OXIDATION pMETHODS FOR THi VOLUMETRIC DETERMINATION OF
HYPOPHOSPHATE , PHOSPHITE, AND HYPOPHOSPHITE

By

Stanley J, Carlyon

h THESIS

Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the regquirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Chemistry

1953

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



OXIDATION #ETHODS FOR THE VOLUMETRIC DETERMINATION OF
HYPOPHOSPHATE , PHOSPHITE, AND HYPOPHOSPHITE

By

Sﬁanley J, Carlyon

LN ABSTRACT

Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
Department of Chemistry

Year 1953

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Stenley J, Czrlyon

LHuSTS 2BSTHACT

Volumetric oxidation methods were developed for the determination
of Liypophosphate, phosphite, and hypophosphite using standard solutions
of sodium hypochlorite, potsssium dichromate, and ceric ammonium sulfszte
under suitable conditions. The compounds used for the analyses were
disodium dihydrogen hypophosphate hexalydrate which was prepared by the
method of Leininger and Chulski,* rezgent grade phosphorous acid, end

purified sodium hypophosphite. The compositions of the phosphorous

Y]

&

clid and sodium hypophosphite were established by z gravimetric procedure
in which the compounds were oxidized to orthophosphate by repeated
evaporations with aque regia and the orthophosphate converted to masg-
nesium pyropliospiiaces.,

nypopnosphate, phosphite, snd hypophosphits were quantitetively
oxidized Lo phosphate by an excess of standard potassium dichromate in
12 normal sulfuric acid at the temperature of a boiling water bath.
The oxidations were complete in one hour. 'The excess dichromate was
determined iodometrically after adjusting the suliuric acid concentration
to approximately three normal by the addition of sodium hydroxide solu-
tion, The excess dichromate was also determined by adding an excess of
standard ferrous ammoniwn sulfate solution and backtitrating the excess
ferrous ion with standard dichromate., It was found that there was s

loss of 0.01 to 0,03 ml, of 0.1 normal dichromate during tle oxidations

and corrections were gpplied to compensate for this loss,

1 Leininger, &., znd Chulski, T., J. Lm. Chem, Soc., 71,

2385 (19L9).
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Hypophosphate phiosphite, and Lypophosphite were quantitatively
oxidized to phosphate uncer suitable conditions oy en excess of standerd
sodium hypochlorite. iHypophosphate was determined with sn excess of
standard sodium hLypochlorite in a solution made neutrsl with sodium
bicarbonate. The excess hypoclhilorite was determined sfter 30 minutes
by adding an excess of stsndard sodiwum arsenite and becktitrating the
excess arsenite with standard sodiuwm hypochlorite using Bordesux as
indicator. ''he excess hypoch;érite was also determined by titrations
with standerd arsenite in which the endpoint wes determined either
potentiometricelly or by the deadstop technique, The iodometrié de-~
termination of hypochlorite in the presence of bicarbonate or buffers
gave unsatisfactory results,

Fhosphite was determined by a slight excess of standard sodium
hypochlorite in & solution containing bicarbonate and bromide, or
essentially by hypobromite. The oxidation was sufficiently rapid'under
these conditions thset a direct titrastion of the phosphite with hypo-
chilorite wes possible if the équivalence point in the titraticn was
determined by the deadstop technique, The use of Bordeaux as indicator
in this titration was not satisfactory. |

Hypophosphite was only very slowly oxidized by an excess of sodiunm
hypochlorite in neutral solution but was quantitatively oxidized to
phosphate by excess hypochlorite in one normal sulfuric acid in ten
hours.

Phosphite and hypophosphite were quantitatively oxidized to phos-

phate by an excess of standard ceric ammonium sulfate in dilute sulfuric

-2
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3 A 4 3 s} o~ AT S i 3
acid solution in cne hour =t boiling tempersture. Hypophosphate wes

{

incompletely oxidized under these conditions. i small loss of ceric

sulfate during the oxidetions required the use of blank corrections.

-3-
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I. INTHODUCTION

Phosphorus forms a.series of oxy scids and salts of these acids,
The first three members of this series include hypophosphorous ¢ i,
phosphorous acid, and hypophosphoric acid in which the oxidation numbers
of phosphorus are positive one, positive three, and positive four
réspectively. Some of the properties of these acids and their salts

such as their physical properties, molecular structure, stsbility, acid

’
strength, and preparation have been fairly well established but accurate
rapid methods for their determination are not availsble, Better anaslyti-
cal methods for the determination of the members of this series would
assist greatly in further studies made of the series.

Theoretically, phosphorous and hypophosphorous acids and their salts
are powerful reducing agents; however, reactlons of these acids and
their salts with even the strongest oxidants are slow and in many cases

‘reQuire several hours for completion. The slow oxidation cf hypophos-
phate by strong oxidants has been explained by the presence of P-P bonds
in its structure and in some cases by the time required for its hydrolysis
to phosphite and phosphate before the oxidation can proceed., An equi-
librium between tautomeric forms of the compound has been suggested as
the reason for the slow oxidation of phosphite and hypophosphite,

An appreciable amount of work has been done on the development of
analytical methods for hypophosphite largely because of its use in

medicine. The literature describes the work of several investigators
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who proposed methods for the determination of phosphite but very little
has been published on the determination of hypophosphate. IHuch of

what has been written on the determination of these acids, especially
on the first two members of the series, is often misleading and has been
subjected to criticism by other investigators. There has been much
disagreement concerning the experimental conditions for carrying out
many of the methods which have been proposed. Some of the methods have
been based on materisls which were considered to be primary standards
and in many cases it is very doubtful that the materisl could be con-
sidered as a pure compound with a definite composition,

Chulski (12) made a limited study of the oxidation of hypophosphate
to phosphate by sodium hypochlorite and by potassium dichromate in
sulfuric acid solution. The results indicated that the oxidations may
be made quantitative under the proper conditions.

It was considered that the use of these oxidants might be extended
to the determination of the other reducing acids of phosphorus,

The purpose of this work is to develop new volumetric methods for
the determination of hypophosphate, phosphite, and hypophosphite with

emphasis on the use of potassium dichromate and sodium hypochlorite.
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II. HISTORICAL

In agqueous solution hypophosphoric acid, HyP;0g, is tetrabasic,
The most common salts are of the type MH P Og, but salts in which the
other hydrogens are replaced by metals are known. The thorium salt,
ThP50s, and normal silver salt, Ag,Ps0g, are practically insoluble,
the former even in strong mineral acids., The disodium salt is speringly
soluble and is the usual form in which hypophosphate is separated from
other phosphorus salts. Aqueous solutions of the acid and its acidified

salts disproportionate according to the following equation:

That hypophosphoric acid is a2 dimer rather than the monomer, HyPO,,
follows from cryoscopic data on the acid and its sealis, the diamagnetic
properties of a number of its salts, and the crystal structure of the
ammonium salt (L1). Indications that the structure involves a P~P bond
include the fact that the acid and its salts are formed only from
materials containing this bond, and the remarkable resisteance of hypo-
phosphate to oxidation.

Their chemical behavior characterizes hypophosphates as intermediate
between phosphites and phosphates; they reduce only the strongest
oxidizing agents but not the salts of the noble metals. They are not
oxidized by halogens but are oxidized by permanganate and dichromate
and by these probably only &as the acid is hydrolyzed to phosphorous

and phosphoric acids (59).
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The couples (lL1)
HyP20s + 2Hx0 —> 2HP0, + 2H* + 275 B =ca, 0.8V
and

£ (e}
2iaP0y T2 H4P05 + 2H  + 283 B =ca. - 0LV

emphasize the fact that even powerful reducing agents do not convert‘
phosphoric acid to hypophosphoric acid and that treatment of phosphorous
acid with an oxdidizing ageht sufficiently strong to give hypophosphoric
zcid will give phosphoric acid instead.

Yost and Russell (72) state that hypophosphate is not oxidized by
boiling dichromate. However, this may mean that hypophosphate itselfl
is not oxidized by hot dichromate but that in acid solution it is
oxidized to phosphate through hydrolysis and oxidation of the phosphorous
acid,

Solutions of the salts of hypophosphoric acid sre much more stable
to decomposition than are those of the acid, and the rate of decomposi-
tion of the acid alone is too slow to be measured at room temperature
(72) . Solutions of the acid and its salts are unstable at higher
temperature,

Methods have been proposed for the determination of hypophosphate
based on oxidation to phosphate or on precipitation of slightly soluble
salts,

Salzer (53) determined hypophosphate by direct titration with per-
manganate at boiling temperature but»satisfactofy results could be
obtained only if the permanganate solution was Standardized against pure

disodium dihydrogen hypophosphate.
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Wolf and Jung (70) determined hypophosphate in the presence of
pliosphite and phosphate by precipitating silver hypophosphate from =
solution adjusted tc a pH of one to two., ‘The excess silver was de-
termined in the filtrate after the precipitate was removed. Probst (L7)
dissolved the precipitated silver salt in ammonium hiydroxide and con=-
verted it to silver chloride.

Treadwell snd Schwarzenbach (66) precipitated hypophosphate as
uranous hypophosphate, UP,0g, with a stendard uranous sulfate solution
in an atmosphere of carvon dioxide. The endpoint was determined
electrometrically,

Wolf and co-workers (71) made a direct titration of hYPOphOSphate
with silver nitrate in 2 solution buffered with disodium phosphate.
Exclusion of air was not necessary . Grundmann and Hellmich (20) stated
that the indirect determination of hypophosphoric acid as the silver
salt is umsatisfactory in the presence oi phosphate but can be deﬁermined
in the presence of phosphate and phosphite by a potentiometric titration
in a solution buffered with sodium zcetate using a silver iodide
indicstor electrode.

Van Name and Huff (67) hydrolyzed hypophosphoric acid to phos-—
phorous and phosphoric acids by repeated evaporations with hydrochloric
acid and determined the phosphorous acid with excess iodine in a solution
buffered with disodium phosphate,

Blaser and Halpern (5) found that sodium hypophosphate was oxidized‘

to pyrophosphate by bromine:

Na,Pz0g + Brg + Hz0 —» NagHyPs0, + 2N&Br
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ihe oxidation was rapid end quantitative at a pH of &, while outside
the limits of pH S to 11 the reaction was scarcely detectable,

boeller and Quinty (L2) oxidized hypophosphate to phosphate with
excess ceric ammonium nitrate. The cerium phosphates were kept in
solution by boiling in nitric acid. The excess cerium was determined
by a potentiometric titration with arsenite. They found that no blanks’
were necessary and also that the disodium dihydrogen hypophosphate
hexahydrate prepared by the method of Leininger and Chulski (37) was =a
primary standsrd.

ieta and pyro plhiosphorous acids and their salts ére obtainable but
the ortho acid is the only one which is important. The meta and pyro
acids hydrate rspidly to the ortho acid in aqueous solution (41). The
ortho acid behaves as a dibasic acid, which suggests thal one hydrbgen
atom is covalently bonded to the phosphorus atom. Only two series of
salts are known, iutsPO, and P05, but two series of esters with

structures P(OR), and RPO(OR), suggest the tautomeric egquilibrium:
P(OH)y ——> HPO(OH),

Mitchell (LO) assumed the above tautomeric forms of phosphorous acid
in proposing a mechanism for the oxidation of the acid by iodine,
The couples (L1)
‘ i 3 o
HaPOy + Hx0 —> H PO, + 2H  + 2 ; E = 0.207V
in acidic solution, and
3 - o

-2 - - '
HPO4 + 30H —> PO, + 2H,0 + 2¢ ; E =1,05V

in alkaline solution, indicate that phosphorous acid and phosphites are
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strong reducing agents. However, reactions with oxidizing agents are
often slow, particularly at ordinary temperature, for example those
with the halogens (LO) and dichromate. Phosphoric acid or phosphate
is the oxidation product,

Hypophosphorous acid, HgPO,, behaves as a monobasic acid in aqueous
solution and this suggests thsat only one hydrogen atom is attached to
an oxygen atom., In aqueous solution the acid is moderately strong (72).
The solubions decompose above 1L0° C, Jenkens and Jones (23) found
that & 0,05 molar solution of C.P, sodium hypophosphite stored at room
temperature at a pH of five decomposed to the extent of &5 per cent in
one year and 0,8 per cent in one year at a pH of 1.5,

As shown by the couples (Ll1)

HgPO, + H0 > HaPO; + 2 =+ 2¢° ; BE® =0.,59V
and
P + 2H0 % HzPO, + H' + e ; E° =0.29V
in acidic solution, and the couples
HgPO,  + 30H > HPOS—Z + 2HZ0 + 2e ; EC = 1.657V
and
P + 200 <= HuP0, + e ; E = 1.827V

in elkaline solution, hypophosphorous acid and its salts are strong
reducing agents., However, as in the case of phosphites, oxidation by
many oxidizing agents is very slow, The reactions with the halogens
proceed at a measurable rate (39,19). Because of the reducing power

of phosphorous acid, strong oxidants convert hypophosphites to phosphates

rather than tc phosphites,
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flethods have been proposed for the determinetion of phospliorous
and hypophosphorous acids and their salts based on their oxidation to
higher oxidation states, Two gravimetric methods (65) which have been
used are (a) oxidizing to orthophosphate by repeated evaporations with
nitric acid and determining the phosphate as magnesium pyrophosphate
and (b) oxidizing to phosphate by excess mercuric chloride and weighing
the mercurous chloride formed. Sandri (5&), and Schwicker (57) modified
the mercuric chloride procedure by determining the mercurous chloride
formed with a standard potassium bromate solution using methyl orange
as indicator., Bond (6) stated that the mercuric chloride method gave
results which were only 80 per cent of theoretical but that the
determination as magnesium pyrophosphate is satisfactory.

Rosenheim and Pinskér (50) determined phosphite and hypophospliite
by excess potassium permanganste in the presence of sulfuric acid
neated to 80 to 9Oo C. Zivy (7L4) recommended the addition of the phos-
phite or hypophosphite sample to a mixture of sulfuric acid, mangsnous
sulfate and excess.standard permanganate., The mixture was then refluxed
for 25 minutes, an excess of standard oxalic acid added, and the excess
oxalate backtitrated with permanganate.meolthoff (28) pointed out the
errors from the instébility of permanganate in hot solution and proposed
oxidation in cold sulfuric acid solution with blank experiments to
compensste for permanganate decomposition., He recommended 2L hours
standing for the oxidation of hypophosphite (28), and two hours standing
for phosphite (27). Koszegi (36) has indicated that errors exceeding
one to four per cent are possible in this method when used for hypophos-

phite. He recommended (35) the use of permanganate in neutral solution
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st boiling temperature followed Dby an iodometric aetermination of the
excess permanganéte after filtering.

Schweicker (57) used an excess permanganate in sulfuric acid
solution and & 30 minute heating pefiod. He stated that the rate of
oxidation is greatly increased by the addition of a few drops of a five
per cent ammonium molybdate solution, .

Pound (L6) reported that the oxidation of hypophosphite in neutral
or acid solution by direct titratioh with permanganste is impossible
znd that even after several days stending with excess permanganate in
acid solution oxidation does not exceed 96 per cent. He stated that a
small amount of potassium bromide has a_catalytiq effect, possibly due
to the formation of free bromine, and that the oxidation is complete
in ; few hours at room temperature if the bromide is present.

Gall and Ditt (16) determined phosphite and hypophosphite with an
excess of standard manganste solution at elevated temperature in alkaline

- solution.

Stamm (63) suggested the use of an excess of alkaline permanganate
for the oxidation of phosphite and hypophosphite. The permanganate was
reduced to manganste and precipitated by barium ion., The oxidation was
reported to be compiete in five minutes,

The guzntitative oxidation of phosphite and hypophosphite by the
halogens under differént cénditions has been proposed by many investi-
gators, Rupp and Finck (51) appear to be the first to suggest the use
of iodine for the determination of phosphite. The oxidation was carried

ocult in a2 bicarbonate medium and the excess iodine titrated with sodium
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thiosulfate after the mixture had been standing for two hours. Boyer
and Bauzil (8) used a similar procedure for phosphite and determined
nypophosphite by oxidizing it to phosphite by excess iodine in sulfuric
acid solution., The oxidation was completed to phosphate by excess
iodine in neutral solution. The procedure required eight to‘ten hours.,

Wolf and Jung (70) pointed out inconsistencies in the method of
Rupp and Finck (51) and developed a method of determining phosphite and
hypophosphite separately or in the presence of each other. They
determined phosphite by an excess of standerd icdine solution in =
bicarbonate medium saturated with carbon dioxide. The excess iodine
was determined by a titrstion with standard sodium arsenite after L5
minutes. Hypophosphite was determined by tresting it with an excess of
stendard iodine solution in dilute sulfuric acid. Lrfter 10 to 12 hours
the solution was made neutral with sodium bicarbonate and the oxication
completed to phosphate. FKaquet and Pinte (L8) used a warm borax solu-
tion in place of the bicarbonate. Bond (7) stated that this method
gave results for hypophosphite which were 20 per cent low. Schwicker
(56) recommended a solution of ammonium borate for the buffer,

Kamecki (25) found that the rate of the oxidation of hypophosphite
to phosphite by excess iodine was increased by increasing sulfuric acid
concentration but was practically constant for one to four normal acid.
He recommended the oxidation of hypophosphite by iodine in one to two
normal sulfuric acid, and that the excess iodine be determined after

three hours. He claimed that phosphite did noit interfere.
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Jones and Swift (2L4) modified the method of Wolf and Jung (70)
and proposed a method for the determination of hypopliosphorous acid and
phiosphorous acid alone or in the presence of each other, They pointed
out thqt the data of Wolf and Jung showed results for the determination
of hypophosphite which were 0.l per cent lower thian the corresponding
gravimetric results and also that phosphite interferes in the method
proposed by Kamecki. They developed the method on the assumptions that
(a) phosphorous acid can be oxidized gquantitatively by excess iodine
in a neutral solution in one hour and that the oxidation of hypophos-
phorous acid under these conditions is negligible and (b) hypophosphorous
acid éan be oxidized gquantitatively by excess iodine in one to two normal
hydrochloric acid. They found the assumptions to be valid if the oxida-
tion of the phosphorous acid was carried out in a solution buffered to
a pH of approximately 7.3 by a phosphate buffer and if the oxidation
of liypophosphorous to phosphorous acid was carried out in about 1.5
molar hydrochloric acid. The results compared favoyably with analyses
made from neutralization titrations on tbe acids using a glgss elecirode
pH meter,

Vermeil (68) suggested a micro determination of phosphite by excess
iodine in ammonium borate buffer, and determined the excess iodine
spectrophotometrically,

Manchot and Steinhauser (38) determined phosphite with an excess
of standard bromine solution in a bicarbonate medium, Hypophosphite
was determined in a similar manner using sodium acetate in place of the

bicarbonate and heating the mixture.
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Brukl and Behr (10) determined phosphite and hypophosphite by
oxidation to phosphate with an excess of standard iodic acid solution.
'he procedure was completed by boiling off the iodine which was
liberated in the oxidations and determining the excess iodic acid,

An alternate procedure was carried out by collecting the iodine which
was distilled off and determining it.

