o
3
=X
w3
-
C
=
3
vi%,
o
=
o |
0
4
(®)
e 3]
73]
)
o
(%11

Thesiz for the Degrse of M. &,
FAICHIGAN STATE UNIVERSITY
Lawrence LaRoy Fleck

958




LIBRARY

Michigan State
University




HIGH FREQUERCY TITRATION OF SOME MOROBASIC
AND DIBASIC ACIDS IN RON=AQULOUS MEDIA

By

Lawrence LaRoy Fleck

Submitted to the College of Science and Arts of Nichizan
State University of Agriculture and Applled Science
in partial fulfillment of the requirements
for the degree of

WASTER OF SCInNCE

‘Department of Chemistry

1958



ACKNONLETGMIUNTS

The author is deeply indebted to
Dr. Andrew Timnick for his guldance and
his help given throughout the entire

investigation and preparation of thls
thesis.

Acknowledgment is also extended to
kr. Cante A, Constango for his helpful
suggestions in the conatruction of the
high frequency titration apparatus,

4434 403830 Sk SPSe3E

11



VITA

Name: Lawrence LaRoy Fleck
Borns February 24, 1931 in Kalamazoo, kichigan

Academic Careert St, Aurustine High School, Kalamazoo,
Kichigan (1945-1949)

Yestern kichirsan College, Kalamasoo,
Michigen (1951-1955)

%iichigan State University, kast Lansing,
¥ichigan (1955« )

Degrees Held: B, S, Western Xichigan College (1985)

111



HIGH FREQUENCY TITRATION OF 30ME MONCBASIC
AND DIBASIC ACIDS IN NON-AQUEOUS MADIA

By

Lawrence LaRoy Fleck

AN ARSTRACT

Submitted to the College of Science and Arts of Michigen
State University of Agriculture and Applied Science
in partial fulfillment of the requirements
for the degrse of

MASTER OF SCI:KCE

Departmsnt of Chemistry

Yoear 1958

Avproved __ fodismiormarsed.




ANSTRACT

A stable high frequency titration apperatus was
constructed, This instrument, utilizing a plate type
capacitance cell, was erjloyed for all hirh frequency
titrations corducted $n this investipetion,

The high frequericy titration results obtalned in
this investigation were evaluated by comparing these
results with those obtained bty conductimetric and
potentiometric methods., The shape of the high frequency
and conductivetrio titration curves were similar for all
acids tiirated,

Tetrabutylanconiuve hydroxide was tested as a titrant
for the Llgh frequency titration of some moniobasic and
dibasic scids dissolved in none-aquedus solvents. 7he
best over-all titration rcsults were obtcined for aclis
dissolved 1n &07 benzene-20% methanol. Uther solvents
examined were dimetiyl forvaride, methyl 1sobutyl ketone,
20 benzene-10% methanol, and 5OX benzene-E5C: maethanol,

The high frequency titretions of benzoic and
salicylic acid dissolved in methyl isobutyl ketone were
unsuccessful due to poorly defined tiltration end points,
Fhenol, however, was successfully titrated in zathyl
fsobutyl ketone with tetrabutylammonium hydroxide.

~he following monobasic and polytasic scids dissolved
in 607 benzene-207 methanol wers succesafully titrated

v



with tetrabutylamnonium hydroxide: adipic, bensoiec,
citric, fumaric, maleic, malonic, oxslic, salicylie,
sebacic, and succinic acids and vanillin, Two end
points in the titration curves, corresponding to the
neutraligation of both carboxyl groups, were obtained
for the dibasic acids. The second titration end point
for these aclds was sharper than the first. Ciltriec
acid, a tricarboxylic acid, gave two good end points.
The third end point for citric acid was poorly defined,

The titration of fumaric and maleic acid mixtures
dissolved in 804 benzene-20% methanol with tetrabutyl-
ammonium hydroxide resulted in four distinct end points,
The mean percentage purity value for the total acid

content was found to be 96,3 & 2,57 for four trials,
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INTRICUCTICON

Jengen and Parrack (34), who plonaered high
frequency titrations in the United States, greatly
enlarged the scope of high frequency titrimetry by
conducting titrations in non-aqueous media,

High frequency titrations conducted in non~aguacus
solvents offer several advantageas over those conduoted
in aqueous solutions, The main advantages are: 1) non-
aqueous solvents can be chosen which increase the
apperent acldity or bssicity of wesk acids or bases
dissolved in them and, 2) these solvents dissolve many
organic acids or bases which are not ordinarily soluble
in water,

The choice of titrant depends on the cheracteristics
of the solvent, the aprarent acidity or basicity of the
material being titrated, and the strength of the titrant,
These are the main factors that are considercd when
chousing a suitable titrant-solvent system for non-
aqueous hizsh frequency titrimetry.

