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NOTES TO STUDENTS 
 

Welcome to CHM 103 General Chemistry II Laboratory.  You will be building on 
concepts uncovered in General Chemistry I using the approach encountered in CHM 
101 at Prince George’s Community College.  Many of these activities are designed to 
introduce concepts before they are covered in lecture/discussion and so they may 
not be graded.  However, it is important that you do all parts of each activity to 
get the full benefit. 
 
The course covers measurement and its error, spectrophotometry and its use as an 
analytical tool, and electrochemical measurements .  Many of the methods involve 
non-visible means of tracking chemical reactions.  We also venture into looking at 
molecular structure and IR spectroscopy as a tool for identifying functional groups 
and use later in organic chemistry. 
 
The Physical Science Department provides numerous resources, such as guides to 
using ChemSketch, Chime, the TI-graphing calculator, Excel, and PowerPoint plus 
links to freeware to assist you in understanding topics and skills that are part of 
this course.  We recommend the following web sites: 
 
Physical Science Department homepage 
 http://academic.pgcc.edu/psc  and click on “Resources for Students”  
 
Dr. Scott Sinex’s CHM 103 page 
 http://academic.pgcc.edu/~ssinex/chm103.html 
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 LABORATORY PROTOCOL AND SAFETY 
 
The chemistry laboratory is probably safer than your own kitchen.  We have a number of 
requirements for you to follow while in the laboratory. 
 
1. Safety glasses must be worn over the eyes at all times (available in laboratory).  
 
2. Closed-toed shoes must be worn on your feet at all times (NO sandals or open-toed 

shoes). 
 
3. Your presence at the beginning of each laboratory is mandatory.  Lateness will not 

be tolerated and as a result you may be blocked from the laboratory with loss of points. 
 
4. NO food (including gum and candy) or drinks are allowed in the laboratory. 
 
5. You are responsible for reading the instructions for each activity BEFORE coming to the 

laboratory. 
 
6. We strongly suggest protective clothing be worn (lab coat or apron). 
 
7. Any common equipment must be cleaned and placed back where found. 
 
8. Your laboratory station must be left clean when you are finished working. 
 
9. Failure to abide by the safety requirements and rules may result in your removal from the 

laboratory with loss of points.  
 
Here are some general safety rules to follow when handling chemicals, more specific instructions 
are typically given in each activity and will be reviewed by the instructor at the beginning of 
each laboratory period. 
 
1. All solid waste is to be placed in the trash cans or appropriate labeled containers. 
 
2. Liquid waste will be placed in labeled containers in the front of the laboratory unless 

otherwise instructed. 
 
3. All broken glassware is to be placed in the glass disposal container. 
 
4. Long hair must be tied back to avoid accidents with open flames and chemicals. 
 
5. Open flames (Bunsen burners) must NOT be left unattended.  Be sure gas valve is shut-

off when you are finished using. 
 
6. Flammable liquids must never be heated over open flames. 
 
7. If you get any chemical on your skin, IMMEDIATELY start to rinse the chemical off 
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with cold water, then inform your instructor. 
 
8. In the event of a chemical spill or thermometer breakage, IMMEDIATELY inform your 

instructor. 
 
9. Know where the exits from the laboratory are located. 
 

Location of exits:                    ______________________          
 
10. The laboratory is equipped with the following items listed in the table.  You should know 

their purpose or function and their location in the laboratory. 
 

 
ITEM 

 
PURPOSE/FUNCTION 

 
LOCATION 

 
fire extinguisher 

 
chemical/paper/wood fires 

 
 

 
fire blanket 

 
smother fire on burning 
human or small surface 

 
 

 
safety shower 

 
burning human or large 
chemical spill 

 
 

 
eye wash 

 
rinse chemical from eye 

 
 

 
first aid kit 

 
cuts/burns 

 
 

 
flume hoods 

 
use with toxic or noxious 
chemicals 

 
 

 
sodium hydrogen 
carbonate 
(powder and solution) 

 
for acid or base burns on 
skin 

 
 

 
11. Avoid taking excess amounts of chemicals as it is wasteful.  Any excess chemicals 
 removed from containers must never be placed back in the containers (avoids 
 contamination).  Share the excess with another student or place in appropriate waste 
 container. 