Rupp and Kroll (52), and Schwicker (57) recommended the use of
an excess standard bromate-bromide solution for the determination of
hypophosphite.

Komarowski and co-workers (3L) used an excess chloremine~T in
dilute sulfuric acid for the oxidation of hypophosphite to phosphite.
he oxidation regquired 2L hours and the results were somewhaﬁ lower than
the results obtained by the method of kupp and Finck (51).

Benrath and Ruland (3) reported that hypophosphorous acid is
oxidized to phosphorous acid at boiling temperature when titrated with
ceric sulfate. No other conditions and no data were given,

Cocking and Kettle (13) separated phosphite from hypophosphite by
removing the former with lead acetate end determined the hypophosphite
on an aliquot portion of the supernatant solution with excess one normal
potassium dichromate in approximately five normal sulfuric acid. The
oxidation with dichromate was carried out by heating the mixture in =
water bath for one hour. The excess dichromate was determined jodo-
metrically, Pelizza and Risso (L3) used an excess of 0,1 normel di-
chromate in a similar procedure carried out in five to six normal sulfuric

acid in which the-mixture was refluxed for one hour, This procedure
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and the one described by Cocking and Kettle are somewhat limited in
that only very small samples of the hypophosphite solution were used,

Kirson (26) found that the oxidation of phosphorous acid to
phosphoric acid by chromate ion is about twice as fast in the presence
of perchloric acid as in the presence of sulfuric acid and that the
reasction is faster with increasing acidity.

Kolthoff (27) determined phosphite with excess standard hypobromite
in bicarbonate medium, The mixture was allowed to stand for one-half
to one hour and the excess hypobromite determined iodometrically,

Schwicker (57) oxidized phosphite by an excess of standard sodium
hypochlorite in a solution made neutral with sodium bicarbonate. After
the mixture had been standing for ten minutes, an excess of sodium
bicarbonate was added and the excess hypochlorite determined by a
titration with standard potassium iodide solution,

Sodium hypochlorite is a highly reactive substance but many investi-
gators have found that hypochlorite solutions are quite stable if they
ere properly stored, It hes many advantages as a titrimetric reagent
but its use has been somewhat limited in comparison to many of the
standard oxidsnts. Jellinek and Kresteff (21) described the use of a
sodium hypochlorite solution as a valuable volumetric aid, They found
that a 0,1351 normal solution changed to 00,1330 normal in 17 days., They
attributed this loss to the fact that they made no attempt to shield
the solution from sunlight. Jellinek and Kuhn (22) prepared a standard
sodium hypochlorite solution and found that its concentration remained

practically constant for several weeks,
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Belcher (1) found that a sodium hypochlorite solution prepared
from commercial sodium hypochlorite was stable for a week. Goldstone
and Jacobs (18) recommended the use of Clorox for the preparation of =
standard sodium hypochlorite solution, They added sufficient sodium
liydroxide to the solution to bring the pH to asbout 12,5, the pH of
grestest stability. “'hey found that a 0,005000 normal soclution stored
in a2 brown bottle at room temperature changed to 0,00L977 normal in 56
days.

Chapin (11) studied the effect of hydrogen ion concentration on
the decomposition of hypohalites and concluded that aside from notable
stability in strongly acid solution in the absencelof halide ions the
stability of dilute sodium hypochlorite solutions was greatest al a pH
of 13.1 and least at a pH of 6.7. Chopin also found that the decomposi-
tion of sodium hypochlorite solutions, at least over certain ranges of
pil, was notably accelerated by acetate, borate, and carbonate and that
even phosphate seemed to exert some effect.

It seems to be well established that the stability of hypochlorite
solutions is greater if they are stored awsy from sunlight (L,17,1L).

Kolthoff and Stenger (33) proposed the use of a calcium hypochlorite
solution as a standard oxidizing agent and found that the solution could
be kept in dark bottles for a long time without appreciable change in
titer, A disadvantage in the use of calcium hypochlorite as compared
to sodium hypochlorite is the formation of a turbidity on standing as

the result of the precipitation of calcium carbonate .,
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in many cases hypobromite reacts faster then hypochlorite but
hypobromite solutions are less stable. A hypobromite solution of known
concentration can be prepsred extemporaneously by adding an excess of

slkali bromide to a standard hypochlorite solution:

oCl- + Br —_— OBr + C1

The reagent is particularly useful for oxidations which require a

neutral or alksline medium,
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ITT. REAGENTS AND STAND/KD SOLUTIONS

£11 reagents used in this work were, unless otherwise stated,
analytical reagent grade. |

The volumeitric equipment used was calibrated Kimble Normax and
corrections were applied where necessary. All standard solutions which
were prepared from weighed amounts of reagents were adjusted to volume
in a Kimble Normax volumetric flask which was certified by the Wational
Bureau of Standards,

A1l weighings were made with calibrated weights.

A, Preparstion of Standard Solutions

Potassium dichromate, 0,1000 normal, was prepared from kallinckrodt,
Primary Standard Analybical Reagent which had been dried at 160° C, for
three hours. The solution contained L.9035 grams of the reagent per
liter of solution, It was found to be equivalent to a O.lOOO normal
solution prepared from National Bureau of Standards reagent (W.B.S.
number 136) in a titration of a ferrous ammonium sulfate solution.

Sodium arsenite, 00,1000 normal, was prepared from Baker and Adamson,
Primary Standard Analytical Reagent arsenious oxide which had been dried
at 110° C. for two hours. To L.9L55 grams of the dry reagent was added
approximately eight grams of sodium hydroxide pellets and 20 ml, of
water, When the mixbture was dissolved it was diluted with water to 100

ml,, made slightly acid to litmus with sulfuric acid, approximately
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liree grams of sodium bicarbonate added, and diluted to one liter.
It was found to be equivalent to a 0,1000 normal solution prepared from
iational Bureau of Standards reagent arsenious oxide,

Sodium hypochlorite, 0.1 normal,'was prepared by diluting approxi-
mately 65 ml. of Clorox (Clorox Chemical Company), 5.25 per cent sodium
liypochlorite by weight, to one liter. The solution was stored in an
amber bottle and kept out of direct light as much as possible,

Ceric ammonium sulfate, 0.1 normal, was prepared by dissolving 70
grams of reagent grade ammonium tetrasulfato cerate (G, Frederick Smith
Chemical Company) in 40O milliliters of water containing 28 ml. of
concentrated sulfuric scid and slowly diluting the solution to one liter.
The solution was allowed to stand for at least 2L hours and was filtered
with a sintered glass crucible before it was standardized,

TIodine solution, 0.l normal, was prepared by dissolving 6.5 grams
of resgent grade iodine and 20 grams of reagent grade potassium lodide
in 30 ml, of water and diluting to one liter.

Sodium thiosulfate, 0,1 normal, was prepared by dissolving 25 grams
of reagent grade sodium thiosulfate pentahydrate and 0.5 gram of sodium
carbonate in water and diluting to one liter., The solution was allowed
to stand for at least 2L hours before it was standardized,

Ferrous ammonium sulfate, 0.1 normal, was prepared by dissolving
39 grams of reagent grade ferrous ammonium sulfate hexahydrate in 200
ml, of water containing LO ml, of six normal sulfuric acid and diluting

to one liter.
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B, Sbtandardizetion of Solutions

The solutions used in the experimentsl work described in this thesis
were Standardized according to the following procedures unless the
procedure was changed for a specific purpose in which case the procedure
is described in the section where the solution wss used,

Sodium thiosulfate, 0,1 normal, was standerdized by the following
procedure (LL). To 25,00 ml. of 0.1000 normal potassium dichroﬁate solu-
tion in & 500 ml, Eflenmeyer flsslk was added 100 ml, of two normal
sulfuric ecid. ipproximatzly two grems of powdered socium carbonate was
added in small portions with constent swirling, and then about six grams
of potassium iodide dissolved in ten ml, of webler was added. The flask
was stoppered, allowed to stand for about eight minutes, the contents
diluted to sbout 350 ml., end the liversted lodinz titrated with the
sodium thioéulfate solution, Four wl, of 0.5 pér cent freshly prepared
starch solution wes added near the egquivalence point.

Ferrous ammonium sulfate, 0.1 normal, was standardized by the follow-
ing procedure (30). To 25.00 ml. of the ferrous ammonium sulfate solution
in a 500 ml, Erlemmeyer flask were added 20 ml, of 1:5 sulfuric acid,
five ml. of &5 per cent phosphoric scid, and six drops of 0.0l molar
sodium diphenylamine sulfonate indicator. The solution was titrated with
0.1000 normal potasssium diclhiromate to the appearance of the first tinge
of purple or violet-blue, in indicator blank of 0,05 ml., of 0,1000
normal potassium dichromate was subtraqted from the volume of dichromate

used (55).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

Ceric ammonium sulfete, 0.1 normsl, was standardized by the follow-
ing procedure (62). To 25,00 ml, oi 0.1000 normal sodium srsenite
solution in a 300 ml, Erlenmeyer flasl were added 95 ml, of water, 20
7l, of six normsl sulfuric acid, one drop of ferroin indicator, and
tiree drops of 0,01 molar osmium tetroxide., The solution was titreted

3

v room temperature with the ceric zmmonium sulfsate solution to the
elimination of the red tint.

Sodium hypochlorite, 0,1 normal, was standardized against sodium
srsenite by the following procedure (32)., To 25.00 ml. of 0,1000 normal
sodium arsenite solution in a 200 ml. Brlenmeyer flaslk were added one
grem of potassium bromide and 0.5 gram of sodium bicarbonate. The solu-
tion was titrated with tlie sodium hiypochlorite sclution until within s
few ml, of the expecited endpoint, onc drop of Bordesux indicator added,
and the titration continued until the rad color of ths indicator faded,
e more drop of indicator was added and the titration continuea dropwise
antil the color of the solution flashied from pink to colorless or light

yellow green, 4An indicator blank ofi 0,03 ml, of 0,1 normel sodium liypo-

chlorite was subtracted from the volume of hypochlorite used.
C. Indicators

Bordeaux, [ 0,2 per cent aqueous solution was prepared from

Bordeaux, British Color Index 8&, G, Frederick Smith Chemical Company .

Diphenylamine sodium sulfonate, 0.0l meler, was prepared (69) by

dissolving 0.32 gram of diphenylamine barium sulfonate in 100 ml, of

vater and adding 0.5 gram of sodium sulfate. After standing over night

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2C

tlie clear solution was decented from the precipitated varium sulfate.

Ferroin., L

prepered solution obtained from the G. Frederick Smith

Chomical Company was used,.

Guinoline Yellgg.

£ G .2 per cent agueous solution was prepared
from guinoline yellow, technical, British Color Index 801, Eastman

hodak Company.

‘Yartrazine. £ Q.05 per cent aqueous solution was prepered from

tLartrazine, practical, British Color Index OLO, Eastman Kodak Company.

Cresyl violet, /4

0,2 per cent aqueous solution was prepared Ifrom
cresyl violet, Allied Chemical and Dye Corporation,

)

Starch, £ 0.5

per cent aqueous solution of soluble starch, freshly
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IV, Dg£UPERMINATION OF HyPOPHOSEHATE

It was desireble to use as a basis for a stucy of methods for the
iztermination of hypophosphiste 2 hypophosphete which is a primary
stendard, reasonsbly stable in solution, and one widich does not contain
cetions which mey interfere in the methods used, Disodium dihydrogen
tyypophosphate hexahydrate prepared by thie method of Leininger and Chulski
(37) meets‘these requirements (37,12,h2).

Disodium hypophosphate was prepsred by tihie method of Leininger snd
Cnlski, The product was recrystallized twice from water; the crystals
wzre allowed to iform at room tempereture, They were finslly washed five
times with five ml. of ice-cold water and air dried at room temperature
until they tumbled freely when stirred. They were stored in a tightly
stoppered bottle,

Standard 0.02500 molar soclutions of the preparation‘were made by

dissolving 7.E51) grams of the crystals in LOO ml. of warm water and

ciluting to one liter after adjusting to temperature.
L, Oxidation of Hypophosphate by Excess Potassium
Dichromste in Sulfuric Lcid Sclution

Determination of excess dichromate with ferrous ion, Chulski (12)

found thisat disodium dihydrogen hypophosphate is oxidized by an excesSs

of potassium dichromate in sulfuric acid solution. He found that the

excess potassium dichromate could be determined by adding an excess of
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ferrous ion and titrating the excess with potassium dichromate, ‘his
Litretion could be done in much stronger acid than recommended (55) if
there was present three ml, of &85 per cent phosphoric acid for =ach
50 ml, volume of solution, The volume of phosphoric acid present had
toc be equal to at least one helf the volume of concentrated sulfuric
zcid present. The reverse titration of potassium dichrometc with
ferrous ion was not possible,.

To measured semples of 0,05000 normal disodium phosphete in 500
al, wrlemmeyer flasks which had been thoroughly cleaned with hol chromic
acid cleaning solution and thoroughly rinsed with water were added a
ricasured excess of 0.,1000 normal potassium dichromate and sufficient
concentrated sulfuric acid to meake the resulting mixture 12 normsl in
zcid, The flasks were covered with small beakers and heated in a
1

wolling water vath, The contents of the flasks were cocled to room

tenperagure, diluted with weter to 250 ml., 15 ml, of ¢S per cent phos-
whoric acid added, and then a measured excess of standard ferrous
emmonium sulfate solution. 7The excess ferrous ammonium sulfate was
immediately titrated with the standard dichromate using six drops of
diphenylamine sodium sulfonate as indicator. An indicator blank of

0,05 ml, of 0.1 normal dichromate was subtracted from the volume of
dichromate used., Blanks were determined in the same manner, substituting
weter for the hypophosphate solution. 4 minimum of ferrous ion was added

vefore the backtitration to keep the chromic ion concentration low and

provide a sharper endpoint. The results are shown in Table I.
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TABLE I

DETEI TNATION OF HYPOPHOSPHATE WITH BXCESS POTASSIUM DICHROHATE
(BACKTITRATION WITH FERROUS [[ON)

Conditions: 12 N Sulfuric Acid, Hezting Time One Hour

lit, 0.05 N M1, 0.1 i Meq. Na H.P,0g Found
NﬁgﬁePQOB K20r207 i‘jap‘HgP 206 J}"leq . Percent
Taken
9.99 25,00 ¢ ,500 . 0.L9hL 99.6  (a)
19,98 25,00 0,999 Q.995 99.6  (a)
19.98 L9 ,98 2.199 2.L75 99.0 (=)
5.00 5.00 0.250 0.251 100 .k
9.99 9.99 0.500 0 .503 100.6
9.99 25,00 Q .500 0.506 101,2
19,98 - 19,98 0.999 0,999 100.0
19.96 19,98 0.999 1.001 100.1
19.98 19,96 0,999 1.002 100.2
25.00 25,00 1,250 1.252 100 .2
25.00 25.00 1.250 1.250 100.0
25 .00 25.00 1.250 _ 1.248 99.6
19,96 L9 .96 2,199 2.1107 99.5
L9 .96 L9 .98 2.0L9% 2.Lol 99.t
0.0 25,00 - - 0.09;
0.0 25 .00 - ‘ - 0.05%
0.0 25.00 -- -= 0.01,
0.0 25 .00 - - 0.02" (a)

% M1. 0.1 il K;Crz0, lost
(a) heated LO minutes.

\n indicator blank of 0.05 ml. of dichromate was used in the calcu-
lations of the results in Table I but the blanks resulting from the
small loss of dichromate were disregarded.

The data in Tsble I show that heating for UO minutes in 12 normal

sulfuric acid at the temperature of a boiling water bath is not quite

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2ly

Long enough to complete the oxidation, lypophosphate hydrolyzes to
pitosphiite and phosphate in the hot acid solution, It is quite possible

3
19

Pt

185 the rate of the ozxidation of hypophosphate by dichromate is de-
termined by the rate of the lydrolysis and that the phosphite, rather
thien the hypophosphate, is oxidized. However, the reacting ratio is
the same if hydrolysis does or does not take place. In both cases the
2aquivalent weight of the disodium dihydrogen hypophosphate is one-=half
0f the molecular weight and the equivalent weight of the.potassium
dichiromate is one-sixth of thie molecular weight.

The accuracy of the method using a hot acid solution of potassium
dichromate depends upon the stability of potassium dichromate in hot
acid solution and upon the accuracy of the procedure used to determine
tiie excess dichromate. In order to study the stability of the dichromate
in het acid solution and determine the accuracy of the procedure used
to determine the excess dichromate a seriés of blanks was determined by
the method used for the determination of hypophosphate éubstituting water
for the hypophosphate solution. ¥ach blank contained sufficient sulfuric
acid to make the resulting mixture 12 normal in acid and all were heated
for one hour in a boiling water bath. A slight excess of stendard
f'errous ammonium sulfate was adaéd to each sample before backtitration
with standard dichromate.

Table II shows that potassium dichromate is stable in 12 normal
sulfuric acid at the temperature of a boiling water bath. The small
loss of dichromate may result from the oxidation of small quantities of

reducing substances in the sulfuric acid. If the blanks are to be kept
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TASLE II

SIABILITY OF POTAS3IUN DICHROMATE IN HOT SULFURIC ACID SOLUTION

1, 0,1 & M1, Concentrated M1, Ml, 0,1 i
KCr,0q Ho80,4 Water KsCro 0,
Lost
25,00 25 25 0.02
25.00 25 25 0.C3
25,00 25 25 0,02
25.00 25 25 0.01
.99 10 - 10 .00
9.99 10 10 G .00
9.99 10 10 0 .01
92.99 10 10 0 .00

small, great care must be taken to use flssks which are thoroughly
cleaned because of the drastic oxidizing conditions used.

In order to determine the 2ffect of making the calculations on the
vasis of blanks, a series of hypophosphate samples was determined by
the same procedure as used in the previous determination of hypophos-
phate by excess dichromate with the exception that the results were
calculated on the basis of blanks determined in the same manner as the
samples,

The data in Table III show that slightly better resulis are obtained
if the small blanks are taken into consideration in the calculations.

The best results are obbtained if the volume of hypophosphate solu-
tion taken for anslysis is limited to 20 to 30 ml., If the volume of
sample taken is very large, a large amount of sulfuric acid is reguired

and this makes the endpoint in the back-titration less sharp. Also, the
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LABLE ITIT

DETERFINATION OF HYPOPHOSPHATE WITH EXCESS DICHROSATE
MAKING CALCULATIONS ON THz BASIS OF BLLNKS

Meq,

Wl, 0.05 W M1, O,1 W lianH Po0g lia H,P.04 Found
naptPalg KxCr20n | laken leg. Percent
19.98 25.00 0.999 0.998 99.9
19.98 25 .00 0.999 1.001 100.2
19.98 25 .00 0.999 0.996 99 .9
19.98 25.00 0,999 0.999 100.0
25.00 25.00 1.250 1.2L6 99.7
25 .00 25 .00 1.250 1.2L9 99.9
25 .00 25 .00 1.250 1.249 99.9
25 .00 25.00 1.250 1.2L7 99.8 4
0.0 25 .00 - —_ 0.0l
C.0 25 .00 - - 0,027

® ¢1, 0.1 d KxCr,0, lost.

zmount of excess ferrous ion added should be kept at & minimum in order
thaet & smaller amount of chromic ion will be present at the endpoint.
ihe color of a high concentration of chromic ion makes the endpoint
less sharp.

