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Experiment 1B   FV 8/15/02 
 

DETERMINING THE THICKNESS OF ZINC ON A GALVANIZED WASHER 
 
 
MATERIALS: 3 galvanized washers, ruler, 3 M hydrochloric acid, and a small beaker. 
 
PURPOSE:  The purpose of this experiment is to determine how many millimeters of zinc, and layers of zinc atoms, 

 are present on a galvanized steel washer.  This lab is designed to introduce the student to the nature of 
 physical measurements and the importance of accuracy, precision, significant figures, and proper units. 

 
LEARNING OBJECTIVES: By the end of this experiment, the student should be able to demonstrate these 

proficiencies: 
 
 1. Identify and use the following equipment:  analytical balance, ruler. 
 2. Organize data into a table. 
 3. Describe the differences between the precision of the analytical and top-loading balances. 
 4. Describe the relationship between experimental measurements, precision and significant figures. 
 5. Apply the rules for significant figures. 
 6. Use dimensional analysis for problem solving. 
 7. Calculate percent error. 
 
PROCEDURE: 
 
Caution:  No flames are permitted in the laboratory during this experiment. 
 
1.  Obtain 3 galvanized washers.  Measure and record (in tabular form on the next page) the dimensions of each washer.  

Find and record the mass of each washer using the analytical balance.  Record a physical description of each washer.  
Be sure you have a way to tell which washer has which mass as you proceed with the experiment.  Have your 
instructor check your data before proceeding. 

 
2.  Place 10 mL of 3 M hydrochloric acid in a small beaker.  Place one washer in the acid and let it react for 5 minutes (until 

the vigorous effervescence stops).  Continually swirl the beaker during the reaction.  Using forceps, carefully remove 
the washer, rinse with dis tilled water, and dry.  Record the new mass of the washer in your table. 

 
3.  Dispose of the reaction mixture by pouring down the drain. 
 
4.  Repeat Steps 2 and 3 with your other washers. 
 
5.  Dispose of your washers in the beaker labeled waste washers. 
 
 
 
 
Very useful information from the Pre-Lab: 
 
Density of zinc: ________________  Atomic radius of a zinc atom: ____________ 
 
Equation for the area of circle:  ________________   Equation for the circumference of a circle:  ______________
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Name _______________________________________   Section ______________________ 
 
Partner ______________________________________   Date _________________________ 
 

DATA SECTION 
Experiment 1B 

 
Measure and record (in tabular form) the dimensions and mass of each washer. Record a physical description of each 
washer. Have your instructor check your data before proceeding.  Use the correct number of significant figures for each 
instrument.  Use units for each measurement.  Label each row and column of data appropriately. 
 

Instructor’s initials:  ____________ 
 
  

 

 

 

 

 

 

 

 

 

 

 

In the space below, construct a table that contains the results of your calculations from page E1B-3.  Use the correct 
number of significant figures and units for each entry.  Label each row and column of data appropriately. 
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 DATA TREATMENT 

Experiment 1B 
 
1.  Using the experimental measurements for your first washer, calculate: 
 
 (a) the total surface area in square millimeters. 
 
 
 
 
 
 
 
 
 (b) the volume of the zinc coating in cubic millimeters. 
 
 
 
 
 
 
 
 
 (c) the thickness of the zinc coating in millimeters. 
 
 
 
 
 
 
 
 

 (d) the thickness of the zinc coating in layers of atoms – assume the zinc atoms 
 are arranged one on top of the other as shown to the right. 

 

 

 

 (e) the actual number of layers in the zinc coating – Zinc atoms are actually 
 arranged in a lattice called “hexagonal closest packed” (like oranges stacked 
 at the grocery store).  To correct for this more compact arrangement, simply   
 multiply your answer from part (d) by 1.25. 

 
 
 
 
 
2.  Repeat the calculations in Question 1 for your other two washers and summarize the results for all three washers in a 

table on the bottom of page E1B-2. 
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QUESTIONS 
Experiment 1B 

 
 
1.  Would these mistakes cause the calculated thickness of the zinc coating to be higher, lower, or the same as the actual 

thickness? Briefly explain. 
 
(a) You used 20 mL of 3 M hydrochloric acid instead of 10 mL. 
 
 

 
 
 
(b) You removed the washer from the hydrochloric acid after 1 minute. 

 
 
 
 
 

(c) You left the washer in the hydrochloric acid for 30 minutes. 
 
 
 
 
 

(d) You used 0.3 M hydrochloric acid instead of 3 M. 
 
 
 
 
 
(e) You did not completely dry your washer before taking its mass. 

 
 
 
 
2.  The zinc coating is applied to iron or steel objects by electroplating.  In this process the item to be galvanized is 

suspended from an electrode in a container of zinc chloride.  An electric current is passed through the system, causing 
zinc atoms to bond to the surface of the object.  The longer the electricity is applied, the thicker the zinc coating. 

 
The electroplating process used by a local company is designed to galvanize 200 washers per batch with each 
washer having an average of 0.35 g of zinc coating.  If it uses an electrical current of 175 amperes, how many hours 
will it take to produce 250,000 washers? 
 
