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been inveptigated and fomnd suiteble for the determinxtion of s limited
naer of ovgunlec compounds,

Solwbiony of tertebutyl hlovdite in glavikel acetde avid were
reasonahly wtable tmﬁ deconponed ab the rate of abouts 0.1 par cent a dey.
The solutdons oould be standandised socarately by sdding sn aliguot to
suifabe selution using stareh intlcator,

The indirest MMM&W of unsaturstion wap not possible weing
mm«fmmwmﬁmmﬂmwmnmw
stgdten in daclsl avetio avid using an exeess of the hypeehlorite and
Mthivm chloride as & source of chlorins esteblished that the addition
of chlorine was rapid but thal an axcess of shlerine wns conbunmed,
was not peseible due to the alow resction rete, Using the hgpechlorite
a3 source of chilovine 4t was possible to titrate unmaturates ampero-
netrically or potuntlometeienlly in glacial scetleo acid, With the
sxseption of styrens a1l unsstuvatea tested ylelded high vesults due do
subatitation or lov results dus to slow reastion rates. The resulis




obtained with styrane agreed with those chtained by an asidecatalysed
’ 57 % sy mm*

Efforts to improve the titration results were unsuccessful, Righ
rewalts were obteined with titrations ab lew tumperetures using acetic
mmmawwmmwwwam cazbon tetreshloride
as solvants, The uge of mercuric chloride as & catalyst slse failed

Sodinm oxslate could be determined scouvately in 80 per cent
apetic acid uslng an exceme of the resgont and determining the excess.
Phenol could be titrated smpersmetrionily in 50 per ownb acetic acid
smull samplss, Hpdrogeinons sould be Hirated axperometrieally with
bBypochlorito alons or a8 a souves of chlorine but kgh resulis wore
obtained in both Hitreticns, Bengaldekhyde eould mot be determined
dirvestly or indivecily becanse the reastion was teo ¥iow,
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I INTRODUCTION

Although nen~agueous solvents have reveived mach attention in their
applications to acid-base titratioms, 1ittle work has been reported on
the use of non-agueous sclvents as medie for direct volumetric determin~
ations with oxidising and reducing agents. This is due primarily to
the lack of reagents that can be used in non-aqueous solvents,

Previous reported work concerns the use of inorganic oxidising and
reducing agents. Tomeoek and Heyrovsky (37) investigated the use of a
muber of such oxidsnts in glaeie) asetic acid, These were bromine,
shromlie aeid, and sodium permangsnats, Tomscek and Valcha (38) extended
this work to include the use of iodine, iodine moneshloride, iodine mono
bromide, and lead tetimsocebate, Hingvark (20) has used glaclal acetie
acid solubions of ceric nitrate for the determination of simple oxygenated
organic compoands,

The number of reducing agents that have been used in non-agueocus
solvents is fewer. Hinsvark and Stons (21) have recommended ferrous
perchlorate in glacial acetic acld as a reducing agent. Hovotny (26)
has reported the use of vanadyl acetate in glacial acetic acid and
Freedman (12) has investigated the use of sulfur dioxide in pyridine for
the determination of organic compounds containing positive halegens.
Tomecek and Heyrovsky (37) have alsc reported the ume of glacial scetic
acid solutions of titanous chloride,

Most of 'bha‘ inorganic reagents investigated thus far have two
disadvantages. Solutions of the reagents in non-agueous solvenis are



unstable and thelr low solubilities limit the concentrations obtain-
able, Another prominent reason for thp slow progress in thig field

is the exceswive cost and disagreeable properties of the solvents them-
solves,

An organic oxidising agent which may prove adaptable for use in
volumetric analytical determinations in non-aguecus solvents is tert-
butyl hypochlorite, This compound has found some use in preparative
organic chemistry. Many of its remctions are characterized by high
ylelds cbteined rapidly with mederate conditions,

The purpose of this work waa to investigate the use of tert~butyl
hypochlorite as an oxidiging agent for analytical determinations of
organie compounds in nen~aguecus solvents, Glacial acetic acid was
uaed as the solvent because of its high purdlty, stability, and moderate
eam._
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II HISTORICAL
A. The Properties of Alkyl Hypochlorites

The alkyl hypochlorites are organic esters, They are pale yellow
liquids, immiscible with water, with very irritating odors similar to
chlorine, The primary and secondary alkyl hypochlorites are very
unstable and decompose explosively uwhen exposed to bright light. Even
in darkness they decompose rapidly liberating sufficient heat to cause
boiling. 'fhe tertiary alkyl hypochlorites are very stable. tert-Butyl
hypochlorite can be distilled without change and kept for months with
very little decomposition provided light is excluded. B,P, = 79.6°C/
750 mm., d:_'a w 00,9583 (6). tert-Amyl hypochlorite does descompose on
distillation, but it may be kept at room temperature with little change.
When exposed to sunlight, both the tert-~butyl and tert-amyl hypochlorites
decompose quietly with the evelution of heat., The stability of the
tertiary alkyl hypochlorites is attributed to the absence of a tertiary
hydrogen atom which necessitates the breaking of a carbon-carbon bond
for decomposition to cceur,

The products of the decomposition of allkyl hypochlorites vary with
the type (6). Primary hypochlorites decompose to form hydrogen chloride
and aldehydes, Secondary hypochlorites form hydrogen chloride and
ketones, and tertiary hypochlorites form methyl chloride and ketones.

These reactions are illustrated by the following equations:



Primary RCH40C1 ~=——m RCHO + HC1
Secondary RpCHOC1 e~ RLCO + HCL
Tertiary RaCOCL  ~wwom RaC0 + RClL
R = CHgy
The products of decomposition listed are principal products. Small

amounts of other materials are obtained also,
B. The Preparation of Alkyl Hypochlorites

The alkyl hypochlorites can be preparaed by several metheds. The
most widely used method is to pass chlorine into an agqueous alkaline
solution of the aleohol. The reaction may be represented by the equation:

ROH + Clp + NaOH -~ ROCL + NaCl + H0
The alkyl hypochlorites rise to the surface forming a layer that may be
separated and dried with anhydrous calelum chlerides or sodium sulfate,
The stable tert-butyl hypochlorite may be purified further by distilla-
tlon at atmospheric pressure in an all-glass apparatus, This method was
was uged by Sandmeyer (30,31) ito prepare methyl and ethyl hypochlorites,
and alsc by Chabttaway and Backeberg (6) to prepare n-propyl, isopropyl,
n~butyl, sec-butyl, teri-butyl, md tert-amyl hypochlorites., Hanby and
Rydon (19) substituted calcium carbonate for sodium hydroxide in this
method.,

Other methods have been used for the preparation of various alkyl
hypochlorites, Anbar and Dostrovsky (2) prepared tertebutyl hypo-
chlorite by adding an excess of teri-butyl alcohol to chlorine monoxide

in carbon tetrachlorides



01yl + 2 BOH ~www- 2 ROC1 #» HyO

The same authore prepared carbon tetrachloride solutiens of tert-butyl
hyp_eehlwiﬁ By shaking an aguecus acid soluticn of hypochlorcus acid
with a carbon tetrachloride solution of tert-butyl sloohol, With this
same method they prepared solwtions of 3,3,3w-trichlere-lemethylpropyl
hypochlorite and ethyl and tew;h*bwhyl hypobromites.

With many of the preceding methods ylelds up to 100 per cent were
raported,

G. The Hesaetions of Alkyl Hypochlorites

With enly a few sxoaptioms (1L,25) all of the reported work on the
resctions of alkyl hypochlorites 1s concernsd with the use of tert-butyl
hypochlorite,

In 1931 Clark (7) reported that tertebutyl hypochlorite rescted
with hydrvosarbons, phemols, smines, alechols, aldehydes, amides, ketones,
esters, and ethere with some excepbtions within the various classes of
compounds . Acids and nitriles wers unreactive.

Trwin and Hemndon (22) found that the addition product formed 4in
the reaction of teri~bubtyl hypochlorite with simple olsfins depended on
tho solvent employed. Helohydrins, haloethers, and haloesters were
produced by chlorination of olefins in the presence of water, alechols,

and acids respectively. In an inert sclvent such as carbon tetra=-
ehleride or in the absence of a solvent, the tert-butoxy ether was
formad, The following equations illlustrate these reactionss



RYOR » CHR*! » ROCL ~4% ReCHOHR'® + RON
C10H

‘R*CH w CERY' + RoCL S % pechommit s Rom
g1 ORYt

ﬁ*gﬁ " em‘ ¥

RYCH = CHRY* & ROOL sewwne  RECHCHRYS
¢1 om
Beling, Vogt, and Hemnion {11) extended this work to ethylenic compounds
containing a repetive M. Slome of the compounds studied were allyl
ohloride, allyl aleohol, cimnamic aeid, cimmamaldshyde, and eretonsldew
hyde., Methanol was used as the selvent.

Other unsaburabes that have recelved independent siudy are styrene
(19), isoprems (27), methyl and ethyl scrylates (28), «<<pinens (29),
cholesterel (17), and vegetable oils (35).

Mnsburg (15) has invesbigated the reaction of teri~butyl hypo-
chlorite with & namber of aromatic aldehydes., He found that hydrexyl,
methoxyl, and dimethylamine groups activated the nueleus resulting in

mzolear chlerination, wheress hydrogen, chlorine, and methyl groups
activated the aldehyde group resuliing in the formation of acdd chlorides,
Bangoic acid, p~btolule avid, p-nitrobenseic secid, mwnitrobensaldehyde

and p-nitrobengaldehyde were unresctive., Excellent ylelds were obtained
in many reactlions using carbon tetrachloride, glacial acetic acid, and

90 per cent acetic acid as solvents,



In & similar study with phenols Ginsburg (16) found that terte
butyl hypochlordite reacted with phenols in carbon tetrachioride to form
e-ghlorophenols,

@rob and Schmid (18) found that tertebuiyl hypochlorite cxidized
primary aloochols to esters of the corresponding acids, Primary aromatic
benzyl alechol yieldsd benmaldehyde., Secondary aleohols were oxidiged
to ketones with mandelic acid being sismltanecusly decarboxylated to
yield bengaldehyde., Oood yields were obtained using carbon tetrachloride
as the solvent.

Audrieth, Colton, and Jones have studied the formation of hydrazine
from the resction of tert-butyl hypochlorite with ammonis (3) and ures
(8), Zirmer end Audrieth (42) have reported the use of tertebubtyl
hypochlorite as an N-chlorinating agent,






TIT EXPERIMENTAL
A, Apparatus

A Bargent Potentiometer (4 volt span) was used for the potentiometric
titrations in glacial acetic acid, The indicator electrode consisted of
a 2 cm, 18 gauge platinum wire, Two reference electrodes were used:

a saturated calomel electrode of the fiber type, and a silver-silver
chloride selectrode., The letter was prepered by electrolyzing a solution
of dilute hydrochloric acid using 1 cm. of 16 gauge silver wire as the
anode,

A Fisher Elscdropode (sens, = 0,025 pa./scale div.) squipped with
2 cm, 18 gauge platirum wire elecirodes was used for the amperometric
titrations.

A Sargent Model III Mamal Polarograph (sens. = 0.0064 pa./mn,)
equipped with a twin inlay platinum electrode, Beckman #19031, was also
ugsed for amperometric titrations,

A Fisher Titrimeter equipped with a platinum wire indicator electrode
and a saturated calomel reference electrods was used for some potentio-
metric titrations in aqueocus solutions.

A 50 ml, amber buret equipped with a Nylon stopcock assembly was
uged in titrations with glacial acetic acid solutions of tert-butyl
hypochlorite. All other titrations were performed using a 50 ml.
calibrated Exax buret.

Small samples of liquid unsaturates were welghed using a 0.5 ml.

hypodermic syringe. Larger samples wers woighed with a weight buret.



