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INTRODUCTION

History

All @mpmn in which there is direct bending of hydroxyl to
aromatic nuecleus, axﬁm grouped in a chemicel class and known as
F&ﬁ#ﬁlﬁ. Discovery of phemolic individuals, however, preceded by
many years any méﬁmﬁim of their styuvetural mlatim&hig,

Pyrogallol, obtained by Scheele in 1786, was the first phenol
to be described, and owes ite surprisingly early recording to the
Pact that it arises from the heating of ga.ilia soid, 3 natural plant
substance, Since the observations of Scheele, every one of the
twelve hydroxybenzenesn, except the pentehydroxy compound; has been
mmmmm desoribed, together with o multitede of phenols
containing non-hydroxy subsiituents,

1% was not wmtil 1834 that Bunge (1) encountersd the prototype
of the class, ‘!ﬁvm&igaﬁn@ ﬁm\ mors velatile fractions of coal tar,
he diecovered phenol itself and the three nitrogesous bases, pyrrole,
analine and guinolibhe besides. The name, carbolic scid, which he
proposed for the phenol, 1s 3%il] used ;m rharmasy. Runge slso

recorded the important obssrvations that phenol has denaturing effect
on proteins and the power to prevent or check ﬁww, but he was
miﬂakm‘ in believing that his carbolic acid was pure.

Sever years later, Laurent (2) succeeded in preparing crystalline
phenol from coal gas oil. He analyzed the substance, and, believing



-

it to contain water, sssigned the formula, CjoHyn0'H0, and a name,
phenyl hydrats, Aleo published was his opinion that Hunge's oarbolie
acid might be impure phenyl hydrate,

The ﬂmtuml nature of phenols became quickly deduced following
the gmémi acceptance of Kekule's formula for benzene, and the fact
demonstrated by Hont in 1849 that phenol arises from that parent
compound .

Preparation

Phenol was not an article of commerce until after 1867, when
Wartz (3) discovered that aromatic #ulfﬁaawa, however resistant they
might be to aguecus alkali, counld still be converted to phenolates by
fusion with potassium hydroxide. Thanks to improveimethods, a vast
amount of phenol is nov recoversd direetly fa:?oxs soal tar, but the
demand for phencl has inarmm& 8o greatly that chemical production
of it from benzene is also mpl@yéﬂ on a large scale,

Besides the imporiant sulphonic acid process, there are newer
methods in which aryl .iwflmn intermediates are hydrolyzed by aqueous

alkali (4), With most halides, and particularly c:lorcbenzene, elevated
| temperatures aaa pressures are necessary. A batch process used in
Europe employs antoclaving with a coppsr #alt estalyst, In Americs,
the Dow Chemical G’am_pm has developed a continuous method in which

the reaction mixture slowly passes tarough a long pipe. The German
Raschig pmw#s features both @Maly%ia' alr-oxidation of a hot

hydrochloric-benzene mixture to give the chlorobenszene, and almost
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Both hexamethylenediamine and adipie acid, the materlals of nylon
production, are obtalned by means of reactions startingwith phemol.
. During World War I, the ;agwagnc of piorate explosives amugem
as much phenol as did the entire sconomy in the following decade,
Dye synthesis, relatively less important frem a volume stendpoint,
remains as a conspicuous use, |

0f paseing interest, is the utilization of wgﬁga pyrogallol
solutions as oxygen absorbers, & practice formerly universal, but
nov destined to decline in the face of competition from newlye
avallable »gw%g reducing azents,

Recently it has been observed that the heavier noble gases
 enter into sombination with certain selid phenols (9,10). The
substances arising in this way may wgwanww be spoken of as compounds
if one scdepts a definition which emphasizes stability and stoichio-
metric constaney. It appears, however, that shape and size of
crystal interstices is the oriticsl factor in their formation, and
not the vsuval bonding between atoms, There 18 not sufficient reason

as yet for assuming that this behavier is peculiar to phenols,

\ma@aaﬁag of the Froblem

The aime of this thesis are %o aowa.ﬁg the reaction of sulfatow
cerate on phenols; to show how 1% may be used in snalytical operationsy
to explain the nature of the rsaction end the consti tation of the

product; and to set these obeervations in perspective by an examination
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REVISW OF THY LITHRATURE

Detection

The a%&wawwg« of single, a@aaawwn tests, relisble in mixtures,
and covering both classes and individual compounds, 1s the final
aemw of research v qualitative analysis, Unabtained though this
may be, there has been encouraging progress, even in the difficult
problem with phenols, . |

&wawg,,#ﬁ%ﬁg instances of interference by other classes
exist, the main confusion in detecting gw ,:ﬁggg phenols is
caused by amines, whose oxidation and substitution reactions are
einilar. Sometimes, the mere w%uuﬁ%ﬁg of elementary nitrogen
will eliminate a n%awwaf but not, for instance, in the csse of
S-hydroxyguinoline, Idikewisze, it may prove simple t0 test with
the claseifying solvents in ;ﬁw@ the aﬁwgﬁ‘ﬁo%s&gﬁ»agw
anmines and phenols distinguish themselves, ?ww iz not practicable,
however, if specimens are dilute solutions, nor when a presence of
other fonctional groups changes the solubility pattern,

In the following section will be given a number of procedurss
for detecting phenols, Some of these methods yleld extremely

precise and specific information,



Pure substances in solution

As one knows, c0lid phenol, or ite water solutione mey be sensed
by odor. For solutions, the threshold of human perception 1lies in
the wvicinlty of one part phenol %w taree thousand parts vater,

Fish, howsver, sgeen able to detest 1% wﬂ; lover orders of magnitude,
gm&%a been used for this purpose (12),

 Ferric caloride, a gqualitative phenol reagent of long standing,
forms intensely colored complexes of various hune with aga, menbers
of the c¢lass, and mey be used in smlocholic solmtions with substances
that are insufficlently soluble in water. Amines do not interfere,
but enols, if not too dilute, give a positive tesi,

The llebermsn resctiom is wg_g@n gtandard tost for phenols,
and consists of the forming of an intense red coloration on addition
of nitrous acid to & phenol solution, w%a@aﬁa? are considered to
e the %aggﬁy sinoe they nay wﬁﬁ by setion of phenols on nitroso-
vhenols, A ocoler change caused by lideration of the indophenol anion
is observed upon neutralization of the eﬁw%a asid, This anmion,
formulating as » symmetrical mesomer, is very stable, Eitrous acld
is supplisd to the reaction 5 sdding Kwﬁg g,w,n to the %»& solution.

Indophendl formation by & Aifferent route is the basis of the
most sensitive chemical test on record for phenols, and hae been pepular-
ized by Givhs (13), 1t consists in treating a very dilute aqueous
solution, buffered near pH-9.Y4, && m.m&»«gggaggw%ﬁag?

Concentrations of phenel as low as 1:20,000,000 give a sensible
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4w commonly used, It h@ been thought that carbonyl axygm, together
with the parahydrogen atoms of two phenol molecules becomes eliminated
as water, One of the attached phenol residues is also oxidized to
the q;ainbiti sﬁa%. which gives the soloration. At present it is felt,
i;wmar, that quinoid struecture is not imvolved, amﬁ that the

Komsrowsky phenol reaction may instead be plotured;

CHO H HO\©\ OH

0
N | > ||
C ‘ c /

Q -—in

As previously mentioned, para~hydrogen atoms are reguired in the phenmols,
In addition, the phenol group itself must be 1’#@@; phmeue ethere do
not react, It.m be mentioned that while the Komarowsky préee&nm,

as applied to alechols and olefinic mmtmau, gives rise to colors
through quite different chemical reasctions, the classes indicated |
conastitute s practical source of confusion that ie jJust as serious as |

though they reacted in exactly the same way.
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4 simple test suggested by Escalch (20) is eaid to give prelimine
ary quentitative information in addition to the qualitative. The
method consiste of treating the vwﬁaw solution with successive amall
amounts of the following a»ug&q&. reagente; ammonia, sodium peroxydi-
sulfate and silver nitrate, Fhenol, if present at less than 1:20000,
causes the aggggm of a yellow coloration, A% higher concentrations,
the color is blue. Amines slso react,

