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2 Are You Dense or What?

INTRODUCTION
Continuing with our hypothetical context of you being employed by the Unique and 
Novel Laboratory Solutions (UNLs) company, the United Furniture Organization 
(UFO) has a problem they want UNLs to solve.

THE PROBLEM
UFO has sent you this task: design a method that is inexpensive and efficient to 
separate a mixture of different types of plastics. The six types of plastics used are 
the six plastics coded for recycling.
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1
PETE

2
HDPE

6
PS

7

OTHER

3
PVC

4
LDPE

5
PP

Polyethylene terephthalate
• Soft drink, water, and salad 

dressing bottles, peanut butter 
and jam jars

• Suitable to store cold or warm 
drinks, bad idea for hot drinks

High-density polyethylene
• Water pipes; milk, juice, and 

water bottles; grocery bags; 
some shampoo/toiletry bottles

Polyvinyl chloride
• Not used for food packaging
• Pipes, cables, furniture, 

clothes, toys

Polypropylene
• Reusable microwaveable 

ware, kitchenware, yogurt 
containers, microwaveable 
disposable take-out contain-
ers, disposable cups and 
plates

Polystyrene
• Egg cartons; packing peanuts; 

disposable cups, plates, trays, 
and cutlery; disposable 
take-out containers

• Avoid for food storage!

Often polycarbonate or ABS
• Beverage bottles; baby milk 

bottles; compact discs; 
“unbreakable” glazing; lenses 
including sunglasses, 
prescription lenses; automo-
tive headlamps; riot shields; 
instrument panels

Safe food containers are made 
from number 1, 2, 4, and 5 plastics.

Low-density polyethylene
• Frozen food bags, squeezable 

bottles (e.g., honey, mustard), 
cling films, flexible container 
lids

Rationale: UFO uses recycled plastic for manufacturing their products. Different as-
sembly lines use different types of plastic to make various products. The various prod-
ucts are made from a molding process that requires excess plastic to be trimmed off the 
desired product. The Director of Manufacturing at UFO wants to reuse these trimmed 
off pieces in order to maximize the efficiency of manufacturing. However, the assembly 
lines are located right next to each other, and the plastic trimmings get mixed together. 
The Director has tried various physical solutions to keep the mixing from taking place, 
but these methods were unsuccessful (for various reasons).

The trimmings from the assembly lines are the same color and texture, thus separating 
these trimmings by hand is difficult (not to mention costly since wages are not cheap). 
The trimmings are also similar in size, thus some sort of sifting process was also not 
successful.

Your supervisor believes that density is the physical property that should allow for an 
easy separation technique to be designed. Your supervisor wants to make sure you are 
skilled at measuring masses and volumes and that you understand the idea of density 
before you start working with the plastics; therefore, your supervisor wants you to do 
some skill building exercises and a few trial runs on determining density before you start 
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working on the plastic problem. In addition to density, your supervisor wants to make 
sure you understand the ideas of precision and accuracy as well as how density is related 
to sinking and floating.

In addition, you are charged with the task of determining an accurate density of each 
type of plastic and designing a technique that will separate different types of plastic (all 
six types used in recycling). You are required to write a brief but detailed description 
communicating how you solved this problem.

TASKS
Your supervisor gives you five tasks.

1. To show that you know how to use volumetric glassware correctly.

2. Compare accuracy and precision of volumetric glassware.

3. Determine a “Rule for Sinking and Floating” based on density.

4. Determine a procedure to separate the six types of plastic used in recycling.

First, you are to show that you know how to use the volumetric glassware. During this 
lab activity, you will be able to check your own results. You will measure out a specific 
volume of water using various pieces of glassware. Then, you will use the weight and 
density of the water to calculate the volume of water. If your calculated volume is very 
close to the volume you measured out, then you are most likely using the equipment 
properly.

Second, you are to determine if there are any precision or accuracy advantages to using 
various volumetric glassware. You will accomplish this task by examining the data col-
lected during your second task.

Third, you are to determine the density of several objects and determine a “Rule for 
Sinking and Floating” based on an object’s density.

Fourth, you are to determine the density for six types of plastic and design a procedure 
in which you can separate a mixture containing pieces of these plastics. You will write a 
brief description of how you determined both the density and the procedure for separat-
ing the plastics. The description should include enough detail that someone who was 
not familiar with this situation could reproduce your work by reading the description.

