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ABSTRACT

In factories and in laboratories nowadays titrimetry is performed predominantly with the
use of burets. In Vietnam there is almost no textbook and laboratory exercise manual of
analytical chemistry mentioning about using electronic balance in titrations and comparing
analytical characteristics of this technique with the traditional one using of buret. This work
compares the two techniques using technical electronic balance and using buret when paralelly
titrating a permanganate solution by a Mohr salt solution. Experimental results show that
titration with a two-placed electronic balance yielded similar accuracy but better precision in
shorter time, compared to using a buret. Using electronic balance also possesses several other
advantages, such as low cost, safety, high mobility and ease of automation.
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TOM TAT

Hién nay trong cac nha may va trong phong thi nghiém, phicong phdp chuan dé dwoc thyrc
hién chu yéu bang buret. Tai Viét Nam chwa cé sdch gido khoa héa phén tich ndo dé cdp dén
viéc duing can ki thudt dién tir dé chudn dé, ciing nhir so sanh cdc kha ning phan tich cua Ky
thugt nay véi viéc dung buret truyén théng. Nghién cizu ndy so sanh hai ki thugt ding buret va
ding can ky thudt khi duroc thuc hién song song cho phép chudn d@é permanganat bang mudi
Mohr. Két qua thiec nghiém cho thay kj thudt chudn dg dung can kj thudt hai so lé cho két qud
VGi dé diing twong dwong, d chum cao hon, thoi gian phan tich ngdn hon so véi dung buret.
Viéc sir dung cdn dién tir con cé cdc weu diém khdc nhw chi phi thdp, an toan hon, linh déng hon
va dé tu déng héa hon so véi ki thudt chudn dé dung buret.

Tar khéa: Cdn dién tir; buret; do dung, dé chinh xac; chi phi.

1. INTRODUCTION

In analytical chemistry there are three
types of quantitative titration: volumetric,
gravimetric and coulometric [1]. In
gravimetric or weight titration the amount of
solution added to complete the reaction is
measured by mass (using a balance), while in
volumetric titration, the volume of titrant is

measured traditionally by a buret. With a
modern digital two-place top-loading balance,
measurement of the dispensed mass of a
solution with a gravimetric buret is very rapid
and far easier to perform than the
measurement of the dispensed volume of the
solution using a volumetric buret. Gravimetric
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titrations with the same reproducibility can be
performed much faster than volumetric
titrations [2, 3]. Moreover, reproducibility can
even be much better although this does
require a higher-precision balance, more time
and more effort.

In a gravimetric titration, the titrating
solution is contained in and dispensed from a
gravimetric buret, which can be a modified
syringe  [4], or a small polymer
drop-dispensing squeeze-bottle, fitted with
either a glass or a polymer capillary tip [5] or
just a plastic bottle with a dropping pipet [2].
These have been found to be very satisfactory
gravimetric burets for student use; they are
inexpensive, durable and easily modified to fit
the requirements of gravimetric titrations.

The drop size from the gravimetric buret
and the balance precision together determine
the precision of the method. Guenther
described a super-high-precision gravimetric
titration method adopted by the U. S. National
Bureau of Standards (NBS), where the result
was reproducible to 1 part in 10,000 [6].
Butler and Swift described a high-precision
gravimetric titration method for
undergraduate university students, where the
results were reproducible to 1 part in 1,000
(compared to 3 parts in 1,000 with a
volumetric buret) [5]. This was achieved by
modifying a 60 mL polymer wash-bottle
capillary tip to deliver smaller drops.

McMills achieved a 0.34% relative
standard deviation using a mass buret setup
including a small plastic container with a
short-stem glass dropping pipet [2]. However,
the fragility and sharpness of the pipet’s tip
posed a safety hazard in the laboratory. In
this work the authors report an all-plastic
setup for mass titration with precision and
accuracy comparable with that of volumetric
titration.

