EVALUATION OF REDOX SYSTEMS AND
INDICATORS IN ACETIC ACID

Thests for the Degree of M. N
MICHIGAN STATE UNIVERSITY

Nahida Al-Qaraghuli
1958



THES(S

ot _7)

P,/‘!;." )

LUigas vCEsILy




EVALUATION OF REDOX SYSTEMS AND INDICATORS
It ACETIC ACID

A TAESIS

Submitted to the School of Graduate Studies of
Michigan State Collegs of Agriculture and Applied Science
in partial fulfiliment of the requirements

for the degree of

MASTER OF SCIENCE

Departaent of Chemistry

1958



ACKROVLEDGHENT

The author wishes to express her sincere
arpreciation to Dr. K. G. Stone for his
gidance throughomt the course of thls

investigation.



VITA

Hame: Nahida Al~Qaraghuli

Borm: June 20, 1929 in Baghdad, Ireq

Acsdamio Caresrt Central High 8Schocl
Baghdad, Ireq (19L1~19L6)

Royal College of Chemistry and Fharmasy
Baghdad, Irag (1948-1952)

Degress Held: Bachelor of Science

Royal College of Chemistry and Pharmeey
(1952)



TADLE OF CONTZNTS

'
3

* ~
mmw’vmn..‘....“."‘......0.0....OOI.....CO..Q.C.O0.00..‘...0

0 3
m\n@m.........‘.‘...'..0'..0...0..0.."..0.060000000000.0..

RoagontBessscecvccveccrscncrcencoscecovssccnsscsccosccsanscece
Freparation of SolutionB.eececsscccvcncssocccvesascscccsnsces
l. Sndium 0x8latBcevesescsscvcoccesssovovosvosecssescance
2. Ammoriium hexanitratocerat® IV.ceresecsncoscocvscccsace
30 Titancus solutionNeecevrecccsvocsccecsvsncrssssnscnccece
L. Ferrous O'lilmthram CONPlaXceosecevscessscossoes
Ammoo-ooooo-oooo.oocooooooooo-aoooooooucoooc.oooooooooc
Mercurous Acetate Raforonce Electrod@cecccsccccoscsssocovcces
Indicator StudleS.cscececscccarcssvccecccscvcssonrcsnscccocses
1. o=Phenanthroline~ferrous COMplaXeeeosconcocscecossars
2. Diphanylamin@.ceecesscccceccscevencsavsvssnsosssveces
30 Huthyleno DlNOesssescscoscccccssscenccesscscoscancene
L. Nitro-o-rhenanthroline=farrous complaX.cscecevecsvoce
50 Miscellansous IndicatorS.cccsceccecccocccscescesconce

5 EERBawvivrwuwwwmn v »

s‘a‘!&‘hm"....'.‘.‘....CO.....0‘0.0..0'......00.0......0.0...‘.0000

v
o

me cmDOOCOOQOQOOQQQOOOOOQ.'"'.".t..!.l.....l..'.'.....

&

‘II&mm..‘.'..."....'.'I..O.'.‘.OC..0.00.0...0..0'.....00'...0

iv



INTRODUCTION



IHTROLUCTICH

Previous work on oxidation in acetic acid has been done either
potentionetrically or amperometrically. No work has been reported on
the uss of indicators (L4,5). Frevious workers have noted inconsistencies
vhen using aguecus calomsl elestrodes for reference electrovdes. It
appears that the liquid junction between the acetic acid solution and
aquecus potassinm chloride in the asbestos fider introdiced a variable
potential eo that particular values cbserved depanded on tinme, concen-
trution, and other faotors.

In the literature nothing was found concerning the dehavior of
redox indicators in scetis acid medium even though all of them were
studied in aguecus media (1,2). The yremmtion of titanium (IXI)
sulfate in acetie acid was not found in literature.

Amsoniun hexanitratocerate (IV) bas bean used as an oxidising
wmu:ummwmumm.mmvmmm
rroperties (L,5).

