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IINTRODUCTIION

A. POTASSIUM PERMANGAWATE

For some time potassium permanganate and potassium dichromate have
been used as strong oxidants for organic compounds. Generally these
have been used .in excess and .in acidic solutions. These conditions
result .in rupture of an ethylenic type double bond with the resulting
products being, .in many cases, carbon dioxide and water, or something
like acetic acid which .isn't further oxidized. An example of this is
the qualitative test for alkenes, which rapidly decolorize a dilute
aqueous solution of potassium permanganate and sulfuric acid.

It has also been established that when alkaline potassium perman-
ganate .is used as oxidizing agent on alkenes, avoiding an excess of
reagent, it .is possible to .isolate, as the primary reaction product,
the corresponding saturated dihydroxy compound. Fieser (1) states
that the process consists of the addition to the double bond of two
hydroxyl groups, which may be considered to be derived from the com-
bination of an oxygen atom, supplied by the potassium permanganate,
with a molecule of water,

R R 0°c R R
Sem=gl  H[O]F Hpo == % o]
\ ’

7 ~
R R ROH OHR
Alkaline potassium permanganate is milder .in action than the aéidic
solution and makes this reaction possible.

The .investigator believes that at room temperature, in neutral to
slightly alkaline media, the reaction consists of the formation of an
.intermediate complex, with a resulting disproportionation to the cor-
responding saturated dihydroxy compound. It also appears that this

intermediate complex is formed with the manganate ion and not with the

permanganate .ion, as follows:
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The setting down of this last equation brings us to the object of
this study, at least as far as the potassium permanganate portion is
concerned, It has been the purpose of the .investigation to make a study
of the neutral to slightly alkaline potassium permanganate mechanism for
the oxidation of ethylenic type double bonds to form the corresponding
saturatedc(%A?dihydroxy compounds, especlally with regard to crotonic
acid, maleic acid, and allyl alcohol.

The suggested hypothesis is: the mechanism of neutral to slightly
alkaline potassium permanganate oxidations of ethylenic type double bonds,
to the corresponding saturated;KyA?dihydroxy compounds, proceeds predom-
inantly by the step of manganate .ion going to manganese dioxide, while
the step of permanganate .ion gaing to manganate .ion contributes little,
if any, to this formation of corresponding saturatede,AQdihydroxy
compounds directly.

This hypothesis was stated previous to the study and the following
experimental work was so planned as to prove, or disprove, this statement
as completely as possible.

B. POTASSIUM PSRSULFATE

The persulfuric acids, permonosulfuric acid (Caro's acid) H530g,
and perdisulfuric acid H,S50g, are derived from hydrogen peroxide.

Caro's acid may be considered to be formed by replacing one H of HOCH






with HSOS' to yield HSOS—OOH, and the persulfuric acid, HESZOS’ may be
considered to be derived from the substitution of both H of HOOH, with
two HS04™ to yield HSOSOO-HSOS.

Caro's acid has been shown to attack many organic substances ex-
plosively, such as benzene or phenol. "There .is a characteristic dif-
ference between the oxidizing effect of the two acids; Caro's acid, which
has the hydrogen peroxide radical unprotected, oxidizes hydrogen .iodide
.instantly and converts aniline into nitrosobenzene and nitrobenzene,
while perdisulfuric acid does not give these reactions, though ferrous
salts are imrediately oxidized by perdisulfuric acid."'(g) These two
acids, however, don't give the characteristic reactions of hydrogen
peroxide. Hydrolysis of the perdisulfuric acid by means of sulfuric
acid results .in the following equation:

H2'8208 + H0 = Ho505 + HoS04
A stable, pure, potassium salt of the perdisulfuric acid .is available
but little is known of the salts of Caro's acid.

It was from this preceding material that the .investigator first
thought that oxidation of organic compounds, using potassium persulfate,
would result .in somewhat similar end products to those derived from
potassium permanganate oxidations, The hydrolysis of this potassium
salt was to be accomplished by using a strongly alkaline media, rather
than acidie, and at room temperature, thinking that the reaction would
be milder, as .in the case of neutral to alkaline potassium permanganate
oxidations, than that predicted .in acid media with organic compounds.
This alkaline hydrolysis would probably result .in the following equation:

5.0 = + H,0-HSO,~ + S0, = + & *
Regardless of the actual mechanism, whether .it was the HSO5™ or a

free radical mechanism, as postulated by some people, the object of the
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study herein contained remains a study of just what types of organic
compounds may be oxidized by potassium persulfate solution, in strongly
alkaline media, and an attempt to determine what the reaction end
products might be,

The suggested hypothesis which was followed .in this investigation
wag: potassium persulfate in strongly alkaline media may be used as a

mild organic oxidant.






HISTORICAL

A, POTASSIUM PERMANGANATE

Stamm (%) recognized the fact that the oxidation of many compounds
by the o0ld form of permanganate titration, .in which the material to be
oxidized was .in acid solution and permanganate was then titrated in,
to the first appearance of a permanent pink, was too slow to give a good
titration. Organic compounds are notoriously slow .in being oxidized by
permanganate. The principle of the new procedure developed by Stamm for
titrations with alkaline permanganate solution is that the oxidation of
the material being determined involves only the first, very rapid,
partial reaction of the permanganate, that is, the conversion of perman-
ganate to manganate, while the slow, second partial reaction, manganate
to manganite is not allowed to occur.

The procedure used by Stamm, now called the Stamm reaction, .is
based on the addition of excess permanganate to an alkaline solution
of the organic compound to be oxidized and a back titration of the excess
permanganate, after five to twenty minutes of reaction time, with stan-
dard formate .in the alkaline medium or acidification and oxalic acid
back-titration.

Stamm allowed the permanganate to go to manganite (manganese dioxide)
during the five to twenty minutes of reaction time and then added a barium
salt before the back-titration of the excess permanganate with formate.
This barium salt was added because in this back-titration Stamm wished

‘to stop the reduction of the permanganate at the manganate stage, to
speed up the titration. Barium salts were chosen for this purpose
because of the insolubility of the precipitated barium manganate

. -1 .
(S. P. = 2,46 x 10 O). The manganate ion produced, by the reduction






of the permanganate with formate, .is consequently bound by the barium ion
so rapidly that it is effectively removed from any further action of the
reducing agent and the removal is so complete that .in the absence of
permanganate .ion, or other colored materials, the éupernatant liquid .is
colorless.

Stamm was thus primarily .interested .in .increasing the speed of
permanganate titrations with reductants. His results of the organic
oxidations were expressed as equivalents of oxygen consumed and the
oxidation products formed.

The present .investigation, differs from Stamm's .in that the barium
salt .is added to the neutral to slightly alkaline solution of the or-
ganic compound before the permanganate .is added and no excess of potas-
sium permanganate .is used. This large excess of barium ion precipitates
the manganate ion as soon as .it forms .in the breakdown of the permanganate,
and if it .is the manganate ion which is the active agent in the oxidation
to the corresponding saturated dihydroxy compound, there should be 1little,
if any, dihdroxy compound formed. Identical reactions were run, with the
exception of the addition of barium .ion, and a comparison of results made.

B. POTASSIUM PERSULFATE

Kailan and Olbrich (4) studied the velocity of the decomposition of
potassium persulfate at 25°C, both alone and .in the presence of sulfuric

acid. The results .indicated a unimolecular reaction and agreed quantita-

tively with previous work. The speed of the reaction was found to be
sensitive to .ionic .influences; .in particular, H + and NO4™ .ions acceler-
ated the reaction while 50, = and K ¥ ions retarded .it. With a decrease
.in the partial pressure of oxygen over the solution, the velocity of the
reaction did not .increase and so the effect of substances like toluene,

which accelerate the reaction, .is not due to oxidation.
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Kailan and Leisek (5) studied the velocity of the decomposition of
persulfates .in aqueous solution. The velocity of the decomposition of
sodium persulfate alone and with the addition of sodium acid sulfate,
sodium sulfate, sodium nitrate, sodium hydroxide, phosphoric acid, sodium
acid phosphate, and sodium phosphate, was .investigated as well as the
decomposition velocity of potassium persulfate with the addition of
potassium nitrate and hydroxide. The experiments were done at 99.4°C,
With increasing concentration of the persulfates, the monomolecular
velocity coefficient decreases. The sodium persulfate decomposes more
rapidly than the potassium salt. The ions H ¥, NOz , and OH , and HPO,
accelerated the reaction while X 4, Na *, and SO4‘2 ions had a retarding
effect, with K + more than Na *.

Rao, Ramanjaneyulu, and Rao (6) studied the reaction of potassium
persulfate and potassium iodide. Sunlight, or even artificial light can
accelerate a reaction that becomes suitable for quantitative analysis.

A suspension of cuprous .iodide .in water was found to be an excellent
catalyst for the reaction of potassium persulfate and potassium .iodide,
and could be used for determining potassium persulfate. For best results
it .is necessary to have the iodide at a concentration of twenty to fifty
times that of the potassium persulfate. The .ions Ag *, Hg *2, Ce*s,

Co *2, Ni *2 and Mn *2 did not catalyze the reaction between persulfate
and iodide, either in neutral or acid solution but Fet2 and Fet3 salts
were good catalysts.

No literature has been found on using potassium persulfate as an
oxidizing agent for organic compounds in strongly alkaline media and
the following study was so planned as to bring out some usable material

on this subject.



EXPERIMENTAL

A. POTASSIUM PERMANGANATE

1. Preparation of reagents

(a.) Sodium manganate

A nickel crucible was used for the fusion of sodium hydroxide and

potassium permanganate. The reaction taking place was:

aNdOH 4 2K Mi 0, == 2Nag im0, + K.0 + [0]
From this equation it can be seen that it .is necessary to use two moles
of sodium hydroxide to every mole of potassium permanganate. The .in-
vestigator, to .insure reduction of all the permanganate, used a ratio
of three to one. As much as the volume of the crucible was comparatively
small, one-half mole (20g) of sodium hydroxide and one-sixth mole (2€g)
of permanganate were used.

The hydroxide pellets were first placed in the crucible and melted
carefully to a fluid state, then permanganate was added from the tip of
a spatula, a few grains at a time. When approximately one-half of the
permanganate had been added, the amount of spattering decreased and
allowed larger quantities of permanganate to be added safely. The
bottom of the crucible was kept at a red heat throughout the fusion,

To remove the sodium manganate from the crucible it was found best
to let the mass cool down slightly, from the red heat, and then to use
a nickel spatula .in loosening the mass and dumping .it on a watch glass.
The sodiummaryanate and potassium oxide thus formed was placed .in a large,
stoppered test tube.

It was found that .if the container was tightly stoppered the sodium
manganate could be kept up to three months without appreciable oxidation
back to permanganate. This stability was no doubt due to the excess

s odium hydroxide, because under very strongly alkaline conditions and






.in the absence of air, sodium manganate .is quite stable.

The .investigator also used barium manganate which was prepared by
dissolving as much of the fusion material as possible .in distilled water
and then adding an excess of a saturated barium chloride solution. The
precipitated barium manganate was filtered off and dried on a filter
paper.

(b.) 0.1 M Crotonic acid

A five hundred ml solution was made up by weighing out analytically,
4,3045¢g of crotonic acid, dissolving in water and diluting to five hundred
ml. The solution was stored .in a glass stoppered volumetric flask.

(c.) 0.1 M Maleic acid

A five hundred ml solution was made up by weighing out analytically
5.8035g of maleic acid, dissolving in water and diluting to five hundred
ml. The solution was stored in a glass stoppered volumetric flask.

(d.) 0.0328 M Allyl alcohol

A one hundred ml solution was prepared by weighing out 0.190€g of
pure allyl alcohol .in a sealed tube and then breaking the tube under
water and diluting to one hundred ml in a glass stoppered one hundred
ml volumetric flask. The molarity was calculated from the weight of
allyl alcohol taken.