Useful information: 

 1 ampere current = 1 coulomb charge/second 
 1 mol electrons = 96,500 coulombs of charge 

2 mol electrons = 1 mol Zn 
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3.  With digital instruments it is understood that an uncertainty of at least one unit exists in the last digit of the measured 
quantity. 

 
 (a) Calculate your percent error in the mass of the zinc layer if the measurement is 0.0001 g too high. 
 
 
 
 
 
 
 
 
 
 
 (b) If you had used the top-loading balance (which measures to ± 0.01 g), would the percent error be larger, smaller,  
 or the same? Explain your reasoning. 
 
 
 
 
 
 
 
 
4.  A 10.0 lb sacrificial zinc anode is attached to a ship's hull.  The role of this anode is to protect the steel hull of the ship 

from corrosion by undergoing the following reaction:  Zn (s) → Zn2+ (aq) + 2e–.  As this reaction proceeds, the anode 
is gradually consumed.   

 
(a) Calculate the number of atoms of zinc in the anode.   
 
 
 
 
 
 
 
 
 
 
 
(b)  The manufacturer's brochure states that this anode will last at least 456 days.  From this information, 

 calculate how many reactions must occur each minute for the anode to be consumed in 456 days. 
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Name ____________________________________    Section ______________________ 
 
    Date ________________________ 
 

PRE-LAB QUESTIONS 
Experiment 1B 

 
Complete these questions prior to attending lab.  They will be collected before you can start the experiment. 
 
1.  What does the term "galvanized" mean?  Why would galvanizing a steel washer be useful? 
 
 
 
 
 
2.  In the laboratory you will remove the zinc from the galvanized washer by reacting it with hydrochloric acid to form 
hydrogen gas and zinc chloride in solution.  Write a balanced chemical equation for the reaction.  Indicate the physical 
state of each reactant and product, using the abbreviations: (aq) for aqueous solution, (s) for solid, (l) for liquid, and (g) 
for gas. 
 
 
 
3.  The safety caution in the procedure section states no flames are allowed in the laboratory during this experiment. 
Which reactants and/or products warrant this precaution?  Briefly explain. 
 
 
 
 
4.  In addition to your laboratory measurements, you will need to know the density of zinc and atomic radius of a zinc 
atom.  Find this information about zinc in a chemistry handbook or a Website. Record the density and atomic radius below 
AND on page E1B-1 of this lab.   Cite the sources of this information by listing the author or editor, book title, publisher, 
city of publication, publication date, and page number, for references in print, or the URL and date accessed, for those on 
the Web.   
 
Density of zinc: _________________  Atomic radius of a zinc atom: __________________ 
 
Citation: 
 
 
5.  What are the equations for calculating the area of circle and the circumference of a circle?  Record these equations 
below AND on page E1B-1 of this lab. 
 
 
 
 
 
6.  You will be using a ruler to measure the dimensions of your washers. 
When reading any analog scale you should estimate one additional decimal  
place than is marked on the scale.  Keeping this in mind, what is the length of 
this paper clip in centimeters?  How many significant figures are in your answer? 
 Circle the “uncertain” digit. 
 
Length _______________________ # of Sig Figs _______ 
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CHEMISTRY LABORATORY SAFETY AGREEMENT 
 
 Before working in the chemistry laboratory, read carefully the safety precautions and techniques for handling 
chemicals described in http://www.chemistry.usna.edu/manual/safety.pdf.  Give this agreement, signed and dated, to your 
laboratory instructor on the first day of lab. 
 
 When you are in the laboratory, THINK about what you are doing at all times. 
1. Wear approved chemical splash goggles in the laboratory.  
 
2. Do not attempt any unauthorized experiments. 
 
3. Know the location and operation of safety equipment. 
 
4. Bring only necessary materials into lab.  Book bags, jackets, etc., are to be left in the hall. 
 
5. Never work alone in the laboratory. 
 
6. Never eat or drink in the laboratory 
 
7. Use the fume hood when necessary. 
 
8. Keep your work area uncluttered. 
 
9. Use only equipment that is in good condition. 
 
10. Dispose of waste and excess materials according to your laboratory instructor's directions. 
 
11. No horseplay in the laboratory 
 
12. Don’t sit or lean on laboratory work surfaces. 
 
13. Handle chemicals with caution. 
 (a) Read labels carefully. 
 (b) Use only the amount required. 
 (c) Leave reagent containers in their proper places. 
 (d) Clean up all spills immediately. 
 (e) Label all chemical containers. 
 
14. Thoroughly wash your hands any time you leave the laboratory. 
 
15. Immediately report all accidents and physical/chemical injuries, no matter how minor, to your laboratory 

instructor.  Be ready to take immediate action as needed to assist any injured classmate. 
 
16.   Don’t leave the laboratory without your instructor’s approval. 
 
 I have carefully read all the safety precautions on the pages at the website above and recognize that it is my 
responsibility to observe them throughout my chemistry course. 
 
Name __________________________________ Signature ____________________________ 
 
Course _________________________________    Section ______________________________ 
 
Instructor _______________________________   Date ________________________________ 

http://www.chemistry.usna.edu/manual/safety.pdf