2. MATERIALS AND METHODS
2.1 Materials

Unmodified 60 mL polymer
drop-dispensing squeeze bottles were used as
gravimetric burets. The glass reaction flask
was replaced with a polyethylene cup. The
hydrophobic character of this material
reduced adhesion of reaction mixture with the
wall while being swirled, thus made it easier
to detect and rinse the adhered drops back to
the reaction mixture near the endpoint. A
MH-200 pocket top-load two-place digital
balance (200g/0.01g) with auto-calibration
function was purchased online
(https://goo.gl/ezvel0) and used to perform
weight titrations.

2.2 Methods

In his work, Ramette introduced the
concentration unit molamity as moles of
solute per kilogram of solution [7]. This
allows simple conversion to moles of titrant
by multiplying molamity by the dispensed
solution’s mass. In this paper, the authors used
equivalent molamity as moles of equivalents
of solute per Kkilogram of solution.
Permanganate method was used to evaluate

precision, accuracy and convenience of
gravimetric ~ technique  of fitration.
Concentration of a KMnOs solution was
determined by a Mohr salt
(NHa4)2Fe(S04)2.6H20  solution as primary
standard  with  both  volumetric and
gravimetric  techniques. In a typical

gravimetric titration, about 10 g of Mohr salt
solution (Cn = 0,09443N; eq. molamity =
0,09093 mol eq./kg) and 10 g of 20% H2>SO4
solution were transferred to a plastic cup. The
cup was then weighted before titration.
KMnOs solution (Cn= 0,2048 N; eq.
molamity = 0.2051 mol eq./kg) was added to
the cup by a gravimetric buret until a
permanent pale pink color remains for at least
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30 seconds. The mass of dispensed titrant can
be identified by calculating the difference in
weight of the buret or of the reaction cup.
Concentration of the KMnO4 solution was
calculated by the following formula:

C _ CMohr “Myviohr sol

KMnO,
mKMnO4 .sol

Mohr equivalent

Where:  Cyy,0, and C
molamity of KMnOs and FeSOs, respectively,

in 1 kg Of SOIUtion; mKMnOA.soI and mMohr.soI -

masses of added KMnOQOg solution and Mohr
salt solution, respectively.

3. RESULTS AND DISCUSSIONS

3.1 Precision and accuracy of gravimetric
titration

Precision of gravimetric titration technique
was evaluated by the percent relative standard
deviation (%RSD) of the calculated values of
KMnOs concentration [8]. The results showed
that for N = 7 replicate analyses, when the
average mass of used titrant was 2.56 g,
the %RSD was 1.9%. When the mass of
dispensed titrant increased to 4.63 g,
the %RSD was improved to 0.68%. The
range of these %RSD values is acceptable for
most of analytical works in industries and
practical laboratories. %RSD in the latter case
was lower than that in volumetric titration
with the same solutions (0.77%). This finding
was in agreement with the works of McMills
and Thompson, who also found gravimetric
technique improved precision of titration [2,
3]. Even in pharmaceutical industry, the
recommended %RSD for precision is 1% for
drug substances and drug product, 2% for
bulk drugs and finished products [9], so the
precision of gravimetric titration is acceptable
for practical uses.

Normally the precision of titrations can be
improved by increasing the volume or mass of

the titrated sample. Another way to improve
precision of gravimetric titration is decreasing
the size of titrant drops from the gravimetric
buret by modifying the plastic tip of the buret
[5] or replacing it with a glass capillary tip.

To evaluate the accuracy of gravimetric
titration technique, concentrations of the
permanganate solution identified by the
gravimetric (0.211+0.002 mol eq./kg) and
volumetric titrations (0.204+0.002 N) were
compared with the “real” concentration
(0.2048 N; 0.2091 mol eq./kg) calculated from
the masses of solid KMnO4 and water used to
prepare the solution. In both cases, the true
value of KMnOs concentration is within the
95% confidence intervals of the mean in both
titration techniques. It means that results
generated from gravimetric titration are
acceptable in terms of accuracy and
comparable with that of volumetric titration.

