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The Rate of Oxidation of Hydriodie Acid by Sulphuric Acid.

‘4t the suggeéfien of Dr. D.F. Smith a determination of
the raté at which hydriodic scid is oxidized by relatively
concentrated solutions of salphurié seid, with the forma-
tion of free iodine and sulfur, was attempted.‘ The pur-
pose,gf—the iﬁéesttgatian was to ascertain whether er mot
the rate of this oxidation wés substantially prape?tiénal
_to the activity of the sulphurie &cid in the solution, at
s constant concentration of hydriedic acid, siﬁse the aoc-
tivities of sulphurie escid solutions afAvariaus concentrea-~
tions at & tempé;éture of 80°C. have recently’been caleul-~
ated by Smith end dayer. ( J. Am. Chem. Soc. 46, 73-80
(1924).) The course of the reaction was to be followed by
titration of the liberated iodine. ’This investigatien has
hud to be discontinued: ﬁhe work already aceémplished is
reported in this paper. | |

ijethod and Apparatus

The work of Smith and .Jayer above referrgd,to had shown
that the reaction eceurred with meaéurable velecity in ite
initial stages at & temperature of 80°C. @hisrtémperatnre
was ascordingly fixed upen, and a water thermostat covered
with a layer of "Transil 0il" to reduce evaporation was
sdjusted to maintein this tempersture to within .02°, &8s
indicated on 8 thermometer graduated in .1° and,calibrated

by the Bure&u of Standards.



48 hydriodic acid is rapidly oxidized by atmospheric

oxygen at this temperature, an all-glass apparatus was de-

signed which permitted of carrying out the resction in an

atmosphere of nitrogen.

Pyrex glass aceording to the foello.ing diagram.
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Hitrogen, previously

passed through the glass bead saturator I filled with a

solution of sulphurioc acid prepared to appreximate the



1=vapar pressure of the hydriedic scid solution used, was
rassed into the apparatus threugh the stopeocks A and B,
and allowed to escape through tubes C and D and around E.
After‘yaving swept out the air from the bnlbsvana connect-
ing tubes, mercury was poured into the meroury sesl E of
the stirrer 7. The stream of nitrogen was rednced in a-
,‘meuntrand the éeiutians were weighed inte the bulbs G and
‘E by mesns of weighing pipettes provided with laﬁg.’narrew
tips, capable of extending into the bulbs. ?hevhydriédie
acid pipette carried a glass steppered side tnﬁe and a |
stopecock on the top tuba, In £filling it with hydriodic
acid a strean of nitrogen was first passed threugh'tha bulb,
after which acid was allowed to run inte the pipette from
the stock receptacle through the unstoppered side tube
from which a current of nitrogen was permitted to escape,
thus preventing the influx of air.7 The hydriecdiec acid was
plaeéd in G and the sulphuric¢ acid in E. The,stepeocks A
and B were then closed and the ground glass steppeg& at C
and D inserted, sfter which the solutions were allowed to
come to the tempersture of the bath. Thé glass propeller
stirrer P, connected directly to the shaft of é sﬁall motor
by mesns of a short length of rubber tabing; wag then start-
ed. The stoppesr C was removed, &snd, at an accurately noted
time, a measured volume of nitregan was admitted through 3,
thus fercing the centents efvE avei inte G. The amount

of solution remaining in H snd J was determined by eelibra-



tion of the apparatus with a constant amount, 500ce, of
nitregen pessed through. This calibratien was ﬁaaﬁ rather
than a determination of the residusl éelntiea in H after
caeh experiment in erder that the composition of the resac-
tion mixture could be,aé,adgnsted &g to maintain & con-
stant concentration of hydriedic &cid in all the experi-
mehts. Stan&éra énlfurio acid was used for the e&libfatien.
After blewing over the oharge, the tnbe‘J and buib H'were |
| rinsed out with watef and the rinsings titrstea.with stand-
ard alkeli. The residual volume was found to be quite con-
stant, valnés aﬁtained‘being .40. +%8, and .43 co. At noted
times after mixing the selutions, aam@lea ef about Sce were
withdrawn through ¢, with pipettes previously fillad with
nitrogen, and quickly aiseharged inte 150co flask& contain-
ing 100¢c water, previously weighed. The flaeks ‘were re-
weighed and the selutions titrated for iodine at ence,

using sterch as indicator.
Preparation of HMaterisls

Sulpburio Acid: C. P. sulphuric aeid ¢f commerce was dil-
uted to the requisite concentration and the solution boil-
ed to expel air, after whick 1t was kept in full bettiles

until it was used.