B, Reagents and Solutions

The sodium oxalate and ansenious oxide used in this work were
primayy standard grade, All other inorganic reagents were either
reagent grade, analytical reagent grade, or analyzed grade chemicals,
Baker's . P, Anglywmed lithium chloride was assgyed by the Fajans methed
for chloride and found to contain 8%2.9 per eent Ythium chloride (39).

The organic chemicals used in this work wers the best grades availw
gble commereianlly, The purity of several of these chemicals was
determined by accepted procedures,

| HMerck Reagent phenol was ssssyed by a2 bromination method using
standard bromate-bromide solution according to the procedure of Stone
(,32); It was found to be 9‘9;8 per cent phencl,

Bagtman hydroguinons was assayed by the procedure of Furman and
Vallace in which the hydroguinone was titrated potentiometrically with
coric sulfate (13). Its purity wes found to be 100.5 pari,éan‘b,

Many of the unsaburabes used in this work were assayed by the
aeid»aafbalwe& bromination method of Byrme and Johnson (5). The resulis
of these determinations are found in the sectior entitled "Determination
of Unsabturation®.

Dupont glacisl acetic acid (99.7%) was used exglusively throughout
this work.

Glacial acetic acid free from reducing substances was prepared by
refluxing 1 liter of glaciel acetic acid with 20 g. (2%) of chromium
trioxide for two hours in an all~glass apparatus, The acid was then
dgistilled and 500 ml. of the smiddle fraction collected for use,



10

Anhydrous acetic aclid was preparsd by refluxing 1 liter of glacial
acetic mold ws.th 5C ml, of acetic anhydride (5% by velume) for four
hmgﬂ in an all~glass spparatus, Thé scid was then distilled and SO0
nl., of the middle fraotion cellected for use,

armyd#aua scetic acid free from redueing substences was prepared
by veflwxing 1 liter of glacial acetic acid, 20 g, of chromiun trioxide,
and 50 ml, of asetie anhydride for four Mux-# in an all-glass apparatus,
The acid was then distilled and 500 ml. of the middle fraction collected
for use.

tert-Butyl hypochlorite was prepared in 1 mole quantities according
to the method of Teeter and Bell (36), The erude hypoohlorite was
purified by distdillation at almospherie pressure in an all-glase spparatus.
The purified material was stored in anber glasswstoppered bottles in a
refrigernbor. Ylelds of 77 g. (73%) and 89 g. (82%) were obtained with
two preparations, The purity of the hypochlorite was determined by
breaking weighed ampules of the hypoohlorite under 100 ml, of 5 per cent
aguecus potassium iodide solutien acidified with 25 ml, of glacial acetic
anid, The liberated lodine was titrated with standard thiosulfate solu~
tion using starch indicator. The first preparation was found to contain
96,3 per cent tert-butyl hypochlerite, After eight monthe it contained
95,4 per eent, The second preparation conbained 88.6 per cent hypo-
chlorite,

B8olutions of 0.1 N bert~butyl hypochlorite in glacial acetic acid
were prepared by adding the required amount (5.4 g.) to 1 liter of
glacisl acetic acid, The solubtione were stored in amber glass-stoppered



bottles under a hood and protected from direct sunlight, The standardi-
ration of these sclutions iz discussed in the section entitled
"Wwd&mma of Glacial Acetic Acid Solutions of tert-Buiyl
Bypochlorite"., Other stendard solutions used in this work were prepared
by accepted proceduires. These includs standard solutions of godium
thiosulfate (1), ceric sulfate (LO), silver mitrate (39), bromate-
bromide (32), and the bromination solution used for the determination of
wissturation (5), The ceric smmonium sulfate and the ferroin indicator
used in the preparation of a ‘stamard cerie sulfate solution were gbe
tained from the G. Frederick Smith Chemical Company, Stendard pro-
cedures were used for the preparation of dichloroflucrescein (39) and
starch indicators (Li).

bandardisation of Glacial Acetic Acld Solutions of
tert-Butyl Hypochlorite
This work wap underbaken to investigate the analytiocal applications
of bertsbutyl hypochlorite in glaclal scetlc acid., Thereforse, it was of
prime lmportance to establish an acourate method for the standardization
of such solutions,

1. Iodine~Thiosulfate Method
Severasl investigators (1,6,34,35) have sbtated that tert-butyl hypo-
ehlorite liberates lodine gquantitatively from an aqueous solution of

potassium iodide acidified with acetic acid according to the reaction:
gHs s
Glia('}wﬂmﬁl » SHI empe Gﬁﬁ?«ﬂﬁ # HCL + I,
OHy CHg



The iodine can be titrated with a standard thicsulfate solution and
thue the purity or concentration of tert-butyl hypochlorite determined.
This is the only method reported for the asssy of tert-butyl hypo=
ehlorite,

In this reactdon 1 mole of teriwbutyl hypochlorite liberates 2
equivalents of iodime and the normality of a hyposhlorite slution would
be based on an eiyuivalent weight equal to one-half of ths molecular
woight of tert-bulyl hypechlorite.

Although this reactien appeared gultable and adaptable for a
standardization procedure, several factors had to be investigated before
it could be adopted as a methed of standardizebtion. The rapidity of the
reastion and the effect of alr oxidgtion had to be determined, The
stoichiometry of the reaction had to be established also,

To determine the rapldity of the reaction and the effect of air
oxldation the follewlng experiment wms perfaormed,

Twenty-five ml, allguote of tert-~butyl hypochlerite solution were
added to iodine flasks containing 50 ml, of water and 3 g. of polassium
jodide. The flasks were stoppered and allowed %o stand for varying time
intervals and then titrated with stendard thiosulfate solution to a
gtarch endpoint, Three to 4 ml, of 0.5 per cent starch solution was
added juet prior to the disappesrance of the yellor icdine color,
Twenty-five ml, aliquets of glacial acetic scid were added to sach of
& second series of iodine flssks containing 50 ml. of wabter and 3 g. of
poteassiva iodide. These flasks were allowed to stand for simllar time
intervals and the iodine then titrated in the same manner. The data

from this experiment are contained in Table I.




TABLE I

EFFECT OF AIR OXIDATION AND REACTION TIME ON
THE STANDARDIZATION PROCEDURE

¥ ROCL

2 2L.97 22.89 0.00 22.89 0.0904

7 2L.97 22;91 0.02 22,89 0.0904L
15 24.97 22,92 0.03 22,89 0,090}
30 24,97 22;% 0.06 22.88 0.090k
L5 24,97 22,96 0.08 22.88 0,0904
60 24,97 22,99  0.09 22 ;88 e;awh

Formality = 0.0986



Although the required volume of thiosulfate inecreassed with time,
it was apparemt from the dabta that this increase was caused by air
oxidation, When corrected for the effect of alr oxldation, the results
showed good precision indicating that tertebutyl hypoehlorite liberated
iodine instantaneously from an scidified agueous potassium iodide
solution. If the iodine was titrated within & few mimutes, no correctien
for alr oxidation was necessary. The data also established the repro-
ducibility of this methed.

2. Excess Oxalate Method
Although the preceding daba indicated that the ledine-thiosulfate
method might be satisfactory from the point of time and preecision, it
was still necessary to esteblish that the liberation of lodine by tertw
batyl hypochlorite was gquantitative. The only way that this could be
confirmed was to find an alternate method of stemdardization, a method
using soms sbandard material but not imvolving a thioswlfate titration
of iodine.
a. Selection of Blandard
Twe primary standsrd materisls, sodium oxalate and arsenious oxide,
were considered for this alternate method of stands

rdization, There l1s
no reported work on the reastion of tert-butyl hypochlorite with elther
of these two substances. Sodium oxalate (20) has been found sultable
for the standardization of glacial acetic acid solutions of ceric
nltrate and Tomessk and Heyroveky (37) have titrated arsenlous oxide
with glacial acetic acid solutions of bromine.
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The use of both of theae substances was limited by their low solu-
bility in non-aqueous solvents, Initial tests with ersenious oxide
proved that this substance was impractical because of its low solubility,
even in aqueous mixtures of acetic acid, Sodium oxalate also was
insoluble in glacial acetic acid. However, by dissolving sodium oxalate
in a small amount of water and then adding glacial acetic acid, solutions
up to 0,04 N in BO per cent acetic acid could be prepared.

b. Reaction Rate of tert~Butyl Hypochloride with Excese Sodium Oxalate

Any method of standardization using sodium oxalate that would not
invelve a thlosulfate titration would have to utilize an excess of
sodium oxalate with subsequent determination of the excess. Therefore
it was first necessary to determine if bert-butyl hypochlorite could be
quantitatively consumed by excess oxalate in 80 per cent acetic acid,
and if the axcess oxalate could be determined under the experimental
cenditions.

It wes expected that tert-butyl hypochlerite would react with sodium
oxalate according to the following equations

s o
CHg=G-001 + NagGgOq + CHgCOOH ——s= 2 GO + CHy000Na + NaCl + CHy-C-OH
CH, CHy

In this reaction 1 mole of sodium oxalate would consume 1 mole of tert-
butyl hypochlorite, Sodium chloride would be one of the products and
as hypochlorites react with chlorides to form chlorine, it was expected
that some chlorine would be formed in the course of the reaction. Since
the hypochlorite is a volatile liquid and chlorine is a gas, frecquent
shaking would be necessary to cause complete consumptlon of these sub-
stances.
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To determine if tert-butyl hypochlorite would be consumed quanti-
tatively by exoess oxalate, the following experiment wes performed.,

Twenty-five ml. aliquots of approximately 0.1 N hypochlorite sclu-
tlon were added %0 0.2680 g. (4 meq.) samples of sodium oxalate dissolved
in 20 ml. of water amd 55 ml. of glacial asetic acid in 500 al. iodine
flasks, The flaske were stoppered and sllowed to stand for various
time intervals with frequent shaking, One hundred ml, of 3 per cent
agquecus potassium iodide solution was then added and the liberated lodine
tivratsd with standard thiogulfsbe solution. The percentage of hypo~
chlorite consumption was salculated from the amount of thiosulfate
solution necessary to titrate the fodine. JEf all of the hypechlorite
was consumed, no iodine wowld be libersted. 4 blank was run to determine
if any decomposition of the hypochlorite oecurred under the experimental
conditions, No chloride was added to the blank., The data from this
experiment are contsined in Table II,

From the data in Table IT it wes spparent that the hypochlorite was
complately consumed in one hour and that no decomposition of the hypo-
chlorite occurred under the experimental conditions specified, It was
shown later that when chlordine was formed in a reaction and water was
present that some decomposition did occur, In this particular case
where the reaction procesded very rapidly, it was unlikely that much
chlorine was formed and that which was formed was probably consumed by
oxslate before it could decompose,
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TABLE II

REACTION RATE OF Yegt-BUTYL HYPOCHLORITE WITH
EXCESS SODIUM OXALATE

Meq. Yeq, Reaction M. " Meg. ROCL , Per Cent
Nagloly, ROCY Time, Na 8,0, Lert Consumed Consumed

o 2.230 0 22,63 2,230 0.0 0.0
o .23 60 22,63  2.230 0.0 0.0
b 2.230 15 0,27 0.0266  2.203  98.8
L 2.3 30 0,20 0.0197 2,210 99.1
b 2230 s 0,02 0,0020 2,228 9.9
L 2.230 60 0.02 Q.,0020 2.228 99 .9
L 2230 60 0.00 0,000 2,230 100.0

*Normality = 0,0986
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¢, Determination of Sedium Oxalste with Ceric Sulfate

It was also necessary to determine if sodium oxalate could be
titrated u‘uué-enmny in the solvent being need, The preceding experi-
ment was run in 100 =ml. of 80 per cent acetlc avid., The producte of
the resction included tert~butyl alechol and chloride. Neither of these
substances was present in an amount sufficient to be axpected to cause
interferencs, However, it wae decided that 1t would be necessary to
dilute the selutlon as much as practical to minimize any difficulties
from the acedic acid. The oxalate was titrated with standard ceric
sulfate solution using fervoin indicator,

The following procedure was used for this determinatien,

Accurately weighed samples of sodium oxalste (about 0.28 g., L meq.)
wore dissolved in solutions conmisting of 30 ml, of ¢oncentrated hydro-
chloric ecid, 5 ml, of 6;.605 M. iodine monochloride solution, 80 ml. of
glacigl acetic aeid, 0.2 ml, of tert«butyl aleohol, and 140 ml. of
distilled water in 500 nml, iodine ﬂ&akﬁ-; Thesa solutions were then
heated to 50°C and titrated with ceric sulfate solution using 2 drops of
ferroin indiica%r; Several blanks were run in an idenitiocal mamner with
the sodium oxalate omitted, The resulis of this experiment are contained
in Table III,

This experiment established conclusively that sodium oxalate could
be determined accurately under the experimental conditions.,
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TABLE III
DETERMINATION OF SODIUM OXALATE WITH CERIC SULFATE
Mi,
_Ce(80)s” o
1,37
Lo.hk
38,33

39.90 0,2622 0.2622

*Normality = 0.0981
Blank » 0,09 ml., &ve, of 3 remults

d, Standardization Procedure

wg established that an excess of sodium oxalate completely
ponsumed tert-butyl hypochloriite in one hour and that sedium oxalate
could be sceurately determined in the solvenit being used, the fellowing
rdizstion.