There is a review covering some of these and many aﬁp@w aolor
reactions of phenole, anthored by Gibbs Q&., The various tests
are presentad in organiszed form. Their scope and limitations are

discussed,

Hixtures

Due $o such factors as indistinguishable bdehavier by two or more
substances, gggaﬁga hetwesn components, or discharge of the
reasgent by other than the intended processes, ,ge detection of individual
compounds in mixztures by chemical means is nﬁ%@a with diffienlty.
Purthermore, even when a measure of supcess is achieved, the results
are usually of poorer quality than those %ggw from pure unknowns.
Among the chemical tests, the ferric chloride is sufficiently
reliable for gemeral use, HEnols give the test, but may usually be

1

m:a»gﬁ»&% by their semsitivity to carbonyl reagents,” Certain

dther substences, of which mercaptoacetic acid is an organic example,

N

The latter property is shared, however, by certsin phenols,
potably the meta~oriented polyhydroxybenzenes, ,
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This pattern for phenols ie quite incomplete. But thers do
exist, methods for establishing phenolic nature, i.e., detection,

g 2180 a few reactions by which the mumber and/or orientation of
hydroxyl groups may be learned,

| Medley (25) has observed a gaﬁw@ in vhieh monohydroxy a&p
polyhydroxybensenss differentiate themselves. Basle lead acetate
gives .w pracipitate, ﬁﬁw&. in the cold, with the common phenols,
Preocipitates of sggwmuu phenols ,a% be dissolved in chloreform,
wirile others are not soluble., This short out could, on occasion,
eliminate a necessity for an absolute muﬁamﬁa involving molecular
weight determinations, elementary analyses and asylation,

If a phenol is known to be monovalent, the question of parae
substitution may Ye resolved either by its behavior in the Gibbs
reaction (15) or in the Komarowsky (26). But this is often unneces-
sary, since common auﬁﬁggw compounde are generally distinguishable,
in ,aa? vRusual cases, infra.red spectra have alse been used. Thils
line of investigation is w% to continue, PFriedel (27) by means
of infra-red absorption data, has arranged twenty-two simple phenols
into four classes as a function of their different states of ortho-
substitution, -

Some peenliarities of %@wﬁﬁa phenols have been recorded by
several investigators, Thomas (28), using a solution of ethanolamine
molybdate in alochol, has ohtained intense red colorations from |
catechol, gallic acid and pyrogallel. A similar coler arising from

benzoquinope differs in bDeing stable towards acid, Over fifty common
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phenels which lack the vicinal polyhydroxy characteristic, tested
negatively, Precipitation of the same compounds by excess trivalent
rars earth ion has been reported by Pernandes (29). He does not
mention aaww»a acid, Trivalent cerium is said to cause a violet
precipltate, vhereas precipitates of other rare esrths are white.
Medley (25) has observed pyregallol and catechol to precipitate in
the water solution of normal lead acetate, while the basic acetate
is required to wuﬁawwmaawa others,

An sdditional methed for distingulshing this configuration is
wwaa of Bransr (30), using a molybdiphosphate reagent. The first
resction i noted, and also any change brought sbout on addition of
smmonia. The color sedquence given by eatechol and pyrogallol is green
%o blue; by wwﬁ&oggawmaa,nﬁh.wunuexqwnmaaﬁa»naaa* blue without aw»aae”;
and swAaaaaaawaaw and phloroglucinol, ne color to blue., The test ie
gaid to indicate thess configurations as they ocour in p@uawu moleculesn,
as well as to differentiate the di- and trihydroxybensene isomers.

Presipitation of two meta-dihydroxy compounds, resorocincl and
na&»ﬁ@y‘ by the basic nitrate of mercury, has besn reported by Cremer
(31), and may be specifie in wider applications. 'The occcurrence is
noted even in dilute selutions., Hydroquinone, phenol and ortho-
graesol give no response, Catechol gives s black precipitate,

Ranedo (32) has used the rsagent, l-diszo-2-napthol~i.sulfonie
aeld, followed by masaznﬁ.,»u a color resction that appsars to be
selective for the metaw-dibydroxy configuration. Resorcinel, oreimel

and %#pwueawﬁaﬂuaw solutions all become intensely red, while the response
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$itration ;ﬁ.; this iodine .ﬁ? standard thiosulfate, Since in the
overall process one molesule of phenol consumes six atoms of wuéawva,w
the data obtained can be used to show the smount ﬁ. thenol w&%gg
present, In order to prevent the escape of volatile materials, this
procedure is varried out in iodine flasks, |

Rengent bromine may be asdded in two ways: simply as bromine
vater, or as bromate, followed by excess bromide and g%,, In the
latter case, the limiting factor 1s bromate, which becomes quantita-
tively reduced, A knows charge of bromine is agw set fres in the
solution, There 1s the advantage with this varlation that all the
bromine gets into the flask in the first place, and that very little
can aan%c daring the w»&@ for adding scid g& stoppering.

If sufficient care be exercised, phenol and metawsoresol may be
determined with errors of only tenths of a per cent by the Koppeschaar
method, ,

Danskwortt {57) gu studied the problem of the eresols, and his
resalts indicate that only metascresol is satisfactorily Drominated
within the anﬁgaw fifteen-minute waiting period, Ortho- and para-
cresol require up %o seventy~two hours, Pieters (58) has checksd the
Koppeschaar method along with an fodometrie procedure, and found
satisfactory agreement, Blielemberg and Geldhahn (59), however, in

m? the initial bromination of pvhenol, bromine substitution
oscurs at three muclear positions end also at the oxygen atom, swherve
Br remsins resctive tovards iodide and its vslence corresponds %o
the hypobromous state, Reduotion of this dromine stom to bBromide
therefore liberates two atoms of jodine, and ths gross effect is as
though no hydroxyl reactien were involved,
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after destruction of the axam% Z&%ﬁ by mercurcus ehloride; and
third, by tedometric determination of the fourth bromine pag.w
Hethods one and three give gaﬁﬁu about two per cent low, while
method two is usually high in eimilar wﬁg? The iodination of
phenol in cold, weakly alkaline solutions by free iodine, gives the
product 2,4, ,6«tri~iodophencl exclusively, and consumes six iodine
atoms 3& mole of phenol., Three iodide ions appear in the solution.
The quantitative adaptation of this reaction has been proposed by
Hamann (63). Also reporting an iodination methed are Slotta and
Neisser (42), in whose hands, the alkaline iodine selution, that is,
: %&»»5. hes appeared o give good results in a number of cases,
The mwgwaﬁa is to »noﬁ nentral phenol solutions with a known
gquantity of ,pamg& w44 alkall, and after a time interval followed
by acidification, to titrate the excess reageat with thiosulfate,
Catechol and #wmggueg sufter ring~-oleavage, but their reactions
e31ll econform to simple stolchiometry, the _?gﬁ compound consuming
ten iodine atoms, and the latter, twelve.

Indination may also be acoomplished thyough the use of ifodine
chloride, Oengrinovitch (64) has reported a satisfactory analysis
of phenol, resorcinol, beta-napthol snd oxine, The phenol is titrated
directly with the reagent, starch-icdide indicator being used., It is
emphasized that the iodine enhloride reagent possesses the following

This thesis, footnote 1, p. 24.
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advantages; nonevolatility, high sensitivity towards phenols,
convenisnce, fresden from absorption by the precipitates, and low
eont,

yrimetry. The ferric chloride g¢oloration with phemols appears

Lo
to be ons example of a general qualitative test which 1s not easily
sdaptsble to quantitative use, Babkin (65) has sttempted the applica~
/anaﬁ* but without gsﬁ,gwgmmugw»ww guccess, and has admitted that
his ﬁ?g may produce resulte deviating by as much as twenty per
cent, |

Bach (66) has studied the Millon-type ¢coler phencmens, as has
e¢ibhe {(18), fThe former reports that his procedure, which includes
boiling, furnishes stsble colorations that are reproducidle for
phenol. Concentrations of this substance, however, must be above
five w.,.?s.q ﬁgs ontlines his own &mﬁéw and xiwﬁ the work of
others, |

i
have

Golorations cbtained through the use of the Gibbs reagent
boen found serviceable in guantitative ennlysis of phenols wa axtreme
dilutions, and undoubtedly constitutes one of the very finest
procsdures wherever it is applicable, Papers by Gibbs (13),
Basavilvaso (16), and by Bttinger and Ruchhoft (15), have explained
the procedures mﬁa,wwswaﬁawaaaq and sugpested modifications for

spacific purposes,

M™is thesis, p. 9.