Hydriedio Acid: The so-called C. P. hydriedic soid of
commerce available contained large quantities of reducing

snbstances, as was,demenstrated by adding a little 1odine,



vw&tming. and noting that the solution wee decolorized.
Distillation of this product did not remsve'the impurities.
& supply of hydricdic aéid wag aveilable which had been
mede from iodine iy mesns of hydregen sulfide. This nmat-
eiial aenﬁaiaed & large asmount of free ilodine. 'Repgated
attempts to reﬁeve this, as by‘reauation with aniphﬁr di-
@xide &nd preoipitatien of the sulphate formed with barium
iodide, followed by distillation at & low pressure in an
atmasphore of hydregen or carbon diexiﬁe. proved unavail-
ing. At the time when the work was discontinued, an appa-
ratus for the provduction of pure hydriedie aoiévby cata—
lytie eemhinatien of hydrogen and iodine vaper over plat-
inized asbestos, according to Eedenst&ia,A( Z. physik.
Ohem. 13, 56(1894)) had been set up. -

Hitrogen: 4 quantity of nitrogen wss ganerated'by slowly
arepping & strong selutian of sodium nitrite 1nte a streng.
hot solution of smmonium cehloride, washing the gas with
strong sodium hydroxide golution, and storing aver water

in a gasometer.

Standard Alkali: Crystsllized C. P. barium hydroxide of
commerce wag used for the preparation of standard alkuli

golutions.

Standard Acid: Constant beiling hyérocﬁloric acid prepared
according to the method of Poulk snélﬁellingsﬁarth. (J. im.
Chem. Sec. 45, 1220(1923)) was used for standardizing the
alkali. |



Standerd lodine Selution: On account of a shortage of
rotassium iodide, the stendard iodine solution used was
borrowed from ir. H.d. Winegarden. It was later found to
contalin large quantities of iodate. A ssnple of pétassinm
iodide was afterwsards obtauined which contained little io-
,date this was then used, together with thrice aublimed
iodine, for the standard iodine solution.

-Standatd Ehiosulphate Selution: Imperted sodium thiosulphate,

"for analyeis"”, was used.

w % ; :
Standard Arsenite Solution: This solution was prepared as .
  rae0mmendeﬁ'§y ﬁashbnrn,‘(éﬁ Am. Chem. Sec. 30, 18(1908))

~ and diluted as required.
Preliminary Expériments«

- Some preliminary experiments were made to ascertain
what concentrations of hydrioﬁic aeid and sulphuric scid
weuld give measursble reactian velecities._ The resulte
ebtained'iﬁdicatea that the raagé from 2 to 6 msis of
sulphurioc acid.at 1 mol of hydriodic acid per kilogram

of solution might be studied. It was afterward found that
the hydriocdie eseid used for these experimeﬁts contained a
large quantity of reducing substances. The réeults obtain-
ed ars therefore certainly unreliable .if net}tetally mean-

ingless.



‘The Titration of Smell Amounte of Iodine in the Presence

of Gaﬁa;ntrated Acid

A great deal of time was spent in attempting to dis-
cover & method of accurately determining small quantities
of iodine in the presende éf large amounts of stfeng acid.
In the use of socdium arsenite as a reducing agent the hydro-
geﬁ ion concentration must be very carefully'cant:allgd;
this is also true to a less extent with sodium thiosulphate
&8 the reduocing agent. With sodium thiosuiphate; in addi-
tion, the acii concentration must at no time exceed & rather
small value if the faréntian of sulphurous aeié is to be
avoided. Some ofAthe schemes tried will be mentioned.

oIn the first place, the addition of sodium bicarbonate
to neutralize the aéid seemed inadmissable en’aoceunt of
the probable loss of iodine vapor with the esoéping sarben
dioxide. In order to test thiarpoint. a atfeam of carbom
-dioxide was passed into & .01 ® aelatien of iodine in 2%
potaesium iodide wolution for sevaral}minﬁtes.' The iodine
éolution was then titrated with thiosulphate, when it wes
found to have lost Some 75 of 1its sttangth. ’Thé‘use of
sodium bicarbonate was therefore abandoned.

