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SUMMARY

Some methods of end-point determination for acid-base
quanti tati ve volumetric analysis were reviewed. Three methods were
considered. These include the Visual Indicator, Potentiometric and
Conductometric methods.

Sodium Carbonate (Na2C03) was titrated against Hydrochloric
Acid (HCl) using each of the mentioned methods. Comparison of the
methods in terms of advantages and disadvantages and estimation of
the numerical uncertainty in the resul ts was made. Using a
concentration of O.05004M of Na2CO) the molarity of the Na~C03
solution in the colour indicator was found to be between 0.05025
and 0.05015 with an error of between 0.22% and 0.42% as against
0.02% -0.14% for the potentiometric method. The conductometric
method showed an error of between 0.12% and 0.18%.

The relative deviations of all three methods showed that they
fell within acceptable limits. However, the potentiometric method
was found to be more superior to the other methods as it gave the
least error.
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1.1 Acid-base quanti t.ative volumetric analyses are vi tal in the estimation of ,~:·w.??~~;;::~
t.he concen t.r-at.i on in t.est solutions. The use of acids/bases and buffers in :.~~~~r;z\'.;~~~
:3C~eIl tific l~uor~torie~ and i.nclustries ~all.s for a concise revie~ methods of end- :~::,~~~~~
po int de t.erun ne tLon, End+poi.nt det.er-m inat.Lon methods are pr-ac t i.ca l Iv dependent ' ..,.'fir
011 t.he colour, degree of ionisat.ion, st.rength of the acid/base and dilution.:<;~; I.~~
llence , the need to use colour indicators and instrumental met.hode for locating~.'':: l. '":::~

• 1:" . -.." ;.!' -'li'}U"'. ;l~ l~·:~1l.hC! end+po i.nb . ,'. :,.~.,··;·"'..,fF~·'."- . .. ..• " .. ; ..'~?&p;::,.: .:
111e equ ive Lence po i.nt IS the stage In a t i t r-at i.on when the reactant.s .and::j:·}-I..~;~,,f;t~':i·

pr'ot\w?tG are ~re~ent in equ.ive Lerrt amounts according to their, Bt.oichiometric:~;: :.'~~1~1~:,'.':
(:'qlklt,lOtl. This IS accompamed by a large and sudden change In theprope,~t~:p;';>~~~>;r' .'0
emj-Loved by the method. The changes may be observed in ,colour indicators; :pHq1.~~.\~:i&~~i1;,~.,:.:,
e .01. f., conductance, current, temperature, redox pot.ent.i a I , etc. The analyst.)·, ·~_~tt:~i·.
rnus t. t.her-efor e at t.empt to make the equivalence point and the experimental,~nd-:.t~~"~'~~~i:~~\~:';;
jo iut coincide as closely as possible. .\ i;; --:·(-··-;t:~:f~;¥·;;

End-j.o in t detection techniques may be divided broadly into two Classes;::~' .ir<io;~:-!.":;~
upL.iccd and electrical methods. ~~....~:o.:-;'~

~ . ~:~,' . ""I

~Mi!l9..L.t1u1bQ.d~
i ) V ioue I - this involves t.he use of colour indicators in

neutralization reaction.
il ) Plio t.ometric/Spectrophotomet.ric - a ti tra tion where the end-

point. is found by absorbance measurements.
:- 'r,I "

i
, '1

iv)

J,

Pot.ent.i.cuiet.r icZpli t.itration - is one where .the end-point is found by:',.
measuring the e.m.£. or pH of aqueous solutions ...
Amperorue t.r ic titration - is one wher-e the end-point is found by
observing the effect of t.it.rant addition upon a measured current.

Coriduc tomet.r i.c titration - is one wilE're the end-point is found by measuring'
the electrical conductance of a solution.

1

Vo Ltanune t.r ic and amperometric titration - measurement .o f vol tage and
current a~; a f unc ti on of t.he voI ume of the ti t.r e t.Lng
solution.

.1lii)
r :
:.1\ " .',

If)

v i )

~.11QH
The aim of the project is t.o rev i ew some of the met.hods of

E:~ml-pulnt de te r-mi net Lon for acid-base quantitative volumetric
(:IJJ,.\lY~3i.s, In adell tion, comparison of the met.hods chosen in terms
of a d vari t e ge e a ud disadvantages and e a t.Lma t.Lo n of the numerical
Ullc.:l:~l't.iJ inty in the results.