Several investigators (7,11,12,23,25,26) have shown
that tetrabutylammonium hydroxide in non-saquevus solvents

is & £00d basic titrant for potentiometric titratior and



differentiation of strong, weak, and very weak# acids in
non-aqueous media, These workers used tsetrabutylammonium
hydroxide successfully as a titrant for ascids dissolved
in & variety of solvents incluling methyl isobutyl
ketone, d&imethyl formanide, ethylenelliamine, 13l benzene=~
isopropyl alcohol, benzene-methanol, acetonitrile,
pyridines and others,

%yld, et al, (23) found that tetrabutylamnonlum
hydroxide dissolved in isopropyl alcohol ecompared favore
ably in performance with alcoholic potassium hydroxide
for the potentiometric titration of phenol in several
non=agqueous solvents, In viewv of this work a atudy was
undertaken to test the performance of tstrabutylammonium
hydroxide as the titrunt for non-aqueous high frequency

titrations of some moncbasic and dibassic acids.

#'Throughout this thesia acids aimilar in strength to
mineral acids are designated as “"strong acids™, thosse
simllar {n strength to unsubstituted carboxylic acids
are designated as "weak acida", and those similar in
strength to phenol are designated as "very weak acids”,



BISTORICAL PACKGROURD

Several reviews (18,20,54,61) of fundamental
developments in non-aqueous analysis have appeared in the
recent literature, Skolik (58) reviewed the roles of
solvents and standard golutions, the determinations of
endpoints, applications and sources of errors in none
equeous titrimetry. FKlguchi, et.al, (28) dlscussed the
results of spectrorhotometric and potentiometric studies
on 13 indicators in anhydrous acetiec acid. Van der Heijde
and Dahmen (60) determined an empirical acidity potential
scale of 12 solvents by potentiometrie titrations of
strong acids with strong bases, Kilpatrick (41) dis-
cussed the theoretical and practical problems of acidity
measurements in non-squeous msdia, Hooser {31) included
a brief review of non-agueous tiirations and listed a
complete bibliography of non-aqueous high frequency
titrations raported through 1354,

The following extensive review is for the period
from 1954 through the November 10, 1957 isaue of Chemical

Abstracts.

Non-agqueous Titrimetry

Ferchlorie scid in glacial acetic acid has been used
extensively for potentiometric titrations (4,9,15,16,17,
30,39,40,45,47) and for photometric titrations (17,28)



of & large variety of organic bases dissolved in glacial

scetie acid, Titration of gome orgunic bases using
dioxane (29,583), scetonitrile, and nitrovethane (9), and

chloroform (10) as solvents have been performed poten-
tiometrically with a standard perchloric acid sclution,
Blake (5) back titrated a measured excess of perchlorie

acid in glacial scetic acid with sodium acetate for thse
Two different types

determination of some organic basea,
of eleotrode systems (33,57) were characterized by

reutralization titrations with perchloric acid,
XKolthoff (42) interpreted acld-base titrations in glacial

Palit and Singh (51) investigsated plienol

acetic acld,
as & cosolvent with glycols for orgunlc bases titrated

with standard perchloriec acid,
kizgukami and Lirsl (50) titrsted b-acetamidozethyle

4-amino-@-methylpyrimidine in glacial acetic acid with

standard periocdlc acid using a mixed Indlcator composed

of methyl violet and bromophenol blue,
Eumerous titrations of acids dissolved in dimethyl

formamide (4,14,45) benzene-methanol (3,4,47) ethylene~
diamine {14) or pyridine with sodium methoxide have been

performed,
Streull (57) titrated heterocyclic emine salts of

polymers dissolved in dimethyl formsmide with 1,3-di-0-

tolylgusnidine in 1:9 methanol-chloroform,
Chatten (8) titrated p-aminosalicylic acid and its

sodium salt with alcoholic potassium hydroxide 1in



me thanol using acetone as the non-agueous medium, Deal
and *yld (12) used alcoheolic potsssium hydroxide as a
buslo titrant for the titration of very weak acids using
stiiylenediamine and disethyl formamide as solventis,
dartin (48) ctitrated peraclds, hydrogen peroxide
and hydroperoxides as week acids in &nhydrous ethylene-
diarine with sodium aminoethoxide using antimony
electrodes in a potentiometrie titration procedure,

Karchmer (37} determined mercaptans in the presence
of elemental sulifur by titration with an alcoholie
silver nitrete solution, ivo types of solvents were
erployed in this study, One, & "regular® solvent,
contained sodium acetate trilrydrate in a small smount of
water, benzene and isupropyl alcohol, and the other, an
"acidic" solvent conteined sodium acetate trihydrate,
glacial acetic acid, methanol and bengene.