REPORT
Your report will include all data tables and answered questions at the end of these 
instructions.

You will be graded on the accuracy of your results, the validity of your procedure, and 
the detail in your description (lack of enough detail will cost you points).
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BACKGROUND INFORMATION
A key to good laboratory results is choosing and using laboratory equipment correctly. 
Therefore, the bulk of this background section contains descriptions of how to use some 
common laboratory glassware. The key to selecting the best glassware is often based 
around the precision, accuracy, and time required to use the glassware; therefore, this 
background section also contains a description of precision and accuracy. The final topic 
covered is a summary of density.

Using a Graduated Cylinder
Most liquids, when placed in a glass graduated cylinder, will form a meniscus (a cur-
vature of the liquid’s surface). Most liquids will form a concave meniscus (lowest part 
of the liquid at the center); however, some liquids will form a convex meniscus (highest 
part of the liquid at the center). The diagram below illustrates the difference between 
concave and convex.
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FIgure 2-1. 

To accurately measure a volume using a graduated cylinder, you must keep three fac-
tors in mind: the divisions on the graduated cylinder, parallax, and the curvature of the 
meniscus. First, determine the volume divisions on your graduated cylinder. If there are 
only 4 lines between the 5 mL and 6 mL marks, then each line represents 0.2 mL. If 
there are 9 lines between the 5 mL and 6 mL marks, then each line represents 0.1 mL. 
You will want to determine where the lowest part of a concave meniscus or the highest 
part of the convex meniscus falls compared to your division lines. You should record the 
measured volume to one decimal place more than the finest division. (For example, 
if each line on the graduated cylinder represents 0.1 mL, then you should estimate the 
volume measured to the nearest 0.01 mL. Using the examples above (assuming each 
line represents 0.1 mL), the volume should be recorded as 5.15 mL since the middle of 
the meniscus is halfway between 5.1 and 5.2 mL.

Parallax is the perceived variation of the level of the meniscus in the cylinder due to 
eye level. The cylinder is designed to be read with your eye level being perpendicular to 
the side of the graduated cylinder, or to put it another way, your eye level should be at 
the same level as the meniscus. If your eye level is above the level of the meniscus, then 
the volume you read will be greater than the actual volume. If your eye level is below the 
level of the meniscus, then the volume you read will be less than the actual volume. To 
obtain your most accurate readings, hold glassware up at eye level, or move your eye to 
the meniscus level to minimize parallax error.
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FIgure 2-2. 

Measuring the volume of an aqueous solution can sometimes be difficult since judging 
the lowest portion of the meniscus may not be obvious. There can be a refraction effect 
that gives the meniscus the look of having two bottom levels. By design, your best read-
ing is the lowest part of the meniscus, so consistently read the lowest part even if there 
appears to be two levels.

Using a Buret
A buret is very similar to a graduated cylinder but is designed to deliver specific vol-
umes by difference in measures. The graduations on the buret typically start with “0” 
at the top of the graduations. The bottom of the buret has a tip like an eyedropper and 
a stopcock to allow you to start and stop the flow of liquid. The design is to allow liquid 
to be delivered from the buret into a flask or beaker in an incremental manner with the 
total volume added to be calculated by the difference between the initial volume and 
final volume.

For example, a titration is a common technique for determining the concentration of 
a substance in a solution by using a known concentration of another substance to react 
with the first substance. A solution containing iron(II) ions (Fe2+) ions can be titrated 
with permanganate ions (MnO4

−) to determine the amount of iron that is in the solution. 
A known concentration of MnO4

− is poured into the buret so that the initial volume is 
just below the zero mark (something like 0.32 mL). A specific amount of iron solution is 
put into a flask (something like 25.00 mL), and MnO4

− is added slowly. The MnO4
− re-

acts with Fe2+ to produce Fe3+ and Mn2+. The only ion that has color is the MnO4
− (deep 

purple). Therefore, the solution in the flask will remain colorless until MnO4
− is present, 

which will only take place after there is no Fe2+ left to react. The MnO4
− is added until 

the first persistent purple color stays in the flask. At this point, the volume on the buret 
is read again (something like 28.84 mL). The volume of MnO4

