THE VOLUMETRIC TITRATIONS OF SIMPLE OXYGERATED ORGANIC MOLECULES
WITH CERTUN (IV) IN GLACEAL ACETIC :0ID

By

Orville N, Hinsvark

4 THESIS

Submitted to the School of Greduszte Studies of Michigsn
State College of Agriculture and ipplied Science
in pertial fulfiliment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Chemistry

195k



ProQuest Number: 10008223

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQQuest.
-

ProQuest 10008223
Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, Ml 48106 - 1346



ACKNOWLEDGMENT

The gathor wishes to express his sincere
apprecistion to Dr, X, G, Stone for his experi-
enced counsel and guidsnce throughout the course
of this investigation,

Grateful acknowledgment is made to the
Nationsl Sciense Foundation (NSF-G281) for the
financial essistance given throughout the work,

Acknowledgment is glso made to Dy, G, F,
Smith for providing the iron (II) perchlorate
and to my wife for her assistance in the
preparation of the memusceript,

3 R e
b SR R
L2e 0
e
b

4



VITA

Hsmes Orville N, Binsvark
Bornt June 16, 192k in Sioux Falls, South Dakots
Academic Career: Sioux Falls High School

Sioux Falls, South Daiote, (1938-1942)

South Dakota School of Mines
Rapid City, South Dakote, (1946-1950)

Michigen State College
Eset Lansing, Michigan, (1950-195hL)

Degrees Helds B, 5, South Dakots School of Minea (1950)

M, S, Michigen State College (1952)
Thesis titles A Mechenism for Decomposition
of Potessium Ferrste (VI) in Aqueous Sodium

Hydroxide



Vidle investigsting the fessibility of spplying scetic seid solue
tions of serium (IV) to oxidimetric determinationa, the following
chsarvetions were noted,

(1) Beceuse of the higher concentretion of oxident obtainsble
through its wee, swonium hexsanitratocerats (IV) ic employed in the
preparstion of acetic seid solutions of cerium (IV),

(2) in smperometric method employing two sotive electrodes provides
&n excollent memms for obtasining the end pointe of the titrstions,

(3) Cartum (IV) in scetic scid &s ressonsbly stable in the sbsence
of light or minersl =oids,

(L) Sodium oxslste im sm escellent recgent for use in the standerde
igstion of the cerium {IV) solutione, Because of the interferemce of
nitrsts, iron (II) perchlorate csnnot be used for anslyzing cerium (IV)
solutions prepared from ammonium hexmnitratocerste (IV); but this re-
sgent provides s meoans for obtsaining good results in the standerdi-
getion of scetic scid solutions of sodium permengsnste or clromium
trioxide,

{5) Sodium oxalate end sodiwms mesoxolate are delerminsble in the
presence of o wide vardety of oxygenated molecules, Since an empiricel
mothod must be wsed in detecting the end point, the resulis are less
sstisfectory for the titration of malonic rcid or eltrie acid; but
reprodusible resulte csn be obtasined,

iv



{6) Carbon dioxide i the only volstile product deteoted in the
oxidstions, 4in apparent stolichiometric resction between tha solvent
end roductant is demonmstrsted by the use of lecarbon-ll ecetic esid in
the solvent, The rotios of total moles of cmrbon dioxide to moles of
carbon dioxide derived from the solvent aret sodium oxslste, 2i1lj
sodivn mesoxslote, 31l) melonic soid, 2:2) end citric eeld, 333,

(7) The veriation of the redox potentisl of the terium system
under vsrious conditions of acidity suggests complex formetion in the
occetic aoid,

These sccomplisiments serve to illustrate partisl fulfillwment of
the broed ehlectives estzblished at the beginning of the investigetion,
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INTRODUCTION

Recently non-aqueous solvente have been receiving a grest desl
of asttention in their mppliestion to acid bese titrations (24,25),
ecetic acid being the solvent studied most extensively in these
investigations, The acidic character of this solvent makes it
possible to titrate, directly, very wesk bsses dissolved in this
medium with scetic acid solutions of standsrdigzed perchloric ascid,
Its physicsl and chemicgl properties coupled with the availsbility
makes this resgent perticularly sdaptsble to studies of this type,

%While non~-agqueous solvents have been investigated extensively
in their spplication to scidimetry, titrstions involving the use of
oxidsnts have been investigsted only supsrficially (33,3h),

A& veriety of reassons may explain this lack of studys (1) insolu-
bility of the ususl inorganic oxidants in orgsnic solvents,

(2) instebility of the resgent in ordinsry solvents, snd (3) the
excessive cost of the solvent,

Glaclal scetic scid becsuse of its relstive stability and sol-
vent properties hes served s8 a solvent for oxidstion studies in
theoreticsl end prepsrative organic chemicsl studies (4,13,16,19,
26,31,32)., In meny ceses utilizetion of scetic scid ss a solvent
permits the use of an homogeneous solution of resctents and cone

tributes to stsbility snd selectivity of the oxidsnt, By the



utilization of the proper oxident, advantage msy be tsken of these
properties to extend the scope of direct orgmic determinstions
using oxidimetry,

Cerium (IV) has received s grest deel of sttention in orgenic
oxidimetry (17,27,28,29) and since it exhibits s reasonsble degree
of selectivity in aqueous media, it seemed to be particularly well
suited for s study of orgsnic oxidstions in glecisl scetic geid,

The nltimate obhjective of this work wes to demonstrate the
spplication of cerium (IV) in glscisl secstic acid to the direct
determination of aimple orgsnic molecules, In addition, dsts were
to be collaected which would asid in the ellucidation of the mechan-
ism by which oxidstions take plsce in this medium with cerium (IV)
as the oxident,
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HISTORY

The concept of oxidation in orgmic chemistry is rasther dif-
ficult to define. I% i® possible to incresse the spparent
oxidastion mumber of an orgenic molecule in g veriety of wagyss
(1) dehydrogenstion, (2) direct eddition of oxygen to the molecule,
or (3) substitution, By csreful exsmination of the oxidized mole-
cules, it is possibvle to greup all of these exemples into the
oxidetion concept employed in inorgsnic chemistry, the loss of
electrons. In general orgsnic oxidations proceed with the ultimste
loss of on even number of electrons,

Since gll of thess definmitions exist covering orgmmic oxidations,
one might expeot that there would be st lesst asn equel number of
oxident closses which would csuse the diversified resctlions, In this
work only ionic oxidizing agents, s clsssification used by Waters (13),
were esmployed, These oxldants msy be regerded essentislly as
electron sbstractors es opposed to dehydrogensting sgents, Included
in thds cless of oxidands are irem (III), ferricyenide, silver (II)
diemmine, snd cerium (IV); all of these reegents undergo a single
electron change, It may be noted thet these resgents attack only
molecules which contsain elements such =8 nitrogen or oxygen on which
thera is at lesst one pair of unshared electroms, It hes besen pro-
posed (6) thst oxidstion of such molecules with ionic oxidents



proceeds by the initiasl removal of e single electron resulting in

a free rasdicsl, The remaining unpeired electron is very labile

end 18 sbatracted more easily, resulting in en irreversible process,
Beceuse of the irreversibility of the second step in the oxidation,
it is impossible to oblsin an accurate messurement of the potentisl
necezsary to produce sn oxldation of the organic molecule,

Several resgents exhibit s ressonable degree of sslectivity in
the oxidations they perform, When used in the oxidetion of oxygen-
sted orgsnic moleculss, cerium (IV) in aquacus media is sush en
oxident, A set of rules governing the quentitative oxidstion of
organic molecules has been presented (28) and reference to them will
indicste, to some degree, the selestivity of cerium (IV) in organic
oxidstions which are aspplicsble to analytical determinetionss

(1) only those compounds, the electronic configuration of which
is cspsble of resrrangement to 2 stzble form by the removal of two
electrons and Ywo protons, sre oxidiged,

(3) The carbonyl group must hydrste to a glycol form before it
cen be oxldized,

(L) Compounds containing an active methylene group sre oxldised,

(5) Compounds yielding aldehydes or ketones, unsubstituted by
oxygen in the slpha position, es end products are not quantitatively
oxidized and give empiricel results,

(6) Bnd products sre fatty scids, ketones, sldehydes (other
than formsldelyde), and cerbon dioxide,



(7) Pormaldehyde is repidly hydrsted end the hydrste is rspidly
oxidized to formio acid, This is & specific property of ceraste
oxidations asa distinet from periodeste oxidetions,

These rules hold only for esqueous media snd it might be exp@ctéd
thet different results would be obtsined when the oxidstions are done
in another solvent, One would expect that the solvate formed in &
non-gQueous solvent would differ in resctivity from that of the
car&'aapmding hydrate,

Glaciel seetlc scid hes been employed extensively ass a sclvent
in preparstive and theoreticel organic oxidstions (1,13,16,19,26,31,
32), especizlly for those oxidstions involving the per scids, lead
tetra-sostate, and chromic zoid, Tts utilization ss & solvent in
direct wolumetric oxidation has been limited to a seriss of pEpers
by Tomecek and co-workers (33,3k), These investigstions concerned
themselves with the study of verious oxidants which were soluble in
glaciel scetic seid by using them in the titration of imorganie
reductanta and a few orgsnie substances,

The progress of the reaction and detection of euivslence point
wore determined potentiometricslly., The cell used in the potentio-
motric messurements was a saturated cslomsl electirode as the refer-
snce electrode snd platinum ap the indicetor electrode.

Bromine wes the reasgent receiving the most attention, Chromic
seid, socdium permsnganste, lezd tetra-scetate, icdins, lodine mono-
chloride, iodine monobromide, and hydrogep peroxide received less
attention, Hydrogen peroxide, iocdine, and icdine monobromide showed



no promise, Since lodine monochloride underwent the ssme resctions
a8 bromine, slthough less effectively, it received little study,
Bromine in acetic acid wes the system which received the most con-
sideration, By adding sodium ssetste to the solution being titrated,
it was poselible to titrate some molecules directly to a potentiow-
metric end point., Jjmong the substances which were found to be
determinshle in thie way were: N-dimethylaniline, sniline, bengyl-
meraapten, hydrequinone, snd ascorbic scid., One immediate and
obvious difficulity involved in the employment of bromine is that in
eddition to oxidation, substitution end sddition reactions must be
considered, If possibilities exist for more than one of the re-
sctions to ocecur, the results msy well be erratic,

By careful purificstion of the solvent, stable solutions of
sodium permsnganste snd clwomic scid were reportedly obbtained,
smong the oxidants studied, only these two ilonic reesgents were
investigeted, The titrations conducted with these were primeipslly
of inorgsnic reductsnts; however, a few orgenic oxidstions were re-
ported. Diphenylamine, p-aminophenol, and hydroquinone were found
10 be directly titrstsble with acetic acid solutions of chromic acid
while sodiwm permangsnste wss used only in the titration of hydro-
quinone. Solutions of lesd tetrs-acetste were found to be quite
stable; and although the equilibration of the potentisl was slow
throughout the titrstion, they reported that merssurements of ascorbic
acid, mendelic seid, snd benzyl merespten were setisfactory by a
direct titretion with this resgent,



A1l of the titrations were conducted on a semi-micro scale

with 2 wolume of sbout two ml. being used in most titrstions. The

data given by the suthors concerning their work were too limited to

evaluate the spplicability of the systems to quantitetlvs organic
malyais,
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EXPERIMENTAL
4, Resgents

Merck "Reagent Grade® and Bgker's "Analyzed” Acetic Acid were
both used a8 solvents. In the titrstions with Ce(IV) further puri-
ficstion of the acetic scid was found to be unnecesssry; however,
in the studies comcerning stability, precsutions were tsken to
eliminste oxidizable impurities, Purificetion was accomplished by
one distilletion from chromium trioxide followed by » second dise
tillaetion from potessium pesrmengsnate,

The iron (II) perchlorste, 70% perchloric seid, and cerium (IV)
selts were obteined from the G, Frederick Smith Chemicsl Company,
Merck "Reagent® primary stendard purity sodiuwm oxszlate, Baker's
"Anslyzed” chromium trioxide, snd Fisher Scientific Company #CP Orade"
sodium permangsnate were used, Merck "Reagent Grade” citric ecld
wss employed, Low Chemicel Company mzlonic scid wep further purified
by recrystallizstions from water followed by recrystellization from
ether. The finsl product was found to bs 99,73 pure by titrstion
with stendsrd sodium hydroxide, Festmen Kodsk Compsny "White Lsbel®
scetic snhydride wes used, The other resgents were prepared by
sccepted procedures,

The studies involving cerbon-ll scetic ecid were csrried out
with 0,1 millicurie (ca, 8 mg,) sodium acetste with the earboxyl



group tagged cbtained from Chem Rad Division, Nuclesr Instrumsnt
end Chemical Compsny,

B, ipparstus

A Fisher Eleedropode (sens, = 0,025 micro smp per scele
division) equipped with 2 om, 18 gsuge platimum wire electrodes and
e Sargent Potentiometer ( L vwolt spen) were used for the detecticn
of equivalence points, ! magnetic stirrer was used snd provisions
were made for introducing z stresm of nitrogen into the solution
being titrated, In the radio-isotope studies a Wuclesr Scaling
Unit Model 163 in conjunction with s Trascerlsb Windowless Flow
Counter, 3 C 16, fed with Matheson Geiger Flow Gas (Helium-isobutene)
was used for the counting,

The light sensitivity of the solution of Ce (IV) required the
use of ember burets for the titrastions, 4 Fisher Orsat Type gas
snalyzer was used in the sttempt to detect combustible gsses evolved
from the oxidation,

C. Preperstion of 3olutions

1. Ammonium bexenitretocerste SI\Q

inmonium hexsnitrstocerste (IV) hexehydraete wes dried st 105°C,
powdered, ond added in large excess to glasial scetic seid, The
ocoesionally stirred suspension was hested to 60°C and held st this
tempersture for & minimum of four hours., The mixture wss allowed
to cool slovwly by stsnding in the derk overnight, snd wes filtered
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through s sintered glass filter of M porosity., The solution wss
standerdized by titrsting sodium oxslate dissolved in glacial scetic
#0id made 1 N with respect to perchloric soid, The end point was
detected smperometrically with two sctive electrodes,

2, Sodium Permanganste

Sodium permanganate was used in prefarence to the corrssponding
potasaium szlt boasuse of its much greater solubility in scetic acid,
The permengsnste solutions were prepsred by dissolving the spproxie
mate weight of sodium permanganate in snough purified scetic scid
to make the desired concentration., The sctusl concentretion of the
permanganate solution prepsred in this wsy was found by titreting
a weighed smount of primary standard sodium oxslete, The sodium
oxnloto wae dissolved end titrsted in on agueous medium made acid to
the extent of 2 ml, sulfuric acid per 25 ml, weter. The end point
wes taken at the point where the permsnganste color persisted for LS
aseconds, The fading of the color st the end point made the detection
of the equivslence point rother indefinite; however, fairly repro-
ducible, end spparently rellisble, results are cbtsined under these
circumstances,

3. Chromium Trioxide
These solutions werse prepared by dissolving the spproximate

welght of chromium trioxide in the desired volume of purified scetic
ecid, The chromium trioxide solution wes then st:ndsrdized by sdding



a measured volume to an excess of 10% aquscus potsssium icdide in
a glass stoppered flask, The resction mixture wss left in the dark
for thirty minutes, it the emd of this time, the libersted lodine
was titrated to s starch end point with agusous stsndard sodium
thiosulfate (33).

