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Acid-base titrations provide a very convenient experi- 
mental means for determining equivalent weights, percent 
compositions, and solution concentrations of unknown 
acid-base samples. Over the past few years many experi- 
mental titration methods have appeared in this Journal 
(1-7) and in standard laboratory manuals (8-12) for use in 
either general chemistry or quantitative analysis. 

Titratina Weak Acids - 
To our knowledge, none of these methods are applicahle 

to acids having dissociation constants of 10 ' O  or less. Such 
acids are eenerallv too weak to be titrated in aaueous 
media. An&ical t;?xtbooks (13,141 approach the p;oblem 
from the standpoint of selectiue a nonaaueous solvent. list- 
ing pyridine, t-butylamine, dimethylforkamide, and ethyl- 
ene diamine as possibilities for very weak acids. Little at- 
tention is given to the experimental difficulties that may 
be encountered using glass pH electrodes to monitor acid- 
base titrations in nonaqueous media. 

Titrations in Aqueous-Organic Two-Phase Systems 

Aqueous-organic two-phase systems (15-19) can also 
serve as solvent media for acid-base titrations involving 
compounds or titration products with limited aqueous sol- 
ubility, or for analytes that are too weakly acidic or basic in 
aqueous solution. Qualitatively, the effect of the additional 
organic phase can be explained as follows. 

Titrating an Ionic Acid 

The acid (a trialkylammonium ion is assumed in the 
present case) partially dissociates in the aqueous phase to 
give the hydrogen ion and amine as products. 

Activity coefficients are ignored. Equilibrium is "tempo- 
rarily" established so as to obey the mathematical con- 
straint imposed by K,. The uncharged, neutral trialkylam- 
ine molecule then partitions into the organic phase, thus 
reducing the R3N concentration in the aqueous phase. 

Le Chatelier's principle states that the system must 
compensate for the disturbance by shifting the equilibrium 
further to the righehand side. More acid dissociates, and 
the hydrogen-ion concentration increases. The trialkylam- 
monium ion thus behaves as a stronger acid. 
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Titrating a Molecular Acid 

Depending upon the actual numerical values of K. and 
K,, it may be possible to titrate R3NHt to a sharp endpoint 
by measuring the pH of the aqueous phase with a glass 
electrode. An entirely opposite effect would be obsemed if 
the acid were molecular in nature. 

HA T? H'+A- 

Then partitioningof IIAinto the organic phase reduces the 
H. concentration, plvina the appearance that HAis a much 
weaker acid. 

Constructing a Titration Curve 
At this point in time, two choices are available: be con- 

tent with a qualitative explanation of how an organic 
phase affects the acid-base equilibria in the aqueous 
phase (general chemistry), or try to construct a titration 
curve of pH as a function of volume of KOH (base) added 
(quantitative analysis). 

Deriving an Expression for [aq 
For each point on the titration curve, we can write both 

a charge balance equation 

and a mass balance equation. 

where ni is the number of moles of species i; V K ~ ~  is the 
volume of potassium hydroxide added; qRsNHy) is the ini- 
tial concentration of the trialkylammonium salt in the 
aqueous phase; and V, and V,, are the initial volumes of 
the aqueous and organic phases, respectively. For simplic- 
ity, it is further assumed that the organic solvent is com- 
pletely immiscible with the aqueous phase. 

Mathematical manipulation of eqs 1-5, gives the follow- 
ing cubic expression. 

where 



and 

D = -K& 

Solving for [WIas 
The cubic expression can be solved easily for [HI], via 

Newton's method of convergence, provided that numerical 
values are known or assumed for the following: 

acid dissociation constant ~ K , I  
' panition coefficient (Kp. . autoprutolysis constant of ~ a w r  rK, = 10-'"I 
.initial concentrations of 

the trialkylammonium salt (C;ksm) 
the potassium hydroxide base (COKo& 

t h e  following volumes 
organic (VOW) . initial aqueous (Vaq) . titrant (VKOH) 

Computerized calculations significantly reduce the 
amount of time needed to solve eq 5 for the hydrogen ion 
concentration. If a computer program is available, or can 
be written by the students, then simulated titrations can 
be assigned before the actual laboratory experiment using 
different sets values for K., K,, and V,,pN.,. Students can 
observe first-hand how pH titration curves would be af- 
fected using different organic solvents (the Kp values 
would vary) and different phase-volume ratios (V.aaq). 

Experimental Measurements 
Titrating Lidocaine Hydrochloride Solutions 

Experimentally, the effect of a two-phase solvent media 
on acid-base equilibria can be easily illustrated by mea- 
suring the pH during the titration of lidocaine hydrochlo- 
ride with potassium hydroxide, both with and without or- 
ganic solvent. 