The object of this work was ¢ develop a marcurcus acetate
refezence electrode for the study of indicator behavior. Applications
of indicators in redox titrations vere studied.






Reagents

1. Glacial scetic acid « Baker's "Analysed" and Dupont "RG™ both were
wsed as solvent without further purification.

2. Sulphuric acid « Dupont RO,

3. Perchloric aoid « Mallinckrodt "AR® grade. Con. 70%, sp. gr. 1.6.
h. Sodinm cxalate « Naxrek "reagmt® primary standard purity.

S. Perrous Ammoniun sulfate = Baker's "Analysed".

§. Anhydrous sodium perchlorate = G. Frederick Smith Chemical Co. "RO™,
7. Yerric chloride « Furified *Fisher laboratory.®

8. Ammoniun Hexanitratcoerate IV « G. Frederick Smith Chemdcal Co.
9. rummﬁu.a.mmﬁwco.

10. Irm powdey » Baker's Chemioal Co.

11. Potassinm dichromate = Merck "reagent®.

12. o-Fhamanthroline « G. Frederick Smith Chemieal Co.

13. Neutral red « Zastman Xodak Company (white label).
m.mmn?m-mwmmum. ¥aticnal Aniline

15. Diphenylanine « Eagtman Xodak Company (white label).

16. Titaninn metal « Dow Chemicsl Company.

17. Potassinm 1odide « Merck *reagmt®.

18, Potassiun Iodabe « Mallinekvods "AR® grade.

19. Ceoris Amncontan sulfate « 0. Frederisk Smith Chemiocal Co.

20. Sodiun aside « "Dupont® prestioal grede.

2. Quincene « Zastman organic chesdcals, pructical greds (yellew ladel).






Preparation of Solutions

1. Sodium exalate =t Na Co04

A 0.01 ¥ sclution of scdium cxalate in glacial acetis acid 1 ¥ with
respect to parchloric was prepared by dissolving 0.67 gram of sodium
cxalate in a mixture of 89.20 ml. parchloris acid dilnted to 1000 ml.
with glacial acetic acid.

2. Amaontun hexanitretocerate (IV) (NH,)sCe(N05)q =

The reagent was dried st 105° for two hours and 5.48 grans were
dissclved in cne liter glacial acetis acid to give 0.01 N solution.
Heating om & hot plate ws reguired to dissolve all the sals. The solu-
ticn was stoved in dark bottle to prevent decomposition by light.

3. Ttanocus solution =

A smll amount of titeninm metal was added to a mixture of 250 ml.
mmmlmsoﬂ.ummmmeumma
romd-bottoned flask fitted with a condenser and hested over a hot plate.
The solution was hested until a deep violet-blune ealor developed.
Toe mch hesting is to be avoided becauss a yrecipitate forms on proe
longed heating. The sclution was poured into & dark bottle and eooled
under an inert atmosthere. Nitrogen was used t0 prevent the axidisation
of the titancus soluticn, which is very guickly axidised by the cxygem
of the air. 7The titancus solution was standardised with potassina
dichromte dissclived in glacial acetic acid 2 ¥ with respect to sulfurie
acid. The titration was done potentionetrically.



L. Ferrons o-rhenanthroline complax =i

This reagent was prepared in stoichiometric ratio so that three
nolew of o-pheamanthroline combined with one mole of ferrous.

In an attempd $0 wse ferrous perchlorate, a 0.01 N solution was
premared by dissolving 3.6185 gram of Fe(Cl04),.6Hg0 4n 1000 ml. glacial
aoetioc asid and a smll ancunt of iron powder was added to reduce the
fesris pawohlosute vhich was present dus to aly oxidation of some of the
ferrcus perchlomte. 7The iron powder did not appear to reduce the ferrie,
Wt 1% precipitated, 80 the solution was filtered through a Gooch
oxweible. This solution was standardised with potassium permanganate in
the umal way. Them 0.5L0 grem (3 msles.) of o-phenanthroline was
dissclved in an amount of ferrocus solution equal to 100 ml. of 0.01 ¥
ferrcus perehlomate (1 mmole.). All of the o-rhemanthroline went into
solntien forming the red complex, but part recipitated as the perchlorate
sals. Thearefere, this ferrcus malt is wnmtisfastory.