V I e ue I colour indicator, pH/pot.ent-iome tr ie and conduct.ome tr ic
LI t.r a t ions met.hods are specifically d iscusseel because they are
readily a..•.a iLabl e ill my place of work.

. ,')
1 . L.

:: . 0 111lillRY....0Lb.c:U2::MSJLtlli.u:.rnru:.J..~TIllli..llliiicrlmi5
III water solution, according t.o Arrhenius acids di eeoc ie t.e into hydrogen

ioml (ll+) and anions, and bases dis soc ie t.e int.o hydroxide ione (OH-) and cations.
!IX and BOB being acid and base respectively.

Add: fIX ~------~ H+ + X-
Base: BOH <-.----~ OH- + B+

fin acid can only give up a proton if C\ base is presnt to accept it, hence two
acids and tl,1Obe sea bake part. in any r-eac t ion involving prot.on transfer that is

1
0: .



IIAl + 82 -<.-----~ l-ll\2 + 81
Acid Base Acid Base
The interaction of the two conjugate acid-base pairs (designated by

subscri.pt.e 1 and 2) leads to an equ i l i.brium in which some of the acid molecules
have tr'unsfer-r'ed their protons to the solvent. Since free protons do not exist
in sulution, the fUIlctioning of an acid depends on the presence of a base to
wh ich protons can be transferred. The solvent thus plays an important role in
de t.er-nri n i.ng acidic and basic properties of a substance. A solvent, SH, capable
of being both a proton donor and acceptor (ie. amphiprotic) can undergo
autopr-ot.o Iya ie

SH + SH ~----> SI-12++ S-

Using Wf..lteras example: H20 + H20 <----.>- H30+ + OH-
In euch solvents, the strongest acid is the solvent cation SH2+ and the strongest
Lase is the solvent anion S-. Neutralization of strong acids and bases is simply
the reverse of this self-dissociation or auto prot.o Iys i.s reaction.

ill1::ati..oo of Poly.m::~ae..1lll
In general, acids which furnish two or more protons called polyprot.ic acid,

eg. B2S04, IbP04, H2C03, H3B03 etc. Similarly, salts of the acids are capable
of acting as bases and accepting two or more protons. They can under-go stepwise
ionisation, ego orthophosphoric acid:-

H+ + HP042-; Kz = G.2 X 10-8

H+ + P043-; K3 = 1.8 X 10-13

In t.he titration of NazCa:;)with HCl which I have chosen as the reagents for the
experiment, the following reactions take place:-

HC03 - + 1130+ <---~ H2C03 + H20

~~. 1 VI SUllL COWUR INDlCA'IO.RS
A visual acid-base indicator is a weak organic acid or- base which shows

different colours in the molecular and ionic forms, or when a change in the pH
of the solut.ion occurs. For an acid-base indicator, HIllA

HInA + H20 <------~ 1ng- +
ooiJ form colour A basic form colour B
and t.he equilibrium constant, KIn, as

KIn =

11118 may be writLell in t.he logarithmic form:

2
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pH = pKln + log
CHln,A

where pKln = -Tog KIn, CIn-, B and CHln,A tire the concentrations of basic form and
acid form respectively.

intensity of colour B
pH = pKln + log ----------

..•.

~..~~:.:.: ~:~:
••••~.~ I ~I ~; ':'.l.

• ·'1

.. .: -.. ~:'~:!'.:.:assuming that the concentration of the two forms are proportional to the '.;. :'
intensities of light transmitted by solutions of colour A and colour B. TIUl8, .:,j.,::{:~.<:~:::;.
provided that pKln is known, the pH of a solution can be obtained fro~x,a:;r:,. ~'~>~i:....
measurement of the ratio of the intensities of the colours using e visual ,<.~:,·~::>tf;;'::. ';,
compar-e.t.oror a spectrophotometer'. Because of the difficulty of detecting', a<i: ..;~~;,.~.(r,,:
small intensity of one colour in the presence of another, the useful range of .the.}·~";>:'O\;·';:-
indicator is limited to .'.' ./ i~ :J.: .

pH = pKln ± 1 I

111is enables the correct choice of indicator for a given solution. Acid-base
indicators must exhibit colour changes as closely as possible to the pH of the
equ i've.Lence point. A structural example of a visual indicator

Eg. Phenol red

intensity of colour A

-¢E,\
U~

Yello~'o

+

[rig. 1
[HIn]

There is a natural limitation on the range of pH values in which a given
indic:ator is useful. The eye can detect changes in colour only when the ratio
of concentration of the coloured form falls in the range of 0.1 to 10.