L, Iren (1I) Perchlorste

sgetic snhydride in slight excess over that necessary to resct
with the water present in the reagent wes added to the messured
smount of glacial scetic seid, After flushing the scetic ecid with
nitrogen, the approximate weight of iron (II) perchlorste,to make
the desired concentrstion,wss added, This solution was left under
e mitrogen stmosphere for a minisum of two howrs, but frecuently for
much longer, To determine the sctuel concentrstion, s messured
volume of the iron (II) solution wss added to & solution of 5 ml, B85%
phosphoric acid in 20 ml, weter. The resultent solution wes titrsted
%o & diphenylsmine end point with s standard dichromate solution
prepsred from primary standerd potsssium dichromate,

5. lesd Tetra-agetste

The resgent was prepared by edding dry red lesd slowly with
efficisnt stirring to & solution of acetic acid snd acetic anhydride
which wes held st 80°C (11), The lesd tetrs-scetste separates azs
a solid on cooling the solution, After recrystsllising the solid
from agetic scid snd drylng under vscuum over sodium hydroxide, an
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spproximete wolght was added to emough scetio scid to give the de-
sired comcentrstion, The solution wss standsrdized iodometrically
in the seme msnner ss the chromiwm trioxide solutions (33),

The solutiors prepared sccording to these procedurss were used
in verious placea throughout the work,

D, Solubility of Cerium (IV) Salts in Clacial Acetic Acid

The limited solubility of most cerium (IV) salts in ecetic sedd
required an investigetion to sscertaein which #alt of this oxident
could be employed to the grestest sdvantage in this medium, Before
detorminstions involving the oxidising sbility of this resgent
eould be studied, ressonsble 20lubility must be atbained,

The sslta used were commeraislly availsble ceric sulfste, emmonium
tetresulfsto cerete (IV), snd smwonium hexmnitrstocerete (IV) obteined
from the G, F, Smith Chemical Compeny, Cerium (IV) hydroxide was
prapsred by the precipitetion of cerium (IV) from an aquecus solution
of smonium hexenitratocerste (IV) with squeous smmonis. The precipi-
tste was collected by filtrationy snd after washing with water, it
was dried by wsshing with acetone and lesving it exposed to sir,

For saturating the scetic scid with the cerium (IV) salt, the
salt was powdered snd added in excess to scetic scid, The suspension
was hested o spproximately 60°C and shsken occesionally, This hest-
ing wes meintained for s minimum of four howrs, Aifter this time, the
suspension wes placad in the dark end allowed to cool for st lesst
twelve hours, and then filtered through a sintered glass funnel of



medium porosity, A cerium (IV) determination was made by using a
suitsble reductent escording to procsdures given in later sections,
With the exception of the nitretocerste solutions ail cerium (IV)
determinations were made with stendardized scetic scid solution of
dron (IX) perchlorats serving ss the reducing sgent, In the sbsence
of the nitrate, iren (IX) solutions are mors convenient to use since
the spproach %0 the end point is more sppsrent, This factor is of
perticular importence in the determination of cerium (IV) when
present in very small concentration, In the titratlon, a measured
volume of the standard iron (II) solution wes sdded to the titretion
vessel under s nitrogen stmosphere, Two nml, of 70% perchlorie soid
were edded, snd the titration condusted to an smperometric end point,
In this titration the current flow pssses through a maximum, proceeds
to zero end then inaresses sharply with the first excess of ceriun (N).
Since nitretes interfere with determinetions involving iren (II)
perchlorste in acetic soid, the concentrstions of cerium (IV) solution
wore determined by the oxslate procedure when smmonium hexanitratoe
cerste (IV) wes used, A complete desocription of this procedure is
given in the section entitled "Standerdization®,

Teble I lists the spproximate cerium (IV) concentration when an
oxpess of the perticuler cerium (1V) salt is pleced in contact with
the scetic acid using the prescribed procedurs,

These data show that the most favorable solubility is obteined
through the use of smmonium hexanitretocerste (IV), The higher



TABLE I
SATURATED Ce (IV) CONCINTRATIONS IN ACETIC ACID

Cerium (IV) Salt Approximate Normality
GB(M‘)Q < 0.095
(W&)g 39(394)3 0.005
ca(0H) 0,01
(WH,) 5 Ce(NOs)q > 0,0k

s0lubility obteined with this reagent indicstes s wider range of
spplicability, For that resson, swmonium hexanitrstocerste (IV) was
used slmost exclusively in preparation of the oxidizing solutions
which were used in studying possible anslytical applications to
which szeetic acid solutions of corium (IV) could be spplied,

When a2 mineral ecid such as sulfurle, nitric, or perchloriec scid
was used to wet the gerium hydroxide mnd the resultant product wss
put in ecetic scid, the ¢olor intensity of the solution indiceted
much groeter cerium (IV) solubility, This incresse in solubility
wes offset by the much grester rate of decomposition of the resulting
solution, OComplete loss of color and simultanecus loss of oxidizing
pover occurred in a few houwrs,

The information collected in these investigations indicsted thst
the most promising sslt to study was ammonium hexanitrotoceraste (IV),
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E, Detection of Eqivaslence Point

The hgh color developed in some of the exidstions and the
insolubdility of the ususl cerium (IV) indicstors in acetic ecid
solutions of perehloric scid made sn electrometric teckhnique
necesassry for following the progress of the titrastion,

The use of a cell conszisting of a saturated calomel reference
electrode and a platimm elsctrode was satisfactory for detecting
the end point; however, the megnitudes of the cbserved potentisls
varied, The unrellishility of the observed potentisl ¢an be attribe
ubted to the instabilily of the saturated eslomel reference slectrods,
Instability of the electrode might be expected since a lerge and
uncartein liquid junction potentisl would be developed ¢t the intere
faos of the two solutions, scetlc zeid and agqueons potasssium
chloride, The magnitude of this liguid~limuid junction potentlel
would vary as diffusion tekes place and the solvent characteristics
change, In addition to the liquid junction potential, diffusion of
the seotic seid into the cdlomel cell would probably cause s varis-
tion in the sctivity of the potessium chloride snd as a consegquence
czuae instability of the potentlal of the reference electrode,

To minimise thess effeets end improve the reproducibility of
tha observsd potentisl, a sllver-silver chloride reference electirode
was used in preference to the cslomel elsctrode, The silver-silver
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chloride reference electrode was prepared by msking s silver wire
the snode with a platimum cethode and passing a current through an
hydrechloric seid solution (L),

Using silver-silver chloride and platirum electrodes the
potentials observed during & potentiometric titration in glscieal
scetic acid were reproducible, A reproducible chenge of sbout 500
m¥% was observed st the end point of an iron (II) or sodium oxalate
titration with acetic aecid solutions of cerium (IV) in the presence
of perchloric acid,

Wiile the change in potential is sharp and of lerge magnitude,
& certain amount of precaution is necessary to meintain the silver
ehloride film when this reference electrode i3 used,

2, smperometric Technique with Two Lctive Flectrodes
In order to circumvent the inherent difficulties of end point

detection by potentiometric means, an attempt was made to utilize
an smperometric method with two active electrodes (30) for follow-
ing the progress of the titration,

This method of end point detection proved to be sdaptsble to
most of the systems considered in this work end was the principal
means of detection used tiroughout the determinations,

& Fisher Rlecdropode wss used 88 the source of potentisl applied
seross the two pletinum electredes (18 gauge pletimum wire 2 cm.
long). The exsct potentisl applied varied with the system and the
perticular potential is given in the individusl determinations.



In general the potentis) which wos applied was determined in the
following mammer, A titration of the particular system under con~
sideration was carried out, At the end point the gpplied potentisl
wes varied; and with esch eddition of titrant, ths curremt flow at
8 given potential weg noted, The minimum potential at which there
wass a meximum chenge in galvanemster reading for esch oddition of
repsgent wes chosen as the value which would be used in oll determin-
stions involving the psriicular resgent.

When this method of end point detection wes applicsble to the
determination, the vslues obtained for the titrstions were relisble
and reproducible a3 was demonstrated in subsecuent wori,

F, Stendardization of Oxidants

The choice of reasgent suitable for use in the determination of
the concentrstion of a particular oxidant dissolved in scetic acid
is nmede complex by the instability or insclubility in this solvent
of the common reductsnis ordinselly ewployed for this purpose. The
ehoice of raductant which would be suitsble for standardization of
the oxident i3 governmed by the following considerstions: (1) The
reductant when dissolved in glecisl scetic acid must resct rapidly
snd in s stoichiometric manner with a gleeisl acetic seid solution
of the oxident under considerstion, (2) The reductent must be
sppreciably soluble in glecisl scetic scid, (3) It must be steble

in the svetic scid. (L) Its concentration must be determinsble by an

independent procedure,

17
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In the process of sesrching for reductents suitedble for
standardizotion procedurss seversl reagents were investigateds

1. Arsenious oxide

This priwery standard proved to be too inasoluble to be epplice
ebla to stendardizstion procedurss, The same difficulty was
encountered in sn attempt to use sodium arsenite,

2, Stannous C ide

This common reductant was teco insoluble, =nd cloudimese develoﬁ-
ing in a saturated solution on stemding, indicsted instability in
this wmedium,

3. Sodium nitrite
This reagent ia apprecisbly soluble and a glseisl acetic scid

solution of 1% is oxidized rspidly by Ce (IV) solutions, The salt,
howaver, 1s too unsteble in this medium to be fessibly employed,
It decomposss with 2 visible evolutien of 2z colorless gas,

k, Hydroguinone

Hydroguinone was the principal standerd employed by Tomecek
(33,3k) 4n his work; and for that reason, deserves some attention,
This easily oxidized materlal ia solubls and stsble in scetic acidj
howevar, uncertsinties regsrding purity and indlcstions lesding to
the conclusion of non-stoichiometric resctions forced the rejection

of this substance for standardizastion purposes.



19

5, Iron (IX) salts

With one exception, described in the following section, these
salts proved %o be Yoo insoluble in acetic ecid to act a8 reagents
for standardization, Investigsted in this category were iron (II)
sulfate, mmmonium iron (II) sulfste, Oesper's salt (Ferrous ethylene-
diemine sulfste tetrshydrste), irom (II) ehloride, snd irom (II)
perchlorate, Only iron (II) perchlorate exhibited suy promise as e
possible reductant in this medium, |

Iron (IY) perchlorate conformed.to nearly sll of the prescribed
qualifications necessary for the purpose of standsrdization of
oxidents in scotic acid, It possessed goed solubility properties
sines 0,1 N solutions of iron (II) perchlorate in scetic acld are
readily prepaved, It reacts stoichiometrically and repidly with the
oxidente investigated, When stored under a nitrogen atmosphere,
glapial scetic scid solutions of iron (II) perchlorate sre quite
stable; and solutions of iron (IX) perchlorate are essily standerdized
by titration with agueous solutions of primary stenderd potassium
dichromate to a diphenylsmine end point, To demonsirate the coinci-~
dence of the color chenge with the eguivalence point, a potentice
motric titration wes made with the indicstor present, The result
of sush r titration is shown in Fig, 1,

While solutions of thie reagent reasted rapldly and quantitatively
with glacisl scetic acid sclutions of cerium (IV), nitraste was found
to offer a serious interference im tiis medium, The results obtzined
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by Yitrstion of the iron (II) solutions with scetic acid solutions
of ammonivn hexanitratoserste (IV) veried despending on the length
of time tsken to perform the titration, To substantiate the state-
ment regarding nitrate interference, scetic acid solutions of calcium
nitrate were raduced by irom (II), When the iron (II) perchlorate
wss added to & solution of celecium nitrate in glaciel acetic scid,
made 1 ¥ with respsct to perchloric acid, oxidation took place =%
en spprecisble rate, This effect was noted by sdding the iron (II)
to the czleium nitrete solution in which the electrodes, across
wideh 150 mv, were applied from the Elecdropode, were dipping, On
eddition of the iron (II) solution, there wes an immediate and large
incresse in current fiow. The galvanometer resding then dropped
off at en sppreciable rate to the originel reading of zero, This
£elling off of M&nﬁ is attributabls Yo the depletion ¢f the iron
{II) so that the iron (II), iron (III) couple is no longer present,
This rate of oxidetion of iron (II) by nitrate is too slow to afford
& meang for & direct nitrate determination; but it does serve to
show the incompatibility of irom (II) and nitrate in this medium,
Since anmondium hexsnitratocerate (IV) was the cerium (IV)
salt found to have the best solubility properties in glacial seetle
seid, iron (IX) perchlorate wan discsrded as a reagent for the
stenderdization of the cerium (IV) solutions,

s. Standardization of icetic Acid Solutions of Chromium Tri-
oxide or Sodium Permangsnate by Iron QI:Q Perchlorate: Even though




22

iron (II) perchlorate solutions csnmot be smployed in the standardiza-
tion of glacisl acetic asid solutions of cerdum (IV) from smmonium
hexsnitratocerate (IV), it does possess certein qualities which
make:. it desirasble &s & reductant to be used in scetic asid, It
must be resogniszed that, with tha exveption of being susceptible
to oxidation by nitrate, this azlt conforms to the
roquirenents presceribed for a reductant which may be employed in
the standerdization of & particuler oxidant dissolved in glacial
scetic scid, In order to demonstrate the spplicebility of this
reagent as a reductant, sodium permsngsnate and chromium trioxide
were determined by standsrd solutions of iron (II) perchlorste,

Sodium permanganate is quite smoluble in acetic acid smd scems
to offer soms possibilities as en oxidant for organic molecules,
Chronium trioxide in this medium has been used for some time a8 an
oxidant in structural determinations and theoreticsl considerastions
in orgenic chemistry (L,13,16,19,26,31,32), Iron (II) perchlorate
in avetic scid provides e solution suiteble for the determination
of either oxidant without introducing agquecus reagenta into the
oxidation reaction,

icetic acid solutions of iren (II) perchlorate, sodium per-
menganate, snd chromium trioxide were prepared and standsrdized by
the methods described in a previous section,

If no precsutions ure tskem, iron (II) perchlorste solutions
are slowly oxidized by ailr, BEvidence for this instebility toward
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sir oxidetion of acetie acid solutions of iren (II) perchlorste is
presented in Table II, The dsta found in this table were collected
by titrsting messured volumes of the iron (II) solution with
aqueous standard potsssium dichromate at the listed times,

TABLE II
STABILITY OF IRONW (II) PERCHLORATE SOLUTIONS

Days K Under Ale ¥ Under W,
0 0,0265 0,0265
1 0,0258 0,0264
3 0.02L0 0,0268

The values show that when the scetic scid is flushed with
nitrogen prior to dissolving of the iron (II) perchlorste; snd if
the solution is stored under nitrogen, no appmiahle decomposgition
tokes place in three days, These values are compared to the values
obtained when no precsutions sre taken to exelude air from the solu-
tion, here spprecisble oxidation hss occurred, By passing a stream
of nitrogen through the solution being tltrsted, sir oxidation of
iren (II) is minimized end sharp and reproducible end points are
obtained by the smperometric teclnigue,

b. Detection of Iron (IT) System End Poimbt During the titretion

of iron (II) perchlorate, the solutions become too highly colored to
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permit the use of redox indicstors, the color presumsbly being dus
1o the iven (III) formed in the particular oxidstion, Nen-reproduce
ibility of potentisl messurements employing a calomel referemse
electrode, mnd the difficulties encountered in employing a silvers
silver ghloride electrode mede the use of s potentiometric method
improctical for dotection of an equivelence point, Fortunately, the
iron (II), iron (III) system was adaptsble to an emperometris
technigue employing two active electrodes, To incresse the sensitive
ity of the messurement, shout 0.5 ml, 708 perchloric soid is sdded
10 the solution being titrated, Applying 150 mv, scross the
electrodes and passing nitrogen through the stirred solution being
titrated pormits sttalnment of relisble snd reproducible end points,
The velue of 150 wv, wes obtained experimentslly by the method
deseribed previously from the data found in Teble III,

Sulfurie seid and 85% phosphorie scid were trisd in lieu of the
perchloric seid, These acids proved to give unsatisfsctory results,
When sulfuric scid was used, @ precipitate of iron (II) sulfate wss
formed, With the formation of this precipitate, the oxidation bew
came somowhet slugpish and the final results were instcuraste,
Resorting to the use of 85% phosploric acid, a clear sclution was
mainteined throughout the titration; however, the values for the
oxidant concentration were verisble snd low, relative %o the accepted

stenderdization procedures,
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TABLE TIT
SENSITIVITY OF AMPEROMETRIC END POINTsFe(C10,) TTRATED WITH NaMnO,”

Potentisl in AL A
nv, & ml, A%‘;
50 ~1.,2
75 3,6
190 "5-5
12% ~7.9
150 -10,2
175 »10 L
200 «10,5
¥50 ml. 0,0102 N Po(C10,), titrated with 25,20 ml, 0,019k
N NaMnO,
¢, De tiona With icetic Acid Solutions of Iren (IT