2. Methods of calculation

(a.) Sodium periodate method of analysis

[(ml x normality I10,7) - le x N arsenite) - (ml x N IEy
x factor to convert milli-equivalents
aliquot over to = of I0,” used

total dilution

grams of KMnO4
reductant converted - mole wt. reductant x m.e.I04"”

to dihydroxy form Equivalents x 10CO used
per mole 10,
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g. KMnO, reductant
% Conversion - converted .

g. KMnO4 reductant
started with

x 100

To obtain the equivalents per mole of periodate, the particulare(,d
dihydroxy compound analyzed for must be taken into account.

« ,@ dihydroxy crotonic acid

I0
4

CH3 - gH - 9H - CO0H  zZe CHg - CHO § CHO - COCH
OH OH 2e.

« ,8 dihydroxy maleic acid

10

HOOC - CH - CH - -4 - -

00C - CH - CH - COOH _:4, HOOC - CHO 4 CHO - COOH
: OH OH 2e.

Glycerol

I -

v 4 ,
FHE - 9H - 9&2 —=m <HCHO 4 HCOOH
OH OH OH de.

To find the number of equivalents per mole of periodate, the formula

2n-2 can be applied.

n = the number of carbon atoms, adjacent to each other, which have
hydroxyl groups attached to them and when not part of a carboxyl
group.

As(,4 dihydroxy crotonic acid has two such carbon atoms, (2 x2) -2=2
equivalents per mole of periodate, etc..

(b.) Perchlorato-cerate method of analysis

l}ml. x NCe44) - (ml x NCet4 reductantﬂ x factor to convert aliquot
over to the total dilution

= milli-equivalents of Ce*t4 used
grams of KMnO4 = Mole wt. reductant

reductant converted
toX , 4 dihydroxy form

X m.e, Cet4 used
Equivalents , 1000

per Mole Cetd
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g. of KMnQO4 reductant
% Conversion = converted x 100
g. of KMnO4 reductant

started with

Again, to obtain the equivalents per mole of CeM‘, the particular
a(,,;'B dihydroxy compound analyzed for must be taken into account.

« /3 dihydroxy crotonic acid

cetd
CH3 - (',‘H - C'IH - COOH _zz~my CHS - CHO 4 HCOCH ¢ C0o,
OH OH 4e,
o, dihydroxy maleic acid
Cets
HOOC - (')H - ?H - COOH == 2HCOCH ¢ 2002
OCH OH ée.

Glycerol
cetd
(EHB - ('JH - ('JHB —==>, JHCOCH
COH OCH OH ge.
To find the number of equivalents per mole of Ce“‘, the formula 2n 4 2

can be applied.

n = the number of carbon atoms adjacent to each other, which have
hydroxyl groups attached to them and when not part of a carboxyl
group.

AsdA , @8 dihydroxy crotonic acid has two such carbon atoms, (2 x 2) ¢

$4

2 = 6 equivalents per mole of Ce¥*, etc..

3. Procedures, calculated results, .and discussiong

(a.) Crotonic acid

The first oxidations were run by using the manganate .ion as the
oxidizing agent, and was used in the form of sodium manganate and barium
manganate.

Run #1
In this run, using barium manganate, the fusion mixture was dissolved,

as much as could be made to go .into solution, in one hundred ml of water
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and then a saturated solution of barium chloride was added to precipitate
the barium manganate. This was then filtered off and dried.

The reactants, 15g (0.0€ moles) of barium manganate and 7.2g (0.08
moles) of crotonic acid, were .in approximately equimolar proportions.
Each reactant was dissolved, as much as could be, in one hundred ml of
water before mixing, the crotonic acid not being neutralized first. After
adding the barium manganate suspension to the solution of crotonic acid,
the mixture was placed on a mechanical shaker for one-half hour, the
time it took for the solution to turn brown with precipitated manganese
dioxide.

This manganese dioxide and the undissolved barium manganate was
filtered off and the filtrate was diluted to five hundred ml., Of this
five hundred ml dilution a fifty ml aliquot was taken for analysis by
periodate.

As a means of analyzing, twenty-five ml of 0.2 N sodium periodate
was added to the aliquot from a burette and allowed to stand for four
hours. At the end of this time twenty-five ml of saturated sodium
bicarbonate and five ml of -2C% potassium iodide solutions were édded
and the flask swirled until the full iodine color developed. Following
this, twenty-five ml of 0.2 N arsenite solution was added from a burette
to completely decolorize the solution, and the excess arsenite was back-
titrated, using 0.1460N iodine solution, which was standardized against
the arsenite.

#1 Took 9.0 ml of 0.1460 N I

Run #g
This run was made using 16g of sodium manganate and 9.1g of crotonic
acid, which were then in the ratio of 0.1 mole to 0.1 mole. The same

procedure was followed with the exceptions that the crotonic acid was






neutralized with sodium hydroxide before mixing with the sodium manganate
suspension and the shaking time was increased to one and three-quarters
‘hours,

#2 Took 23.2 ml of 0.1460N I,
Run #3

This run was made using 7g of sodium manganate and 4g of crotonic
acid, making a ratio of 0.05 moles to 0.05 moles. This contained just
half the quantity of reactants as the previous run and the crotonic acid
was neutralized to methyl orange with sodium hydroxide, which is a little
more on the acid side than the previous run. The shaking time was cut
to one-quarter hour, the time it took for the green manganate coloration
to completely change to the brown color of precipitated manganese di-
oxide. To eliminate the tedious work of filtering off the manganese
dioxide the investigator added 5.7g (0.05 moles) of sodium bisulfite and
warmed before acidifying with 1:5 sulfuric acid, which soon destroyed
the brown precipitate of manganese dioxide. To eliminate the excess bi-
sulfite, the solution was brought to boiling and held there for fifteen
minutes, until there was no odor of sulfur dioxide given off. The solu-
tion was cooled and diluted to five hundred ml,

For analysis a fifty ml aliquot was taken and the procedure of
previous runs repeated.

#3 Took 34,0 ml of 0.1432N I,
Run %4

The exact same procedure was used, as that .in 43, with the same
quantities of reactants and removal of manganese dioxide with sodium
b isulfite.

i#4 Took 33,55 ml of 0,1432N I,

)



Run #5

This run was an attempted oxidation using potassium permanganate,
but .in a solution containing, .in addition to the neutralized crotonic
acid, an excess of barium .ion which consists essentially of trying to

oxidize by means of the step, permanganate .ion going to manganate ion.

The reactants consisted of 26g (1/6 mole) of potassium permeanganate,

13g (1/6 mole) of crotonic acid and twenty-five ml of a saturated barium
hydroxide solution. The crotonic acid was completely dissolved in one
hundred and fifty ml of water and then the barium hydroxide was added
to this solution. When this solution was thoroughly mixed, the potassium
permanganate, which itself was dissolved .in one hundred ml of water, was
poured .in, This mixture was then placed on the mechanical shaker for
one-half hour till the brown manganese dioxide color appeared and none
of the permanganate color was left. The preaipitated manganese dioxide
was filtered off, instead of adding sodium bisulfite, and the clear
solution was diluted to five hundred ml.

For analysis a fifty ml aliquot was taken, twenty-five ml of (Q.2N
periodate was added and the solution allowed to stand for one hour,
At the end of this time twenty-five ml of saturated sodium bicarbonate
and five ml of twenty percent potassium.iodide was added. When the
.iodine was completely liberated, twenty-five ml of (Q.2ZN arsenite was
added and the excess arsenite was back-titrated with 0.1420N iodine to
a starch end point.

#5 Took C.1 ml of 0.1420N I,

14
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CROTONIC ACID OXIDATIONS

Oxidant Run m.e. |104~/500 g Crotonic/500 g Crotonic/500 g
' used Converted Started Conversion
BaMnO,  # 1 13,14 0.564 7.20 7.84
NaghnOy 3 33.80 1.632 9.15 17.85
NaMnO, 3 48.70 2.095 8.10 25. 90
NaMnO, 4 48. 00 2.070 4.00 51.70
Km0, 4Batt 5 0.14 0.006 13.50 0.04

Discussion

By looking at the tabulated percent conversions above it can be seen
that the results, formation of corresponding saturated dihydroxy compounds,
when the oxidation step of manganate .ion going to manganese dioxide was
utilized, are at least twenty times greater than when the oxidation was
stopped at the formation of the manganate ion, that .is, when the step of
permanganate .ion going to manganate ion was utilized.

The explanation of what occurs .in the permanganate to manganate .ion
step .is difficult. The permanganate .ion .is visibly reduced to the man-
ganate .ion, which .is then trapped out of the reaction by barium ion, yet

periodate analysis, which .is specific for 1,2 glycols, .indicates very

little dihydroxy compound formed. The only explanation that .is reasonable
is that .in this step some of the reductant .is oxidized but not to the
corresponding saturated dihydroxy compound. In other words, this .initial
reaction .in these permanganate oxidations of ethylenic type double bonds
.is just so much wasted energy, as far as the formation of corresponding
dihydroxy compounds are concerned, using up reductant but producing very
little desired product. If this theory is true, a better conversion

s hould be obtained when starting directly with the manganate .ion than

When starting with permanganate because .in the direct approach no
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reductant .is used up .in wasted energy, thus cutting down the amount
available for conversion when the manganate .ion has been attained. The
limited results, .indicated in the tabulated chart above, supports this
better conversion theory but is insufficient data to base much on.

A1l that the data supports is that the percentage of conversion of
crotonic acid to the corresponding saturated dihydroxy compound is far
greater when the manganate .ion .is used at the oxidant than when permangan-
ate .ion is used only to the manganate .ion.

Unfortunately, even though the work was only exploratory, in
preparation for a more comprehensive study, the .investigator varied the
weight of each crotonic acid sample run. However, the equi-molar ratios
of the oxidant and the crotonic acid were maintained and some comparison
is justified on this basis.

The low percent conversion obtained .in the attempted oxidation using
barium manganate as oxidant was not due, primarily, to the ineffectiveness
of the manganate ion, but rather, to the low solubility of barium manganate
.in water. This factor strongly limited the supply of manganate .ion free
.in the solution, so that it just wasn't available for use as an oxidant.

The percent conversions .in each of the three cases where sodium
manganate was used as the oxidant do not compare too closely, but, as
was stated above, the weights of the original crotonic acid samples
varied., At least .it may be seen that the conversions, when using sodium
manganate as the oxidant, were much higher than when the oxidation was
.initiated with potassium permanganate and stopped at the manganate .ion

by addition of barium ion.

t

-Run #6
‘At this point it appeared that there was sufficient evidence sup-

porting the hypothesis to warrant shifting over to a totally liquid






reaction system, with the exception of possibly adding solid barium
salts to supplement that used .in a saturated solution, .in the cases
where .it was to be used at all that .is.

This run consisted of taking twenty-five ml of 0.1 M crotonic acid,
four samples .in all and placing them .in three hundred ml Erlenmeyer
flasks. All four samples were neutralized with sodium hydroxide and
then each received twenty-five ml of 0.1116 M potassium permanganate,
with no barium .ion added. This amount of permanganate was used because
Af in excess, .it would attack the dihydroxy compound formed and break it
down,

The samples were shaken on a mechanical shaker for one hour and
then the precipitated manganese dioxide was filtered off and the four
clear solutioqs were diluted to five hundred ml.

For analysis twenty ml aliquots were removed from each of the four
dilutions and run .individually as outlined below. To the twenty ml
aliquots, ten to twenty ml of 12 M perchloric acid was added from a
graduate and then twenty-five ml of 0.1024N perchlorato-cerate solution
was added from a burette. The reactions were allowed to proceed for
one hour, before titrating the excess perchlorato-cerate present. For
this determination, two methods were employed; one .iodometric and the
other using 0.1106N ferrous sulfate for back-titration.