− delivered to the flask 
would then be the difference between the final and initial volumes read from the buret 
(28.84 − 0.32 = 28.52 mL). The amount of iron in the original solution can now be 
determined from the moles of permanganate added and the mole ratio of the reaction 
between Fe2+ and MnO4

−.
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Reading the buret is just like reading a graduated cylinder except that the graduations 
increase as you move down the buret (most graduated cylinders have graduations that 
increase as you move up the graduated cylinder). You must read the bottom of the me-
niscus. Make sure your eye is level with the meniscus as you take the readings, and 
make sure you are using the correct graduations for determining your volumes.
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FIgure 2-3. 

Using a Pipet
A pipet is an instrument designed to measure out a specific volume with good preci-
sion. There are two types of pipets typically used in introductory chemistry courses: a 
transfer pipet and a graduated pipet. The transfer pipet has a single graduation mark in 
the upper portion of the tube and is designed to deliver one specific volume. This pipet 
typically is a long glass tube with a bulb in the middle (see (a) below). A graduated pipet 
has graduation lines just like a graduated cylinder or buret and is designed to allow you 
to deliver a variety of volumes by using the difference between initial and final volumes 
measured (see (b) below).

Calibration mark

(a)

(b)
  ©Hayden-McNeil, LLC

TD10IN1/10ml 20°C          TEKK U S A01234567891
0

TEKK-TD 10
U S A     20°C ml

FIgure 2-4. (a) Transfer Pipet; (b) Graduated Pipet
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Many students taking introductory chemistry have not used pipets before, and learning 
how to use a pipet takes some practice. A pipet bulb (rubber ball that fits over the end 
of the pipet) is used to draw a liquid into the pipet. The level of the liquid is brought up 
above the graduation line but NOT into the bulb. The bulb is removed and the index 
finger is quickly put over the top of the pipet. By rolling your finger slowly to one side, 
the level of the liquid can be slowly brought down to the graduation line(s).

For the transfer pipet, the bottom of the meniscus is adjusted to the top of the single 
graduation line. As the pipet is moved out of the beaker that you have your solution in, 
you touch the tip of the pipet to the side of the glass to make sure no liquid has adhered 
to the outside of the pipet. The pipet is then moved to the beaker or flask in which you 
want to put the liquid. Removing your finger allows the liquid to flow out of the pipet. 
For the most accurate delivery of the liquid, the tip of the pipet is allowed to rest against 
the side of the beaker or flask until the liquid no longer flows from the pipet. A small 
amount of liquid will still remain in the tip and should NOT be blown out. The pipet is 
designed to be the most accurate when that liquid is allowed to remain.

For the graduated pipet, the bottom of the meniscus is adjusted to a specific graduation 
mark. As the pipet is moved out of the beaker that you have your solution in, you touch 
the tip of the pipet to the side of the glass to make sure no liquid has adhered to the 
outside of the pipet. The pipet is moved to the beaker or flask in which you want to put 
the liquid. By rolling your finger to one side, the desired volume of liquid is slowly deliv-
ered to the beaker or flask. The tip of the pipet is then touched to the side of the beaker 
or flask to remove any liquid dangling on the tip (or the tip is allowed to rest against the 
side of the beaker or flask as the liquid is being delivered). The remaining liquid in the 
graduated pipet can be put in the waste container or used in a second beaker or flask.

Precision and Accuracy
Part of good laboratory skills is the ability to make good decisions about what equipment 
to use to give good results in a reasonable amount of time. For example, measuring 
25 mL of water can be done by many methods using various equipment: a 10 mL gradu-
ated cylinder could be used multiple times to get 25 mL; a 50 mL graduated cylinder 
can be filled to the 25.0 mL mark; a buret can deliver 25.00 mL of water by difference; 
a 25 mL pipet could be used. Each of these has advantages and disadvantages; typically, 
the advantages and disadvantages revolve around precision, accuracy, and time.