Perehlorave: Sodium permengsnste in glacial acetic scid wes determine
ed by titrsting & measured volume of the u‘t»amlarmed iron (II)
solution with $he permangsnete solution or by adding an excess of
gtandard iron (II) solution snd back titreting the exsess iron (II),
It was necesgsry to adopt this procedure in preference to the direct
titration of permangsnate with the iron (II) solution since the
addition of perchloric acid to assetic scid solutions of sodium per-
mangsnate sccelersted the decomposition of the permanganste solution

spprecishbly,
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A desired volume of the standsrdized iron (IX) perchlorate
solution i3 pipetted into the titration besker tlrough which
nitrogen is being psssed. The final solution wolume 48 such that
the electrodes are covered, To this solution, 0.5 ml, 70% HC10, is
edded, Nitrogen is contimually passed through the solution throughe
oul the course of the titration, 'f!:s scetiec scid solution of
sodium permanganage is then used to titrate the iron (IX) solution,
The titration ie conducted by sdding the titramt repidly &t first
and dropwlse ag the end point is spproached, The gpproach of the
ond polnt 48 indicated by the mapgnitude of the decresse in the
galvanometer reading with esch addition of permenganste solution,

In the course of the tltrstion the cwrent flow resches s maxivmum
and then decresses, slowly at first and reapidly near ths end point,
The gelvenometer reading is zero at the end point corresponding to
the disappearance of the iron (II),

The values shown in Tsble IV illustrste the acouracy and re-
producibility of the method, Within the limits of error the com-
parlsons between the two methods of determination are in good
sgroament.,

The two vilues listed for titrstions of the same solution of
permangenste are indicative of the stabllity of scetic acid solutions
of podium permenganete, In spite of the precsutiona teken in purify-
ing the solvent, spprecisble permanganste deccaposiiion takes plece
in a2 relstively short time, 7This decomposition indicetes ths neces-
sity for stendsrdization of the permangenste immediately prior to its use,
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TABLE IV
COMPARISON BETWEEN Neg a0, AND Fe(Cl0,); DETERMINATIONS OF NaMnO,
N of Fe(Cl0.); Time Elaspsed E of Ba(MnO,) ¥ of Ns MnO,

Solution (days vs vs,
Fa(ﬂlﬁ.,,) 9 Oxplete
04103 Q 0,0901 0,0897
0,1103 '+ 0,0900 0.0903
0,103 1.5 0,0637 0.0635

00,1103 1.5 0.0636 0,0637

Teble V represents the results obiesined in the enalysis of the
chromium trioxide solubtion, These dete demonatrate the fessibility
of performing s direct titrastion of the chromium trioxide solution
with the known iron (II) perchlorste solution 8 well a3 titrating
en iron (II) solution with s clromium trioxide solution, The resulis
obtained using the ecetic scid asclutions of iren (II) perchlorate
agree fevorsbly with those found iodometrically,

The titretions mede in the determinstion of chromium trioxide
arre made in essentially the seme mammer as the permanganste titre-
tions, 4 messured volume of the solution to be titrsted is added
to the titrstion besker while s strsam of nitrogen is passing through
the solution baing stirred by = magnstic stirrer, To this solution
i¢ sdded sbout 0.5 ml, 70§ perchloric ecid end the titrstion is con-
ducted in e nitrogen stmosphere to en amperometric end point,
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TABLE V
COMPARISON BETWEEM KI AND Fe(C10,), DAPEAMINATIONS OF CrO,

AN
A

B of K of Cr0, N of Cr0,
Fe(C10,) ve, Fe(C10,), vs, KI

Titretion of Standard Fe(C10,), with CrO,

0.0679 0,1087 0.,1089
0,0679 0,1088 0.,1089
0,0679 0,1087 0,1089
0,0710 0,0683 0,0684
0,0710 0,068l 0.0684
Titration of 0r0, with Standard Fe(Cl0,),
0,0710 0,0685 0,068L
0,0710 0,0684 0,0684L
0,070 0,0683 0.0684
0,0710 0,1087 0,1089
0,0520 0,1159 0.1161
0,0510 0,1158 0,1161

When the stemdardised iron (II) perchlorste solution is being
titrated, the galvemometer beheves in much the same manner ss tle
equivelent titretion done using permengsnate, The current flow
pesges through s large maximum end falls off to zerc st the end
point. In the reverse procedure, the titrstion of clromium trioxide
solutions, the current passes through z smell maximum and proceeds
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to sero st the end point, The paxt addition of iron (II) results
in a large increase in the galvanometer reasding,

¥Wiile ivon (II) perchlorste in scetic acid is unsatisfaectory
for the titration of oxidents in the presence of nitrate, it serves
es & very sstisfactory resgent for the titretion of some oxidants
in the sbsence of thie serious interference,

6, Sodium Oxslate

Sodium oxalate hes been employed o8 8 resgent for stenderdize-
tion of agueous perchloric scid solutions of cerium (IV) (28,29),

Oznlic scid, disscived in glecial ecetic scld, is oxidized very
sluggishly by smmonium hexanitrstocerate (IV) in this medium) how~
ever, when the acetic acid solution of oxalste is made 1 K with
respect to perchloric seid, oxidstion proceeds repidly to a reproduce
itle end point, The end point is determinsble either potentio-
metricelly or msperomstrically,

In order to esteblish the stoichiometry of the oxslate oxidstion
with cerium (IV), the following experiments were designed: (1) &
comperison between determinstion of cerium (IV) by titrsting o messur-
ed smount of the solution of cerium (IV) added %o water with standard
squeous iren (II) sulfats to the vslue obisined by sodium oxalate
titration, (2) Keduction of a weighed smount of known purity smmonium
hexsnitratocerste (IV) with sn excess of oxelate and back titrating
the excess with a cerium (IV) sclution which hed been stenderdized
previously against. sodium oxalate,
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For comperison purpcses s weighed quantity of primary stamdard
sodium oxslate wes added to acetie scid made 1 N with respect %o
perchloric scid. The solution was then titrated to an smperometric
ond point with the cerium (IV) solution end the concentration of
corium (IV) osloulated,

Ths velues for cerium (IV) concentration obtained from the oxew
lste titration were compared against thosme obtained from a titration
employing agueous standardized ivon (II) sulfate, 4 messured volume
of the cerium (IV) solution was pipetted into :n equal velume of
water, The resultant solution wes made scid by adding 2 ml, 70X
perchlorie soid and the concentration of cerium (IV) determined with
sn agueous iron (II) sulfste solution which had been standardized
against potesgium dichromete, The titrstion wes cerried out to en
amperomateic end point with an epplied potential of 150 mv, The
velues found by this comparison are found in Tsble VI,

T4BLE VI
COMPARISON OF Ce(IV) DITIRMINATIONS: WagCa0, vs, ATUEOUS FeSO,

gm Titratiaﬁ Iron (II) Sulfate ‘l‘itratian

Kaﬁ,ﬂ‘ Ce(IV) Ce (IV) Ce(IV)  0,0777 ¥ ﬂe(ﬂ)
Soln, Soln,

39.6 20,67 ¢,0267 20,00 7.51 0.0291

49.6 25,56  0,0290 50,00 18,70 0,0291

sh,2 28.19 0,0289 50,00 18,67 0,0290




The comparisons ere in good egreewent and the values help to
demonstrate the stoichiometry, /(s further proof of astolchiometry
the second experiment wes designed,

The smmonium hexanitratocerste was dried st 110°C, for two hours
and its purity determined by titrating sn squeous solution of a
weighed quantity with irom (II) sulfate, The sverage vilue for the
purity was found to be 92,608, with a renge of 92,51 to 92,73,

A mﬂ.g}mi semple of the snalyzed cerium (IV) salt wes added %o
s solution of excess primary standard sodium oxslate in ecetic seid
1 ¥ with respect to perchlorie scid, The excess sodium oxalate was
titrated to an smperometric end point with an acetic soid solution
of ermonium hexenitratocerste (IV) which had been standardised
sgeinst aodium oxslate, The results obtained =re shown in Table VII,

TABLE VII
DETERMINATION OF Nag0a0, WITH KNOWN PURITY (NH,) Ce(NO3)e

Purity of Grans Mg, M1, 0,0L10N Mg, NagC,0,
(Hﬂ,)gﬁo(ﬂoa), (am‘),ca(ms), na,c,.o, Ca(n’) Soln, Found
Tuken for Expess
Nag0z0
92,60 0,6400 g0.2 2,63 19.%

92,60 0,79L9 158.8 2k 90 158.5

These deta serve to supplement thoss ocbtained in the previous
check on the stoichiometry of the resction, The close asgreement
fourd betwsen the weights of sodium oxalate telken snd found help to
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show completenesa and stoichiometry of oxslate oxidation with scetic
acid eolutions of eerium (IV),

When sodium oxalate is used, it is possible to titrate with
cerium (IV) solutions directly, providing the perchloric ecid cone
centration in the solution exceeds 0,5 K, The oxldation proceeds
alightly faster in 1 B perchloric soid but becomes sluggish st
perchloric scld concentrations less thsn 0,5 N, The end point is
deteoted, s8 in the iron (II) perchlorate titrstions, smperometricelly
with two sctive electrodes, The potentisl spplied scross the elec~
trodes was set st 275 mv, This value wee obteinsd experimentally
from the data in Teble VIII,

TABLE VIII
SENSITIVITY OF AMPEROMETRIC END POINTs NsC,0, TITRATED WITH Ce{IV)¥

Applied Potential (mv.) 200 225 250 275 300
4( amp./ml, Ce(IV) Soln, 8.13 8,7 9.75 10.5 10,3
at end point

* 39.6 mg. N8g0,0, titrated with 20,67 ml, 0.0290 N
Ce(XIV) Solution
The velue of 275 mv, is the lowest applied potentisl which gives
the meximum gelvenometer deflection st the end point when the cerium
{1V} solution is added dropwise into 50 ml, of the sodium oxalate
solution 1 N with respect to perchloric acid,
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During the course of the titration of sodium oxalate with the
cerium (III), the current ineresses to a very slight maximum, falls
off to zero, and st the end point incresses sharply. The cerium (IV)
solution is sdded rspidly at first end dropwise et the end point,
The approsch to the end point 4is easily observed by noting the slight
desrease of current flow with each sddition or better, by cbserving
the persistance of color of the cerium (IV) solution, is the egui-
valence point is spprosched, the feint yellow color of the cerium (IV)
aolution persists for an inereasingly grester length of time., The
gelvanonmster reading becomes constant within a thirty sesond period
regerdless of the point in the titrastion, The first excess of cerium
(IV) results in s sharp incresse in the galvanomster resding and »
curve like thst shown in Fig, 2 is cobteined, %When employing this
technique in the titration of oxslate by scetic ecid solution of
emvoniium hexanitrstocerete (IV), results shown in Tsble IX are
obtained,

TABLE 1X

REPRODUCTBYLITY OF DETERMIMATION OF AQETIC ACID SOLUTIONS OF
Ce(IV) WITH Nagl,0,

Ce (IV) Solution Normality of NagCp0, Ce (IV) Found
By Different Tétmtions
Trial .
1 2 3
1l 0,0261 0,0259 0,0260
2 0.0426 00,0426 0.0kL2s

3 0,00913 0,0091h




3L

‘NOILNI0S  (AD3D N L8200

PO°0%YN 9N 96 :3ANND NOILVMLIL OMLINOYIAAY TVIIdAL 2 94
0S  (M30 IN—

< N1
2 92 b2 22 02 8l 9l 4l N_o_mm b2

[T T 7] T

||
@ W
ERLAKS

L

|
N
SNOISIAIG

l
3

e

I
©




35

These results show the reproducibility thst is possible when
sodium oxalate is employed in the stendsrdization of smmonium
hexanitrstocerate (IV) dissolved in glsoial acetic acid,

This resgent conforms to all of the reocuirements sdapted es
being nesessary in the stendardisation of this oxidents (1) It is
stable, (2) Simply through weighing, known concentrstions of
reductent ere obtsined, (3) It hes apprecisble solubility in the
solvent, (L) I% resets rapidly and stoichiometricelly with the oxi-
dant, BSince it does conform completely, sodium oxslate wes adopted
as the resgent to be used in standerdizetion of all cerium (IV)
solutions, |

G, Stability of icetlc Aeld Selutions of Ammonium
Hexsnitrstocerate (IV)

On the bases of the slow oxidation of scetiec scid by cerium (IV)
in squsous media (12,19,28) one might expect that acetic scid solu-
tions of cerium (IV) would be somewhat less stable than the corres-
ponding squeous solution, Before this system could be investigsted
for mmalyticel applicstions, 1t was neceasary to determine cerium
(IV) stebility in an scetic 2cid medium, .

1, Photosensitivity of Cerium (IV) Solutionk

By enslogy to the light sensitivity of some cerium (IV) salts
in squeous media (28), it would be expected thst light would have
some offeet on the stebility of cerium (IV) in acetic scid,
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%o demonstrate the relative atsbility of scetic ecid solutions
of emmonivm hexsnitretocerste (IV) stored in light snd dark, a
solution, prepared by the method previously described, was divided
into two portions, The scetic acid had been carefully purified by
distillation from chromium trioxide followsd by s distilletion swey
from potassium permenganste, The two portions of the cerium (IV)
solution were placed in glase stoppered flasks, one of which wes
clegr and the other completely protected from light., The two flesks
were stored sids by side on the desk top and expozed to the normsl
lsboretory radiation, 4t the time intervals listed, the respective
ecerium (IV) solution was used to titrste a weighed sample of sodium
oxalate in the mannor previously deseribed, The concentrstions of
the two solutions sre given in Tsble X,

T4BLE X
LIGHT SENSITIVITY OF ACETIC ACID SOLUTIONS OF Ce (IV)

Time Light Dark
(Deys)
0 0,0260 0,0260
1 0,021a 0,0255
2 0,0230 0,0253
3 0,0185 0,02L8
5 0,013k 0,0221
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411 titrations wers mede from an amber buret, and the results
indicate the advisebility of protecting the corium (IV) zolution
from light in order to minimize decompeaition, When protected from
1light, the cerium (IV) solutions are reasonsbly stable; and only
ir very securate work is it necessary to restandardize the ecerium
(IV) eolution in a given work period,

ig has been indicated in previous sections, the rate of dew

composition of eerium (IV) is accelerated by ths presence of pere
chloric acid, The data in Table XI serves a8 evidence to support
these indicetions,

The values for the cerium (IV) concentration were obtained in
the following wayt %o 50 ml, of a standsrdized cerium (IV) solution
enpugh perehloric s2cid was sdded to meke the desired concentretion,
Periodically 10 ml, of this solution was pipetted into an scetie seid
solution containing & weighed excess of sodium oxalete and made 1 XN
with reepect %o perchloric acid, Ths expess sodium oxalate wes
determined by titration to an asmperometric end point with the
stenderd cerium (IV) solution, The decomposition took place in the
derk in smber flasks while the tempersture wes held ot 27°C . The
results obtained from these determinastions ars listed in Table XI,

One might expect resulte such as these by msking sn snslogy to
aguecus solutions of Ce (IV), In squeocus solutions of perchloric
seid, gerium (IV) exhibits ite grestest oxidizing power,
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TABLE XI
STABILITY OF ACETIC ACID SULUTION OF Ce (IV) CONTAINING HO1O,

ro ——— ——

Elepsed Normality of Ge (IV) Selution
1ope X of Qe (IV) Selutions

(Min,) ;331@1 0,5 0,75 1.0
0 0,0k05 0,038 0,0306

20 0,0385  0,0272 0,025h

50 0,0360  0,02kh 0,0186

1o 0,030  0,0190 0,01k46

3. Bmplovment of Bsck Titrstion Technique
The accelerated decomposition of cerium (IV) in scetic scid

solutions contsining perchloric soid would indicate thet an excess
tecinique camot be employed, Sinee this technigue, sdding an exmess
of oxident to the solution being analyzed snd back titrating the
excess oxident after sn elapsed period of time, is employed extensivew
1y in cerium (IV) oxidstions, further investigetion wes necesssry.
If 4t could be sssumed that a cerium (IV) blenk, i,e,, a solution
conteining everything but the reductant to be determined, would
decompose abt the ssme rate as the excess cerium (IV) in the sample,
then an excess technigque could be employed,

To teat the velidity of this sssumption, sodium oxslate wss used,
To & weighed ssmple of sodium oxalate, dissolved in scetic ecid in
the presence of enough perchloric scid to make the final solution
sbout 0,5 N, 50 ml, of s standard cerium (IV) solution wss sdded.
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The solution was then placed in the dark for 60 minutes, Lfter the
elspsed time, a weighed emount of sodium oxslate in excess over the
remeining corium (IV) was added %o the solution., The excese sodium
oxslate wes determined by titrstion with s standard cerium (IV)
solution to sn smperomstric end point, Ths ssme procedure wes
cerried out on a blank, the decomposition of which wes used to
asleulste the decomposition of the excess cerium (IV) in the sample,
The procedure wes employed on two samples snd two blanks snd the
results sre listed in Table XIIX,

TABLE XXX
EXCESS TICHNITUE FPOR DETERMINATION OF NagyCa0,

Mg. Nag0y0, Found Mg. N8 050, Found
Hg. NagCa0, Using Blank Neglecting
Taken Caleulation Decomposition of
Excess Ce (IV)
u8.6 k5.2 48.9

39.3 36,9 k1.7

These wvalues indicate the insbility to szpply = back titrstion
technique to cerium (IV) oxidations, This imposes o serious limi-
tation on the spplicsbility of cerium (IV) solutions to organic
determinations, only reductsnts oxidizable by direct titrstion sre
detarminable with relisbility.