Prummet and Mollweg (€) demonstrated the epplica-
tility of using chelating agents in non-aquecus titrimetry,
They determsined the concentrations of seversl metal ions
in benszene-methanol by adding a chelating agent and
titrating the liberated hydrogen ions with sodium
methoxide,

¥yld, et al., (24) compared the performance of
polariged platinumecalomel electrodes with glass-calomel
electrodes in titrations in which potassfum hydroxide or

sodium eminoethoxide in isopropyl alcohol was the titrant,



Henry, ot al. (27) titrated organie bases conduc-
timetrically with bdoron tribromide in aprotic solvents.

Several recent articles (7,11,12,19,23,25,28)
reported the titrations of acids using tetraalkylam=onium
hydroxides as the basic titrants. %yld and Bruss (7)
found that methyl fsobutyl ketone was a gocd differ-
entiating solvent for the titration of acids,

Non-aqueous iigh Frequency Titrimetry

Hooser (31) compared high frequency titration
results with corresponding conductimetrio and potene-
tiometrio titrations., He guccessfully titrated weak
acids dissolved in dimethyl formamide or bengens-msthanol
with alcoholiec potassium hydroxide. Lxcellent results
were reported for high frequency titrations of some very
weak acids such as o-hydroxydiphenyl, phenol, p-bromo~
phenol, @-naphthol and for weak dicarboxylic acids such
as adipic acid, Only one endpoint was rsported in the
titration of the dicarboxylic acids.

Hall, ot al. (21) successfully titrated boric acid
in methanol in the presence of glycerol with sodium
hydroxide in me thanol,

Ishidate and Masul (32) titrated sowe salts of
organioc acids with perchloric acid or sodium acetate in
acetioc acid.,

Dean and Cain (13) titrated salicylie acid,

potassium acid phthalate, bensolc acld, o-nitrophenol,



boric acid, ammonium dromide and ammonium iodide in
dimethyl formamide with sodium methoxide, 7“hey also
reported that n-bdbutylamine was a suitadble non-aqueous
titrant for "stronger acids”.

Lane (43) determined tne equivalent welghts of a
largs number of organioc bases dissolved in glaclal acetlc
acid with parchloric acid, Lare (44) also reported the
determination of mercury (II) by the precipitation of
copper dipropylenediamine mercuric iodide. The precip-
itate was dissolved in glacisl acetic acid snd mercuriec
acetate and titrated with perchlorioc acid in glacial
acetio acld, In the sane report Lane also descridbes the
determinations of some metal iona by chelation and
subsequent titration of the liberatsed hydrogen lons with
& standard solution of potassium methoxlide,

Young (62) titrated lithium halides ard other salts
with a standard solution of silver nitrate in & pyridine
solution, ls also reported that high frequency methods
can be used to determine alkall matsl acetates by titra-
tion with perchloric aocid,

Lippincott and Timnick (46) determined aniline,
substituted anilines, and mixtures of substituted anilines
in glacial acetlc acid with a standard perchloric acid
titrant,

Karrman and Johansson (37) used potasslum methoxide

in 10:]1 bengene~methanol for the titration of monohydroxy-,



dihydroxy =and trihLyiroxy phenols dissolved in benzene-
methanol or benzene-diretliyl formamide., They also
reported thet whien mixtures of phenols wors titrsted,
each comporent gave & titration break in the orcder of
decreasing dlssociation constant,

Riolo and Marcon (55) reported that titrations of
dihydrophenazine with potassium dichromate in glacial
acetlc acid gave sharp high frequency endpoints. <TThey
also titreted organic bases dissolved in glacial acetle
acid with a standard perchloric acld solution (55),

Allen and co-workers (1) employed a Q-Meter for non-
aqueous titration of sulforiamides and the sodium and
potassium saltas of organic acids,

Hara and west (22) succesafully titreted a number
of organic acids, bases, and chelating groups in none
ajueous solvents, Titrstions of lactic, tartaric,
succinic, citric, formie, or proplonic acids dissolved
in pyridire with alcoholic potassium hydroxide were
carrled out, 7The bases dissolved in glacial acetic acid

were titrated with perchloric aclid.