If the oxidation of hypophosphate by excess dichromate is to be
complete in approximately one hour, it must be carried out in at least |
12 normal sulfuric acid.

In order to determine the effect of added phosphate on the determin-
ztion of hypophosphate with excess potassium dichromate in sulfuric scid
solution, samples and blanks were determined by the procedure described
with the exception that phosphate was added before the heating period.
’he phosphate was added in the form of reagent grade phosphoric acid

end monopotassium phosphate.
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It was found that a small amount of dichromate was used by the
phosphate. However, the amount of dichromate used was not constant
for a constant amount of added phosphate and varied with the source of
the phosphate. It even varied with the same amount of phosphoric zcid
teken from diff'erent bottles of the reagent grade phosphoric acid. The
smount of dichiromate used was smaller for tlie same smount of phosphate
edded in the form of potassium phosphate than in the form of phosphoric
aecid,

The phosphoric acid used was marked as meetling £.C.S., specifications
which means that its reducing properties are such that ten ml, of the
5 per cent acid should not decolorize 0,20 ml. of 0.1 normal potassium
permanéanate (L9). It wes found that the addition of ten ml. of the
nhosphoric acid resulted in e blénk of approximately 0,13 ml. of 0.1
normal dichiromate which corresponds to a reducing property which is well
within the £.,C.,S, specifications.

It was concluded that pliosphate has no effect on the determination
of hypophosphate with potassium dichromate in hot sulfuric acid solution
except the effect due to reducing substances present in the added
phosphate.

Determination of the excess potassium dichromate iodometrically.

Because dichromate liberates iodine from an acid solution of potassium
iodide it should be convenient to determine an excess potassium di-
chromate iodomeitrically. However, the acid concentration present in

the determination of hypophosphate by excess dichromate in 12 normal
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suliuric acid is much higher than the acid concentrstion recommanded
for the lodometric determination of dichromate (31,45).

In order to determine the effect of 2 much stronger acid solution
thuen recommended on the ioccdometric determination of dichromate = series
of dichromate samples was determined iodometrically in solutions of
ciflferent sulfuric acid concentration.

To 19.98 ml, samples of 00,1000 normal potassium dichromste in 5CO

il

nl, Zrlenmeyer flasks were added various amounts of water and sulfuric

acid so that the totzal volume of the solution was 100 ml. To sach flasi:

of potessium iodide dissolved in 15 ml, of water, ifter stending for
2iznd minutes the contents of the flesks were diluted with water to
zoout 350 ml, and the liberated iodine wass titrated with a sodium

thiosulfate solution, The results ere shown in Teble 1V,

TESLE IV

LFFECT OF ACID CONCENTRATICN Ol THi IODOMETRIC DETERMINATIOwN
OF POT/SSIUM DICHRCMATE

Sample Lpproximateé Concentration Ml. 0.1 W
ho, of Acid NazS5,04
1 2 i 19,91
2 2 W 19.92
3 3.6 W 19.97
L 7.2 i 20.03

% Recommended concentration,
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Samples 1 and 2 in Table IV were determined by the recommended
procedure for the iodometric determination of dichromate, ‘1he data in
table IV show that a larger volume of thiosulfste is used when the acid
concentration is higher than recommended, The larger amount of thio-
sulfate used in a solution of high acidity is probably due to sir
oxidation of the iodide, |

in order to study the effect of determining the excess dichromate
iodometrically in the 12 normal acid used in the determination of hypo-
prosphate, 2 series of hypophosphate samples wss oxidized by excess
potassium dichromate in 12 normal sulfuric acid by the procedure
previously described and the excess dichromate was determined iodometric-
elly in the 12 normal acid. 7The volume of each solution was ad justed
so that each flask contained about 75 ml. of 12 normal sulfuric acid
during the oxddation, All samples were heated for cne hour. The results

zre shown in Table V.

TABLE V

DETERMINATION OF HYPOPHOSPHATE BY EXCESS POTASSIUM DICHROMATE,
BACKI'ITRATING THr EXCESS DICHROMATE IODOMETRICALLY
- IN STRONG ACID SOLUTION

¥l, 0,05 N M, O.1N Meg, NagHzP 04 Na H-Po0g Found
NagHaPOg K,Cr 30, Taken Meq. Percent
7.99 _ 9.99 0.500 0.470 9L.0
19.98 19.98 0.999 0.968 96.9
19.96 19.96 Q.999 0.965 96.6

25.00 25 .00 1.250 1.201 96.1
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1'abie V shows that low results would bs obteinecd if the excess

cichromeate were determined iocdometricelly in the 12 normal sulfuric

zcid,

v scemed rezsonsble to expect thet dichromete could be zccurstely

!

determined iodometricelly in & highly .acid solution if pert of the scid

re first neutralized so that the acidity was the szme as required by

tiie recommended procedure, In order to determine if such were the

case, a series of dichromate samples wes trestec with water and con-
ulting mixtures each had & volume

e
®
"
@
)

centrated sulfuric acid so that @i
of epproximately 75 ml, and were 12 normal in sulfuric acid concentrstion.

ihe mixtures were cooled in an ice water pbath and cifferent weighed
zmounts of sodium hydroxide dissolved in 2 constent volume of water
sdded, ''he mixturss were cooled to remove the nest given off in the
sodium cerobonzte Lo

9]

LTter the addition of two grams of

nsutralization. £
coel mixture, tue dicliromate was determined iodometriczlly . ne results

obtzined were compared to results obtained by tie

recommended procedure.

0y

shows thst potassium dichromste can be determined iodo-
is peartially neutralized

If

Lable VI

m2brically in 12 normal sulfuric acid if the acid

so that the determination is completed in two to three normal acid.

the determination is carried out in this maenner, the results obtained

-

-
a5

ree with the results obtained by the recommended procedure. The asta
in Table VI slso indicate that it should be possible to carry out en

iodometric determination of the excess dichromate in an oxidation using

excess dichromate in 12 normal sulfuric acid. This procedure wWss used

t0 determine the excess dichromate in the oxidation of hypophosphate

with dichromate.,
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TisLhe VI

TODOMETRIC DaTsEMINATION OF DICHROMAT® IN JICGHLY ACID SOLUTION
BY NEUTRALIZING PLRT OF THE ACID

Grems Lpproximate
41, 0.1 . ~ M1, Conc. NaOH Lecid . ¥Ml,

K Cr 0. H,S0, kdded Concentration” NasS,0 4
25 .00 (a) 0 2 N 2L .23
25,00 (a) 0 2 N 2l .2,
25,00 25 26 d1.6 N 2k 1E
25 .00 25 20 2.5 K 2l .21
25 .00 25 20 2.5 N 2l .23
25.00 25 17 3N 2l .25
25 .00 25 17 3 N 2L .23

(a) 100 ml, of 2 N Hp80, (recommended procedure)
% Before the addition of NazC0j.

leasured samples of hypophosphate were treated with sulfuric acid
znd @ measured excess of stendard potassium dichromate. A4fter heating
for one hour in a boiling water cath the samples were cooled in ice
water and sodium: hydroxide solution added until the resulting mixtures
hiad a volume of approximately 100 ml. and were two to three normal in
sulfuric acid concentration., 7The excess dichromaté was then determined
iodometrically using a standard sodium thiosulfate solution.

Teble VII shows that the excess dichromate in the oxidation of
hypophosphate with dichromate can be determined iodometrically. The
results obtained are essentially the same as the results obtained when
the excess dichromate was determined with a ferrous ammonium sulfate
solution, Table VII slso shows that increasing the time of heating to

one and one~half hours has no effect on the results.,
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TABLE VII

Pl whMINATION OF HYPOPHOSPHATE BY EXCESs DICHROMALE IN 12 N SULFURIC
ALCTID DETHRMINING 1His EXCESS DICHRCGHMATE IODOMETRICALLY AFTER
NEUTRALIZING PART OF THE ACID
(Heating Time One Hour)

Meq,

“l, 0,05 W M1, 0.1 i NasHaPr0g Na,d,P-0¢ Found (a)
nashPo0g KzCr,0, T aken Meqg, Percent
9.99 2.99 0 .500 0.498 99 .6
9.99 9.99 0.500 G .500 100.07
19.98 19.98 0.999 1.003 100.4L,,
19.96 19.58 0.999 0.996 99.7"
19.986 19.986 0.999 0.999 100.0
19.98 25.00 0.999 0.995 99.6
19.98 25,00 0.999 0.996 99 .7,.
25.00 25 .00 1.250 1.247 99.87
25 .00 25,00 1.250 1.250 100 .0

25 .00 25 .00 1.250 1.246 99.7
25 .00 25 .00 1.250 1.248 99 .8
25 .00 25.00 1.250 1.2hL7 99.6,
L9 .98 L9 .98 2.L99 2.h96 99.9

= Heated for one and one-half hours,
(a) Csalculated on the basis of blanks.

The iodometric determination of the excess dichromate has no
particular advantage over the procedure using a ferrous ammonium sulfate

solution except that the former is a direct determination.

B, Oxidation of Hypophosphate By Excess Sodium Hypochlorite

Chulski (12) made a limited study of the oxidation of hypophosphate
by sodium hypochlarite and concluded that hypophosphate is oxidized by
excess sodium hypochlorite in approximately neutral solution, He de-

termined the excess hypochlorite iodometrically in the presence of
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puffers and the results obtained were somewhat irregudar in that better
results were obtained if calculstions were made on the basis of a
direct standardization of the hypochlorite solution than if blanks,
treated in the same manner as the hypophosphate samples, were used as
the basis for the calculations,

The same irregularities in the iodometric determination of hypo-
chlorite were experienced during the investigation described in this
thesis, This is described more fully in the section of this thesis
dealing with the determination of phosphite with hypochlorite.

Arsenite reacts rapidly with hypochlorite in a bicarbonaste solution,
However, no indicator is available for determining the equivalence
point in a titration of hypochlorite with arsenite because the indicators
usually employed in oxidation-reduction systems are destroyed by hypo-
chlorite. It seemed reasonable to expect that hypochlorite could be
determined by adding to it an excess of standard arsenite solution and
titrating the excess arsenite with a standard oxidant. Arsenite can be
titrated with hypochlorite in bicarbonate solution using Bordeaux
indicator to determine the endpoint (32). It is necessary to have
bromide present at the endpoint because Bordeaux is not decolorized by
a slight excess of hypochlorite but it is decolorized by a slight excess
of hypobromite. The hypobromite is formed by the reaction between the
bromide and hypochlorite.

Determination of hypophosphate with excess hypochlorite, determin-

ing the excess with excess arsenite, To measured samples of 0.05000

normal hypophosphate in 250 ml, iodine flasks were added approximately
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one gram of sodium bicarbonate and a measured excess of standard sodium
Lypochlorite solution, The flasks were allowed to stend in the dark
{for verious time intervals, a measured excess of standard sodium
arsenite added, and then approximately one gram of potassium bromide,
The excess sodium arsenite was titrated with the standard sodium hypo-
chlorite solution using Bordesux indicator as in the procedure for the
standardization of hypochlorite against sodium arsenite. An indicator
blank of 0,03 ml. of 0,1 normal hypochlorite was subtracted from the
volume of hypochlorite used. Blanks were determined in the same menner,
substituting water for the hypophosphate solution. The hypophosphate
1s oxidized to phosphate:

#8C10 + NapldP0g + Ho0 —— 2NaHp PO, + NeCl

The data in Table VIII show that hypophOSphaté is oxidized com-—
pletely by excess sodium hypochlorite in bicarbonate medium. The data
elso show that the oxidation is complete in 30.minutes, incomplete in
15 minutes, and that increasing the standing time up t§ two hours has
no effect on the results. ''he blanks due to the loss of hypochlorite
during the standing are negligibly small,

Several series of hypophosphate samples were determined by excess
sodium hypochlorite using the same procedure. The results of the analy-
sis of a typical series in which the hypophosphate samples were allowed
to stand with excess standard hypochlorite for various time intervals

from 30 to 90 minutes are shown in Table IX.
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TABLE VIII

Dl BFMINATION OF HYPOPHOSPrHATE WITH EXCESS SODIUM HYPOCHLORITE
LS A FUNCTION OF TIME

M1, O.1 N NaCl1O0 Megq. Standing

nl., 0.05 | Added With NagHaPo0g Time Na H P.0s Found
w2l P a0g Sample Taken Min, Meq, Percent

25,00 19.96 1.250 15 1.240 99.2

25 .00 19.98 1.250 30 1.250 100.0

25.00 19.98 1.250 LS 1.252 100.2

25 .00 19,98 1.250 60 1.24L8 99 .8

25.00 19.98 1.250 120 1.251 100.1
¢.0 19.98 - 30 - 0 .01
0.0 19,96 - &0 - 0,00

* mMl, O, 1 N hypochlorite lost,

Table IX shows that the amount of excess hypoclilorite used can be
varied from two to four times the amount required for the oxidation of

the hypophosphate with no effect on the results.

TABLE IX

DETERMINATION OF HYPOPHOSPHATE WITH EXCESS HYPOCHLORITE
(ARSENITE-HYPOCHLORITE MODIFICATION)

M1, 0.1 N HNaClO Megq.

Ml, 0.05 N £dded With NasHoP,0g NagHzP,0g Found
Nasid P 0g Sample Taken Meg. Percent
9.99 19.98 G .500 0.4L97 99 .4
9.99 19.98 0 .500 0 .501 100.2
9.99 19.98 0 .500 C .L99 99 .8
19.98 19.98 G .999 0.999 100.0
19.98 19.98 0.999 1.000 100.1
25 .00 19.98 1.250 1.251 100 .1
25.00 19.98 1.250 1.2h9 99.9
25.00 25 .00 1.250 1.250 100.0
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Determination of excess hypochlorite by a potentiometric titration

with stencard sodium arsenite. Preliminary experiments were carried

ont to determine if it were feasible to determine the excess hypochlorite
by a direct potentiometric titration with staendard sodium arsenite rather
tiien using an excess arsenite. Potentiometric titrations of hypochlorite
with arsenite and of arsenite with hypochlorite were made and the re-
sults compared with the results of titrations of arsenite with hypochlorite
using Bordeaux indicator. Previous oxidetions using hypochlorite had
been carried out in stoppered iodine flasks, Becsuse it would be incon-
venient to carry out potentiometric titrations in flasks, it would be
necessary to use beakers., It was then necessary to determine 1f there
wes a messurable loss of hypochlorite from a covered beaker during the
time required for the oxidation of liypophosphate with excess hypochlorite,
In order to determine this, hypophosphate semples were determined by
excess hiypochlorite in beskers which were covered with a watch glass,
and in stoppered iodine flasks. The standing time varied from 30 to
60 minutes. The excess hypochlorite was determined By adding an excess
of standard arsenite and titrating the excess arsenite with hypochlorite
using Bordeaux indicator, The results are shown in Table X.

The data in Table X show that there is no measurable loss of hypo-
chlorite from a covered beaker during the time required to carry out
the oxidation of hypophosphate with excess hypochlorite.

In order to compare potentiomebric titrations of arsenite with
hypochlorite with titrations using Bordeaux indicator, a 00,1000 normal

sodium arsenite solution was titrated with a hypochlorite solution
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rl\f;iﬁm X

Dul'EHMINATION OF HYPCPHOSPHATI, IN BEAKERS AS CUMPLRED 10
DEl'érRMINATION IN IODINE FLASKS

Semple™ Meqg, HasdsPa0g lieq, Nagid,Pa0g
Taken Found
¥y 1.250 1.250
B4 1.250 l.Zg?
Fa 1.250 1.250
Ba 1.250 1.250

% B refers to determinstion mede in besgker, ¥ in flask;
listed 1in order of stending time.

using Bordeaux indicator and it was found that 19.95 ml. of the arsenite
solution reguired 19.2¢ and 19,26 ml, of the hypochlorite solution in
Lo titrations with no correction for the indicator blank, The arsenite
solution was then titrateo with the hypochlorite solubtion and the cqui-
valence boint determined potentiometrically by the following procedure.
o 19,98 ml., samples of the arsenite solution in 150 ml. beakers were
sdded 35 ml, of water, 0.5 gram of sodium bicarbonate, and one gram of
potassium bromide. The solution was titrated with the hypochlorite
solution and the equivalence point determined with a Sargent potentiometer
with platinum and saturated calomel electrodes, Data for a typical
titration are shown in Table XI.

Other 19.98 ml. samples of the sodium arsenite solution titrated
potentiometrically in the same manner .regduired 19.2L4 and 19.25 ml., of

the hypochlorits solution. £ 19.98 ml. sample of the arsenite solution
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Tizhs XTI

POTENTIOMETRIC TITRL/TION OF AKRSENITES WITH HYPCCHLORITE
IN THX PRuSENCE OF BROMIDE

Wl, 0.1 © B AR AV v
NaC10 Volts Volts M1, AL/ AV M1,
16.57 0.132 )
18,66 0.139 0 .007 0.09 0.678 18,62
16.76 O.1L5 0,006 0.10 0.060 18.71
18,63 0.150 0 .005 0.07 0.071 18.50
19.17 0.157 0 .007 0.34 0.021 19.00
19,19 0.159 0 .002 0.02 0.10 19.16
19.23 0 .309 G150 0.0l 3.8 19.21
19.26 0.661 0.352 0.03 11.6 19.25
19.27 0.737 0.076 0.01 7.0 19.20
19.29 0.753 0.016 0,02 0.60 19.28
19 .32 0.758 0,005 0.03 O 19.32

#nd point 19.25 ml.

was titrated with the hypochlorite by the same procedure except that
no potassium promide wss added to tlhie arsenits sample, 1'he resulis are
shown in Table XII.

The data in Tables XI and XIT show that sodium arsenite solution
in sodium bicarbonate medium can be titrated with sodium hypochlorite
znd the equivalence point determined potentiometrically. The data also
show that the presence of bromide does not influence the equivalence
point in the titration. The. average volume of hypochlorite required
Lo oxidize 19.98 ml. of the arsenite solution was found to be 19.28 ml.
(before the indicator correction) in two titrations usipg Bordeaux as
indicator. The average volume of hypochlorite reguired by 19.98 ml.

of the arsenite in four potentiometric titrations was found to be 19.25ml,
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ThELs XIT

POTENTIONETRIC TITRATION OF ARSENITE WITH HYPOCHLORITE

ril, O W B PAYE AV v

naCl10 Volts Volis vl AL/ AV A,
19.05 0.176

19.15 0.1&2 0,006 0.10 0.60 19.10
19.22 0.220 0.038 0.07 .54 19,19
19.23 0.330 0.110 0.01 11.0 19.23
19 .24 o.L78 0.1L8 0.01 1L.6 19 .25
19.26 0.652 0.17L 0.02 6.7 19.25
19 .27 0.661 0,009 C .01l .90 19.27
17.32 0.695 0.03L 0.05 0.68 19.30
19.41 0.715 0,020 C .09 Q.22 19.37

End point 19.2L ml,

The 0,03 ml. indicator blank used in titrstions using Bordeaux indicator
is therefore well substantiated.