In an attenpt %0 use ferrcus azmonium sulfate 0.3921 grem was
added %0 100 ml. of glacial acetis acid followed by 0.5, gram of
o-jhenanthroline. The farrcus amsoniun sulfate is only partially
soluble in glacial acetic aocid, tut when the o-phenanthrolins is added,
the intense red ocolor of the complex developed which mesns that the
o~Jhecenthraling foms & ocmylex with the ferrcus which makes it dis-
solve.



Apparatus

A Beclomn (Nlass electrode H nmeter, Model H2, was used for
potentionstric titrations. A mercurcus acetate reference slectrode
which is described in detail later and a platimum electrode were used -
for detecting the end point. All titrations were done at room
texperature. Magnetis stirring was not possidle becsuse the potentials
observed varied as the mpwtisc fisld in the acetis acid varied with

the rate of stirring. Frovisicn was made to pass nitrogm through the
solutions in some titrations.

Nerocurous Aocetate Reference Electrode

Yor a refersnce electrods in potentiometris titrations in asetis
acid the ordinary calomsl electrode which contains potassizm chloride
in squecus solution could not be used becsuse of the liquid junction
potential produced at the surface of comtact betwemn the potassinm
chloride solution and acetio acid in the besker. In addition there will
be some diffusion of the glacial acetis acid into the potassium chloride
solution which will vary the composition. So an elestrode was mede
using acetis acid as the sclvent.

The seal on & regular fiber type calomel eleotrods was softened
by eareful hesting. The inside tube was removed and the bottom cut off
with a dianond blade. The inside of the tube was cleansd and the new
f1lling introduced.



Firet mercury was introduced by turning the tubs upside down. The
smound of meroury and the proportion %0 other materials is shom in
rig. (1). mm«mwhmntmupmm
wive will dip imto i%.

Seoondly, a paste was prepared by grinding mareurcas acetate with
mreury in & mortar. Merowrous acetats was used instesd of merourous
chloride beosuse the sclvend was acetis asid and chloride night diffuse
out of the electrode. Then the paste was meistened with a 0.5 X sclution
of sodixm perchlorate in sestic acid. 7he moist paste was addsd to the
tube on top of the mereury. The last msterial introduced into tudbe B
s the asbestos fibers leaving & 1ittle space 80 that the tube could
b restricted lsaving a 1little hols which made possibls the cemmsction
betwomn the mterisl inside wube A snd the liquid cutside 1t in ube 3.

The ashestcs fiders were meistened by adding 0.5 N sodium parchlor-
ate in acetic acid with & syrings through the small hole. Care wus
comection Detween Wbe A and B. Then tube A was iztroduced inside
tabe B and the Yop was sealed with sealing wax. Then thromgh the side
opming C tube B was filled with 0.5 X sodiunm perchlorate in asetis scid
%0 the mark shown in Fig. (1) so that during a titration the surfase of
1iquid ineide the ube B 18 above the 1iquid in the beaker used for
titrations. mmmmu.mwumwmmu
conduoting ligeid. Ths opmning ws cicoed with a eork to prevent the
introduction of dust and to wevent the evaporation of the solution.
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Indicator Studies

With the availabls mercurous acetate reference electrode, it ws
possible to study the behawiors of soms indiocstors in glacial acetis
asid medinm by potentiometris titretions which was not done before.

The formal potentials, the potentials at the end point and the potentials
at the breaks were studied. In general indicator titretions are prefer-
ahle becsuse even if the color changs coincides with the bresk in
poteatial the potentiometric titretions are more 4ime conmuxing.