TABLE1: pH Range and Colour Changes of
Certain Acid-Base Indicators

.~.-.---.

lndicator pH Colour in Colour in pKln
Range Acid 501n. BasicSoln.

t1p.thy1 Orange 3.1-4.4 Red. . Orange 3.7
8roruothyrnol Blue IJ.0-7.6 Yellow Blue 6.3
Phenol Red 6.8-8.4 Yellow Red 7.9
PhenulI'hthalein 13.3-10.0 Colourless Red 9.6
4-nitrophenol 5.6-7.6 Colourless Yellow 7.1
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Oving t.o the high resistance of the glass membrane, a simple pot.ent iometerj
cannot. be employed for measuring the cell e rm. f. and specialized in8trumentation}.,,/.; ...:,..:.,:.~;
must. be used which is the pH meter. Since the potentials of the t.wo r-efer-ence"
electrodes remain constant., any change in t.he po tent ia l of t.he cell when test:
solution is changed must. reflect a change in t.he pot.ential developed across the ,.
glass membrane, provided t.hat any change in the liquid jtmction potential between
calomel electrode and test solution is quite small. It is found experimentally.
t.hat. t.he potential of this cell follows t.he relation

:3. 0 EN1l::I1lltrL~:EtITl.Qtill11UC.JJ.1'M.lli)li..J:11ITlIQQ
'111e End+po i.nt, of a neutralization reaction can be indicat.ed by measuring

change in the pH or t.he pot.errt LaI of t.he solut.ion. To measure the hydrogen ion
conccn tr-at ion of a solution t.he glass electrode must be combined with a reference
e Iec t.rode , for which purpose the saturated calomel electrode (SCE) is most'
comruon l y used, thL1S giving the cell:

e Ag ,AgCl (a )/l1Cl( 0 .It-l )/Glass/rest Solution/ /KClsat.' d , HgzClz (s )/Hg (£)
Glass elect.rode S. C. E.

E = k + 0.0591 pH
<'It, ~~5"'C and over a pH range of about 0 to 10 or 12, depending upon the:
composition of t.he glass and of the t.est. solution.

3.1~
I.=,HMeters are classified as:
(a) direct reading or (b) potentiometric type meters.

III t.ype (a) it is calibrated in millivolt.s so t~at the cell e.m.f. is recorded
d ir-ec t.l y , and s ince in fact, the quantity measured is pll , the scale is also
ce lIbr-a t.ed in pli units, a selector svi tch being provided to allow choice of scale
reading.

Because the solutions wi t.h which we deal most commonly are dilute ,the
concent.r-at.i on of hydrogen ion in t.hem is of tell small. As a result, [H+] in
mo Ie sy Ii t.re are often expressed as negative powers of 10. Eg. tH+] in a saturated
so l ut.i on of C02 is 1.2 X 10-4 tL To achieve compactness of notation and brevity
of 8xpression, it is convenient to give these concentrat.ions in terms of their
Il(:'g,)tive logarithms. Thus , pH is defined as

pH :: -log[tbO+]

The t:,Hvalues of hlO solutions A and B de t.errui.ned by this cell is related to the
e.m.f. values by

pHA = pHs + (EA + Es)F/2.303RT

ill pllieh E is t.lie po t.enti e l , R the gas constant, T the ebao Iut.e temperature, and
F t.ho Feraday t e conat.ant .

0. :~ Mj~tIT1J2t1Il."TR~TI.TBl0..'lQllii
In potent.iometric titrations, tbe change in the e.m.£. of a suitable cell

(cont.a ining all indicat.ing and t\ refercnce elect.rode) is dependent on the
lc'g.:u'i i.hm of the concen tr-et.ion of t.he species being ti t.r a t.ed , and so it is
im['~~l·t<illt.t.o obtain a large number- of r-ead ing in the vic in i r.y of the equ ive Lenc e
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On the addition of the base, the e .m. f. or pH changes relatively slowly atjk:~.';';~:~
first. since this depends on the fraction of the particular ion removed. Towards,;):~ii"~~

. ~.' ~ ,l-."",

t.he equivalence point the fraction of ion(H+) removed by a constant amount of;:~;;.'.,\;\~~. ;f~
titrant. (base) increases rapidly, and this is reflected by a rapid change in the':);":'~;"'W-r:,;'\:~~

'e.IU.L (pH). Above the equivalence point, the curve flattens out see Fig.2(a). ", .
The exact, location of the equivalence point is best achieved by plotting the
first derivat.ive curve (ie. 6pH/6v or /:;:$/ bV against V). Even better results
ar-e obtained by plotting the second derivative 6,,2 E/ ~V2 or ~2pH~~ versus V
producing the gr~'h shown in Fig 2 (b) . +pH

:> 11,\;/

~ 1\'I \ ./
I \
I \

I \
\
\
\
\,

"..,

point.