H, Comparieon of the Cerium System Redox Potentials in Acetic
Acid Solutions of Perchloriec icid and Sulfuric leid

In squeous medis the oxidetion-reduction potential of the
cerdun (IIX), corium (IV) couple is grestly sffscted by (1) the scid
consentration and (2) the particulsr scid present in solution (28,29),
In water the cerium (IV) apparently forms & complex with the snion
of the g0id; the different snionic complexes formed in this mamner
differ considersbly in thelr redox potentisls, In sgueous solutions
made 1 N with respeet %o the verious scids the cerium couple potenw
ti:ls vary in the following mamners perchloric sedd, 1,70; mitrie
scid, 1,61y sulfuric seid, 1.kl end hydrochloric seid, 1,28,
Consldering only perchloric scid, the potentiels very depending on
the acid comcemtrstioms 1 N, 1,70; 2 M, 1,713 L N, 1,75; 6 N, 1,82;
end 8 N, 1,87,

The variation of the cerium system potentisls in agqueous solu-
tions of the different scids and the effect of the scid concentration
suggests a compsrison betwesn the two media, water amd acetlc seid,
with percliloric ecid end sulfuric zcid present in the system being
oxidized, WNitric ecid is not considered becpuse of the difficulties
encountered in the pressence of nitrstes in eestic acid media,
Hydrochloric ecid wss not considered aince it undergoes resction with
the serium (IV) in scetic secid to form chlorine; the formation of
chlorine is made evident by the distinet odor of clilorine from the
resction mixture,



43 has been stated previously, the use of s calomel reference
electrods produses unrelisble end nonwreproducible results, The
verisbility of resulte con be sttributed to the large and wncertsin
liculd junetion potentisl which exists st the interface of the two
solutions, and also with chengos in the activity ratio of the
electrolyte s diffusion of the scetic se1d occcurs,

In recent yesre the silver-gilver chloride electrode hse been
employed extensively sa‘ a refersnce electrode, thereby eliminating
a 1iquid Junction potentisl (1h), In an sttempt to avoid the errors
of messurement ceused by heving the two media, water and ecetioc soid,
in countect, s cell consisting of a silver-silver chloride reference
elrctrode and » pletimum indicstor electrode wes used,

While the standsrd electrode potentisl of this reference elece
trode is known very accurstely in squeous medis, it is imposaible to
compere this value to the one obbsined in scetic scid for the followe
ing resson, In order to essign a eingle electrode potentisl to @&
partioulsr half cell it iz necessary to heve a stendard, In squeous
solutions the standsrd is the hydrogen selectrode to which the velue
of gero is mbitrsrily sssigned, This standard vslue in water may be
entively different from thet obtsined in the non-agueous solvent,
snd at present there is no satisfsctory method svailsble for a direct
comperison between the two medis., The potentisls messured in ssch
mediurm ere compersble with one another but 8 quentitastive comparison
between the velues obtained in the different solvents has no signifi.
cence (1k),



¥While it is Jupossible to sssign a definits value to the
silver-silver chloride reference electrode in scetic scid, the
velues obtsined through 1ts use clesrly demonstrete the effect of
different scids and scid concentrastions on the redox potentisl of
the eerium oouple in this medium,

Singe the sotusl position of the potentisl bresk at the equie
valence point was not of interest (only the megnitude of the po-
tential of the cerium (III), cerium (IV) system was the meassurement
involved in the study), iron (IXI) perchlorste solutions wers titrsted
with $he certum (IV) solutions, Using this reductant ore would not
expect the end point to be reproducible since the presence of nitrate
would present ¢ serious interfersnce,

In the sctusl messurements, 10 ml, 0,0410 ¥ iron (II) perchlorate
is introduced into & beaker conbaining 50 ml, of scetic aeid meds
to the desired comsentration with the seid under consideration, The
iron (II) solution is then titrsted with the scetic scid solution
of cariwma (IV) past the end point to the cerium (IV) concentretion
whers the obgerved potentisl becomes constant, This point of con=
stancy is spproximstely, but grester than, two times the smount of
cerium (IV) nesessury to resch the ecuivslence point of the titrstion,
This constand value is talen a8 the redox potential of the cerium
couple in this medium,

The titrstion is ¢lesn gut when perchloric scid is used;
however, & precipitste is formed when sulfuric seid is employed,
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The formation of this precipitste, presumebly consisting of iron (IX)
and iron (IIXI) sulfstes, csuses sluggisiness of the resction snd an
unsatiafestory titrstion,

The setusl titrstion curves are illustrated in Fig, 3 while
Table XIII lists the vslues observed a8 the redox potentials of the
cerium systena,

TiBLE XIIX

EFFECT OF ACID ON THE POTENTIAL OF THE Ce (IXI), Ce (IV) COUPLE
IN ACETIC ACID MEDXA

— i A i s

heid hoid Potential ™
Coneentrstion in mwv,
w10,” 0.25 988
K10, 0,50 999
HI10, 1.0 102l
K10, 1.5 101
HC10, 2,5 1059
HaS04 2.5 806

¥ When sulfurie seid is sdded in exvess after the potentisl
has bacome estoblished the observed value drops to one
slightly sbove that observed with sulfuric scid slone,

** Referred to a silver-silver ohloride electrode,

hs in sguecus solutions, the redox potential of the cerium system
in goetic seid varies with (1) the scid concemtrstion snd (2) the
particular acid present, While 1% is impossible to compars the
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observed velues cbtained in squeous snd scetic acid medis, 4t is
poasible to compare the vslues in esch medium, When this is done,
one can observe that the differences in redox potentisls between
solutions of sulfuric and perchloric soids is in the same order of
megnitude regerdless of whether the solvent is water or scetic seld,
Comparing the effect of verying acid concentraztions one csn see that
the inerease in potentiel sccompanying sn incresse in scidity is
sbout the same regardlsss of the solvent employed,

It is possible to explain the varistion of redox potentisls for
the corium system in scetic scld solutions of different mineral
welds st various concentrations by drawing sn anslogy to the suplena~
ticn offered for the same effect in squecus medis, It seems probeble
thst, in the presence of different minersl scids, varlous anionic
complaxes sre formed, The particular complex present in solution
will determine the potentigl which 18 observed,

By referring to the sotual titrstion curves in Fig, 3, it ls
possible %o oblsin additionsl evidence substentlsting the statements
regsrding nitrate interference, The sswe amount of iron (II) was
added to asgnn solution, only 4Is rste of titrstion varied, The
different rates of titrstlon csused vearlations in the length of time
for the nitrate and iron (II) %o reset, The large differences in
locstion of end points only help to illustrate the necessity of
excluding nitrate in tidrstions inwolving swetic scid solutions of
iron (II) perchlorste,



L6

I, Determination of Carbon Dioxide Zvolution

faalitative Detection of Carbon Dioxide:s U+tilizstion of an
Orsat type ges anslyser for the snalysiz of the evolved gases from
the oxidstion mixtures resulied only in the cualitetive detection
of ssrbon dioxids,

In this experiment the resction vessel containing the substence
to be oxidized was commected to the ges inlet tube of the snalyser
with rabber tubing. To this solution a csleulated slight exvess of
cerdum (IV) was added while & slight vecuum was applied to the system,
After the eddition of cerium (IV) was complete the vicuum was ine
eressed by lowering the mercury level in the gas buret, When the
repction was complets, there was a decresse in gas volume when the
gess was passed through the potsssium hydroxide, Subssquent attempted
combustion in en oxygen stmosphere resulted in the formation of mo
gos which was taken out by polessium hydroxide, This information
indicsted thst cerbon dioxide was the only volstile substance which
was formed in the oxidstive reaction,

Before conclusions could be drswn concerning esrbon dloxide
evolution and stoichiometry of the resctions, the actual smount of
cezrbon dioxide evolution hed to be determined, This messurement was
conducted with an spperstus schemsticselly illuetrated in Fig, L.

Agetie scld containing the reductant in the resction vessel
wes first sstursted with esmrbon dioxide, Kitrogen was then forced
through tha system for two hours, or until no mors csrbon dioxide
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wss detectsble in the sbsorption tube conteining borium hydroxide,
When the carbon dioxide had been swept from the system, & messured
. volume of sbout 0,2 ¥ stendard berium hydroxids wes introduced into
the sbsorption tube, A csloulated quamtity of the cerius (IV) solu-
tion was introduced into the resction vessel snd the nitrogen was
then turned on to swesp the evolved csrbon dicoxide into the cbmorpe
tion tube, Af%er 2,5 hours of sweeping with nitrogen, st a slow
rete to eliminate mechaniosl entrsimment of wcetic ssid, the sbsorpe
tion tube wes disconmected from the train and the barium carbonate
reomoved by filtration, The exsess standard barium hydroxide was
titrated with a stenderd hydrochloric acid solution to phenmolphthalein
point, This information was then employed to scaloulste the
millineles of cerbon dioxide evolved per millimole reductsnt, The
dsta found in Table XIV illustrate the results found by these messurew

ments,

TiBLE XIV
GOy FORMATION IN THE OXIDATION OF VARIOUS REDUCTANTS

Oxidized _ . ¥ ols Dot ] - 3

Trisl

Sodium oxalate 2,08 1,01
a Qgé 1163

3 03 0.99

Sodium masoxalate 1 3.21 1,25
2 3.08 1.36

, 3 3.03 1,30

Citrdc ssid 1 2,96 3,08
‘ 2 2.59 3.18

3 2,93 2.85

Malonie eoid 1 2.05 2.2,
2 1,99 2,28

3 1,91 2,19
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J. Radioeotivity Measurements on Evolved Carbon Dioxide

Bome of the resctions involving the orgsnic oxidstions of cerium

(IV) in acetic seid suggested participstion of the solvent in the
oxidation process, Uniike wster, with this reogent it is possible
to obtain a meassure of the degree of inwplvement essily and aceurstew
1y through the utilization of the cerbon-lh isotope, 4 quantity,
0.1 millicurie, sbout 8 mg,, of sodium scetste with the carboxyl
group tegged with carbon-ll wus obtsined, (See appendix for calou-
lations,) The previous work indiceted the necessity for conducting
the measurement on the four reductants, oxalic acid, mesoxslic =ecid,
melonie acid, and citriec soid, For the study, the sodium soetate
wea dissolved in 20 ml, acetic soid, 1.0 ml, of this stock solution
was added to sn soetic sold solution of & weighed quantity of sub
stance under investigstion, The same amount of the stock sclution
wag added to 50 ml, of s standard scetic scid solution of ammonium
hexanitratocerate (IV), By meking both solutions the ssme concen~
tretion with respect to the tegged scetic acid, complications due

4o dilution of the isctope on addition of the oxidant would be
eliminated, The ocollection of carbon<ll dioxiﬂe wes made in a manner
identical to that described in the section concernsd with messurement
of cerbon dioxide, The barium carbonate wes collected by filtering
through a sintered porcelain crucible, dried and weighed, i weighed
mantity of the total barium cerbonete, sbout 50 mg., wss tsken end
placed in sn aluminum counting dish with & diameter of 2 em,



By tsking spproximstely equel sample sizes, errors due to geometry
and sslf-shsorbtion of the ssmple were minimized, The known fraction
ensbled eslculation of the total radiosctivity of the collected
smple, For comparison purposes, weighad samples of the scetic ascid
solvent were combusted in a micro carbonehydrogen combustion trsin,
The evolved csrbon dioxide was psssed into berium hydroxide wh;tiom
end the precipitated bsrium carbonate prepered for counting in the
sane way 88 with the barium carbonate collscted from the cerdum (IV)
oxidetions of the desired reductant,

After collecting the smmples of Larium carbonate, the degres of
perticipation of the solvent was determined by comparing the count
dete obteined from the cerium (IV) oxidstion to thet obtsined from
the combustion of the acetic scid, The direct proportionslity of
the counts per minute to the concentration of cerbon-ll makes this
& simple celoulation, To eliminste any gquestion regerding exchmsmge
of the cerbon-ll isotope between the reductent and scetic soid,
godivm oxelate wes dissolved in e large excess of the tegged scetie
scid solvent under the same conditions found in the oxidation re-
potion with the exception that the cerium was present in the reduced
form, This solution stood for four duays and was concentrated under
vecuum, The residue wss taken up in water, made basie with dllute
amonium hydroxide, snd filtered, To the flltrate, = solution of
caleium shloride was addeds end the precipitated cslcium oxalate
was filtered, dried and counted, The count showsd no significent



difference from the bsckground es can be seen from the average
veluess Baokground = 42,3 counts/mimte, csloium oxslate = 41,8
counts/mimite, These vslues demonstrated thet any effect of exchsnge
of corbonlli could be eliminated »s & possible factor in the radio=-
setivity measurement,

The resultsof the radicactivity messurements sre shown in
Tsble XV,

T4BLE XV
DEGREE OF SOLVENT PARTICIPATION USING CHyC ¢0.H

Sample Counts

From Acetic Aci

teetic scidel 1900

Aoetic ecide2 2020

Sodium oxslate~l 2000 1,02
Sodium oxalate-2 2130 1,08
Malonie acidel L380 2.2k
Malonic scidw2 36860 1.97
Citric ecid-l 5930 3. 02
Citric scide2 6500 332
Mesoxelic acid-l 2130 1,08

Mesoxslie solde2 2065 1,05
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K, Indicetion of Peroxide Formation During Cerium (IV) Oxidation

It 1s conceivsble thet oxidstion with cerium (IV) in this medium
proceeds by way of formation of peroxides ss intermediates, Usual
~ualitative tests for peroxides are not sppliceble in the presence
of en oxidant like cerium (IV), The following observations support
the propessl of peroxide intermediate formation,

In the snalyeis of a mixture of hydrogen peroxide, peroxyscetic
seid, snd acetyl peroxide (15), the hydrogen peroxide is determined
by titration with a atandard sodium permangenste solution, The
peroxyecetic seld is determined by taking sdvantage of the difference
in resction rates between it smd ecetyl peroxide in the oxldation of
potessium lodida, With peroxyscetic seld, potassium lodide is
oxidized immediately., The totsl peroxide veslue is determined by
sllowing the solution to stand in contect with potassium iodide until
611 peroxides have reacted., In both iodide oxidations the released
iodine is titrsted with sodium thiosulfate,