1. e=Phananthrolinesferrous couplex =t

When the reduced form of the indioatcr was titrated potentiometrio-
myuﬁmm(rﬂmmmatmmmumwmm
change fxom red %0 blune. The rresence of a strong acid such as pere
c¢hloris acid was necessary. When titrating the 0.01 X solntion of the
indicator in acetis acid alone, after two ml. of 0.01 N oertun (IV) hed
been added a precirdtate formed, but in titrating the indioater which
was 1 ¥ with respect to perchloris acid no precipitate formed. The coler
shange s from intense red ¢o faint blue after the additiom of two ml.
of oertum (IV) and the color bssane brighter blus at the break which
cosurred at 0.920 vols. The formal potential for the indicator was
0.660 valt. The potentiomstric titration curve was regular Seshaped.
One millisquivalent of axidixing agent Was used per millimale of
indieator. '

Investigations were mde to £ind possible applicutions of the
e=Fhaenthroline-ferrcus ecaplex as an indisator in axidation-reduotion
titmtions.



Ons of the attenpts was the titration of 0.01 X sodfum amalate in
aookic scid 1 N with perchloris scid with 0.01 ¥ certan(IV) Ome drop
of 0.01 ¥ o~rhananthroline-ferrous coxplex aguecus wolution was added
to the sediun exalabe in the Lesker. The break in poteniial was s
0.950 vold. The formal potential for the cxalate axidstion was 0.7.5
volt. The indicedcr changed salor ad 0.850 velt from light red 4o 1ight
gremisheblue. The change in color was distinet snd yeversible and the -
axidised form was attacked only slewly by exoesss yeagert. The potentio-
mstric titrutions agresd with the crdimary titrations as showm in
Table I.

TANLE X

TITRATION OF SCDIUM OXALATE WITH CERTUM (V)
o-PHENANTHROLINE COMPLEX AS INDIGATOR

S — - - ———— i d— . Aage v e

Ml. Na Ch04 Scln. m1. Ce (1v)(0.00 X)
25 26-30 e
s 26.28 e
25 ows 26.25

e et U

AR attamyd to nse the 0.01L X aquecus sclution of o~phensnthroling~
ferrens oomplex as an indisator in the titwaticom of 0.01 N ferrous

perohlorate in scetic acid 1N with respest to psrehloric acid with 0.0l X.
Certun (IV) was unmcesssful beceuse there was no color chenge near the
muMQ '



Another attergt was in the potantiometris titretion of 0.01 ¥
ferrens perchlorete in acetic acid 1 N in respect to sulrlanric acid
with potassimm dichrosate in presence of 1 drop of the indicator., This
attapt wms also wnsoseseful becamse there was no eclor change near the
break in potential.

The 0.01 N aquecus solutim of o~phenanthroline-ferrcus complex was
seosssfully used as an indicator in the potentiometric titretion of
sodine aside with cerium IV. Before the indicator was tried, a potentio-
metric titrution of sodiun asids with ceriun (IV)was made. The formal
potential for the exidation of aside was 0.600 vold and the dreak in
potential was at 0.930 volt. It wes predictad that the wse of
o~thenanthroline~-ferrous complex as an indicator might be sucosssful in
titrating sodium asice with cerium IV. (ms ml. of 1 M sodium aside
solution pins 50 ml. glaclal acetls acid jlus L.k ml. conceatveted
perchloris acid rlus 1 drop of ths 0.01 M aquecus solntion of the
o-thenmthroline ferrcus corplax were used. The change in color at the
end point was from purple to light blne. The results are shown in
Table II. These results were ocufirmed by the procedure of lartia (3)
based on axidation in aqueous medinm,

To three nl. of the sane azide sclution in a glass-stoppered flask
was added 50 nl. (excoss) of 0.0990 K ceric sulfuts standardized with
sodiun cxalate. The stoppered flask was shaken vigorously and allowed
%o stand for five mimtes. Then 0.5 grwm of poteassinm fodide was added,
and the 1odine reloased wvas titrated immediately with 0.1018 N sodium



thiomlfato. Near the end point cna nl. of starch solutiom was added
&8 an indloator. The resulis shown in Tahle IT coincide with the results
cbtained by titrstion of azide in acetic acid with Cerinm IV using the

aqecns solution of o-phemanthroline conplex as an indinater.