The precision for a single measurement is based on the smallest degree to which 
the unit can be measured. Put another way, precision for a single measurement is the 
number of decimal places to which you can measure the value. For example, the odom-
eter in my car displays the car’s mileage to the nearest mile (152,498 miles); however, 
the car’s trip odometer displays the mileage to the nearest tenth of a mile (253.8 miles). 
The trip odometer has more precision than the actual odometer because it can measure 
the mileage to a smaller unit of measure.
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Precision for multiple measures (taking the same measurement more than one time) 
is based on the degree to which the measures are the same. For example, I can use two 
bathroom scales. One scale displays the weight digitally to the nearest 0.1 pound. The 
other scale displays the weight with a simple needle and is read to the nearest 0.1 pound 
(by estimating how far in between the marks the needle goes). If I weighed myself three 
times on the digital scale, I get 183.3 lbs, 183.5 lbs, and 183.2 lbs. If I weighed myself 
three times on the scale with the needle, I get 184.2 lbs, 182.2 lbs, and 187.5 lbs. In this 
example, the digital scale has more precision since it was able to produce measurements 
that are closer together than the other scale.

Digital Scale (lbs) Needle Scale (lbs)

183.3 184.2

183.5 182.2

183.2 187.5

Accuracy is different from precision. Accuracy is the degree to which the measure is 
close to the actual value. In the previous example with the scales, the average weight for 
the digital scale is 183.3 lbs and the scale with the needle is 184.6 lbs. Which of these 
weights would be more accurate? There is no way to determine this unless my true 
weight is known. If I went to the doctor’s office and weighed myself on a recently cali-
brated scale and got a weight of 184.2 lbs (this is probably close to my true weight), then 
the scale with the needle is actually more accurate then the digital scale. Just because 
an instrument is more precise does not necessarily mean it is more accurate.

Digital Scale (lbs) Needle Scale (lbs)

183.3 184.2

183.5 182.2

183.2 187.5

Average: 183.3 Average: 184.6

Another way of understanding precision and accuracy is through the target analogy. If a 
shooter is neither precise nor accurate, then the shots will hit the target almost random-
ly. If the shooter is precise but not accurate, then the shots will hit the target clustered 
together, but the cluster will not be close to the center of the target. If the shooter is 
accurate but not precise, then the shots will be evenly spaced around the center of the 
target but not clustered together. The shooter who is both precise and accurate will have 
the shots hitting the center of the target closely clustered together.FOR R
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FIgure 2-5. 

The various instruments and glassware that you will use will each have advantages and 
disadvantages compared to other instruments and glassware with respect to precision 
and accuracy. This lab activity will focus in on the precision you can obtain from dif-
ferent glassware used to measure volume. For this level of chemistry course, we will 
assume the manufacturer of the instrument and/or glassware was accurate in the manu-
facturing process, thus the graduation lines and marks will be considered correct. (More 
advanced courses in chemistry can teach you how to calibrate glassware to obtain more 
accurate measurements.)

Time is the other factor that must be considered when selecting instruments and glass-
ware. You can get more precision from measuring 25 mL of water from a pipet than you 
can with a graduated cylinder, but measuring with a pipet often takes more time. You 
will often have to make the decision about the trade-off: less time with less precision or 
more time with more precision. If the measurement you need is critical for good results, 
then you will want to take the time to measure with good precision. If the measurement 
will not affect the results greatly, then you can use the quicker measurement and still 
get good results.

Density
Density is the amount of mass per unit of volume, or the mass divided by the volume 
(d = m/V). Density is an intrinsic property of a substance, meaning the density is 
the same no matter how much of the substance is there. The density of pure gold is 
19.3 g/mL whether I have 10 grams of gold or 1000 grams of gold. The mass and the 
volume are proportional to each other, thus the value of the density remains the same 
when you change the amount of substance present: 100 times the mass means 100 
times the volume.

Pure water has a density of about 1.0 g/mL at 4°C. The density of water decreases as you 
move away from the 4°C temperature. Dissolving salt in water can often increase the 
density of the solution. For example, a saturated sodium chloride solution has a density 
of about 1.2 g/mL. This occurs since dissolving a salt in water increases the overall mass 
of the solution without much change in the volume.FOR R
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SUPPLIES
• Calculator (you must provide your own)

• Deionized water (or distilled water)

• Saturated NaNO3 solution

• Ethanol (either 95% or 100%)

• Various plastics (type of plastic is known)

• Density samples (aluminum, copper, oak wood, polypropylene, rubber stopper, steel)