JIn the iodometric method, one-half gram of potassium .iodide was
added to each of the four aliquot samples, which were oxidized with
perchlorato-cerate solution, and the iodine that was liberated was
tiitrated with 0.1C42N sodium thiosulfate to a starch end point.

#1 Took '20.45 ml of 0.1042N thiosulfate

#2 20. 65 ml

#3 20,85 ml

#4 20,60 ml

17
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In the ferrous sulfate method of excess perchlorato-cerate titration,
ferroin was used as .internal .indicator. The four aliquots concerned, were
run .identically with those .in the .immediately preceding determination, up
to the back-titration of the excess perchlorato-cerate.

#1 Took 19.4 ml of 0.1106N ferrous sulfate

#2 19.5 ml
#3 19.5 ml
#4 18.6 ml

To provide a conclusive check, analyses were run on four more
aliquots by using the periodate procedure. The same five hundred ml
dilutions, as used above, were used and twenty ml aliquots from these
were taken. To each of the six, twenty ml aliquots, doubles on numbers
two and three, was added two drops of phenolphthalein indicator. The
hydrogen ion concentration was then adjusted with 1 M hydrochloric acid
to a just colorless end point. The six aliquots were then each reacted
with ten ml of (Q.2N periodate for two hours. The next step was to add,
from a burette, O.1N sodium hydroxide to each of the six flasks until a
light pink color persisted. This steg, and the ones following, were
completed on each aliquot before gaing on to the next. Twenty-five ml
of saturated sodium bicarbonate and ten ml of twenty percent potassium
iodide were added and the flask swirled just long enough for all the
iodine to be liberated, two to five minutes. Ten ml of 0.2N arsenite
was then added to completely decolorize the solution, followed by a back-
titration of the excess arsenite with 0.1124N iodine to a starch end point.

#1 Took 2.6 ml of 0.1124N I,

#2 2.3 ml
#2 2.5 ml

#3 2.5 ml



#3 Took 2.6 ml of 0.1124N I,

#4 3.0 ml

OXIDATION OF CROTONIC ACID WITH PERMANGANATE-NO BARIUM 10N

Titrating Aliquot m.e. Ce?#/500 g Crotonic/500 g Crotonic/500

#1
|lodometric 2

3

FéSOy 2

Discussion

used
9.50
10.25
10.50

10.25

10.50
10.25
10.25

12.50

-...nlou'lsoo
used

7.30
6.48
7.02
7.0z
7.30

8.42

Conver ted
0. 2040
0.:22C5
0. 2260

0.2209

0.'2260
0.23205
0.2205

0.2€90

0. 3140
0.2785
0.3020
0.-3020
C. 3140

0.3620

Start

0.2152

0.2152

0.2152

%

Conversion
95.0
102.6
105.0

102.6

105.0
102.6
102.6

125.0

The data obtained only supports the part of the hypothesis which

concerns the manganateé ion oxidation because the run was made using no

barium ion to stop the oxidation at the manganate .ion.
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In so far as the manganate .ion .is difficult to use directly this
.indirect method of showing .its effect was used. The permanganate .ion to
manganate .ion step was represented by using potassium permanganate on the
reductant which had had an excess of barium.ion added, because this pre-
vents the permanganate .ion from being reduced any further than to the
manganate .ion. The manganate .ion to manganese dioxide step was repre-
sented by using potassium permanganate on the reductant and allowing .it
to pass through the manganate ion all the way to manganese dioxide. This
also contains the effects of the first step, but this is so small as not
to be very .important. The differential of the conversions of the two
steps was what the .investigator was looking for.

The means of back-titration of excess perchlorato-cerate .in the
analysis seems to make very little difference .in the conversions ob-
tained and so, .in as much as the .iodometric procedure .is the most con-
venient, due to its stability and easily seen end point, the .investiga-
tor preferred to use it .in perchlorato-cerate back-titrations.

In comparing the analysis made by perchlorato-cerate oxidation with
those made by periodate oxidation it.isiimmediately noticed that the
periodate procedure gives approximately forty percent higher conversions
to the« ,B dihydroxy compound. This is partially explained by the fact
that perchlorato-cerate is much slower acting on this type of compound
than is periodate, especially with the CHS' group adjacent to the bond
which was to be broken. More will be said about these figures after
the barium ion run, Run #8.

Run #7

To show the consequences of not following the standard procedure

for periodate oxidation of &,& dihydroxy compounds, which was used in

Run #6, namely the pH at the time the periodate .is added and when
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potassium .iodide .is added, the investigator ran the following on the exact
same five hundred ml dilutions of Run #6.

The aliquots were taken .in the same manner but the pH wasn't adjusted
to just acid before the periodate was added. Instead, aliquots #1, 2 and
3 were acid to litmus and #4 was basic to litmus. The twenty ml aliquots
were allowed to react with twenty-five ml of (0.2N periodate for two hours.
At this point ten ml of twenty percent potassium .iodide was added and
allowed to stand for one-quarter hour on #1 and one-half hour on #2, 3
and 4, before twenty-five ml of 0.1 M sodium bicarbonate was added. To
decolorize the liberated .iodine, (0.2N arsenite was run .in; #1, 25 ml;

#2, '27.0 ml; #3, 25 ml; #4, 25 ml.

The titration of the excess arsenite was made .in the usual manner,
titration of liberated .iodine with sodium thiosulfate to a starch end
point.

#1 Took 19.4 ml of (0.1124N I,

i 24.75 ml
73 24,90 ml
74 25.90 ml

i IMPROPER PERIODATE ANALYSIS OF DIHYDROXY CROTONIC ACID

Aliquot m.e. Crotonic/500 g Crotonic g Crotonic %
Converted Converted ‘Started Conversion
#1 54.5 1.17 0.2152 JImpossible
Discussion

This short example of the effect of pH on the results obtained .in
periodate analyses brings out the necessity of following a set system of
analysis. The pH of the solution must be just barely acid to phenolphtheslein

at the time of addition of the periodate and, previous to the determination
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of the excess periodate, the pH must be brought back to just alkaline
to phenolpthalein and an excess of NaHCO3 added. The specificity of
periodate forcfyﬁ3dihydroxy compounds depends on the fact that .it be
used .in neutral to slightly acid media.

In a neutral solution arsenite can be oxidized quantitatively by

means of free iodine.

HoAsOz™ 4 Io 4'2HCO5'-3‘H2ASO4' + 217 + Hg0 + 2C0y
but in strongly acid solution arsenic acid can be reduced quantitatively
to the trivalent condition by means of iodide ion, the above equation .is
reversed,

HoAs0,” + 217 # et -»as* 4 1, 4 4850
To accomplish a complete oxidation of the arsenic by iodine, the solution
must be kept approximately neutral to phenolphthalein. This is usually
accomplished by providing an excess of sodium bicarbonate. Strong alkali
cannot be used because it reacts with .iodine to form hypoiodite and
iodide. A little sodium carbonate does no harm if added to an acid
solution because the liberated carbon dioxide neutralizes the hydroxyl
ion formed by hydrolysis of the carbonate.

The reason for making the solution just alkaline to phenolphthalein,
previous to the addition of potassium .iodide, to determine the excess
periodate by means of arsenite followed by standard .iodine solution,

'may be seen .in the following equations:

excess 10,~ % I~ ¢ gHt-#10," + H0 + 31,
I, ¢+ A5035 4 HZOA—;ASO4: + 2HI ¥ excess AsOg=

_excess AsOSE $ Std. I, # Hy0 starch Aso45 $ oHI
Run #8
For the oxidations using potassium permanganate with added excess

barium .ion, the investiéator used one liter Erlenmeyer flasks to allow
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for the water needed to dissolve the barium salt. Twenty-five ml of
0.1 M crotonic acid was pipetted .into each of four flasks and neutralized
with sodium hydroxide. To each of these four flasks, twenty grams of
solid barium hydroxide was added and then diluted with two hundred ml of
water to dissolve the barium hydroxide. When the mixtures were thoroughly
mixed, twenty-five ml of (Q.1116M permanganate was pipetted .into each,
with the solutions turning blue, with the precipitated barium manganate,
.immediately. ZEach flask was then stoppered and placed on a mechanical
shaker for one hour. The precipitated barium manganate and excess,
undissolved barium hydroxide was then filtered off and the filtrates
diluted to five hundred ml.

In the analysis twenty ml aliquots were pipetted from each of the
four dilutions and subjected to periodate (twenty-five ml of 0.2N) oxi-
dation, without adjusting the pH one way or another. Immediately upon
adding the periodate a thick, gelatinous, white mass was formed. This
was possibly caused by the precipitation of barium periodate because
there was definitely an excess of barium ion .in solution. Reasonable
and consistant titrations were .impossible.

‘As can be seen, it was necessary to remove the excess barium .ion
from the aliquots before proceeding with the analyses. .Inasmuch as a
saturated solution of sodium bicarbonate was to be added later, the
.investigator chose to use a saturated solution of sodium carbonate to
precipitate the barium ion as barium carbonate, which was quite .insocluble
and could be easily filtered off. This sodium carbonate did not .inter-
fere with the following arsenite addition and analysis because .in this
step carbon dioxide was released and this neutralized the hydroxyl .ion
which was formed by hydrolysis of the carbonate in weakly acid media.

Four twenty ml aliquots were taken from the four dilutions, pre-
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pared as above, and ten ml of saturated sodium carbonate added to each
aliquot. The barium carbonate precipitate was filtered off, two drops
of phenolphthalein indicator added to each of the four aliquots, and the
pH adjusted to just colorless with hydrochloric acid. The ten ml of
0.2N periodate was then added to each aliquot from a burette and the
reaction was allowed to proceed for two hours. From this point on, each
aliquot was handled completely before the next was begun. The pH was
adjusted back to a light phenolphthalein pink with O.1N sodium hydroxide,
twenty-five ml of saturated sodium bicarbonate and ten ml of twenty per-
cent potassium iodide added and the flasks swirled one or two minutes to
completely bring out the iodine color. This color was then destroyed
with ten ml of 0.2N arsenite and the excess arsenite back-titrated with
0.1124N .iodine, to a starch end point.

#1 Took 0.6 ml of 0.1124N I

2 1.9 ml-
3 1.0 ml
4 1.3 ml

As a final check, the investigator repeated the exact same method

of analysis on aliquots from the same dilutions.

#1 Took 0.1 ml of 0.1124N I

2 1.3 ml
3 0.8 ml
4 6.3 ml

OXIDATION OF CROTONIC ACID WITH PERMANGANATE-BARIUM I1ON ADDED

Allquot  m.e. 10,°/500 g Crotonic/500 ¢ Crotonic/500 %
used Converted Start Conversion
#1 1.69 0.0727 0.215 33,8

2 5.35 0. 2300 107.0



OXIDATION OF CROTONIC ACID WITH PERMANGANATE-BARIUM /10N ADDED (Con't.)

Allquot  m.e.110,7/600 g Crotonic/500 g Crotonic/500 <
used Converted Start Conversion
#3 2.81 0.1210 56.3
4 3.65 0. 1560 72.6
#1 2.81 0.1210 0.215 56.3
2 3.65 0.1560 - 72.6
3 2.25 0.0966 45.0
4 17.25 0. 7420 345.0
Av. 64.4
Discussion

As was stated in the procedure, the excess barium .ion had to be
removed due to the precipitation of possibly barium periodate, which
interfered with the determination of the percent conversion to the

corresponding saturated of ,,6 dihydroxy compound.

COMPARISON OF CROTONIC ACID CONVERSIONS
Titrating No Barium Barium Added Titrating

Agent Aliquot % Conversion Aliquot % Conversion Agent

#1 95.0 #1 33.8

lodometr ic 2 102. 6 2 107.0 i,
3 105.0 3 56.3
4 102. 6 4 72.6
#1 105.0 #1 56.3

FesSOy 2 102.6 2 72.6 iy
3 102.6 3 45.0

4 125.0 4 345.0
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COMPARISON OF CROTONIC ACID CONVERSIONS (Con't.)