Vol\we of added reagent
-fH '--------

Volume

Fig.2(a): Typical potentiometric
ti tr-e ti on curve and first
derivative plot ( )

Fig.2(b): Second deriva-
t.ive plot.

A~Qlll3 (Potenti~<D
The shape and position of the titration curve (see Fig.3) depends on the

::J t.reng t.he of the acid and the base. The curve for the titration of a strong acid
I-lith a s t.rong base (I-II) is readily calculated since the concentration of
hydrogen ions is equal to t.he concentration of unneutralized acid up to the
E:":'llllvalence point (B), at which point the concent.ration is 10'-7 mol dm-3. The
cur-ve for the t.itratlon of a Heak acid \-lith a etrong base (III":'II) can be traced
up to the equivalence poirrt (C). At the end-point, the aoIut.i on is alkaline
oving to the hydrolysis of t.he salt of the weak acid and strong base. Similarly
[Qt" t.he titration of a weal~base with t\ strong acid (I-IV), the equivalence point.
(1\) falls on the acid side of neutrali t.y , In the titration curve for a weak
ueld/ Weak Base (III-IV), there is only a gradual change with no marked at the
equivalence point .
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Fig. 3. Neutralization curves for acid and bases (all concentration 0.1 mol dm" ..~.,~~':'.';~.~+~;t~:~~~=~~;;;~~:~i~i£ag:;;"W~~I~~~d;IV,,~';j;,.~:".'j.l
Conductance is an additive property of a solution depending on all the " . '~" .; t-

ions present.. Electrolyte solutions are ionic conductors and, except at very'; . 'J:); j:':g'
high electrical fields in excess of 1000 volts per em, obeys Ohm"a Law. The law.I{",·i.;~~· ·'·.i

: . , ~Vu~ ;:,:!.' ,,~,.I = E/R. .,' ,."~' ::~"j
vrher-e I is t.he current in amperes, E is the e .m. f. in volts and R is :the.~· ~.":>,.~ ·;;'1-» }~';• . . :;: 'j::
r-caiat ance (ohm) of the conductor. The reciprocal of the resistance is terme,d,.the::.t:~.~C: J.~;,:'.;

conduct.ance measured in ohm-1 (mho).. The resist.ance. of a sample of homogen~.~:l~,:a~;;;:.r-i,4.:.tt:·
material~ ~ength. L, and cross-sec:l?nal area A 1.S given by ~ =-PL , where."~;'l:SJ,~:~:~S\t~i.:·~r;:-~·
the apec I f ic r-es ietance or r-es iat Iv i tv , t = EA IS measured In o~ meter or~ohm{!.'i~~;'~:;;:!:'~t'....
em uni t.a , The reciprocal of resistivity is thtr conductivity, k measured in 0~~.t;~::i":i:~2~1<·f
cm-1 Or 01un-1 m-1(Scm-1). ·l_;·':,~~· . :;'-.:\

ig;~~~~!l~~~~~;~:~::~~11:~:;~~~~:~~t~~~\~~~:t;~~:~~i~~~::~!i~1~mi},.•.•,;..,.;,.".·~.;,.:.i,;.,:.~.. :.,.ir.~:;;r,:.~.•:.iii:

electrolytes and t.o an increase in t.he degree of dissociation; for; weak,; .~
electrolytes. ' : .J .•... !

The molar conductivity (A) of an electrolyte defined as the conductivi ty:~' t; <.,;.:'~;
due t.o one mole is given by: 'i . - :., .,'

A = 1000J.:/c = J~.1000V,
tthere C is the concentration of the solution in moles per dm3, and V is the
dilution in dm3. The units of Aare ohm-1m2mol-1 or ohm-1cm2mol-1..
For strong electrolytes, the molar conduc t ivi ty increases as the dilut.ion is
j ncr eaaed , but it appears t.o approach a Limi t ing value known as t.he molar
conductivity at infinite dilutioI),.Ao; this quantity is written as Ao when'
concent.r-at Lon , rather than dilution i8 considered. At infinite. dilution the ions
ar e independent of each other, and each contributes its pprt to the total
conduct.ivity, thus .•.