• Pipets (10 mL transfer and 9 or 10 mL graduated)

• Pipet bulb

• Buret (50 mL) 

• Funnel (for filling buret)

• Graduated cylinders (10 mL and 50 mL)

• Disposable pipet (or eye dropper)

• Beakers (two 250 mL and two 150 mL)

• Flask (125 mL)

• Thermocouple (or thermometer)

• Balance

• Ring stand

• Buret clamp

• Spoon

SAFETY
There are no special safety issues with the activity. Please adhere to all regular labora-
tory safety precautions during this activity.
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N O T E — I N S T R U M E N TAT I O N  P R A C T I C A L S

One purpose of this lab activity is to help you develop good skills using the various in-
struments. After completion of this lab activity, you need to demonstrate you can use 
each instrument correctly. You will be given practicals on using the balance, graduated 
cylinders, buret, and pipet. Perfect scores on the practicals will require your demon-
stration of correct techniques and accurate measures.

Task 1—Volumetric Glassware Use
To practice using a graduated cylinder, buret, and pipet, you will be measuring the mass 
of water for specific volumes measured with these instruments. The mass of water will 
determine how accurately you have measured the volume.

The chart below gives the density of water over a range of temperatures.

°C Density (g/mL) °C Density (g/mL) °C Density (g/mL)

1 0.999900 11 0.999605 21 0.997992

2 0.999941 12 0.999498 22 0.997770

3 0.999965 13 0.999377 23 0.997538

4 0.999973 14 0.999244 24 0.997296

5 0.999965 15 0.999099 25 0.997044

6 0.999941 16 0.998943 26 0.996783

7 0.999902 17 0.998774 27 0.996512

8 0.999849 18 0.998595 28 0.996232

9 0.999781 19 0.998405 29 0.995944

10 0.999700 20 0.998203 30 0.995646
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PRACTICE USING GRADUATED CYLINDER
1. Obtain a 10 mL and a 50 mL graduated cylinder. Weigh the clean, DRY gradu-

ated cylinders, and record the masses in Data Table 2-1. These are considered “tare 
masses” for the cylinders.

2. Place about 150 mL of deionized water in a 250 mL beaker.

3. Measure out 4.00 mL of deionized water in the 10 mL graduated cylinder. The easi-
est way to get 4.00 mL is to pour in water until you have about 4 mL and then use 
an eyedropper or disposable pipet to adjust the water level. If you pour in slightly 
less than 4 mL, then you can add water with the dropper until you have 4.00 mL. 
If you have poured in too much water, use the dropper to remove the excess water.

4. If you have any water on the outside of the cylinder, make sure to use a paper towel 
to dry the outside. Weigh both the cylinder and the water, and record the total mass 
in Data Table 2-1.

5. To the 4.00 mL of water you have already measured, add more deionized water 
until you have 6.00 mL. Record the total mass of the water and graduated cylinder. 
Repeat for 7.80 mL and 9.55 mL.

6. Repeat the above using a 50 mL graduated cylinder and measuring out volumes of 
25.0 mL, 32.0 mL, 37.6 mL, and 45.3 mL.

7. Measure the temperature of the water in the graduated cylinders, and record the 
temperature in Data Table 2-1.

8. Find the density of water at the measured temperature (table on page 25), and 
write it in Data Table 2-1.

9. Calculate the mass of water for each trial by subtracting the tare mass from the total 
mass.

10. For each trial, calculate the volume of the water based on the mass of the water by 
dividing the mass by the density.

11. Compare the volume you measured to the calculated volumes (first and fourth col-
umns in Data Table 2-1). If the volumes are more than 0.1 mL off for 10 mL cylinder 
and 0.5 mL for 50 mL cylinder, then you are probably doing something incorrectly. 
Repeat the entire procedure (asking TA for help if needed) until you can accurately 
measure volumes using a graduated cylinder.
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Questions
(Copies of questions are given toward the end of this set of lab instructions on the 
Report Sheets. Think through your answers now, and write your answers down on the 
later pages.)