Weighed samples of sodium oxalate of approximately 0.26 g. were
dissolved in 20 ml, of distilled water in 500 mi. iodine flasks and

procedure was run as an alternate method of sianda

then 55 ml, of glacial acetic acid was added to each flask. Twenty~
five nl, aliquots of tert-butyl hypochlorite solution were added to
these flasks and the flasks allowsd to stand at least one hour with
frequent shaking. To each flask was then added 120 mi, of distilled
water, 30 ml. of concemtrated hydrochloric acid, and 5 ml, of 0,005 M
jodine monochloride solution, The solutions were then heated to 50°C
and titrated with standard ceric sulfate solution using 2 drops of
ferroin indicater,
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The mmber of meq. of sodium oxalate consumed was ealoulated from
the original uemqale welghts and the amount remaining as found by the
caric mlmm titration, The wormality of the hypochlorite solution
was then ocalculated from the smount of sodium oxalate consumed and the
volume of hypochlorite solution used, The resulte of these determine
atlons are found In Table IV, The normality of the hypochlorite solution
wae deterrdned by the iodine-thiosulfmte method also. These results are
tabulated in Table ¥V,

The data in Tables IV and ¥V verified the stoichiometry of the
reaction of tert«butyl hypochlorite with potassium iodide. Therefore,
this method was used excluaively throughout this work. The very close
agreement of results iae%mn the two methode inferred that no decompow
sition of hypochlorite occurred im the excess exalate method,

TABLE IV
STANDARDIZATION OF HYPOCHLORITE SOLUTION BY EXCESS OXALATE METHOD

e et imiv aro m.......‘.w -nvnn-rmm o st w-au-w«--m mmuwm meTpARaL~ S ,m,m»

ﬁa,ﬁam faken ML, Ml. | ﬁeq. Nagggoﬂ, N RCCL
" a. Meq.  ROCL Co(804)5"  Laft Gamumad o
0.2660  3.970 24,97  1T.84 1.750 2,220 0.0889
0.2686  L.009 24,97  18.20 1,785 2.22l 0,0891,

0.2825  hL.217 2L.97 20.35 1.996 2,221 0.0890

*ormality » 0,0981 Ave, = 0,0890
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TABLE V
STANDARDIZATION OF HYPOCHLORITE SOLUTICN BY IODINE~THIOSULFATE METHOD

Ml. ROC1 ML, Nag8:0," N ROC1
2L.97 22,52 0.0889
24,97 22,52 0.0889
24.97 22,51 0,0889

2L.97 22.53 0.0890

Normality = 0.0986 Ave, = 0,0889

D. The Stability of Acetic Acid Solutions of
tert~Butyl Hypochlorite

An important property of any solution is its stability. Praoctically
all acetic acid solutions of oxidizing and reducing substances are
unstable to some degree. In most cases this is due to the presence of
impurities in the acetic acid. In many cases it is necessary to purify
the acid before solutions of reassnable stability can be obtained.

Several factors were expected to have some effect on the stability
of solutions of tert-butyl hypochlorite in acetic acid. These factors
were the amount of water in the acetic acid, the presence of reducing

substances, the presence of acids and bases, and the light sensitivity

of tert-butyl hypochlorite,

1. Effect of Water
Since tert-butyl hypochlorite is an ester, it would be subject to

hydrolysis according to the equationt
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CHg Oty
OHg=G~OCL + H0 ——= CHg=C-OH + HOUL
CH, CHg

The amount of water present in the acetic acid would be expected to
have some effect on this resction., Whether or not the hydrolysis would
have any effect on the amount of available chlorine would depend on the
further decomposition of hypochlorous acid.

To determine the effect of water the stability of hypochlorite was
studied in the following sclutions: glacial acetic acid that was 99.7
per cent acid according to the label, acetic acid that was 10 per cent
water by volume, and anhydrous acetic acld prepared by refluxing glacial
acetic acld with an excess of acetic anhydride, These stability studies
were carried out by the following procedure:

Approximately 0.1 N solutions of the hypochlorite in the desired
solvent were prepared and placed in amber glass~stoppered bottles. The
solutions were stored at room temperature under a hood and protected
from direct sunlight., Twenty-five ml, aliquots of these solutions were
assayed at specific time intervals by the lodine~thiosulfate method.

As these standard solutions were prepared individually, they had
different concentrations, To facilitate comparison of the effects
studies, the data were arranged so that all of the stability curves
would have a common origin. This was accomplished by caleulating the
regults on the basis of the percentage of hypochlorite remaining, the
percentage at the time of preparation being 100.0 per cent, The results
of these studies are represented graphically in Figure I, and the data

are found in the Appendix.



Curve A in Figure I illustrates the stability of tert-butyl hypo-
chlorite in commercial 99.7 per cent acetic acid, This solution
decomposed at a rate of approximately 1 part per 1000 per day with a
more rapid decomposition occurring during the first few days. Curve B
represents the gtability of hypochlerite in 90 per cent acetic acid.
The increase in water content has approximately doubled the rate of
decomposition. The general shape of curve B is similar to that of
curve A, Curve C in Figure I represents the stability of the hypochlorite
in anhydrous acetic acid, The very marked decrease in stabillty of
this solution wag due apparently to the presence of reducing substances
in the acetic snhydride, This was verified in a later experiment.

The presence of reducing substances in the acetic anhydride made it
impossible to prepare an anhydrous acetlc acid solution that could be
used without interferences from the reducing substances., With either
the 99.7 per cent or the 90 per cent acetic acld the amount of decompo-
sition was negligible over a period of seversl hours, Dally standardi-
zation would be sufficient with glacial acetic acid solutions, but more
frequent standardization would be necessary for 90 per cent acetic acld

solutions.

2. Effect of Reducing Substances

The effect of reducing substances on the stability of acetic acid
solutione of tert~butyl hypochlorite was quite spparent from the
previous study. To determine the effect of reducing substances the

stability of hypochlorite was studied in the following solutions:
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glacial a‘w&i.g seld fireed from reducing substances but not anhydrous,

and snbydrous acetls scid that was freed from reducing substances.

Mn studies were csrried out in the same mammor as the previously
dascribed stability studies and the data wers treaved in the same marmer
lso. The results are illustrated in Figure IT and the date ave conteined
in the Appendix, Por comparison the stability curve for 99,7 per cent
glaelal agetic scid has been included in Figure II.

Curve B in Figure IT represents the stability of tert-butyl hypow
chlorite in
curve has a different shape than those of solutione not freed of reducing
substances. When compared with eurve A, which represents the stability
of 99.7 per cont scetlc acid, 1% is sesn that the initial rapid

anlydirous acetic scld freed from reducing substences. This

decomposition has not occurred. However, the over-all rate of decompow
gition was slightly grester than that of the hypochlorite in commercial
acetic acid, Cwve C ropresents the gtability of the hypochlorite in
acetic acid freed from reducing substances but not anhydrous, The
stability of this sclution was similar to that of the anhydrous solution
with the rate of decomposition slightly less, Both solutions freed
from reducing substances showed ap overw-sll rate of decomposition greater
than that of the commercial untreated acid. The reason for this was
not apparent,

The preceding stability studias indisated that no advantage would
be gained in treating commercisl acld to make it anhydrous or to remove
reducing substances. Therefore, the commercial acid was used in the
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preparation of all standard solutions of tert-butyl hypochlorite and

as a solvent for titrations.

3. Acid~Base (atalyzed Decomposition

Anbar and Androveky (1) have studied the effect of acids and bases
on the hydrolysis of tert-butyl hypochlorite in agqueous solutions.

They found that the decomposition was acid~base catalyzed and that the
minimum rate ococurred at a pH of L.L.

Whether or not this acid-base catalysed decomposition would occur
in acetic acid solutions of tert~butyl hypochlorite had to be determined.
The stability of hypochlorite was investigated in 0.1 N solutions of
perchloric acid in acetic acld, hydrochloric aeid in acetic aeid,
paratoluenesulfonic acid in acetic acid, and sodium acetate in acetic
acid.

The following procedure was used for these =Lability studies,.
Twenty-five ml. aliguots of tert-butyl hypochlorite sgolution were added
to flasks containing 75 ml. of glacial acetic acid and sufficient acid
or base to wake the final concentrastion 0.1 N, These flasks were
allowed to stand for specific tiwes and then 100 ml. of 3 per cent
aqueous potassium jodide solution was added to each flask, The liberated
iodine was then titrated in the usual msnner. Reaction times of 15 and
60 minutes were used in this study. The percentage of decomposition

was calculated by the following expression:

« N b - M1, Na.S-0.(sample
Percent decomposition M. Na ? Naésaﬁa Bl an x 100

The data are found in Table VI,



TABLE VI

ACID-BASE CATALYZED DECOMPOSITION

28

Reaction *
ROC1L Time, _ M., N'_a“s 203 Per Cent
Min, Blank Sample Difference Decomposition
0,1 N Perchloric Acid
24,97 15 23,16 18.29 L.87 21,0
24.97 60 23.16 0,20 22,96 99.1
0.1 N p-Toluenesulfonic Acid
24,97 60 23.16 3.76 19.4h0 83.8
0.1 N Hydrochloric Acid
21,97 is 23,16 21.61 1,55 6.70
24.97 60 23.16 19.94 3.22 13,9
0.1 N Sodium Acetate
2497 15 23.16 23.09 0.07 0.30
24.97 60 23.16 23.02 0.1L 0.60

*Normality = 0.0986

By comparison, 0,1 N solutions of tert~butyl

hypochlorite in

acetic acid decomposed approximately 0.1 per cent per day.
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Perchloric acid is an apparent strong acid in glacial acetic acid
whereas hydrochloric acid is an spparent weak acid, Para-toluenesulfonic
acld has been investigated as this acid has been used as a catalyst for
the addition of tert-butyl hypochlorite to olefins (11,22). The use of
sodium acetate provided an apparent basic solution,

The solution of tert-butyl hypochlorite in 0.1 N perchloric acid
in acetic acid was almost completely decomposed in one hour whereas the
solution that was 0,1 N in hydrochloric acid had decomposed much less,
However, an exact comparison between these two acids was imposéible
due to the formation of chlorine in the solution containing hydrochlorie
acid. The decomposition observed with the solution containing para-
toluenesulfonic acid was similar to that observed with perchloric acid,
In the case of the solution of sodium acetate, the decomposition was
very slight but still of some consequence, As a result of this experi-
ment it was obvious that care would have to be exerclsed in the use of
tert-butyl hypochlorite, and that certain limitations were placed on
the types of solvents that could be used.