Some miscellaneous color resctions employed in qmt&mtma ,
analysis are titanium salts with phemol in chloroform (67), dlazonium
eoupling (55) end sﬁhw&&mimwwﬁﬂ&a% complexation, 5(2&) The
titanium colors suffer interferences from such hard-to.avold substances
st water, ethanol maé, ether, but the exceptionally sharp specificity
of ethanolamine-molybdate rgsmml for the catechol and gallic
acid classes, wounld seem %0 indicate promise in the fleld of mixtures,

Halogenated phenols chtained in the

iodine and bromine resctions, are generally sufficiently stable and
insoludle to be used for gquantitative messurements. They are not
easy to wash and dry, however, as Koppeschaar (56) has mentioned.
Individunl resctions must usually be studied to determine exact
composition and the conditions assuring reproducibility. EKolthoff
{62) nas discussed the use of halogenated phenols in gravimetrie
&eteﬁ&mﬁm.

Another reagent giving insoluble resction producte with phenols
is formaldehyde, which has been applied ‘hy Castiglioni (35) for
the determination of the napthols, and by Sage and Fleck (68)
for the determination of ertho and meta-cresecl. Aldehyde precipi-
tates may be dried at m*’, uhwh is not the uenal case with those
of the halug&a#.

Riegler (69) has obtained an insoluble azo dye from phenol and

o
& nitro-diazonium reagesnt. This preecipitate, also stable at 100 ,

imn the-ﬁiu, p. 16,
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gives the investigator s 98.99 per cent accounting for the phenol
in a 100 mg. sample, |
Oxidimetric titration. The application of this type of measure-

ment to the determination of phenols in general has suffered the
disadvantage that simple stoichiometry is the exception, and that
the sxtent of reaction with most reagents is too sensitive a fumetion
of conditions %o be consistently repreduced. It is ome purpose of
this thesls to show hovw a relatively new resgent, sulfato«cerate,
mey be used to advantage zn‘ empirical determinations,

Sulfato«cerate has alresdy been nused by Furmsn and Wallace (10)
;‘m the oxidimetric analysis of that atypical phenol, hydrequinone,
The reaction is a rigmly pmezisag bivalent oxidation, whosse quinone
product is not affected by the reagent under the experimental oir-
cumstonces, Kolthoff and lee (71), in checking the sulfato.cerate
method, have showa it to be capable of 0.02F presision end acouracy,
%rmm«wﬁhmemmmlim is the pﬂn&r&he& internal indisator,

Petsov (72) and Folthoff (773) have both accomplished the same
oxidation .éf hydroquinone by means of scld dichromate reagent.
Acvording to Petsov, it is beet to titrate the oxidant with 2
hydroquinone solution, adding diphenylamine indicator after the color
of the dichromste has begun to fade. %There is only mxmté possibile
ity that a dichromate method will ever be employed im preference %o
the sulfato~cerate method for hydroquinone,

"Oxidimetric Getermination of phenol has been reported by Rassow

and Schulteky (7H), vho employ the sulfuric scid-dichromate reagent.



Potentiometric ﬁ@wﬁ&? The courae of analytical oxidations

is frequently followed through use of instrumental indication., Sven
{75), in such «ﬁqﬁ&&a deternintions of phenol and thymol,

has uveed a sodium yﬁa&a.&q@agpa&@ acld reagent, Kolthoff (73)
has studied the oxidation of hydroguinone both by lodine and by
dichromate, Iodimetric oxidation is satisfactorily quantitative
when the _.,Ewﬁ_»g is buffered with carbenic %»w and bicarbonate.
Quinone is ®said to poison the %wﬁgﬂa, slectrode rapidly, necessitate

ing strong heating %0 revive ite activity,

Agidimetyic titration. fThe titration of phenol as & weak acid
in aqueous mﬁﬁpg has been achieved by Kolthoff (76). Presumsbly,
the provsess might apply to a number of phencls, w_ﬁ it ie stated that
wﬁ.«g»gnﬁgagﬁaa bhecome aireoxidized wﬁﬁg their attempted
analysis, A dilate; carbonate~free sodium hydroxide reagent is nsed,
and the indiestor, resorcin yellow, is an szo dye splfonate, Acouracy
in the neighborhood of one per cent may be expected.

anwgagggn Jtitration. The method has been used by Kolthoff

n ».w the resction of phenol with sodium hydroxide. More precise
analyses sre to ua expected c»&» mederately concentrated resgents
gg with highly diluted ones. A twenty~five milliliter sample of
tenth-normal phenol, treated with normal sodinm hydroxide, gives a
result only ons tenth per ecent away from theoretical. Duyckasrts
{78) has tested the technigue for the oxidation of oxine with
bromate at m@a., In this ﬁa?ﬁa? carrent is a function of bromide

concentration, which inoreases until the equivalence point, and then
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reagent without interference from these substances. The wggpnu is
carried out at 50° C. with nggn solutions of sodium vanadate, an
oxalic scid catalyst, and diphenylbenszidine indicator, The aunthors
3@? that resulis are g@%@wﬁ to those obtained by sulfatoecerate
oxidimetry, and polnt out that the latter cannot be used in the presence
of the othsr phenols heoause of reastion of these to form colored
preciplitates, |

Under certain conditions which involve reagent concentratiom,
heating, and time intervals, Chapin (92) hae observed sufficiently
selective action by phemol with Millen's resgent to permit its analysis
in eresylic acld mixture, Niklashevekays (93) has determined the ratio
of mwgew to eresol in mixtures by utilizing the fact that a hot
acid permengenate solution oxidirzes phenol to water and carbon dlioxide
only, wherass cresol aug#a»,g gives acetic acid in sddition,

The very low solubility ﬁ. the lead-catechol precipitate has been
noted by Jones, Prahl and Taylor (94) and alse by Blek and lock (95),
Quantitative analysis of catechel by thile resction has been 333&
by both groups of ,aﬁﬁﬁf the former with regard to commercial mu.aw&g..
tions of resoreinol, and the latter, to the mixturs of three dihydroxy-
weagga. In such a mixture, a@«a&ap is precipitated by lead acetate
from a uaﬁ;gw‘ ae?ﬁ%. and w«agﬁ»@g oxidized by sufficient ferrie
ehloride. The resulting quinoms ean be extracted with chloroform and
reduced with hydriodic acid, free lodine then being titrated. Fhenol
does not interfere, nor does the resorcinol. Other aw«a&wngﬁggar

are equally passive, This procedure is sald t¢ Vecoms a sensitive
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qualitative test for hyéreqﬁineua waen starch indicator is used to
, aaa% trace quantities of lodine.

Jiscellaneous, A large difference in the time required for
bromination makes possible the deternination of meta~eresocl in the
presence of the area@lfiaamara.l Ortho-meta~cresol mixtures have been
snalysed by Sage anﬁ'%$§$k (63) u@iﬁg formaldehyde precipitation,

In thd akssagq of a&#?ala, both cresols are thvown down together, BHut
only arthaéwrewal reacts with formaldehyde in 1ts presence.

| Certain binary mixturss, when dis#alﬁsa in a standard weightw
ratio of hot water, ahaﬁ‘alauﬁ&ng tamperatﬁras that are uhaxamtoristie
of cﬂmy@s&ti@n. ?@rai‘ané vail (96) have determined some of these
éat& for phenol, erescl and xylanal‘hiuaxiaa¢ while Stevens and
Fickels (9?) have applied the technigue %o butylated eresols as
well, fThe latter workers include some data on the freexing tempera
tures of these msxtawat.a %ba neta~-para-cresol mixture has been
investigated by Savitt, Goldberg and Othmer (98), wha'na@/ﬁalar&aaery,
on & nitrosated sample, This method, wﬁika acenrate to about one

pereent, is empirical, and the preparation of standard curves for

P:is thesis, p. 24,

aﬁweeaimg points are of necsesarily limited usefulness, since
the data taken 40 not identify the component fréezing out of the
ligquid, It is required that this be known in order %o distinguish
compositions lying on opposite sides of a eutectioc., Moreover, in
some systems, there may be more than one eutectis, enlaxg&ng the
problem,
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different total concentrations i required, fthe same authors have
submitted & reviev of existing amalytical methods for eresels in
addition to thelr experimental contridution.