 
12. Never heat glassware that contains a crack. 
 
13. Be extremely careful when handling hot glassware and apparatus (ring stands and 

burners).  Use appropriate heat handling equipment. 
 
In the event of any laboratory accident (cut, burn, splash, spill, or fire) your instructor is the first 
person to inform.  Your instructor will assess the need for any further actions. 
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Using Excel for Graphing Data 
 
Whether producing a graph using technology or by hand, it should contain the following: 

1. axes with consistent 
scales and variables (with 
units) labeled; 

 
2. data points plotted with a 

symbol; 
 
3. title (written as Y vs X); 
 
4. appropriate line or curve 

drawn through data; 
 
5. graph should fill the page, 

especially hand-drawn 
graphs. 

 
For any graph in Excel, use a XY scatter plot that shows the data points.  The scatter plot is the 
only option where the x-axis is plotted as a scaled variable. 
 

 
Chart sub-types: 
 
 
Scatter plot showing only data points 
 
 
Points connected using smoothing, 
(which uses a cubic spline) 
 
Points connected using lines (seldom 
applicable for scientific data) 
 
 
 
 
 
 
 
 

 
 
 
 

Ionic Conductance as a function of Temperature
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The scatter plot using smoothing is very useful for absorption spectra. 

Absorption Spectrum
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For calibration curves, the regression should include the origin and the line should go through the 
origin (0,0). 

 
 
To add a regression line to a plot: 
From the Chart menu, select Add Trendline ; for 
Type, select a linear regression and then from 
Options select Set intercept = 0, Display 
equation on chart, and Display R-squared 
value on chart. 
 
The Forecast feature will extend (extrapolate) the 
line pass the data limits. 
 
 
For complete instructions for using Excel see 
http://academic.pgcc.edu/psc/Excel_guide.pdf. 

Calibration Curve
A = mc
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Name_______________________________ Section______________ 
 
Partner(s) _______NONE______________ Date________________ 
 

USE OF THE ANALYTICAL BALANCE 
 

PRE-LAB QUERIES 
 
1. What is mass?  How is it determined? 
 
 
 
 
2. How are mass and volume of a substance related? 
 
 
 
 
 

OBJECT 
 
This activity introduces you to the use of the analytical balance, an instrument that allows you to 
determine the mass of objects to 0.0001g or 0.1 mg. 
 

PROCEDURE 
 
A. Determination of the mass of two objects (crucible and cover) individually and 

together  
 
 1. Mass each object individually three separate times on one analytical balance.  

Record the masses in the data table. 
 

2. Mass both objects together three separate times on the same balance. Record the 
masses in the data table. 

 
 3. Calculate the sum of the masses of the two objects and record the result in the  
  results table 
 

Compare the results of the sum of the two objects to the mass of them together; they 
should agree to within 0.3 mg.  The replicate mass determinations of any object should 
also agree within this limit.  One means to check this replication is by calculating the 
range, which is the difference between the high and low values.  The range should be no 
larger than 0.3 mg.  Repeat the massings two more times if needed to replicate the mass 
within the prescribed limit. 
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B. Determination of the volume of a drop. 
 
 1. Mass a 10 mL beaker. 
 
 2. Place water in a clean buret making sure there is no air in the tip.  Record the 

initial volume of the water in the data table.  Deliver exactly 50 drops of water 
from the buret into the pre-massed beaker.  Record the final volume of the water 
in the buret. 

 
3. Mass the beaker with the water. 

 
4. Measure the temperature of the water. 

 
 5. Calculate the mass and volume of one drop of water and record the values in the 

results table. 
 