Titrating No Barium Bar lum Added Titrating
Agent Aliquot % Conversion Aliquot % Conversion Agent
#1 146.0
2 129.5
iy 2 140.5
3 140.5
3 146.0
4 1€8.5
Av. = 145.1 Av. = 64.4

The average percent conversion of the crotonic acid to the corres-
ponding saturatedt(,ﬁ?dihydroxy compounds, when barium ion was used to
limit the oxidation step of potassium permanganate to that of permanganate
ion gaing to manganate .ion, was shown to be an average of 64.4 percent.

The average percent conversion in the cases where no barium ion was
added, Run /6 where the same reactants and the same means of analysis
were used, was shown to be 145.1 percent. The two averages, 64.4% and
145.1% are definitely unreasonable but may be compared because the exact
same procedures were used on both, with the exception that the first, 64.47%
was obtained using barium ion. The ratio of the two, percent conversions,
favors the manganate .ion step by a ratio of 2:1.

At this paint there is sufficient evidence, in the case of crotonic
acid, to state that the original hypothesis has been supported. The
suggested hypothesiswas: The mechanism of neutral to slightly alkaline
potassium permanganate oxidations of ethylenic type double bonds, to the
corresponding saturatedk(,,ﬁdihydroxy compounds, proceeds predominantly
by the step of manganate ion gaoing to manganese dioxide, while the step

of permanganate ion going to manganate .ion contributes little, .if any, to
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this formation of corresponding saturated« ,ﬂ dihydroxy compounds directly.
It :is necessary to remember that the reactants in the oxidations,
potassium permanganate and crotonic acid, were added .in equi-molar quan-

tities, which will not give one hundred percent conversion, but, will
prevent the breaking of the dihydroxy bond, which happens when excess
permanganate .is present. The .important point is that the results can be
used to compare the effectiveness of the two different oxidation steps
because equi-molar starting concentrations were used. In other words, the
.investigator was not concerned with the absolute results, but rather with
the relative results obtained under .identical conditions.

(b.) Maleic acid

The study of maleic acid was started .in the same way as the crotonic
acid study was, comparing the results obtained by using sodium manganate
as the oxidant with those obtained by using straight permanganate and
those obtained by using permanganate with excess barium .ion added.

Run #1

To a three hundred ml Erlenmeyer flask 5.8¢ (0.05 moles) of maleic
acid was added and this was completely dissolved .in one hundred ml of
water., .In another flask, %.lg (0.05 moles) of sodium manganate was
dissolved, only partially, .in one hundred ml of water, and this was then
poured .into the maleic acid solution, stoppered and placed on the shaker
for one-quarter hour, till the green manganate color had completely
changed to the brown of precipitated manganese dioxide.

The maleic acid wasn't previously neutralized due to the fact that
the sodium manganate contained an excess of sodium hydroxide which took
care of the acidity.

To eliminate the tedious task of filtering off the manganese dioxide,

an acidified solution of sodium bisulfite was used, as .in the crotonic
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acid procedures. The clear solution was then diluted to five hundred
ml .in preparation for analysis.

A fifty ml aliquot was taken from this five hundred ml dilution and
twenty-five ml of 0.2N periodate solution was added. The stoppered flask
was then placed on the shaker for one-half hour, taken off and twenty-
five ml of saturated sodium bicarbonate and five ml of twenty percent
potassium iodide was added. The liberated iodine was decolorized with
twenty-five ml of 0.2N arsenite and the excess arsenite titrated with
sténdard 0.1760N .iodine.

#1 Took '24.7 ml of Q.1760KN I,

Run #2

The 5.8¢ (0.05 moles) of maleic acid was again dissolved .in one
hundred ml of water and, as there was no excess of sodium hydroxide
present as in the sodium manganate run, was neutralized to litmus with
sodium hydroxide. To this three hundred ml Erlenmeyer flask, with the
maleic acid, twenty-five ml of a saturated barium chloride solution was
added. In another flask 7.9g (0.05 moles) of potassium permanganate was
dissolved .in one hundred ml of water. When the maleic acid and barium
ion were thoroughly mixed, the potassium permanganate solution was poured
in, turning the solution first green and then to blue as the barium man-
ganate formed. The reaction was allowed to proceed for one-quarter hour,

till the potassium permanganate color was completely destroyed, and then
the barium manganate was filtered off. A five hundred ml dilution was
made up and a fifty ml aliquot taken for analysis by the periodate pro-
cedure, reacting with the periodate for one-half hour.

#2 Took 6.9 ml of 0.1760N I,
Run #3

This run was made .in the same manner as the .immediately preceding
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one, up to the analysis, with the exception that 8.6g (0.05 moles) of
barium hydroxide was used .in place of barium chloride to supply the barium
ion. This change had to be made because the analysis was to be made using
a perchlorato-cerate solution .in place of periodate, and this oxidant
liberates chlorine fram chloride solutions.

In the analysis, only a twenty-five ml aliquot of the five hundred
ml dilution was pipetted out. To this was added ten ml of 12 M perchloric
acid and twenty-five ml of Q.1N perchlorato-cerate, and then the flask
was placed on the shaker for one-quarter hour. The back-titration of
excess cerate was made with standard Q.1N sodium oxalate, using nitro-
ferroin as .indicator.

#3 Took 4.9 ml of 0.1N sodium oxalate
Run #4

This run was made .in the same manner as run #3, with the exception
that 15¢ of barium nitrate was used as the source of the barium ion. The
oxidation was allowed one-half hour on the shaker before filtering off
the barium manganate, diluting and continuing with the analysis. A twenty-
five ml aliquot was analyzed by means of perchlorato-cerate,

#4 Took 11.0 ml of 0.1N sodium oxalate
Run #5

The same procedure was used as .in runs -3 and 4 with the exception
of the source of the barium ion, two hundred ml of saturated barium
nitrate being used. For the analysis a fifty ml aliquot of the five
hundred ml dilution was taken in place of a twenty-five ml aliquot. The
concentration of perchlorato-cerate was kept at twenty-five ml of O.1N
solution and the reaction period was one-quarter hour.

#5 Took 10.65 ml of Q.1N sodium oxalate
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Run 36

The potassium permanganate 7.9g (0.05 moles), was dissolved in one
hundred and fifty ml of water and the maleic acid, 5.8g¢ (0.05 moles),
was also dissolved .in the same volume of water and then neutralized to
litmus with sodium hydroxide. The solution and suspension of potassium
rermanganate was left in .its flask and the maleic acid solution was
poured .in. The flask was stoppered and placed on the shaker till the
solution turned brown; one-half hour. The solution was filtered with
difficulty and diluted to five hundred ml.

For analysis a twenty-five ml aliquot was taken, acidified with five
ml of 72 percent perchloric acid and fifty ml of 0.1N perchlorato-cerate
solution was added from a burette. The reaction was allowed to proceed
for one-half hour and then the excess cerate was back-titrated with
standard 0.1N sodium oxalate, using nitro-ferroin as internal .indicator.

#6 Took 10.15 ml of (.1N sodium oxalate

OXIDATION OF MALEIC ACID

Oxidizing Run m.e. 10,7/500 g Maleic/500 g Maleic/500 )
agent used used Converted Start Conversion
NaMnO, #1 43.47 2.520 5.80 43.50
Kkino B2t 2 12.15 0. 705 12.15

m.e. Ca*¥/500

used
Km0, 4Batt 3 40.20 0.779 5.80 13.40
4 28.00 C.541 9.35
5  14.40 0.278 4.80

Qin0y 6 79. €0 1.541 5.80 26. 60
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Discussion

The .investigator realized that the procedure of roughly weighing out
solid samples of the reactants and then attempting.to dissolve them .in-
dividually .in limited amounts of water, before mixing, was a rough means
of attacking the problem at hand but the ground work had to be laid before
a more comprehensive approach was warranted.

The runs made brought out the fact that a saturated solution of barium
hydroxide, plus some solid barium hydroxide, was the best source to ensure
an excess of barium .ion being present to precipitate the manganate ion as
soon as .it was formed.

As a whole the runs supported the investigator's original hypothesis,
which was: the mechanism of neutral to slightly alkaline potassium per-
manganate oxidations of ethylenic type double bonds, to the corresponding
saturated o ,[ dihydroxy compounds, proceeds predominantly by the step of
manganate .ion going to manganese dioxide, while the step of permanganate
ion going to the manganate ion contributes little, .if any, to this forma-
tion of corresponding saturated a(,ﬂ dihydroxy compounds directly.

All the runs were made using the same amounts of reactants, 0.05 moles
of each, so they can be compared roughly with each other.

Again, there is no definite proof as to what the oxidation step of
permanganate ion to manganate ion produces but the analysis fora(,/?
dihydroxy compound shows little of this material being formed .in the
step. When the manganate ion step is allowed to occur however, runs
1 and 6, the percent conversions are approximately three times greater
than when stopped at the manganate .ion.

Run #7 ’
By means of a twenty-five ml pipette, three samples of standard

0.1 M maleic acid were transferred to two hundred ml Erlenmeyer flasks
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and each was neutralized with sodium hydroxide. The oxidant, twenty-five
ml of 0.11161 potassium permanganate, was added to each maleic acid sample
by means of a twenty-five ml pipette, resulting .in a solution of approx-
.imately equimolar concentrations. The solutions turned brown immediately
but they were shaken for two hours to ensure complete reaction. At the
end of this time each sample solution was filtered to remove the pre-
cipitated manganese dioxide and give a clear solution, which was then
diluted to five hundred ml. The analysis of these mixtures was carried
out with 0.1020N perchlorato-cerate solution but the means of back-
titration of the excess of this cerate was varied to .include the use of
an .iodometric procedure, sodium oxalate and ferrous sulfate.

A twenty ml aliquot was pipetted out of each of the three dilutions
.into Erlenmeyer flasks. Ten to twenty ml of 72 percent perchloric acid
was added to each, and from a burette, twenty ml of 0.10Z0ON perchlorato-
cerate solution was added to each. Due to the late hour .in the day that
tLe runs were started, the flasks were stoppered tightly and placed .in a
desk drawer over night. A slight red color developed .in each flask on
standing and upon .investigation .it was found to be due to a trace of
manganous ion reacting with the cerate. The excess cerate was titrated
with standard 0.2N sodium oxalate, using nitro-ferroin as .internal .indi-
cator and taking to the first pale blue color. The red color due to
the manganous ion interfered slightly because the end point had to be
approached quite slowly, but once the end point was reached the solution
turned a pale blue color correctly.

#1 Took 6.9 ml of 0.2N sodium oxalate

#2 6.9 ml

#3 6.85 ml



3ix more twenty ml aliquots, two from each of the three five hundred
ml dilutions, were each reacted with twenty ml of 0O.,102CN perchlorato-
cerate, just as .in the previous analyses using sodium oxalate, with the
exception that the cerate was only allowed to react for one hour and the
back-titration was made with 0.112¢N ferrous sulfate, using ferroin as
.internal .indicator.

#1 Took 14.95 ml of Q.1126N ferrous sulfate

1 14.75 ml
2 14,80 ml
5 o

3 15.00 ml
3 14.95 ml

Three more twenty ml aliquots, each from a different dilution, were
each reacted with twenty ml of 0.1020N perchlorato-cerate for one hour.
The back-titration of the excess cerate was made by adding ten ml of
twenty percent potassium .iodide, swirling till the .iodine was completely
liberated and this was titrated with O,1042N sodium thiosulfate to the
first disappearance of the starch color.