Zshner and Swann (99) have achieved a separation of phenol from
eresylic acid nixture by chromatograrhy, this being folloved by |
gseparate analysia of the single g%awgf Binety~sight per cent

of the rhenol present in the sample can be sccounted for,

Oxidation

There ie the dilesmma, in attempting to define oxidation, that
the familiar statements hoving to do with eleatron loss do not
include & multitude of rases, alse though of as oxidative, where
the eloctron pair of s covalent bhond shifts only a litile with respect
to s given atom, On the other hand, a broadening aw the limits %o
inelude all such medifications in polarity brings every chemical
change into consideration. Oxidation, therefore, is to be thought
of as an arbitrary concept, covering a sumber of commen %snﬁag
and involving u.awﬁwg#. large changes in 3@»« polaritiss but not
set apart from chemical reaction im general by any natural discon |
timutty (100). |

Few, if sny substances ordinerily regarded ss oxidants, ave
without effect on phenols, but their actions are &.waaf not ewgg%m
iy gm«w&%f and frequently appear to generate mere than one type
of product., Behavior of individual ﬁsgwm towards a given oxidant

is scarcely less varied, one rough genmeralisy being, however, that

)
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is of great interesy (10W),

Hydroxybinapthaleneoxide

Fhenol and the ¢resols react with ths reagent to form a variety
| of produets, conspioudus smong these being hydroxybiphenyls and
smorphous resins, The oxidation of para-cresol results in forming
considerable quantities of a ketone, ﬁlhﬁmﬁa: whose structure has

been elucidated by the discoverer. (10%)

: \ 633 .
i ’ GHB

Punmerer!s ketone

Peroxydisulfate, The oxidation of phenols to hydroguinones
"~ by this resgmnt undér alkaline conditions, is known as the Elbas
persulfate oxidation, and results in hydroxylation, A noticeadle

tendency towards para-orientation exists in the presence of this
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alternative, but ortho-compounds may form if the pars configuration
is blocked, Beker and Brown (106) have stulied this reaction, and
give their data on & number of phenols, as well as an sxtensive
bibliography. mlmm fon-radieal is viuﬁl&ueﬁ 88 the acting specles.
®ller (107), using similar resgents, has allowed more extensive
reaction w socur so that the major product consists of sowoalled
hweic acid, This amsrphous, mam@l& and darkecolored substance
erises from any of the common phenols, intermediate stages supposed-
ly involving hydroquinones, catechols and hydroxyhydroguinones,
he reaction, ﬁ@xia& out on hyﬁm&yhyéraqnméue it&&lﬁ!; glﬂa &
prodmet econtaining 58,16 per cent carbon and 3,16 per cent hydrogen.
Bxoept f’&r the instances of salieylic and pyrogaliic acids, cerbon |
dioxide does not evolre, and ring mm&ww therefore are thouwght
to survive intaset, They are considered %o be oxidized to guinecid
strusture. The use of alr or hydrogen papxide in amum solutions
- gives the investigsator similer materials, |

The common reaction in

Silver ion in e presence of sulf

paotographic development does not result in quinone formation, but
in & wmﬁriml‘ly ‘disulfonated hydroquinone that shows no further
redueing action on silver {8). 'The speed of hydroquinone or sulfite
acting alone on silver halide, ie 1@5& than that of thelr combination.
Quinhydrone clesrly eannot form in these developers.

| Alr, Dihydroxybenzense are ohserved by Trisbs (108) to alre
oxidize in alkaline solution, through theilr guinones in the cases of

catechol and hydroequinons, to insoluble resins, Resoreinol, incapable
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Thus, the active 8$pecies in this reagent mixture, es in electrolytic
axi&atim, is spparently the hydroxyl radical.

The effects on phenol produced by the hydrogen peroxide-~ferrous
salt resgents has been observed by Magideon and Precbrashenski (13),
Goldhanmer (135) and Chwala and Pailer (136). All have used dilute
solutions, litile or no heating, and resction times of the order of
twenty~four hours, "3'1’!11& iron salt is usually dlssolved with the
phenol prior to addition of peﬁxi&e, Catechol and ixy&m:minma as
mia‘pradmts are yeported by each group, eatechol sppearing to
predominate somevwhat., Nagideon mentions the precipitation of a
resin in the phenol oxidation, and also a separate experiment in
which small ylelds of guiacol arise from the oxlidation of anisols,
Pyrogallel mm in the experiments of both Goldhammer and Chwala,
mmmzun being mentioned, in addition, by the former,

Ortho-oresol oxidation, studied by Ono and Oyamada (137), shows
a resinous product apd para~toluvhydroquinone. The resin has been
shown to consist at least partly of polyhydroxyphenyl derivatives,
some of which appear 10 he coupled with iron.

Cross, Bevan and Heiberg (5), uaing bensene as the reactant,
have obtained a conversion of three-quarters of the starting material.
 Fhenol, and its oxidation ma&mﬁm, eatachol and hydroquinone,
together kw:im resin, are reported,

Fambras&l, two. mebe-xylenenol isomers and mesitol have been
oxidiszed by Cosgrove and Waters (133). Froducts obtained from paraw
cresol are stated to be identical with those of alkaline ferricyanide
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Jitrato-cerate. Solutions of ceric oxide in nitric asid possess

a higher oxidation potential than do corresponding sulfuric reagents,
and their action on phenol solutions, i notieably more axtensive.
Pew, if any qualitative differences exist, however (142),

Cerie perchlorate, At present it is believed that cerium forms

no complex anion with perchlorate {143) and consequently that this

acid solution may be s reagent of somevhat different nature, Its
effect on ortho-sresol hae been observed by Duke (142). Immediate
precipitation of & curdy preduct ccocurs, as it @gam with both sulfate-
and nitrato-cerstes, but the continuous further attack on this maberial,
also characteristic of the other resgents, procesds in the perchlorie
acld at a very much faster rate.

General, Under the the heading of quinone synthesis, Csson {1hh)

has collected a large amount of thoroughly documented informationm in
the oxidation of individual phenols.

Hechanistic considerations

From the foregoing evidence, it appears that two general types
of change may oocur in the oxidation of phemols: hydroxylation; and
the dehydrogenative coupling of aromatic meuclel., The former may

;aﬁwuuma the entire reaction, precede ring oleavege or guinone forma-
| tion, or take place simulisneouely with other processes, Coupling,
often »wqaw&@ two molesnles only, may be more extensive, and while
g«.&%&aau«ﬁ linkage Detween ringe is the ,%ﬁwgan. arountic ethers

are oceasionsdly met. It seems evident that the resinmcus materials
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fmamamiy appesring in phenol oxidations are manifestations of the
latter reaction type and thg%» in peroxide reactions substituted phenols
show ymﬁ‘ap&meim towards resin formation, in contrast with phenol
1tself, Sulfato-cerate, on the other hand, acts to produte resins
in nearly qmtitﬂhe yield from monehydric phenols generally, and
h;;&m:ﬂaﬁmx by tuds wemnt. if it ooccurs,is not yin;mrtaat by compari-
son,

fhe moet far-reaching investigation into the nature of phemolic
oxidation has been conducted by Fummerer (103), ‘mam findings conclu~
sively indicate that a dehydrogenation is involved imitially, Abstrac-
tion of the hydroxy) H-atom is visualized, the phenolic residue retain-
ing an odd electron. mﬁmr’ mnﬁ tads fragement by the name,
aroxyl, :%.as& a molecule might be axmem&w form a symmetrical
dimeric peroxide, bu% experimental evidence indicates that only inmsig-
niﬂa&ﬁt'mw of such ng aries, The explanation, given by
Pummerer, is that the aroxyl radical may Yecome modified spontansously
through simple eiesmmnml rearrapgenent té the so-called ketom-methyl

structures, the odd electron then appearing at an ortho or para position.