1. Which has greater precision, the 10 mL graduated cylinder or the 50 mL graduated 
cylinder? Explain why.

2. Which has greater accuracy, the 10 mL graduated cylinder or the 50 mL graduated 
cylinder? Explain why.

3. If you did not tare your balance before you used it so the mass displayed on the bal-
ance was 0.134 g when nothing was on the balance both before you weighed the dry 
cylinder and when you weighed each amount of water, how would your calculated 
volume change (greater in value, less in value, or the same value)? Explain why.

PRACTICE USING BURET
1. Obtain a ring stand, buret clamp, and 50 mL buret, and assemble them together so 

the buret is vertical in the clamp.

2. Place a beaker under the buret.

3. Using a funnel, fill the buret with deionized water until the level is between the 0 
and 10 mL marks. Remove any air bubbles in the tip of the buret by opening the 
stopcock completely and closing the stopcock when all the air is removed.

4. Add more deionized water to the buret until the level is between the 0 and 1 mL 
marks, and record the volume to two decimal places in Data Table 2-2.

5. Obtain a clean, dry flask, measure the mass of the flask on the balance, and record 
the measurement in Data Table 2-2.

6. Place the flask under the buret, and deliver 20.00 mL of deionized water into the 
flask. Touch the side of the flask to the tip of the buret in order to remove any water 
hanging on the end of the buret. Weigh the flask and water, and record the total 
mass in Data Table 2-2.
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FIgure 2-6. 

7. Place the flask under the buret again, and add an additional 12.50 mL of water (total 
volume of 32.50 mL). Make sure to remove any water hanging on the buret, and 
weigh the flask.

8. Continue this same procedure with an additional 7.20 mL, and 4.73 mL of water; 
weigh the flask each time.

9. Measure the temperature of the water in the flask and record the temperature.

10. Find the density of water at the measured temperature, and write it in Data Table 
2-2.

11. Calculate the mass of water for each trial by subtracting the tare mass from the total 
mass.

12. For each trial, calculate the volume of the water based on the mass of the water by 
dividing the mass by the density.

13. Compare the volume you measured to the calculated volumes. If the volumes are 
more than 0.1 mL off, then you are probably doing something incorrectly. Repeat 
the entire procedure (asking the TA for help if needed) until you are able to accu-
rately measure volumes using a buret.
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PRACTICE USING PIPET
1. Obtain a 10 mL transfer pipet and 9 mL or 10 mL graduated pipet.

2. Weigh a clean, dry 150 mL beaker and record the mass in Data Table 2-3. Obtain 
another 150 mL beaker to use as a supply beaker for water.

3. To the first beaker, place 10.00 mL of deionized water from the 10 mL transfer 
pipet. Weigh the beaker and water, and record the mass.

4. Add an additional 8.00 mL of deionized water from the graduated pipet. Weigh the 
beaker and water, and record the mass.

5. Add an additional 7.50 mL of deionized water from the graduated pipet, and weigh 
the beaker and water.

6. Add an additional 4.37 mL of deionized water from the graduated pipet, and weigh 
the beaker and water.

7. Measure the temperature of the water in the beaker.

8. Find the density of water at the measured temperature, and write it in Data Table 
2-3.

9. Calculate the mass of water for each trial.

10. For each trial, calculate the volume of the water based on the mass of the water.

11. Compare the volume you measured to the calculated volumes. If the volumes are 
more than 0.1 mL off, then you are probably doing something incorrectly. Repeat 
the entire procedure (asking the TA for help if needed) until you are able to accu-
rately measure volumes using a pipet.
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Task 2—Accuracy Versus Precision
Based on the data you collected above, answer the following questions. Note: There is 
no new data to collect for Task 2.

Questions
(Write your answers to the questions on the last pages of this lab.)

4. Which instrument(s) has (have) the greatest precision for measuring volume: 10 mL 
graduated cylinder, 50 mL graduated cylinder, 50 mL buret, 10 mL transfer pipet, 
and 10 mL graduated pipet? Explain why this (these) instrument(s) have the greatest 
precision.

5. Which of these instruments would be best used if the volume needed does not need 
to be extremely precise and can be measured relatively quickly?

6. Which of these instruments would be best if you need to deliver a precise volume 
into a solution, but you do not know ahead of time what that volume would be?

Task 3—Density, Sinking, and Floating
One of the easiest ways to measure the density of an object is by the method of liquid 
displacement. If an object will completely sink in a liquid, then the volume of the object 
is equal to the amount of liquid it displaces. If the object floats in the liquid, then it 
will NOT displace a volume of liquid equal to its volume since a portion of the object is 
above the liquid.