“xperiments were carried out to compare the results obtained by
potentiometric titrations of hypochlorite with ersenite witin the results
obtained by titrations of arsenite with hypochlorite using Bordesux as
indicator. The normality of the hypochlorite was found to be 0.097&9
and 0,097069 by two titrations using Bordeaux as indicator; the normality
was calculated on the basis of the normality of the standard arsenite
solution. 7The normality of the hypochlorite was also determined potentio-
metrically. To 19.96 ml, samples of the hypochlorite solution in 150
ml. beakers were added 35 ml. of water and 0.5 gram of sodium bicarbonate,
The solution was titrated with the standard arsenite solution and the

equivalence point determined by means of a Fisher Titrimeter with
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vlatinum and saturated calomel clectrodes. The instrument wes adjusted
to a null point at G.00 volts. Data obtained in a typical titration

cre shnown in Table XIII,

14BLE XITI

POTENTIOMETRIC TITRATION OF HYPOCHLOAITE WITH ARSENITE

#l, O1 W E AE AV \'

/.rsenite Volts Volts M1, AE/ AV M1,
19 .45 0.703
19 .Lé6 0.691 0.012 0.01 1.2 19 .46
19 .48 0.669 0,022 0.02 1.1 19.4L7T
19,51 0.64L45 0.024 0.03 Q.80 19.50
19.53 0.550 0 .095 0.02 .8 19.52
19.54L 0.231 0.319 0.0 32.0 19.54L
19.55 .130 0.101 0.01 10.0 19.55
19.57 0.121 0.009 0.02 O.LS 19.56
19.65 0.10L 0.017 0.08 0 .20 19.61

End point 19.5h

Other 19.98 ml. samples of the hypochlorite solution determined by
& potentiometric titration with the standard arsenite using the same
procedure, required 19.55, 19.5L and 19.55 ml. of the 0.1000 normal
srsenite. The average normality of the hypochlorite on the basis of
the potentiometric titrations was then calculated to be 0,09785, which
agrees well with the normality of 0.09789 found by the method using
Bordeaux as indicator,

The preliminary experiments indicated that the excess hypochlorite
in the determination of hypophosphate by excess hypochlorite could be

determined by a direct potentiometric titration with standard sodium
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srsenite . This procedure was used to determine a series of hypophos-
phate samples, 4 Fisher Titrimeter was used to determine the end point
ir the arsenite titration, The hypochlorite solution was standardized
sgainst standard sodium arsenite using Bordeaux as indicator, The
hypophosphate sanples were allowed tc stand with excess hypochlorite

for 35 to 90 minutes before the determination of the excess hypochlorite.

The results are shown in Table XIV,

TABLE XIV

DAV AMINATION OF HYPOPHOSPHATE WITH EXCESS HYPOCHLOKRITE , DET'ERMINING
THe EXCESS HYPOCHLORITE BY A POTENTIOMBTRIC TITRATION WITH
STANDARD SODIUM ARSENITE

ml, 0,05 & KMl, O.,1 i HaCl0 wmeq. NagHaP0g __MagHaPo0¢ Found
ba ot P 50g Added With Taken Meq, Percent
Sample

25 .00 19,98 . 1.250 1.24L9 99.9
25.00 19.96 1.250 1.250 100.0
25,00 19.98 1.250 1.252 100 .2
25.00 19.98 1.250 _ 1.250 100.,0
19.98 19.98 0.999 0,999 100.0
19.98 19.98 0.999 1.001 100.2

Determination of excess hypochlorite by a titration with arsenite

using the dead stop endpoint, The dead stop endpoint is often a con-

venient means of detecting the egquivalence point in a titration, and is
especially valuable if a good indicator for the titration is not avail-
gble. Experiments were carried out to determine if the equivalence

point in the titration of hypochlorite with arsenite could be detected

by the dead stop technique. It was found by experiment that if a small

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



potential was applied across platinum electrodes immersed in a hypo=-
chlorite soluticn containing bicarbonate a current flowed between the
electrodes, Also, if arsenite was added to this solution, the current
dzcreased to zero and then increassed as the volume of arsenite added
was increased,

Experiments were also carried out with measured volumes of hypo-
chlorite and arsenite. A sodium hypochlorite solution was standerdized
against a sfandard sodium arsenite solution by the pfocedure in which
Jordeaux is used as the indicator. The normality of the hypochlorite
solution was found to be 0.105L; this value was the average of four
determinstions. The normality of the hypochlorite was also determined
by the dead stop procedure, To 19.96 ml, sazmples of the hypochlorite
solution were added 35 ml. of water and 0.5 gram of sodium bicarbonate.
Platinum electirodes were immersed in the solution and connected to a
Pisher Blecdropode., i potential of L50 millivolts wes applied to the
electrodes., The standard arsenite solution was added from.a,burette'
until close to the equivalence point and current readings tsaken as the
zrsenite solution was added in small increments. The solution was
stirred with a magnetic stirrer. %The equivalence point was taken as
the point where the current was at a minimum. Data for a typical titra=-
tion are shown .in Table XV,

Table XV shows that there is a 1arge change in current before and
after the equivalence point and the end point is easily detected. ther

19.98 ml. samples of the hypochlorite solution were btitrated with the

0.1000 normal arsenite solution by the same procedure. The average of
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TABLE XV

DEADSTOP TITRATION OF SODiUx HYPOCHLORITE WITH SCODIUM ARSENITE

M1, 0.1000 N Arsenite Current Reading
20.7L 305
20.87 220
20,98 12h
21.00 102
21.02 78
21,03 5L
21 .05 18
21 .07 2
21,08 , 21
21.11 51

End point 21 .07 ml,

six titrations was 21.07 ml, of 00,1000 normal arsenite used for a 19.98
ml. sample of arsenite with a maximum deviation of 0.03 ml. of arsenite.
The normality of the hypochlorite solution was then célculated to Dbe
0.1055 normal which agrees well with the normality of 0.,105L debermined
by titrations using Bordeaux as indicator. The results indicated that
in an oxidation using excess hypochlorite, the excess can»be determined
by a titration with standard sodium arsenite, detecting the endpoint
with the deadstop technigue unless some other component in the mixture
interferes. * |

Samples of hypophosphate were determined by excess hypochlorite
in sodium bicarbonate medium and the excess hypochlorite determined by
a titrstion with standard arsenite determining the endpoint by the dead-

stop procedure. The samples were allowed %o stand for 35 to 80 minutes.
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~ voltage of Li50 millivolts wszs applied to the electrodes in the dead-

stop backtitration. The results are shown in Table XVI.

TABLE XVI

DETERMINATION OF HYPOPHOSPHATE BY EXCESS HYPOCHLORITE
AND DEADSTOP BACKTITRATION WITH ARSENITE

Mi, 0.05 i§i l. O.IN Meq, HasiisPo0g HagH P, 0g Found
HaglPo0g WaClo Taken leq, Percent
9.99 19.98 0,500 0,501 100.2
9,99 19.98 0,500 0.501 100,2
9.99 19.96 0 .500 0 .502 100.L
19.98 19.98 0,999 : Q.,999 106.,0
19.96 19.98 0.999 1.001 100.2
19.96 19.98 0,999 0.959 100 .0
19.98 19.96 G.999 G.999 100.0
19.98 19,98 G.999 1.000 100.1
25.00 19.98 1.250 1.2L9 99.9
25 .00 19.98 1.250 1.250 100.0
25 .00 19.98 1.250 1.24L9 99.9

Tapble XVI shows that the excess hypochlorite in the oxidation of
hypophosphate can be determined by a dead=-stop titretion with standard
arsenite,

It would be very convenient if an indicator were available which
could be used in a titration of hypochlorite with arsenite, Indicators
liave been proposed for the titration of arsenite with hypochlorite.
Some of these indicetors haye.been reported to be somewhat reversible
in that if the indicator is bleached by hypochlorite the addition of
srsenite will restore the color of the indicator. <These indicators

were investigated to determine if any were sufficiently reversible to
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use in a titration of hypoclhilorite with arsenite and to determine if
any of them were more convenient to use thaﬁ Bordeaux in the reverse
titration,.

Sinn (60) recommended the use of a 0.2 per cent agueous soiution
of quinoline yellow for detecting the equivalence point in titrations
of arsenite with hypochlorite, The arsenite solution contained
potassium bromide. Young and Gupta (73) used quinoline yellow for
titrations of hypochlorite with arsenite but did not state that bromide
was present. delcher (2) reviewed the use of this indicator and found
that it was slightly reversible in the presence of bromide.

L 0.2 per cent aqueous solution of guinoline yellow was prepared.
Titrations of arsenite with hypochlorite and the reverse titrations
were tried using this indicetor with and without bromide present. it
was found that several drops of 0.1 normal hypochlorite were required
o decolorize the indicator if bromide was not present, but the color
was bleached from yellow to colorless by a trace of hypochlorite in
the presence of bromide., The indicator was found to be slightiy re-
versible, but when the color was bleached by a small amount of hypo-
chlorite in the presence of bromide and an excess of arsenite was added
the return of the color required about one mimute, The indicator could
not be used for a titration of hypochlorite with arsenite,

Sheentsis (58) recommended the use of cresyl violet~for titrations
of arsenite with hypochlorite and claimed that the results for the
determination of available chlorine agreed with those determined

icdometrically,
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sxperiments showed thet the red color of cresyl violet was
bleéched to colorless by a trace of hypochlorite without vromide
present but the indicator was found to be completely irreversible,

It was found to be somewhat more sensitive to local excesses of hypo-
chlorite than is Bordeaux ard its use does not present any advantage
over the use of Bordeaux in titrations of arsenite with hypochlorite
except that the presence of bromide is not required when cresyl violet
is used.

Belcher (1) used an aqusous solution of tartrazine as indicator
in titrations of arsenite with hprChlorite in the presence of bromide.
Studies on the use of this indicator showed that the yellow color of
the indicator is decolorized only by a large excess of hypochlorite if
bromide is not present but is decolorized by a trace of hypochlorite
in the presence of bromide. The indicator was found to be slightly
reversible but the return of the color upon addition of excess arsenite
was not rapid enough that the indicator could be used for titrations
of hypochlorite with arsenite even if the indicator was added close to
the equivalence point,.

t was found that none of the indicators studied is better than
Bordeaux for detecting the endpoint in titrations of arsenite with
hypochlorite and none was sufficiently reversible to be used for titra-

tions of hypochlorite with arsenite.
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C. Oxidation of Hypophosphate FHth Sodium Hypochlorite
in a Solution Contsining Bromide

It was found by experiment thiet phosphite is rapidly oxidized by
z slight excess of hypochlorite in a solution containing sodium
bicarbonste and potassium bromide., This is discussed more fully in
the section of this thesis dealing with the determination of phosphite
by hypochlorite in a bromide solution., An attempt was made to oxidize
hypophosphate under the same conditions. It was found that the reaction
betwesn hypophosphale and hypochlorite in the presence of bromide, or
essentielly the reaction between liypophosphiate and hypobromite, is much
slower than the reaction of phospnite with hypobromite, The reaction
is sc slow that the yellow color indicating and excess hypochlorite
appeared on the first addition of nypochlorite to a solution containing
hypophosphate and bromide and disappesred very slowly especially near
the equivalence point, It was therefore not possible to determine
hypophosphate by a slight excess of hypochlorite in a bromide solution
as was done in the case of phosphite, because the slow reaction did not
readily allow the detection of a slight excess of hypochlorite,

&n attempt was made to determine hypophosphate in the presence of
bromide by a measured excess of hypochlorite. To a series of G ,05000
normal hypophosphate samples were added one gram of sodium bicsrbonate
and one gram of potassium bromide. Measured amounts of standard sodium
hypochlorite were added from a burette. 7The samples were allowed to
stand for various time intervals, an excess of standard sodium arsenite

solution added, and the excess arsenite titrated with hypochlorite from
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GJ

iy sam=2 vurette usin

e}

were determined in the same manner, suostituting water for the nypo-

»hospliate solution, The results are shown in Teble XVIl,

TLBLE XVIT

Dol SEMINATION OF HYPOPHOSPHITE WITH EXCwSS HYFPCCHLOWITE Iit THE
PrReSENCE OF BROMIDE AS £ runCTION OF TIMi OF STANDING
AND PEXCESS HYPOCHLORITE

Lpprox, M1,

1, 0.05 § 0.1 HeClO lieg.
rephgoP,s0g sDefore nasn P04 Standing Uime ligstiaP»0g Found
Standing Taken min, rieqg. Percent
19.96 11 (=) 0,999 I 0.99¢ 99.7 @
19.98 11 (a) 0.999 & 0.995 99.6
19.9¢€ 12 (a) 0.999 10 0.399 100.0
12.96 1k 0.999 3 1.00L 100.5
13 .96 16 G.999 3 1.007 100 .5
19.98 17 C.999 3 1,007 100.8
12.96 18 0.999 1 0.998 99.9
25.00 13 1.250 5 1.24L0 99.2
25.00 i3 1.250 5 1.229 98.3
25 .00 18 1.250 3 1.2L8 99.0
25.00 20 1.250 3 1.250 1C0.0
25 .00 20 1.250 5 1.267 101 .L
25 .00 20 1.250 1 1.254 100.3
0 10 - 2 - 0.167
0 10 -- & -~ O.2t"
“

Ml. 0.1  WaClO lost.

) The hypochlorite was added slowly with constant swirling
until a yellow color persisted then allowed to stand the
time indicated.

(

)]

The data in Table XVII show that hypophosphate is oxidized by
excess hypochlorite in bromide soclution. The data also shows that a
large excess of hypobromite in the presence of bromide is unstable, or

forms products on standing which do not react with arsenite in
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vicarbonate medium. This accounts for the large loss of hypochlorite
when blanks were determined. Quantitative results for the determination
of hypophosphate were not obtained, for the results depend on the
amount of excess hypochlorite used and on the time of standing.

Farkas and Lewin (15) made a study of the reaction between sodium
lrtypochlorite and potessium oromide and found that the rate of the re-
action

(1) cl0” + Br —> Br0O~ + Cl1

decreases with increasing pi. 4t lower piHd velues other reactions take

place:
(2) 2610~ + Bro~ —>» 2c1° + BrO,
(3) c10” + 2HC10 —> 25" + 201 + ClO04
(L) BrOo~ + 2HC10 —> Bro, + 24 + 201

and the rate of these reactions increases with decreasing pri. %They found
that in the pH range of 2.0 to 9.4 an excess of hypochlorite quantite-
tively oxidized bromide ion according‘to equation (l), and that the
oxidation was complete in five minutes. If the reaction were allowed

to proceed for a longer time, the effect of the other reactions was
egpparent and loss of hypochlorite occurred.,

Because the results of the determination of hypophosphate by excess
Lypochlorite in a solution containing bromide and bicarbonate were
erratic, the determination was tried in a solution buffered to a pH of
approximately 9.2. It was considered that under these conditions the

oxidation of the hypophosphate might be confined to a reaction between
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inpophosphate and hypobromite without loss of hypochlorite due to the
formation of bromate and chlorate,

A buffer of pHv9.h was prepared from boric acid and sodium
hydroxide. The pH of a mixture of 25.00 ml. of 0,05000 normal hypo-
phosphate, 19,98 ml. of 0,1 normal sodium hypochlorite, one gram of
potassium bromide, and 50 ml,., of the buffer of pH 9.4 was found to be
2.2 as determined with alBerman iModel H-2 pH meter. ''o measured
samples of hypophosphate were added one gram of potassium bromide and
50 ml,., of the pH 9.4 buffer, A measured excess of hypochlorite was
added from a burette, the mixture sllowed to stand for 15 minutes, an
excess of standard arsenite added, and the excess arsenite titrated
with standard hypochlorite from the same burette using Bordeaux
indicaﬁor. The hypochlorite was standardized agsinst the standard
srsenite solution in the presence of 50 ml., of the pH 9. buffer and it
was found that the results obtained were the same 25 those found when
bicarbonate was used in place of the buffer,

Table XVIII shows that the oxidation of hypOphésphéte by excess
hypochlorite in the éresence Bf-bromide at a pH of apprdximately 9.2
is complete in 15 minupeé if the excess hypochlorite is &0 pér'cent or
above, However, the results obtained are slightly high indicating some

-

loss of hypochlorite but are not as erratic as the results found in a

i

bicarbonate medium (Table XVII).
The determination was repeated using approximately 60 per cent
excess hypochlorite and varying the time of standing. The results are

shown in Table XIX.
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TABLE XVITI

DET£RMINATION OF HYPOPHOSPHLTE BY EXCESS HYPOCHLORITE IN THS
PReSENCE OF BROMIDE AT A pH OF AFPROXIMATELY 9.2 AS A
FUNCTION OF EXCuSS5S HYPOCHLORITE

Approx.,
¥Ml, 0,05 N Approx, Ml. lea, WaHyP,0g Percent NaH,P,0g Found
HagligPo0g OC.1 I NaClo Taken Ixcess Meq, Percent
NaClo
9.99 20 0,500 300 0.502 100.4
19.98 25 0.999 150 1.00L 100.5
9.99 10 0 .500 100 0.501 100.,2
19.98 20 0,999 100 1,003 100 .1
25 .00 25 1.250 100 1.252 100 .2
25.00 25 1.250 100 1.25kL 100.3
19.98 16,5 0,999 65 0.996 99 .7
19.98 17.5 0.999 75 0.996 99.7
29 .97 25 1.L99 66 1.505 100.L
25,00 20 1,250 &0 1.252 100 .2
19.98 15 0.999 50 0,992 99.3
39.96 25 1.996 25 1.996 99.9
25,00 15 1.250 20 1.227 98 .2

'able XIX shows that if a 60 per cent excess hypochlorite is used,
the oxidation of hypophosphate is complete in ten minutes and that a
longer standing period up to 30 minutes has no apprecisble effect on
the results. The method using hypochlorite in the presence of bromide
has no particular advantage over the method using hypochlorite without
bromide except that the oxidation of hypophosphate is complete in a
shorter time if bromide is present., This advantage is minimized by the
necessity of using a buffer and a critical excess of approximately &0
percent hypochlorite when bromide is present. The latter regquirement

makes the method somewhat empirical.
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TABLE XIX

DuTERVTINATION OF HYPOPHOSPHATE BY EXCESS HYPOCHLORITE IN THE
PRESENCE OF BROMIDE AT A pH OF APPROXIMATELY 9.2 AS A
FUNCTION OF TIMLIL OF STANDING

#il, 0,05 N ®Ml, 0,1 N Meg, Wa,H,P,0g Standing Time WasH,P.0g Found

NagtaPo0g wNallo Taken Min. Megq, Percent
25 .00 19.98 1.250 5 1.2L5 99.6
25.00 - 19.98 1.250 ) 1.2L6 99.7
25 .00 19.98 1.250 10 1.251 100.1
25 .00 19.98 1.250 10 1.2L49 99.9
25 .00 19.98 1.250 12 1.249 99.9
25.00 19.98 1.250 15 1.2u46 99 .6
25 .00 19.98 1.250 20 1.251 100.1
25 .00 19.98 1.250 30 1.252 100.2