4. Light Seneitivity

The effect of light on the stability of glacial aceiic acid solu-
tions of tert~-butyl hypochlorite was determined in the following manner,
An spproximately 0.1 N solution of tert-butyl hypochlorite in $3.7 per
cent acetic acid was prepared., One-half of this solution was placed
in a clear glass-stoppered bottle and one-half was placed in an amber
glass-stoppered bottle. Both bottles were stored side by side under a
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_hoed with normel exposure to laboratory radiation but protected from
direct sundight. A% various time intervals the solutions were analyszed
by the iedine-thiosulfate method, The results of this experiment arve
contained in Tsble VII,

TABLE VIX

LIGHT SENSITIVITY OF tert~BUTYL HYPOCHLORITE
IN GLACTAL ACETIC ACID

o e
_Rool ﬁa,s,c mcl ROCL  NagS0."  'Roor
0 10.00  9.43  0.0942 10,00 9.3 0.0942
3 10,00 9,30 0,0929 10,00 9,32 0.0931
7 10.00 9.5 0;99.& 10.00 9.20 0.0919
1 10,00  8.95 0,089k 10,00 9.04 0.0903
21 10,06  8.71  0.0870 10,00  8.88 0.0887

28 10.00 8.h4 0.0843 10.00 B8.71 0,0870

oS

Mormality » 0.0999

The data contained in Table VII illustrate the light sensitivity
of tert~butyl hypochlorite in glacial acetic acid,

E, BEndpolnt Detection

Seversl indicators are available for acid~base titrations in glacial
acetic acid, but no indicators have been developed for redox titrations
in this solvent. Klectrometric methods of endpoint detection are the
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enly methods available., Both amperometric and potentiometric methods
have been used successfully with glacial acetic acid, Hinsvark and
Stone (21} have used an smperometric method of endpoint detection in
titrabtions with sodivm permangenste in glacial acetic acid. Tomecek
and Heyrovaky (37) and Tomecek and Valcha (38) employed a potentiow
metric method of endpoint detection using several inorganic oxidants
in glacigl acetic acid., Both ampsrometrie and potentliometiric nethods
were investigated in this work.

1. Potentiomstric

Twe electrode systems that have been used successfully for
potentiomstric redox titrations in glacial acetic scid are a saturated
calomel-platirmm electrode palr (37,38) and a silveresilver chloride~
platinum elestrode pair (20). These two elesctrode systems were used
in this work.

Using either a saturated calomel-platinum or & silver-silver
ehloride-platimun elecirode pair, mno potentisl was observed when tert-
butyl hypochlorite was added to glecial acetic acid. This was atiributed
to the low conductivity of glacial acetic acld, When sedium acebate
was added to glaclal acetic scld, potentials were observed with both
elsotrode systems, With the calomel-platinum system one drop (0.03 ml.)
of hypochlorite solution ceused a change from 220 mv., to 721 mv, . With
the silver-silver chloride and platimm electrodes a potential change
from 246 mv, to 850 mv, occurred with the addition of one drop.

The same approximate potential changes were observed when 1lithium
chloride was used se the electrolyte. Potential changes of from 229 mv,
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to 826 mv. and from 150 ww. to 910 mv. were ¢bserved with the calomel
and silver~silver chloride electrodss respectively, The changes wvere
very rapid, When lithium ohloride was used as the electrolyte, the
pewnm changes were due to the presence of ohlorine and not hypo-
thlorite, The cbmerved potentisls were unsteady and not reproducible.
For example, pobential changes of 653 mv, to 946 mv. and from 611 uv,
to 842 mv. were vbserved using the silver~silver chloride snd calomel
electrode systems respectively wader the asame experimental conditions,

The potentisl changes obsexved with an exeess of hypechlerite
indicated that the potentiometric method of endpoint detection might be
sppliceble in Wtrations with this reasgent.

2. Amperometyric

The amperometric method of endpoint detection employs two platinum
electrodes connected 4o a potential source and a galvanometer. In the
presence of & redox couple a current flows when & potential is applied
to the electrodes, Several variations are possible with this method
and they are discussed in the appropriate places,

With the amperometric methed of endpoint detection no current wes
cbaerved when tert~butyl hypochlorite solution was added to glaeial

acetic acid. Potentials up to 3 volits did not produce a current flow,
When scdium acetabte was added to glacial acebic . acid, small currents
were observed, larger currents were observed when lithium chloride was
present. Bromides and iodides also produced cwrrents with the magni-
tudes dependemt on the applied potentiel, the concentration of the
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slectrolyte, and the comcentration of the hypochlorits, Bromides and
iodides also yielded the corresponding halogen when hypoohlorite was
added, The observed currenmts were very stesdy.

This method alsc appesred applicable to titrations using tert-
butyl. hypoohlorite.

. teri-Butyl Hypechlorite as a Source of Chlorine

Freguent mentlon has bsen made of the formation of ¢hlorine from
the reaction of tertwbutyl hypoehloride with chlorides, s reaction that
is very rapid, If a subgtance that rescted rapidly with chlorine were
titrated with a tertebubtyl hypoohlorite solution in the presence of a
chloride it would react with the chlorine as fast as it were fwmad;
When this resctlon was complete, the excess chlorine could be detected
potentionetrically or amperometrieanlly., Thus tert-butyl hypochlorite
would act a% a source of chlorine with the amount conveniently con-
trolled by the smount of hypochlerite sclution added.

This type of titration looked very promising and was investigated
further,

Lithium ehloride was selected as the source of chloride because
of 1ts esolubility in glacial acetic acid, Other salds such as socdium
chloride and potassiuvm chloride were only slightly socluble in this
solvent, Figurs IITI illustrates the galvanometer deflection obtained
with vavying applied potentials when 0.1 ml, of tert-butyl hypochlorite
solution was added to 100 ml., of glaclal acetic acid contalning various
concentrations of chleride salts.
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From Figure IIX 1t is apparent that the greatest semsitivity is
ebbained with a 0.1 N polution of 1ithium chloride, The galvanometer
deflections were very stesdy indiceting +that little or ne loss of
chlorine ccourred sither by volatility or chlorination of the solvent.

¢, Determinstion of Unsaturation

Much emphasis in this mvas‘t-igaﬁiw was placed on the application
of tert~butyl hypochlorite for the determination of umsaturation,
particularly becauss of the lack of good methods for the determination
of this type of compound. The accepted mechanism of addition of either
tert-butyl hyposhiorite or chlerine to unsaturates is the same as that
of the usual resgents for uwnsaturation such as bromine sind iodine monow
chloride, BSome of $he typss of unsaturates with which the uwsusl
methods fail ave eonjugated dienes, conjugated unsaturated esters,
ecids, and carbonmyls. It 1s likely that these types would also present
difficuities in this work.

As mentioned earlier, the products resulting from the reasction of
tert-butyl hypochlorite and an unsaturate depend on ths solvent
composition. However, for ¢uantitative purposes, thiz is of little
importance as the consumption of tert-butyl hypochlorite would be the
same regardless of whether a halohydrin, haloether, or haloester were
formed, The solvent would be expected to have seme effect om the rate
of resction however.

Thres general methods for the determination of unsaturation were

investigated. These were:
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l. An indirect method in which the unsaturate was allowsd
to react with an excess of tert-butyl hypochlorite in
glacial acetlc acld and the excess hypochlorite determined
by the lodine~thiosulfate method.

2+ An indirect method in which the unsaturste was sllowed to
react with an excess of chlorine in glacial acetic acid
and the excess chlorine determined by the iodine-thio-
eulfate method, The chlorine was provided by addition of
dithium chloride to the selution of tert-butyl hypo-
chiorite,

3. The direct titration of unsaturates in glacial acetic
acid using tert~bubtyl hypochlorite and 1ithium chloride

as a sonrce of chlorine,

1, Exoess Hypochlorite Wethod

Many methods for the determination of unsaturation involve the
use of an exceas of reagent with subsequent determination of the excess
reagent, With suoh methods it is necessary to establish the optimum
reaction time and this can be accomplished by performing reaction rate
studies. Rate studies of the reaction of tert«butyl hypochlorite with
peveral unsaturates were performed to determine if this mebhod of
determination would be feasible, Several unsaturates representing
different types of unsaturation were selected for these rate studies,

The rate studies were performed according to the following

progedure,
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A glacial ecetic acid solution of each unsaturate was prepared,
These saluti;éna ware of eych concentration that a 10 ml, aliquot cone-
tained a’.wmniimtgly 1 %0 1.5 meq. of unsaturation, The exact concene
tration of the undaturate was determined by the acid-catalyzed bromis
nation methed, Ten ml. aliquots of the solution of unsaturate were
sdded to 250 ml. icodine flasks containing a 25 ml. aliquoet of approxie
mately 0.1 N tert-butyl hypochlorite solution, The flasks ware
stoppered and allowsd to stand at room temperature for specific time
intervals with ocoasional shaking. Then 35 ml, of § per cent agueocus
potassinm lodide gpolution was added to each flagk and the liberated
lodine titrated immediately with thiosulfate solution to the disappear
snce of the yellow iodine color, Starch indicabor wes not used in
the rate studies becaunse of the rate at which the ledine color
reappeared, A blenk was run with the unsaturate sample omitted to
-determine the smount of hypochlorite present in the 25 ml. alieguob,
Starch indicator was used for this determimation. The data for thase
rata studies are conbained in the Appendix,

The resciion rate curves for the various unsaturstes are illustrated
in Figire IV, In these curves, the ratios of meq. of unsaturation
found by the hypeohlorite method o the rumber of meq. found by the
brominstion methed are plotted as a funchion of time, The ratio is
designated by the symbol R in the flgure. This allowed a more direct
comparison of the several rate studies. The meq. of unsaturation found
by the hypochlorite method were the number of meq. of hypechlorite
consumed. These were caloulated using the eguation:
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# meq. = [ml. NagBy0y(blank) - ml, NayS;0y(sample)] x My, 5 o

With the exception of vinyl acetate, all unsaturates studied con-
sunmsd an exvess of hypochlorite. The study of vinyl asetate was not
completed dus to the slowness of the reaction, The time for complete
resction varied with the different wnsaturates with 2-octene requiring
the shortest time of two hours, All rate studies indicated that the
reaction of tert-butyl hypochlorite with unssturates was too slow for
analytical ume,

It would be possible to develop anslytical methods for individual
unsaturates using empirlcal factors to correct for the high results,
Such metheds, however, would have no advantages over existing methods

for unsaturation.

2. Bxcess Chlorine Method

A study of the rveaction of unsaturstes with chlorine was undertalen
primarily to provide a comparison with the reaction of unsaturates
with tertebutyl hypochlerite, This investigetdion, in the form of
resction rate studies, was sccomplished using the same general procedure
followed in the previcus reaction rate studies lnvolving tert~butyl
hypechlorite. The reaction of terit-butyl hypochlorite with lithium
ehlordde was used to provide the chlorine., The solutions of unsaturates
in glacisl acetio seid that were used in the preceding rate studlies
wore used in this study also. They were assaysd again by the brominstion
method,
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The rate studies were performed using the following procedure.

Twenty~five ml. aliquots of approximately 0.1 N tert-butyl hypo-
chlorite solution were added to 250 ml. iodine flasks., To each flask
was added approximately 0.5 g. of lithium chloride and a 10 ml. aliquot
of the solution of the unsaturate. The flasks were stoppered and
allowed to stand at room temperature for specific time intervals with
occasional shaking, Then 35 ml, of 5 per cent aqueous potassium iodide
solution was added to each flask and the liberabted iodine titrated
immediately with thiosulfate solution to the disappearance of the yellow
iodine color, Starch indicator was not used in these rate studies
except in titrations of the blanks. A blank was run with the unsaturate
sample omitted to determine the amount of hypochlorite present in the
25 mi, aliquot. A second blank was run to determine if any change
occurred in the amount of available chlorine after standing for a period
of time, The data for these rate studies were treated in the same
manner as the data of the previous rate studies and are contained in the
Appendix., The reaction rate curves for the various unsaturates are
illustrated in Figure V.

