCl is completely gone from 

the sulphuric acid solution. 

"In the following analysis , the one is the 

amount of barium chloride weighed out by us ~nd the 

other 12 determined by the ohlorine dete r mination. 

The silver chloride in the last two experiments "!las 

determined gravirr.etrically in a Gooch crucitle. 
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"These aTe the first analyses made accordi~g to 

this metho d. According to the severEol experiments which 

we have ma de in the meantime the method gives results accurate 

to .• 01 milligrams." 

BaC#2H20 
wei ed 

BaCla2H20 
foun error. 

14.65 mg. 14.64 IDS· - .01 mg. 

14.02 14.09 -I .07 

12.66 12.59 - .07 

7.23 7.28 -I .05 

14.30 14.30 . ( grav. ) .00 

22.40 22.39 (grav. ) - .01 

The method has never been oonfirmed al though it 

has be 1n usei sinoe. Allen and Johnson (4) in a paper 

on "The bact Estimation of Sul--:)hates in Soluble Su1.phates" 

makes use of the method. 

In support of the method the authors Offer only 

six detgrminations on the basis of which they olaim that 

it is accurate to .01 mg. Of the six results, four are 

volumetrio determinations and show errors of -.01, -1.07, 

-.07, -1.05 mg. The gravimetric determinations show errors 

of .00 and - .01 mg. An insuffioient Dumber of determinations 
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have been given and the six offered do not bear out the 

accuracy claimed. It is therefore the purpose of this 

paper to investigate the method and determine the accuracy 

obtainable. To do this the plan adopted was that of 

weighing out definite amounts of several chlorides and 

determining the chlorine content by the proposed method. 

The folt-owing page gives a drawing of the 

apparatus used. The air is first passed through a 

16% solution of silver nitrate to insure its freedom from 

ohlorides. (e) is the digestion chamber containing 

concentrated sulphuric acid. The tube (b) is a 

oapillary the purpose of which is to break up the bubbles 

of air as small as possible. The delivery tube is run 

deep into a long narrow test-tube, containing the N/100 

silver nitrate. The digestion ohamber is set in a 

water bath which is kept at 990 C. A ground glass 

stopper Cd) is provided through which the substanoe is 

introduced. 

One detail of rranipulation was used, the 

suggestion of Prof. J. A. Gibson, whioh oould be used 

with advantage in other work. This is the use of 

gelatiDe capsules. The substanoe is weighed out into 

#00 oapsules whioh are then very easily introduced into 

t he apparatus. When left in a balance oase over night 
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even in a damp atmosphere they are non-hydroscopio. 

They should be exposed for a time in the same atmosphere 

as the balance as they are slightly hydroscopic when 

brought from a dry to a da~p plaoe. Two blanks run 

on these c~psules showed no trace of chlorine. One 

blank on 40 capsules, ten from four different packages 

of 100 each, showed no trace of chlorine. The other 

blank on 20 from one package of 100 showed no ohlorine. 

The digestion chamber containei 15 c.c. of 

chlorine free concentrated sulphuric acid. The 

capsule is first introduced through (d),. the stopper 

then closed and the air turned on. A very sl~w 

stream of air is oonducted through the apparatus. After 

the .ir starts the test-tube (f) is then put in place. 

By this means any error due to wetting the inside of 

the discharge tube with silver nitrate which might 

not be alL converted into silver chloride is avoided. 

Three or four minutes are necessary for the sulphuric 

acid to break up the gelatine capsule. The substance 

is then dissolved. in the sulphuric aoid ani the ohlorine 

evolvei as HOl which is then absorbed by the silver 

nitrate. The air current is passed through the system 

for two houTs, after which the AgOl is filtered on a 

7 cm. filter paper, washed free from silver nitrate 
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with water containing a very little nitric aCid, 10 c.c. 

1:1 nitric acid and 5 c.c. ferric alum solution added, 

and the solution then titrated with N/100 ammonium 

thiocyanate. 

The endpoint of this reaction .is somewhat 

indistinct due to :he dilution of the solutions. 

However the solution is first cooled in ice and then 

titrated to a definite color. The ammonium thiocyanate 

is then run against the silver nitrate to the ssme 

depth of color. The silver nitrate is standardized 

in triplicate by preCipitating 50 c~. of the silver 

nitrate with HOl and weighing the preCipitated AgOl on a 

Gooch crucible. In all of the work, weight burettes were 

used for the silver nitrate and the ammonium suLphocyanate 

as an accuracy to .01 g. by weight is easily attained 

and the accuracy by volume to .02 c.c. is questionable. 

An assay balance reading to .00001 g. was used fDr 

weighing the salt. 

The substances used for examination were barium 

chloride, sodium chloride and lead chloride. Merck's 

barium chloride was used. The sodium chloride was made by 

passing purified chlorine into a concentrated solution 
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of sodium chloride, filtering and ·fusing the precipitate. 

The lead chloride was made by r~crystallirJir; g lead 

nitrate, precipitating with HOl and drying at 1400 O. 

The purity of all of the salts was checked by dissolving 

a weighed amount in nitric acid and precipitating the 

chloride with silver nitrate, the silver chloride 

being then filtered on a Gooch, dried and weighed~ 

The following were the results obtained. 
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Barium Chloride. 

BaClft2H20 
weig ad 

BaCl~2H20 
foun • error. 