Your task is to determine the density of several objects and compare the density you 
determine to the known density of these substances. You are also to determine a “rule 
for sinking and floating” to describe how density can be used to predict if an object will 
sink or float.

1. Obtain a sample of aluminum (Al), copper (Cu), oak wood, polypropylene (plastic), 
rubber stopper, and steel.

2. Make sure each object is completely dry and weigh each object. Record data in Data 
Table 2-4 and Data Table 2-5.

3. Determine the volume of each object by water displacement. Select the smallest 
graduated cylinder that will still allow the objects to fit in the cylinder. Add enough 
water to the cylinder to allow the object to submerge completely and still have a total 
volume less than the maximum capacity of the cylinder. In Data Table 2-4, record 
the volume of the water BEFORE you add the object to the cylinder. Carefully add 
the object to the cylinder and record the total volume of the water and the object. 
Metal objects dropped into the cylinder directly can crack the cylinder and cause water 
to splash out. If the cylinder is tilted to one side and the object is allowed to slide 
down the side, you are less likely to break the cylinder or have water splash out. If 
the object floats, then just record “floats” in the data table.
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4. Calculate the volume of each object (if possible).

5. Calculate the density of each object (if possible).

6. Repeat the above using ethanol (either 95% or 100%) and recording all data in Data 
Table 2-5. The density of 95% ethanol is 0.81 g/mL and the density of 100% ethanol 
is 0.79 g/mL (at room temperature).

Question
(Write your answer to the question on the Report Sheets after these instructions.)

7. From your data above, what would be a good “rule for sinking and floating” to de-
scribe how density can be used to predict if an object will sink or float in any liquid?

Task 4—Solve the Plastics Problem
Your last task is to determine the density for six types of plastic (the six plastics you 
will use are the six plastics that are typically coded for recycling) and design a method 
in which you can separate a mixture of these plastics. In other words, following your 
procedure will result in a pile of six plastics being separated into six piles of one plastic 
each. For testing your procedure in lab, your mixture of six plastics should contain only 
one piece of each plastic. Your separation procedure should be applicable and practical 
on an industrial scale (i.e., visually separating the pieces is NOT a practical procedure). 
You will write a brief step-by-step description of how you determined both the density 
and the separation procedure. The description should include enough detail that some-
one who was not familiar with this situation could reproduce your work by reading the 
description. 

Samples of each type of plastic are available to you. The six plastics are labeled with the 
same numbers used in our recycling system.
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1
PETE

2
HDPE

6
PS

7

OTHER

3
PVC

4
LDPE

5
PP

Polyethylene terephthalate
• Soft drink, water, and salad 

dressing bottles, peanut butter 
and jam jars

• Suitable to store cold or warm 
drinks, bad idea for hot drinks

High-density polyethylene
• Water pipes; milk, juice, and 

water bottles; grocery bags; 
some shampoo/toiletry bottles

Polyvinyl chloride
• Not used for food packaging
• Pipes, cables, furniture, 

clothes, toys

Polypropylene
• Reusable microwaveable 

ware, kitchenware, yogurt 
containers, microwaveable 
disposable take-out contain-
ers, disposable cups and 
plates

Polystyrene
• Egg cartons; packing peanuts; 

disposable cups, plates, trays, 
and cutlery; disposable 
take-out containers

• Avoid for food storage!

Often polycarbonate or ABS
• Beverage bottles; baby milk 

bottles; compact discs; 
“unbreakable” glazing; lenses 
including sunglasses, 
prescription lenses; automo-
tive headlamps; riot shields; 
instrument panels

Safe food containers are made 
from number 1, 2, 4, and 5 plastics.

Low-density polyethylene
• Frozen food bags, squeezable 

bottles (e.g., honey, mustard), 
cling films, flexible container 
lids

Determine the density of each plastic and experiment with ideas for separating the 
mixture. Design a procedure for the separation.

When you are finished, DRY all the plastic pieces and return them to their original 
containers. DO NOT CONTAMINATE any containers with plastics that were not 
originally in that container.

Questions
(Write your answers to the questions on the Report Sheet after these instructions.)