Interforence with the permansgnste end point detection in the
presence of peroxyscedic scid forms the beses for this test, It is
reported thet the presence of peroxyscetic eeid obscures the end
point of the permanganate oxidstion of hydrogen peroxide by forming
& pinkish red color, The formation of the red color is stiributed
o the reoxidstion of mengenese (II) to s higher oxidetion state by
the peroxyscetic acid, After o solution of cerium (IV) in glecisl
ecetic acid made two normal with respect to perchloric acid has been
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in the process of decomposition for ons hour, the excess cerium (IV)
is precipitated with phosphoric acid, The solution is then file
tered snd the filtrate divided into two portions, To one portion,

2 solution of mengmese (I1I) is edded, When this is done, a pinkish
red eclor is developed, indicating the presence of peroxyscetic scid,
i less definite bub nevertheless positive test is the iwmediate
sppearance of lodine on the sddition of 2 potsssium iodide solution
to the sscond portion, HNitric scid cruses a slower oxidation of
jodide made evidont by a blank,

These tests ere purely gquelitstive and are not steted ss conclu-
sive evidence, The tests, however, serve to indicste the possible
famgtinn of s peroxide intermediste in the decomposition of scetie
scid solutions of cerium (IV), When the tests were epplied to solu-
tions containing the more essily oxldized materials, oxslic scid,
malonic seid, mesoxeslic scid, snd eitric seld they were negetive,

It 1s impossible to zpply this procedure to a quantitstive
me asurement of peroxide since, in the presence of nitrate, lcdide is
oxidized st a slow yet sppreciasble rate in zcetic s2cid,
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OXIDATICHS

Although many oxygenated orgsnic substances were subjected to
oxidation with agetlc escid solutions of ammonium hexsnitrastocerate
(IV), very fow were oxidized st a rate fsst enmough to make the
material determinsble with this cxddant., The accelerated rste of
decomposition of cerium (IV) in glscisl acetic ascid molutions, 1 N
with respect to perchloric soid, prevents the utiligstion of an
excess technigque snd Imposes a limitation on oxidimetric determing~
tions, Only those oxidstions which tsle plece at a rate permitting
2 direct titrstion cen be utilized with sufficient sscurscy to cone
stitute & determination,

Some of the oxidations considered in this section have been
mentioned previously but now they will be discussed in grester detail,

A, BEydromainone

The extensive sttention given to this resgent in the oxlidstion
studies by Tomecek (33,3h4) suggested thet 1t would be sppropriste
to investigste the oxidation of hydroquinone by scetic soid solution
of cerivm (IV), Since the quinone-hyircguinone system is one of the
fow reversible orgmic oxidation-reduction resctions (6), certein
sdvantsges may be found by employing this reagent in further study.
That the reversible system is formed during the titrstion of hydroe-
quinone with cerdum (IV) is indicated by the behavior of the
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galvenometer during the titrstion end the sppesrance of the typlcel
yellow quinone color, The mmperometric titrastion curve is shown in
Fig. S, The sppearsnce of the large msximum prior to the first excess
of cerium (IV) indicates the formastion of sn easily reversible oxida~
tion reduotion system (30),

The hydrocuinone was prepared for the determinations by recrystale
lizing the crude material twice from water, The reerystellized mee
teriel wea drisd under vacuum over inhydromej snd weighed samples,
dissolved in scetic acid, were titrated with the cerium (IV) solutions
which had been standardised sgsinst primary standard sodium oxalate,

When perchloric seld is pregent in the hydroquinone solution bee
ing titrated, tlere is no sppearence of 2 definite equivalence point,
A possible reason for this could be becsuse the inoreased oxidizing
power of cerium (IV) makes it cspable of oxidizing the quinone, In the
sosence of perchloric acid the reaction procesds rapidly and smoothly
with the consumption of two mea, cerdium (IV) per millimole hydro-
quinone, Using this information the data in Table XVI were obtasined,

TABLE XVI
HYDROUINCNE TITRATION WITH Ce (IV)

Determination Mg, Bydroguinone Mg, Bydrogquinone
Number Taken Found
1 21.9 21.7

2 Th.7 Th.h
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This procedure muy be employed for the determination of easily
exidised sromstic molecules like hydroquinons; but it is unsatisfestory
whens molecules like phenol, aniline, p-smivobensoic acid, or fluorene
ere titrated, The oxidation 18 alow snd indefinite whon these sube
stantes sre mubjested to the conditions employed in these oxidimetric

Since most of the development in cerste oxidimetry hss come from
investigations of the oxidstion of sliphstic substances (17,28,29,37),
simple aliphatic materials received the prinecipsl smount of sttention
in this study concarning oxidstion by cerium (IV) in scetic acid,

B, Sodium Oxslate

Sodium oxelate oxidations are considered in some deteil in
previous sectiona; bubt so far, little reference has been made to the
sctual determinstion, The oxtdation proceeds smoothly and stoichiow-
metrically over & wide range of concentration, snd the titrations are
conducted to 2 relisble end reproducible mmpsrometriec end point, The
ragetion involves the evolution of two millimoles of cerbon dloxide
per millimole of oxslate, but one millimole of cerbon dioxide spparent-
1y is derived from the scetic scid, In the oxidstion process, two mea,
of ceriun (IV) are consumed for every millimole of oxalate present,
The perchloric scid concentration is mot eritical providing it is in
excess of 0,5 N, Below thies concentration the oxidation becomes

somevhat sluggish,
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Since the resetion betwsen cerium (IV) and oxelate in this sole
vent proceeds &t & very rapid rete, it seamed possible that oxulate
might be determinable in a solution containing other oxygenated
materisls susceptible to sttack by cerium (IV), if tw oxidstion
procesds at a sufficiently slow rate, Vorking on this assumption,
weighed susntities of sodium oxalate were added to agetic scid, 1 N
with respsct to perohloric acid, containing a wide variasty of oxy-
gensted materiels, Titrations were performed on these solutions with
standard scetic acid solutions of cerium (IV) in the msnmer described
previcusly, The results of the titrations made under tlese conditions
sre shown in Table XVII,

With a few exceptions these results show incressed selectivity of
cerivm (IV) oxldstions in glacisl acetic acid, Most of the results
obtoined are within experimental error axl exceed the scourscy which
might be sxpected, Apparently under the conditions which have proved
relisble in the determinstion of sodium oxalste, the compounds added
ss possible interferences mre oxidized too slowly to seriously sffect
the results, 411l of the substances which were added sre known to be
oxidized by cerium (IV); but by comparison to oxalate, they resct st
a nagligible rate, If, e8 in the csse of glycerol and ethylens glycol,
» free polyol is present, oxidstion of the free materisl tskes plase
s% an sppreciable rate, VYhen this mixture is treated with an excess
of sestic snhydride st room temperziure for 15 minutes, the free polyol
ig sufficlienmtly scetylated so thet its rate of oxldstion is slowed;
and g direct titrstion of oxslate is mads possible,
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Other polyols, such as sucrose or tartsric scid, present an interw
forence whethor scetio snhydride 1s present or shsent, In these csses
it is believed thet insufficient scetylation has cccurred to slow the
oxidstion enough to prevent the interference, If sn attempt is made
to incresse the smount of ssetyletion by hesting the solution in the
prosence of scobtic snhydride snd letting the solution stand at on ele«
vated temperasture for en hour, there is still no end point, Apparently
steric hindersnve of the molecules ie sufficiont to prevent sdequate
acetylation whdch would make the determination practicsl,

In the light of the observastions noted for polyols, it is diffi-
cult to reconcile the sffect coused by the sstion of ethmol in »
madium contsining acetic snhydride, It 2eems possible that in the
presence of scetic mhydride an othyl ester of oxslic seid is formed,
The behsvior of the galvenomater during titrstion supports this specus
lation, Oxidstion procesds rspidly st the beginning of the titrstion
md glows t0 sn almost negligible rste. I the solution stenda, how
ever, the next sddition of cerium (IV) is consumed repidly, indiesting
trengesterification, Possibly sm equilibrium resction of this type
nuy be estrblished:

0 0L N

H“G'G:o , - =  20H000H + ?)o

HyO -B\\o 0//0 - OH 0//(:

Fither snhydride mow could resct with the ethyl slcohol to form en

estor. 4in alternative suggestion might be the disproportionstion of

~
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oxalie suhydride with the formation of smrbon monoxide snd csrbon
dloxide (10), This suggestion is discredited by the value obtrined
for oxalete in the other determinations in the presence of scetic
mdyydedde,

Fortunstely, the rosstion of cerium (IV) with ethyl slcohol prow
cosds sufficlently slowly to permit a direct titrstion of oxalate in
the presence of sgotic atid without the neceassity of scetyletion of
the sleohol, The results obtained in this titrstion ave exeollent,

In genersl the results obteined for the determination of sodium
oxelate in the presonce of a wide varlely of oxygenated substences sre
good, On the basia of the valves, 1t would seem jJustifisdle to state
thet the selectivity of cerium (IV) oxidstions are improved in the
acetic scid mediwm over those in squeous media,

C, Sodium Mesoxelats

Sodium mesoxslate (Sodium dihydroxymalonete) has received brief
c@nsﬁ.,damtm in ihe studies concorning csrbon dioxlde ewelution; but
this mection 12 devoted to » detafled discuszion of ths direct titree
$ion of sodium mesoxslate with scetic scid solutions of cerium (IV),
Undar the conditions employed in the titrations, this resgent is one
of the more sstisfectory chemicels determinsble by the oxidimetric
tochnioue,

Sodium mesoxalate is essily prepasred by alkaline hydrolysis of
Atvropomelonie soid (9). Divromomslonic scid is prepared by sdding s
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stoichicmetric amount of bromine, dropwise, into a sclution of malonic
seld in dllute hydrochloric asid, The sddition of bromine must be
done while meintsining the malonic eoid solution et ice bsth tempsre-
ture in order %o prevent decarboxylstion, After sbout helf of the
bromine hes been sdded, the dibromomalonic reid precipitstes, The
crystelline precipitste i3 separated by f£iltration and stored in a
vacuum over acdlum hydroxids until all the hydrogen bromide is removed,
Sedimm mesoxalate is prepsred by gradually adding the dibromomalonic
scid to a stirred, cold, 20% solution of eodium hydroxide, After
sddition 13 complete, the slksline solution 18 heated on s stesm beth
for two to three hours, Vhen the solution is scoled, sodium mesoxelste
precipitetes, The precipitate is washed with e small quantity of water
and veerystsllised from weter, The sslt is dried ot 100°C. end stored
in & desaicstor over Anhydrone wntil resdy for use, By combusting e
weighed rumntity of the salt in sulfurie coid and weighing the sodium
sulfate residue, the resgent was found to be 98,7% pure,

The conditions for the oxidimetric titrastion of sodium mesoxslate
gre identicel with those empleyed in the titrstion of sodium oxslste,
Weighed samples of the m@ed sodiwn mesoxslste are pleced in asbouh
25 ml, scetie soid which hss been mede spproximately 1 ¥ with respect
%o perchloric ecid, After dissolution of ths sample 1s complete, it
is titrsbed to en amperometric end point with s sgetic seld solutien
of corium (IV) which hss been stenderdiged sgeinst sodium oxeslate,

The oxidstion sppears to proceed st a somewhat slower rste then the
corresponding resction with oxalate; howsver, it preceeds rspldly end
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there 1s no question conserning the position of the ecuivslence point
of the resction,

To aheck on the stolchiomstry,as mumber of titrations were cone
dusted to determine the mumber of meq. of cerdum (IV) conmmed per
millimole sodium mesoxslste, The dsta derived from these titrstions
sre listed in Table XVIII, Theoreticslly four meq, of corium (IV)
would be required to oxidize sodium mesoxalste completely to carbon

dioxide,
T/BLE YVITT
STOICHIOMETRY OF SODIUM MESOXALATE OXIDATIONS
Millimoles Meg, Ce éﬂ)
Sodium Mesoxslate Meg. Ce (IV) @ sodiwm Mesoxalste
0,159 0,635 3,98
¢,201 0,803 L .00
0,19k 0177 k.
0,279 1.107 3.97

These deta coupled with the informetion derdved from tle meszures
ments concerning carbon dioxide evolution, three millimoles cerbon
dioxide (cnme of which comes from the asolvent) sre evolved per millimole
sodium mesoxaslate, indicate that the resction is stolchiometrics but
shst carbon dioxide is not the sole product,

Since the oxlidetion of this resgent proceeds smoothly end very
rapidly, s study, comparsble to that in the oxalste determinstion, wes



sterted, It would be interesting to know what effeet sdded impurities
would have on the direct titrstion of sodium mesoxalste with s standard
ceriun (IV) solutions, The sume oxldizsble impurities which were eme
ployed in the oxalate interfersnce studies were sdded to solutions of
sodium mesoxslate which wers to be titrsted with the stendsrd cerium
(IV) solutions, When the titrations were conducted end the results
ealeuleted on the besis of 98,7% sodium mesoxslate, the dsta in Table
XIX were obteined, '

The incressed number of interfevencss in the determinstion of
sodium mesoxaslste tends to illustrate the somewhat slower resction rste
of cerium {IV) omidstion of this resgent relative to the corresponding
razotion of oxslate,

is 4in the oxslate titrstions in the presence of ethmol sl acetie
mhydride, ethyl szleobol exerts an unexpected influence, Unlike the
regults of the oxslate titrsztions, howsver, the velues are lov regarde
less of the presence or shsence of scetic anhydride, The behavier of
the current flow in the course of the titration indicates esterifice-
tion, An spparent end point is obtained, that is, there is a large
deflection of the gelvenometer recorded with ssch addition, Continued
oxidetion does tsks place, however, st a slower rste; and 1f the solu-
tion stands for some time and more oxidsnt is added, the first zddition
ef cerium (IV) is consmmed st a repid rate, This behsvior csn be exw
pleined on the besls of e trnsesterdflicstion equilibrium resction;
snd on standing, more free mesoxalic esid is libersted which will resct
repidly with the oxidant. As the concentretion of ethyl slcohol is
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decressed the difference between the velues tsken snd found diminishes,
When the mole ratio between sodium mesoxslste end ethyl slcohol becomes
less then 1 to 16, results spprosching experimentsl error ere obtsined,

The ssme ssrt of s explsnsbion would serve to explain the pecu~
lerity of the results found in the determinstion of mesoxalate with
elther ethylene glycol or glycerol present, Expected results m'e obe
teined when either is prosemt by iteelf, i.e,, no end point is obteined,
When acetic enhydride is added, the gelvenometer scis es in the titre-
tion in the presemce of ethancl, Values wuch too low are obitsined,
hpperently esterificstion of mesoxslic scid with the polyol teles plsce
when the pelyol end scetic anhydride are bolh present, Unlike the
oxelate titration the oxidastion slows to such an extent thst fslse snd
umrelisble equivaelence points are cbtsined,

in alternative mplanation can be olferead to exglaln i 109 rew
sulie obtained In the presence of these aleohols in the presence of
seatic anhydride, 4 partisl scetylstion of the mwesoxsllc acid could
saplsin the observetions equally es well providing tlhese were Lhe only
deta, Sinee good results are obteined with only scetic anhydride
present, this propossl cen be discredited.

Formaldehyde and benzaldehyde both interfere by preventing sttein-
ment of en end point, Near the ecuivslence point the ax&datioh of
these aldehydes becoomes apparent, =nd ths oxidstion of the resgent at
this low concentration occurs st sbout the same rete a8 either sldelyde
slone, It was thought thst an oucess of scetic emliydride when edded
40 the solution containing formaldehyde might result in the formation
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of methylene discetate which would be oxidized at » slower rate, This
might permit reclization of a definite end point, This was not the
case and no end point was obtained.