The reaction rate studies established that the reaction of chlorine
with unsaturation was very rapid, With the exception of divinyibanzene
and mesityl oxide the reaction was complete in one or two hours. In
all cases, however, the final value of R was over 1.000 indlcating
that too much chlorine was consumed, The blanks established that there
wae only a negligible decrease in the amount of available chlorine

after an hour of standing. Thie loss amounted to less than 0.1 per cent
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and 1% is possible that it occurred when the potassium todide solution
was added, Therefare the high resulits must be attributed to substitution
effscts, In this methodl where s large excess of chlorine was present
the possibility of substitution was very 1ikely.

3. Diveot Titratien with tert-Butyl Bypochlorite as s Source of Ghlorins

The reastion of tarﬁ;m’e;rl hypochlmedite with unsaturates wms toco
slow o permit a direct titration, Using potentiometric endpoint
detection large potential changes were cbserved when hypochlovite soluw
$ion was added to a solution of styrene in glacial acetic acid contain-
ing sodium aaeﬁaﬁe + The potentials drified slowly and requived seversl
mizmtes to return to 2 stable value, This indicated that the reaction
wag slow and was eupported by the previcus resction rade data. The same
behgvior was e?iameé uging amperometric endpoint detestion,

From reaction rate date it sppeared that the rate of reaction of
chlorine with unsaturatee was rapid enough so thet a direct titration
would be feastble using bert~butyl hypoehlorits and 1ithium ohloride
as a gource of chlorine,

a. Potentiometric Titration of Styrens

To determine if this type of titration was possible, a sample of
styrene was §itrated potentiomeirically with a standard tert-buiyl
mypochlorite solution. The mample was weighed by hypodermic syringe
dnto 100 ml, of glacial acetic acld conteining 0.5 g, of lithium
Mg, A Sargent Potenitiometer equipped with platiram and silver-
ailver chloride electrodes was used, Figure VI illustrates s typlcal
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potemtiometris titvabtion eurve. The data for this curve are contained
in the Appendix, Bguilibrium was reached very repidly efter esch
additlon of reagent and & well-defined potential change of spproximately
200 my, odowrred ab ths endpoint in the titvation.

Bimilar titratien results were cbtained when a ealomel refevence

slectrode wes used, This elestrede gystem, however, did not respond
as rapidly ss that using the silver-silver shloride slectrode, and the
titration was difflevlt to mllem

The erratic potentizl values cbaerved during the titration were
charasteristio of all potentiometrie titrations performed in this work,
Several samples of styrene were bitrated using potentiometric endpoint
detection. The resulits of these titrations are contained in Table VIIX,

TABLE VITT
POTENTIOMETAIC TITRATION RESULTS OF STIYRENE

e p———: m e e e s g oot A bt g

Electrode M1, _E. Biyrene | Per Cent
Systenm ROCI “mOOL  “Taken Found Styrens

i

Std. Cal.,-Pt,  36.10 0.0922  0,1738 01133 9.7
AgeAgll-Pt, 41,40 0.092.  ©,1990 0.1985 99.8%
Ag-Agll-Pt. 30,80 0,033  0.1678 0.1687 98.7"%

«n99+5% by Bromination
98.9% by Bromination

The potentiometric titrgtion results agreed very well with the
bromination resulis,
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b, Amperometric Titration of Styrene

Several samples of siyrene were titrated using amperomstric end-
point detection. A Sargent Marmal Polarograph eguipped with platinum
electrodes was ussd, PFifty mv, was selected for the applied potential.
The method of weighing svd the solvent were the same as in the
potentiometric titrations. Prior to the addition of the sample the
galvanometer was adjusted to zero. The hypochlorite solution was added
rapidly until a current was cbserved. This first current was unsteady
and decressed repidly to zero. 7Ths hypoehlorite solution was then added
slowly untll one drop ceused a steady current., The resulis of the
titrations are contained in Table IX,

TABLE IX
AMPEROMETRIC TITRATION RESULTS OF STYRENE
Mi, ROCL ﬁﬂﬁ&l 52;3223
38,13 0.0968 0.1918  0.1916 9.9
38.94 0.096k 0.1959 0.1955 99.8
3743 0.0978 0.1912 0.1907 99.7
32.60 0.1033 0.1757 0.1753 99.8
42.80 0.1008 0,2256 0.2246 99.6
39.90 0.101L 0 ;2113 0.2106 99.7
m;sa. 0;0916 0.1989 0.1980 99.5

*99.5% by Bromination Methed Ave.» 99.7
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The results obtained using this method agreed very well with both
the potentiometric and bromination results,

There was a titration blank as soms hypoechlorite had to be added
0 cause & ourrent to indiecate the endpoint, This amounted to approxi~
mately 0,02 ml, of hypochlorite solution, The blank was neglected as
it was lesg than 1 part per 1000,

The platimum electrodes used in the titrations showed no physical
evidence of attack by chlorine and ne change was noticed in the sensitive
ity of the electrodes, As a precesution the electrodes were stored in
sulfuric acidechromic acid eleaning solution when nét in use,

The amperometric method of endpoint detsection was much more
convendent to perform than the potentiometric method, 4s the same
results were obtained with both methods the smperometric method wes used
almost exclusively throughout this work.

¢. Amperomeitrie Titration of COther Unsaturates

A lsrge mumber of unsaturates were titrated to determine the
applicability of the method.

The following procedure was adopted as the standsrd titration
procedure for these tlirations.

The sample of unsaturabte, 3 to L meg., was weighed by hypodermic
syringe into a 250 ml. beaker containing 100 ml. of glacial acetic acid
in which 0.5 g. of lithium chloride was dissolved. Stirring was
acoomplished using a magnetic bar stirrer. The galvanometer was adjusted
to gerc with a 50 mv, potentisl applied across the platinum electrodes.
tert-Butyl hypochlorite solution was then added from the smber buret
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untll one drop csused a steady deflection of several scale divisions,

Wlth most unsaturates the titrant eculd be added rapidly to within a

few ml. of the endpoint without ceusing a galvanometer deflection.

It wes neceasary then to add small inorements end wait until the
galvanometer returned to merc before further addition,

results are conteained in Table X,

TAELE X

AMPEROMETRIC TITRATION RESULTS OF SEVERAL UNSATURATES

The titration

o

o

s _ =S e
Unsaturate Rooi g@ﬁl | ';ki§a§33§§§§a' Cont §§*§§g sl
Cyolohexene ué. o 0,0983 ©0,159h 0.1873 117.5 96.5 21,0
Oleic acid 36,23 0,0925 0.4653 0.4733 101.7 96.6 » 5.1
Methyl undecyls~ LO.8L 0.0912 0.3600 0,3693 102.6 9h. # 8,2
Al'?;;ealwhel 46,35 0,0909 01797 0,3324 68,1 63.6 + U.5
Mesityl oxide 48.37 0,090% 01974 0.2158 109.3 73.9 +35.4
Cinnemyl slechol 3h.h7 0.0913 0.2571 06,2111 82,1 89.8 = 7.7
Allyl acetate 39,40 0.,0912 0,1753 0,1800 102.7 98.2 + 4.5
Vinylacetic aeid 34,30 0,0912 0.1479 0.1350 91,3 964 - 5.1
1-Octene 11,80 0.,1008 0,1920 0,234 123.1 98.1 +25.0
2-Octene 37.60 ©,1013 0,2064 0.2137 94.b 90.0 + L.l
3-Heptene 37.50 0,1008 0,208y 0.,1856 89.0 86,0 + 3,0
2,5-Dimethylhexa= 53.20 0,0912 0.0880 0,1337 1L5.0 101.7 +i3.3
e ote  10.60 0,005 0,1793 0.1755 97.9 95.8 + 2.1
Divinylbengene 32,10 0,0996 0.1470 0,1030 70.0 69.6 + 0.k
Divinylbenzene 36,30 0,0873 0.1h62 0,1031 70.6 69,6 + 1.0

0,0868 0.1256 0,0880 70.1 69.6 + 0.5

DHvinylbenzsne

31.15
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8everal unsaturates that could not be titrated by this method are

lieted below,
Maleis acid
Cirmemic acid
Cinnamsldehyde
Crotoniec acid
Methyl aerylate
Allyl chloride
Crotonaldehyde
Batynediol
2,5, =Dimethyl«3~hexyne~2 ,5~diol

Allyl ehloride and crotonaldehyde did resch slowly but the other
unsaturates were unreactive.

Of all the unsaturates studied, only styrene gave good resulis
with this method., The results obtained with divinylbenzene were fair,
Low resulis were obtained with cimnamyl aleohol and vinylacetic acid,
With thess compounds the titration became so slow that it was disconw
timed, The titration results were high with all other unsaturates
vhere a reasonably repid titration was possible, This was attributed
to substitution of the unsaturate belng determined or substitution of

the impurities in the sample.

d, Effect of Temperature

Du Bois and Skoog (10) in their methed for unsaturation utilized
jow temperatures to reduce substitution effects. This technique was
studied in thie work also,

As glacial acetic seld freezes at approximately 17°C., it was
necessary to find other solvents to study this effect. Two solvents
were found that were suitable for titrations below 10°C: acetic aeid
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contalming 10 per cent water by volume which freezes at 5°C and acetic
migl centaining 20 per cent carbon tetrachloride by volume which
freeges at L®C. Pure carbon tetrechloride could not be used as a
solvent due iva the vary low a‘ombilitj of lithium chleride in it., The
initiel volumes of solvent were prepared in such a manner that the
final volumes at the endpoint would be either 10 per cent water in
aceatic acid ér 20 per cent carbon tetrachloride in acetic scid. Forty
ul, was allowed for the reagent.

Bamples of styrene were tltrated in both of these solvents at room
tenperature and ab & low temperature, For the low temperature titrations
the temperature in the titration vessel was maintained between 5§ and
10°C by means of an ice bath, The titrations were performed in the
usnal manner using the amperometric method of endpoint detection, The
titration results are contained in Tsble XI,

TABLE XI
EFFECT OF TEMPERATURE ON TITRATION RESULTS

Temp,
Sclvent °g,

Fer Gant*

90% HAc, 10% M0 25  35.h0 0,1033 0.1853 o©.1904  102.8
90% HAc, 108 H0 <10  L4L,OO 0,008 ©,2273 0.230%  101.6
80% Hic, 20% CClq 25 bl.20 0,0927 0.1981 ©.1989  100.4
80€ HAc, 20% €01, <10  kh,07 0,0927 0.2126 0.2127 100,1

#99.5% by bromination
99,7% in glacial acetlc acld



The rm’ﬁ.an in temperature improved the titration results with
both golvents. However, with both solvents at normal and reduced
temperatures, the results were considerably high in comparison with
the bromination results and the titration results obtained with glacial
acetic ”’M‘" The high results using 90 per cent acetic acid were
probably duse partially to decomposition of the reagent. The reason
for the h's.gh results using 80 per cent acetic acid i unknowmn, The
titrations at low temperetures could be performed just as rapidly as
thase at room temperature and no difference was observed in the nature
of the endpoint.

e. Effect of Mercuric Chloride

As substitution can take place simultaneously with asddition, the
alower the addition reaction the higher will be the error due to
ineressed cpportunity for substitution te take place, Therefore, an
effort was made to recduce this effset by accelerating the addition
reaction, Acids (5) and heavy metals (1,23,24) have bsen used to
catalyze addition remotions. The use of acids with tert~butyl hypo~
ehlorite was prohibited because the decomposition of the reagent was
acid~catalysed, Imcas and Pressman (2h) and Lewis and Bradstreet (23)
found that mereuric chloride was effective as a catalyst in bromination
methods, Thie compound was selected for investigation in thise work
due to its solubllity in glacial acetic acid.