8. What was the density of your six plastics?

9. How did you determine these densities?

10. Describe your procedure for separating the plastics.FOR R
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EXPERIMENT 2

Are You Dense or What?

Name:  

Section Number:  DATA  TA B L ES

Data tabLe 2-1. Practice Using Graduated Cylinders

Cylinder Size Tare Masses

10 mL cylinder

50 mL cylinder

Measured 
Volumes  

(mL)

Total Mass  
(g)

Mass of Water  
(g)

Calculated 
Volumes (mL)

Accuracy 
(Calculated − 

Measured)

4.00

6.00

7.80

9.55

25.0

32.0

37.6

45.3

Cylinder Size
Temperature  

of Water
(°C)

Density  
of Water  
(g/mL)

10 mL Cylinder

50 mL Cylinder
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Data tabLe 2-2. Practice Using Buret

Tare Mass  
of Flask  

(g)

Initial Volume  
in Buret  

(mL)

Measured 
Volume  

(mL)

Final Volume 
Needed  

for Measured 
Volume  

(mL)

Total Mass  
(g)

Mass of 
Water (g)

Calculated 
Volumes 

(mL)

Accuracy 
(Calculated 
− Measured)

20.00

32.50

39.70

44.43

Temperature  
of Water  

(°C)

Density  
of Water  
(g/mL)

Data tabLe 2-3. Practice Using Pipet

Tare Mass  
of Beaker  

(g)

Measured 
Volume  

(mL)

Total Mass  
(g)

Mass of 
Water  

(g)

Calculated 
Volumes  

(mL)

Accuracy 
(Calculated 
− Measured)

10.00

18.00

25.50

29.87

Temperature  
of Water  

(°C)

Density  
of Water  
(g/mL)
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2
Data Tables

Data tabLe 2-4. Density Determined in Water

Object
Mass  

(g)

Initial 
Volume  

(mL)

Final Volume  
(mL)

Net Volume  
(mL)

Calculated
Density  
(g/mL)

Aluminum

Copper

Oak

Polypropylene

Rubber

Steel

Data tabLe 2-5. Density Determined in Ethanol

Object
Mass  

(g)

Initial 
Volume  

(mL)

Final Volume  
(mL)

Net Volume  
(mL)

Calculated 
Density  
(g/mL)

Aluminum

Copper

Oak

Polypropylene

Rubber

Steel
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EXPERIMENT 2

Are You Dense or What?

Name:  

Section Number:  R EP O R T  S H EE T S

REPORT
Your report should include the following:

• All data tables (2-1–2-5)

• Answers to questions

QUESTIONS
1. Which has greater precision, the 10 mL graduated cylinder or the 50 mL graduated cylinder? 

Explain why.

2. Which has greater accuracy, the 10 mL graduated cylinder or the 50 mL graduated cylinder? 
Explain why.

3. If you did not tare your balance before you used it so the mass displayed on the balance was 
0.134 g when nothing was on the balance, both before you weighed the dry cylinder and 
when you weighed each amount of water, how would your calculated volume change? Would 
it be greater in value, less in value, or the same value? Explain why.
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4. Which instrument(s) has (have) the greatest precision for measuring volume: 10 mL gradu-
ated cylinder, 50 mL graduated cylinder, 50 mL buret, 10 mL transfer pipet, and 10 mL 
graduated pipet? Explain why this (these) instrument(s) have the greatest precision.

5. Which of these instruments would be best used if the volume needed does not need to be 
extremely precise and can be measured relatively quickly?

6. Which of these instruments would be best if you need to deliver a precise volume into a 
solution but you do not know ahead of time what that volume would be?

7. From your Task 3 data, what would be a good “rule for sinking and floating” to describe how 
density can be used to predict if an object will sink or float in any liquid?

8. What was the density of your six plastics?

Type 1. PETE 2. HDPE 3. PVC 4. LDPE 5. PP 6. PS

Density  
(g/mL)
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2
Report Sheets

9. Write a step-by-step description of how you measured the density of each plastic. Provide 
enough detail that someone could repeat your exact procedure by reading the description.

10. Write a step-by-step procedure for separating the six types of plastics. Provide enough detail 
that someone could repeat your exact procedure by reading the description.
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