H 4 0
| ;i
Fhenol Aroxyl Eoto-methyl radicals
radical '

Dimerization of thmé radienls would give rise to carben-carbon bonding

that ig observed in biphenyls, while the combination of aroxyl with
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keto-methyl results in an ether mnm,.l
The views of Pummerer have been specifically reiterated by
s»umwhmm&, Sehule, Bernard (123}, and by %agrﬁe and %tam (133).
In the formation of diphenols, 1% iz of course neceaaam that a
tantomerie xmﬂ take place, aﬁ’#atlng trensfer of the non-aromatic

hydrpgen atoms to oxygeny

Although keto-methyl dimers have not been isolated in the oxidation of
phencl itself, a sorresponding substance s actually obtained in the
pxidation of anthrol by dlkaline ferricyanide (145). fThat the H-atom
chift may coour freely in less ponderous molecules, is evidenced by
 those reactions in wiich a pmm. ariae# from the dehydrogenation of
hﬁm&r&mtia mta&u (146),

,‘mve question of which hyﬁrﬁm is actually removed first is not
absolntely &et&fﬁim& x@mzﬂi@n of phenol, followed by loss of an
elestron, is clearly equivalent to the absiraction of hydrogen, and
would appesry ma«ana‘ble. Such consideration, especially in terms of
alkaline conditions, :@ doubt influvenced Pusmerer towards this prefer-
ence, ﬂ&mmw and Waters {133), hewever, are rather of the opinion

EY
$aah iéam haw emmm«a & nunber of phenomena, including the

inertness of phenolic meta-positions toward electron-seeking reactants,
Bxtending thie line of thought has led to the important concepts a:t
the homogeneous mesomer, and resonante c&ahxliwtim.
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that ortho-hydrogen is f!iréntly abstracted, and that arexyl appears

a® a sscondary produet artarﬂtanﬁam»fia shift by the hydroxyl Heatom,
Thely feeling ie based largely on the observed tﬁhé%itﬁtiﬁn,bw benzoate
radical in the benmoyl peroxide reaction with ghenaa.s.l It seems

mors likely, however, that neither mode of dehydrogenation covers all
cases of phenol oxidation,

‘&he aaa3a¢turaa involvement of hydroxyl radical in certain oxidiz-
ing yr@ncaaug, makes slear how one type of phenol oxidation ¢can come
sbout, Hydrogen atom seizure from the nucleus, leaves a trivalent
| earbon atom, whlch iz subsequently atiacked by a second hydroxyl. It
is not as easy to understand how the dimerigation rﬁanﬁmenon, almost
quantitative in ceric oxidations, can procmed to sueh an extent using
the same initial step. Subetantial attack by mobile oxidizing fragments
as Sn'ﬁha first ingtence, should eﬁrkaial& be noticable. These gon-
sequences, of course, do appear to it many cases, dut they indicate for
the case of cerium, 8 different path of reaction. | |

A formal similarity Detween hydroxyl radical and fluorine atom
has been pointed out by Klemene (126) who reinforces his ides with
theoretical considerations, If this concept be granted, hydrogen
peroxide may be thought of as a psendo-halogen, and ite reaction with
phenol as analogous to ordimary substitution. .ﬁanaeivahly‘ the case

nay extend to the benmoyl mﬂmiﬁa reagent,

This thesis, p. 41,
2
This m@ﬁi’l P h6.
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The Hlectron Beam Seetrometer is equipped with an elecztm&a aon-
sisting of two straight wires, mounted in a plastic head, and which
may be immersed two to three inches m the solutions to he studied,
@m Fisher Titrimeter, contrarily, incorporates the sleotrodes with &
mmmng glans stirrer. This elestrode, when used in station:zry manver,
i3 entirsly too sluggish to be of vaine, and when rotated by the FPisher
notor, does not give sufficlient esirring setion. An inference drawn
from the former circumstiances has been mai larger electrode area is
assocl nted with faster indicating action. With iegaw& 40 this assump-
~ tion, a home-mede slectrode assenbly was devised from large elements,
elghth-inch wolfram rodding and sixteen gauge platinum wire, the two
9@&5 being mounted in a cork, Thie arrangement gsave more aauafaawry
results with the eleotron Beam Sectirometer than 434 its regular
é:watxmam and was equally well suited to the Pisher ,'i‘ﬂrmmr.‘ Both
these instruments were earefully checked sgainst orthophenanthroline
indicator, Law!-, found to aprse within 0.01 ml, of tenth~normal reagent.

Precipitated solids were separated from liquids elther by filtra-
tion through ?yﬁex sintered glass of medium aperture, or by centrifuga-
tion 1n‘mx International Clinical Centrifuge. A conventional carbon
and hydrogen train on the semi-micro scale was used in the elementary
analysis of materials so examined, Melting temperatures employed in
the oryoseopic determination of average molecular weights, wers obtained
by use of the precision melting peint apparatus desoribed by Merriam
(151), conpled with a Sargent MOUSC thermometer, which is graduated in

tenths of degrees,
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The organie subsiances §§u$§§a in the ?ﬁaﬁg 4%33:&#?
are not of reagent grade, but were drawn from variouns stoocks on hand.

A number of the latter were from the storss of the organic chemistry
division of lowa State College., Phenol itself, hovever, came from a
fresh aaﬁa?w The oresols, of quality comparable %o the Hastman
practical, have been redistilled before use. 411 are liquids, indiecat-
ing in the cases of the ortho and para compounds, the presense of
soluble ﬁmﬁwﬁiw probably water in large part. These cresole decome
tinged with color over a period of time, even when stored in the dark,
as hae been reported by Gidbs (117). Cresols were 3@3& in, and dis~
pensed from 30 ml, glass~stoppered dropping bottles,

Beagent grade inorganic ochemlcals and visual indicator 54« been
nsed throughout: ferriec sulfate and potassium «ﬁ%ﬁg@.«a of Baker
and Adamson; gﬁa.n salt of Merck; ceric acid sulfate and orthoe
phenanthroline monchydrate of the G. Frederick Smith Chemical Co.

{hservations

Sulfato-ceric acid solutions react instantly, irreversidbly and
gcompletely with phenol in dilute acid solution and at room temperature,
producing flocculent, colored precipitates whosme spongy appearance

recsalls hydrous ferric oxide to mind, Similar reaction has been noted

, wxauaw mﬁw Co.y u&a: w%&%. m. J. Herck Silver label, 98 -
100f phemol.
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for other monchydric phenols oxidised end for the dinydrie resorcimol,

The procedure, fixed unlsss otherwise explained, as to add, with
brisk mechanical stirring and without delay, a known amount of standard
sulfato-serate to the phenol sample previously disselved in about
50 m1, of dilute acid; to allow & definite time interval; snd finally
to backetitrate the excess cerate, Dilute acid used to dissolve the
phenol and likewise for making up the redox standards, was prepared
throughout the mﬁawn@ geries of experiments, ss 100 am“am concentrated
sulfurie scid diluted with distilled water to a volume of 1 gallen,

The pH of this, and a@ﬁ@ma» solutions prepared from it, 1s clese %o
1,0, Hormalities of the cerate oxidant and the ferrous reductant
standards are about one tenth.

The sddition & 50 ml. of cerate solution to & 0.1 g. earbolie
saepple according to the method given, csuses an immedinte blaskening,
wiich appears a&wﬁawunrwww§ for a few seconds, but changes shorily
to a visibly non-homogensous aewm»wwaﬂ‘ The precipitate, a spongy,
reticulate solid, settles gradually to the bottom of the vessel after
ua»su“aw has ceased, and leaves a sleayr, pale~yellow supernatant liquid,
mew liguid, when filtered free of the precipitate, was observed te
yisld a very small sdditional quantity of precipitated matter after
y,mss‘azvu@ but whather slow chemical reamction of active materials in
resgidual aaﬁmauﬂaaw»ay is represented, or aimply the re-agglutination
of solids passed by the filter, has not been determined,

Reactions on larger phenol samples, in which all the gerate is

consumed at once, show the same initial darkening effect, but a
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precipitate which becomes progressively lighter in color, approaching
a rusty-brown~violet hue, in contrast %o the deep brown-black obtained
in the aeﬁ%«wogw ﬁea%ﬁg. S0l1id4 precipitate is formed, even by a

few drops of cerate reagent on excess phenol,

Oxidant uptake and precipitate welght as time functions

Data were obtained by the ﬁgg g«w&w desoribed %,aw?
vsing 50 ml. as the fixed volume of sulfato~cerate, and specified time
»wwaa«.&n in the separate runs, Oxidation «w@wgga wore carried out
in 150 uw, tall-form beakers, and the decantation washing of precipi-
tates in 500 ml., beakers, also of the gwwsgwa variety. Figures 1
and 2 show the general dispusition of apparatus employed in the desorib-
ed operations, By ﬁa»g suitable numbers of operations apd n%ggg
ratios, dilution effects of abont one thousand were secured, It may
be u«se%. however, that the process is a%ygf and that as the
tnorganic matter is leached away, thers is increasing tendency for
the precipitates to disperse as sols, Particularly is this true of
the ortho-tresol preciplitates, Recovery of the solide subsequent to
their washing, was done by suction filtration, V¥ads of glass wool
placed over the sintered glass filtering surfaces may have facilitated
matters, ?awg was some small loss during these manipulatione, arising
in the passage of peptized solids through the filters and/er dispersion
into the decanted liquids. |

Tis thesis, p. 57.