Samples of styrene were titrated at room temperature and low
temperatures in the same golvents used for the low temperature titrations,
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The titration proasdm-s was the same alsc except for the addition of
1 ge of mercuric chloride prior to the addition of the sample to the
solvent, A sample of styrene was titrated in glacial acetic acid
with mercuric chloride added sleo. The resilts of these titrations are
found in Table XII. For comparison the results from Teble XI have
been included in Table XII. These are the titration results performed
at both temperatures in the same solvents,

TABLE XIX
EFFECT OF MERCURIC CHLORIDE ON TITRATION RESULTS

1 P A o A P S Rl O o A ATt e\ 8o e et LT oA T T O AR R P 1

: . Por Per

Solvent Rl RodL g@ﬁl T g:’;::m emt
gl Hae (Hg) 25  33.27 0.1032 ©,1783 0.1788 100.3 +0.6
90% HAc,10% Hy 25  35.40 0.1033 0.1853 0.190L 102.8 +3.1
908 Hic, 106 H0 (Hg) 25 35,60 0,1033 0.1907 0.1935 100.L 40.7
90% HAe, 10% HLO <10  L4.00 0,1008 0,2273 0,2309 101.6 +1.9
90% Hm; 10% H0 (Hg) <10  42.10 0.1008 0,2208 0.2210 100.1 +0.k
80% Hasc, 208 CCl, 25 11,20 0.0927 0,1981 0,1989 100.Lk +0,7

80% IAc, 20% COL.(Hg) 25  L3.80 0,0873 0,1987 0.1991 100.2 +0,5
80% HAe, 204 GGI.‘ < 10 44,07 0.0927 0,2126 (0.2127 100,1 0.4
80% Hae, 20% CCly(Hg) < 10 42,10 0,1007 0.2210 0.2208 99.5 #0.2

*99 7% in glacial acetic acid at room temperature

The titration result obtained with mercuric ehloride in glacial

acetic acid at room temperature was high compared with the previous
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results obtained with mercuric chloride absent. This was probably due
to decomposition caueed by mercuric chloride., The extent of this
decompesition could not be determined by rate studies due to interference
from mercuric iodide formed in the usual procedure involving iodine

and thiosulfate, The endpoints were very sbtable in titrations where
mercuric chloride was present. The decomposition was probably very

slow and occurred during the titration.

The presence of mercuric chloride improved the results obtained
using the other solvents at both temperatures although the results were
again higher than those obtained using glacial acetic acid without
mercuric chleride, The presence of mercuric chloride improved the
actual titrations as they could be performed more rapidly with fewer
unsteady deflections prior to the endpoint., This resulted in sharper
endpoints.

With the exception of glacial acetic acid alone at room temperature,
the best experimentsl conditions for the titration of unsaturates were
low temperature, the presence.of mercuric chloride, and glacial acetic
acid eontaining 20 per cent carbon tetrachloride as the solvent. 38everal
other unsaturates were titrated using these conditions and the results
are found in Table XIIT,

There was a definite improvement in the results with l-octene and
2-0ctene. No change was obtained with vinyl acetate end 3-heptene

yielded poorer results,
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TABLE XIII
COMPARISON OF TITRATION RESULTS

ML, N s Unsaturate _Per Cent Unsaturate
Taken ound

Unsaturate ROCL ROCL * il
1-Octens 28,20 0,1013 0,1515 0,1603 105.8 123,1 98.1
2«0ctene 28.20 - 0,1013 0.1746 0.1603 91,8 9Ly 90.0
3-Heptene 3k.70  0.,1012 0.191y 0.,1724 0.1 89.0 86,0
Vinyl acetate L3.40 00,1004 0,191 0.,1876 98.0, 97.9 95.6

g:rn glacial acetic acid alone

By bromination method
H., Miscellaneous Oxidations

1, Sodium Oxalate

The reagction of tert-butyl hypochlorite with excess sodium oxalate
a5 a means of standardization has been discussed previously. The use
of tert-butyl hypochlorite for the determination of scdium oxalate was
studied also. As with previcus work it was necessary to use 80 per
cent acetic acid as a solvent,

The direct titration of sodium oxalate using tert~butyl hypochlorite
as a source of chlorine was too slow to be practical. When the usual
titration procedure was used, the gddéition of hypochlor;te solution
caused a large current which decreased very slowly indicating a slow

reaction, Therefore, indirect methods were investigated im which an

axcesa of the hypochlorite was present.
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To determine if an indirect method would be feasible, the follow-
ing rate study was performed,

Twenty-five ml, aliquots of tert-butyl hypochlorite solution were
added to 250 ml. iodine flaske containing 0,067 g. (1 meq,) of sodium
oxalate dissolved in 20 ml, of water snd 55 ml, of glacial acetic acid,
The flasks were stoppered and allowed to stand for varying lengths of
time with occasional shaking, Then 100 ml, of 3 per cent aqueous
potassium lodide solution wes added to each flask and the iodine titrated
immecdiately with thiosulfate solution to a starch endpoint, A blank
with the oxalate omitted was run to determine the number of meqg, of
hypochlorite present in the 25 ml. aliquot, The number of meq. of hypo-
chlorite consumed for each sample was calenlated from the equation:

# meq, = [ML. NapS:0, (blank) - Ml. Nay5,0; (sample)] x N Na,S,0,
The results of this study are found in Table XIV,

TABLE XIV
REACTION REATE OF S0DIUM OXALATE WITH EXCESS tert~BUTYL HYPOCHLORITE

Reaction —_ , Iwzsﬂ%* Megq.
Time, Min. Blanik Sampie Difference Found
1 22,76 13.6% 9415 0.902
5 22,91 12,79 10,12 0.998
15 22.94 12.80 10,1k 1.000
30 22.91 12,75 10,16 1.002
45 22,94 12,79 10.15 1,001
60 23.07 12,90 10,17 1.003
90 22,94 12,76 10,18 1,00L

*Normality = 0.0986



55

It appeered that the reaction of tert-butyl hypochlorite with
sodium oxalste was quantitative with a reaction time of 15 mimutes.
The high resulte obtained with longer reaction times pointed to the
pousible decompesition of chlorine, The chlorine would be formed by
the reaction of the excess tert-butyl hypochlorite with the chloride
formed a8 one of the produots in the oxidation of sodium oxalate,

To determine if the high results were due to this decomposition,
& rate study was performed on ‘the decomposition of chlerine in 80 per
cent goetic acid, In the previcus rate study there were approximstely
1 meq, of excess tert-butyl hypochlorite and 1 meg. of chloride,
Therefore, the rate study was carried ocut using their quantities of
reagente. The procedure used in this rate study was identical with the
previous reactlon rate study except for the gnantities of reagents used,

Ten ml, aliguots of hypochlorite sclution were added to 250 ml,
iodine flasks conteining 0.0585 g. (1 meq.) of sodium chloride dissolved
in 20 ml, of water and 7O ml. of glacial acetic acid, The flasks were
stoppared and allowed to stend for varying lengths of time with
cecasional shaking, Then 100 ml, of 3 per cent aqueous potassium lodide
solution was added to emch flask and the iodine titrabted immediately
with standard thiosulfate énlu%&m uging starch indicator. For the
blank a 10 ml. aliguot of hypoehloriie solution was added %o 90 ml, of
glacial acetic acid containing no sodium chloride, The data are
contained in ?ahlé XV. The perccent decomposition has been galculated
on the basis of the volumes of thiosulfate sclution used in the

titrations,
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Percent decomposition s Lo

100.
TABLE XV
DECOMPCSITION OF CHLORINE IN EIGHTY PER CENT ACETIC ACID
e e oy
Reaction m“ m“sﬂ% . " Per Cent
Time, Min, ’B'imk M& Difference Decomposition
8.52 .52 0,00 0,00
5 8.52 8.52 0,00 0.00
15 B.52 8.52 0.00 0.00
30 8.52 8.51 0,01 0.12
L5 8.52 8.50 0,02 0,23
60 8.52 8.49 0.03 0,35
90

8.52 8.48 0.0k 0.47

*yormality = 0.0986

The data in Table XV verifies the decomposition of chlorine in 80
per cent acetic aeid and accounts for the high results obtained, If the
reaction time were limited to 15 mlmutes, the decomposition would bhe
negligible.

Seversl semples of sodium oxalabe were determined using this
procedure with a 15 minute raae‘t:wn‘ time, The results are found in
Table XVI,

The results in Table XVI indicate that this method is spplicsble
for bho determination of sodium oxalate.
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TABLE. XVI
DETERMINATION OF SODIUM OXALATE WITH EXCESS tert~BUTYL HYPOCHLORITE

) -

M1, Naiéaoa% _ g. NaaCgs0,
Blaiﬂc. Sample Difference Taken Found
22,82 11,98 10.8L 0.0716 0.0716
22,82 11,52 11,30 0,0746 0.074L7
22,82  13.19 9,63 0.0635 0.0636
22,82 5.91 16.91 0.1119 0,1117
22.82  10.61 12,21 .. 0607 0.0807

*!sie_ma:\'i-ty = 00,0986

2, Benzaldehyde

The reaction of tert~butyl hypochlorite with benszaldehyde and &io-
stituted benzaldehydes has been studied by Ginsburg (15). He found
that excellent yields of the corresponding acids or acid chlorides were
obtained, The reactions were rapid at room temperature in 90 per cent
acetic acid, tert-butyl alcohel, and carbon tetrachloride,

The high ylelds and moderate conditions reported by Ginsburg
prompted an investigation into the znalybical possibilities of the
reaction of tert-butyl hypochlorite with benzaldehyde.

The direct titration of benzaldehyde using tert-butyl hypechlorite
as a source of chlorine was too slow. When the usual titration pro-
cedure was used the addition of hypochlorite solution caused a large

current flow which remained steady indicating a very slow reaction.
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Indireot methods were tried using both exeess hypechlorite and
axcess chlorine, Samples of benzaldehyde were added to 250 ml, iodins
flasks containing 25 ml, aliquots of tert-butyl hyposhlorite solwtion.
One Ilask had 0.5 g. of lithiun chleride wided, The flasks were
&llowed to stand one hour with freguent shaking and then the excess
hypoohlorite or ohlorine was determined in the usual marmer, The
results of this experiment are contained in Table XVII.

TABLE XVII
OXIDATION OF BENZALDEHYDE
Sample Tifference  Taken glﬁ ' Found
Hypochlorite 21,73 21.52 0,21 0.0750 ©,0011 1.46

Chlorine 21.73 21,52  0.21 0.1037 0,0011  1.06

a W 9 o " " o

FNormality = 0.0986
The resulta indicated that the oxidation of benzaldehyds was very
glight under the experimental condiiions and no further investigations
were made with benzaldehyde.