EXPERIMLNTAL

Reagents

The chemicals used in this investigation were not
repurified unless otherwise noted, Repurification of the
organic acids was not considered necessary, since the
high frequency titrations were evaluated by comparing
these results with those obtained by conductimetric and
potentiometric titrations,

The compounds titrated, labeled purlty, and source
are:

Organie Acids:

Adlpic acid Recrystallized from acetic acid
Citric acid Fisher, Certified Reagent
Fumariec acid Practical

Maleio acid Eagtman, practiecal

Malonic acid Dow Company

Oxalic acid Reagent grade

Phenol Eastman ¥hite Label
Salicylic acld Coleman and Bell, C.P.
Sebacie acid rastman, Fractieal

Succinic acid Baker's Analygzed Reagent
Vanillin Retort Fharmaceutical, U,S,P,

Other chemicals used were:

Primary Standards:

Benzoic acid dried over
sulfuric acid

Potassium acid phthalate ovendried for two
hours at 105°

Other Chemicals:

Amberlite I.R,A.=400 resin analytical grade

Tetrabutylammonium i1odide Katheson, Coleman
and Bell or
Eastman Kodak
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Solventas Bengene , C, P. and msthanol, Xerck,
absolute were used as received, FKethyl
isobutyl ketone was freed of acid by
pasaing it through an activated salumina
colurm. Anhydrous isopropyl alcohol wae
prepared by distillation from calcius
metal turnings., An ©€2-83° bolling point
fraction was collected., Dimethyl fornamide
was purified by distillation.

Tetrabutylammonium hydroxide in 1aopropyl alcohol was
prepared by the method of %yld and co-workers (23). In
this method an Amberlite I.,53,A, ion exchange resin was
used to convert the tetrabutylammonium fodide to tetrae
butylammoniux hydroxide, The ion sxchange column, 62
centimeters long, was made from ¢ cemtimeter glass tudbing,
The column was conditioned by passing slowly 10 liters of
1 N potassium hydroxide through the column, The eolumn
wvas then washed with 5 liters of distilled water followed
by 8§ liters of esnhydrous isopronyl alcohol. Seven
hundred millilitars of isopropyl alcohol contalning 100
grams of tetrabutylarmorium iodide were passed through
the column, The throughput was kept at a rate less than
5 milliliters per minute to insure maximum conversion to
the hydroxide form, Seven hundred milliliters of anhy-
drous 1sopropyl alcohol were then passed through the

coluzn snd these washings were combined with the reagesnt,
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The 1400 millilitors of tetrabutylammoniun hydroxide
wore stored in a 2 liter pyrex bottle equirpsd with an
ascarite-anhydrcne absorption bulb to insure maximum
reagent stability. DResgent solutfion was witiidrawn from
this bottle through sn s&ll-glass slphon.

The tetrabutylamicnium hydroxide was standardized
agalnst primary standard benzole acid bty a visual titrae
tion proocedurs, Five drops of thymol blue dissolved in
isopropyl alcohol was used ss the indicator., ilethyl
1sobutyl kctone or 80% benzene-274 methanol was used as
the solvent for the stendardlzation. The 1ndicator
blank for 50 milliliters of ths sdlvents wss leas than
0.08 millilitera, 70 check the adequacy of thymol blue
as the standurdlzation Indlcsitor, several poterntionetrie
stardardization titrations were performed, Cood agreemant

betwseen the two standardization meilhods was observed,

Apparstus

A Beckman X¥odel 4L-2 pli keter, equipped with a glass
elec: Lrode and & slecve tvpre satureted calomel elsctrode
psir, was used for thie polentiometric titrations,

The conductance titrations were performed with a
Serfass kodel KCi 15 Conductivity idridge. ilatintized
platinum irmersion electrodes {cell constant of 0.1) were
employed,

Freliminary high frequency titracions were conducted

with the high frequency titration apparatus desligned and
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conatructed by Johnson and Timnlek (38). It was found,
however, in the course of tle preliminsry titrations
carried out, that the eprarestus was effectad at times by
line voltege fluctuatione which reasnlted in erratie

ing trurent response. 7o elimirste or zreatly reduce
this erratiec behavior a second stare voltare refulator
unit was incorporated in the ecircult,

Figure 1 shows the circult dlarram of %the modified
high frequency titration apparstus utilizing a R,C.A,
voltace rerulator circuls, This voltage regulator
circult (52) includes a S€51 voltsge reference tube,
“nly two major modiflicetions were required for the adape
tion of the voltare regulator efrcuit, Two voltege
reference tubes (tyje O03) in coeries were reguired to
supply the 300 volt oreration level of the second stace
voltare regulator, A potentisl divider at the outrut of
the regfulsted power supply was addsd to provide 150 volts
to the 3E&5 osclllator tube,

