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Acid rain is a familiar environmental problem that is
sometimes discussed in general chemistry lectures. Several
demonstrations pertaining to acid precipitation have been
published in this Journal (1-3) but none of these illustrate
the dissolution of acidic oxides in airborne water droplets,
or “wet deposition”, in the manner in which it occurs in the
atmosphere. Nitrogen oxides come from cars and other com-
bustion sources, whereas atmospheric sulfur oxides are a re-
sult of coal-fired power plants and the roasting of metal
sulfide ores in smelters (4). Cloud droplets then scavenge
these oxides. Acidification of lakes in areas geographically re-
moved from the source can result when this acidified pre-
cipitation is deposited in lakes with no natural buffering
capacity. A lake underlain by limestone will be resistant to
acidification due to the buffering capacity of CaCO; while a
lake underlain by granite will not, since granite contains sili-
cates rather than carbonates (5). In the United States, lake
acidification has received the most attention in the North-
east where the bedrock is primarily granite (6).

In this demonstration, sulfur dioxide is prepared in so-
lution by the following reaction

2NaHSO3(s) + HSO4(aq) — 2S0,(g) + 2H,0(l) + NaSO4(aq)

Two lakes, one based on limestone, the other based on gran-
ite, are simulated in large graduated cylinders, one of which
contains CaCOj for buffering. Rain from a simple spray
bottle scavenges the SO, and carries it into the lakes, dem-
onstrating the acidification of the granite-based lake.

Precipitation in the absence of anthropogenic influences
is not neutral due to equilibrium with atmospheric CO,. This
leads to a pH of close to 5.6 for unpolluted rain (4). The
indicator chosen, bromocresol green, shifts from acidic to
basic form near this point (7). The acidic form of the indica-
tor predominates, leading to a yellow color, if the lake is more
acidic than unpolluted rain and the blue or basic form pre-
dominates if it is not.

Preparation

The SO, gas is prepared ahead of time in a 1000-mL
graduated cylinder in a hood. Place 5 g of NaHSOj in the
graduated cylinder and add 10 mL of 6 M H,S0,. Allow
this solution to stand, covered with a watch glass, until the
fizzing stops. Alternatively, SO, gas may be prepared from
50 mL of 0.5 M NaHSOj; and 4 mL of 3 M H,SOy. This

preparation results in less SO, gas and may be used if the

SO, is not generated ahead of time in a hood.

The two lakes are simulated in separate 2000-mL
graduated cylinders. For the granite-based lake, place 200 mL
H,O and 1 mL of 1 X 10 M bromocresol green in the
cylinder and swirl to mix. The preparation of the limestone-
based lake requires a bit more care. Place 200 mL H,O and
1 mL of 1 X 10 M bromocresol green in another cylinder
and swirl to mix. Add about 0.2 g of CaCOj to this cylinder
but do not swirl or stir. This allows the solid to settle to the
bottom of the container. If particles of solid remain suspended
on the surface of the liquid, stir very gently but do not swirl.
(A sufficiently long stirring rod may be improvised from a
plastic stirring rod with a flat end and a pair of crucible tongs.)

Presentation

The colors to be observed may be demonstrated to the
class by placing 150 mL of water and 5 drops of bromocre-
sol green indicator in each of two 250-mL beakers. Add 2
mL of 3 M H,SOj to one beaker and stir both to illustrate
the characteristic yellow and blue colors of the acid and base
forms of the indicator.

To demonstrate the acidification, start by pouring the
SO, gas from the generation cylinder into the cylinder simu-
lating the granite-based lake. Be careful not to slosh any of
the solution from the SO, generation cylinder into the lake
cylinder as this will immediately acidify the lake solution.
Because the gas cannot be seen, the amount may be quanti-
fied by timing the pour, with a five-to-ten-second pour giv-
ing good results. Once the gas has been added to the lake
cylinder, spray into the cylinder using a spray bottle. This
will carry the SO, gas directly into the lake solution, which
will begin to turn yellow. Delivery of 10 mL of H,O should
take about 20 squirts, depending on the spray bottle used.
Once the water has been delivered and the solution has be-
gun to show yellow, swirl gently to mix completely. Repeat
the same process for the graduated cylinder simulating the
limestone-based lake. The lake solution will show a yellow
color when the SO, gas is carried in which may persist as
the solution is swirled. Continue swirling until enough of
the CaCOj solid has dissolved to turn the solution completely
blue again.

Dry deposition may also be demonstrated using the same
apparatus by simply leaving out the spray bottle step. Let the
graduated cylinders stand covered for about 10 minutes and
then swirl the simulated lakes to show the characteristic colors.
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