#1 Took 15.65 ml of 0,1042N thiosulfate

2 15.00 ml

3 15.90

OXIDATION OF MALEIC ACID WITH PERMANGANATE-NO BARIUM 10N

Titrating Aliquot m.e. Ce¥4/500 g Maleic/500 g Maleic/500 %
Agent used Converted Start Cconversion
#1 16.50 0.3195 0.2902 110.0
NayCyOy 2 16.50 0.3195 110.0

3 16.75 0. 3240 111.6

33



OXIDATION OF MALEIC WITH PERMANGANATE-NO BARIUM [ION (Con't)

Titrating Aliquot m.e. Ce**/500 g Maleic/500 ¢ Maleic/500 3
Agent used Converted ‘Start Conversion
#1 9.00 0.1740 0.2902 €0.0
FeS0y 1 9.50 0.1840 63.4
2 9.25 0.1790 61.7
3 8.75 0. 169G 58.4
3 9.00 0.1740 60.0
# 1 10.26 0.1985 0.2902 68.5
ilodometr ic 2 12.00 0.2322 80.2
3 9.50 0.1840 63.4
Discussion

As a means of determining whether the manganate ion takes part in
the oxidation of double bonds, when using potassium permanéanate, and
still not have to start with the manganate ion .itself, which is difficult to
work with, a series of oxidations .in neutral to slightly alkaline media
were run, using potassium permanganate alone and allowing the reaction to
proceed through the manganate .ion step to manganese dioxide and also using
potassium permanganate which had had excess barium ion added to .it to stop
the reaction at the manganate .ion hence not allowing this .ion to react.

The phase of the maleic acid study just described, where the potassium
permanganate was allowed to proceed through the manganate .ion step to man-
ganese dioxide, brings out several points that should be considered.
There .is no doubt that the use of standard solutions of the reactants
gives a better picture of the percent conversions because both reactants

are .in true solution and .in sufficiently dilute concentrations to allow

more complete reaction.
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As to the best back-titrating agent to use, the investigator found
the iodometric procedure faster but the sodium oxalate procedure had a
slightly better reproducibility of titrations.

The percent conversions are compared, after the following study of
barium ion effect, with the conversions obtained thereain.

In venturing an opinion as to the difference found by computing
the percent conversions by the three different means of back-titration,
the .investigator believes that the time of reaction was the predominating
factor. In the sodium oxalate procedure, the perchlorato-cerate oxida-
tion was allowed to continue over a period of approximately fifteen
‘hours, while in the other two procedures only one hour was allowed. This
.information, added to the fact that perchlorato-cerate oxidations ofe(,/éf
dihydroxy compounds are known to be slower than the corresponding perio-
date oxidations, would support the above time of reaction theory.

It would be interesting to make a further study of this perchlorato-
cerate reaction, such as, rate or reaction, effect of .increasing the
perchlorato-cerate concentration, etc., but time does not allow this
comprehensive a study.

The bisulfite method for the removal of manganese dioxide was not
used beca;se.it was felt that the solutions were complex enough as it
was.,

Run 8

By means of a twenty-five ml pipette, four samples of standard 0.1 M
maleic acid were transferred to two-hundred ml Erlenmeyer flasks and each
was neutralized with sodium hydroxide. To each of these flasks ten grams
of barium hydroxide was added and a dilution made with one hundred ml of
water to get as much of the barium hydroxide .into solution as possible.

Each flask was thoroughly swirled and then twenty-five ml of 0.1116M
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potassium permanganate was pipetted .into each flask, the flasks stoppered
and placed on the shaker for two hours. The solutions went blue immedi-
ately, with the precipitation of barium manganate. This was filtered off
and each sample was diluted to five hundred ml.

The analysis was made by perchlorato-cerate oxidation so that the
percent conversions could be compared with those resulting from run #7,
which had no barium ion added. Sodium oxalate back-titration of the excess
cerate was first tried but the results couldn't be made to coincide at all.
The .investigator thought that the excess of barium ion still present .in
the solution was possibly responsible for this, giving an obscured end
paint with the nitro-ferroin indicator.

The .iodometric procedure of back-titration was found to give fairly
reproducible results and a good end point. Eight twenty ml aliquots,
two from each of the four dilutions, were transferred to flasks by means
of a twenty ml pipette. To each of these eight aliquots ten to twenty
ml of seventy-two percent perchloric acid and twenty ml of O.1020N perch-
lorato-cerate solution was added. These solutions were allowed to react
for one hour in a closed desk drawer. At the end of this time ten ml of
twenty perceﬁt potassium iodide was added and the flasks swirled until
the liberation of iodine was complete, which was then titrated with
0.1042N sodium thiosulfate to a starch end point.

#1 Took 1€.7 ml of 0.1042N thiosulfate

1 14.8 ml
e 15.7 ml
2 17.3 ml
3 19.5 ml
3 19.8 ml
4 18.8 ml

4 18, 6 M1
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OXIDATION OF MALEIC ACID WITH PERMANGANATE-BARIUN |1ON ADDED

Titrating Aliquot m.e. Ce?¥/500 g Malelc/500 g Maleic/500 %
agent used Converted Start Conversion
1 7.5 0.1450 0.2902 50. 10
1 12.5 0. 2420 83.50
2 10.0 0.1935 66. 70
2 6.0 0.1161 40.10
lodometric 3 0.5 0.0C96 3.33
3 0.0 0. 0000 0.00
4 2.0 0.0383 13,35
4 2.5 0. 0485 16. 70
Discussion

The wide range obtained in the sodium thiosulfate titrations of the
excess cerate, the .iodine liberated from potassium iodide by the cerate
that .is, in the first two dilution analyses lead the investigator to
believe that the reactions had not been completed and thus they were
heavily discounted, in so far as consideration of their analyses was
concerned. However, the rather close checks obtained between the dual
titrations on each of the last two five hundred ml dilutions led the
investigator to place some weight on their calculations. This discussion
will be more or less limited to these last two dilutions.

Here again the barium ion could not be added .in the form of barium
chloride, due to the liberation of chlorine from chloride solutions by
perchlorato-cerate. There is no absolute assurance that the manganate
ion is precipitated immediately by the barium ion because only the color
of the solution was used as an index in measuring this removal. To
account for the appearance of at least a little oxidation, to the cor-

responding saturated dihydroxy compound, .in the cases where barium ion



was used, it might be theorized that some of the manganate .ion was not
trapped before it had attacked the double bonds. Before any more is said
.in this respect .it would be wise to compare the data of the two different
methods of oxidation of maleic acid; potassium permanganate with no barium
.ion added, .in which case the manganate is allowed to enter into the oxi-
dation; and potassium permanganate with barium .ion added, .in which case

the permanganate can only go to the manganate .ion .in the oxidation.

COMPARISON OF MALEIC ACID CONVER3IONS

Titrating No Barium Barium Titrating
agent Aliquot % Conversion Aliquot % Conversion agent
#1 11C.0 # 1 50. 10

NayCoOy P2 110.0 1 83.50
3 111.6 2 66. 70
2 40.10
Fa 60.0 3 3.33  llodometric
FeS0, 1 €3.4 3 0.00
2 61.7 4 13.35
3 58.4 4 16.70
#1 68.5
ilodometric 2 80.2
3 63.4

Now that we have the picture before us, .it can easily be seen that’
the manganate .ion going to manganese dioxide oxidation step .is quite
necessary to oxidize the double bond of maleic acid to form the corres-
ponding saturated dihydroxy compound. The percent conversions, .in the

cases where the manganate ion going to manganese dioxide step is allowed
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to react, by any of the means of determining the milli-equivalents of
perchlorato-cerate used up .in the analysis, far outstrip those of the
series where the manganate .ion is trapped and precipitated out of solution
with barium ion before .it has had an opportunity to react with the double
bonds.

The .investigator believes that these results would have been even
more accentuated if the excess barium ion present .in the dilutions had
been removed prior to the analyses and if the faster acting periodate
had been used .in the analyses.

(c.) Allyl alcohol

Allyl alcohol was chosen as the source of double bonds in the third
series of potassium permanganate oxidations, .in neutral to slightly alka-
line media with and without barium ion added. This compound was chosen,
partly because of .its ease of oxidation and partly to get away from the
use of organic acids, such as crotonic and maleic acids.

Run #1

Four ten ml samples of C.0328. allyl alcohol were transferred, by
means of a ten ml pipette, to two hundred ml Erlenmeyer flasks. To
approximate the milli-moles, 0.3280, of allyl alcohol, each flask re-
ceived three ml of (Q.1116M potassium permanganate; 0.3348 milli-moles,
from a graduated pipette. The flasks were stoppered and placed on the
shaker for four hours, to ensure complete reaction. The precipitated
manganese dioxide was filtered off and each of the four clear solutions
was diluted to two hundred and fifty ml.

For analysis, four twenty ml aliquots were taken; one from each of
the four dilutions. In as much as the oxidation was to be made with
periodate, two drops of phenolphthalein indicator was added to each and

the acidity adjusted with 0.1 M hydrochloric acid to just colorless.



From here on, each aliquot was completed before the next was begun,

Ten ml of 0.2N periodate was added to the twenty ml aliquot, by
means of a burette, and the reaction allowed to proceed for two hours.
At this time the acidity was adjusted with 0.1 M sodium hydroxide to just
pink to bhenolphthalein. Twenty-five ml of saturated sodium bicarbonate
and ten ml of twenty percent potassium.iodide were added and the flasks
swirled two to five minutes, till the liberation of .iodine was complete.
To decolorize the solution, ten ml of standard 0.2ZN arsenite was added
from a burette and the excess arsenite titrated with 0.01124N iodine
gsolution to a starch end point,

#1 Took 8.3 ml of 0.01124N I,

2 9.7 ml
3 8.3 ml
4 9.1 ml

OXIDATION OF ALLYL ALCOHOL WITH PERMANGANATE-NO BARIUM!ION

Aliquot m.e. (104~/250 g Allyl/250 g Allyl/250 %
used Converted Start Conversion
#1 1,17 0.0170 0.0190 89.4
2 1.36 0.0196 104.0
2 1.17 0.0170 89.4
4 1.28 0.0185 97.5
Discussion

The ease of oxidation of the allyl alcohol double bonds to the
corresponding saturated dihydroxy compound appeared to be considerably
greater than that of crotonic and maleic acids.

This run made use of the manganate ion going to manganese dioxide

step .in the oxidation and the results, percent conversions, support the
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original hypothesis. Both the original oxidations and the analyses went
smoothly but the reproducibility, between different dilutions, which were
prepared under identical conditions, was poor. Here again, a reaction
rate study would be very helpful.

The analyses were made using periodate because its specificity for
,(vg dihydroxy compounds is greater than that of perchlorato-cerate solu-
tion, and .if the cerate method was used it was thought that the hydroxyl
group of the unreacted allyl alcohol might be attacked.

A comparison of the results obtained by using the two different
steps of neutral to slightly alkaline potassium permanganate oxidation
to corresponding saturated dihydroxy compounds will be made after the
following run.

Run ;2

Again, four, ten ml samples of 0.0328M allyl alcohol were traﬁsferred,
by means of a ten ml pipette, to two hundred ml Erlenmeyer flasks. To
each of these flasks one gram of barium hydroxide and ten ml of a satu-
rated solution of barium hydroxide were added, and the flasks swirled.
From a graduated pipette, three ml of 0.1116M potassium permanganate was
added to each of the four flasks. These quantities of allyl alcohol and
potassium permanganate were approximately equi-molar. The solutions
turned blue .immediately and each flask was stoppered and placed on the
shaker for four hours.

The precipitated barium manganate, and the excess undissolved barium
hydroxide, was filtered off and then the four clear solutions were each
treated with ten ml of saturated sodium carbonate solution to precipitate
the excess barium .ion .in solution. Again the four solutions were filtered
and then diluted to two hundred and fifty ml.

The analyses were carried out .in an .identical manner to the .immediately
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preceding analyses.