A new instrurment, inclulding the second stage voltsce
regulctor circult, vas constructed, Very stable instru-
xent oporation was attained, Py tests in which line
voltege to the instruzent was varied from 120 to 60 volts,
only very sxall changes In instrumert response were
observed, ‘Te real test of satiszfactory stable performe
srce was made during titrations, Very little scattering

of points in the titration curves sas detected,



High Fraequency Circult Tlarram Code
(For Figure 1)

Cge Cell assembly

Ci, C2, C3, Cq. 120 micromicrofarads, mica
Cgy Cge 2C wilerofarwds, 450 volts

Cqe 0.1 microfarads, 400 volts

Ly. ¢ /U coaxlsl half-vave line, approxliately 85
centiseiers total length

Loe 10 turns No. 22 wire wound around Ry

Laz. Filter choke, Starncor C-1702, 8Hy, 85ma., [C,
Ry, Rge 1E,200-0hm, lewatt

Rge 10C0-o0hm, lewatt

Rze 100-0hm, Z-watts

Fge 12,000-0lin, Z-watts

Rgs R7. 47,000-0hm, O,S-watts

Rge 12,000-o0hm, 2-watts

Fye €8,000«0lin, 2-watts

F10e 1,003,0C0-0hm, O.E-wattis

Rlye 15,0C0-0lL, 2-watts

Rlg. 10,000-o0hn output voltage-control potentionetsr
R13. 5720-0.11, wire wound

R14. 169-o0hm, 10-watts, plate current balancing
potentiometer ‘

Te J350«0-320, 30ma.; b volts, Za; 6.3 volts, 3a,

Vo. 6Y3

Vsy V4. 0D3, VR 150/30
Vge 6AS7-GT

Vge I'SL7=GT
V7. &€Eb51
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The operating frequency of the titrstion spparatus
waes measured with & Sicrnal Corps Signal Cererator
¥odel 1l-222-A and Signal Corps lieterodyne ionitor
Wodele-BC«1756~A, The opsratir; frequency employed
throughout this study was 142,.5 mc,

A Sargent ¥odel XXI Polarograzh, connected across
a fixed resistor in series with the grid lesk resistor
of the oscillator tube, was used to detect grid current
chaiges (36).

Th:e half-wave coaxial line and the plate type
capacitative cell employed were those constructed by
Hooser (31),

A 250 milliliter polyethylene bottle was employed
as & titration vessel. A motor driven glasa stirring
paddle extended through a small hole in the cap of the
bottle. Continuous stirring was used throurhout the
titration. The tip of a semi-micro dburet, extending
through a small hole in the shoulder of the bottle, was
immersed in the solution being titrated., Through approe
priate ports a nltrogon atmosphere could be malntained
in the bdottle.

The response curve for tetrsbutylammonium hydroxide
in the relatively basic dinethyl formamide was obtained
with the solution in the vessel under a nitroren atmos-
phere, A nitrogen atmosphere was not maintalned while
titrations in which me:hyl 1sobutyl ketone or benzene-

me thanol served as solvents,
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Titration Froceduras

Fotentiome tric Titrations

The weighed samples were dissolved in 50 milliliters
of either 80% Son:ono-eoﬁ mas thanol or methyl isobutyl
ketone. lhe choice of the solvent depended on the
apparent acidity of the ecid,

The standarédization control on the pll meter was
adjusted until the lowest pH value, usually one, was
indicated on the meter, Titrant was added in 0.5 mile
liliter increments to the stirred solution, Near the
endpoint the i{ncrements were reduced to 0,05 milliliter.

Some of the stronger dibtasic acids could not be
titrated in methyl isobutyl ketone using the iodel He2
pH Meter, bscause the meter needle went off scale bsfore

the titration was completed,

Conductimetrie Yitrations

The welghed sariples wore dissolved In 50 milliliters
of solvent, Titrsnt was &2ded throurh the buret tip
which was inmersed in the solution being titrated,
Conductance leuea wore measured during the courase of the
titration with the osclllator of the conductivity bridge
operating at 60 cycles per second,

A nltrogren atmosphere was maintained in the titra-
tion veassel only while the response curve was being

obtained for the éimethyl foriamide sys tem,
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High Freguency fitratlons

The high frequency titration apparatus and the
polarogzraph were allowed to warm up for at least 156
minutes prior to titratlions,

Welzhed samples were in.roducsed into the titration
vessel and dissolved in 150 milliliters of solvent.