Figure 1

Figure 2
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Table 1

Phenol: Oxidant Comsumption and Precipitate Weight
As » Function of Reanting Time

Sample ﬁ%autea m:meq.‘ Mileg. of Apparent 'Pgt. grams Ppt. wt. +
grome, of Mims of 9%, O, POT L .90 ¥V ~.55mp Wb,
219 1 35% 291 WA .uzE .93
.1210 3 3,80 3.4 3.8 21158 .96

. 1260 7 %10 35 30.8 .1220 97
L1180 15 ho6 34,4 29.1 1158 .98

. 1149 k5 a.m? 36.3 21,6 21130 .98
008  20h 4,28 42,5 23.5 .099% .98
L0515 912 360  70.0 W3 0463 .90

+ 1009

3 '92‘
L1021 3 .96
. 1000 3 3,16 31,6 31.6 ,0976 .98

+0999 30 3.61 36.1 217 - 1005 101
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Table 2

Ortho-oresol: Oxidant Consumption and PrecipitateVWeight
a8 a Function of Reacting Time

$mp1n mmm mwg, Kile@. af .tpmﬁ ?ptw. grams Ppt, wt., 4
T ame of ti of : eq, W,

jraps of Vime of ex. ox. Rer . 89, %%, . _.s8mp. Vi,
B EIL S ¢ aigk 19.3 51.8 .@999 19
. 1198 3 2,38 19.8 50.5 i o~
232 7 2,52 20,4 k9.0 +1003 .82
1206 15 2,55 21.2 k7,2 0935 .78
JA2M9 U5 2,83 22,6 W2z L0911 T3
1221 180 3,19 2.1 38,3 ,0700 57
(0567 1216 2.16 8,1 26.3 ,0082 .15

.1003 1 1.92 19.1 52.3 . 0830 .83
.0998 1
+ 1004 3
0997 30 2,14 21.% | h6.5 L0819 .82
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Pable 3

Heta~cresols Oxidant Consumption and Precipitate Welght
a8 a Fonction of Reacting Tine

L Filtrative Precipitate Separation

Ppt, grams Ppt, wt, ¢

amph Minutes mleg.l mlaa. of Appa
? 4y 2 @m&, - , samp, wt,

37,2 L1180 97

A3 3 339 2.7 36 L2194 .98

1257 7 3.73 29.7 33.7 . 1246 +98

1265 15 392 3.0 323 1271 1.00

208 45 W04 33B 20,9 L1229 1.02

1157 180 W33 3.4 26.7 CJa6 1,00

L0532 1003 337 63.4  15.8 Lo .33

i LEEE B L 2 Erecipitate Separe ,

L0999 1 2,66 26 6 37‘6 . 1000 1.00

» 1004 3 2,89 2¢.8 .7 1033 1.03

L1001 30 3.29 32,9 30,4 .1001 1,00
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a8 a class reaction. An ezception in the series mentioned has been
observed in the behavior of di-iodetyresine, wnich forms a precipitate
only unier modified conditions, The example of para-hydroxy chromens
and coumarans (I41) appears alse as a mﬂmiun}

Except for rvesorcinol, the polyhydric phenols investigated do not
show precipitation behavior. Hydroquinone reacts with sulfatoegerate,
beconing eﬁdisa& to pars~benzo-Quinone, which is practically stable ,
towards mmt& excesses, but which even in the sbsence of the latter,
slovly decomposes 0 insoluble materials over o period of days. The
orange~red color sssumed by freshly oxidisged catechol solutions ie
almost certainly due to ortho-benzoquinone formetion. Spontaneons
changes oceurring subseguently are similar %o those with the para
isomer, but very much faster, It was poseible in the catechel experi-
ment, to recover the eolid product in wusable amounts within one day,

Pyrogallol gives dark eoloration, but ne precipitate, and
little, if any, gas evolutien, sfalieylic acid and thymol yield
typical precipitates of brown and white ’\anlaz‘;s respectively, Tut these
phenols were not farther investigated Decause of their limited solu~
bility, Methyl salicylate as a saturated solution, gives no graeigim
tate in the regular wﬁ%&wm buat in the gusa’aat of large gquantities
of acetie ncid, snough material dissolves t¢ give a copions asrk brown
produet. '

It is not unlikely, however, that in sulfuric acld solutions,

ompounds may exist in equilibrinm with thelr hydrolysis produsts.
A free hy&wqumoxm would consequently be submitted to tha anotion of the
oxidant,
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Rather slow dissolution of %t.n papthol particles was overcome
in the following way: A sample, sufficiently small to be dissolved,
was treated with s minipum quantity of 5 per cent sodiuwm hydroxide, and
the regulay acld medium subssquently added with stirring.

Table 5, page 68, contains oxidation and presipitate s&w:,, data
vherever taken, on these aiditionsl phenols, togsther with a partial
repetition on phenol and e¢resols for the sake of comparison, The
repeated data have been taken from the besectione of Tadles 1, 2, 3

and B, since catechol and resorcinol preeipitate weighte were obtained

in the centrifuging procedure.

be homogenecus uﬂwawﬁaﬁfga mixtures, average molecular weight values
mast result from the following determinations, Iittle more than a
general order of magnitude i therefore considered as established;
not preecise information on which to base formulas, In view of the
foregoing and also the point of practical convenlience, the cryoscopic
method vas selected.

Apparatus vsed in making these observations has been referred g,w
The solvent chosen was benzophenons whose solutions show a molar frees.
ing point depression of 9.8 centigrale degrees A&mf Preparation of
the mixtures was carried out in midget test wﬁ_.ci 11 x U5 mm,, which

gh& ﬂwn@ﬁwﬁc ww« Wmo ;
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permit easy and effective stirring of mé\ melts, Thess latter were
poured onto watch glasses to erystallize, Two melting-point samples
wers run simultansously on esch substance tested, one ssmple coming
from the wateh glass, and the other from the residue adhering to the
ipside of the mi:\:im tube, Nelther the phmei noy the mém*araa‘el
;mcipiﬁmm eould be mtimbv dissclved in hmgcphawna; and meta-
gresel was considersd no further, Zut an acetone extract of phenol
precipitate was %aﬂé&.

Molecular weight values obtaimed in the manmer desoribed, are
presented in Table 6, page 70, | |

~"m“m§“’ﬂ analy sis, ﬁaﬂ were no deviations from customary
procedure in obtaining carbon and hydrogen data, A rapid weighing
of the samples was required, however, since they are apprecisbly
hygroscopic, This was accomplished by‘ first determining as clossly
a8 ggawibla on the analytical balance, a pre~setting for the mioro~
chemical instrunent whieﬁ would eliminate the need for changing
welghts while the sample was on the pan. Materials were protected
both bafem and after velghing in a mioro~desiocator containing meg-
nesium perchlorate, Before connection of absorption tubes to the
train, the ssmples were dried in tue combustion tube for a few minutes
by # current of warm oxygen.

