Weiner_5209_ch16, 12/29/8, 17:35, page: 203

16

EXPERIMENT

Molar Volume of a Gas

Performance Goals

16-1 Determine the molar volume of a gas at room temperature and
pressure from experimental data.

CHEMICAL OVERVIEW

The molar volume of a gas is the number of liters occupied by 1 mole of the
gas. It is the purpose of this experiment to measure the volume occupied
by a known number of moles of hydrogen. Dividing the volume in liters by
the number of moles gives the molar volume in liters per mole.

The volume occupied by a fixed quantity of gas depends on temper-
ature and pressure. Because this entire experiment will be carried out at
room temperature—the temperature at which the molar volume is to be
found—this variable may be disregarded in your calculations.

The quantitative relationship between pressure and volume of a fixed
amount of gas at constant temperature, known as Boyle’s Law, can be
expressed mathematically as

PV = constant  or PV =PV, (16.1)

where P is pressure, V is volume, and subscripts 1 and 2 refer to the first
and second measurements of the gas sample.

In a mixture of gases, each component exerts a certain amount of
pressure of its own. This pressure, called the partial pressure, is defined as
that pressure which the component would exert if it alone occupied the
total volume at the given temperature. Mathematically,

P=pi+p+p+... (16.2)

where P is the total pressure of the mixture and py, p, p3, ... are the partial
pressures of compounds 1, 2, 3, etc. The relationship is known as Dalton’s
Law of Partial Pressures.

When a confined gas is generated in contact with water, the gas
becomes saturated with water vapor, producing a “wet” gas—a gaseous
mixture. The partial pressure of water vapor is a function of temperature
and can be found in tables. Table 16.1 contains a partial list of water vapor
pressures at various temperatures.

In this experiment, hydrogen will be generated by the reaction of a
measured mass of metallic magnesium with excess hydrochloric acid. The
volume of gas produced will be measured in a gas measuring tube, called a
eudiometer. Using Boyle’s and Dalton’s laws, the measured volume will be
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Table 16.1 Water Vapor Pressure in Torr

Vapor Vapor
Temperature Pressure Temperature Pressure
°C) (torr) °C) (torr)
17 14.5 23 21.1
18 15.5 24 22.4
19 16.5 25 23.8
20 17.5 26 25.2
21 18.6 27 26.7
22 19.8 28 28.3

corrected to obtain the volume of dry hydrogen at room temperature. The
number of moles of hydrogen will be calculated by stoichiometry from the
mass of magnesium that reacted. Dividing volume by moles gives the
molar volume at room temperature.

A word about significant figures: Ideally you should weigh your
magnesium on an analytical balance to the nearest 0.0001 g. Some schools
do not have such balances available to students and you can use a milli-
gram balance that measures to the nearest 0.001 g. Ordinarily, strict
application of the rules of significant figures makes this the measurement
that determines the number of significant figures in your final result. It is a
fact, however, that more sophisticated—and more correct—ways of han-
dling measurement uncertainty in this experiment yield an answer with
one extra digit. Therefore, if you use a milligram balance, report your final
result by going one digit beyond what normal significant figure rules
allow.

SAMPLE CALCULATIONS
Example 1

Calculate the pressure of dry N, at 26°C if it is collected over water and
the total pressure is 747 torr. Water vapor pressure at this temperature is

25.2 torr.
P=pn, +Puo ; PN, =P —pH0
Substituting,
PN, = 747 torr — 25 torr = 722 torr
Example 2

What volume would the dry N, of Example 1 occupy at 762 torr
pressure if the experimentally measured volume was 80.5 mL?
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Substituting into Equation 16.1,

PV
PiVi =PV, ; Vo=-—21
P,
80.5mL
V, =722 torr X T tore 76.3mL

Example 3

If 0.0769 g of magnesium produced the gas in Examples 1 and 2, how
many moles of hydrogen were produced? Mg + 2 HCl — H, + MgCl,.

1moleMg  1moleH,

00769 Mg x 24.3¢Mg * Tmole Mg

= 0.00317 mole H,

Example 4
Using the results of Examples 1 to 3, find the molar volume of
hydrogen at room conditions.

0.0763LH,
0.00317 mole H,

=24.1LH,/mole

SAFETY PRECAUTIONS AND DISPOSAL METHODS

Be careful when handling concentrated hydrochloric acid. If it comes into
contact with your skin, wash it with plenty of water. Wear goggles when
performing this experiment.

The hydrochloric acid solution obtained in the eudiometer can be
poured down the drain or disposed of as specified by your instructor.

PROCEDURE

NOTE: Record the mass of magnesium in grams to the nearest 0.0001 g if you use an
analytical balance, or 0.001 g if you use a milligram balance (see Chemical Overview).
Record volume measurements in milliliters to the nearest 0.1 mL. Record atmospheric
pressure in torr to the nearest torr and temperature to the nearest °C.