Using Aqueous Surfactant Solutions Alone 
A typical experiment involves dissolving 0.5500 g of ac- 

curately weighed lidocaine hydrochloride monohydrate 
(Sigma) in 100 mLof an aqueous 0.0125 M cetylpyridinium 
chloride (Aldrich) surfactant solution. The surfactant 
forms a micellar region (pseudo-two-phase solvent media), 
which helps to solubilize the lidocaine produced during the 
titration reaction. The surfactant also increases the degree 
of acid dissociation by removing the neutral amine from 
the aqueous solution as discussed above. 

Potassium hydroxide (0.10 M) is slowly added, and the 
pH is recorded at  incremental VKoH values before and after 
the eauivalence ooint. usinr! a standard glasdcalomel com- 
binatkn electroie. (Tb elimkate potent&l shifts caused by 
the surfactant. the saturated KC1 solution inside the salt 
bridge is replaced by 0.10 M NaC1(15).) 

Using Aqueous Surfactant Solutions with Organic Soluent 

Aknown volume (V,, = 100 mL, etc.) of methylene chlor- 
ide or other immiscible organic solvent is added to an iden- 
tically prepared lidocaine hydrochloride aqueous surfac- 
tant  solution. Again, the pH is recorded after each 
incremental addition of KOH. In this particular titration, 
the solution turns an emulsion-like milky white after a few 
drops of KOH are added. A steady pH reading is obtained 
in 2 or 3 min with vigorous stirring. 

We have found that there is no real need to wait for the 
solution to visually separate back into its two phases. The 
measured pH of the milky white solution differs by less 
than 0.2 pH units from the value that one would obtain 
whenever two distinct phases are visually present. The 
cetylpyridinium chloride solution can be re&ced by 1.25 x 
lo3 M cetyltrimethylammonium bromide (Aldrich) if two 
visual phases are desired. However, it takes slightly longer 
to reach a steady pH reading. 

Variations 

The exoeriment can be modified to include other surfac- 
tants an4 weak acids, to compare titration curves for vari- 
ous V,6V.. ratios, and to compare titration curves for dif- 

--n -7 

ferent organic solvents. AS an  experiment in  our 
instrumental analysis course, each student examines one 
acid, two organic solvents, and two different surfactants 
for a total of six titrations. 

Discussion 
Maximizing pH Changes 

Representative two-phase titration curves are depicted 
in Figures 1 and 2 for the titration of lidocaine hydrochlo- 
ride in two different surfactant mixtures: cetylpyridinium 
chloride (CPC) and cetvltrimethvlammonium bromide ~ - - ~ ~ ~  ~ ~ .~ . 
(CTAB). Examination of'the figures reveals that lidocaine 
hvdrochloride can be titrated in each aaueous surfactant - "  
solution without addition of organic co~olvent. Small pH 
changes make equivalence point detection difficult. 

ApH = 1.1 for CPC 
ApH = 0.9 for CTAB 

More dramatic pH changes are observed in the two-phase 
aqueous-organic solvent media. 

b f  the four solvents considered, methylene chloride gave 
the shamest endpoints. Calculated pH changes for the 
methylene chloride systems were 2-13 pH units greater 
than those observed with the aqueous surfactant system 
alone. Procaine hydrochloride behaved similarly. However, 
the experimental pH changes near the equivalence point 
were smaller: 

ApH < 0.5 for CPC and CTAB 
ApH = 1.8 with methylene chloride present 
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Figure 1. Titration of lidocaine hydrochloride with potassium hydrox- 
ide in various two-phase aqueous-organic cetylpyridinium chloride 
systems. From top to bottom the curves correspond to the solvent 
used: no organic solvent, toluene, and methylene chloride. When an 
organic solvent was used, the system was prepared with equal vol- 
umes of aqueous surfactant solution and organic solvent. 
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Figure 2. Titration of lidocaine hydrochloride with potassium hydrox- 
ide in various two-phase aqueous-organic cetyltrimethylammonium 
bromide systems. From top to bottom the curves correspond to the 
solvent used: no organic solvent, toluene, and methyiene chior- 
ide.When an organic solvent was used, the system was prepared 
with equal volumes of aqueous surfactant solution and organic sol- 
vent. 

Class Treatment of Results 

Two-phase solvent media affords an interesting applica- 
tion of Le Chatelier's Principle, which can be introduced in 
both beginning and upper level chemistry courses. At the 
freshman level, the effect of two-phase solvent media on 
acid-base equilibria can be explained in a qualitative man- 
ner: Removal of the neutral amine ( R 3 N )  shifts the equilib- 

ria farther to the righbhand side (see eq I), thus leading to 
an increased hydrogen ion concentration. The protonated 
amine then behaves as a stronger acid. 

The more eloquent mathematical treatment can be 
saved for the quantitative analysis course, when students 
are actually solving numerical problems that require ma- 
nipulation of equilibrium constant, charge balance, and 
mass balance equations. Experimentally, the effect can be 
observed at  any level by titrating lidocaine hydrochloride 
with potassium hydroxide both with and without organic 
solvent. 
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