TAOLE IT
DETERMINATION OF AZIDT; CXYDATICN WITH CERIUM (IV)

Aside Solutim ML Co IV  Leq, Celso)y  Eaf, woq. ful,

nl. 0.0197 ¥
o~Phananthreoline Conplax as Indioator
1 13.20 0.2600
1 13.15 0.2591
1 13.10 0.25%)
Hartin's Msthod

3 0.7752 0.2584
3 0.7752 0.258)

Nitroeo-thenanthroline Conplex as Indisator
17.2 0.3388
17.2 0.3388

ol o

2. Dirhenylanine =t

Drhaylamine was titrated potantiometrically with 0.01 ¥ cerium IV.
An oxidised form was produced which was sapposed to de ditheanyle
benzidins. 7The titrmation was unsiccessful becsuse a precipitate formed
even in the presence of perchloris acid and in addition no regular
S~shaped curve was cbtained. An attempt vas made to titrate the same



0.01 ¥ sclution of dirhenylamins in glacial acetic acid with 0.C1 K
potasaiun dichromate which is of lower potential than the cerina IV,
The potentiometric titxation was succesaful, but the presance of a
strong acid such as parchloric acid was nacessary. Dlecsuss in the
ebsence of perchlorie acid a precipitate formed. rmtyhﬁv;o ml. of
0.01 ¥ indicator solution was dilnted to 50 ml. with acetic acid made
1 N with respect to perchloric acid. It was found that the indicator
wms axidiged and produced a regular S-shaped curve with either 1 ¥ o
0.5 X perchloric acid solntions,

In 1 N perchloric acid soluticn the formal potential for the
indiontor was 0.1400 volt and the break in potemtial occurred at 0.600
volt. In 0.5 ¥ perchloric acid solution the formal potentisl for the
indicator wad 0.360 volt and the break in potential cocurred at 0.560
volt. The change in color was from colorless to dark violed after the
addition of two ml. of dichromte solution. The soluticn becanms darker
and darker near the break but there was no distinct color change noar
ths dreak. The indicator comsumsd two millisquivalemts of dichromate
solution per millimole of indicator with either 1 N or 0.5 N perchloris
solntions.

An attempt was made using diphenyl amine as an indicator in the
potmtionstris titration of ferzous pervhlorats in acetis acid 1 X in
salfuric acid with potassiom dichramte. The indicator was unsuccesaful
beosuse there was no distinct eolor changs near the bresk in potential.

Another attexpt was done using dighenylamine as an indiscator in
the potenticometrio titration of farrcus perchlorate in acetis acid 1 X



in perchloric scid with 0.01 X cerium|{IV. The indicator failed to work
Decanse there was no ooclor change near the break in potential.

A third attempt was trisd using 1 drop of dihenylamine solntion
a8 an indicator in the potanticmetris titration of potassiua dichromste
1n acetis acdd 1 ¥ in sulfuric acid with titancus sulfate under aa
inert atmosthsre of nitrogm. One drop of ferrcus perchlomte solutiom
in socetic acid was added to the beaker bafore the $itrution which was
sappossd to help the action of the indicator. The indicator was
unmtisfastory because there was no color change near the bresk in
pobmtial.

Dirhenylamine sodiun sulfonate was tried instead of dirhenylamine
in the titretion of the potassiun dichromate systes rericusly used
with fitancus sulfate. The prediction was that it might work better
than dirhenylamine, but it was found that this indicator was unsatisfactory
also.