6. You can calculate the volume of a drop in another way using the specific volume 
 (Vs) (the volume occupied by one gram of water corrected for buoyancy of air) 
 Using the mass of a drop of water and table below, calculate the volume of a drop 
 of water using the following formula: 

 
    Vdrop (mL)     =     Mdrop (g)      x      Vs (mL/g) 
 
 

Temperature 
(oC) 

Specific Volume 
(mL/g) 

20 1.0028 

21 1.0030 

22 1.0032 

23 1.0034 

24 1.0036 

25 1.0038 

26 1.0041 

27 1.0043 

28 1.0046 

29 1.0048 

30 1.0051 
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C. Mass of a fingerprint 
 
 1. Clean a watch glass with a kimwipe or microwipe. 
 
 2. Using a piece of paper or tongs, mass the watch glass. 
 
 3. Now touch the watch glass with your finger ten to twenty times, each time 

touching a clean part of the watch glass.  Be sure to record the number of times 
you touch the glass. 

 
 4. Remass the watch glass after fingerprinting. 
 
 5. Calculate the mass of your fingerprint. 
 
 
D. Determining balance accuracy using a standard mass 
 

1. Obtain an object of standard mass from your instructor.  DO NOT TOUCH the 
mass with your fingers because substances in your finger oils may react with the 
object and modify its mass!  Mass it three times on the analytical balance and 
record  the masses in the appropriate data table. 

 
2. Calculate the percentage error in your average mass using the formula below. 

 

  
experimental mass (average)  -  theoretical mass

% error  =   x 100
theoretical mass

 

 
  The theoretical mass is the mass of the standard.  For this lab, if the object is  
  marked with a “10”, the mass is 10.0000 g. 
 
 
 



Further Explorations of the Chemical World                                          Prince George’s Community College 8 

DATA AND RESULTS 
                                          
A. Determination of the mass of two objects (crucible and cover) individually and together  

DATA  RESULTS 

Trial Object 1 

_______ 

Object 2 

________ 

Objects 1 and 2 
Massed 
Together 

 Sum of Object 1 
and Object 2  

Difference (mass 
sum - mass 
together) 

1       

2       

3       

4       

5       

RESULTS 

Average       

Range       

    
B. Determination of the volume of a drop. 

DATA 
Mass of 10 mL beaker 
 

 

Mass of 10 mL beaker and water 
 

 

Volume reading on buret before dispensing water  

Volume reading on buret after dispensing water  

Number of drops 
 

 

Temperature of water 
 

 

RESULTS 
Mass of water 
 

 

Volume of water 
 

 

Mass of 1 drop 
 

 

 Volume of 1 drop (from buret readings) 
 

 

Volume of drop (from Vs calculation) 
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How do the results for the volume of a drop compare for the two methods used? 
 
 
 
 
 
 

C. Mass of a fingerprint 
 

DATA 
Mass of watch glass 
 

 

Mass of watch glass and fingerprints 
 

 

Number of fingerprints 
 

 

RESULTS 
Mass of fingerprints 
 

 

Mass of 1 fingerprint 
 

 

 
 Do your fingerprints contribute mass when determining the mass of an object to the 
 nearest 0.1 mg?  Explain. 
 
 
 
 
 
D. Determining balance accuracy using a standard mass 
  

DATA 
Mass of standard - trial 1 
 

 

Mass of standard - trial 2 
 

 

Mass of standard - trial 3 
 

 

RESULTS 
Average mass 
 

 

% error 
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CONCLUSIONS 
 
How do your results from the volume of a drop and single fingerprint mass (parts B and C) 
compare to three other students in the laboratory?  Make sure you can support your statements! 
 
 
 
 
 
 
 
 
 
 
 
The percentage error allows you to access the accuracy or closeness to true value.  It assumes 
we have a standard with a known mass.   How does your balance error compare to three other 
students? 
 
 
 
 
 
 
 

POST-LABORATORY QUESTIONS 
 
1. Explain the difference between data and results. 
 
 
 
 
 
 
2. The percent error can be positive or negative.  Explain what the sign of the error tells you 

about the error. 
 
 
 
 
 
 
 
3. Why is it important not to touch the standard mass? 
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Name_______________________________ Section_____________ 
 
Partner(s)____________________________ Date_______________ 
 

MEASUREMENT VARIATION 
 

OBJECT 
 

This activity focuses on the variability in measurements of a property and explores methods of 
expressing the variation.  Let's explore! 
 

PROCEDURE 
 

1. Measure the height of five students in the laboratory.  Use the heights of the four students 
in your group and the height of one member of another group.  Record the data in the 
table below. 

