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1 Introduction

Gravimetric analysis is an important analytical chemistry technique that is
used to identify and quantify the presence of a specific constituent in an un-
known sample. The main idea is that a specific constituent is isolated from the
unknown and reformed into a known compound via precipitation or volatilizia-
tion methods.! If we then know the weight of our final product (precipitate or
gas), we can determine the number of moles, and therefore mass of our desired
constituent in our initial unknown. Knowing then, the initial weight of our
unknown we can the determine the percentage by mass of our constituent in
the unknown.

In this study we aim to investigate the percentage of chlorine in an un-
known, water-soluble salt, denoted M,Cl , where M is an unknown, pure
cation. Using the % chlorine as well as the fact that M is a pure cation
coming from the first 3 groups, we can then predict what our unknown salt
is. Dissolving our unknown into a water solution will cause the chlorine and

unknown cation to dissociate.
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M, Cly ) — xMgy™" 4+ yClig) (1)

Addition of an excess AgNO; of our solution will cause the formation of
AgCly), a white precipitate.? We choose to form AgCl since it is sparing sol-
uble in water (0.0014 g/L at 20° C)? and therefore all of the chlorine should

fall out of solution. Our overall (unbalanced) reaction is given by
MX01y(aq) + AgNO3(aq) — AgC].(S) + MQ(NO3)B(aq) (2)

Then, if we know the final mass of AgCl, magci1, we can determine the number

of moles of Cl by

" 1 mole AgCl " 1 mole Cl 3)
143.32 g AgCl 1 mole AgCl

ngor = MagCl

The number of moles of Cl can be converted to a mass by multiplying by the

molecular weight of chlorine

35.453 g C1

_ e 4
Mol = nar X 1 mole Cl (4)

If we knew the initial mass of the unknown we started with, mycl and
assume a full conversion of all chlorine to AgCl, then the percent chlorine in

our unknown, by mass, is given by

mcq

%Cl = % 100% (5)

mn, cly

Using the %Cl we measure in our unknown, we can then make an educated

guess of what our unknown cation, M is and therefore determine the unknown

salt M, Cl,.
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2 Experimental Procedure

The procedure which was followed can be found in the laboratory manual.?

Note that a balance of 0.01 precision was used instead of the requested 0.0001.3

3 Data Analysis

Our raw data and percent chlorine for each trial is summarized in Table 1.
The average percent chlorine in the unknown is 62%. Sample calculations can

be found in section A.2.

Table 1: Percent chlorine in each trial. m; is the initial mass of the crucible,
my is the final mass of the crucible (with preciptate AgCl).

maa, (8] mifg] my [g] magar[g] % Cl
025 3151 3212 061  60.%
026 3221 3287 066  63%

Trial 1
Trial 2

In order to determine the unknown salt, we observe first that the overall
charge must be neutral. Therefore M should have a positive charge. Second,
the mass ratio of M to Cl in the compound should be roughly 2:3, per the
62% C1 by mass we computed. Knowing that the molar mass of Cl is 35, and
consider Na has a molar mass of roughly 22, about 2/3 that of Cl, it makes
a reasonable first guess. Hence if we assume our salt is then NaCl, then the

percent chlorine would be

35.45 g Cl

OB 100% = 60.66 6
58,44 g Nac1 * 1007 % (6)

This is extremely close to our experimentally determined % Cl. If we consider
other cations from group 2 and 3 on the periodic table, we find that none of
those salts make any sense (work not shown); hence, we can conclude that our

experiment suggests that the unknown salt is NaCl.

3
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4 Discussion

In this experiment, we analyzed an unknown water-soluble salt using a precip-
itation based gravimetric analysis. We determined that the average percent Cl
by mass was 62% and that this data suggests that the unknown salt is NaCl
(Table 1). Using pure NaCl as a reference, the percent Cl by mass should be
60.66%, yielding a 2% relative error.