3. Methylene blue =t
Methylens blne chloride was titrated potentiometrically with

titancus smulfate in acetic acid under an atmosphere of nitrogen. The
presmce of a strong asid such as sulrhuric acid was necessary.because
in the absence of sulpuric acid a precipitate formed. Twenty-five ml.
of 0.01 M methylens blue solution in acotic acid was diluted to 50 ml.
with scetils acid and the soluticn was zade 1 X with sulptaris acid.
The titretion ourve wae S-shapad. The formal potential was 0.155 volt
and the break in potential was at 0.C20 volt. For 2 ¥ sulfuric acid



solntion the formal potential was 0.175 volf, and the bresk in the
potential was at 0.025 volt. The change in color was from blue ¢o
groen and then %0 brownish urple, There was po distinet color change
near the break in potential., 7Two millisguivalents of the reducing agent,
titenine (III) sulfate were consumed per millimole of the indicator.
Many attenpts were mads to find applications of methylene blne as
an indicator. Ons attempt was in the potentiometric titration of
potassinm dichromate with titanium (IIX). The atiempt was wnsuccessful
becamase the change in color oocurred earlier than the jump in potential.
Another attempt was the potentiometric titration of fewris chloride with
titaniun (IXI) salfate, but no Jump was observed. The ferric chloride
was insoluble in acetic acid so one gren of tartaric acid was added to
form the complex ferris tartavate which was solzble in acetic acid. The
third attempt was the titrtion of gainone with titanium (IIX) sulfate
in the presmce of three drops of methylems blue solxtion as an indisster.
The iadicater did not work beosuse there ws no oolor change near ¥he

bresk in petential.

L. ¥itroso-phemanthrolinesferrcus complex ~¢

Investiigaticn was made S0 £ind the possibility of using an 0.01 M
aquecus molution ef nitroslejhananthroline-ferrous complex as an indie
ator in the prtentiometris titrution of sodiua axalate 0.01 N in acetds
asid made ) ¥ in yespect to perchloris asid with 0.01 X oerinn(IV).
e rosult was matiafactiory becsuss the indicator changes solor distimetly
fyon red to eclorless at 0.965 wit. The bresk im potentisl was a¢



0.950 volte The formal potentiial for the cxalate cxidation was 0.635
volt. The potentiometris titrations agreed with tue indicator titree
tions as shown in Tabls III.

TABLE IXX

TITRATION OF SODIUM OXALATB WITH CERTIUM (Iv)
KITRO-o~FLRUNTIRULIE AS DDICATOR

e+ -+ e e AR e -+ = . e o > s A o = . i M At =+ 4 SO 2 - PN AED AP S e ity < =

M. ¥a,C,04 M. Ce (W)

Indicator Potentiometric
25 25.85 e
25 25.80 —
5 25.80
25 25.85

An attempt ms xade to use nitroelerhenanthroline-ferrous complex
as an intisator in titwmting eodium aside with ocerium\IV} It was found

that the murber of meq./ml. cbtained by cxdinary indicator titretions
(Table IX) did not ecinoide with the mmber of meq./ml. cbtained by
Martin's rrocedure (Table IT).

S+ Migoellanecus indicetors -t

Fhenosafrenine was tried as an indicator in titrating ferric
chloride with titancus sulfate. The indicator did not work becsuse the
change in eolor was unstable and there was no jump in potential during
the titrution. The ferric chloride solution was obtained by suspending
ferric chloride in acetis acid and then adding perchloric acid in small



porticns to help dissclve the ferric chloride which was incompletely
soluble in acetic acid alone.
An 0.01 N solntion of neutral red in acetic acid made 1 N and 2 N

in respect to perchloric acid was titrated with titanous sulfate.
It was found that in either solution the break in potential was too

" early and that was after the addition of one ml. of titancus sulfate.
80 this indicator was neglected becanse we could not gst any information
about the formal potential or the potantial at the break which enables
the prediction of using the neutral red as an indicator in various

systems.