A. Obtain a strip of magnesium that weighs between 0.072 and 0.082 g.
Clean both sides by rubbing with steel wool. Weigh the magnesium,
preferably on an analytical balance, and record the mass to the nearest
0.0001 g. (If you use a milligram balance, assume that calculations from
this measurement are good to one digit beyond the number normally
allowed by the rules of significant figures. See the Chemical Overview.)

B. Wad the magnesium into a small irregularly shaped ball. Do not fold
it neatly or pack it tightly, because the reaction requires that the acid be
able to reach all surfaces of the magnesium. Wrap this ball in a small
““cage’”” made of copper wire. Be sure that no large ““holes” are present



Weiner_5209_ch16, 12/29/8, 17:36, page: 206

206 Introduction to Chemical Principles: A Laboratory Approach B Weiner and Harrison
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Figure 16.1
Apparatus for the volume
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in your cage, or pieces of magnesium will escape during the
reaction. Leave a 10- to 12-cm piece of wire extending from the cage
(see Figure 16.1).

Fill a 500-mL cylinder to the top with tap water and stand it in a large
beaker, tray, or the sink to catch the overflow. In selecting a place, read
ahead to Step F. Make sure you can perform that step without
knocking the cylinder over.

. Carefully pour 10 mL of 6 M hydrochloric acid, HC], into a 100-mL

eudiometer, or gas measuring tube. Then, holding the tube at an angle,
slowly pour deionized water down the side of the tube. When the
water nears the top of the eudiometer, hold it vertically and continue to
add water until the tube is totally full.

. Carefully lower the copper-wire-wrapped magnesium ball into the

eudiometer until it is about 5 or 6 cm into the tube, but not so deep that
it extends into the calibrated portion of the eudiometer. Place a one-
hole rubber stopper into the eudiometer, securing the straight piece of
copper wire to the wall of the tube. Water will come out the hole in the
stopper when it is placed into the eudiometer, so be ready for it.

Place your finger over the hole of the stopper, invert the eudiometer,
and quickly lower it into the water-filled cylinder. When the stopper is
beneath the surface of the water, remove your finger. Move the eudi-
ometer and cylinder to a clamp mounted on a ring stand, as shown in
Figure 16.1; a buret clamp is ideal for this purpose.

. Allow the reaction to proceed until no more bubbles are formed.

There is apt to be more overflow of water from the cylinder, so be prepared.
Tap the sides of the eudiometer gently to dislodge any trapped bubbles from the
wire cage.




Weiner_5209_ch16, 12/29/8, 17:36, page: 207

Experiment 16 W Molar Volume of a Gas 207

. Carefully adjust the eudiometer vertically until the water level inside

the tube is at the same level as the water in the cylinder. At this point
the total pressure inside the tube is the same as atmospheric pressure.

. Read and record the volume of the gas generated.

. Read and record the atmospheric pressure and temperature in the

laboratory.

. Discard the wire cage into a wastebasket or recycle it, as instructed.

Carefully dispose of the liquid into the sink or into a waste container.
(The liquid contains hydrochloric acid, remember?)
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Name Date Section

Experiment 16
Advance Study Assignment

1. Calculate the number of moles of gas generated when 0.165 g of aluminum reacts with hydrochloric
acid.

2Al(s) + 6HCl(aq) — 2AICl3(aq) + 3H,(g)

2. Calculate the pressure of dry O, if the total pressure of O, generated over water is measured to be
638 torr and the temperature is 22.0°C. py,0 = 19.8 torr.

3. If the volume of the O, sample in Question 2 was 56.2 mL, what volume would the dry O, occupy at
755 torr (assume temperature unchanged)?
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Name Date Section

Experiment 16
Work Page

Data

Run 1 2 3

Mass of Mg strip (g)

Room pressure (torr)

Room temperature (°C)

Volume of wet H, gas (mL)

Water vapor pressure (torr)

Calculations

Moles of Mg

Moles of H, gas

Partial pressure of dry H, (torr)

Volume of dry H, at room pressure (mL)

Molar volume of dry H, at room

temperature and pressure (L/mole)

Show setups for all calculations below:
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Optional

From your data obtained in this experiment, calculate the value of the universal gas constant R. Give
proper unit.

Calculate the percent error (look up the known value).
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Name Date Section

Experiment 16
Report Sheet

Data

Run 1 2 3

Mass of Mg strip (g)

Room pressure (torr)

Room temperature (°C)

Volume of wet H, gas (mL)

Water vapor pressure (torr)

Calculations

Moles of Mg

Moles of H, gas

Partial pressure of dry H, (torr)

Volume of dry H, at room pressure (mL)

Molar volume of dry H, at room

temperature and pressure (L/mole)

Show setups for all calculations below:
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Optional

From your data obtained in this experiment, calculate the value of the universal gas constant R. Give
proper unit.

Calculate the percent error (look up the known value).