While the results of the mesoxalate titrastions sre not as good
a8 those obtasined with oxalate, they do indicste increased seleetivity
of cerium (IV) oxidetions in sestic acid =8 compared to aquecus re-
sctions, Acetylation of an eesily oxidized material or s sufficiently
large difference in rote of resction permits the direct titrastion of
mesoxalats in the presence c¢f meny substances which might be expected
to interfere,

D. Mslonie Acid

Compounds contalning sn active methylene group ere smong the
aliphstic substances which sre determinable by cerium (IV) oxidimetry
in squecus media (17,28,29,37). In n compsrison of solvent effects
on cerium (IV) oxidations, it is essential that o substance conteining
sn setive methylene group be ipvestigated ~uite extensively, Malonic
scid is such & resgent which can be converniently spplied to a study
of this type,

In equeous media s standsrd solution of cerium (IV) must be sdded
in excess to en ascidified malonie 2cid sclution, After stending the
designsted length of time, the excess cerium (IV) is determined by
direct titration with s suiteble reduetent (29)., The concentration of
malonic acid is then calculated by knowing the stoichiometry of the

oxidation,



The particular scid employed in the squeous oxidation ie of prime
importsnce (28), When the melonic seid solution is scidified with
sulfuric scid the resction is slow and not stoichiometric, 6,66 meq,
corium (IV) being consumed in the oxidstion of eech millimole of malonic
ecid (37), Using perchloric scid, the resction time is diminished;
and the resciion is apparently stoichiometric, 6 meq, cerium (IV) being
required to oxidize esch miliimole of malonic ecid (28,25).

In the oxldetive process, presumsbly the enol form of the teutomer
is sttecked, possibly by hydroxyl radicals, formed in the cerium (IV)
oxidestion (29). A mechsnism which hss been proposed to explsin the
oxidztion is:

08%}};03 Z g-gE—OH
0 =C =~ OR O =C = ON
2Ha0 + 2 Ce (IV) == ([CH]* + [OF"] + 2H" + 2Ce (III)
-G - CH OH

¢ =
B CH + [OH)* + [OH]" — HD - C =~ OH
0 »C « OH K - OH
0 «C - OH
C~(0oH), 0 .
ﬁé - 0H + 20a (IV) = €O, + HC-COOH + H,0 + 2R* + 2Ce (III)
0 =C -~ OH

0
HC-CODOH + Hg0 + 2Ce (IV) 00, + HCOOH + 2K + 2Ce (IIX)
It 18 muite cbvious thaet e mechsnism such a8 this would be un-
2atisfsctory in deseribing a cerium (IV) oxidstion in seetic ecid.
A different mechsmism of oxidstion would very probsbly be sccompanied
by 2 different recuirement in the cmount of cerium (IV) needed to complete



the reaction, One might expect entirely different results in psssing
from sn agqueous to m acetic scid moedium,

For the purpose of investigstion, the melonic scid was recrystsl-
lized twice from weter and once from ether, A weighed mmount of the
recrystsllised produst, after being dried over inhydrons, wss titrated
%o s phenolphthslein end point with stendard sodium hydroxide, The
results of this enalysis showed the materisl to be 99.7% malonic scid,

The unrelisbility of the excess technigue in this medium imparts
‘serious limitations on the thorough study of malonic ecid oxidstions,
Only the results obtasineble through direct titrstion procedurss produce
relieble wmessurements,

When titrated under the same conditions employed in the oxslate
titrastions, the oxidstion of mslonic scid proceeds repldly st the
start =nd slows es the titraztion progresses toward the end point, A%
the end point, oxidation is still taking plsce but at » much slower rate,
Since oxidstion is still occurring st the end point, some arbitrery
mesns must be selected to determine st which point to stop the titre-
tion, In this cese, since oxidstion 1s still procseding but st a
slower rete, the end point is chosen ot the point where the gslvsnometer
resding remsins constent for s perlod of ten seconds;and the next drop-
wise addition results in a galvanometer needle deflection comparsble
to that obtsined st the end point in an oxslate oxidetion, VYhen this
procedure is sdopted, reproducible velues in the malonic scid oxidetion
are obtsined, Table XX lists » few typlcsl determinstions conducted
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over & period of sbout six months, obtsined by employing standard
scetic soid solutions of cerium (IV), obbsined from smwonium hexs-
nitratocerate (IV), to titrate malonic scid,

TABLE XX
MALONIC ACID DETERMINATIONS WITH Ce (IV) IN GLACIAL ACETIC ACID

Date Performed K M1, Mmole
Sobution _ Soiwtien | aera . VedleWiismedeT
Nov, 23, 1953  0,00927 9.26 0,097 L.3k
Nov, 2h, 1953  0,00870 20,63 0,039k k.55
Rov, 2k, 1953  0,00870 10,30 0,0197 LS5
" Dee, 9,1953  0,007h3 27.11 0,056 L.52
Dec. 10, 1953  0,00716 30,37  0,0L82 h.51
Mer, 11, 1954  0,0242 23.k9 0,126 b L9
Mar, 12, 155k  0.0239 32,60 017k b7

The uneven number of equivelents of cerium (IV) used in the oxi-
dstion indicates an incomplete resection, s mixed resction, or =
polymerizstion recetion, Any of the mentioned slternstives cen explein
the continued oxidstion sfter pessing the end point; however, incomplete«
ness of the oxidetion seems to be discredited by the reproducibility of
the values,

In order to obtsin an end point of the type mentioned, it is
neseessry to titrste the malonic ecid in en scetic =0id solution less
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then 2 § with respect to perchleric scid. Incressing the perahloric
scid concentrstion to 2 N, nrevents the sttzinment of sn end point,
This fsct may be attributeble to the incressed oxidizing power of
corium (IV) in this medium, permitting a grecter rste of resction with
the products,

Isolation of products, in genersl, resulted in fallure, With the
exception of carbon dioxide, no identifisble product could be isolated,
The fset thst the umisl sepsration technigues resulted in the obtsine
ing of small quantities of impure substances would indicate the forme
stion of s mixture of products,

The separation of mgteriels is meds complex by s veriety of
fectors, (1) Acetic acid possesses s relstively high boiling point;
and in the presence of perchloric seid, it seems insdvisable %o
sttampt @ distillstion of the finsl solution, (2) The relstive insolu-
bility of the cerium (IV) salds requireslerge volumes of solvent in
order to maintein s homogsneous solution, (3) The product (or products)
is probebly highly oxygensted end possibly possess solubllity properties
similar to the lerge volums of cerium (TII) and other inorgenic salts
present in the finel selution, These fectors, coupled with the come-
plete ignorance concerning the type of compound inmwolved, prevented
the sttsinment of positive isolation results,

Several technigues were spplied in the separation attempis:

(1) Dilution of the resction mixture with wster before and after con-
eentrotion under vacuum, followed by extraction with ether, bengzens,
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end carbon tetrachloride, Small cusntities of residue were noted
efter eveporstion of the ether solution, The quentities were too
small to definitely determine, but they sppesred to be inorgenic.

(2) The psste resulting sfter removsl of the scetic scid wss sube
Jected to extrection in » Soxhlet extractor with ether followed by
extrection with sleohol, The scetic scid was removed by eveporstion
in e stremm of sir and sveporation in s vscuum, The residue found
on evsporstion of the ether extrsct was similar to that found sbove,
howaver in larger quantity, The mmount wszs still too smell to be
determinable but ignition indiceted thst 8 mixture of orgenic snd ine
organie substsnces was present, The extrasction of the peste with
sloohol resulted in the dissolution of large smounta of inorganic
salts, The ssme results were obteined =8 sbove when the psate was made
basic with smmonium hydroxide, only the quantity of inorgenic salts
dissolved in the szlcohol or ether was diminished, The gelstinous pree
eipitste would probsbly csuse coprecipitstion of the smsll quantity of
produsct,

As has been mentioned in s previous ssetion, carbon dioxide wes
the only wolatile product detected through the use of en Orsat type
ges analyzer. The method employed for the cusntitetive determinstion
of evolved corbon dioxide hes been desaribed previously, snd when
spplied to this system, two moles of carbon dioxide ere evolved for
esch mole of malonic scid present st the beginning. 7This velue 1s
obtsined by sdding the cslculated smount of cerium (IV) solution, in
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bhe ratio L.5 meq. cerium (IV) per millimole malonie soid, to e weighed
amount of melonic scid in acstic acid made 1,5 N with respect to per-
chloric acid. The mownt of carbon dioxide evolved in the oxidstion is
then determined by the described procedurs, The mmount of csrbon di-
oxide evolved in the resction conforms to the stoichiometry of the
aqueous cerium (IV) oxidetion; bowever, when l-carbon-ll scetic ecid is
uged, it is found that both moles of cerbon dioxide are derived from the
solvent,

This lsst observstion illustrates the extensive participstion of
the solvent 4in this oxldstion system, Whils the carbon-ll studies serve
as an eid in est:sblishing the stolchiometry of the resction, it further
confuses the problem of predicting final oxidstion products, The involve-
ment of the solvent in what szppears to be a stoichiometric mlaumh:lp R
inoresses the mumber of possible products and makes it poasible for the
£inal products to be wmore complex, The studies serve to point out that
the mechanism of oxidstion in this medium mugt be different from that in
aqueous madia,

As a possible ald in further ellucidstion of the resction, lead
tetra-acetate wes employed, lLead tetrswacetste is an oxident which is
often employed in scetic scid and which exhibits s high degree of se-
lectivity in its resctions (11,21), Formic acid end more complex orgenic
substances which contaln sdjecent oxygensted groups are smong the ma~
terials which underge resction with lesd tetra-scetzte, formic scid being
the only known substence which will be rspldly oxidized to oarbon
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dioxide under the conditions employed in the determinstion (21,22).

The qusntitative messursments employing lesd tetra-acetete ere
performed in the following memmer, The lerd tetrs-scetate solutions
are prepared and standsrdized by the previously deseribed procedurs,
An agetic scld solution of melonic scdd is oxidised by sdding the cslou-
lated smount of cerium (IV) solution, in the ratio of 4.5 meq, cerium
(1) for every millimole melenic scid, After oxidstion is complete,
enough sedivm scetste 1s added so thet after cemplete neutralizstion of
the porchloric scid thers is spproximetely 1 g, sodium acetate in excess,
To thie solution an excess of standerd lesd tetrs-acetate is added, At
the seme time a blank is given the identical treatment, the blank being
& solution which contains the same quentity of everything except the
cerium solution snd melonic scld, The solutions stend in the dsrk for
the prescribed time snd then sn excess of 10% aqueous potessium iodide
is added, After these solutions have stood in the derk for forty-five
minntes, the libereted lodine is titrsted to » starch end point with
stondard emgueous sodium thiosulfate, In order to ascribe significence
to the sbove messurements, the effect of lezd tetra-acetate on malonic
seid must be ascertoined, When a malonic scid solution 4s trested with
lesd tetrs-~acetete in the same way as described sbove, 99.7% of the edded
lead tatra-agetzie remains unrescted, The results obtained by lead
tetro-soetate oxidetions on the cerium (IV) oxidstion product of malonic
seid ere shown in Teble IXI,

Lpparently the resction is complete st the end of two howrs under
these conditions with the utilizstion of 1.5 meq, lesd tatrs-acetste per
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TiBLE XXI
Pb(0is), OXIDATION OF Ce (IV) OXIDATION FRODUCT OF MALONIC ACID

Nalomto otd® T Gomused*  Hmese Madente foid
0.164 1 he, 0,16 0.98
0,162, 1 he, 0,147 0,91
0.1hk 2 hr, 0.213 1.L8
0134 2 hr, 0,202 1.50
0,156 It deys 0.235 1.51
0.170 L days 0.27k 1.4

%‘&Me:h were oxidized by the csleulsted quentity of cerium (1v).

millimole malonic soid., The length of time resuired to complete the
resction 3.:1 itself indiecates thst formic socid is not present, Under
these conditions with formic scid ss the reductant the reaction is com~
plete in 20 to 25 mimates (22). In addition to this observation,
further evidence substentisting ihe sbsence of formic seid is acquired
by utilizing the spparatus described in the earbon dioxide evolution
studies, When the described procedure is used for the oxidstion of
$he malonic seid oxidetion product with lead totre-ascetate in the carbon
dioxide spparatus, there is & negligible amount of cesrbon dioxide ab-
sorbed in the berium hydroxide, These observations lasd to the elimi~
nation of formic scid s one of the possible oxidstion produsts formed
4n the resotion between malonic adid snd scetic acid solutions of cer-

3um (W)O
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The scetic acid solution of certum (IV) contains smother oxidant,
nitrste, which may conceivebly sct as an interference under the con-
ditions of the titration, This imterference, if it were present, could
oxplein ths uneven mumber of elesctrons trensferred per molecule of
malonic acid 1n the oxidetion process, In order to eliminste this point
from considerstion, tw gress of lithium nitrate were sdded to the asetic
seld solution of malonic seid msde 1,5 N with respect to perchloric aeid,
Thie solution stood for two hours sud then wes titrsted in the ususl way,
Ko d4fferenca was observed,

Very 1little interpretation of ths results is possible becsuse of
the unrelisbility of the technigue, Nevertheless sn exvess procedure
was attempted in the determinstion of malonle acid., The procedure
adopted was the same as thet used in the oxslats titrstions, The malenic
ecid solution containing the excess cerium (IV) atood for one hour and
the excess ceriwm (IV) determined, When this procedure wss used, the
results shown in Teble XKIT were obt:ined,

Although uncertzinties regarding the cerium (IV) decomposition
prevent rigid interpretstions of the results, this tsble of data helps
4o substenticte the stetement thst oxidstion is still proceeding at the
end point of the titretion,

Becsuse of the slowness of the regciion in the vieinity of the end
point, sny mubstence susceptible to sttack by cerium {IV) acts as an
imterference in the titrstion of the substsnces investigeted, sn end
point csn be observed only in the presence of sodium formste and scetic

anhydride,
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T4BLE XXIX
EXCESS TECWII'UE POR THEE DeTGMINATION OF MALONIC ACID

Y¥imoles Meq, Moo, Ca (IV)
Mslonie  Ce(IV) FoTo Maloale roid
Aeld Added

Negleeting Ce (IV) Using »

Decomposition Blank”

0,312 1,685 5.22 h.84
¢.237 1,665 5.2 L.92
Q,307 1,655 5.30 k.95

¥ \ssuming the decomposition of excess cerium (IV) 48 the seme
in the semple solution as in 2 blemk,

In summery it ¢en be ssid that in the hands of an 2xperienced man
it is possible to titrate malonic ecld, in glacial acetic scld made
1.5 ¥ with respect to perchloric soid, directly to e reprodusible ampero-
metric end point by wsing scetic eoid solutions of cerium (IV), The end
point is diffioult to see and is determined in an srbitrory menner, The
perchloric scid concentrstion cennot exsesd 2 N nor con any material be
present which is susceptible to atisck by cerium (Iv). If either of
these situstions exist, no end point o be observed, In sddition to
the end point difficulties, the titretion is glow; however, if no other
method is evallsble, this titration csn produge sstiefactory results,

On the basis of the informstion collected it is impossible to stete
that sny one of three mlternatives, (1) en incomplete resction, (2) s
nixed resction, or (3) a polymerization resciion, is taking place to
secount for the uneven mmber of eguivalents used in the oxidgbion.
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One ¢an only speculsts, and even then sny one of the cbasrvations could
be construsd to £it a given sliernative,

Concerning the atoichiometry more definite informstion is availsble.
The product or products formed must be oxidizsble with lesd teotre-
scetate, one of the products cemmot be formie seid, In the oxidstion
tw moles of carbon dloxide ere ovolved for ssch mole of malonic scid,
Since both moles of corbon dioxids are apparently derived from the sole
vent, at least two molew of ascetiec scid wust be asoctively engeged in the
oxidation process,

4 litile more will be szid lster concerning stoichiometry snd ree
sults; bubt now it is 4mpossible to s:y more then that it is possible to
oxidige maloniec acld with cerium (IV) in & reproducibla manmer,

E, Citric scid

Citric celd 19 snother resgent which is commonly determined in
sgueous nedis by cerdum (1) oxidetions (17,28,29,37). The incressing
complexity of the mélesmls might lesd one to predict s more complex
oxidstion scheme end conseruenily g wider veriety of side reszotions then
the corresponding oxidation of malonle acid, This appesrs to be the csse
singe malondc scid 4is propossd as an intermediste in the oxidetion
meshenion of sgueous citric scid by L N perchloric eseid solutions of
cerium (Iv) (28,29), ilthough the oxidative mechenisms in the two medis
sre mot comparsble, the oxidetion of citric soid in scetic seid might
be expectad to be quite emlajx. The same tvpe of difficulties might be
expected with this resgent es is encountered in the nalo:ﬁ;c s0id oxid-tions,
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In an aqueous medium, eitrie scid is determined by sdding an excess
of & standard cerium (IV) solution %o sn squecus solution of citrie
ecid scidified with perchlorie seid (28,29), After standing for the
designated time, the excess cerium (IV) 1s determined by bsck titration
with & suitsble reductant, When the resction is carried out st room
tempersture, it goes to completiom rapidly; but back titrstion lesds to
resalts which indicste urdesired side resctions. By lowsring the
temperature and inoressing the time of resction, the side resctions are
eliminated and the resction procseds =s predicted, In the aqueous
oxidation 14 equivslents of cerium (IV) are consumed per mole citric
seid in forming two moles of formic acid and four moles of carbon dioxlde,