TABLE IV

FORMAL FOTENTIAL OF REDOX SYSTEMS STUDIED
b e e — e
Formal Po;,mthl, Fotential at

Systea w. Color Change
Ce*%ce’? 1295
Nitroeo-phenanthroline ferrcus complex 965
cr*cr*® (1 ¥ B,.50,) 930

re*2.re** (1 ¥ m10,) 690

Cs0q = 2004 620

o=Fhenanthroline ferrous complex 660 860
My w3 Ny 610

re’® « ro*® (1 ¥ H,50,) LLo

Diphenylamine (1 N HC10,) Loo
Quinane-hydroquinone (1 N Hg30,) 335

Methylane blue (1 ¥ HC10,) 175

u* . ﬂ“ =150

Ry PR -

*Va. mercurous acetate electrode.
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SUMMARY

This work was done to study some reductioneocxidation systems,
indicators, and apflications to systems studied. From the titratiom
curve the formal potential for both systems and indicators, the potential
at the equivalence point, and the potential at vhich the indicator changed
color were read.

Amnonium haxanitratorcerats and potassium dichromate were used as
oxidising agents because of their solubility in acetis acid.

Titancus sulfate wvas used as & reducing agent and it vas prepared
by dissclving titanium metal in a mixture of acetic acid plus sulpmris
acid. It was possible to obtain a variety of concentrations by varying
the time of refluxing.

Titrations were done potantiometrically using a specially prepared
mercurous acetate refarence slsctrode and a platimun measuring elestrode.
In some cases it wvas desirable to check the results by ordinary indicator
titrations.

The following cbservations were madst

1. It ws possible t¢ work with titancus solution under an

atnosphere of nitrogen in oxder to reduce the rate of
oxidation of titanous by the atmospherie cxygen.

2. The cerium redox couples were affected by the presence of

strong acids sach as perchloric acid and sulphuric acid.
As the amount of acid inoreased the bresk in potential of
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the aystem incraasad. In cass of tﬁo cdichromatas-chromic
systen sulphuric acid had the same effact. The titanium
systeom was alsc affected by thie presance of strong acid

guch as sulpturic acid.

3. Titancus sulfate was standardized potantiometrically with
potassium dichromate.

L. A11 the indicators ussd were soluble in acetic acid and
the solutions were stabls for a long tine.

S+ The indicators which show possible applications are
o=-thananthroline ferrous complex in the titration of
sodinn cxalate with cerina IV in 1 ¥ perchloric acid and
in the titration of sodium azide with cerinm IV.
}ltro=o-rhenanthroline-ferrous eomrlex applied in titrae
tlon of sodinm oxalate with cerium IV. Both indicators
show a distinct and sliarp coloxr change at the end point.
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Titration of o-Fhenanthroline-Ferrous Complex 1 N in Respect to
Perchloric Acid with Cerium IV

M. Bvolt M. Rvolt n. Mvolt
0 370 201 6% 28 20
10 655 20l & % e
1 658 20.7 &9 23 1128
12 660 a 702 21;' TP
13 68 21.2 710 2l;.2 02
17 6n 22 750 27 1150
18 676 22.2 820 28 142

Titration of Sodinm Cxalate with Ce IV in Presence of
o=Fhananthroline=-ferrous comrlex as an Indicator

0
0
1 729
2 735
5 745
6 7LS
10 745
15 L5

26.1 zg 27.5 10
26.2 28 1210
26. 910 30 1250
26, 970 35 1280
26.5 1020

e R







Zitrution of Yerveus Pavshlorate in Asstic Aedd 1 X
in Pexchlorie Aeid with Cerium IV

m. Wrold n. Wrold n. Mvols
0 50 9. 'a.g 12.6 [ ™)
| 9 18, 910
2 660 9. e 12, 9lo
3 672 )-x T20 .9 o
5 682 9.8 T80 1000
z 0 10.1 ™ d 1048

&0 11.9 135 13.) 10
8.2 &2 12 ;g 13.9 1180
8.8 éoh 12.2 3.7 1200
a m ni T T
9.2 L 12.5 165 20 1290

THaretion of Farrous Perchlorate in Aoetis Aeid ) X With
Sulytmric Aoid with Potassiun Dichromte

wn

poEssE
S arnii

CEEERM
LT T







Titration of Sodium Azide in Acetio Acida 2 X
in Perchloric Acld with Cerium IV

e e e ]