+ A - Ao = Ao +A~
l'lhel'ejv;+ and 0- are t.he ionic molar conduc ti v i ties at infinite dilution of the
ca ti on and anion respectively.

Tuble 2: Limiting ionic molar conductivit.ies at . 25"C
.- ..__ ._---_._-

A+ Ao-:..mho~cm2/gCut.ioll o+mhocm:!/g Anion

H~- 349.8 OH- 198.3
Nfi4+ 73.5 Cl- 76.3
Na+ 50.1 P043- 80.0
C·:;\+ 59.5 C03'" 69.3

K·· 73.5 ClbCOO- 40.9

111e addition of one el~ctrolyte (A+B-) to another (C+D-) will result ill D
change of conductance 011 account, of volume change a and possible ionic reac t iono .
If the add i tion is made so that there is no appreciable change in vo Iume and
there is no chemical reaction, the conduct.ance of CDwill gradually increase on
addition to AB. all the other hand, if there is an ionic reaction

6



'A+B- + C+D- )lo A+D- + C+B-
in which one of the products (CB) is either only ,slightly ionised or insoluble,
then a marked change of conductance occurs at the equivalence point. During the
auuition, the ions A+ replace the ions C+ and the conduotanoe may inorease or
uecrease depending on relative mobility values of A+ and C+.

1. 1 AEPLlCATION OF CONDUCl'Ot1Kl'RIC TI'l'&U:lQll
1. Strong Acid and Strong Base Titration:

In this type of titration a sharp break in the oonductivity occurs at the
eqllivalence point~ The conductance first falls, due to the replacement of the
hydrogen ion conductivity 350, by the added cation (conductivity 40-80) and then
ufter the equivalence point has been reached, rapidily rises with' further
additions of strong all{ali due to the large conductivity of t.he hydroxyl ion
(198). The two branches of the curve are straight lines provided by'volume of
t.he reClgent added in negligible, and t.heir intersection gives the end-point.
fig. 4(a).

I
I '

:2. Strong Acid and Weak Baae:
The titration of a strong acid with a moderately weal):base (K» ~10-5) may

be illustrated by the neutralization of dilut.e 112504 by dilute ammoniasolution
(Fig. 4 (b) . The first branch of the graph reflects the disappearance of the
hydrogen ions during the neutralization, but after the end-point has been reached
l.he graph becomes almost horizontal, since the excess aqueous ammonia is not
appreciably ioniaed in the presence of ammoniumsulphate.,

" ,\.4
,""\j

:,~

;~':~
.0

"::)
Q

"~

Q
\,j ~ ' , '\..J, .: ,,>-,,1<, .'~

_____-'--__: ' ,,', ':;',: :It';.~~'lf~A,,~;~~
R3,li.{QU IVAL8JT' OF 't:;::',:'r. "t fQU!VAUNr.i.OP::~

"~ ·SAS£. MP.fb'\,~:rt~.'1i.d) BAc;f.."AbhEb'Y
3. ~~~~i~c~!~:~~~ae~~~~,B~!e~rese~~ partly in the form df H+ and CH~'COO- but ~ ,:,,~~;·t:,U;,~,;;
lr.l.rgely as non-ionized molecules. Initially the 'solution has a :lowconductance.
I\s neutralisation proceeds, the common-ionformed, ego the acetate ion,: represses
t.he dissociation of the acetic acid so that an initial fall in conductance may c,:

occur . With further addit ion of NaOH the conduc Lance of the sodium and acetate' '
ion Boon exceeds that of the acetic 8.cid which they replace, and Bo'thecur'Je'
,p':J.8Ges through a minimum and thereafter 'the' conductance of the' solution'
inCrea$8s. The shape of the initial portion of these conductance curves will-
verv with .the strength of the weak acid and its concentration, as indicated in
Fig.4(c)."

I
I

I
I
I ,. I
I t:.q.f'~

I ¥ 1

f· -

1. WeakAcids with WeakBaaes i

~lliena weak acid is titrated with a weak base, the initial portion of the
conduc tance titration curve follows the pat.t er-n described above . (Fig. 4(d) .