While our experimental value is very close to the theoretical value for NaCl,
there was still a relatively large error for gravimetric analysis, which should
have precision around 0.1 to 0.3 %.3 Further, we do not know definitely that
the starting salt was NaCl, and it could be that large experimental errors
have causes us to reach the wrong conclusion. There a variety of sources of
errors within the experiment which could have contributed to these differences
and/or wrong conclusion. Firstly, the balance we used was only precise to the
0.01 position forcing our measurement of 0.25 g of unknown salt to have a high
relative error. Using a more precise balance, such as the suggested analytic
balance which has precision to the 0.0001 position,?® would decrease our uncer-
tainty and increase our final accuracy. Regardless of our initial measurement,
a huge source of error can come from not knocking all of the chlorine out of
solution and forming our AgCl. All of the precipitate should have fallen to
the bottom of the beaker and the solution should have been clear; however, in
our case we observed a slightly cloudy solution. Thus it is possible that there
was still some chlorine in solution which had not reacted with the silver. This
could cause a substantial deviation from the theoretical percent chloride as
our final measurements would yield a smaller precipitate mass, and therefore
a small percent chlorine in the unknown. Though, it is possible that this error
was offset by the error of not fully drying our precipitate. Since our precipitate

was formed in water, water was still present in the precipitate, which had a
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cakey structure to it. While we dried our sample in the oven to remove most
of the water, leaving it overnight would be best to ensure all of the water was
removed. Presence of water in our sample can artificially increase the final
mass of our precipitate, leading us to deduce that our unknown sample had a
higher percentage of chlorine.

While gravimetric analysis is useful for analyzing substances with high
concentration of ions, it fails to be effective at low concentrations. In general,
it is a macroscopic technique and a minimum of 10 mg of precipitate is required
for effective analysis.® First, most analytical balances can only measure to
the 0.0001 g which corresponds to 0.1 mg precision so our relative error of
uncertainty for weighing will increase as we go to smaller and smaller sample
sizes. Additionally, when working with small samples, any loss of product,
either through transferring or not getting a full theoretical yield from the
reaction, will have a larger relative error than if we had used a larger sample.
For example, if we consider theoretical yields of (a) 1000 mg and (b) 5 mg, and
a loss of 2mg of precipitate during transferring to the crucible occurred, we
have a relative error of 0.2% for (a) and 40% for (b). Hence, using gravimetric
analysis for samples with low concentrations can yield high imprecisions and
a different method is required to analyze such compounds. Methods such as
micro X-ray fluorescent spectroscopy or energy dispersive x-ray spectroscopy

should be used instead.
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A Appendix

A.1 Lab Manual Questions
A.1.1 Question 2

We first determine the percentage of Cl in the unknown. First we determine

the number of Cl moles via Eq. 3 Need to show your

work to receive full
credit.

1 mole AgCl 1 mole Cl

0.523 g AgCl x = 3.65 x 1072 moles Cl

143.32 g AgCl % 1 mole AgCl
Then we can determine the mass via Eq. 4

35.453 g Cl

. 1072 moles Cl
3.65 x 10 moeSCleolesCl

—=0.129 g C1

Then the percentage is given by Eq. 5

0.129 ¢ CI
100% = [40.1
0323 g Unknown < 007

We now consider the follow scenarios to determine M in the equation M, Cl,.

a) Let x =y = 1. Then ng = ny = nycr. Hence we have that
3.65 x 107 moles Cl — 3.65 x 10~* moles M
Thus we see that
my = 0.323 —0.129 g=0.194 g

Hence

0.194 ¢ M

M == ot
W 3.65 x 10~3 moles M

53.2g mole ™!




b) Let x = 1 and y = 2. Then n¢ = 2ny;, hence we have that

3.65 x 1072 moles Cl — 1.83 x 1072 moles M

and we still have my; = 0.194 g. Therefore

MW

c) Let x = 2 and y = 4. Then 2n¢ = 4ny = ne = 2ny. So we are in the

0.104 g M

= =106 le™?
1.83 x 10-% moles M g Mo

same situation as above and can quickly see that

MW = 106g mole™*

A.2 Sample Calculations

We use trial 1 for all sample calculations.

using both trials.

A.2.1 Mass of Precipitate

my—m; = 3212 g —31.51 g = 0.61 g AgCl

A.2.2 Moles of Cl

Using Eq. 3

1 mole AgCl 1 mole Cl

ne = .61 g AgCl x

143.32 g AgCl % 1 mole AgCl

The average value is determined

Only 1 sample calcu-

ation for each calcula-
tion is needed. Inclu-
sion of more than that
will result in reduction
of points.

= 4.3 x 10~ moles Cl



A.2.3 Mass of Cl

Using Eq. 4

35.453 g Cl

B -3
mey = 4.3 x 107 moles Cl x 1 moles Cl

= 0.15 ¢ Cl

A.2.4 Percentage of Cl
Using Eq. 5

0.15 g Cl

28 % 100% = 60.
035 g M, 100 =00%

A.2.5 Average Percent Cl

We find the average of some quantities N quantities x; to be

ZN Li
= & 7
() = 2 (7
Thus, a direct computation leads to
60 + 63
(%Cl) = ; — 62%
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