 
2. Have the same five students, independent of each other, measure the height of an object 

designated by the instructor.  Record these data in the table below. 
 
3. Calculate the average (mean) and range (high value - low value) for both sets of 

measurements. 
 

Student Student's Height Object's Height 

1   

2   

3   

4   

5   

AVERAGE   

RANGE   

 
4.  Consider the two sets of data above.  Describe and explain as many differences as you 

 can between the two sets of measurements. 
 
 
  
 
 What information does the range provide for each set?  
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We want to investigate the variability that comes from making multiple measurements of an 
object.  For the purposes of this lab, we will simulate that variability by taking five similar 
samples of the same object and assume that the measurements are repeat measures of the same 
item. 
  
5. Obtain three sets of washers, making sure that one set is labeled with an A, one with a B, 

and the last set with a C.  Measure the diameter of the five washers in each set with a 
RULER.  Record the data in the table below.  Calculate the average and range for each 
set. 

 

Measurement Set A Set B Set C 

1    

2    

3    

4    

5    

AVERAGE    

RANGE    

 
6. Describe and explain any differences between the sets. 
 
 
 
 
 
 
 
7. Graph the results above on a scatter plot with the set as the independent variable.  See 

http://academic.pgcc.edu/~ssinex/scatter_plot.xls for information on how to set up the graph. 
 
Do the results provide any additional information about the three sets? 
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8. Calculate the deviation for each measurement (trial) in each set.   
   Deviation = trial - average  
 

Calculate the sum of the deviations (Σdeviations) and the average of the deviations for 
each set.  

   Σdeviations  = dev1 + dev2 + dev3 + …+ devn 

 

  average of deviations = 
number of samples

deviationsΣ
 

     

Measurement Set A  Set B Set C 

1    

2    

3    

4    

5    

Σdeviations    

AVERAGE    

 
 Is there a difference between a positive and negative deviation?  Explain. 
 
 
 
 
 
 Remember that we are interested in how well we can reproduce a measurement (that is, 

how confident we are of the value).  Does the average of the deviations tell you anything 
about the precision of the individual measurements? Explain. 
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9. As you can tell, the Σdeviations and average of deviations will be zero or close to zero if 
you include the sign of the deviation in the calculations.  This does not give you any 
meaningful information about the precision of the measurements.  How can we get more 
valuable information from the individual deviations? 

 
 
 
  
 
 
 Removing the sign of the deviation and looking at the magnitude of the deviation without 

the direction will better represent the amount of deviation.  We can accomplish this by 
taking the absolute value of each of the deviations; however, statisticians approach the 
problem by squaring the deviations.   

 
 Square each of the deviations for the three sets to calculate the (deviation)2.  Record the 

values in the table below.  Calculate the sum of the squared deviations for each set, 
Σ(deviation)2. 

 

Measurement Set A Set B Set C 

1    

2    

3    

4    

5    

Σ(deviation)2    

 
 
 How does the Σ(deviation)2 compare to the Σdeviations? 
 
 
 
 
10. A useful statistic is the standard deviation, σ: 
 

     

2( )
 = 

n-1

deviation
σ

∑
 

        
 where n is the number of trials. 
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 Calculate the standard deviation for each of the three sets. 
   

 Set A Set B Set C 

σ    

 
 Which set has the largest standard deviation?  Why? 
 
 
 
 
 Which set has the smallest σ? 
 
 
 
11. Suppose you made a repeated measurement of an object that is 2255 cm long and 

determine that your standard deviation is 5.2 cm.  Someone else making measurements of 
another object that is 543 cm has a σ = 2.2 cm.  Is it fair to say that the second person’s 
measurements are more precise than the first person’s since the σ is smaller?  

 
 
 
 A comparison of the standard deviation is only fair if the sets have approximately the 

same mean.  To remove this problem we can normalize the standard deviation to the 
mean.  This new parameter is called the coefficient of variation (CV) (with an older 
name of relative standard deviation (RSD).  We often use the percent coefficient of 
variation expressed by the equation below: 

 

% CV =  x 100
mean (or average)

σ
% 

 
 The % CV tells you something about the measurement precision or how reproducible a 
 measurement is. 
 