M. Mvolt m. Mvolt xi. Mvolt
0 éo3 12.2 &0 13.6 120
2 6c8 12.4 620 13.8 1250
L 610 12.6 630 bV} 1260
6 610 12.8 630 15 1275
8 610 13 é35 20 1300

10 610 13.2 1000 25 1310

12 610 13.4 1230 ~

"N

Titration of Diphenylamine in Acetic Acid 1 N in g
Perchloric Acld with Cerium IV

0 380 20.7 200 23 825
2 3 20.9 sTo 2y 80
11 382 a 640 25 850
10 392 a.2 705 26 855
12 400 2.l ¥ /1C) 28 860
13 Loo 2.6 170 30 865
1 Lo2 21.8 7% 32 810
15 lao 2 1790 k11 875
15 L10 22, 805 50 890
18 L22 22, 810
20 L50 22, 812
20.2 L60 22.8 820
20.4 458







Titration of Potassiuzs Dichramate in Acetic Acid 1 K in
Respect to Sulphuris Acid with Titanous Sulfate

e D — — - —r —
M. Mvold M. Mvolt n. ¥vold
0 930 L3.2 858 Ll.55 LLo
10 950 m.g 860 4.6 320
15 9L2 L3. 855 Lk .65 200
20 939 L3.8 8Ly hh.zo 80
25 932 L 8L0 N 58
30 925 i 8110 Lk.9 «60
35 910 Lh.2 838 L5.5 ~15
Lo 900 Lk.35 650 L7 «100
’-&2 880 h-’-hhs 615 h9 «120
L3 870 4.5 580 5 «130

Titration of Methylens Blue in Acetio Acid 1 ¥ 4n
Ferchloric Acid with Titancus Sulfate

0 250 5.7 130 37.2 60
S 200 35.9 129 37.3 =40
10 185 36 125 31.5 48
20 170 36.4 19 3; .8 «55

25 162 36.8 105 3
30 152 36.9 100 39 «78
35 138 37 90 =85
(4] L2 ~100
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Titration of Ferric Chloride with Titanous Sulfate

(s 3Lo g 275 13 210
2 s 260 1 1°
3 292 9 240 15 170
4 2835 10 259 156 150
5 230 n 245 18 120
6 280 12 230 22 80
Titration of Quinone in Acetic Acid 1 X in
Respect to Sulpmric Acid with Titanous Sulfate
mn. Mvolt M. Mvolt M. Mvolt
0 375 26 s 7.6 250
1l 370 26.2 12 27.8 80
2 k111 26.4 310 28 50
5 350 26.6 3c8 28.2 55
10 3Ls 26.8 308 28.4 52
15 340 7 300 2 «T5
20 335 27.2 290 30 90
25 3a 21.L 230 33 =105
35 «110

A S

Titration of Scdium Oxalate with Ce IV in Presence of

0 &0 2 720 25.85 885
s 660 2l 130 26

10 680 25 7o 26.4 185
15 &0 25.3 745 27 1210
20 710 25.5 750 30 1250
2 T2 ZSoz 760 35 1270
22 ns 25. ™0




Titration of Titancusz Sullate with Fotassium Idchromate

- Mvolt M. Hvelt M. Mvolt

M
ety s o —

0 «180 23 235 2.5 600
pTo] «150 23.1 270 4.8 650
TRET 233 3 25 63
20 «120 23.5 28l ’ 25.5 736
22 - 89 23.7 L5 26 750
22, - 65 23.9 500 27 90
22.8 130 2.3 £ 31 {30

w0 855

Titration of Cerium IV with Sodium Oxalate in
Acetic Acid ) ¥ in Perchloric Acid

M. Mvolt Hl. Mvolt M. Mrolt
0 810 15.8 1200 17 780
3 1270 15 1140 17.8 770
5 1280 16.2 950 19 760

10 12% 15.4 650 25 750

15 125 156.6 810 X 740
]5 05 1230 ]-6 » B 5(0