Polarogreph ad justments were made so that the
recorder indicator sssumed gome desirable initial value,
This was attsined by selecting & 1.0 volt span, a 20%
bridse setting and a sensitivity of 0,08 microanperes
per millimeter, Cownscale compensation was employed for
the final adjustmant, #hen the indicator moved too far
upscale cduring a titration, it was returned to the
initial value by sdjusting the downscale compsensator.

“he reagent buret tip extendad below the surface
of the solution being titrated, Reszent was added in
0.25 to 0,50 m{lliliter mecasured portions, Instrument
readin;s were made 30 ssconds after each porition of

reagent had been added,
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Instrument Response Curves

7o cbtaln tue Informatlos for constructing response
curves, xeasured increrents of titrant wsre aided to a
known volume of solvent contalined in the titraticn
vessel of the instrument being used, Instrument readings
for wvarlious concsntrations were recorded.

High frequency and conductimetiric rssponss curves
were constructed by plotting the molar concentration of
the titrant In the solvent boing studled agsingt the
instrument readings. ihese curves served ss useful
guiles In the salecilon cf sultalble solvent-titreat
systexs and of tize optlmum concentratlion level in the
solutlon to be titrated, 7he Lest solvent-titrant system
is one wlich ylelcds relatively nigh and liresr instrurent
response for slight crharges in concentrstion., The
cptimum concentration level in thic sclutlon btelng tltrated
is that which ylelds lincar s&nd relatively high instru-
ment response when the concentration changes in the
solutlion,

Figure 2 showa the Lilgh frequency response curves
for tetrabutylamuonium hydroxide in 80y benzene-20 methe
anol, methyl isobutyl ketone, and dimothyl formamide,

“he greatesgt lnatrument response was obtained when the
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tetrabutylammonium hydroxide concentration was varied

in 80X benzene-20f methanol, Dimethyl formamide as the
solvent gave the least instrument response, and thus was
not considered an adequate solvent for titrations with
tetrabutylammonium hydroxide.

For comparison purposes a conductimetric response
curve for tetrabutylamsonjum hydroxide in 80, benzéne-
€0% methanol is included in Figure 2. 7The shapes of the
cuévea are similer, 7This is to be expected since high
frequency response is related to specific conductance.
Greater relative response was obtained with the high
frequency apparatus than with the conductimetric
apparatus 1n the concentration range 0,001 to 0.01 molar

tetrabutylammonium hydroxidse.

High Frequency And Conductimetrie Titrations

wonobasic Acids in dethyl lsobutyl Ketone

Iltration of several weak and very weak acids
dissolved 1n methyl isobutyl ketone with tetrabutyl-
anmonium hydroxide were performed by high frequency
titrimetric procedures. Very little change in slops at
the endpoint was observed for these acids. 1he aclds
titrated were bengoic, sallcylic, and phenol,

Several conductimetric titrations of bengzoic acid
in methyl 1sobutyl ketone with tetrabutylammonium
hydroxide resulted in titration curves which were compar-

able in shape to those obtained by high frequency methods.
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The resulta of these titrations indicate the unsuit-
abllity of using tetrabutylammonium hydroxide as the
basic titrant for high frequency titraticns of weak and

very weak monobasic scids in methyl isobutyl ketone.

Monobasic Acids in Bengene-Xethanol

High frequency and conductimetric titrations of
bengoic acid in three different benszene-methanol mixed
solvents indicate that 807 benzene-20% methanol 1s the
best solvent for titrations conducted with tetrabutyl-
emmonium hydroxide. Flgure 3 shows the high frequency
titration curves obtained for benzolc acid dissolved {n
50% benzene~-507 methanol, 80% benzene=20% methanol, or
20% bengene~10% methanol. The titration eurve 4,
Figure 3, indicates that relatively high insitrument
response was obtained when 50% benzens-50< methanol was
employed as the solvent, Conductimetric titrations of
benzoic scid conducted in these solvents clearly show
that the best defined endpoints were obtained for the
80% benszene~-20% methanol solvent, The 80% benszene-
20%methanol, therefore, was chosen as the solvent for all
high frequericy and conductimetric titrations conducted
in the remainder of this investigation,

Benzolc acid, salicylie acid, and vanillin dissolved

in bengene-methanol«¢ were successfully titrated with

#Throughout the remainder of this thesis the term benzene-
methanol refers to 80jF bensgene-207 methanol solvent
unless otherwise stated,
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tetrabutylammonium hydroxide by high frequency and
conduoctimetric titration methods, Figure 4, curve C,
shows the high frequeney titration results obteined for
salicylic scid in this solvent.