7
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e:~~n~m!I~~~;,~~:~~~;~:,:/nt~et::~:B;Sf~~ec~:~:~i'h~,ei:t~nr~~CC\a;::~r;~:\~~·:~.i~.~~'..~,~
br-anche s is sharper than for a cor-r-eapond ing titration of a weak acid with a;''r~".:{,~."r-§-

8 Lrong base. .;;t·::.:~11:rJ

!). ~~~~~~!\~~~~lnt.sfrom the stepwise neutralization of polybasic acids are< ·t·}tt~;·;;:t
r-ere l y observed in conductornetric ti trations. The reason is that the various .;. :: .s: ".~
branches of the conductance titration curve have very nearly the same slope. :The\\·~·~·}·;:::~(·:·";'
curve for H:;'\~4 vrs. NaOH (see Fig.5(a) and NazC03 and HC1 (see Fig 5(b). ·;·.':;1r..~r.zL;:.·: 'r
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Volume of NaOH Fig. 5('0) Volume of HCl solution

H3P04 wi t.h NaOH Na2C03 with HC1
~).0 .GOOPARAtIVE DISCUSSION QLTlJJLt1lUl1Ql2S
Cl.1 8DVANTAGES AND DISADVANTAaEJLQL.TIiJLt:UITliQDS DESCIill3EJ2

&l.'ffint.!~1re.S~ Visual Indica~Jlllii
It needs simpler apparatus, ylhenever applicable, and is generally quickly.

r".?r-forlned. Easy t.o handle, less expensive and no lleed for curves/graphs to be
r-Io tt.ed , Generally, visual end-points give qu i t.e precise (c.a. 0.1%) results
'.·111811 macro quanti ties are t.i t.rated.

Fig. 5(a)

DJ ~.ilii'Qut~5
Visual indicat.or method fails t.o give good results when t.he solution has a

dark co l our . End-point. error is s ign i f icant ~ ie. difference bet.ween experimental
end+po in t. and t.heoretical equivalence point. The eye can wrongly detect. changes
in colour due to colour blindness.

IjilltfJlQt1IITIlllU1h'1'llilD
Al)Y.'\llLMea

Chief advanl.age s of t.he method are applicability to t.ur bid , f Iuor-e scent.,
ll[)aque ur co loured solutions when sui table visual indicat.ors ar-e unava.i Iab Ie or
inapplicable. As compared with colour Ind ica t.or-s, the end-point can be located
I'n'!c13cly, even wit.h d.iLut.e solutions. The t.echn ique allows:t.he recording of
,.:omplete curves of mixtures of acids or bases in either aqueous or non aqueous
oc lvcnt.e . This method is excepti ona l l y versatile because electrodes for e Imoet
evc r y t.ype of acid-base reactions have been developed.

jllaa.cttilll..~
Pot.entiometric titrat.ion method is tilDe consuming unless automated. The

glnss elect.rode is somewhat fragile, but this is not a ser ious disadvantage. One
eI'f cc t. that. can lead to a serious error, hot-lever, is the response of t.he
I.~Icc t.rode t.o ions ot.her than hydrogen in solutions of high pH. In a sodium
hvdroxi de so Iu t ion of about. pH 12, I-lhere [1I+] is about. lO-12M and [Na "] about.
1U-"I-J, t.he potent.ial of Lhe glass elect.rode depends somewhat upon t.he activit.y
of Na'" and hence lDayyield an error in pH despite a high inherent selectivity in

8



G.2 CHOI CE OF METHODS
Choice of eud+po i.nt detect.ion methods are practically dependent. on bhe ' .,

col our, degree of iOllil5:ation, strength and dilution of t.he acid and base~' -":~'::".
~.Et t.l af ac t.orv r-esu I t.s are obt.e ined in most acid-base titrations using ,', ,
po t.en ti oraet r-y except (a) those in which eit.her t.he acid or t.he base is very':. '

.>:
!-/en): (K 10..0) and (b) t.hose in which both t.he acid and beae are weak. . '.:-
Conduc:tomet.ric t.i t.r a tions are preferred to potentiomet.ric ti trations in t.he above . ','.<

except ione (a) and (b). Such very wea);. acids an boric acid, phenol, citric acid
,vld hydr-oqu inone which cannot be ti t.ra t ed po t.enti omet i.ce l Iy can be ti trated
relat.ively !-lith ease conductometrically.

111xt.ures of certain acids or bases vrh i ch differ greatly in their st.rengths,
('13. of mixt.urca of HC1 and ace ti c acid can be t.it.rated more. accur-at.e Iv by t.he
c:otlduct.ometric t.han by pH methods.

Conduc t.cmet.r ic ti t.rat.ion is very useful lolbere such factors as hydrolysis,
:·;(,lubiJit.y and dissociat.ion of the r eac t i.on product. may cause inaccuracies in
r")t.enLiollletric t.itration.