#1 Took 4.1 ml of 0.01124N I,

2 4,3 ml
3 5.3 ml
4 4,7 ml

OXIDATION OF ALLYL ALCOHOL WITH PERMANGANATE-BARIUM (1ON ADDED

Allquot m.e. [104~/250 g Allyl/250 g Allyl/250 %
used Converted Start Conversion
#1 0.576 0.008 0.019 44.0
2 0.6C5 0.0C9 46.2
3 0.745 0.011 56. 8
4 0. 660 0.010 50.5

COMPARISON OF ALLYL ALCOHOL CONVERSIONS

Titrating No Barium Barium Titrating
Agent Aliquots % Conversion Aliquots % Conversion Agent
if 1 89.4 #1 44.0
ilg 2 104.0 2 46.2 gy
3 89.4 3 56.8
4 97.95 4 50.5

Discussion

By comparing the percent conversions of both of the above allyl
alcohol oxidations by potassium permanganate .in neutral to slightly
alkaline media a few facts may be brought out.

Although the percent conversions resulting from the oxidation where
the reaction was stopped at the manganate ion were high, the differential
between these and the percent conversions resulting from the oxidation

where the reaction was allowed to proceed through the manganate ion to
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manganese dioxide is still .in the order of two to one. The investigator
felt that this large a differential was sufficient to warrant the state-

ment that the results supported the original hypothesis.
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CONCLUSIONS

1. The manganate ion, in alkaline solution, will oxidize crotonic and
maleic acids to the corresponding saturated &, 4 dihydroxy compounds.

2 Neutral to slightly alkaline potassium permanganate oxidation of
crotonic acid, maleic acid, and allyl alcohol to their corresponding
saturatedd,ﬂ dihydroxy compounds .is essentially a step-wise reaction.
The steps .involved are: reduction of the permanganate .ion to the manganate
.ion, and the reduction of the manganate ion to manganese dioxide.

3. In attempting to form corresponding saturatedo{,/g dihydroxy compounds,
by neutral to slightly alkaline potassium permanganate oxidation of cro-
tonic acid and maleic acid, the first step of the above postulated step-
wise reaction contributes little, .if any, to the direct formation of
these compounds.

4. The postulated step-wise reaction would support the theory of the
formation of an intermediate complex between the double bonds of the
reductant and the manganate ion, with its subsequent disproportionation
to the corresponding saturated o, dihydroxy compound.

5. The mechanism of neutral to slightly alkaline potassium permanganate
oxidations of ethylenic type double bonds, to the corresponding saturated
;(,ﬂ dihydroxy compounds, proceeds predominantly by the step of manganate
ion going to manganese dioxide, while the step of permanganate .ion going
to the manganate .ion contributes little, .if any, to this formetion of

corresponding saturatedof ,# dihydroxy compounds directly.
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'SUMMARY

The purpose of the investigation has been to make a study of the
neutral to slightly alkaline potassium permanganate mechanism for the
oxidation of ethylenic type double bonds to form the corresponding
saturated¢t,,§<iihydroxy compounds, especially with regard to crotonic
acid, maleic acid and allyl alcohol.

The mechanism concerned with was,a step-wise reaction, such as; the
first step in the oxidation was the permanganate ion going to the manganate
.ion; the second step .in the oxidation was the manganate .ion going to man-
ganese dioxide, all during the oxidation of the organic compounds to their
corresponding dihydroxy forms. The question then arose, which oxidation

step accounted for the bulk of the dihydroxy compound formed.

To get away from using the unstable manganate .ion directly for ox-
.idation, a scheme of differentiation was devised. To limit an oxidation
to only the first step, permanganate ion going to manganate .ion, a satu-
rated solution of barium ion, was added to the organic compound previous
to the addition of permanganate. As far as manganate .ion was formed,
barium ion trapped it out of solution by precipitation as insoluble
barium manganate. To bring out the action of the manganate .ion .in the
oxidation to dihydroxy compounds, the reduction of the permanganate .ion
was allowed to proceed all the way to manganese dioxide, thus passing
through the manganate ion step.

The percent conversions to the corresponding saturated «f,4dihydroxy
compounds, obtained by the above two methods, quite definitely showed
that the oxidation proceeded predominantly by the step of manganate ion
going to manganese dioxide and that the step of permanganate ion going

to the manganate ion contributed little to the oxidation directly.
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EXPERIMENTAL

B. POTASSIUM PERSULFATE

1. Preparation of reagents

(a.) 0.1N Potassium persulfate

The molecular weight of potassium persulfate is 270.31g and contains
two equivalents per mole. Therefore it is 0.05 M .in respect to the mole-
cular weight.

By analytical balance, 13.5155g of the dry potassium persulfate was
weighed out, dissolved .in distilled water and diluted to one liter.

The investigator tried to standardize the potassium persulfate
solution against standard base as outlined in Scott's Standard Methods
of Analysis (7). The aqueous solution of the persulfate was decomposed
by boiling according to the following equation:

46

The sulfuric acid formed in the fifteen minute hydrolysis was then titrated

with standard O.1N sodium hydroxide to a methyl orange end paint. This
method failed to give consistant results.

Experimentation brought out the fact that a blank, run in the same
way as the oxidations except without the reductant, gave the most con-
gistant results. In this method twenty-five ml of 6 M sodium hydroxide
was added to a two hundred ml Erlenmeyer flask, twenty-five ml of the
potassium persulfate was added from a burette, and then one-half gram
of solid potassium iodide was added and the flask stoppered. The flask
was then placed on a mechanical shaker for one hour, removed, and
acidified with 6 M hydrochloric acid till the iodine color was permanent,
two to five minutes. The liberated .iodine was titrated to a starch end

point with 0.1 N sodium thiosulfate.
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I, 40a S0, —= 2Nal # Ha,S,04

(b.) 0.2414M Ethyl alcohol

A weighing bulb was blown from a soft glass test tube and absolute
alcohol was added. The tube was sealed off and weighed, both before the
alcohol was added and after. The tube was then broken beneath the surface
of approximately seventy-five ml of distilled water and diluted to one
hundred ml in a glass stoppered volumetric flask. The concentration of
ethyl alecochol was 1.1122g per one hundred ml, from which the molarity
was calculated.

(c.) 0.18€ECM Acetone

The same procedure was used as .in the preparation of the ethyl
alcohol. The concentration of the acetone was 1.0806g per one hundred
ml, from which the molarity was calculated.
(d.) 0.1M Phenol

Weighed out 0.9411lg of phenol analytically and dissolved .in distilled
water, diluting to one hundred ml.

(e.) 0.1M Crotonic acid

Weighed out 2.0272 g of crotonic acid analytically and dissolved .in
distilled water, diluting to two hundred and fifty ml.

(f.) 0,1M Formaldehyde

Used forty percent formalin solution to start with. The molecular

weight of formaldehyde .is -30.03g, so far a 0.1 M solution, 3.008g per
.40

liter was needed. For two hundred and fifty ml of a 0.1 M solution,

1.8769g of forty percent formalin was weighed out, dissolved in distilled

water and diluted to two hundred and fifty ml.



2. Methods of calculation

A1l calculations on the potassium persulfate oxidations were made
with the goal .in view of determining the number of equivalents of per-
sulfate reacting per mole of reductant. From these calculations it was
then possible to postulate somewhat the end products of the oxidation
as well as whether or not any oxidation had taken place.

The normality of the persulfate was calculated from the milli-
equivalents of thiosulfate used .in the determination of the blank.

Determination of the number of equivalents of potassium persulfate

used per mole of reductant:

(Blan% titration) _ (Run titration)| y tniosulfate = m.e. of K-S50g
( thiosulfate ) ( thiosulfate) 4 <
use

m. e. KZSEOB = m.m. organic compound added
€.K-5,0y3 = moles of organic campound
The results of each oxidation attempted, are listed and discussed
after each experimental section,
An example of end product postulation:
In the case of formaldehyde the number of equivalents of persulfate

per mole of formaldehyde was found to be approximately two.

Formaldehyde = Hy C 0] If goes to the acid Hy C Oy
HCHO .42 0 =2 +2 {g -4
2 E—= )
= H2 co If goes to CQy C 0,
42 0 -2 4 -4
4 E-——\

3. Procedures, calculated results, and discussion

(a.) Phenol

Two blanks were run by adding twenty-five ml of 6 M sodium hydroxide
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from a graduate, twenty-five ml of pofassium persulfate and one-half
gram of potassium .iodide to two, two hundred ml Erlenmeyer flasks and
placing them on a mechanical shaker for one hour. At the end of this
time the solutions were diluted with fifty ml of water, to reduce the
heating effect when the acid was added, and acidified with 6 M hydro-
chloric acid., The .iodine liberated was titrated with Q.1042N sodium
thiosulfate to a starch end point, and from this data, the normality of
the potassium persulfate was calculated.

#1 Took 23.5 ml of 0.1042N Na,8504

2 25.6 ml

49

To determine whether potassium persulfate would oxidize phenol, before

a standard solution was made up, the investigator used a few crystals of
solid phenol, swirled to dissolve, and then twenty-five ml of potassium
persulfate was added from a burette. The flasks were stoppered and
placed on the shaker for one hour, one-half gram of potassium .iodide
added and replaced on the shaker for ten minutes before acidifying with
6 M hydrochloric acid and titrating the liberated iodine with 0.1042N
sodium thiosulfate,

#1 Took 2.4 ml of 0.1042N Na,S504

2 7.2 ml

The difference between the blanks and these runs .indicated that ox-
.idation was taking place and would warrant the preparation of a standard
solution of phenol to approach the problem from a more quantitative
standpoint.
Run 41

Using twenty-five ml of 6 M sodium hydroxide and pipetting .in one ml
of 0.1 M phenol and then adding twenty-five ml of potassium persulfate

should give fairly quantitative results. The flasks were stoppered and



placed on the shaker for one-quarter hour, one-half gram of potassium
iodide was added and the flasks replaced on the shaker for another one-
quarter hour before acidifying with 6 M hydrochloric acid and titrating
the iodine liberated, with 0.1042N thiosulfate.

#1 Took 16.5 ml of 0.1042N Na;S504

2 17.1 ml
Run #2

Using the above procedure, only .increasing the two shaking periods
to one-half hour each, gave the following results.

#/1 Took 17.25 ml of 0,1042N NasS,0g

2 17.4 ml
‘Run #3

Two shaking periods of three-quarters hours each.

#1 Took 16.0 ml of 0.1042N Na,Sg04
2 16.0 ml

Run #4
Two shaking periods of one hour each

#1 Took 14.5 ml of 0.1042N Na5550x

2 14.95 ml

Two shaking periods of one and one-quarter hours each,

#1 Took 13.7 ml of 0.1042N Nay5,04

2 13.9 ml

OXIDATION OF PHENOL WITH POTASSIUM PERSULFATE

Run n.e. xzszoa m.m. Phenol e. xzszos per Reaction
used up present mole phenol Product

#1 0.691 0. 100 6.91
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o1
OXIDATION OF PHENOL WITH POTASIIUM PERSULFATE (Con't)

Run m.e. K,8,05 m.m. Phenol e. Ky8,0g per Reaction
used up present mole phenol Product
0. 633 6.33

#2 0.618 6.18 Probably
0. 602 €.02 a mixture

#3 0. 740 : 7.40
0.740 7.40

4 0.858 8.88
0.845 8.45

#5 0. 967 9.67
0.946 9.46

Discussion

The attempts to standardize the potassium persulfate against standard
0.1075N sodium hydroxide failed, possibly due to .incomplete hydrolysis
upon boiling the solution for only fifteen minutes before the titration
with standard base. ZEven when the potassium persulfate was allowed to
react in the presence of an equal-volume of 2 M sodium hydroxide the
hydrolysis appeared to be .incomplete, giving rise to .inconsistant
titrations, with potassium .iodide added, with sodium thiosulfate. By
experimentation it was found that using equal volumes of (,1N potassium
persulfate and 6 M sodium hydroxide resulted .in the most consistant re-
sults. |

The order of addition of reagents, 6 M sodium hydroxide, reductant
next and then potassium persulfate and allowing to react for one-half to
one hour before the addition of potassium iodide, was determined by
experimentation. It was also discovered that the liberation of iodine

from the added potassium iodide by the excess persulfate was a slow process.

a A . amae L e
d .
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In strongly alkaline media:
S;0g = + HOH —= 50, # HS05™ + H
HSO™ 4 I —=== 50,= ¢ oI~ ¢ E
30I° — 105" 4 217
-Upon acidification:
20I° pqnt —== I, $2HOH
For this reason .it was found necessary to allow the potassium iodide to
remain .in contact with the potassium persulfate for the same length of
time as required for the original oxidation, before titrating the
liberated iodine to determine the excess persulfate present.