Direct neutralization with sodium hydroxide was tried,
but extremely low values always resulted. Apparently the

“fairly high ooncentration of hydroxyl ion present locally
even with good stirring resulted in the praduoticn of hypo-
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{0dite ion, even when the solution was only partially neu-
tralized. The equilibrium constant ef the reaction repre-
sented by the equation Iy +Z OH = I07+ I” +Hz0 indicates
that in soluticﬁs of greater pH than 9, only & negligible
propoztion of hypoiedite iorx can exist st equilibrium. It
would seenm that the attainment of squilibrium7musﬁ be slow,
aé the iediﬁayvalue did not appear to return on standing,
‘gfter partial neutralizatién with sodium hy&réxiée.

The additidn of sodium monohydrogen pheaphdte,as & neu-
tralizing agent was sttempted. In order, however, to attain
the ratio of svdium monohydregen phosphate to sodium dihydro-
gen phosphate neeeasary‘far proper control of the hydrogen
ion concentration, a very large volume of solution, of the
order of 1 litef, wonld be required, owing to thé relative-
ly small solubility of sodium monehydrogen phosphate. Be-
side this dissdvantege. the end-point in such concentrated
phésphate solution was very 1nsensitive.

The following procedure was tried in an attempt to em-
ploy sodium arsenite as the reducing s;-nt.. The sample was
weighed into water, after which &n excess of standard sod-

| ium arsenite solution was added from a weight pipette. 4
drop of methyl red indicator was then added, and the selu-
tion titrated with a solution of ammonium hydroxide and
ammonium chloride so prepared thut the pH was not grester than
9, fhus‘presamably evoiding the production of hypoiodite
ion. In this titration the strong iedine ¢olor faded com-



plately before the end-point for methyl rpd was reached,
80 tg&t no trouble was experienced in observing this
point. A phosphate buffer solution containing 2 mols of
sodium manehyaragen'phosphate per mol of sodium dihydrogen
rhosphate was then added to bring the solution te pH 7.
Aftar the a&ditian of starch and potassium 1odide the ex~
cess of standar& godium araenite was titrated with stand-
ard iodine solution. This complicated proceduxe a;sc gave
‘1aw results, presumably owing to the occurrence of the re-
sction represented by the equation NpHzIy = Ny + 3HI. No
base of suitablé ionizastion censtant except ammonium hydrox-
ide could hé'diseaverad. s0 thet this method had to be
abendoned. ; o |

Exeraction of the iodine from the strongly aeia solu-~
tion with carbontetrschloride and titration of the extract
with thiosulphate wes tried, with low results. dare‘was 1
takén to prevent eveporation of iodine: pefh&ps the iodine
fe&etad with some unknown impurity in the carbean fetra-
chloride.

The use of sodium thiosulphate in siightlyraeid solu-
tion ( see W. C. Vosburgh, J. im. Chem. Soc. 44, 2125(1922))
was at firset tried, with errstic results, énd given up.

The poor results obtained were later found to be due to the
presence of a large amount of iodate in the iodine solution
with which the experiments were mede. The methed finally
adopted, ss the only feaaible one, consisted in the simple
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dilution ef the acid soluticn to an acidity of .2 W and
titration with thiosulphste, using coler standards for de-
termining the end-point. These stendurds were made up with
cobalt nitrate, copper nitrate, and pieric seid. The pie-

- rio seid wee found greatly superior to ferric chleride, some-
times recommended for this purpose, The aaduraey obtain-~

“ed was of the order of 1% on 25cc of .01 ¥ jodine selution.
Summary

1. in apparatus and method for &eterminiag'thé rate of ox-

idation of hydriodic scld by 'sulphuric seid are described.

2. ﬂiffienltieé‘with the titration of amali qnantiiies ef
iodine 1n‘strang1y acid solution asre described. The only
practicable method tried is the dilution of the aoid sol-
ution to a eanéentration'of +2 N in seia, andvtitratien with

thiosulphute, using color standards.