Sea I'later I-Ihich contain large amounts of elect.rolyt.es like Na+, Caz+, K..•.,
(:1-, etc. which take no par t. in t.he reac Lion do affect. the conduc t ivity of t.he
ao l ut.Lon . However, i11 this case, potent.iometric or colour indicator titrat.iolls
ar e t.o be pr-ef e rred ,

Considerable difficulty is experienced in the det.ermination of t.he acid
vollies of oils and acidity ill co l our-ecl fruit juices and wines. This difficulty
ar i aes because t.he dar-k colour obscures the end point of t.he titration if
r;llenolphthalein is uaed as t.he indicator. Conduct.ome trLc and potentiometric
IlW t.hods are preferable. The t i tr-a t ion of weal~ acids Hith HeM bases is
cOlllplicnt.ed by t.he difficulty in judging the end-point as t.he change ill pH may
be very slight. Conductivity titration overcomes this difficulty.

responding to H+ rather than to other ions.

rn.t1l2ill~
8sl:Lqn~...s.

Conduct.ometric tit.rations are pot.entially useful in any reaction where tlJe
ionic cont.ent is marked ly less at t.he equivalence point. than either before or
af t.er- it. Anot.her advant.age of the method is that it is applicable to very
dilute solutions with relatively litt.1e loss in precision or accuracy. It has
practical significance Hhen the solution has a dark colour. The shape of the
conduc t iv i ty line is practically independent. o£ t.he dilution. Extremely dilute
solutions of strong acids or strong bases, of the order of O. 0001N, can be
t.i t.r e t.ed with the ScUlleaccuracy as more concent.rated solutions, if care is t aken
to exclude C02.

l!i.~dvantages
TI18 met.hod is not conveniently applicable where the total ionic content is

Large , and changes only slightly at.' t.he equivalence point.. Hydrolysis of
r-eac t.ant.e or products or partial solubility of a precipit.ated product may cause
depart.\1res from linearity.

G . :J lli11:lli.El.CAL..Jl.tlCERI8.llITlE.S
Na2C03 is a ciiprot.ic base and as such hlO end-points were detected for all

t.hl' t.hree rue t.hode . Numer-LcaI unce r-t.eInt i.ea in the r-e au I ts are achieved from t.he
use of pipet.te s , burett.es and graduated f l auk bec ause of their t.olerance level's.
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1. !t~rulic..a.t..oJ:
Uncertainty in the result of t.he visual indicator method may be from the t.ype

of indicator used. Eg. thymol blue-cresol red mixture gives better result than
phenolphthalein for t.he 1st end-point. One error occurs when t.he indicat.or
e/UployeJ does not. change at the proper pH. Anot.her error occurs in the case of·
\'JCC1.J.: acids (or bases) where t.he colour change at t.he end-point is not sharp. In
the t.itration of NazC03, the C02 so formed shifts the 2nd equivalence point to
higher values. The tUlcertainty is reduced by boiling off the gas.

' ..

2. £otentiometric Method
As t.he acid or base becomes progressively weaker, the distinctness of the

inf l ec t ion point; diminishes, hence the precision with which an end-point may be
r eproduced becomes poor-er' by inspect.ion. For a react.ion which goes well to
completion, t.he titration curve is so steep near the equivalence point t.hat the
uuccrt.e inty is small. For an uncer-t.e inty of 0.1% or less, and in aqueous
ao l ution , the product K09.[IlA] or' Kl~[B] should exceed 10-.'3, assuming that the
til.rant is cOlJ1plet.ely dissociat.ed and O.lN in strength.

3. Coudllct.ometric 11ethod
III favourable conditions, t.i t.r-ot ione should give an error of ±1%. The

uncert.e int.y ill the re su l t may arise because t.he t.itrant (O.1t'l11Cl) is not 20 t.o
100 t imes more concentrated than t.he NB?C03 so l uti on (0.05M) being titrated. The
<leClH'BCYof the method is great.er the more acu t.e the angle of intersection and
t.he mor-e nearly the points of the graph lie 011 a st.raight line.

G. 0 EXP.Iill.Il1Ktf.l1I1
5.~iOr)g of dried anhydrous Na2C08 Wi:\S Heig})ed and dissolved and made int.o 1

Li tro solution. ~)Oml of t.his solution is t.i t.r et ed wi th the standard HCl in all
LlIP. t.hree methods. t1agnetic stirrer is also used in each met.hod.Phenolpht.halein
':',1ll1met.hy l orange are t.he indicat.or·s in t.he v i sue l' method.

eRIE,ON pH/uN met.er rlode l 501(digitHl) and TOA Conductivity Meter 110del
C:11-20~) (di gi t.a l ) were used for the po t.en ti ometr ic and conduc t.omot.r i.c ti t.rations
respect.ively. Room t.emper-at.ur e Has 27.7"C and Conductivity Conscent is q.SJ58.
Rl~mlll.3 <Ire ill t.he Appendix.