A single oconductance titration of phenal dissolved
in bensene-methanol with tetrabutylamwonium hydroxide
resulted in a poorly defined titration endpoint,

Polybasic Aclds in Benzene-Mcthsrol

Several dicarboxylic acids were successfully titrated
in benzene-methanol with tetrabutylammonfum hydroxide.

The saturated dibaslc ecids titrated were adiple, malonic,
oxalic, sebaclo, and succinic acids, The unsaturated
dibaesic acids titrsted were fumaric and maleic acids,

The titration of dlcarboxylic acids with tetrabutyl-
sxmonium hydroxide resulted in diatinct endpoints for
each carboxyl group present, Titration curves A and 3
of Figure 4 show the results obtainaed for succinic and
sebacic acid respectively. Nuch gharpsr endpointa were
obtained for the shorter chain dicarboxylic acids than
for the longer chain members., An exception was maleis
acid, Very litile change in the slope of the successive
titretion curve segments was obaserved for this acid,

Excellent first and second endpoints were obtsined
in the high frequency titration of the triecarboxylie
citric acid, A slight indleation of a third endpoint was

observed, Curve B of Figure § shows the complete
titration curve,
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Cf all the mondbasic and polyossic acids titrated
with tetretutylamwonium hydroxide, adipric acid was the
only acid shich gave g precirlitate during the titration.
The precij;itate, which formed before the firat endpoint,
completely diesolved before the second endpolnt was
reached,

The shapes of the econductimetric titration curves
for all of the polybasic acids titrated were simllar to

those obtained by the high frequency titration methods.

Fotentiomatriec Titratlions

Fotentiometrie and conductimetric titrations were
performed to compare the results obtained by these
methods with those obtalned by the high frequency method,

By the potentiometric titration method the following
acids dissolved in methyl 1sobutyl ketone or benczene-
methanol were succeasfully titrated with tetrabutyl-
armonium Lhydroxidet adipic, benzole, citrie, fumaric,
raleic, malonic, oxalic, salicylic, sebacic, succlniec,
and vanillin, Figure 8 shows the titration curves
obtained for adipic acid and malonic acid dissolved in
methyl 1sobutyl ke tone end bengene-me thanol respectively,
The potentiometric titration curve for eitric acid 1is
shown by curve A of Figure 5. Only one good endpoint,
corresponding to the neutralisation of 2 equivalents of

citric acid, -i- obtained,
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Comparison of Tltration Results

To facilitate the intercomparison of titration
results obtained by high frequency, conductimetric, and
potentiometric titration methods, the titration results
for monobasic acids are tabulated in Table I and results
for the polytasio acids are tabulated in Table II.

In the discussion which follows, results obtained
by the high frequency or the conductimetric methods
sgreeinz within $27 of the purity values obtalned by
potentiomatrie titraticona will be designated s&s good or
satisfactory results,

Very rood hi:zh frequency titrations were obtalnad
for benzolc acld, salicylle acid, and vanilliin in benzena-
methanol and for phenol in methyl 1sodbutiyl ketona.
Kethyl lsobutjl ketone and benzens-methanol mixtures
other then the 8CY7 benzene-20X methanol are not satia-
factory solvents for the titration of bensolc acid.

vethyl 1ascbutyl ketune appears to be e satisfactory
solvent for the conductimatric titrations of benzole
acid. 7The titration resuvlts for 3 trials using the
benzene-me thanol solvent were not in as good arreement
as those cobtalned by the high frequency method.

For all of the polybasic acids ti:rated by the high
frequency and conductimetric methods, the secord break
in the titration curve was more pronounced than the first

one. The difference in the sharpness between the first
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and second breaks in the ti‘ration curves is much greater
for the longer chalr ediple end sebscic aclds, This fact
13 dexonstrated ty comparing the percentage purity values
shown in Teble II for each of these acids,