The oxidation of phenol, which was apparent from the experimental
data obtained, was as expected. Karrer (8) states that potassium per-
sulfate, .in the presence of silver sulfate, brings about an important
decomposition of quinone to maleic acid and some fumaric acid. From
this .information .it was not too difficult to see that the oxidation of
phenol with potassium persulfate possibly resulted .in a ruptured ring.
From the .investigators' experimental data .it may be seen that the number
of equivalents of persulfate used per mole of phenol, approached ten.
There .is little doubt that if the reaction was allowed sufficient time
to go to completion, the number of equivalents of persulfate per mole
of phenol would approach those of the theoretically calculated below.

If the phenol was oxidized to maleic and oxalic acids .it would take
fourteen equivalents.

HCe O —== H,C 04 + HyCo04
phenol maleic oxalic

Hg Cg 0 = Hg Cg Og
6 -4 -2 $6+,4-16

Lot
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If the phenol was oxidized to maleic acid and carbon dioxide it

would take sixteen equivalents

phenol maleic carbon dioxide

16 -4 -2 t4 412 -16

(TP

To explain the .investigators' results, which are known to be low

due to progressively different results upon extending the time of re-
action, it should be realized that the purpose of this study was mainly
to determine whether potassium persulfate would oxidize the different
organic compounds tried, or not. With more emphasis on the conditions
necessary to run a quantitative determination .it would probably be
possible to conclusively determine the end products of the reaction.

(b.) Crotonic and Maleic acids

In the crotonic acid run, two blanks were prepared .in the same way
as those used .in the phenol runs and the titrations obtained were the
same.,

#1 Took 23.5 ml of 0.1042N NayS;04

2 23.55 ml
Then for the attempted oxidation runs twenty-five ml of 6 M sodium
hydroxide was added to two, two hundred ml Erlenmeyer flasks and one ml
of 0.1 M crotonic acid was pipetted .into each of the two flasks before

adding twenty-five ml of potassium persulfate, stoppering and placing

on the shaker for one hour. At the end of this time one-half gram of
potassium .iodide was added to each flask and the flasks were replaced
on the shaker for another hour before acidifying with 6M hydrochloric

acid and titrating the iodine liberated, with Q.,1042N thiosulfate.

[



#1 Took 23.5 ml of 0.1042N Na S50y

2 23.6 ml
These results didn't warrant varying the time of reaction.

The procedure used .in the maleic acid runs was the same as that used
in the crotonic acid runs above, only in this case one ml of 0.1 M maleic
acid was used .in place of one ml of 0.1 M crotonic acid.

#1 Took 23.4 ml of Q.1042N NagS50

2 23.5 ml

Again the results didn't warrant varying the time of reaction.
Discussion

The attempted oxidation of the double bonds of crotonic and maleic
acids proved somewhat of a surprise to the investigator. The data in-
dicated that the oxidizing power of potassium persulfate was not suf-
ficiently large enough to attack ethylenic type double bonds under the
conditions used.
(c.) Formaldehyde

To test the feasibility of preparing a standard formaldehyde solu-
tion the .investigator made a run consisting of two samples of forty per-
cent formalin, Twenty-five ml of 6 M sodium hydroxide was added to each
of two flasks, one ml of forty percent formalin pipetted .into each, and
then twenty-five ml of potassium persulfate was added to each from a
burette. The flasks were placed on the shaker for one hour, one-half
gram of potassium iodide added to each and again shaken for one hour
before acidifying with 6 M hydrochloric acid and titrating the iodine
liberated, with 0.1042N thiosulfate.

#1 Took 0.05 ml of 0.1042N NagS,0x

2 0.05 ml

o4
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Two blanks were run at the same time, under the same conditions, and
gave the following results.

#1 Took 21,75 ml of 0.1042N NayS,504

2 21.80 ml
The differential between the blanks and the actual oxidation runs very
definitely indicated oxidation of the formalin taking place. A standard
solution 6f formaldehyde was then prepared as outlined under the section
of this paper dealing with the preparation of reagents.
Run #1

Two blanks of twenty-five ml of 6 M sodium hydroxide, one-half gram

of potassium iodide and twenty-five ml of potassium persulfate were

14"._\)‘"&:«-‘..:“ -

shaken for one hour. After acidification with 6 M hydrochloric acid the
liberated iodine was titrated with 0.1042N thiosulfate.

#1 Took 21.2 ml of 0.1042N Nag8504

2 21.2
Two oxidations were run .in the same manner as the blanks, with the
exception that here one ml of Q0.1 M formaldehyde solution was added,
shaken one-half hour, one-half gram of potassium .iodide added and the
flasks replaced on the shaker for another one-half hour before acidifying
and titrating the liberated iodine with thiosulfate.

#1 Took 18.9 ml of 0.1042N Na,S;04

2 18.9 ml

Two more oxidations were run, with the two shaking periods being
one hour each .instead of the above one-half hour periods.

#1 Took 19.1 ml of 0.1042N NayS50

2 19.2 ml



Run_ #2

When the amount of formaldehyde was .increased from one to five ml
of 0.1 M formaldehyde, while the rest of the constituents remained the
same, and the shaking periods were one-half hour each, the following
results were obtained.

#1 Took 11.6 ml of 0.1042N Na,S504

2 11.65 ml
3 1l.6 ml
4 11.4 ml

At the same time the blank remained the same 21.2 ml.
Run #3

Another series utilizing five ml of 0.1 M formaldehyde and one-half
hour shaking periods was run, after preparing a new batch of potassium
persulfate.

#1 Took 15.5 ml of 0.1042N NagS-0g

2 16.3 ml
3 16.1 ml
4 15.6 ml

The new blank determination was:

#1 Took 26.2 ml of 0.1042N Na ;5504

2 26,15 ml
Run %4
Another series utilizing both one and five ml of 0.1 M formaldehyde
and two, one-half hour shaking periods was run. The first two samples
contained one ml of 0.1 M formaldehyde and the results were:
#1 Took '23.45 ml of 0.1042N Na28203

2 23.50
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The second two samples contained five ml of 0.1 M formaldehyde and the
quantity of potassium persulfate used was .increased to fifty ml from
the previously used twenty-five,

#3 Took 33.35 ml of 0.1042N NagS,04

4 40,30 ml
The new blank determination was:

#1 Too£v25.4 ml of 0.1042N NayS,0z

2 25.4 ml
Run 45

As a conclusion to the formaldehyde oxidations the investigator re-
verted back to the small formaldehyde concentration of one ml of a 0.1 M
solution., The blanks, #1 and 2, contained twenty-five ml of 6 M sodium
hydroxide, twenty-five ml of potassium persulfate and one-half gram of
potassium .iodide, and were placed on the shaker for one hour before
acidifying with 6 M hydrochloric acid and titrating the iodine liberated,

with Q. 104zN thiosulfate. The samples, #3, 4, 5, and 6, had in addition,

one ml of 0.1 M formaldehyde and were shaken for two one-half hour periods.

#1 Took 25.5 ml of 0.1042N Na 5S04

2 '25.4 ml
3 23.6 ml
4 23,5 ml
S 23.6 ml
6 23.8 ml

OXIDATION OF FORMALDEHYDE WITH POTASSIUM PERSULFATE

Run m.e. Ky8,0g m.m. Formaldehyde e. K3370g per Reaction
used up Present mole formaldehyde Product
#1 0. 204 0.10 2.04

0. 204 2.04 Formic

! BEraa - o SR R AL
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OXIDATION OF FORMALDEHYDE WITH POTASSIUM PERSULFATE (Con't)

Run m.e. K2870g m.m. Formaldehyde e. Ky3,0g per Reaction
used up Present mole formaldehyde Product
0.186 1.36 acid
0.177 1.77
9.830 0.50 1.70 Formic
#2 0.845 1.69 acid
0.840 1.63 P
0.870 1.74 3
1.160 0.50 2.32 ?yviixture
#3 1.075 2.15 Formic acid F
1.095 2.19 and possibly b
1.150 2.30 Carbon dioxide
0.207 0.10 2.07 Formic
#4 0.202 2.02 acid
1. 320 0.5C 2.64 ?Mixture
1.115 2.23
C.191 0.10 1.91
#5 0.202 2.02 Formic
0.191 1.91 acid
0.170 1.70
Liscussion

Formaldehyde oxidation presents a promising quantitative procedure-
The concentration of formaldehyde must however be low and a large excess
of potassium persulfate must be present to give a satisfactory period of

reaction and still obtain complete oxidation. From the investigators'
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experimental data .it was apparent that persulfate will only take the
aldehyde to the corresponding acid, and not all the way to carbon 4i-
oxide, .if the reactants are used .in the proper proportion.

From looking at the tabulated data it can be seen that when the
concentration of formaldehyde was increased from 0.1 millimoles to 0.5
millimoles the resulting oxidation products were possibly mixtures,
especially when the concentration of potassium persulfate used was
doubled. The investigator concluded however, that in as much as the -
.increase in equivalents of potassium persulfate required per mole of
formaldehyde was just slightly over the two required to obtain formic

acid as a reaction product, that this difference was possibly due to

experimental error.
To test this fact the inveétigator planned to try oxidizing oxalic
acid with potassium persulfate.
TheAmethod by which the investigator arrived at the postulated
reaction products was as follows.
From the data it was found that two equivalents of
potassium persulfate were required per mole of formaldehyde.
To go to carbon dioxide would take,

H2 C O C 0y
2 0 -2 +4 -4

4 e.—ﬂ’T

To go to formic acid would take,

H, C; 0 Hy C 0O,
2 0 -2 2 2 -4
2 e —> T

(a.) Oxalic acid

The blanks were determined and found to be:
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#1 Took 25.4 ml of 0,1042N NayS,0x

2 25,5 ml

Six oxidation runs were made by placing twenty-five ml of 6 M sodium
hydroxide, one ml of 0.1 M.(0.05N) oxalic acid and twenty-five ml of potas-
aium persulfate in two hundred ml Erlenmeyer flasks, shaking for one-half
hour, adding one-half gram of potassium .iodide and shaking for another
one-half hour before acidifying with 6 M hydrochloric acid and titrating
the liberated iodine with 0.1042 sodium thiosulfate.

#1 Took 25.45 ml of 0.1042N Na,S,04

2 25,45 ml
3 25.50 ml
4 25,60 ml
5 25.40 ml
6 £5.60 ml
Discussion

The data obtained .indicates that potassium persulfate does not attack
carboxyl groups or split carbon to carbon bonds, when these carbon atoms
do not have glycol type structure. There was no evidence of evolved
carbon dioxide, the expected decomposition product of oxalic acid, when
it was oxidized.

(e.) Ethyl alcohol

The blanks were run in the same manner as previously, with the ad-
dition of one-half gram of potassium .iodide at the same time as the
potassium persulfate and shaking for one hour.