3.2 Convenience and economic

considerations
Gravimetric titration is much cheaper.

In this work, a digital two-place balance
and a plastic squeeze-bottle (totally about $4)
satisfactorily replaced a volumetric buret
(about $48) with better precision and
comparable accuracy. And compared to classic
volumetric burets, plastic gravimetric buret
cannot be broken. We can see that a setup for
gravimetric titration is more than 10 times
cheaper than the volumetric counterpart. This
is especially meaningful for schools and
universities in developing countries like
Vietnam.

For repeated gravimetric titrations there is
no need to initially fill and finally empty the
burets for each day’s experiments, so the
amount of titrating reagent solution required
is much reduced. The incidence of spills will
also be lessened.
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Gravimetric titration is safer.

\Volumetric titration contained more
hazard than gravimetric titration because it
uses glassware, which is easily to be broken.
In many cases in freshman chemistry
laboratory some students need to climb a stool
to read the meniscus in a buret, and that can
lead to accidents. This risk is eliminated with
a digital balance and a plastic bottle.

Gravimetric titration is more convenient.

Calibration was faster and easier. With
only one weight of 200.00 g, a digital balance
can be automatically calibrated in less than 30
seconds, while calibrating a buret requires
much more time and work. In gravimetric
titration ~ temperature  corrections  are
unnecessary because the mass (weight) molar
concentration does not change with
temperature, in contrast to the volume molar
concentration.  This  advantage  was
particularly  important in  non-agueous
titrations because of the high coefficients of
expansion of most organic liquids (about 10
times that of water) [1].

A gravimetric kit (a pocket digital balance,
plastic buret and cups) is simple and portable,
so it can be used right at a production line, or
in nature, where a volumetric buret with a
heavy clamp could hardly be useful.

In volumetric titrations a pipet must be
used to dispense an exact volume of the
solution that need to be titrated. This is
unnecessary in gravimetric titration, where
this solution can be dispensed directly from its
container, and its amount is registered by the
digital balance.

The procedure of gravimetric titration is
faster.

Rinsing the buret, pipet and flask before
and after titrations in volumetric technique
require more time. The reasons for that are:

water wets glassware, not plastics; handling a
squeeze-bottle while rinsing is easier than a
long glass buret; glass pipet is not needed in
gravimetric titration.

The endpoint control in gravimetric
titration is better. For those, who do not
frequently practicing volumetric titration, it is
hard and time-consuming to titrate when the
endpoint is coming because the procedure
drop-stop-swirl requires patience and skill.
50/50 second-year students of HCMUTE
after a head-to-head experiment confirmed
that the last drops of titrant from a
squeeze-bottle buret can be dispensed in a
highly more controllable manner and without
any stress. In average a student needed less
than 2 minutes to complete one titration using
gravimetric technique but more than 4
minutes using volumetric buret.

Gravimetric titrations are more easily
automated than volumetric titrations [1, 10].

Gravimetric titrations require less skill
than volumetric counterpart. S0 we expect
that it would be accepted and applied widely
in industries and laboratories.

Disadvantages of gravimetric titration.
The mass reading is affected by the air
movement cause by wind or people movement,
especially for high-precision titrations with
three- or four-place balances. However, this
disadvantage can be easily eliminated with a
plastic cap initially attached by the balance
manufacturer (https://goo.gl/QegNjd).

In some cases when the titrant can react
with the plastic wall of the gravimetric buret,
glass bottle or beaker and pipet are required to
work with it.

4. CONCLUSION

From the above comparisons and
considerations, we can see that the emergence
of inexpensive electronic balances have indeed



brought glass burets one step closer to being
removed from laboratory service. It is
suggested to encourage chemistry teachers in
schools and in universities courses to accept
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this gravimetric technique and construct
laboratory exercises to introduce mass-based
titrations to next generations of chemists and
technicians whose work is relating to titrations.
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