D. Oxidation of Hypophosphate by Excess Ceric Sulfate
' in Sulfuric Acid Solution

It was found by experiment that hypophosphite is completely oxicdized
by excess ceric sulfate in sulfuric acid solution at boiling temperature.
It was also found that the excess ceric sulfate could be determined by
a titration with a standard ferrous ammonium sulfate solution or with
a standard arsenite solution. 4 small smount of céric sulfate wes lost
during the boiling period and it was necessary to apply corrections for
this loss, Determinations By excess ceric sulfate are discussed more
fully in the section of this thesis dealing with the determination of
hypophosphite ﬁith ceric sulfate. Experiments were carried out to de-
termine if hypophosphate could be determined by excess ceric sulfate in

sulfuric acid solution,
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To measured samples of 0,05000 normal hypophosphate were added a
measured excess of standard ceric ammonium sulfate and ten ml. of
concentrated sulfuric acid. The mixtures were refluxed for various
time intervals in 500 ml, flasks attached by glass joints to water-
cooled condensers, The precipitate of cerium hypophosphate which
formed when the ceric sulfate was added to the hypophosphate dissolved
when the flask was heated and remained in solution during the determin-
ation., DBach condenser was rinsed with gbout 30 ml, of water which
drained into the attached flask, The contents of the flasks were
cooled to room temperature, two drops of ferroin added, and the excess
ceric sulfate titrated with a standard ferrous ammonium sulfate solu-
tion, The excess ceric sulfate in some of the samples was determined
by adding two drops of ferroin, three drops of osmium tetroxide solution
and titrating with a standard arsenite solution, Blanks were alsq
determined in the same manner, substituting water for the hypophosphate
solution, The results were calculated on the basis of the blanks and
are shown in Table XX,

Table XX shows thal hypophosphate is not completely oxidized to
pﬁOSphate by excess ceric sulfate in approximately six normal sulfuric
acid in one hour at boiling temperature. The oxidation is fairly rapid
when the reacting mixture is first heated but increasing the heating
time from LS to 60 minutes has little effect on the oxidation. It is
quite possible that the oxidation takes place through a hydrolysis of
the hypophosphate and oxidation of the phosphite formed and that in the

relatively low concentration of acid used the hydrolysis is not completed
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TABLE XX

DeTERMINATION OF HYPOPHOSPHATE BY EXCESS CHRIC SULFATH IN SULFURIC
ACID SOLUTION AS A FUNCTION OF TIME OF HLATING
Notet: #xcess ceric sulfate determined with standard
ferrous zmmonium sulfate except where indicated,

Meq. Refluxing
HMl. 0.05 W M1, O.1 W NasHaPo0g Time Napf P,04 Found
NagH g F50g Ceric Sulfate Taken Min, regq, Percent
25.00 25 .00 1.250 15 1.220 97 .6
25 .00 25 .00 1.250 25 1.229 98.3
19.98 25 .0C 0.999 30 0.98L 98.5
19.98 25 .00 0.999 LE 0.985 98.6
19.98 25 .00 0.999 50 0.9t3 9t .L
25 .00 25 .00 1.250 50 1.233 98.7
25 .00 25 .00 1.250 60 1.2356 98.9
25 .00 25,00 1.250 &0 1.234L 98.7
25 .00 25 .00 1.250 60 1.233 98.6
25 .00 25.00 1.250 60 1.232 98.6 (=2)
25 .00 25,00 1.250 &0 1.236 96.9 (a)
25.00 25.00 1.250 60 1.23L 96.7 (a)
0.0 25 .00 - 60 . 0.07 =
0.0 25 .00 - &0 - 0.09

% 1, O,1 I ceric sulfate lost.
(a) fixcess ceric sulfste determinec with arsenite.

in one hour, A&lso, it was found in another part of this work that
phosphite is not readily oxidized by ceric sulflate and this may be &
factor in the oxidation of the hypophosphate.

The oxidation of hypophosphate may possibly be completed if carried
out in stronger acid solution or if heated for a period longer than one
hour, but the investigation was discontinued becsuse other methods for
the determination of hypophosphate developed during this work are much

more satisfactory.
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Summary of Results of Hypophosphste Determination

The average results obtained by the methods developed for the

determination of hypophosphate are as follows:

Lverage
Method Percent
MagHP0g

t

sxcess Dichromate, Ferrous Sulfate Procedure (o blank

COrTECLIONS) s tvinn e cnsreeoruncoaneneonnneneennes 1001 X 02
sxc2ss Dichromete, Ferrous Sulfate Procsdure (Blank
CoOrTections) tuu i iienrenenne e, e $9.9 L 0.1
sxecss Dichromate, Iodometric Procedure (Blank "
COPTECLAONS) vt tietie et tieeneiniannnennennnannas 9986 0.2
sxcess hypochlorite, backtitration with Excess lLrsenite.., 100.,0 o
axcess nypochlorite, Potentiometric Backtitrstion with .
ArSeNItE . it it ii ittt e aeaese 1000 01
ixcass Hypochlorite, Deadstop Backiitretion with /rsenite 100.0 fo.

‘‘'ine results listed are the average results of analyses made on
samples containing from 10 to 50 ml, of 0,05 normel hypophosphste solu-
tion., The average deviations are also given. The dats show that the
method in which an excess of hypochlorite is used is the most accurate
and precise and that the procedure used to determine the excess hypo-
chlorite has no influence on the results. <The hypochlorite method is
much better than the dichromate method for several reasons: 1t is more
accurate and precise, it is faster and carried out at room temperature,
no blank other than an indicator blank is required, and the oxidant is
less expensive, The hypochlorite method is well adspted to the de-
termination of a large number of hypophosphate samples for the standing

time and smount of excess hypochlorite can be varied within wide limits,
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Several methods of equel accurscy and precision are available for
determining the excess hypochlorite. If the amount of excess hypo-
chilorite is approximately known it can be determined guite rapidly by
a deadstop titration with standard arsenite for current readings need
to pe taken only near the endpoint. Plotting the changes in current
is unnecessary even if the approximabe endpoint is not known because
the current changes before and after the endpoint are very pronounced,
The dichromate method is more difficult to use because of the
heating required, It is not well adapted to semples of large volume,
It may be used to advantage for the determination of hypophosphates which
are insoluble in the bicarbonate medium used in the hypochlorite method
but which are soluble in ecid scolution., For routine determinations
the blanks can be disregarded if precautions are taken to eliminate any
extreneous reducing materisl from the reaction flasl.
The methods which have been developed for the determinatlion are
far superior to the gravimetric procedures which are commonly used,

at least as far as the time required for the analysis is concerned.
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V. DETEMINATION OF PHOSPHITE

L phosphite was required as a bssis for the comparison of several
mzthods for its determination, 4 survey of the literature indicated
that a primary standard phosphite had not veen prepared, Therefore,
it was necessary to prepare a phosphite which could be made homogeneous
and contain no substance which would interfere with the methods used
for the determination of phosphite, For this purpose approximetely
50 grams of reagent grade phosphorous scid was ground in 2 mortar and
placed in a desiccator over phosphorus pentoxide. The grinding and
crying process was repeated several times until the smell crystals could
be poured freely, The phosphorous acid was weighed in a closed weighing
bottle and allowed to stand in the open weighing boittle ovsr phosphiorus
ventoxide for a week. The 50 zgrams lost about 16 milligreams and it was
considered that further drying was not necessary. The weighing bottle
was then closed, the acid mixed thoroughly by shaking, and the closed
bottle kept in a desiccator over phosphorus pentoxide.

Samplzs of the phosphorous acid were weighed as required to make
sample solutions by pouring approximately the required amount into a
small dry weighing pottle which had been previously weighed, and weigh-
ing again to find the weight of the phosphorous acid. The transfer
was made with as little exposure to the air as possible, for the acid
was very hygroscopic. The weighed samples were dissolved in water and

diluted to one liter to make solutions of approximately 0.025 molar or
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0.05 normal in terms of oxidation of the phosphite %o phosphate .

The purity of the phosphorous acid was established by oxidizing
the acid to orthophosphate and determining the phosphate as magnesium
pyrophosphate, a method which has been used by others to check volu-
metric results. One hundred ml. samples of a phosphorous acid solution
centaining 2.2L21 graﬁs of the acid per liter were evaporated to dryness
three times with 30 ml, of qoncentrated liydrochloric acid and ten ml.
of concentrated nitric acid after adding to each sample sufficient
magnesium chloride equivalent to the formation of magnesium orthophos-
phate. The residue was dissolved in water, diluted to 100 ml,,
magnesia mixbture added, and magnesium ammonium phosphate slowly pre-
cipitated with ammonium hydroxide. “The precipitate was sllowed to stand
overnight, filtered, washed with cold ten per cent ammonium hydroxide,
dissolved in hydrochloric acid and reprecipitated. rifter stending
overnight the precipitate was filtered by means of a sintered porcelain
ecrucible, washed with cold ten per cent ammonium hydroxide and ignited
to magnesium pyrophosphate at 1000° ¢, in a muffle furnace to constant
weight, The per cent purity of the phosphorous acid was calculated from
the weight of pyrophosphate obtained. The per cent purity was found
to be 99.57, 99.51, 99.48, 99.51 for four samples; the average was then
calculated to be 99.52 per cent. It was assumed that the remainder of
the phosphorous acid was water for it was not dried to an anhydrous
state. Tests for other substances were not made, All results for the
determination of phosﬁhite reported in this thesis are expressed on

the basis of the average of the gravimetric results. In each table,
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the milliequivalents oleSPO3 taken are the milliequivalents of HaFO4
which were present in the sample taken [or analysis,

The composition of the phosphorous acid was further esteblished
by the method of Wolf and Jung (70). This method was reviewed by Jones
and Swift (2L4) who stated that it is accurate for the determination of
phosphite,

To measured samples of approximately 0,05 normal phosphorous acid
in 250 ml, iodine flasks was added 50 ml. of 0,2 molar sodium bi-
cerbonate solution which was saturated with carbon dioxide. £ measured
excess of at least ten ml, of 0,1 normal iodine solution was added to
each flask. The flasks were allowed to stand in the dark for L5 to &0
minutes, and the excess iodine titrated with standard sodium arsenite
solution, ‘l'he results were calculsated on the basis of blanks determined
in the same manner as the samples, substituting weter for the phosphorous

zcid solution, The results are shown in Table XXI.

TABLE XXTI

DETZRMINATION OF PHOSPHITE BY METHOD OF WOLF AND JUNG

1, 0,05 i M1, O.1 N rieqg. HaPO4 H,PO, Found
H3P03 Iodine Taken Meq. Percent
25 .00 25 .00 1.360 1.359 99.9
25 .00 25 .00 1.360 1.360 100.0
25 .00 25 .00 1.360 . 1.360 100.0
25 .00 25 .00 1.360 1.359 99.9
25.00 25 .00 1.360 1.359 99.9
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The average per cent found was calculated as 99.9 per cent from
the data in Table XXI. The results by the Wolf and Jung method there-

fore agree well with the resulits of the gravimetric method.

£, Oxidation of Phoéphite By Excess Potassium Dichromate
in Sulfuric Acid Solution

Preliminary experiments were conducted to determine if phosphoroﬁs
acid is oxidized by excess potassium dichromate in sulfuric acid solu-~-
tion and to determine the effects of time of heating and concentration
of sulfuric acid. 4 solution of approximately 0.025 molar phosphorous
acid was prepared from reagent grade crystals of the acid which were
not dried and vhich were moist on the surface., <The undried reagent was
used only in these preliminery experiments; the dried reagent was used
in 211 other procedures dealing with the determination cf phosphite.
ricasured samples (19.98 ml.) of the 0.025 molar sclution were treated
with 19,96 ml, of 0,1 normal potassium dichromate and sufficient con-
centrated sulfuric ecid to make the resulting mixture 12 normal in
sulfuric acid. The mixtures were heated in a boiling water bath and
the excess dichromate determined iodometrically after neutralizing part
of the acid as previously described in the section of this thesis dgaling
with the determination of hypophosphate by excess dichromate. The
results are shown in Tsble XXTI.

The procedure was repeated using different concentrations of sul-
furic acid and various heating'times. Each sample contained 19.98 ml.
of the 0.025 molar phosphorous acid and 19.98 ml. of O.1 normal di-

chromate. The results are shown in Table XXTIII.
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TABLE XXIT

OXIDATION OF PHOSPHITEz BY EXCESS DICHROMATE IN 12 NORMAL SULFURIC ACID
AS A FUNCTION OF TIME OF HEATING

Time of Heating Meq., HaPO4 Found

Min,

5 0.913

10 0.966

15 0.984

30 0.965

60 0.966

90 : 0 .966

120 0.986

TioliEs XXITT

OXIDATION Of PHOSPHITE BY EXCESs DICHROMATE AS A FUﬁGTION OF SULFURIC
ACID CONCENTR/TION AN TIME OF HEATING

spproximate y
Normality TimeMHeating lheqg, HaPO4
HoS0, Hours Found

1 0.965
ig 1 0,989

0.5 0.8L1
: 1 0.9L6
6 .4

1.5 0.980
? & 0.5 0.61L
3.6 1 0.8L46

Tables XXII and XXIII indicate that phosphorous acid is completely
oxidized by excess dibhromate in 12 normal sulfuric acid in 30 to LS

minutes and-that if the oxidation is to be complete in one hour, the
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sulfuric acid concentration must be at least sbove six normal. The
preliminary experiments were carried out to determine the conditions
necessary to oxidize phosphiorous acid with excess dichromate., The
composition of the phosphorous acid was not accurately known, but it was
assumed that the oxidation was complete if no further oxidation took
place with a longer heating period using the same scid concentration.

Solutions of phosphorous acid were prepared from the dried acid.
1o measured samples of the solutions were added a measured excess of
standsard potassium dichromate and sufficient sulfuric acid to make the
resulting mixture 12 normal in sulfuric acid. 'he mixtures were heated
for one hour in a boiling water bath and the excess dichromate was
determined by a standard ferrous ammonium sulfate solution as previously
descrivbed in the section of this thesis dealing with the determination
ol hypophosphiate with excess dichromate.

Table XXIV shows that if the blanks are taken into consideration,
the results are in better égreement with the gravimetric results than
if the blanks are neglected,

The determination was repeated by the same procedure except that
the excess dichromate was determined iodomeﬁrically after neutralizing
part of tﬁe sulfuric acid as described in the section of this thesis
dealing with the determination of hypophosphate with dichromate. The
results are shown in Table XXV.

Table XXV shows that phosphite is completely oxidized by excess
dichromate in 12 normal sulfuric acid in L5 minutes at the temperature

of a boiling water bath,
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TLBLE XXIV

DETERMINATION OF PHOSPHITE BY EXCESS DICHROMATE
N 12 WOEMiL SULFURIC ACID
(Ferrous Sulfate Backtitration)

Conditions: 'I'ime of Heating One Hour

ml, 0,05 W M1, 0.1 W rieg, HiPO4 PO, TFound
11aP04 KsCr,0q Taken Meq. Percent
19.98 19.98 1.171 1.172 100 .1
19.98 19.98 1.171 1.171 100 ,0s
19.96 19.96 1.171 1.171 100 .0«
25 .00 . 25,00 1.376 1.3¢0 100 .2
25 .00 25,00 1.376 1.361 100.3
25.00 25 .00 1.376 1.377 100.2
25.00 25 .00 1.376 1.377 10C.2

¥+ Hesults calculated on tlie basis of blanks.

TLERLE XXV

DETERATINLATION OF FPHOSPHITE 3Y 2XCn35 DICHROMATE
I 12 nOnMAL SULEFURIC £CID
(fodometric Backtitration /fier Neutralizing Part of The icid)

Conditions: ‘“'ime of Heating L5 Minutes

M1, 0,05 W M1, 0,1 W rieq. HaPO4 HsPO, Found (a)
HaPO4 KoCr 50 1Taken Meq, Percent
25.00 25,00 1.376 1.377 100.1
25.00 25,00 1.376 1.378 1.00.1
25.00 25.00 1.376 1.373 99.8
25 .00 25,00 1.376 1.377 100.1
25 .00 25.00 1.376 1.375 99.9
25 .00 25 .00 1.360 1.361 100.1
25 .00 25,00 1.360 1.360 100.0
25.00 25.00 1.360 1.361 100.1
25.00 25 .00 1.360 1.360 100 .0
25.00 25 .00 1.360 1.357 99.8

3+ Heated one hour,
(a) Correction for blanks.
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B. Oxidation of Phosphite by Excess Hypochlorite
in The Presence of Bromide

fiitrite and arsenite are oxidized rapidly by hypochlorite in a
solution conteining bromide and bicarbonate (29). It seemed reasonable
to expect that phosphite may be oxidized under the same conditions,

To measured samples of 0,05 normal phtiosphorous acid in 200 ml.
prlenmeyer flasks were added one gram of sodium bicarbonate and one
sram of potassium bromide,., Standard sodium hypochlorite was added from
a purette until a slight yellow color appesred, indicsting a slight
excess of hypochlorite. 'The hypochlorite could be added to the solution
as rapidly as the burette would deliver it, and the yellow color would
not persist until there was an excess of hypochlorite., The flasks were
sllowed to stand for two to three minutes, 2 small measured excess of
standard arsenite added, =nd the cxcess arsenite titrated with the
standard hypochlorite from the same burette using Bordeaux as indicator,
The volume of the solution was adjusted to 50 to 75 ml, at the endpoint.
iAn indicator blank of 0.03 ml. of 0,1 normal Lypochlorite was sub-
tracted from the volume of hypochlorite used. An excess of about 0.5
ml, of O.,1 normal hypochlorite was used with each sample.

The data in Table XXVI were obtained using two different phos-
phorous acid solutions of slightly different concentration but prepared
from the same reagent. Tlable XXVI shows that phosphite is completely
oxidized by a slight excess of hypochlorite in the presence of bromide
and the results obtained agree feirly well with the results obtained

by the gravimetric and Wolf and Jung methods. The dats also show that
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TEBLE XXVI

DETERMINATION OF PHOSPHITE B8Y A SMiLL EXCESS OF HYPOCHLORITE
IN 4 SOLUTION CONTAINING BROMIDE AND BICARBONATE

M1, 0.05 N Meg, HgPO, HoPO, Found
liaFOgq Taken Meq. Percent
9.99 0,616 0.517 100.1
9.99 0.616 0.616 100.0
19.98 1.231 1.230 99.9
19.98 1.231 1.230 99.9
19.98 1.231 1.229 99.8 (a)
19.98 1.166 1.168 100 .0
19.98 1.168 1.168 100.0
19.98 1.166 1.142 97.8 (b)
19.96 1.168 1.168 100.0 (c)
19.96 1.166 1.155 96.9 (d)
25.00 1.54L0 1.538 99.8
25.00 1.540 1.538 99.8
L9 .98 3.0¢&0 3.076 99.9
L9 .98 3.080 3.076 99.9

(a) £llowed to stand 10 min, before adding arsenite.
(b) Direct titration, endpoint indefinite.

(e¢) 30 ml. buffer pH 7.4 used in place of bicarbonate.
(d) KBr added after arsenite instead of with sample.

phosphite is not completely oxidized in two to three minutes by a small
excess of hypochlorite unless bromide is present.