Pable T, page 71, shows the elementary analyses obtained for a
number of substances. Some interesting calculations may be based on

thege date, For instance, 4% can be ghown in terms of & material
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Table 6
Apparent Moleculsr Weighte of Oxidiged Fhenols

T Wiinutes of Sampie Bensophenons Melting  WMolecular
Substence  Wime ox.  graws  gress  temp. AT welght
Benzophenone , CER
Oxsdized | o

ortho-oresol 1 L0378 2019 484 3.0 580
3 L0334 1816 W7.2 1.2 Sho
| u7,2 1.2 Sho

3 LOU67 201k Wy 3 b1 5
iy 2 k.2 sé’é

Oxidized . 0%3 ‘ - g 3 ¢ 51
para~crascl 3 o « 2077 i, 6 510
u5.0 3.8 sho
1000 L027h L1976 h5,9 2.5 520
k6.0 2,k sho

Oxidized o7 2200 "

\ | 46,8 1,6 Tho

-~

Acetone~soluble fraction of phenol precipitate did not quite
dissolve in bensophenone, Moleceular weight values shown are therefors
nown to be high.
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balance on carbon, how large a fraction of the phenol reactants have
boen involved in precipitate formation; and the figures arrived at
for phenol, ortho-gresol, meta-oresol and m@%awﬁaw are 95, 86, 96
and 99 per cent 3«%32»&; Since the resovery of the solid preci
pitate 4s not absolute, the values given should be regaried as
minimen fractions,

By gwwﬁwgg the moles of oxygen gained per mole of carbon,
there being no gain or loss in @..a latter, and knowing the number of
earbon atoms per unit residue, it wmagaa mg«pewu to show a gain of
0.124% moles of oxygen per reacting molecule in the case of para
eresol after 5 minutes of oxidising time. The three-minute figure
for orthoegresol is 0,2%1., 1f the oxygen inerease is the result of
hydroxylation, it may ‘e seen that one hydroxyl group ».aw each elght
residues would be added in para~cresol, and one for four in ertho~
eresol, OUxygen wﬁm cont, &aaﬁeﬁ t0 be a difference between larger
figures, should not be oonsidered as a quantity sufficlently exact
o establish such a ratio, But rather, 1t is simply demonstrated
that oxygen addition is not the more important of the two 5%3 of
phenol exidation so far as the sulfato«cerate resgent is concerned.
Evidencs 1s to be presented which indicates thai the hydroxyl gromp
is indeed present in the ‘nuﬁwsaﬂ phenols, though only in small
degree. |

In the example of the zinc.dust reduction product of wa&?ﬁgaarw

This thesis, ». 71,
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this layer strongly before the reaction mixture itself,

Para-cresel precipltate will also coslesce under boiling water
to form a messive biscult of glaesy sharacter.® %mﬁ%aﬁﬁl resins
behave similarly in hot solutions,

A number of the precipitates were tested for peroxide cheracter
with iodide and stavch. Oxidation of the iﬁ&i&e to iedine, indicated
by the intense color af the latter with the starch, constitutes the
positive reaction. Sines 1lodide may ‘&eaam oxidized under other
influences slso, the reaction is not at all specific for peroxides.
Quinoid cheracter, plausidly resulting from phenol oxidation, may bdring
sbout the seme effect, but other structures, concelvably resulting,

f.e. hydrexyl, ether and biaryl, would show no oxidizing action in lodide,

Table 9
Resction of the Oxidized Phenole with lodide

Blank negative
Tertlary butylperoxide strongly pesitive
Ortho-aresel resin positive
Heta~grasol resin , positive
Pavaeoresel resin weakly positive
Para-hydroxyacetophencne maiﬁiw
hdpha-nanthol - ,

Table 9 contains the resulis obtained in the so-called peroxide
test on seversl oxidized phamits. Bach resin was ﬁiaminﬂ in scetic
TNM AR e
&Wﬁ imw; to m biscult stege are, in order, amimm‘
fissioning and softening. This sequence, except for the softening, is

strikingly similsr to that occurring as the ssmo substance betomes
éxfy on filters,




iﬁm%

acid, containing a 1little sulfurie, heated, ond a dry-ice pellet added,
This was folloved by & milliliter of saturated potessium iodide snd
the solntion allowed to cools Contimuous exmolusion of alr from the
reaction is accomplished by the 3&&@ carbon dioxide. Dilute,
boiled starch was Tinslly mixed in,

A saturated water solution of phenol at room aéggﬁ@g 500 ml, ,
was mixed quickly with %00 ml. of teath-normal mulfato-cerate. The
solids produced ware regovered by n»ﬁgﬁm«? snd extracted with hot
water, TFrom the cooled extract, a crystelline substance eventuslly
wm@%mgﬁ. This ﬁﬁﬁgw proved by its melting behavior, to be
2,2'~dihyaroxybiphenyl, a donpound atudded at length by Diels and
Bivergeil {15%). These investigators found that when the substance is
erystallized from aguecus solution, it forms es a hydrete with a
molting polat of 7L ~ 3§ that further heating drives off the vater,
after which a re-solidification ocours; and that the dehydrated sube

stance melts at about 109°, The ind obbained by swlfato-gerate

oxidation of phensl was observed to melt at 70°, subsequently solidify,
and become vompletely ve-liquified at 115°, When treated in acid solu~
tion with sulfatowcerate resgent, it geve a precipitsie closely resombling
~that of phenol, tut of somewbat lighter color,
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of beaker and sample. To reduce the effects of moisture absorption
and evaporation, sample dispensation and messurement were dome without
delay. Adout HO ml. of dilute sulfuric acid, pi 1.0, were placed
in the beaker, and the mechanical stirrer used to hasten the diseolu~
tion of the phenol, The stirrer, a glass rod flattened in the last
half-ineh and running at the full speed of a small motor, was operated
continuously throughont the remainder of the experiment, While the
dissolution operation progressed, 50 ml, of tenth-normal oxidising
standard were drawn from the calibrated bdurette into a olean, 125 ml,
frlienmeyer nw@amﬂ The oxidant was quickly added to the phensl solu-
tion from this vessel, residusl gquantities of resgent being either
rinsed into the 3@35? or titrated separately., After an exaoct
time interval, 3 minutes in these trials, the tenth-normal reducing
solution was run in from s full burette at ite maximum flow rate,
and sharply arrested as the signal tube shadow reached its widest
position, Very clese attention is required in the latter menipulation,
?aa vwere taken and gwﬁwﬁwaﬁ made in the usval manner, and from
the funetion thus established, it became possible to de:ermine unknown
guantities of the given phenol., Tables 10 and 11 show date obtained
in the foregoing manner for two common phenols, orthoecresol and
para~crescl.

Boszuse of a tendency for the precipitate to accumulate im thin
films on the electrodes, it is necessary between analyses to rinse

them with sodivm hydroxide solution and to wipe away any insoluble
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Table 1D

Ort.o-cresel: Hmpirical ﬁela.timshw of Sample Welight
© to Oxidant Consumed

Sample —Hilea semate  Wilsa per  Teaperature
groms . reduced gramssmple
0238 523 ' 21,5 271.0
LOU60 984 Elﬁg 21.%
L OBUS 1.1 20,95 28,0
L1118 2,278 20,38 28.0
kg 2,994 19.97 28,5
+1700 3.326 19.57 28,5
Table 11

Para-cresol; mpiﬂmi Relationship of Sewple Wes.ght
to Oxidant Consumed

*ﬁ&mﬁik " Hileq. cerate ¥ileq. per  Temperature
¥ i reduced gram souple
.0234 : .}96 16 93 28.0

L Oligg 3@ , 16.97 28.0
.aﬁrz 1.1 a 16.@7 - 28.0
L1071 1.73 16,19 28.0
L1261 2,013 15.97 28.0

.131&7 , 2,166 16.08 - 28,0
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residue, The effect of coatinge on the eleatrode is to seriously
delay its response, fhis eleotrode problem, not immediately apprecist-
ed by the writer, a esax’xﬁimawly changing normality of the mﬁms;ag
solution, and temperature changee in the room, prevented the dsmon-
stration of any veproducibility detter tham plus-or-minus 2 psr cent.

Duke (156) has reported a method for the stabilization of
ferrous sulfma’ solutions by the unse of lead amalgam, The complica-
tion of temperature changes should not be as important henceforth
as it has been in the psst, dus %o the widening use of air«-ccnéitieaing‘
An ultimate precision may therefore be expeoted which far axaa#as the
one reported, perhaps on the order of two %o three parts per thousand.