'I'ab.l c J: Tit.re values, concen tr-at.i ona and relative deviations
of Na2C03 t.itrations

Stage Titre(ml) Ho l ar-Lt.y Relative
Deviation(%)

Po tell t i orue tr-i c

1st. St.age 25.05 0.05025
Pheno Lph thaI e in

2nd Stage 50.00 0.05015
Methyl orange

1st St.age 2'1.95 0.05005
2nd Stage 49.96 0.05011

1st Stage 24.90 0.04995
2nd Stage 4~J. 95 0.05010

10

0.42Colour
lnd i co t.or-

0.22

0.02
0.14

_._._----------------------------------------
Ccnduc t.orue t r ic 0.18
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7.0~~
The concent.ration of t.he Na2C03 prepared was O.05004M. The molarity of the:~'~,',:
Na2COa ':"~J"';,::...: ~.'
solution in t.he colour indicator met.hod is 0.05025 and 0.05015. The error in t.h~3~~~""·!~:'
colour, indic~tor met.hod i~ between 0.22% and 0.42% as a~ain8t 0.02%-0.14%, f8t~};r>;L"j:
po tent iometr-Ic method, wh11e t.he error for conduc tome t r-Lc method fell, between:~>!;ti.~. '
0.12%-0.18%. From their relative deviation above, all the three methods' :c<:nlid'~~";'\
be employed successfully. However, the potentiometric method gave the 'least"
error', demonstrating its superiority over the ot.hers.
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.0 APPENDICES
EXPERIMENTAL RESULTS (I)
VISUAL COLOUR INDICATOR TITRATION

1st Step-Wise Titration - Phenolphthalein indicator

Burette readings (ml) Trial 1 2 3

Final 25.20 25.10 25.05 25.05
Initial 0.00 0.00 0.00 0.00

Titre Value 25.20 25.10 25.05 25.05

Average Titre Value 25.05ml

2nd Step-Wise Titration - Methyl Orange Indicator

Burette reading (ml) Trial 1 2 3

Final 50.10 50.00 50.00 50.00
Initial 0.00 0.00 0.00 0.00

Titre Value 50.10 50.00 50.00 50.00

Average Titre Value 50.00ml

CONDUCTOMETRIC TITRATION READINGS

Conductance ( A )mS/cmVolume of acid (ml)

0.0
5.0

10.0
15.0
20.0
23.0
24.0
24.5
25.0
25.5
28.0
30.0
35.0
40.0
45.0
48.0
50.0
52.0
55.0
60.0

7.79
7.34
6.98
6.65
6.29
6.10
6.04
6.02
6.00
5.9:7
5.89
5.83
5.70
5.55
5.45
5.39
5.41
6.01
6.87
8.24
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pH (POTENTIOMETRIC) TITRATION
Vol. of acid (ml) pH pHI Lv

0 10.80
5 10.18

10 9.81
15 9.49
20 9.09 0.18
24 8.39}
24.2 8.28} 0.53
24.4 8.18}
24.7 8.03} 0.60
24.8 7.97}
24.9 7.93 0.40
25.0 7.89 0.40
25.1 7.85 0.40
25.2 7.81 0.40
25.4 7.74} 0.35
25.7 7.66} 0.26
27.0 7.33}
35.0 6.54} 0.10
40.0 6.33}
45.0 5.81} 0.07
49.0 4.98}
49.4 4.64 } 0.27
49.6 4.36 } 1.40
49.8 3.88} 2.40
49.9 3.72 1.6
50.0 3.57 1.5
50.2 3.55 1.1
50.5 3.18 0.57
51.0 3.02 0.32
55.0 2.61
60.0 2.32

1st Stage 2nd Stage

Vol. of pH pH/6,V Vol. of pH pH/b.V

HCl HC1

24.0 8.39 0.18 49.0 4.98 0.21
24.4 8.18 0.52 49.4 4.64 0.85
24.8 7.97 0.60 49.6 4.36 1.40
25.2 7.81 0.40 49.8 3.88 2.40
25.4 7.74 0.35 50.0 3.57 1.60
25.7 7.66 0.27 50.2 3.35 1.1
26.0 7.60 0.20 50.5 3.18 0.57

12
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