In order to determine the stability of the phosphorous acid used
for this work, the acid was determined by the hypochlorite-bromide
method after the acid had been standing for four months in a closed
weighing bottle which was kept in a desiccator over phosphorus pentoxide.,

o

The results are shown in Table XXVII.
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TLBLE XXVIT

DETERMINATION OF STABILITY OF PHOSPHOROUS ACID ON STANDING,
USING HYPOCHLORITE~-3ROMIDE METHOD OF ANALYSIS

Ml. 0,05 N Meqg. HaPO4 H.PO, Found
HaPOgq » Taken Meq, Percent
25 .00 1.376 1.37h 99.9
25.00 1.376 1.376 100 .0
25 .00 1.376 1.376 100.0
25.00 1.376 1.375 99.9
25 .00 1.376 1.375 99.9

Table XXVII shows that there was no saspparent change in the composi-
tion of the phosphorous acid during four months, for the results agree
with the results in Table XXVI which were obtained four months earlier,

Direct titration of phosphite in a bromide-bicarbonate medium with

hiypochlorite. /Lttempts were made to titrate phosphite directly in a

solution containing sodium bicarbonate and potassium bromide using a
solution of Bordeaux to determine the endpoint. The reaction near the
equivalence point is so slow that the indicator was destroyed before a
true endpoint was reached. Seversl drops of indicator were added and
decolorized before an excess of hypochlorite could be detected. If a
reversible indicator were available for titrations with hypochlorite
2 direct titration may be possible.

The possibility of using the deadstop technique to determine the
endpoint in a direct titration of phosphite in a bromide-bicarbonate

medium with hypochlorite was investigated. It was found that when a
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small potential was applied to platinum electrodes immersed in a
phosphorous acid solution containing sodium bicarbonate and potassium
bromide, no current flowed as determined by'a.fisher Elecdropode,
However, one drop of 0,1 normal sodium hypochlorite in a bicarbonate-
bromide medium, produced a current under the same conditions. It was
then considered that a very slight excess of hypochlorite may be
detected by the deadstop procedure,

To measured samples of 0,05 normal phosphorous acid in 150 ml,
beakers were added one gram of sodium bicarbonate and one gram of
potassium bromide, Platinum electrodes were immersed in the solution
and 2 potential of L50 milliveolts applied by means of a Fisher Elecdro-~-
pode, The solution was stirred with a magnetic stirrer. Upon the
addition of standard sodium hypochlorite from a burette, a current
flowed which decreased to zero in a few seconds, WNear the equivalence
point in the titration the addition of a drop of hypochlorite produced
a large increase in current which rapidly decreased to zero when the
addition of hypochlorite was stopped. The titration was continued until
a fraction of a drop of hypochlorite caused a steady current to flow,
This point was taken as the equivalence péint. If the hypochlorite was
added until within 0.5 ml. of the endpoint, the titration could be com-
pleted in two to three minutes, The full sensitivity of the instrument
was used near the endpoint. The hypochlorite solution was standardized
against standard sodium arsenite using Bordeaux as indicator.

Table XXVIII shows that phosphite can be determined by a direct
titration with hypochlorite in a solution containing bromide and bi-

carbonsate.
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TABLE XXVITT

DIRECT TITRATION OF PHOSPHITE WITH HYPOCHLORITE IN A SOLUTION
CONTAINING BROMIDE USING A DEADSTOP ENDPOINT

M1, 0,05 N . Meq., HaPO4 H,PO5 Found
HaPOgq Taken ' Meq,. . Percent
19,98 - 1.101L 1.099 99.8
19,98 : 1.101 1.097 99.6
19.98 1.101 1.100 99.9
19.98 1.101 1.099 99.86
19.96 1.101 1.099 99 .8
19,98 1.101 1.1C0 99.9
19.98 1.101 1,100 99.9
19.9¢ 1.101 1.098 99.7

In order to have a deadstop endpoint in which a current flows
between the electrodes before and after the endpoint with zero current
at the endpoint it is necessary &hat there be a system capable of under-
going electrolysis before snd after the endpoint (6L). The current
changes observed on the addition of sodium ersenite to sodium hypo-
chlorite are typical of this type of endpoint. Sufficient information
is not available to predict just what the electrolysis before the end-
point involves because of the variable oxidation states of chlorine but
after the endpoint the electrolysis presumably involves the arsenite-
ersenate system,

Another type of deadstop endpoint, such as that encountered in the
titration of phosphite with hypochlorite in the presence of bromide,
is characterized by no current flowing between the electrodes before

the endpoint and a current after the endpoint. The requirements for
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this type of endpoint are that = system incspsble of electrolysis
under the conditions used must be present before the endpoint and one
which can be electrolyzed after the endpoint. The phosphite and phos-
phate do not undergo electrolysis, and as soon as there is a permanent
slight excess of hypochlorite present, a system is available for
electrolysis and a current flows. The electrolysis after the endpoint
may involve oxidation states of bromine because of the hypobromite
present from the reaction of the first trace of excess hypochlorite

with the bromide present.

C. Oxidation of Phosphite with Sodium Hypochlorite

In order to determine if there is an optimum pH at which phosphite
is oxidized by hypochlorite, a series of buffers was prepared and the
oxidation carried out with excess hypochlorite in the presence of esach
buffer. The pH of each buffer was determined with a Beclkman Model H-2
pH meter., Because in some cases the pH of the mixture of the buffer
znd the other components of the reacting mixture was slightly different
than the pH of the buffer itself, the pH of each reacting mixture was
also measured,

To 19,98 ml ., samples of 0.05 normal phosphorous acid solution in
250 ml. iodine flasks were added 50 ml., of buffer solution and 25.00
ml. of 0.1 normal sodium hypochlorite. The gutters were filled with
saturated potassium iodide solution and the flasks were allowed to
stand in the dark for 20 nminutes. 7The potsssium iodide solution was

then allowed to flow inte the flask, 20 ml. of glacial acetic acid

-
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added, and the libersted ilodine titrated with standard sodium thio-
sulfate after about one minute. The hypochlorite solution was
standardized against the standard thiosulfate in two ways. In one,

a measured volume of the hypochlorite was added to 50 ml, of water,

1C ml. of saturated potassium iodide solution added, and then 20 ml.
of glacial acetic acid. After about one minute the liberated iodine
was titrated with thiosulfate, In the other method, 50 ml, of buffer
of pH 7.0 was used in place of the 50 ml, of water., The comparison of
the hypochlorite with the thiosulfate was made several times using
different buffers and in every case the amount of thiosulfate required
for a certain volume of hypochlorite solution was smaller when s buffer
was used than was the csse for a comparison made without the buffer.
Llso , if the hypochlorite was allowed to stand with a certain volume
of buffer, the time of standing had no measursble effect on the volume
of thiosulfate reqguired.

Table XXIX .shows that the oxidation is more complete in the pH
range of 7.0 to 7.0 and that the oxidation takes place only to a very
small extent at a pH above 12, It also shows the large difference
in results obtained if the hypochlorite is standardized by the different
methods discussed. It would be expected that better resulis would be
obtained if the comparison of the hypochlerite and thiosulfate was
made in the presence of a buffer as in the determination of the excess
hypochlorite used with the phosphite samples, or in other words, by a

blank,
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TABLE XXTIX

EFFECT OF pH ON THE OXIDATION OF PHOSPHIVE
BY 2XC&S3 HYPOCHLORITE

Conditions: 20 minute standing, 150% excess NaClO

pH Fercent Percent
Oxidized (a) Oxidized (b)

5.9 100.2 99.4L
6.1 1006 .0 99.2
5.6 100.1 99 .2
7.0 100 .6 99 .7
7.3 100.5 99 .7
7.6 100.5 99 .7
7.0 100,6 99 .7
£.9 56.7 55.9
9.2 37.2 36.4
12.1 1.0 1.4

% Buffers of pH range 5.9 to 6.6 were prepered from LeilFO,
and NashPO,, pH 7.0 to 8.9 from K PO, and iie0H, pH 9.2
from HaBO; end Halli, and phl2.l from NalH and scetic acid.

(2) Besis of stendsrdization of WaClO in the absence of a buffer.
(b) Basis of standardization of 1aClO in buffer pd 7.0.

In order to determine more closely the optimum pH &t which phosphite
is oxidized by hypochlorite, another series~of buffers was prepared and
the determinations repeated by the same procedure. The results are
shiown in Table XXX.

Table XXX shows that the oxidation of phosphite by excess hypo-
chlorite is most complete over a pH range of 7.3 to 7.8. The results
in this table correspond more closely to the results obteined by the

gravimetric method if they are calculated on the basis of the normality
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PP eCT O prn ON THis OXIDATION OF PHOSPHITE 8Y EXCxSs HYPOCHLORITE

Conditions: Time of standing 20 min,, 150% excess hypochlorite.

pH™ Percent Percent
Oxidized (a) Oxidized (b)

6.9 99.6 99 .0

7.3 100.0 99 .4

7.5 100.0 99 .4

7.6 100 .0 99 .4

5.1 96,0 95.4

3#* Buffer pH 6.9 was prepared from NaHpPO, and WapHFO,, pi
‘ 7.3 to &.1 from NaHzFO, and NalOH.
Qa) Basis of standsrdization of NeClO in the absence of a buffer.
(b) Basis of stendsrdization of 11aClO in buffer pH 7.5. -

of the hypochlorite determined in the absence of a buffer whereas the
opposite was true in Table XXIX. 7The only difference was in the reagents
from which the buffers were prepared., £ series of phosphite samples was
determined by the same procedure using buffer 7.8; it was the same
buffer thet was used for the data in Table XXIX. The resﬁlts obtained
sgreed with the results in Table XXIX, that is, better results were ob-
tained on the basis of the normality of the hypochlorite determined in
the presence of the buffer than in the absence of the buffer, This
would seem to indicate that the extent of the oxidation depends not only
on the pH of the solution but also on the buffer used.

The accuracy of the method depends upon an accurate iadometric

determination of hypochlorite in the presence of a buffer. The hypochlorite
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used cannot be considered es a solution of a purse compound for it may
contain variable amounts of chlorate znd chlorite depending on the

zze of the solution and on the age of the Clorox from which the solu-
tion was prepared, Hypochlorite and chlorite are determined iodo-
metrically in acetic acid solution however Kolthoff and Sandell (30)
state that chlorite liberates iodine from an iodide solution siowly in
acetic acic solution, Chlorate liberates iodine from iodide only from
s solution made highly acidic with a strong acid. In a determinetion
oif avesileble chlorine in a bleaching solution using arsenite in a bi-
carvonate medium, there is no interference from chlorite or chlorate
and only the chlorine from the hypochlorite is determined.

The iodometric detarminstion of available chlorine was carried
out under various conditions. It was found that the volume of thio-
sulfate solution usad for +the same volume of hyypochlorite varied with
the acid used to acidify the potassium iodide solution, 4 smaller
volume of thiosulfate was used with acetic acid than with sulfuric acid
eznd if the concentration of sulfuric acid was increased, a slightly
larger volume of thiosulfate was used.

The effect of the presence of buffers on the iodometric determina-
tion of hypochlorite was determined. It was found that the volume of
thiosulfate solution required for a constant volume of hypochlorite was
smaller if a buffer of pH 5.7 to §.5 was present than if it was not
present. This effect was found if the solution was acidified with either

acetic acid or sulfuric acid before the liberation of the iodine.
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Ihe effect of buffers is shown by the following. £ sélution of
three grams of sodium bicarbonate in 50 ml. of water was added to each
of several iodine flasks. Different weighed amounts of reagent grade
monopotassium phosphate were added followed ﬁy-19.98 ml, of 0,1 normal
hypochlorite, Ten ml, of saturated potassium iodide solution was added
to each flask and then 25 ml. of glacial acetic acid carefully added,
The liberated iodine was titrated with 0,1 normal sodium thiosulfate

solution. The results are shown in Table XXXI.

TABLE XXXIT

EFFECT OF BUFFeRS On THE IODCMETRIC DETERMINATION OF HYPOCHLORITE

Gr ams Ml, O, 1 W

KH PO, 11855504
@) 20,02
1 20 .62
2 20,80
3 20,79
L 20.75
L 20,75

Table XXXI shows that smaller amounts of iodine sre liberated from
a potassium iodide solution by a constant amount of hypochlorite in a
bicarbonate medium if increasing amounts of monopotassium phosphate are
added. It means that the buffer either interferes with the liberation
of iodine or affects the titration of iodine with thiosulfate. The

results are opposite to what would be expected as the pH of the solution
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decreases with increasing amounts of the phosphate and if the effect

is one oprH only, it would not be expected that a smaller amount of
jodine would be liberated at a lower pi. [/ possible explanation of
.the‘effect is that thevcarbon dioxide in solution from the reaction
between the bicarbonate and phosphate liberates hypochlorous acicd which
decomposes,

Hypochlorite was determined iodometrically in the presence of in-
creasing amounts of Nah,PO, and it was found that the amount of phospheate
present, at least up to four grams, had no measurable effect on the
results. The same was found to be the case when increasing amounts of
KoHPO, or Na HPO, were used, However, when a buffer prepared from mono
and disodium phosphates was used, the amount of iodine liberated was
less than was the case if {the buffer were not present. This suggests
that the amount of iodine liberated depends upon the pH of the solution,

The effect of using different acids in the iodometric determinetion
of hypochlorite was determined., <To 50 ml. of various buffers were
added 19.98 ml. of a freshly prepared O.1 normal hypochlorite solution,
tw§ grams of potassium iodide, znd 20 ml, of either glacial acetic acid
or six normal sulfuric acid., 'The liberated iodine was then titraved
with & thiosulfate solution. In one sample 50 ml. of water was used
in place of the buffer, The results are shown in Table XXXIT.

Pable XXXII shows that when the jodometric determination of hypo-
chlorite is carried out in the presence of a buffer s smaller amount of
thiosulfate is used than if the buffer is not present and also that when

a buffer is present the type of acid used has little effect on the results.
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TiBLE XXXIT

EFFECT OF ACID USED ON TODOMETRIC DETERMINATION OF HYPOCHLORITE
IN THis PRESENCE OF BUFFERS

pH of Leidified heidified
Buffer With Acetic Acid With Sulfuric Acid
M1, NagSg05 M1, NagS8.04
Water 18.80 18,84
5.7 © 18,70 18.70
6.6 18.71 18,70
8.5 18.72 18.69

It also shows that when a buffer is not present, a larger amount of
thiosulfate is used when the solution is acidified with .sulfuric ecid
rather than acetic acid.

Because of the erratic results found in the determination of phos-
puite by excess hypochlorite in the presence of buffers, the determina-
tion was attempted in a bicarbonate medium. The results in bicarbonate
medium were not as erratic as the results found using buffers but the
presence of‘t}m bicarbonate had an effect on the iodometric determination
of hypochlorite similar to that found when a buffer was present, The
resuits for the determination of phosphite were in better agreement with
the results obtained by other methods if the comparison of the hypo-
chlorite and thiosulfate solutions was made in the absence of bicarbonate.

Experiments were conducted to study the oxidation of phosphite by
hypochlorite with no buffer or bicarbonate present. To measured samplgs

of 0,05 normal phosphorous acid solution in 250 ml, icdine flasks was
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added a measured excess of standsrd sodium hypochlorite. The flasks
were allowed to stand in the dark for verious time intervals, ten ml.
of saturated potassium iodide solution and 20 ml. of glacisl acetic
acid added end the liberated icdine titrated with a standard sodium
thiosulfate solution. Blanks were determined in the same manner sub-
stituting water for the phosphorous acid solution and calculations were

made on the basis of the blanks. The results are shown in Table XXXIII.

LiBLE XXXIIT

DETERMINATION Or PHOSPHITE BY EXCESS HYPOCHLORITE
IN AN UNBUFFERED SOLUTION

Time '

i1, 0,05 N M1, O.1 In rieq, HaPO4 neq., HaPOgq Standing Percent

1aP04 NaClo Laken Found Min, Oxidized
19.98 25.00 1,177 1,174 3 99.7
19,98 25 .00 1,177 1.176 5 99.?
19.98 25.00 1,177 1.175 10 99.0

19.98 25 .00 L.177 1.176 L0 99.9

Table XXXIII shows that phosphite is rapidly oxidized by sodium
hypochlorite in an unbuffered solution, These data also support the
conclusion that the iodometric determination of hypochlorite in the
presence of buffers is erratic. 4 large number of phosphite samples
were determined by excess hypochlorite in the presence of buffers and
sodium bicarbonate and the results were inconsistent. Chulski (12)
experienced the same irregularities in determining the excess hypo-
chlorite used in oxidations of hypophosphate in the presence of buffers

end sodium bicarbonate,
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lhe determination of lypochlorite by a comparison against standard
sodium arsenite gave consistent results if the determination.was made
in the presence of bicarbonate or buffers of pH approximately six to
ten, =2nd gave results which agreed with the iodometric determination
made without a buffer present and acidified with acetic acid., For this
reason, during this work, en excess hypochlorite was determined by the
arsenite method rather than by the lodometric method., The iodometric
determination of hypochlorite in the presence of buffers requires more
study.

The determination of phosphite by excess hypochlorite has no ad-
vantage over the determination using a slight excess of hypochlorite
in the presence of bromide. The method in which bromide is used is

somewhat shorter and is easier to carry out.

D. Oxidation of Phosphite By Excess Ceric Sulfate
in Sulfuric £&cid Solution

The details of oxidations using excess ceric sulfate in sulfuric
acid solution are more fully discussed in the section of this thesis
dealing with the determination of hypophosphite by ceric sulfate.

Experiments were conducted to determine if phosphitevwere oxidized
by excess ceric sulfate in sulfuric acid solution, To measured samples
of 0.05 normal phosphorous acid were added a measurcd excess of 0.1
normal ceric sulfate and ten ml. of concentrated sulfuric acid. The
mixtures were heated under reflux for one hour aﬁd the excess ceric

sulfate determined by a titration with standard ferrous ammonium sulfate
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#s described in the section desling with the determination of hypo=-
phosphite by ceric sulfate. Blanks were determined by the same

procedure, substituting water for the phosphorous acid solution, and
calculations made on the basis of the blanks. The results are showm

in Y'able XXXIV.

T4BLE XXXIV

DT eHMINATION OF PHOSPHITE WITH EXCESS CERIC SULFATE
I¥ SULFURIC ACID SOLUTION

Conditions: 6 I H;S0,, boiling one hour,

“1, 0,05 N M1l, 0.1 H fleg, HaPO4 HaPOs Found
HaPOg4 Ceric Sulfate Taken regq, Percent
19.96 25.00 1.101 1.095% 99.5
19.96 25.00 1.101 1,099 99.9
19.98 25 .00 1.101 1.092 99.5
19,98 25 .00 1.101 1.096 99.6
25,00 25 .00 1.376 1.376 100.,0 %
25 .00 25 .00 1.376 1.372 99.7 =
25.00 25,00 1.376 1.37L 99.9 =
25 .00 25.00 1.376 1.367 99.3 =

% 3 normal sulfuric acid used,

Table XXXIV shows that phosphite is oxidized by excess ceric.sulfate
in sulfuric acid solution, but as a quantitative meﬁhod, the results are
slightly lower and less precise than the results obteined by other
methods for the determination of phosphite. Preliminary experiments
showed that the oxidation requires at least one hour at boiling tempera-

ture in six normal sulfuric acid. It is possible that the oxidation
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would be faster and more complete in a stronger acid solution than six
normal but the data in Table XXXIV show that there is little change

in results on increasing the sulfuric scid concentration from three
normal to six normal, ‘The method offers no advantage over the method

using an excess hypochlorite in the presence of bromide snd is much more

inconvenient to use.