Since the excess technique cannot be spplied to oxidestion using
cerium (IV) e the oxidant in scstic seid solutions of perchloric acid,
only & direct titration of citric scid can be made, The titration is
conductad in muoh the ssme manner a8 in the corresponding malonic seid
determinstion, snd the oxidation process bshavas in sbout the smme way,
i welghed quantity of oitric acid is added to sbout 25 ml, ecetic acid,
2 ¥ with respect to perchloric scid, A stendard cerium (IV) solution is
then used to ditrate the reagent to =n amperometric end point, Initially,
the cerium (IV) reacts immedistely after additiom; but as the titretion
proceeds, the rate of resctlon decreases until at the end point the
oxidetion becomes very slow, Since oxidstion is still in progress at the
end point, it 1s necessary to adopt an arbitrary stendard whereby it is

possible to obtaln reproducible end points,
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The seme procedure is sdopted for the erd point detection in this
roection as 1s employed in the determination of malonic acid. It is
possibtle for an experienced operator to obtain sn end point end messure

eitric acid conmentrations to the extent of the values given in Table
xX1IY,

TABLE XXITI
CITRIC ACID DEI:RMINATIONS BY ACETIC ACID SOLUTIONS OF Ce (IV)

Date N M., ¥moles Meg, Ca (IV
Performed Ce (IV) Co (IV)  Citric ieid W—Lme 1tric ie
Used Titrsted
Nov, 25, '53 0,00849 it.32 0,0119 8.0kL
Dee, 2, '53 O,00475 20,05 0,0119 8.22
Mar, 5, 'Sk 0,020k R.30 0,0837 7.87
Jaly 5, 'sho.oe62  19.88 0.0671 7.79
mly s, 'sho,0262 33,60 0,112 7.87
Jay s, 'sk o062 29.50 0,0965 8,02

- ,
3 ml, scetic snhydride were odded to the solution of cltric ecid,

in attempt wes made in some of the titrotions to improve the de-
termination by Ws scebic amhydride to some of the solutions,
Beproducibility wes not improved but stability of the galvemomeler sesmed
to incresse by adding the scetic snhydride

The results indiceste that a determination is possible, but the
values cbteined sre neither sz reproducible nor as relisble as those
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found in the provious studies, The mumber of emuivalents used in the
oxidation approaches eight, and on this besis ome might expect e
stolchiometric resction, This essumption does not sppesr to be jJustie
fied, The inability to obtain more reproducible resulta in the titre-
tion, coupled with the results obteined from the messuremente on carbon
dioxide evolution, would indicebe that extensive side resctions sre
taking place eimultaneously with the principsl resction,

From the resulis of the carbon dioxide evolution studies it appears
that there are tlree moles of carbon dioxide ewolved for esch mole of
eitrie =cld during the oxidation process, To further emphasive psrtie
eipation of the solvent in the oxidstion, the carbon-ili studies ahow
that sppsrently all of the carbon dioxide is derived from the solvent,
When comparing the results obtained from citric ecid to the others sub-
Jected to the same mecsurement, the reproducibility of the citric acid
determinations differ significantly from the rest, i possible explang=
tion for the leck of reproducihility cen be attributed to the formstion
md subsequent slower reasction of indtidl oxldstion products,

Attempts made Yo lsclate identifidble quantities of resction prod-
uets produced negative results, Only in the caese of cerbon dioxide
sould » definite product be idemtified, The same procedures were used
and the same difficulties were encountered with citric scid as in the
malonic acid studies,

While isolation techniques were unsstisfesctory, there zre more
conerote indicstions of produsts formed in this system,
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Lead tetra-acetate solutions wers used, in the seme manner &s
previcusly deseribed (22), on solutions containing the oxidstion products
formed from the resction between cerium (IV) and citric acid, Ths re-
sults found in these messurements ars shown in Table XXIV, Unfortunately

no wore tsgged acetdc acid wes availeble snd solvent participstion is
wot known,

TABLE XXIV
LEAD TETRA-ACETATE OXIDATION OF Ce {(IV) OXIDATION PRODUCT CF CITRIC ACID

Mmoles

Citrie DMmolss Meq, Meq, Pbé Oke), Mmole CO
Acid GOy Po{0ke) ) ¢ Aold ¥mole Acid
0,086 0,092 0,162 2,05 1.03
0,101 0,109 0,209 2.97 1,08

These vslues wers obteined by employing the lead teirs-acetste solu~
tion after = calculsted amount of cerium (IV) hed been added to s solution
of citric scid in scetie scid 2 N with respect to perchlorie ecid, The
esloulated amount of cerium (IV) was in the vatio of eight milliequivalents
cerium {IV) per millimols oitric ecid. The results of the messurement
would indicate thet a stoichiometric smount of formic ecid 1s formed in
the oxidetion process,

In the titration with cerium (IV) the end point sppesrs to be
sherpened by the presence of sgetic snhydride, that is, further oxidstion
of the solution is slowed et the end point, This indicstes thetl some of
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the products sre rescting with acetic anhydride to form substances which
are less susceptible to sttack by cerium (IV), Previcus work indicstes
that elcohols or simpls aldshydes msy be included in the possibilities,

Considereble doubt is cast on the validity of -uslitative tests
When done in this medium, even when neutrslized, st such low concentre-
tions; but indicrtions of sldehydes were obtained by the Tollen's test,
However, when attempts were made to precipitate the possible aldelydes
vith 2-L-dinitrophenylhydrazine or dimedone (S-S-dimethyleyclohexendione)
the regults were negsiive snd the tests must be considered inconclusive,

In gonersl one can say thet in the hends of an experienced operstor
it is possible to obtein a satisfsctory estimation of citric scid cone
centrations by employing scetic scid solutions of cerium (IV) in a direct
titration, The results are not very reproducible and the titrstions
mast be done slowly in order to gvoid passing the end point, Unfortunstely
it iz $mpossible to further ellucidste the resction by employing the
excess teclnique snd permit the rezotion to go to completion; but on the
besis of the whole, evan number of electrons transferred one might sxpect
g stoichiometric resction, Subsequent work does not support thls sssump-
tion end insbility to obtsin reproducible vslues is stiributed to side
resctions,

Only earbon dioxide is positively ldentified as & product of the
oxidstion with sll of the carbon dloxide being derived from the aclvent,
In addition %o carbon dioxide there ere good indicrtions thet formic scid
i3 formed in 2 mole to mele retiloj and inconclusive results indicste .

the presence of some aldehydes,
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P, Miscellancous Oxidstions

This section is devoted to the substences which received a super-
ficiel exumination and which were found to be indeterminsble by a direct
titration with acetic acid solutions of cerium {IV) prepsred from wmone
jun hexenitrestocerate (IV), In choosing the compounds which were sub-
Jected to & cerium (IV) oxidstion two differemt spprosches were employed,
(1) Those materisls were selscted which, when titreted with a cerium
{IV) solution, might furnish sn ineight into the oxldation process
through shich the meterials which received detsiled stiention pess,

(2) i variety of substances were used so thet a clesrer picture of the
selective ection of cerium (IV) oxidestions in this medium could be ob-
tained,

11 of the compounds were subjected te serium (IV) oxidation under
conditions identicsl with those employed for the titretion of malonie

geid, but none received e8 extensive sn investigastion,

1, Derivatives of Malonic ‘eid

In the study covering mslonie scid, 1t wss consldered essenmtlisl that
ssters of mslonic acid and substituted malonie se¢id should receive attene
tion for two reasons, First, it might be possible to work out s determine-
tion for these materials, Second, it might furnish informetion covering
the cerium (IV) oxidstion of melonic scid,

Potassium ethyl melonste (18) and methyl malonic scid (1) were pre-
pared from redistilled diethylmalonate according to sccepted procedures,
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Both dietlyl and monoethyl melonete ere oxidized, but much more
slovly than the esid, There were some indicstions thst transesterifi-
cation is teldng place prior to oxidation., The methylmelonic acid slso.
ie oxidized slowly,

With the esters and the substituted mealonic seid, the resction takes
pisce too slowly for a determinstion to bs made by the direct titration
with the cerium (IV) solution, These observitions suggest that both
carboxyl geoups snd the sctive methylene group must be free in order
for oxidstion to procesd st a favorsble rate,

hyl Formate, Metlyl Acetste, end Ethyl icetgte
Ly ons of these esters could congelvsbly be formed in either the

melonie seld or ecitric seid oxidstion; snd for that resson, an attempt
wes mede to determine esch with eerium (IV), The methyl formate, methyl
scetate, md othyl scetste were obtained commercislly while methylene
diagetste was prepared by the sotiom of reetic enhwiride on persformel-
dehyde (20),

The methylens diecetste is oxidized much too slowly t©0 be determined
by a direct titretion, while methyl formate, methyl scetste, and ethyl
ssetete sppesr to be stable in the medium,

In the investigation of methyl formate an interesting observstion
wse made which is utilized later a8 a qualitetive test for the identifi-
cation of methyl formste. 4in acetic acid solution, 1 N with respect to
perchloric seid, containing 57.3 mg, methyl formete 1s permitted to
stand in a glems stoppered flask for 1.5 hours. £t the end of this time
enough sodium acetote is added to furnish an excess of sbout 1 g, over
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that necessary %o neutralize the perchloric soid., 4n excess of leed
tatra~scotate 18 then sdded to the solution snd the mixture left $n

the derk for 1 hour, ifter this resction, the expess leed tetra-scetste
is determined lodimetricslly es described previously., This meesurement
showed thet sbout 50% of the methyl formste had rescted. Presumably the

lead tetre-acetste oxidstion tekes place on the formic acid produced in
tha resction:

Q 0
HelwOCH, + x-z,,c-@.-w = H—g-(;lﬁ + HyC=0-0CH,

This resction is offersed here since it 1s used later, No clsims srs made
concerning quantitztive applicatlon but thess obsarvations ars presented
%0 show s method for the qualitstive dotectlon of mothyl formate which
is appliccble in 2 medium of this lype.

The sttempts to use cerdum (IV) in the oxidstive doterminstion of
these esters resulted in fsilure, Using the resulis, however, these
materials cwn be eliminated a8 posgible intermedietes or end products in
a stoichiometric rescticn of the compounds studied previously in gre-ter
detddl,

3, Oxalsgetic hcid end Pyruvie Acid

These resgents could conceivebly be formed in the oxidstive recction

of either malonic scid or sodium mesoxalate, In sddition these msterials
serve to illustreste the resctions of <keto scids with cerium (IV), When
employed under the ssme conditions as used in the titrstion of malonie
seid, these resgents sre oxidized st & detectsble rate, but the retes of
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oxidetion are not rapid encugh to permit o direct titration, On this
besls 1t seems Justifieble to eliminete either reegent a8 an interw
mediate in the oxidstive process of eny of the determinsble reductants.

b, Tartaric seid

This reagent is anothsr which csnnot be determined by a2 direct
titration with corium (IV) in this medium, Ths resstion proceeds at &
fevorable rste at the beginning of the titrstion, FHowever, as the titra-
tion progresses, the resotion slows, The point st which the rete becomes
slow 1s not reproducible, ALpperemtly partisl scetylation tekes plece
proventing the sttaimment of p reproducible end point,

5. Suseinic hoid

Tiis resgent deserves partioular attention since it is one of the
final products found in the detomposition of dissetyl peroxide whieh
gould ¢onceivebly be present in the oxidstion medium, Suceinie seid
proved to be quite steble in the oxidizing medium,

6, icetylssetone’

This meterisl wes investigeted to supplement the oxidstion studies
msde on compounds conteining asctive methyleme groups. The resgent was
obtained conmereislly; end during its titretion, oxidstion proceeds in
much the same manney ss in the corresponding melonic scid titrstion,
The resetion proceeds quite rspidly st first and then slows, Unlike
malonic ssid, however, no reproducible end point ¢an be obteined,



Acoording to work done in agueous media, one of the fastors which
would require the use of empiriosl relationships in en oxidstive de-
termdrovicn with cerium (IV) is the formation of an sldehyde (28),
Neither formeldehyde nor benzsldehyde is oxidized st a favorshle raste
regardless of the point in the titrstion, Both paraformaldshyde snd
sgueous ramlduw, trested with an expess of scetic snhydride, were
trisd but there did mot seem to be sn epprecisble difference in their
retes of oxidetlon, Benzaldelyde is oxidized more rapidly than formalde~
hyde but stil) not at a rate favorsble for s direct titrstion,

Results of the type daescribed sbove would be expected by referring
to the work involving the interfersnces in oxalic scid anxdd mesoxslis
ecdd titraticons, As a rule, with the exception of oxslate, the formstion
of either sldelyde during en oxidstion would be expected to yield empiri-
ceol results in this medium as well as in squeous medis,

is axamples of o ~hydroxy scids these resgents, obtsined commercially,

were investigsted, As in the mejority of ceses in this section, the rates
of oxldation were slow snd did not pormit 2 direct titrastion under the

conditions employed.

9, Et Alcohol end Met) sleohol

As would be expected from the studies on oxslste and mesoxalate
interferences these simple slcolols are oxidized slowly. There 1s,
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however, the characteristic orange red color formed during the addition
of cerium (IV), This would indicsts that & complex, similsr to that

formed in water during the quslitetive test for simple slcohols, is
obbeined,

In squeous solutions these polyols resct rspidly with cerium (IV),
and they are determinsble by s stolchicmetric resction when sn exveas
cerium (IV) oxidimetry technique is employed.

In soetlie seld, however, they ars not oxidized st % rate psrmitting
& direct titrstion, The\hshaﬁar of these chemicels in the interference
studios on oxsleie end mesoxalste would indieste thst partisl acetyle-
tion oeeurs preventing the stteinment of reproducible results,

11, Cim bold, Maleic Acid snd Cyclehsxsne
These exemples of two types of double bond unssturstion were investi-

geted end found to be sttacked by cerium (IV) solutions. Cimnemic coid
recelved w,wéiderable éttsnuen. The oxidation of this chemicsl proceeds
st 8 favorsble rate at the start of & titrstion; but as its concentrstion
18 depleted the resction slows 50 that sn end point carmot be cbserved,
During the titration, there sppears to be a noticible chenge when spproxie
mately L meq, of cerium {IV) per millimole cinnamic ecid heve been sdded,
There 18 no end point obtained however,

In arder to obtsin a closrer p:tgtura of the resction after sdding
gerfum (IV) in the ratic of L mec, cerium (IV) per millimole einnsmic
acid, en ultra viclet sbsorption spectrum wes talen of each solution



under consideration. The meesurements were made with s Beclman Model
D, U, Spectrophotometer on solutions prepared in the following way.

(1) 4 solution containing the cinnmic scid in scetic scid 2 ¥ with
respect ¥ perchlorie ecdd wss messured ageinet s blank containing only
scetic aeid snd the smme concentretion of perchlorie scid, (2) The smme
concentration of oinnamic seid wss treated with enough cerium (IV) soluw
tion so thet the mole ratio of oxidant to cinmemic s0id wss L to 1. The
ssme amount of cerium (IV) solution was added to the seme volume of
soetic soid 2 W with respsct to perchloric eeid, After standing until
the decomposition of cerium (IV) was complete, this solution wes used as
the blank to which the solution containing the oxidiged cimamic scid
wag compared, (3) Benzolc scid in the smme molar concentrstion wes pre-
pared in acetic seld 2 ¥ with respect to perchloric acid, This solution
wes measuvred asgainst a blank conteining only scetic acid mede %0 2 K
with respoct t0 perchloric ecid,

The spectre ahwméd on the three deseribed solutions are ghown in
Fig. 6.