An attempt was mads to analyze & binary mixture by assuming
that two phenols, ortho-cresol and phenol itself, for example, behave
in ﬂomtimx %agﬁha;‘ exactly as tiuey would in ﬁaparme gsolutions,
Enowing the oxidant required per gram of each substance, and also
the raties of precipitate méém to reactant welght, it becomes
possible to deduce the composition of the mixture as o function of
1te total oxidant uptake and precipitate yield, Data and caloulated
rasulis of thie experiment are presented in Table 12,

A fairly constant total welght was used deliherately in order
that variations in excess oxidant amwmmtimkm minimiszed. These
results, although of poor preeision, illustrate the method and show
that oonsidershle aummsy gigﬁt yet be achisved through improvement
‘of the technigue.
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Attenpted Oxidation of Di-ledotyrosine to Thyroxine
. with Sulfsto-carate

The propensity of di-iodotyrosine for slowly %wwzn@ air-oxidized
to thyroxine, was first observed by yon Hutzenbecher (157). Johneon and
Tewkesbury (158) have alse reported on the phenomenon, confirming it and
interpreting the reaction in terme of Pummereris r&&m&l intermediates,

Although the ether linkage appears to be somewhs uncommon in
phenol oxidation products, it seems to occur in certain instances
‘ (13{3, 133). “Mere appeared a possibility in view of these considera~
tions that the action of sulfato-cerate om di~iecdotyrosine might
bring about faster reaction and higher yield, |

The first exgermant wae carried #ﬁt by the usual procedure, A
very rapid darkening mmwma; and no precipitation. After the t1 twcn
of excess oxidant, the solution was extracted with chloroform, and
the aguecus color 'a’baswaﬂ to pass into the organie lésarar. In this
solvent, thé &awmﬂw was viamt. indicating that the substance
involved is Sodins, In about 2 minutes of oxidiszing tiue, the ai=
lodotyrosine reduced 2,2 equivalents of cerate on a molar basts,
anﬁ in 15 minntes, 1%,1 squivalents,

Ia & second type of procedure, an amount of tmﬁawmml ox$dant
squal to mai squivalent per mols of su‘hatm‘t«e, vag added slowly to
 the di~iodotyrosine wolution, There was no xareniyit&to, but a 11@5

This thesis, p. 50.
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brown color appeared. By diluting the cerate reagent about twenty-
five times, forming the di-iodotyrosine solution with as dilute aeid
as possidle, and using an oxifant equivalent per mole of di-iodotyro-
gine of 0.59, a flocculent white precipitate was obtained, It was
of apparently similer character to the precipitates of other phenols,
Soms ether-soluble material remained in solution, This seemed to
_g of acldie natere, since it dissolved in 5 per cent alkali, but
not in bicarbopate. Thyroxine itself is not soluble in ether,

The precipitate became dark coloved on standing, »nd dried to s
light y,wag‘ It contained a substantial amount of ash, 'The extract
of the fresh precipitate with alecholic alkali, when acidified with

adetic acid, did not yisld any thyroxine on standing,

Blectron-exchanging Capability of the
Heta-crsscl Preciplitate

ﬁﬁ. experiments of Cassidy (159,160) on polymerized viasylhyiro-
guinone show that electron-exchanging resine can bs made., They are
thought to function as semi-quinones whose dismutation is hindered
by the chain strueture, Since quinoid siructure and chains of rings
are prohsbly present in the ¢ivate-caidized phenols, sn experiment
was devised for deternining whether these resins might show electiron
exchange properties also,

A 10 ml, burette, mounted over a suction flssk, was used as a
column, It was packed with a glass.wool plug overlaid with a

centimeter of pure sand, %.w»gﬁq & mixture of sand and meta-oresol
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10 ml. ferric sulfate diluted with 50 ml. of dilute acid,

1t seems apparent from these chservations that electron-exchanging
capability exists in this resin., Bxperiments involving the exclusion
of air and/or use of a different oxidant might demonstrate the effect

more strikingly.
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DISCUSSICN AND COHCLUSIONS

Value of Sulfato-cerate as an Analytical Reagent
‘ for Phenols

It has been shown that the oxidative precipitation of monohydric
phenols is a class reaction. By ite use, such phenols may generally
be distinguished from other organic substances, exaagting only the
aromatic amines and heterosyclic nitr&gen compounds,

Since few, if any pairs of the precipitated resins are entirsly
similar with respect to color, mechanical appsarance and solubility
behavior, the sulfato-cerate reagent allows the easy ildentification
of individual phemols, In addition, some of the polyhydric phenols
whienh did not form precipiiates with sulfatawcera%e, showed charace
teristic color changes in solution, There is finally a peculiar
reducing capacity in the sulfato~cerate resction associated with
a#ah vhenol, provided that experimental conditions are maintained
constant, The practicsbility of quantitative procedures based
emplrically on sulfato-gerste reduction has been demonstrated, and
a poseibility of determining bimary mixtures suggesied,

Unique breadth of application, plus the lew gest, stability
and handling ease of sulfato-cerate reagents, make probable thelr

ever-widening use in the chemical study of phenols,
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Bature of the Resction

The ahmwtamahiaa which differentiate the sulfato-cerate~phenocl
reactions most noticsbly from other oxldations, are high velooity
at room temperature, large yleld c;f ong type of product, speeificity
for phencls, and stablility of quinone ywdmtm towards the reagent.
It appears evident, in view of t&z‘a latter fact, that resin formation

~resulting from the polymerisation of q,uimma {107) does not explain

the gerate phenomena. ‘ ;

Hont mﬁuwtm&a}am would be a stepwise bulldup of polyphenyl
structure by the addition of Pummerer keto-methyls to singly dehy~-

drogenated polynuclear radicals,t

H *
H ,
O—Q *@ﬂ_)
o |

Repetition of the process must teke place as long as the concentration

OH

of keto-methyl radicals is sufficiently high, or until some factor
related to molecular size, prevents the cerate from dmy&mganatmg
the palywemil.

Oxidation of phemols and polyphenols to radical fragments by

Detaile in the formation of a diphenol are thought to be
represented in this thesis, pages 50, 51.
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?ﬁg.ﬁ diminishes. 17 5&%&%&% precedes quinons formation,
those g@uﬁwww oriented ontelde the pattern for quinone formation,
will remainm intact. It is also concelvable, however, that hydroxyl
groups may ﬁ»n_@ after the ﬁﬁgﬁg configuration has been established
(162) (163), |

Beconse ortho and pars componnds are so nearly ideamtical in
thelr xm@nwmaam.,»a ig possible for a variety of branched and unbranched
patterns to emerge. One type of product which prebably resulte from
the ,a%ﬁ?@gg oxidation of phenol is illustrated on page 91b,

Suggestions for Purther Study

It is believed that the sulfatosserate reagent s.ows large
promise in g& field of phencl analysie, and aeﬁaaﬁsﬁww deserven
further iavestigatlon. hwgm the droad aamwga which the writer
feols might profitably be explored are the follovings

1. Correlation of precipitate volume after standardiged centri-

fuging, and the smount of phenol, If this measurement could
be a#vuﬁgga for the welgning of resins, it wonld render
the determindien of blnary mixtures by the cerate methoed
more atiractive,

2. Investization of the reaction as carried oui in the presence

of foreign substances, There are a mmmber of organic clasess,
steble towards ,aﬁ,ﬁﬁ?é@ﬁ? and which prebably would not

interfere,
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SUMMARY

A brief aceount of the 3335 and sarly investigations on
phenol itself has been given, and the sudbssguent rise in commeroial
importznee of this ,aﬁ@gﬁp traced. Some useful applications of
phenols as & ¢lass have been enumerated,

Iiterature bearing on the detection, identification snd quanti-
tative analysis of vhenols, and on their reasctions with variouns
oxidizing agents has been surveyed. Interpretations of phenol
oxidation reactions by a number of investigotors have been reviewed
and generalization attempted,

Observations by the writer on the sulfato-cerate oxidation of
phenols have been deseribed, The typieal reasction is an alwmost
instantaneous oxidative precipitation %agmw the phenol in its
neasr entirety becomes changed to s resinons mass, Only arematic
amines and some hetercoyclic nitrogen compounds may de confused
with phenecls in this uggsag? Differing colors and solubility

behavior of the individual resine may be wused to identify them and
consequently the vhenol out of which they arise,

1f temperature, time and concentrations are reproduced, the
amount of sulfatoescerate reduced by a given quantity of a phenol,
is constant and it is characteristie of the individual substance.
By %pw»a»g known amounts of phenols in a standard procedare and

charting the date, unknown quantities of the corresponding substances
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