12.45 mg. 12.47 mg. f .02 mg. 

·10.64 10.74 f .10 

12.70 12.63 - .07 

.56 .60 f .04 

.68 .66 - .02 

10.63 10.70 f .07 

13.90 .13.95 f .05 

9.20 9.26 f .06 

21.60 21.57 - .03 

16.85 16.75 - .10 

4.00 4.04 f .04 

1.46 1.48 f .02 

11..77 11.84 f .07 

43.44 43.52 f .08 

20.56 20.49 - .07 

16.45 16.47 f .02 

26.23 26.21 - .02 

19.15 19.10 f .05 

.96 .97 f .01 

3.82 3.80 - .02 
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Sodium Chloride 

HaCl HaC1 
Weighed found error. 

1.33 mg. 1.34 mg. t .01 mg. 

5.03 5.02 - .01 

5.97 5.95 - .02 

3.66 3.62 - .04 

7.74 7.80 t .06 

7.14 7.10 - .04 

4.40 4.45 f •• 05 

3.54 3.60 f .06 

2.46 2.53 t .07 

2.50 2.53 t .03 



PbCl~ 
weig ed 

5.20 mg. 

11.98 

10.00 

19.83 

9.57 

9.69 

3.65 

4.51 

1.79 

9.02 

4.04 

- 13 -

Lead Chloride 

PbCl~ 
foun 

4.83 m.g. 

11.80 

8.85 

19.34 

9.44 

9.11 

4.18 

4.26 

1.78 

9.84 

8.11 

29.72 

4.81 

error. 

- .37 mg. 

- .18 

-1.15 

- .4,9 

- .13 

- .58 

I .53 

- .25 

- .01 

I .84 (4 hr. run.) 

I .16 " " 
- .20 n " 
I .81 " " 
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Considering the results with barium ohloride we 

find errors up to .10 mg. Two results out of 20 show an 

error of .10 mg. while 12 show an error not greater than 

.05 mg. and 7 out of the 20 not greater than .02 mg. 

The mean error is .05 mg. 

With sodium ohloride the greatest error is .07 mg. 

while 7 out of 10 are not greater than .05 mg. The 

mean error in this oase is .04 mg. 

Lead ohloride seems to be an exception. -Out 
~, 

of 9 results all but 3 show a negative error of from 

.13 mg. to .58 mg. One If the remaining three is off 

- 1.15 mg. another one shows a positive of .53 mg. 

The third is only .01 mg. off. The large amount of error 

and the faot that 8 out of the I ,were negative indioated 

that the error was due to the time element. Four were 

t llen run for four hours with very unsatisfa.otory results. 

At the present time the method 8S applied to leBd ohloride 

is unsatisfa.otory. 

In the oase of bari~ ohloride and sodium ohloride, 

an inspeotion of the results raised the question whether 

the magnitude of the error oould be aooounted for by the 

uDoertainty in the end pOint. OWing to the dilution 

of the solutions used the end point is uncertain. 
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M. A. Rosanoff and A. E. Hill found an error of .17% when the 

AgCl was filtered off. ~'his was with N/lO solutions. 

X/IOO soLutions the error would be inoreased. To 

reduce this error as much as possible the plan was adopted 

of standardizing the ammonium thiocyanate against about 

the same amount of silver nitrate as there would be excess 

With 

in the receiving tube to a definite color. Even with this 

preoaution, after the color is onoe reached it requires several 

drops of th ~ X/IOO ammonium thiooyanate to deepen the oolor 

appreoiably. It was found better to titrate to the 

lighter color just after the end point is reached. 

In conclusion this method for the determination 

of very small amounts of chlorine reoommends itself by 

its ease and simplicity. After it is once set up it 

requires practically no attention during the entire run, 

thus allowing the chemist to be at other work. As 

for accuracy, we cannot grant the accuracy olaimed 

by Hulett and Duschak of .01 mg. In the cases of barium 

chloride and sodium chloride we can claim a minimum 
" ...... 

accuracy of .07 mg. The method as applied to ]a ad 

chloride is unsatisfactory. The prooedure reoommended 

is the one described in the body of this thesis. 
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There are many advantages to the method. other 

substanoes exoept bromides and iodides do not interfere with 

the determination. This is important as very frequently 

muoh time is consumed. in removing interfering substanoes 

before a determination oan be made. The method 

is applicable to substanoes insoluble in oonoentrated sulphurio 

acid but soluble in either concentrated or dilute nitrio 

aoid. First dissolve the substanoe in nitrio a 'oid using as 

small amount of acid as possible and then introduoe 

into the ohamber containing the sulphurio aCid. 

Continue the prooedure as usual. The distillation of 

the nitric aoid into the silver nitrate solution produoes 

no injurious effect. Blanks conSisting of 15 c.c. con. 

nitric acid and 15 c.c. con. sulphuric were run to 

determine the effect upon the receiving solution of silver 

nitrate. These upon titration with ammonium sulphooyanate 

gave the S8me result as the standfrdization of the silver 

nitrate. The result was also the s&me when 15 c.c. 

1:1 nitric acid was used. This fact allO Rs the method 

to be used for solutions as well as solids, since the 

distillation of any nitric aoid along with the HCl does 

not interfere with the subsequent titration. 

For extremely small amounts of chlorine such as 

occluded chloride it is the only method that can be used. 
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