4 genter which might be expected to be sttacked during the oxide-
tion of cinnamic s0id with cerdium (IV) is the double bond on the side
ghain, Attack of this double bond would lead to interfersnce of resonance
by decressing the smount of conjugestion, Concurrent with resonance
interference would come the shifting of the sbsorption bands to s lower
weve length,

By making reference to the spectrsl curves, ons cen see that the
sbsorption band of ecinnamic scid 48 locsted at exsctly the same wave
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length a8 a lesser one of the oxidation system. On this besis it may
be said that the oxidetion of cinnamic scid is incomplete with the
sddition of four meq, cerdum (IV) per millimole einnamic scid, Attsck
of the double bord is indicsted by the sppearance of what seems to be a
strong sbsorption bend at sbout 25h mu, Below 252 wm: the solutions
becsme opeque and the exect locstion of this lower sbsorption bend is
unknown, If the oxidstion process results in complete rupture of the
double bond e product which might be expected is benzols acid, It is
quite obvious that benzoic a20id 18 not e product formed in aspprecisble
quentities when reference 1s maede to the emrwe obbsined with pure bensoic
seld dissolved in the seme medium as the oxidized eimmamic ceid,

In the lops of heing sble to obtain a prysedure which could be
utilized in the direct oxidimetric titrstion of cimmamic acid, the per-
chloric acid concentrstion of the sclutlons being Hitrsted wém varied,
Concentrstion ranges of from 1 to L ¥ perchloric ocid were employed but
in mo csse was it possible to obtain on end point,

Cyclohexene and mslelsc spid are oxidized but at a2 slower rate
throughout the titrstion than the cerresponding oxidetion of cimmamic scid,

While & determinstion of these unsatursted molecules wes not realised,
these obssrvetions show that double bond unssturstion ls sttecked by
cerium (IV) at an epprecisble rste in this medium,

12, 2,5-Dimetlhylej-Hexym g2, Sediol

This resgent, obtsined commercielly, eppears to be quite steble in
the oxidising medium, This helps to Lllustreste the indiestion of greater
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#tability of triple bond wnsasturstions toward cerium (IV) oxidstion than
a double bond unsaturstion in ths scetis s0id medium,

s

This mercsptan exhibited » surprisingly high degree of stsbility in
the oxidation medium,

Ro sttempt 18 made in tlese oxsminations 40 cleim s thorough investi-
gation of the omidstion possibilities of cerium (IV) in scetic ecids but
s wide renge of bond typea received attention. In these studies none of
the resgents were found 4o be determinsble by the oxidstion titrstion;
but by the process of eliminstion soms possible end products or intere
medistes mre eliminsted sp possibilities in the oxidstion schems of the
four chemicsls investigsted in detadl,



DISCUSSION QF MEGHANIM



DISCUSSION OF MEC ReNISM

The information collected in this work provides a basis for inter-
eating spoculstion converning the mechenism of cerium (IV) oxidastions in
this medium, For the mechanistic oonsiderstions s certein smount of
information 15 avedlsble which 49 spplicsble to all of the rersctions
studied in detedl, (1) The use of l-carbon-lh scetic ecid indicetes
extensive snd stoichiometric perticipation of the solvent in ths resce
tions, (2) Qualitstive tests suggest the presence of peroxyacetic scid
in the decomposing cerium (IV) selutions, (3) Only s limited rumber of
compounds undergo resction at 2 suffielently repid raste to permit s
direst titrstion,

By referense Yo mechenistic studies 1n wster, it is possible to
derive information which mey bs epplied to cerium (IV) oxidstions in
soetic seld, In agueous madia, 1% hes been propesed that ionic oxidising
agents resct in the following manner with oxygensted reductents (6,13),
Uaing iron (III) as the oxidant scting on en orgsnic molscule contsining
oxygen which hag at leest ons pair of unsherod electrons:

DU + S o H +* FB*** —_— wl o« O * ?e“

wCwd 4 Fa™ === L0 + Fe*

The oxidation is probsbly prececded by an intermediate complex forme
ation (7,8), The rate of oxidation 1s & function then of the oxidizing
power of the oxidsnt and its ability to form the initial complex,
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The evidence collected in this work is net sufficiently complete to
propose 2 delinite mechmnism; but by referring to studies in agueous

media, 4% is possible to present a scheme which will explain the results
found in this work,

A, Qxidetion of Sodius Oxalate

Under the conditions employed in the determinstion of this resgent,
the oxidstion is essentially instantenecus, The resction proceeds with
the consumption of two meq, of cerium (IV) sccompanied by the evolution
of two millimoles of csrbon dloxide per millimole oxslate., Only e¢srbon
dioxids could be detected =8 & product of the oxidrtion, end carbon-ll
studies indicste extensive snd spparently stoichiometric perticipation
of the solvent, & measurement of carbonelh dioxide indicates thst the
resction proceeds involving scetic evid snd oxalate in a mole for mole
ratio, |

In order t comply with these observations it would sppear necessary
that en unsteble intermediate must be formed in the oxidstion scheme which
involves the solvent and the oxslste in eguel molsr proportions,

Definite proof is lacking but s ressonsble explanetion might be the
formstion of s mixed peroxide which would undergo further decompositien
sccompenied by sn intramolecular reerrsngement, This might be depicted
in a scheme aimilaer to the following?

N 2 2 *
Cw0=0«C"wCl — CHC +C0g + C O,
“OH

G
d “oH
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4n intramoleculsr decomposition of this type would comply not only
with the results cbtsined for cerium (IV) conswmption end cerbon dioxide
evolution, but would else explain the insbility to detect s combustible
ges, If the decomposition of the proposed intarmediste would proceed
with the formation of a fres methyl radicsl, methsne would be expected
as & product of the oxidetion (19,23,35,36),

In sddition to an intremoleculsar remrmngement of the type mentioned
it would be concelvable thst a modified Baeyey-Villiger resction might
explain the results (3).

& generslized Basyer-Villiger Rearrangement is:

2 9
ReCaR! + R"COE —> RC «OR' + R"COgH

4 Baoyer«Villiger Rearrangement modifisd to fit the oxalate éyztmr is:
0

C-08 |, opgto —> i +C'0y +COy
- OH oo,

If thls type of e rearrsngement were opersilve then metlyl formste
would be » resctiom product, When epplying the test for methyl formate,
deseribed previously, the results were negstive, This indicstes that
4f this resction does teke plece, it is minor in extent,

While the svidencs is not conclusive 1t seems possible that the
proposed intermediste might be formed snd that its decomposition proceeds

in the menner shown,
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B, Sodium Mesoxalate

A8 in the titretions of oxalate, the oxidstion of this resgent
takes plsse essentially instemecusly, The oxidstion requires four milli~
equivelents cerium (IV) and is sccompanied by the evolution of three
millimoles of ¢csrbon dioxide, In the carbon dioxide evolution studies
utilizing carbonell, extensive participstion of the solvent is indicsted,
Apparently scetic scld enters into the repction in e stoichiometrie
menner, 4 moler ratio of one carbon dloxide derived from the solvent
per one of mesoxalate oxidized is obteimed through the usse of this teche
nique,

Again the evidence is too inconclusive %o propose z definite mechane
ism; however, it would seem possible that the initial step in the oxle-
dation step involves oxidstive decarboxylstion, If this tekes place,
the molecule remeining would be oxslic escid which could be oxidized as
in the scleme mentioned previously.

Cleomr cut evidence supporting this type of mechanism is lacking but
employing an explsnation such as this would comply with the cbservations:
(1) No combustible ges is detected, (2) The resction is somewhet slower
then the corresponding oxslste oxidation, (3) The studies employing the
carbon«ll; tracer technique show that, in the oxidetion process, the sol-
vent Mcipm in s stoichiometric manner with one mole of scetic
apid being ueed per mole sedium mesoxslste oxidized, (L) The reproduci-
bility snd stoichiometry of the resttion sre satisfied,
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G, Citric Acid snd Malonic feid

The svailsble deta are not sufficient to offer s reasonable explana~-
tion for the oxidetion of these msterisls, ippsrently the resctions sre
wite complex, The complexity might be expected if the proposed mechane
iem in aquecus media mentioned previously tskes plece in the acetic acid
wedium, Using melonic seid as an exsmples

o
LN
G« OH - C = OH
4] - g gu
,amﬂaa ) o
0” 0 =0 = OH
0 - O O =G - 0H
B & o e(TV) —> Cga 4 2eITT +H
0«8« 08 02 ¢ ~ OH

The wesonance possibilities of the free redicel mey stabilize the
redicel sufficiently to permit polymerization, If this is the case one
ecould expect two types of bomnds to be formed preferentially in the polymer
each of which has abent' the same bond energy’

N\ m\ //0 Q .

- 0H O 0 C. C «0H
xg.-ﬂ-é«cn,-.db or - CH
g H . S—om
6/\{3“ m ‘./ \O a/

These possibilities, if they exist, could explain the inebility teo
{solete clesr cubd preducts snd the feot thet =n end point is reschsd
which sorresponds to the transfer of an frectional number of e~uivalents,
It does not explsln the ewolution of two millimoles of carbon dioxide

both of which come from the solvent,



The lack of more informstion mokes any mere speculation pure guess-
work,

What has been szid concerning malonie secid could be repested in the
sxplanstion concerning the oxidetion of citric scid, The incressed come
plexity of the molecule, however, would leazd one to suspect sn even
wider variety of reections, Becsause sufficient dsta are not eviilsble,
it is impossible to drew conclusions other then those which would be

exsotly comparsble to the speculastion converning melonle scid.
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SMNLRY

Initially this work was bagun to investigate possible snalyticsal
epplicstions for which acetic ecid soluwtions of cerium (IV) could be
used and %o collect dsta which would sid in the ellucidstion of the
oxidative mechsmism through which the resctions proceed in this medium,
In general, these objectives heve been spcomplished as is evidenced by
the results produced in the investigstion,

Acotic acid solutions of cerium (IV) were prepared from smmonium
hexsnitretocerste (IV) since investigstion showed that higher concentrse
tdons of oxidant were obbtainsble in ecetic acid through ite use themn
with other sclta, 4An smperametric technique employing two sctive
electrodes was used elmost exclusively in following the course of the
titrstions, This procedure for detecting the eruivslence point wss
adopted in preference to potentiometric methods becanse of certain in-
herent difficulties encountered with the reference electrodes in this
nonwagqueons medium,

The following cbservations were noted in the investigstiont

(1) seetic seid solutions of cerium (IV) prepared from smonium
hexsnitrotocarste (IV) are reasonsbly steble if stored in the dsrk; only
in very precise studies is it necessary to restadardize the selutions
during & given work period, If the solutions sre stored in light or if
s minersl acid is present, the rste of decomposition of cerium (IV) is
scvelersted to an spprecisble degree,
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(2) It 18 possible to standerdize cerium (IV) solutions with
privary stsnderd grade sodium oxslate, This resgent fulfiils the re-
ouirements necossmy for e standerd reductant in this medivm, In sde
dition to sodium oxslate, iron (YI) perchlorste exidbits the presoribed
requirements for s standard reduectant with one exseption, nitrate pre-~
sents a serious interference, Even though iron (IY) perchlorste solu~
tions can not be used for the determinetion of cerium (IV) in the pres-
ence of nitrste, thoy cen be used %o good advantage in the determination
of other oxidents in the sbosence of nitrste, Evidence is offaered de-
monstrating the feasibility of employing this resgent in the enalysis
of scetic acid selutions of sodium permengenate and chromium trioxide,

(3) Employing ssetic seid solutions of cerium (IV), it is possible
to determine sodium oxslats or sodiws mesoxslste in the presence of o
wide variety of oxygensted materisls, On the besis of these results,
it seoms Justifisbls to claim incressed selectivity of the oxident in
this medium, Malonic acld end citric soid ere determinable by a direct
oxidimetrie titretion, These lest oxidstions are not entirely satis-
feotory since empiricel meens must be employed in detecting the end
point,

(L) In the oxidstion process of these meterials, cerbon dioxide is
evelved in s stoichiometric msnner, Employing ecotle scld which is
tagged with cerbonelli in the cerboxyl growp, extensive solvent partici-
petdon in the oxldstion process is shown, Per mole of reductent, the
values for totsl carbon dioxide evolution and emount of cerbon dioxide
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derived from the ssetic acid for the individusl reductants sret sodium
oxelate, two end one; melonic acid, two and two; sodium mesoxalste, three
end oney end citric sedid, three ond tlree,

(5) i in squecus medis the redox potentisl of the cerium coupls in
scetic acid is dependent on the type of minersl scid present smd cone
centration of that acid, Perchloric scid provides the highest redox
potentlsl, The veristion of the potentlel in the presence of different
exlds suggests thal complexstion takes plece in this medium,

These eccomplisiments show partial fulfiliment of the broad objece
tives esteblished st the beginning of the investigation; however, during
the course of the study, seversl othsy problems presented themselves:

(1) 4 more complete investigetion of iron (II) perchloraste o

reglige its eventual possibilities in this medium,

{2) Further study conserning the employment of sodium per-

nangmmate in acetic scid,

(3) The extension of cerium (IV) oxidetions to substemces other

than oxygenated materials,

(4) Ytilization of other tagged molecules to further ellucidste

the oxidetive machsnism,
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APPENDIX 1
Summery of Oxygensted Substances Subjected to Corium (IV) Oxidstions

Determineble by Direct Titrstion

Pydroguinone
Sodium Oxalate
Sodium Mesoxslate
Malonie hoids
Citric Acidw

Reactions Proceeding Rapidly st Pirst but Slowing Down During Titretions

Tartaric Acid
Ethylene Glyeol
Glycsrol

Acetyd soetonate
Suerosa
Oxalacetic fedd
Pyruvie seid

Reactions Proceeding Slowly Througlout the Titrations

Methylene Disvotate
FPermaldehyde

)

B P

Methyl. Aleohel

Cimmemic Leldws

Halic ioid

Cyrelohexens

2, 5-Dimethyl- 3- Bexyne -2 ,5-Bicl
2 Hercsptobenzthisyol
Peaminobenzolce sedd and fluorene

Steble Msterisls

Hetlyl Formste
Yothyl Acetste
Bblgl Acetate
Suecinie Acld
Formle Aeid
Benzolic Aecdd

' ¥ Not very satisfsctory
## Reacts at a rate spproximating s fsvoredle titrstion,
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APPENDIX 2

Caleulation Used for Iatimating
Nintmum Amount of CHyC140,H Needed
Requirementst In order to be statisticilly accurate the final count
mst be ot lesst six times baokground or st lesst 2L0O counts per
minute or 4.0 counts per gecond,

Asssumptionss (1) Flow counter is 10% efficient. (2) The acetic ecid
and reductent reset in 2 mole to mole rstio,

Calc ongt
One millicurie (by definition) = 3.7 x 107 Disintegrstions per
second, /b least L.0 counts per second sre necessary for scourste
work, Assuming 108 efficiency of the counter, LO disintegrastions
per secordl sre necessary,
»e B0
.7 x 107 millicuries are needod in esch sample,
Sample sizes ere in the order of 0,2 millimoles of reductsmt which
are dissolved in 50 ml, or 875 millimoles of acetic secdd,
Using the origine)l sssumption of s reaction involving mole to mole
ratio of scetic seld to reductmmt this expression cen be sst upt
0 T ™ X % e 0473 X 10~* me /asaple
Since N’amples are to be collected the minimum emount of material
is sbeut 0.1 mo,
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APPENDIX 3

Sample Caloulation for Determining
the Involvement of ‘ecetic fcid Using Carbonell Dicxide

Initial wt, sodium oxelste
52.6 mg, = 0,392 millimoles
Totsl wh, precipiteted BasO,
15k,0 mg.
W, BaCO, taken for ccunting
50.0 mg,
Hot counts per minute on sample
213.5
Not ecunts per mimibe per millimole sediuwm oxelate

2738 T .
2135 4 %& x i 250 Sounts per miante

Going tlhrough the smme procedure with the scetic scid solvent after

combusting snd collecting the carbon dloxide es BaCly