Jatisfectory results, celculated on the basis of the
sccond neutralizetion endpoint, wers obtained for adipie,
citric, fumarie, malonic, oxalic, sebacic, end succinie
ecids. In nearly all cases, the conductimetric titration
results obtuined for these aclds were in good sgreoment
with those obtained by the high frequency and poten-
tlometric umethods,

i1th ihe exception of the results okbtained for the
longer c¢hain adipic and sebacic acids, the titration
results evaluated on the basis of the first titration
endpolnt for high frequency arnd conductimetric titraticns

were satisfactcry,

Titration of Acld ¥Yixtures

Very little clange in the slope of the succassive
high frequency tltration curve segments was observed for
ualele acid, Luch sharper endpoints were obtained for
fumarie acld thaen for ralelc acid. 7These results
suggested the possitllity of resolving a mixture of these
acids, Figure 7 snows a typlesl hi:h frequercy titration
curve obtained for a titration of fumaric sand malelo acid
nixture with tetrztatylannonium hydroxide., The results

are summarized in Lable IIiI.,
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The volume of titrant added to attain the four
successive endpointe in the titration of the fumaric and
maleic acid mixture are desipnated by the letters
A, B, C, and D as shown in Figure 7. Conslidering sample
size and shape of titration curves obtained for the
individual acids, the titration stage B-C should cor-
respond to the neutralization of 1 equivalent of
fumaric acid, Then the volume of titrant required to
reutrallize the first equlvalent of maleic acid would
be representsd by C-2(C~B) milliliters., On the basis
of relative atrengths of fumarlc and meleic acids in the
aqusous system, it was concluded thet points A and D
correspond to neutralizgation of the first and second
carboxyl groups of malelc acid and points B and C
correspond to ncutrallzation of the firat and second
carboxyl groups of fumaric acid,

From the limited numbeyr of triesls, it appesrs that
fumaric ecid can be determined to £5% if approximately
1 milliequivalent of this acld is present in the mixture.,
In trial 4, poorly defined breaks were obtuined so that
no resolution was possible. The excessive curvature
probably resulted from the high concentration of fumaric
acid Iin the sample.

“he total acid content, calculated for point D, in
the samples titrated for trials 1 to 4 were 58.8, v4,6,

94,0, and 97.8% respsctively.
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A single high frequency titration of a mixture of
saliecylic and succinic acid with tetrabutylammonium
hydroxide resulted in an unsuccessful attempt at

resolving this mixture,



SUXXARY AND COHCLUSIOE

The high frequency titration spparatus developed
by Johnson and Timnick (36) was modified by introducing
a second stage voltage regulation unit to the instrument
power asupply. Extremely stable performxance with the
instrument opsrating at 148.85 no was attained,

Tetrabutylamonium was Lested as a suitadble tiirant
for high frequency titrations of acids dilssolved in none :

aqueous solvents, Of the solvents tested, methyl isobutyl

ketone, dimethyl formamilde, 50% benzene-50L methanol,
6807 benzenes-207 methanol, and 9207 benzene-10% methanol,
the 807 benzene=-20% methanol was the most satlisfectory,

The hizh frequency titration results wers compared
with conductimetrio and potentiometric titration results,
Titration results and shapes of titration curves wers
quite similar for the high frequency and the corductle
netric me thods,

Hlgh frequency titration results, agreeing to 125;
with eorresponding potentiomstric results, were odtained
for the following monobasle acids dissolved in 803 benzee
207 methanols benzolc aclid, salicylic acid, end vanillin,

Three high frequency titrations were performsd for
phonol dissolved in methyl 1lsobutyl ketone.s The mean
value of 99,57 purity obtained in this study is in

excellent ajgrecment with the mean 99,15 purity value



40

cbtaircd By the brouinstlion method wse? by Hooser (31)
for the saxme phenol surnly,

Hlgh frequency titratfon resulis, agreelinc to &2%
with thoe purlty valucs ottalned bty potentlometric
titration of acils dlsgsolved in mathyl Saohbutyl ketone
or 607 tenzere~-"07 retltanol, were obtainred for the
£ollowin~ zolybasic aclds ¢icsolved in 227 tenzane-

204 metlanolt ailplec, citriec, fumsric, ralelc, malonie,
oxalic, sebucle, and sueciric acids. 7Two breaks in the
titraticon curvea vere obtained for all of the dibaaie
acide titrated. Ounly two sharp breaks were obtsined for
tl.a tricsrboxcylic cliric acid. The third break was
vory poorly defired.

The two breaks in the titration curve for maleic
acld waere not as shary as those obttalned for fumaric
acid. ilLcn a mixture of these two aclds was titrated,
fonr Lresuxs in the titrailon curves warae cobialnoed,
Tunaric acld content Iin a nixture vres rasclved in thrce
trials to £5% purisy. A fourth trlal was unsuccessful,
Total acid content in the four mixtures was fcound to be
96,5 $2.5%.

A mixture of succinic ard sgalicylic acids could not

te resolved,
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