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MAss, VOLUME, AND DENSITY

INTRODUCTION

A platform balance is used when only approximate mass measurements
are needed. a centigram or a top-loading balance is used when
greater accuracy is required. For maximum accuracy, an analytical
is used. Your teacher will instruct You in the proper use
of the balances in your laboratory.
Volume measurements are made in different ways depending upon
the physical state of the sample being measured. The volume of a
liguid is commonly measured in a graduated cylinder. A graduated
cylinder containing a quantity of liquid is shown in Figure 4-2.
Notice that the surface of the liquid curves upward where it contacts
the cylinder walls. This curved surface is called a meniscus.
Measurement of volume in a graduated cylinder is always made
by reading the mark at the bottom of the meniscus. The reading is
made with the ©Ye positioned at the level of the liquid surface.
If the meniscus appears to have a thickness to it, the volume is ¢
read at the very bottom of the thickness. The volume of the liquid
in Figure 4-2, for instance, is 77 mL. Note that a meniscus is
always less curved in a plastic cylinder than in a glass cylinder.
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Figure 4-2 “(volume = L
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if the solid is regular and free of air space. If, on the other
hand, the solid is irregular or contains air space (as sand does,
for instance), its volume must be determined in another way, such
as by water displacement. Displacement measurements are made as
follows. A graduated cylinder large enough to accommodate the
sample of solid is partially filled with water. The volume of the
water is noted. The solid is then submerged in the water, and the
volume is read again. The difference between the final volume and
the initial volume represents the volume of the solid. The solid
must be completely’submerged in the water for this method to yield
accurate results, and all the air bubbles adhering to the submerged
solid must be dislodged. This method is obviously only useful for
solids that are insoluble in water.

As you conduct this experiment, try to keep in mind the distinction
between measurements of mass and volume and other types of measurement,
such as those of temperature, which are independent of the amount
of material involved. The following example illustrates this important
distinction. If a 1-liter, 1-kilogram sample of water at 4°C is
added to another 1-liter, 1-kilogram sample of water at 4°C, the
combined mass of the samples would be 2 kilograms and the combined
volume would be 2 liters. The temperature of the combined samples
would, however, be the same as the temperatures of the separated
samples, i.e. 4°C.

OBJECTIVES

1. To determine the mass and volume of several samples of matter,
using the platform balance and the method of water displacement.

2. To determine whether there is a constant relationship betweeh
the mass and the volume of samples of a substance.

3. To calculate the density of a solid object from its mass and

volume.
EQUIPMENT
1 safety goggles 8 platform balances/class
1 25-mL graduated cylinder . 1 ruler
MATERIALS
metal samples paper towels
SAFETY

1. Wear safety goggles.
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PROCEDURE

As you perform the experiment, record your data in Tables 4-1,
4-2, and 4-3.

1. Obtain samples of two different unknown metals. Be sure that
the samples are clean and dry, and that you can distinguish between
them. Weigh each sample on a platform balance to the nearest 0.1
gram. Record the mass of each sample in Table 4-1 and in Table 4-2.

¥
2. Find the volume of each sample in the following way. Fill a
25-mL graduated cylinder about half-full with tap water. Record

the initial volume of the water in the cylinder. Tilt the cylinder
and slide one of the metal samples carefully into the water, so

that is does rot break the cylinder and so that water does not
splash out. (If the metal sample is not completely submerged, you
must remove the sample and start again, using a larger initial volume
of water. It is important that the metal sample be dry before it

is immersed in the water. Otherwise, error will be introduced

into the volume measurement.) Record the final volume of the water
containing the submerged metal sample, in Table 4-1.

3. Repeat Step 2, using the other metal smaple. Dry both samples
and return them.

Table 4-1 Individual Data and Calculations

Metal A Metal B Additional Metal

mass (g) > #

volume of water alone (mL)

volume of water + metal (mL)

volume of metal (mL)

density of metal (g/mL)=

A
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1. Calculate the volume of each sample by subtracting the initial
volume of water in the cylinder from the final volume. Record the
results in Table 4-1 and in Table 4-2.

2. Calculate the density of each of your samples. Remember that
density is the ratio of mass to volume.

density = mass/volume

Be sure to properlyvindicate the units in your calculation. Record
your results and method of calculation in Table 4-1.

3. Complete Table 4-2.by recording the mass and volume data collected
by the other students in your class.

4. Using the class data, plot a graph relating mass and volume.
Plot mass on the vertical axis, volume on the horizontal axis.
Choose a scale that will generate a graph that fits comfortably on
a three-quarter page of graph paper. -

Table 4-2 Class Data: Mass and Volume of Metal Samples
Lab Pair Metal A Metal B

mass (g) volume(mL) Mass(g) volume(mL)

il
A





[image: image5.jpg]|

5. Decide whether the point (0,0) should be included in the graph.
(When the volume of a smaple is zero, will its mass also be zero?)

6. Use a ruler to draw the best straight line through each group
of plotted points. You should have two lines, one for each metal.
Note that not all of the points in a group will lie on the best
straight line through thet group of points. However, approximately
as many points should lie above the line, as lie below the line.

7. Determine the slope of each line. Remember that if a line goes
through the point (0,0) its slope is y/x. (Recall that the general
equation for a line is y= mx + b where m is the value for the slope
and b is the value for the y-intercept.) In the graph that you
have plotted, y/x is egual to mass/volume, which is the formula for
density. Thus, the slopes of the lines you have drawn represent
the densities of the metals you have examined. Derive the density
of each of the metals studiel from the slope of the line drawn for
that metal. Record these densities and your method of calculation
in Table 4-3.

Table 4-3 Density Calculations from Class DAta (slopes)

Metal A Metal B

y/x = 5 e
mL g/mL mL g/mL
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1. What does this experiment demonstrate about density of a sub-
stance? What does it demonstrate about the densities of different
substances? »

2. cCalculate the percent error inuthe densities you calculated for
your two samples. (See Step 2 under Data Analysis.) Your teacher
will provide you with an accepted value for the density of each
sample.
(accepted value- experimental value)
percent error = accepted value

X 100 perc
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the slopes of the lines in your graph.

4. Which of the approaches used here is more reliable and accurate:
calculating the density from mass and volume measurements for a
single sample, or calculating the density by determining the slope
of the graph of mass and volume data for a number of samples.

S. Do you think that density can be used to identify a substance?
Explain your answer. Attempt to identify the materials used in this
experiment by referring to tables of density.
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