Summary of Volumetric Methods For The
Determination of Phosphite
[

In Table XXXV is shown a summary of results obtained by the volu-
metric metnods developed for the determination of phosphite. The
results are based on the gravimetric procedure in which the phosphite
is determined as magnesium pyrophosphate. Hesults obtsined by the
method of Wolf and Jung are shown in the same table so that the volumetric
methods developed may pe compared with a reported volumetric method.

The average results listed are averages of results obtained using the
methods on several different solutions of phosphorous acid prepared from
the same reagent. The average deviation for each method is also shown
in Table XXXV .

Teble XXXV shows that fthe results obteined by the volumetric methods
are in slightly better agreement with the results obtained by the Wolf
and Jung method than with the results of the gravimetric method and are
in general slightly lower than the results of the gravimetric method.

The reason for this may be that the phosphorous acid conteined a small

amount of phosphate. Table XXXV shows that for accurate results, the
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TABLE XXXV

SUMMARY OF RESULTS OF VOLUMLTRIC METHODS FOR THE
DETERMINATION OF PHOSPHITE

sverage
iMethod Percent
HoPO,
Wolf and Jung 99.9 fc.1
fxcess Dichromate, Ferrous Sulfate Backbtitration
(No Blank Corrections).....uececececcsveneeaeanas 100,2 20,1
Excess Dichromate, Ferrous Sulfate Backtitration
(Blank Corrections).........ceeeeenunneaianassas 1000 201
xcess Dichromate, Iodometric Backtitration +
(Blank CorreCtions) cuveveeeseesensseseseanenasasss 100.0 _ 0.1
Slight Excess NaClO in Presence of Bromide............ 99.9 X 0.1
Direct Titration with NaClO, Deadsteop Endpoint........ 99.6 ¥ 0.1
Excess Ceric Sulfate in H,;S0, Solution
(Blank corrections)......... e ceeerneee.. 99.7 T 0.2

blanks should be taken into consideration in the dichromate method.

The results obtained by the ceric sulfate method are lower and less
precise than the results by other methods. As in the determination

of hypophosphate, the use of a standard hypochlorite solution is most
convenient for the determination of phosphite. The oxidation of phos-
phite by hypochlorite in the presence of bromide, or essentially by
hypobromite, is rapid and quantitative. The Wolf and Jung method for
determining phosphite appears to be accurate and precise but the method

is not as cenvenient to use as the hypochlorite-bromide method.
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VI, DETERMINATION OF HYPOPHOSPHITE

A hypophosphite was required as a basis for the comparison of
several methods for its determination, A survey of the literature
indicated that a primary standard hypophosphite has not been prepared.
Therefore it was necessary to use a hypophosphite which could be made
homogeneous and contain no substance which would interfere with the
methods usea for its determination.

Sodium hypophosphite monohydrate, Wai,P0,;-H;0, was used for this
purpose. The reagent was prepared by recrystallizing the C.P. reagent
three times from redistilled ethyl alcohol and air drying the product.
The purified resgent was stored in a tightly stoppered bottle. Brooks
(9) found that the reagent prepared in this manner did not contain
phosphite and that it could not be completély changed to the anhydrous
salt without decomposition by oven drying. Standard solutions of the
purified reagent were prepared by dissolving weighed amounts of.the salt
in freshly boiled water and diluting to one liter with the boiled water.

The composition of the sodium hypophosphite was established by
oxidizing sliquots of a solution of the hypophosphite to orthophosphate
by repeated evaporations to dryness with aqua regia. The orthophosphate
was then precipitated twice as magnesium ammonium phosphsate and.ignited
to magnesium pyrophosphate as outlined in the procedure for the gravi-
metric‘determination of phosphite. 7The composition of the sodium hypo-
phosphite was determined from the weight of pyrophosphate obtained.

The results are shown in Table XXXVI,.
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LTiBLE XXXVI

GRAVIMBTRIC DETLRMINATION OF HYPOPHOSPHITE

Sample Humber

1 2 3 N
Grams Hypophosphite Taken 0.3000 0 ,3000 0.3000 0 ,3000
Grams MgoP,0r Found 1 0.3225 00,3226 -0,3222 0.3221
Per cent Nai,PO, 85,00 85.03 Bl .92 8L .89
Per cent Nal{pPO,«H 0 102.4 102.L 102.3 102.3

Table XXXVI shows that the sodium hypophosphite was partiéily
dehydrated and could not be considered as a monohydrate. The average
per cent liaH,PO, was calculated from the data in Table XXXVI to be
6L.96%, and the average per cent Nah PO, H,0 was 102 .4%. Data for
the volumetric determination of hypophosphite listed in the following
tebles are based on the average of the gravimetric results. In each
table the millieguivalents of WaHPO, taken are the milliequivalents
of NaH PO, which were present in the sample taken for analysis.

The gravimetric results were compared with those obteined by the
method of Wolf and Jung (70). This method was recently reviewed by
Jones and Swift (2L) who pointed out that the method, as used by Wolf
and Jung, gave resﬁlts which were 0.4 per cent lower than the corres-
ponding gravimetric results. The data of Wolf and Jung show that the
okidation of hypophosphite to phosphite in the first part of the de-
termination is very slow and that it is impossible to find the time in
which oxidation is complete to phosphite because of.the simultaneous

oxidation of the phosphite to phosphate.
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The sodium hypophosphite was determined according to the procedure
described by Wolf and Jung. To measured samples of 0,07 normal hypo-
phosphite in 250 ml., iodine flesks were added ten ml. of six ncrmal
sulfuric acid and a measured excess of at least ten ml, of 0.l normal
iodine solution. The flasks were tightly stoppered, the gutters filled
with water, and the flasks allowed to stand for 12 hours. The flasks
were then opened and a slurry of sodium bicarbonate carefully added
until the evolution of carbon dioxide ceased., Fifty ml. of 0.2 molar
sodium bicarbonate solution saturated with carbon dioxide was added to
each flask, the flasks tightly stoppered and allowed to stand for one
hour, 7The excess iodine was then titrated with standard sodium arsenite
using freshly prepered starch solution as indicator. Calculations were
made on bhe basis of blenks treated in the same manner as the samples,
substituting water for the hypophosphite solution.

Table XXXVII shows that the results obtained by the method of Wolf
and Jung are approximately 1,3 per cent lower than the results of the
gravimetric method. A disadvanteage of the Wolf and Jung‘method is the
loss of jodine when the acid solution of iodine is treated with sodium
bicarbonate. This loss depends on the amount of iodine present and on
the temperature., The only way that the method could be used accurately
would be to have the same amount of iodine present in the blanks that
would be present in the sample after the oxidation of the hypophosphite
to phosphite. For an unknown sample, this would be rather difficult to

arrange .,
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THBLE XXXVII

DETERMINATION OF HYPOPHOSPHITE BY THX METHOD OF WOLF AND JUNG

#“l, 0,07 N M1, O,1L i Meq. NaHzPO, NalH,PO, Found
Nad PO, Todine Taken tegq, Percent
19.98 25.00 1.5L5 1.530 99.0
19.98 25.00 1.5L5 1.524 98.6
19.98 25.00 1.5L5 1.528 98.9
19.98 25.00 1.545 1.525 98.7
19.986 25.00 1.5L5 1.525 98.7
19.98 25.00 1.545 1.522 98.5
19.96 25.00 1.5h5 1.52k 98.6

Volumetric methods for the determination of hypophosphite developed
during this work and described in the following pages of this thesis
support the conclusion that the %Wolf and Jung method for determining

liypophosphite gives low results,

4, Oxidation of Hypophosphite by Excess Dichromate
In Sulfuric Acid Solution

Experiments were conducted to determine if hypophosphite is oxidized
by excess potassium dichrome&te and to determine Ihe time reguired to
complete the oxidation in 12 nérﬁal sulfuric acid at the temperature of
a boiling water bath,

To measured samples of 0,05 normal sodium hypophosphite were added
a measured excess of standard potassium dichromate and sufficient con-
centrated sulfuric acid to make the resulting mixture 12 normal in acid.

The mixtures were heated in a boiling water bath for various time
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intervals and the excess dichromate determined iodometrically after
neutralizing part of the sulfuric acid present as described in the
section of this thesis déaling with the determination of hypophosphate
by excess dichromate. Blanks were determined in the same manner, sub-

stituting water for the hypophosphite solution, The results are shown

~in Table XXXVIIT,

TABLE XXXVIIT

DETARMINATION OF HYPOPHOSPHITE BY EXCESS DICHROMATE IN 12 NORMAL
SULFURIC ACID AS A FUNCTION OF TIME OF. HefTING

Heating
M1, 0,05 @ Ml, 0.1 N ileg, Hdai PO, Time WaH,PO, Found
Wl PO, (a) KxCrn0, Taken Min, Meq., Percent
25 .00 25 .00 1.282 10 1.1L0 88.9
25 .00 25 .00 1,282 15 1.269 99.0
25 .00 25 .00 1.282 - 25 1,281 99.9
25 .00 25.00 1.282 Lo 1.278 99.6
25 .00 25 .00 1.282 70 1.283 100 .1
19.98 25 .00 1.545 60 1.541 99.7 (b)
19.98 25 .00 1,545 €0 1.543 99.9 (b)
19,98 25.00 1.545 60 1,542 99.7 (b)
19.98 25 .00 1,545 60 1.543 99.9 (b)

(2) The 19.98 ml, samples were from a different hypophosphite
solution than the 25,00 ml, samples; the solutions were
prepared from the same salt,

(b) Calculations made on the bssis of blanks.

Table XXXVIII shows that hypophosphite is completely oxidized by
excess dichromate in one hour at the temperasture of a boiling water bath

and that the oxidation is not complete in 15 minutes.
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B. Oxidation of Hypophosphite by HExcess Sodium
Hypochlorite in a Bicarbonate Medium

Schwicker (57) found that phosphite could be oxidized to phosphate
in a bicarbonate medium with no interference from hypophosphite,

To measured samples of a sodium hypophosphite solution were added
one gram of sodium bicarbonate and a measured excess of sodium hypo-
chlorite solution, After standing for different time intervaels an excess
of standard sodium arsenite was added, and then one gram of potassium
bromide. The excess arsenite was titrated with the standard hypochlorite
solution using Bordeaux indicator,

It was found thsat after two aznd one-half hours the hypophosphite
was oxidized about 15 per cent and after 13 hours about 50 per cent
assuming that it was oxidized to phosphate, It may be possible to
determine phosphite with excess hypochlorite in the presence of a smell
amount of hypophosphite with little interference from the latter, but

it seems unlikely that the determination could be made in the presence

of a large amount of ‘hypophosphite.

C. Oxidation of Hypophosphite by Excess Hypochlorite
in the Presence of Bromide
Experiments were carried out to study the oxidation of hypophos=-
phite by a slight excess of hypochlorite in a solution containing
potassium bromidé and’écﬁiﬁm bicarbonate. It was found that like hypo-
phosphate, but unlike phosphite, the oxidation was very slow and the

procedure used for the determination of phosphite was not successful.
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‘he oxidation was found to be more rspid when a large excess of hypo-
chlorite was used in the presence of bromide, but the large loss of

Lypochlorite under these conditions made the method unrelisable,

D. Oxidation of Hypophosphite by Bxcess Hypochlorite
in Sulfuric fcid Solution

In order to use hypochlorite in a sulfuric acid solution, it was
first necessery to determine the stability, or change in oxidizing
capscity, of hypochlorite in an scid solution. To 19.98 ml., samples of
0.l normal sodium hypochlorite in 250 ml. iodine flesks were added 25
ml., of water and 10 ml, of six normsl sulfuric acid. The flasks were
tightly stoppered, the gutters filled with séturated potassium iodide
solution, and the flasks allowed to stend in the dark for verious time
intervals, The flasks were then cooled in.ice—water to reduce the
pressure in the flasks in order that when they were carefully opened
the potassium iodide solution was drawn into the flasks, The Ilasks
were allowed to stand for sbout one minute and the liberated iodine
titrated with standard sodium thiosulfate. .The results are shown in
Table XXXIX.

Table XXXIX shows that there is a loss of approximately 0,05 ml,
of 0,1 normal hypochlorite in approximately two hours in one normal
sulfuric acid. 7This does not necessarily mesn that the hypochlorite
remains as hypochlorite, or as hypochlorous acid, but thatlits oxidizing

capacity toward potassium iodide in acid solution is only slightly
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LABLE XXXIX

OXIDIZING CALPACITY UF SODIUN HYPOCHLORITE
IN ONE NORMAL SULFURIC ACID

Standing Time M1, O.1 @
Minutes Na 5504

o 20,29

0o 20.27

o 20,29

30 20,27

LE 20,26

&0 20 .26

90 20 .24

125 20 .23

changed on standing. Its decomposition procucts probably liberate
iodine under the same conditions,

Experiments were conducted to determine the extent of the oxidation
of lLiypophosphite by excess sodium hypochlorite in dilute sulfuric acid
solution. To measured samples of 0,06 normal hypophosphite in 250 ml,
iodine flasks were added a measured excess of standard sodium hypochlorite
end ten ml. of six normal sulfuric acicd. The flasks were tightly
stoppered énd the gutters filled with saturated potassium iodide solution,
ifter standing in the dark for various time intervals, the flasks were
cooled in ice water to reduce the pressure which had built up in the
flasks during the reaction. The flasks were then carefully opened and
the potassium iodide solution was drawn into the flasks by the reduced

pressure. The flasks were allowed to remain stoppered for about one
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minute and the liberated iodine titrated with stendsrd sodium thio=-
sﬁlfate solution. Blanks were determined in the same manner, substitut-
ing water for the hypophosphite solution, and celculations made on the
besis of the blanks,., The blanks were allowed to stand for approximately
the same time as the samples,

The hypochlorite solution wes standardized iodometrically sgainst
the standard thiosulfate solution by pipetting 25.00 ml, of the hypo-
chlorite solution into an iodine flask, adding 20 ml. of water, 10 ml,.
of six normal sulfuric scid, snd 10 ml, of sazturated potassium iodide
solution. The liberaetec iodine was then titrated with the standard
thiosulfate solution.

Table XL shows that hypophosphite is not completely oxidized to
phosphiate in six hours by excess sodium hypochlorite in spproximately
one normal sulfuric acid solution., “he data show that the oxidation is
complete in ten hours, and that there is no apprecieble change in the
results if the time of stending is increased to 19 hours., The data
also show that the oxidation is soﬁewhat slower in hydrochloric acid
than it is in sulfuric acid of the same concentration,

The use of hypochlorite in acid solution Ffor the determinstion of
hypophosphite gives fairly sccursbte and precise results as compared to
the pravimetric procedure, but the long time required for the oxidation
makes the method inconvenient to use. Also, the flasks must be opened
very carefully after the oxidation because of the pressure built up
during the reaction. Even with the tightly fitting stoppers of the

iodine flasks, a few of the samplés showed evidence of leakage during
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T/BLE XL

DETERMINATION OF HYPOPHOSPHITE WILH EXCsSS HYPOCHLORITE 1IN DILUTE
SULFURIC ACID AS A FUNCTION OF TIME OF STANDING

#“l, 0,06 | Ml, 0,1 N 1eg, NaHp PO, Stending NaH,P0, Found (b)

HaH,PO, (3) 1aC10 Taken Time HMeq. Percent
19.98 19.98 1.026 50 min. G,95hL 93.0
19.98 19.98 1.319 & min., 1.215 92.1
19.96 19,98 1.026 70 min. 0.977 95 .2
19.98 19.98 1.026 6O min, 0,979 95 1
19.98 25 .00 1.319 90 min. 1.23C0 93.6
19.98 19.98 1.026 100 min, 0,942 91.8 (c)
19.98 25.00 1.54L5 6 hr, 1.523 98.5
19.98" 19.98 1.026 10 hr. 1.027 100.1
19.98 19.96 1.026 10 hr. 1,025 99.9 (e)
19.96 25.00 1.545 1L nr, 1.535 99.3
19.98 25 .00 1.169 17 hr. 1.169 100.0
19.98 25.00 1.169 17.5 hr, 1.,16& 99.7
19.98 25 .00 1.169 18 nr. 1.188 99.9
25 .00 25 .00 1.463 18.5 hr. - 1.L59 99,7
25 .00 25 .00 1.463 19 hr. 1.6l 10C.1
25 .00 25.00 1.463 19 hr, 1.L6L 99.9

(a) Several solutions prepsared from the seme salt were used,

(b) Calculeated on the basis of vlanks which amounted to a
loss of 0,0 to O, 07 ml., of O.1 W NaClO.
(¢) 10 ml. of 6 N HC1 used in place of 10 ml. of 6 N HpSO0,.

standing as indicated by coloration of the pctassium iodide solution

in the gutters of the flasks; these samples were discarded.

E., Oxidation of Hypophosphite by Excess Ceric Sulfate
in Nitric Acid Solution

Moeller and Quinty (L2) determined hypophosphate by excess ceric

nitrate in nitric acid solution at boiling temperature, The excess
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ceric nitrate was determined by a potentiometric titrstion with
standard arsenite,

Lxperiments were conducted to determine if hypophosphite could be
determined with excess ceric sulfate in nitric acid solution, To
measured samples of 0,05 normal hypophosphite in 150 ml. beakers were
added a measured excess of standard ceric ammonium sulfate and ten ml.
of concentrated nitric acid. The beakers were allowed to shand for
various time intervals asnd heated to boiling for various times. ‘The
excess ceric sulfate was determined by a potentiometric titration with
a standard sodium arsenite solution.