#1 Took 40.5 ml of 0.1042N Na55503

2 40.4 ml

Two runs of the blank constituents, plus one ml of (.2414M ethyl alcohol,
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were made with two one-half hour shaking periods.
#3 Took :22.75 ml of 0.1C042N Na; S50+
4 32.70 ml
Four runs of the blank constituents, plus one ml of 0.2414M ethyl

alcohol, were made with two one hour shaking periods.

#5 Took 22.2 ml of 0.1042N Nao5503

6 36.2 ml
7 36,9 ml
38 37.8 ml

OXIDATION OF ETHYL ALCOHOL WITH POTASSIUM PERSULFATE

Run  m.e. K3870g m.m. Ethyl e. K2870g per Reaction
used up alcohol present mole alcohol Product
£3 2,980 0.2414 12.39 Ranges primarily
4 1.3C3 5,42 from acetaldehyde
o) 3. 030 12.7% to acetic acid
6 0.720 2. 98 a mixture
7 0. 600 2.49
8 0.447 1.85
Liscussion

The experimental data on ethyl alcohol oxidation led the .investi-
gator to believe that the end products of the oxidation were acetalde-
hyde, acetic acid, or a mixture of these, depending on the reaction
time used.

If the ethyl alcohol went to the aldehyde, two equivalents of

potassium persulfate would be used up per mole of alcohol.
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He Cz 0 H C, O
+6 -4 -2 4+ -2 =2
t 2 e. —>= T
ethyl alcohol acetaldehyde

If the alcohol went to the acid, four equivalents of potassium

persulfate would be used up per mole of alcohol.

Hg C2 0 Hy C5 0y
6 -4 -2 4 0 -4
T 4 e, —» T
ethyl alcohol acetic acid

By extending the reaction time to say two to four hours, .instead
of the one hour that the .investigator used, it might be possible to
take the alcohol to acetic acid in quantitative amounts.

Runs #3, 4 and 5 appeared to have been .incomplete, .in that they
.indicated side reactions or faulty technique, because to use twelve
equivalents of potassium persulfate per mole of ethyl alcohol the
alcohol would have to go to carbon dioxide.

Hg Cp 0 Ca O
te -4 -2 8 -8

I

These oxidations were made at the shorter reaction time, two, one-half

hour periods, which also contributed to the .investigator's belief that
a gide reaction had taken place or the technique used was faulty. It
had also been proved that potassium persulfate would not attack the
carboxyl radical, .in the cases of crotonic, maleic, and oxalic acids.

Even the much stronger potassium permanganate oxidation did not attack

further acetic acid if it was one of the products formed.

Another explanation of the results obtained .in #3, 4 and 5

[< [IPENCE _F L IR e
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oxidations, and possibly a more satisfactory one, would be the formation
of iodoform by the reaction of the acetaldehyde formed and the hypoiodite
.ion present .in the strongly alkaline solution.
(£.) Ac;tone
The blanks, and the acetone oxidations, employed the same procedures
as were used in the ethyl alcohol oxidations., The acetone used was 0.1860M.
Blanks of one, one hour shaking period.
#1 Took 39.40 ml of 0.104ZN NasS504
2 39.10 ml
Two, one-half hour shaking periods-oxidation.
#3 Took '26.45 ml of 0.1042N NasS,0z
4 27.20 ml
Two, one hour shaking periods-oxidation.

#5 Took 27.90 ml of 0.1042N NaZC‘ZO3

6 28,20 ml
7 28,40 ml
8 28.40 ml

A light yellow precipitate was formed soon after the addition of the
potassium iodide, which remained throughout the acidification and sodium

thiosulfate titration.

OXIDATION OF ACETONE WITH POTASSIUM PERSULFATE

Run m.e. K;8,0g m.m. Acetone e. Ky820g per Reaction
used up present mole acetone Product

#3 2413 0. 1860 11.45

4 2.00 10.76 Unpredictable
o} 1.89 10.15 due to forma-
§ 1.84 9. 90 tion of

7 1.81 9.71 .iodoform

8 1.81 9.71

BN i
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Discussion
There was little doubt that the acetone was oxidized to some extent

by the potassium persulfate but no predictions could be made as to the
end products because under the conditions used, iodoform was precipitated.
Iodide ion, in the presence of an oxidizing agent and strongly alkaline
media, forms hypoiodite, which with acetone, gives a precipitate of
.iodoform.

S0~ + I —=== I, % 50,°

I, + o —=> 10" 4ut41-

/CH8
I0- 4 cC = —> CHI:,)&
NHg

r"‘v"‘mdw'—‘.“* Ll T

As a suggestioan for further study the .investigator would like to
see other ketones used, in the same manner as the acetone was, with a
different means of back-titration of the excess persulfate.

(g.) 3, 4 Butanediol

The 3, 4 butanediol was used .in an attempt to determine just what
the potassium persulfate did to the potassium iodide which was added.

The investigator weighed out two potassium iodide samples to 0.05g
4 10g .into two, three hundred ml Erlenmeyer flasks. To numbers 1 and 2
was added twenty-five ml of 6 M sodium hydroxide and twenty-five ml of
potassium persulfate, stoppered and placed on the shaker for four hours.

In a third flask, only twenty-five ml of 6 M sodium hydroxide and
twenty-five ml of potassium persulfate was added, stoppered and shaken
for four hours.

At the end of the four hour shaking periods a little (5-10 ml) 3, 4
butanediol was added to each of the three flasks and a stream of air was
bubbled through the solutions, sweeping the volatile products of the

oxidation over into test tubes containing a perchloric acid solution of
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2, 4 dinitrophenylhydrazine.

soda lime
cotton plug
\
—tp © N [ ™
C ~— I B
air
2,4 dinitrophenyl-
‘hydrazine
The alkaline reaction (lg /200 m1 2 M
mixture with a little SN B S inl HC10,4)
[
3,4 butanediol added i
\—/

Flask #1
The reaction was very slow, with no precipitate formed by the time
the other flasks had. Upon the addition of more glycol the precipitate
began to form.
The melting point of the impure precipitate was 115°-124°C.
Flask #2
The reaction solution was a light yellow color with some cloudiness
while the phenylhydrazine filled tube contained a rich orange precipitate.
The melting point of the impure precipitate was 89°-110°C.
Flask #3- no.iodide added
The reaction solution was a deep yellow color and clear while the

phenylhydrazine filled tube contained a rich orange precipitate.
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The melting point of the impure precipitate was 106°-108°C.
The melting points of some of the 2, 4 dinitrophenylhydrazones are

listed below.

Formaldehyde derivative 168°C
Acetaldehyde 147°
168°
Propionaldehyde 154°
n-Butyraldehyde 122° E -
n-Heptaldehyde 108° E

As can be seen from comparing the above melting points with those

obtained .in the three runs on 3, 4 butanediol just completed, the de-

rivatives obtained were of a complex mixture and little can be deduced
other than that the reaction products of potassium persulfate oxidation
of 3, 4 butanediol contain aldehydes.

As a check on the procedure ‘the investigator ran three more samples,
exactly the same as previously, up to the point where they were removed
from the shaker.

After three hours of shaking, the flasks were removed and neutralized
to a phenolphthalein end point with 6 M hydrochloric acid. Then 3, 4
butanediol was added to each of the three flasks and air bubbled through,
over .into the '2, 4 dinitrophenylhydrazine solution.

At the end of one and one-half hours there was no precipitate
formed .in any one of the three test tubes, only a slight coloring of the
reaction mixtures in #1 and 2, while the blank, #3, was perfectly colorless.
Discussion

As much as the primary end products of splitting a glycol with
periodate are aldehydes and most aldehydes give a precipitate with 2, 4

dinitrophenylhydrazine, the investigator selected this means for deter-



mining whether potassium persulfate oxidized glycols by splitting and

possibly what the oxidation products are.

The phenylhydrazine precipitates showed that persulfate readily

splits 1, 2 glycols but unfortunately, the melting points of the precipi-

tates weren't of much use .in identification due to the fact that they were

impure and .in quantities that didn't allow extensive purification. The

precipitates were also composed of two different components, thus:

H2/C —-/CH —CHy—CHg ~ —=> HCHO
OH OH }

-hydrazine

—=T

mixture

Another point brought out by the experimental data was that, a re-

.iteration of previous findings, the oxidation of 1, 2 glycols with potas-
sium persulfate must be carried out in very strongly alkaline media.

was shown by comparing the results of the first three samples, .in alkaline

media, with those of the second three samples, in neutral media. In

neutral media no phenylhydrazine precipitate was formed, indicating no

splitting of the glycol added.

Another purpose of the 3, 4 butanediol oxidation was to attempt to

determine whether or not the potassium persulfate oxidizes the .iodide ion

to the periodate ion, which then .in turn splits the glycol, or whether

the potassium persulfate directly splits .it.

In as much as

the sample

containing no iodide .ion appeared to result .in more phenylhydrazine

precipitate, smaller melting point range and faster than the ones which

contained iodide ion, the .investigator believed that the splitting of

the glycol was a direct process. DPossibly the reaction .is:

H, r': --C'JH —CH, —CHy

OH OH + K5550g —>HCHO ¢ CHy—CHy,— CHO

3, 4 butanediol

$ K50, 4Hg0

This

T

L&‘t—_ I:




CONCLUSIONS

1. For the most satisfactory oxidation of organic compounds to take place
with potassium persulfate .it should take place .in strongly alkaline medium.
2. Potassium persulfate does not attack ethylenic type bonds to any ap-
preciable extent under strongly alkaline conditions.

3. Potassium persulfate does not attack carboxyl groups to any appreciable
extent under strongly alkaline conditions. That is, an oxidation .is stopped
at the carboxyl product under these conditions.

4. Potassium persulfate oxidizes phenols in strongly alkaline medium but
the end products are uncertain due to incomplete reaction.

S. Potassium persulfate oxidized formaldehyde to formic acid, when based
on equivalents of persulfate used per mole of formaldehyde, .in strongly
alkaline medium.

6. It is .indicated that potassium persulfate oxidizes ethyl alcochol to
yield a mixture of the aldehyde and the acid in strongly alkaline medium
and might be made quantitative to the acid by lengthening the reaction time.
7. It is indicated that potassium persulfate oxidizes acetone .in strongly
alkaline medium but a different means of titration of excess persulfate
must be used than the iodometric procedure used by the .investigator.

8. No conclusive evidence was found to show that the persulfate oxidation
is an indirect one .in which the persulfate first oxidizes the .iodide ion

to the periodate .ion, which .in turn does the oxidizing.

9. It is .indicated that potassium persulfate readily splits 1, 2 glycols
in strongly alkaline medium to give primarily aldehydes.

10. It is best to keep the concentration of reductant small and the

concentration of persulfate high .in all the oxidations.




'SUMMARY

The purpose of the investigation was to make a study of just what
types of organic compounds were oxidized, if at all, by potassium per-
sulfate .in strongly alkaline media, and an attempt was made to deter-
mine what the reaction end products might be.

The compounds studied were phenol, crotonic and maleic acids,
formaldehyde, oxalic acid, ethyl alcchol, acetone and 3, 4 butanediol.

The procedure employed in the study was to dissolve 0.1 millimoles
of the organic campound in excess 6 M alkali and then add a measured
excess of potassium persulfate. The reaction time was varied from one-
quarter hour to one and one-quarter hours. At the end of this reaction
time an excess of potassium iodide was added and the same length of time
allowed for this reaction as was allowed in the organic oxidation. The
solution was then acidified with 6 M hydrochloric acid and the liberated
iodine titrated with standard thiosulfate. A blank was run in each case
to find the normality of the persulfate and to use .in determining thne
equivalents of persulfate consumed in the oxidation of the organic
compound.

Results obtained .indicated the persulfate could be used as a mild
oxidizing agent for some organic compounds, when .in strongly alkaline
solution and within proper limits of concentration.

Some of the most promising results were obtained with phenol,
formaldehyde and ethyl alcohol. Little attack on double bonds (ethylenic

type) or carboxyl groups was indicated under the conditions used.
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