Ginsburg (16) and Clark (7) have investlgated the reactlon of tert-

butyl hypochlorite with phenols. The reactlons were very rapid at room
temperature resuliing in excellent ylelds of the correasponding ortho-
gubstituted chlorophenols, With a large excess of hypochlorite various
polysubstituted chlorophenols were obiained.
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Samples of phenol were titrated amperometrically in glacial acetic
acld ueing tert-butyl hypochlorite as a source of chlorine. The first
additions of hypochlorite solution caused small deflections which
returned rapldly to zero, Subsequent additions of reagent caused
larger deflections that returned to zero slower. Finally a point was
reached in the titration where the deflection was almost steady, This
occcurred beyond the volume of reagent corresponding to monosubstitution
of phenol. It was apparent from this that chlorine was too reactive to
be used in the determination of phencl,

The amperometric titration of phenol with hypochlorite solution
alone was investipgated using several solvents. When the reagent was
added to a solution of phenol in glacial acetic acid no deflection was
obgerved., With sodium acetate pregent the addition of reagent did
cause a deflection which decreased slowly indicating a slow reaction.
The same behavior was observed wlth acetic aclid containing 5 per cent
water and no salts. The titrations using both of these solvents were
too slow for practical use. In acebic acid containing 10 per cent water
and no salts the titration was more rapid and additions of reagent
caused deflections which returned to zere in one or two mimutes. Near
the endpoint corresponding to monosubstitution the deflections became
larger and returned slower, Past the equivalence point the deflections
decreased very slowly indieating that further substitution was taking
place, However, the titration could be performed by reading the galvan-
ometer deflection at e predetermined time after each addition and then

plotting the observed deflections versus ml, of reagent., Figure VII
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is a plot of titration results ueing a 90 seconds interval after each
addition before reading the deflsction, The data for this Figure are
found in the Appendix, The volume of reagent was determined by drawing
& line through the deflection points beyond the endpoint and finding
its intercept m the resgent axis.

Table XVII contains the results of several titrations performed
using this procedure,

TABLE XVIII
AMPEROMETRIC TITRATION RESULTS OF PHENOL

e e i AR e At —etr e~
, Phenol »
M1, ROCL “Rocl Taken Found Per Cent
T+T5 0.0993 0.0360 0.0362 100,6
5.52 0.0993 0.0258 ©.0258 100.0
9.95 0.0890 0.0421 0.0417 97,1

%:99.8% by bromination
"From Figure VII

It appeared from the results obtained that the reaction proceeded’

CH
Ccl
+ ROCL wmeepm + ROH

This titration procedure was not practical with larger samples of phenol

according to the egquations

OH

because of the time involved in performing the titration, This procedure
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also falled when sodium acetate was added to the 90 per cent acetic
acid solvent, In this case the titration resembled that in which the
hypochlorite was used as & source of chlorine. Indirect methods for
the determination of phenol were not investigated because phenol
reacts with lodine thus interfering with the general method.

L, Hydroquinone

The reaction of tert-butyl hypochlorite with hydroquinone has not
been investigated previously. It was studied in this work primsrily
because the hydrogquinone-quinone system is one of the few organic redox
systems available for investigation (9).

When hydroquinone was titrated amperometrically using only glacial
acetic acid as a solvent, no deflection was observed with applied
potentials up to 3 volts. A rapid oxidation did take place, however,
as the solution turned yellow when the reagent was added. Hydroguinone
could be titrated in glacial acetic acid using tert-butyl hypochlorite
as s source of chlorine, Figure VIIT illustrates the resuliing titration
curve. The data for this figure are found in the Appendix, The
titration curve in Figure VIIT is characteristic for redox systems in
which both the oxidized and reduced forms govern the current flow (33).

Throughout most of the titration, equilibrium was attained rapidly.
When the emdpoint was approached additions of reagent caused large
deflections which returned slowly to steady values. The endpoint should
have been indicated by a large steady deflection caused by the formation
of chlorine. However, an endpoint could not be obtained due to the

unsteady deflections which returned to zero.
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The titration was not stoichiometric and a large excess of reagent
was used, Similar titration results were obtained when hydroquinone
was titrated in acetic acid containing 10 per cent water.

Hydrogquinone wes also titrated using glacial acetic acid containing
sodium acetate, The ad&itién of the sample to the solvent caused a
large deflaction that remained steady. This was nct observed in the
titration using lithium chloride but it was observed using 90 per cent
acetic acid as a solvent., In the latter case the titration curve was
gimilar to that cbtained using lithium chloride, When hydroquinone was
titrated in glacial acetic acid contaeining sodium acetate, a different
titration curve was obtained., This is illustrated in Figure IX, The
data are found in the Appendix, Equilibrium was reached rapidly through-
out the titration and the endpoint was steady. The titration results
were still high but much better than in previous titrations using other
solvents.

The oxlidation of hydroquinone by tert-butyl hypochlorite can be

represented by the following equations

OH

4 ROCL -~ +» ROH «+ HCL

oH 0

A similar equation could be written for the reaction in which the hypo-
chlorite is used as a source of chlorine. It is probable that some
chlorine was formed during the titration of hydroquinone with tert~butyl
hypochlorite alone and that the high results were due to the
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chlorinstion of quinone, The much larper error observed with titrations
in which the hypochlorite was used as a source of chlorine supporte
the faet that it was chlorine and not hypochlorite that was responsible
for the high results, \

The explanation for the titration curve obtained using glacial
acetic acid containing sodium scetate was not apparent.
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IV SUMMARY

Tertisry butyl hypochlorite can be used as an analytical reagent
for the determination of a limited number of orgamic compounds in non-
aquacus solvents.

8olutions of tert~butyl hypochlerite in glacial acaetic acid are
reasomably etuble and decomposs at the rate of 0,1 per cemt a day. The
sclutions can be standardiged easily and rapidly,

The indirect detem&mﬁen of unsaturation was not possible using
an excess of tert~butyl hypochlorite selution either alome or as a
sourse of chlorlne, Reaction rate studies with several wnsaturates
egtablished that with terit-butyl hypochlorite the reasctions were too
flow and an excess of resgent was consumed, Reaction rate studies
using an excess of tert-butyl hypochlorite as a source of chlorine
established that the addition was rapld but that an excess of chlorine
was consumed,

The direet titration of unsaturates with tert-butyl hypochlorite
was not possible due to glow reaction rates. Using the hypochlorite
a3 a source of chlorine it was possible %o titrate unsaturates ampero-
metrically or potentiometrically. Good rosults were obtained with
styrene and fair results wers obtained with divinylbengene when glacial
acetic acid was used s8 the solvent., With all other unsaturates tested

the results were either high due to substitution or low due to slow

reaotion rates.



Efforts to improve the titration results were unsuccessful. High
results were obteined with titrations at low temperatures using acetic
acid conteiming 10 per cent water or 20 per cent carbon tetrachloride
2% solvents, The use of mercuric chloride as a catalyst alsc falled
%o improve the resulis,

Sodium oxmlate could be determined acowrabely in 80 per cent acetic
eeid using an axcess of tert-butyl hypochlorite and determinming the
excess, Phenol could be titrated amperometrieslly in 90 per cent acetie
acid but the determination was limited to small samples and was not
very accurate, Hydroguinone could be titrated alse but an excess of
reagent was used ylelding high results. Beénmaldehyde could not be
determined directly or indirectly because the reaction was too slow.
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DATA FOR FIGURE I

24,60 0,0993 100,0

0
1 2,5k 0.,0991 99.68
2 2l hg 0.0987 99.6
7 2L, 37 0,098l 99.1
1y 24,26 0.0979 98.6
al 2k.08 040972 97.9

28 23.94 0.0966 973

*ormality = 0,1008



73

Stabllity of tert-Butyl Hypochlorite in Nineky Per Cent Acetie Acid

s it

Time, » * Per CGent ROCL
Days Ml. Nag840, Meo01 Remaining

0 26.63 0,1075 100,0
1 26,54 0,107 99.6
2 2649 0,1069 99 oht
7 26.15 0.1058 98,2
1y 25.84 0.1043 97.0
21 25.59 0.1033 96,1
28 25.37 0.1021 95.0

Mormelity = 0,1008



R cts

Stability of tert-Butyl Hypochlorite in Anhydrous Acetic Acid

Th

Time,

Days

ML, Nag8,0,"

Booo1

Per Cent HROCL

Remaining

0
1
3
7
21
28

23.73
23.63
23.51
23.37
22,54
22,08
.52

api

0.0949

0.09L5
0.09l2
0.0927
0.0p02
0.0882

0.0861

100,0
99.6
99.1
9746
95,0
92.9
90,7

Hormality » 0.0999



DATA FOR FIGURE IT

S4sb11ity of terteButyl Hypochlorite in Anhydrous Acetic Aeid

75

Freed from Heducing Substances

22,83

0.0913

m’ Ml, NagSa0s" YRocy  Fop et ot
0 23,51 0,091 100,0
1 23.48 0.0939 99.9
2 23.48 0,0939 99.9
7 23.3% 0.0934 99.3
1y 23,17 0.0927 98.6
2 23,01 0.0921 97.9
28 '

97.1

MNormality w 0.0999



Stability of tert-Butyl Hypochlorite in Glacial Acetic Acid

Freed from Reducing Substances

76

23.57

S A —
vt ML, NagBgOp Nao01 P e

) 24,16 0.,0967 1100.0

L 24.15 0,0966 100.,0

2 211k 0.0966 9.9

7 21,06 0.0963 99.6

1, 23.90 0,0956 98.9

21 23,73 00949 $8.2

28 0.0943

ormality » 0,0999
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DATA FCR FIGURE III

Galvanometer Deflection with Various Chloride Ion Concentrations
in Glacial Acetic Aeigd

Satfd 0,01 1 0,08 " 0.l N

Fagl  Licl 101 LicL
0.0 5’6»@ 5.8 ) wb,0 ~5 el 5,7
0.01 o we - wli o 1. 1.6
0,02 - - - 2 3.8 12.2
0,03 — - - “1.2 7.6 20,1
0.0L e - - 1.0 12,3 30.4
0.05 o e o 2.2 16.9 40.8
0,05 - ——— — 4.8 20.4 L18.2
0,07 - - — 6. 2.0 58,2
0.08 - - - 8.2 28.4 66,0
0,09 - . - 10.2 33.0 76,0
0,10 5.6 6,1 2,2 11,9 36.4 86.0
0.2 «5.2 18,0 9.1 30,6 81.0 88x2
0:3 “gwm 29 46 1&&? h9 ;8 5232 573;5
0. w8 43.5 23.5 48,8 8x2 78x5
0.5 =l 7 53.2 n.o 88,2 Libxs 52x10
0.7 ~3.9 77.8 46,2 63x2 68x5 76x10
0.8 ~3.8 90.3 5h.5 73x2 80xS5 89x10
0.9 ~3.6 5ix2 62.5 82xe 91x5 52x20
1.0 “3.3 =2 71.0 93x2 53x10 59x20

%5.10 ml. of 0.1 N hypoohlorite solution added to 100 ml, of
golvenh,



DATA FOR FIGURE IV

~ Heaction Rate of Vinyl Acetate with tert-Butyl Hypochlorite

2 23.66 20,69 2.97 0,301 0,142

g 23.66 20,80 2,86 0.290 0,139
15 23.66  20.36 3,10 0.31L 047
30 23,66 19;58 L.08 0.413 0.184
15 23.66 198 L8 0.l 0.202
60 23.66  18.04 5,62 0.569 0.264
120 23,66  16.69 6.97 0.706 0.362
180 23.66  15.23 843 0.854 0.508
250 23,66 .ok 9.62 0.975 0.671

axNormality » 0,103
1,406 meq, found by bromination
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2 8,38 23,40 h.98 0.505 0.343

9 28.38  21.6 6.77 0,686 0,166
15 28,38 20,89 Toli9 0.759 0.516
23 28.38 19.42 8,96 0.908 0.617
33 26.38 18.L6 9.92 1,008 0,683
LS 26,30 16.97 1%.33 1,148 0,780
60 28.30 1636  12.k 1,230 0.836
90 28.30 1,65 13.65 1,383 0,939
120 28,30 13,81 b9 1,468 0.997
180 28.35 19.65 15.70 1,590 1,081
240 28,35 11,94 16,01 1,862 1.129
300 28.35 11,91 16.bk 1.665 1.131

aeNormality » 0.1013

found by bromination



Reaction Rate of Cyolohexene with tert-Butyl Hypechlorite

21,97 5.52

16.45

Mﬁ.'r?;? ’ . ‘ "Difference Hg;attx;'-;te :
1 21.97 1443 w;su 1.053 0.727
21.97 7,73 1h.2L 1.h23 0.982
s 21.97 T+55 1h.L2 1.b41 0.995%
30 21.97 T30 k.67 L.U66 1.012
L8 21,97 7.03 .94 1.496 1,033
60 .97 6.77 15.20 1.519 1.046
120 21.97 5.84 16,13 1,611 1.2
180 21.97 5.5k 16,43 1,64 1,133
250 21.97 5.5k 16,43 1.641 1.133
300 21.97 5«54 16.L3 1,641 1.133