It was found that the oxidation to phosphate was approximately 50
per cent coﬁpleted in one hour and 60 per cent completed in 12 hours
at room tempersture. The oxidation was found'to be more rapid when the
mixture was boiled; the per cent oxidized varied from 99 to 101 per
cent when the boiling time was varied from five to 20 minutes. Much
difficulty was experienced in heating the samples because of the bumping
which resulted in some loss of solution. When the volume of concentrated
nitric acid added was increased from ten ml. to 20 ml., the per cent
oxidized increased to 102 per cent. Because of the erratic results
which were found, the procedure could not be considered as a quantitative

method for determining hypophosphite.
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. Oxddation of Hypophosphite By Excess Ceric Suliste
in Suifuric Acid Solution

It hes been showm that solutions of hexanitrato asmmonium cerate
are more stable in hot sulfuric acid than in hot nitric acid (61).
It was considered that ceric ammonium éulfate may also be more stable
in hot sulfuric acid solution than in hot nitric acid solution, For
this reason, it was considered that hypophosphite might be deﬁermined
in sulfuric scid solution with extess ceric sulfate with more consistent
results.,

in order to overcome the difficulty of the bumping encountered in
neating nitric acid solutions of hypophosphite and ceric sulfate, 250
ml, Erlemmeyer flasks with ground glass joints which could be attached
to condensers were used for heating the sﬁlfuric acid solutions, It was
found by experiment that a ceric sulfate solution standardized zgainst
& standard arsenite solution by the recommended procedure using ferroin
as indicator could be standardized by the reverse procedure in which
the ceric sulfate was titrated with the standard arsenite solution,
It was also found that a ceric sulfate solution could be standardized
by a titration in which the ceric sulfate was titrated with a standard
ferrous ammonium sulfate solution, The results indicated that it was
possible to determine an excess ceric sulfate in sulfuric acid solu-
tion by a titration with either standerd arsenite or standard ferrous
ammonium sulfate using ferroin as indicator,

Preliminary experiments in which hypophosphite was determined with

excess ceric sulfate in sulfuric acid solution gave results of slightly
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over 100 per cent hypophosphite when blanks were not taken into con-
sideration, indicating a loss of ceric sulfate. It was also found

that the oxidation to phosphate required from L5 to 60 minutes at boil=-
ing temperature for its completion.

Determination of hypophosphite by excess ceric sulfate in sulfuric

acid solution determining the excess by a titration with standard

sodium arsenite. To measured samples of 0,06 normal hypophosphite in

flasks which could be attached to water-cooled condensers were added a
measured excess of standard ceric sulfate and seven ml, of concentrated
sulfuric acid. The mixtures were refluxed for one hour and the con-
densers washed with about 30 ml, of water; the washings were collected
in the attached flasks. Three drops of osmium tetroxide solution and
two drops of ferroin indicator were added to each flask and the excess
ceric sulfate titrated with a stenderd sodium sersenite solution. Blanks
were determined in the same manner, substituting water for the hypophos-
phite solution, and calculations were made on the basis of the blanks,
The results are shown in Table XLI.

Table XLI shows that hypophosphite is completely oxidized by excess
ceric sulfate in dilute sulfuric acid solution at boiling temperature
in one hour. It alsc shows that the blanks are sufficiently large that
they must be tsken into consideration., Blanks were determined by the
same procedure during this work and the volume of 0,1l normal ceric
sulfate lost under the same conditions of time of boiling and acid con=-
centration varied from 0.03 to 0.08 ml. The blanks were constant for

a particular ceric sulfate solution but varied slightly in solutions
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T4BLE XLI

DETERMINATION OF HYPOPHOSPHITE WITH EXCESS CERIC SULFLATE
(Backtitration with Arsenite)

Conditions: L.,5 N HyS50,, boiling time one hour.

Ml, 0.06 N M1, 0.1 © ieq. NaH,PO, NaH, PO, Found
NaHzPOZ* Ceric Sulfate Taken Meq. Percent
25 .00 25 .00 1.463 1.L61 99.9
25 .00 25 .00 1.463 1.4L60 99.6
25.00 25 .00 1.L63 1.462 99.9
25 .00 25,00 1.L463 1.460 99.8
19.98 25 .00 1.545 1.545 100 .0
19.98 25 .00 1.54L8 1.545 100.0
19.98 25 .00 1.545 1.5Lk 99.9
19.98 25 .00 1.5L5 1.540 99.9
0.0 25 .00 - - 0.0 (&)
0.0 25 .00 - - 0.0L4 (a)
0.0 25 .00 - — 0.05 (a)
0.0 25 .00 - - 0.05 (a)

* Two different solutions prepared from the same salt were used.
(a) ML. 0.1 & ceric sulfate lost,

prepared from the same boitle of reagent grade ceric ammonium sulfate,
This indicates that the reagent was not completely homogeneous and that
it contains a small amount of substance which is oxidized at boiling
temperature in sulfuric acid solution.

Determination of hypophcsphite by excess ceric sulfate in sulfuric

acid solution, determining the excess by a titration with a standzrd

ferrous ammonium sulfate. Measured samples of =z .05 normal hypophos=-

phite solution were treated with a measured excess of standeard ceric

sulfate and five ml. of concentrated sulfuric scid. The mixtures were
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heated for one hour under reflux, The flasks were cooled to room
temperature, two drops of ferroin added, and the excess ceric sulfate
titrated with standard ferrous ammonium sulfsbte solution, The ferrous
ammonium sulfate solubtion was standardized against the stendard ceric
sulfate solution. The endpoint in the titration of the ceric sulfate
with thne ferrous solution was merked by a sharp change in color from
light green to reddish orsnge. Blanks were determined in the same
manner , substituting water for the hypophosphite solution, and calcu-
lations were made on the basis of the blanks. The results are shown
in Table XLIT,

‘l'able XLII shows that hypophosphite can be determined with excess
ceric sulfate and the excess determined by a titration with standeard
ferrous ammonium sulfate. It also shows that the amount of excess ceric
sulfate used is not critical if the smount of excess is at least 70
per cent of the amount required, 7The minimum excess reduired was not

" determined.

The procedure in which the excess ceric sulfate is determiﬁed with
ferrous ammonium sulfate is somewhat easier to use then the procedure
in which arsenite is used because the endpoint in the former is somewhat
sharper and gives very good warning of its approach., However, this
advantage is somewhat minimized by the necessity of keeping a standard

ferrous ammonium sulfate solution which is unstable to air oxidations.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

TEBLE XLIT

DETERMINLTION OF HYPOPHOSPHITE WITH mXCESS CHRIC SULFATE
IN SULFURIC ACID SOLUTIORN
(Backtitration With Ferrous Ion)

Conditions: 3,5 N 1i,80,, boiling time one hour.

ML. 0.06 I Ml. 0.1 iy Meg., NaH,PO, NaHoPO, Found
WaliPO, % Ceric Sulfate T aken Meq, Percent
9.99 25.00 0.579 0.576 99.5
9.99 25,00 0.579 0.579 100.0
9.99 25.00 0.579 0.57& 99.6
19.968 : 25 .00 1.1568 1.157 99.9
25.00 25 .00 1,449 .46 99.9
25,00 25 .00 1.44L9 1.LLE 99.9
25.00 25.00 1449 1.LhL9 100.0
25.00 25 .00 1.463 1.L61 99.9
25,00 25.00 1..63 1.L60 99 .68
25 .00 25.00 1.463 1,462 - 99.9
0.0 25 .00 — - 0.0L (a)
0.0 25 .00 — - 0.0L (&)
0.0 25 .00 - —_ 0.03 (=a)

% Different solutions prepared from the same salt were used,
(a) 41. 0.1 W ceric sulfate lost.

Summary of Volumetric Methods For The
Determination of Hypophosphite.

In Table XLIII is shown z sumary of the results, and the average
déviations obtained by bhe methods developed for the determination of
lypophosphite based on the gravimetric procedure in which the hypophos-
phite is deéermined as magnesium pyrophosphate. The average results
listed are averages of results obtained using the methods on several

different solutions of the sodium hypophosphite prepared from the same
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salt, The results obtained by the method of Wolf and Jung are included
in the table as a compariscn with the volumetric methods developed

during this work,

TABLE XLITT

SUMMARY OF VOLUMETRIC METHODS FOR THZ
DETHHMINATION OF HYPOPHOSPHITE

Average

Method Percent

ieH PO,

Bxcess Dichromate (Blank correction) 99.8 X 0.1
Excess NWaClO in Hz80, Solution 99.6 + 0.2
Excess Ceric Sulfate in HpS0, Solution 99.9 2 0.1
Wolf and Jung 98.7 X 0.1

Table XLIII shows that the results obtainec by the volumetric
methods were slightly lower than the results obtained by the gravimetric
method., “The reason for this may possibly be due to the presence of a
smzll amount of phosphate in the hypophosphite or a slight air oxidation
of the hypophosphite solution. The method in which hypochlorite is used
in & sulfuric acid solution is not as precise as the other methods
because of the difficulty in making an accurate determination of the
excess hypochlorite and its decomposition products. The dsta in
Table XLIII show that the Wolf and Jung method for the determination of

hypophosphite gives low results.
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VIL, DISCUSSION

The volumetric methods developed during this work for the de-
termination of hypophosphate, phosphite, and hypophosphite made use of
standerd solutions of sodium hypochlorite, potéssium dichromate, and
ceric sulfatep

The oxidation of hypophosphoric, phosphorous, and hypophosphorous
acids to phosphoric acid by excess potassium dichromate in 12 normal
sulfuric acid is ccmplete in one hour st the tempersture of a poiling
water bath; the minimum times required to complete the oxidations are
approximately 50, 25, and LO minutes respectively. Heating for periods
longer than one hour has no apparent effect on the results. The facts
that the oxidation of phosphorous acid is more rapid than the oxidation of
hypophosphori¢ ecid, and that the dxidation of the latter is Taster
in stronger acid suggest that the rate of oxidation of the'hypophosphoric
2cid is controlled by its hydrolysis, The dichromate method is limited
to the determination of each acid alone, and other reducing substances
must not be present. |

Because of the drastic oxidizing éondiﬁions used in the‘dichromate
method , the‘flasks used for the determination must be thdroﬁghly cleaned
before use, preferably with hot chromic acid cleaning solution, and
thoroughly rinsed. For the same reason, semples should not be delivered
from a burétte as a slight confamination with stopcock lubricant may

_result. If these precautions are taken the blanks are small but should

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



100

be taken into consideration for accurate.results. 1t is possivle thet
the smail blanks may result from a small amount of reducing substance
in the sulfuric acid. The minimum smount of excess dichromate required
for the oxidations was not determined, but the oxidations were complete
using & 100 per cent excess and if the excess was increased to 200 per
cent there was no apparent change in the results,

The excess dichromate can be determined either by adding a measured
excess of ferrous ion and titrating this excess with standard potassium
dichromate, or by an iodometric determination after adjusting the sul-
furic acid concentration to approximately three normal. The iodometric
method is somewhat more inconvenient beceuse with samples containing &
lerge amount of sulfuric acid, part of the acid must be neutralized
which reguires some care to prevent loss of solution due to spattering.
This disadvantage is somewhat minimized in thet it involves a direct
titration of the excess dichromate by means of the iodine liberated by
the dichromate and 211 solutions used are stzble to air oxidation.

For best results the volume of the sample taken for analysis should
not exceed 30 to 4O ml. becsuse larger volumes redquire a larger amount
of sulfuric acid which is an inconvenience in determining the excess
dichromate,

Hypophosphate , phosphite, and hypophosphite cen be determined
under suitable conditions with a.standardvsolution of sodium hypochlorite.
Hypophosphate is quantitatively oxidized to phosphate by an excess of

sodium hjpodhlorite in a sodium bicarbonate medium in 30 minutes.
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Longer periods of standing up to two hours have no apparent effect

on the results. The minimum excess of hypochlorite required was not o
determined, but consistent results were obtained when the amount of
excess liypochlorite was varied between 60 and 300 per cent of the
amount required for the oxidation. [The excess hypochlorite can be
acéurately determined by adding an excess of standard sodium arsenite
solution and titrating this excess with a standsrd sodium hypochlorite
solution using Bordeaux to .detect the egquivalence point. The endpoint
can also be determined potentiometrically or by the deadstop procedure.
The excess hypochlorite can also be determined by means of a titration
with standard sodium arsenite in which the egquivalencs point is de-
termined either'potentiometrically or by thie deadstop technique. The
electrometric methods, especially the potentiometric method, require
more time. The iodometric method of determining hypochlorite in the
presence of a buffer does not give satisfactory results, and the
irregularities found in the method require more study. 7This is dis-
cussed more fully in the section of this thesis dealing with the
determination of phosphite with hypochlorite.

Phosphite can be gquantitatively oxidized to phosphate by an excess
of sodium hypochlorite but the oxidation is much more rapid in a solu-
tion containing bromide and made neutral with sodium bicsrbonate. The
use of a large excess of hypochlorite in the presence of bromidg should
be avoided because of side reactions between hypochlorite and bromide
which produce ions other than hypobromite. The oxidation of phosphite

by hypochlorite in the presence of bromide is not fast enough to allow
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- & direct titration using an irreversible indicator such as Bordeaux,
but the direct titration csn be made if the endpoini is detected by
means of the deadstop technique which acts in a manner similar to a
highly reversible indicator.

Hypophosphite is not quantitatively oxidized by excess hypochlorite
in a neutral solution in 12 hours, but the oxidation proceesds suffi-
ciently that the presence of hypophosphite in zppreciable amounts may
interfere with the hypochlorite determination of hypophosphate and
phosphite, with less interference in the case of the latter. lHypo~
phosphite is oxidized by an excess of hypochlorite in a solution con-
taining bromide and bicarbonate, but the oxidestion is much slower than
the oxidation of phosphite under these conditions. £ large excess of
hypochlorite is required which causes errafic results.

Hypophosphite is gquantitatively oxidized to phosphate by an excess
of sodium hypochlorite in dilute sulfuric acid solution but the oxidation
reguires 2 minimum of about ten hours for completion. The excess hypo-
chlorite can be accurately determined iodometrically because no buffer
is present., The time required for the method and the care which must
be taken in using it mske the method impractical, especially since
shorter methods for the determination of hypophosphite have been developed,
for example, the dichromate and ceric sulfate methods

The optimum pH range for quentitative oxidation of hypophosphate
(12) and phosphite by sodium hypochlorite is between seven and eight

but in this pH range hypophosphite is oxidized only very slowly.
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Phosphorous and hypophosphorous acids are quantitatively oxidized
to phosphoric acid in dilute sulfuric acid soiution by an excess of
ceric sulfate &t boiling temperature in one hour. The excess ceric
sulfate can be accurately determined by a titrstion with either standsrd
ferrous ammonium sulfate or standard sodium arsenite using ferroin sas
indicator. The use of ferrous ammonium sulfate provides an endpoint
that is soméwhat sharper and more easily deterﬁined than the use of
ersenite. It 1s necessary to run blanks along with the samples and’
make the celculations on the basis of the blanks or high results will
be found, Hypophosphoric zcid is not completely oxidized to phosphoric
acid by an excess of ceric sulfate in dilute sulfuric acid solution in
one houf at boiling temperature and it was considered to be impractical
to reflux the mixture for a longer time since accurate shorter methods
for the determination of hypophosphate have been developed, The oxida-
tion may proceed by hydrolysis which is slower in dilute sulfuric acid
solution than in the 12 normal acid used in the dichromate method.

Some basis must be available for determining if an analytical
procedure is accurate. Several studieé have shown that the discdium
dihydrogen hypophosphate hexahydrate prepared by the method of Leininger
and Chulski is a primary stendard (12,37,42). The results found in
this work substantiate this., Because no primary standard phosphite or
hypophosphite is available, preparations which were not primary standerds
were used. The volumetric results were compared with the results ob-
tained by ﬁhe gravimetric procedure in which the phosphite aﬁd hypo-

phosphite were determined as magnesium pyrophosphate, s procedure which
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has been used by others as a basis for an evaluation of volumetric
methods .

In addition to accuracy, other fsctors which must be considered
in making an evaluation of volumetric methods include precision, the
time required for the analysis, whether or not the method is empirical,
the number of steps in the procedure, and the stability of the standard
solutions, |

The hypochlorite method for the determinetion of hypophosphete
gave eccurate and precise results and the method is reasonsbly rapid,
The method is not empirical and blanks are negligibly small, The
standard hypochlorite solution is reasonably'steble.¥ The dichromate
method gave results which were accurate end precise but the method is
not as convenient to use as the hypochlorite method especially since
it reguires hesting and takes longer.

The best procedure for the determination of phosphite is the
method in which hypochlorite is used in the presence of bromide. It
gave results which agreed with the method of Wolf and Jung and which
were one to two parts per thousand lower than the gravimetric results.
The Wolf and Jung method takes much longer to carry out and it has the
disadvantage that it requires the use of a standard iodine solution
whiclh is subject to change in titer due to the volatility of iodine.
The dichromate and ceric sulfate methods csn be used for the determina-

tion of phosphite but the results using ceric sulfate were not as

* For example, it was found during this work that the normality
of a sodium hypochlorite solution changed from 0.1108 to 0.1106 in
16 days when stored in a brown bottle at room tempersture.
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precise as the results found by the other volumetric methods. The
ceric sulfate and‘dichromate methods for the determination of phosphite
have no advantage over the other methods developed.

The ceric sulfate and dichromate methods for the determination of
hypophosphite gave equally accurate and precise results., RZach method
requires about the same time but it is somewhat easier to determine
an excess of ceric sulfate than an excess of dichromate because the
former can be titrated directly in the more dilute sulfuric acid solu-
tion. However, the blanks sre larger in the ceric sulfate method and
must be taken into consideration whereas they may be nezlected in the
dichromate method unless very sccurate analyses are required. The Wolfl
and Jung method for determining lypophosphite gave results which were
sbout 1.3 per cent lower than the results of the gravimetric and other
volumetric methods used,

The method for determining hypophosphite using an excess of hypo-
chlorite in sulfuric acid solution is too time-consuming to be practical

especially since accurate shorter methods have been developed.
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VIIT, SURIIARY

New volumeﬁric methods were developed for the determination of
hypophosphate, phosphite, and hypophosphite,

fdypophospliste was determined with an excess of stendard sodium
hypochlorite in a bicarbonate medium. The excess hypochlorite was
determined with stendard sodium srsenite,

It was found that phosphite, in the presence of bromide and bi-
carbonate, was quantitatively oxidized to phOSphaté by a slight excess
of hypochlorite. The oxidation was found to be sufficiently rapid that
the phosphite could be determined by a direct titration with stendard
hypochlorite. The equivelence point in the titrastion was detected by
the deadstop technique; the use of Bordesux as indicator in this titre-
tion was not satisfactory.

It was found that hypochlorite in a buffered medium could ve
determined either by adding s measured excess of standard arsenite and
titrsting this excess with standerd hypochlorite using Bordeaux as in-
dicator or by titrasting the hypochlorite with standard arsenite,
determining the endpoint either potentiometrically or by the deadstop
procedure. It was found that the iodometric determination of hypochilorite
in s buffered solution was unsetisfectory end gave erratic results,

Hy@ophosphite and phosphite were determined by an excéss of standard
cefic sulfate in dilute sulfuric ascid at boiling temperature and the
excess ceric sulfate was determined by a titration with either standard

ferrous ammonium sulfate or standard sodium arsenite,.
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dypophosphiate , phiosphite, end hypophosphite were gquantitatively
oxidized to phosphate by &n excesé of stendard potbassium dichromate
in 12 normal sulfuric ascid at the temperature of a2 boiling water batii.
The excess dichromate was determined either iodometrically affer
neutralizing part of the sulfuric acid, or by meens of a standard
ferrous ammonium sulfate solution,

The volumetric methods which were developed for the determination
of hypophosphate show that the disodium dihydrogen hypophosphate prepered
by the method of Leininger end Chulski (37) is a primary standerd,
The volumetric methods developed for the determinetion of phosphite
end liypophosphite gave results which agreed within two parts per thousand
withAthe results obtainsd by ths grevimebtric method in which the phos-

phite snd hypophosphite ere determined as magnesium pyrophospnate.
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