360

1.135

Hormality = 0,0999

¥k 119 meq. found by bromination



Reaction Rate of 2-Octene with tert~Butyl Hypochlorite

81

Meq.

giiﬁ?’ "ﬁank yééag; e fference Ungﬁmate ;
1 28,51 17.60 10.91 1.105 0.809
28.55 16,95 11.60 1.175 0.860
9 28.55 16,76 11.79 1.194 0.87L
15 28,55 16,36 12,19 1,235 0.90L
20 28,55 16.08 12,47 1.263 0.924
27 28.55 15.95 12,60 1.276 0.93L
L5 28,51 15.27 13.2hL 1.3 0.982
60 28,51 14,86 13.65 1,383 1,012
90 28.51 14,38 14,13 1.h31 1.047
120 28.51 1h.26 k.25 1.h4kk 1.056
20 14,18 14.33 1.452 1.062

28,51

*:ﬁormality = 0,1013
1,367 meq, found by bromination



Reaction Rate of Mesityl Oxide with tert-Butyl Hypochlorite

82

17.84

Time ML, NagSa0." Unsatarate R
Min, “Blank Sample Differenca Found®¥*
1 2.2 19.39 3.03 0.305 0.322
7 22,42 15.8L 6.56 0.659 0.696
15 22.k2 359 7.83 0.787 0.831
30 22,42 13.14 9.28 0.933 0.985
us 22,42 12,10 10.32 1.037 1.096
60 22.h2 11,52 10,90 1,096 1.157
120 22,42 9.02 13.40 1.347 1,422
180 22,42 6.91 15.51 1.559 1.647
2Lo 22,42 5.64 16,78 1.686 1,761
300 22,42 L.67 17.75 1.784 1.88L
360 22.42 4,58 1.798 1,894

FNormality = 0.1005

#p,947 meq. found by bromination
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te of Divinylbenzene with tert-Butyl Hypochlorite

- iiffurénag

" ¥eq,

Unsaturate
F

R

22.71
22.7%
22.71
22.71
aa.n
22.72
22,71
22.71
22.71
22.71

22.71

19.19
1iT.48
16,82
15.18
.3k
13,55
11,64
10,12

9.29

8.66

8.53

3.52
5.23
5.89
7.53
8.37
2.16
11,07
12:.59
1342
14,05
14,18

0.354
0.526
0.592
0.757
0.8l
0.921
1,113
1.26%
1.3kL9
1.h12
1.425

0,301
O.ih2
0.503
0.6LL
0.715
0,783
0,946
1,076
1,1h7
1,201
1.212

*Normality « 0,005 i
#3176 meq. found by bromination



Reaction Rate of Vinylacetic Acld with tert-Butyl Hypochlorite

S — ST
Un@igg;ate R
Pound™

1 22,53 20,49 2,04 0.205 0.185

7 22.53 18.88 3.65 0.367 0.278
15 2.5 17.79 b7l 076 0.361
30 22,53 16,22 6.31 0.634 0.481
U5 22.53 .54 7.59 0.763 0.578
60 22,53 13,80 8.73 0.877 0.665
120 22,53 10,42 12,11 1.217 0.922
180 22.53 8.56 13.97 1.404 1,064
2L0 22,53 8.0 1,13 1.420 1.076
300 22,53 8.38 14,18 1.Lh22 1.078

360 22,53 8.36 1,17 1l.h2k 1.079

yormality = 0.1008
#%4 320 meq, found by bromination



DATA FOR FIGURE V

Reaction Rate of Vinyl Acetate with Chlorine

85

m: ttnag:&;ate R
Min, ’ Found¥*

1 22.h8 8.L6 14,02 1.401 1.024
7 22.48 8.26 14,22 l.h21 1.038
15 az2,48 8.15 14,33 1.432 1.046
30 22,48 8.15 14433 1.432 1.046
L5 22.48 8.1h 14,34 1.433 1.047
60 22.48 8.08 1h.4O 1.439 1.081
120 22,48 8.02 . k6 1.hk5 1.056
180 22.L8 8.09 14.39 1.436 1.050
240 22,48  7.87 14,61 1.460 1.066
300 22.L8 7.82 1L.66 1.465 1.070
22,48 7.78 .70 1.L69 1.073

360

*Xamality » 0,0999

##*1 .367 meg., found by bromination
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Reaction Rate of Styrense with Chlorine

» Hegq.
w, Hiank m’é—aﬂ; e - DifTerence unme .
2 23.66 6,88 | 16.78 1,700 1,154
7 23.66 5.90 17.76 1.799 l.228
15 23,66 5.53 18.13 1.837 1.247
30 23.66 5.5k 18.12 1.836 1.2L6
60 23,66 557 18.09 1,833 1.2

180 23,66 5.6 18,20 1.8Lk 1,252

*:Nammty = 0,1013
1.473 meq. found by bromination
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Reaction Rate of Cyelohexene with Chlorine

87

23.21

Time, ﬂn;iju;'g&e R
Min,  Blak  fam Found
1 23.21 5.7 18,04 1.802 1.245
7 23,21 168 18,53 1.851 1.279
15 23,21 L.72 18,49 1.847 1.276
30 23,21 L.66 18,53 1.851 1.279
L5 23,21 h.65 18,56 1.854 1.281
& 23,21 1,87 18,64 1,862 1.286
120 23.21 LS5 18,70 1,868 1.290
180 23,20 k.50 18,71 1.869 1,291
2ko 23,21 b,k 18,77 1,875 1.295
300 23.21 L.37 18.84 1.882 1,300
360 L3k

1.302

*:Harmﬂ.ﬂ,.ty « 0.0999
1448 meq. found by brominstion



Reaction Rate of 2-Octene with Ohlorine

Tima; - W, Na8.0." | a;;fié;ate R
RV e ‘éamgf%z“““ﬁi?fEEEEEE Found*
X 22.04 T.72 14,32 1.h31 1.060
7 22,04 7464 .0 1.439 1,066
15 22,04 7.7 14,33 1.432 1,061
30 22,04 7.72 14,32 1.431 1.060
L3 22:04  7.53 14,49 1,448 1.073
60 22,04  T.49 14,55 1,454 1.077
120 22.04 T35 1h,69 1.168 1.087
180 22,04 7.2% 14,80 1.479 1.096
240 22.04 T.21 1h.77 1.476 1,093
300 22,0k 7.25 1h.79 1.478 1,098

360 22.04 T+29 1. Th 1473 1,091

HNormality » 0.0999
%% 350 meq, found by bromination



Reaction Rate of Mesityl Oxide with Chlorine

ey
i

Tine, M, .ma.#,oa* Unszzgx.'ﬁe R
Min, Bilank  GSample  Difference Found
1 23.16 8.7L .42 1.440 1,523
7 23.16 8.36 14.80 1.479 1.563
15 23.16 8.05 15,11 1,510 1.596
30 . 23.16 7.87 15.29 1.528 1.615
L5 23.16 7.36 15,80 1.578 1.668
60 23,16 7.03 16,13 1.611 1.703
120 23,16 6.34 16.82 1.679 1.775
180 23.16 5.92 17.2k 1.722 1.821
240 23,16 5.50 17.66 1.764 1.865
300 23.16 L.9L 18,22 1.820 1.924
360 23,16 5.03 18.13 1.811 1.914

*Normality = 0,0999
#t0 916 meq. found by bromination



Reaction Rete of Divinylbenazene with Chlorine

1 23.26 10,00 13,26 1.328 1.125

7 23.26 9.23 14,03 1.402 1.190
1s 23.26 8.56 1,70 1,469 1.247
30 23.26 8.26 15.00 1.ho9 1.272
Ls 23,26 8,05 15,20 1.519 1.289
60 23.26 795 15.31 1.530 1,299
120 23.26 7.T9 15.47 1.5L6 1312
180 23.26 761 15.65 1,563 1.327
240 23.26 7.62 15,64 1.563 1,327
300 23.26 7.63 15.63 1.562 1,326

360 23.26 7.63 15.63 1.562 1,326

Normality = 0.0999
#3178 meq. found by bromination
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15
30
L1

i20
180
2lo
300
360

22.85

22.85
22,85
22.85
22.85
22.85
22.85
22.85
22.85
22,85
22,85

g.19

9.1k

0.975
0.998
1,005
1.011
1,014
1.018
1,024
1.029
1,026
1,026
1.030

*ﬁormaliﬁy“a 0.099%
#1130 meq, found by bromination
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DATA FOR FIGURE VI

Potentiometric Titration of Styrene with tert-Butyl Hypochlorite
as a Source of Chlorine

¥l. nocr® BJMLP. (mv.) M1, ROCL 2M.F.(mv.)

0.0 627 26.0 736
2.0 647 27.0 701
4.0 663 28.0 721
6,0 672 29.0 728
8.0 680 29.5 738
10.0 688 30.0 748
12,0 yail 30.L 757
14,0 73h 30.6 764
16,0 TLo 30.8 915
18.0 729 30.9 975
20.0 698 31.3 9ok
22,0 716 33.0 1007
21,.0 726 35.0 1013
37.0 1017

*Normality = 0,1033
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DATA FOR FIGURE VII

Auperometric Titration of Fhenol with tert-Butyl Hypochlorite

o A r MU s Ao e e Y enipiniusoniiingduesin ettt W ioppipecivn - - —
o i A e T 0 L P P 1l o 1 4P 7 7ot S O A e o 5o M e 81 bt w11 e e

m, roct” Gslv. Defi., M1, ROG1 Galv. Defl.,
' Scale Div, Scale Div, .
0.0 0.0 1.0 0.0
1.0 0.0 8,0 0.0
2,0 0.0 9.0 0.1
3.0 0.0 9.5 0.3
haO 0.0 10,0 0.5
5.0 0.0 10,2 0.7
6.0 0.0 10.5 .4 1.k

11,0 2.7

*Homlity = 0,0890
Sample weight = Q,0L21
Calowlated endpoint = 10,03 ml.



9L

DATA FOR FIGURE VIXI

Amperomatric Titration of Hydroguinome with tert-Butyl Hypechlorite
a8 a Source of Chlorine

Galv. Defl., M. ROC1 Galv, Defl,,

Scale Div, Scale Div,
0.0 0.0 10.0 5.3
1.0 2.8 11.0 5.1
2.0 3.8 12,0 L7
3.0 Y 13.0 b2
4,0 1.8 iL.0 3.
5.0 5.1 15,0 2.4
6.0 5.3 16,0 1.1
1.0 Seli 17.0 0.2
8.0 545 18.0 6.0

9.0 Sal

*oruality » 0,0880
Sample weight « 0,0603 g.
Caloulated endpoint » 12,40 ml,
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DATA FOR FIGURE IX

Amperometric Titration of Hydroguinome with tert-Butyl Hypochlorite

A TVl o A R 1 1 o 14 Vo P i b

A A a0 b M

M. RogL™ Galv, Defl,, M1l. RECL Galv, Defl,,
Scale Div, Scale Div,
0.0 6.5 10.¢ h.5
1.0 5.8 11.0 bl
2.0 5.5 12,0 Lh.2
3.0 5.3 13.0 3.8
1.0 5.1 14,0 3.2
5.0 5.0 4.5 2.5
6.0 4.9 14.8 2.0
740 4.8 .9 1.1
8.0 BT 1k.93 5.6

9,0 b.6 14.97 7.4

i

*Normality = 0.0839
Sample weight = 0.0667
Caloulated endpoint = 1i,51 ml.