Calculate the % CV for each set.  Use the average from question 5. 
 

 Set A Set B Set C 

%CV    

 
 
 
 Which set has the smallest % CV?  Is it the one with the smallest σ? 
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12.  Now, let’s explore what happens to the deviations when we use a device that 
 provides more information about a length. 

 
Repeat the measurement of diameter for set A with a pair of calipers.  Ask the 
instructor for assistance if you have not used calipers before. Calculate the 
deviations, σ, and % CV. 

 
 

Trial Diameter deviation deviation 
squared 

 

1    

2    

3    

4    

5    

 
 
σ = _______ 
 
 
%CV= ______ 

AVERAGE   Σ=  

 
 How do the σ and % CV for the caliper measurements compare to values for the ruler 

measurements?  What does this tell you about precision using the different devices? 
 
 
 
 
 
 
 
 
13. In the pharmaceutical industry, multiple measurement of a chemical parameter, such as 

%CaCO3 in an antacid tablet, is often performed.  Is variation expected?  Is variation 
desirable or not?  Explain. 

 
 
 
 

If large variations occur, what are possible causes? 
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Name ___________________________ Section  ____________________ 
 
Partner(s) ________________________ Date _______________________ 
 

SAMPLING VARIATION 
 

Object 
 

The object of this activity is to determine the variation and causes of variation that are introduced 
during sampling from a large mixture. 
 

Pre-Lab Queries 
 

In the previous lab you investigated variations in repetitive measurements of discrete objects.  
Often, scientists are required to sample from mixtures where the sampling might impact the 
results.  To start an investigation of sampling variation, answer the following questions. 
 
Do you always get the same number of raisins in a scoop of Raisin Bran® cereal or the same 
number of pretzels in a handful of party mix?  Explain. 
 
 
 
 
 
Is obtaining a representative sample from a heterogeneous mixture different from or the same as 
obtaining a similar sample from a homogeneous mixture?  Explain. 
 
 
 
 
 
 

Procedure 
 

You will work in pairs or individually for this activity. 
 
In the previous activity, Measurement Variation, you learned how to examine variation by 
determining deviations, standard deviation (σ), and percent coefficient of variation (%CV).  We 
can apply the same statistics to determine how the actual sample and sampling technique 
contribute to variation.  Using the statistics, we can also consider means of minimizing sample 
variation. 
 
Sand and gravel are the state of Maryland’s most valuable mineral resources.  These materials 
involve big money for Prince George’s County and other regions of southern Maryland.  Gravel 
is defined as any sedimentary material with a particle size greater than 2 mm.  The category of 
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sand encompasses particles from 0.63 to 2 mm.   Examine the sand and gravel mixture available 
in the laboratory but do not disturb the mixture.   
 
Your task in this activity is to determine the % by mass of sand in the sand and gravel mixture. 
 
   % sand   =   mass of sand        x     100 
                                                        mass of sample     
 
Considering the laboratory mixture, is sampling the mixture going to present difficulties?  
Explain. 
 
 
 
 
 
What problems do you anticipate in obtaining accurate data to complete your task? 
 
 
 
 
 
By the way, your task requires you to make this analysis with great precision.  Will you rely on a 
single sample?  Explain. 
 
 
 
1. Using the small scoop, obtain a sample of the sand/gravel mixture.  Be sure you do not 

stir or significantly disturb the total mixture.  Determine the mass of the mixture and 
record the data in the table provided.  Use the balances in the lab (mass to nearest 0.01 g), 
not the analytical balances. 

 
2. Separate the mixture using a sieve and mass the sand, recording the value. 
 
3. Calculate the % sand in the mixture. 
 
4. Repeat the sampling and separating with 4 additional samples. 
 
5. Repeat steps 1-4 using the large scoop rather than the small scoop. 
 
6. When you have completed all analyses, calculate the following statistics for your five 

percentages using the small scoop and the 5 using the large scoop.  Record in the 
appropriate table. 
a. average (mean) 
b. standard deviation (σ) 
c. % CV 
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 Using your TI-83 graphing calculator, enter your % sand results into L1 (small scoop) and 
 L2 (large scoop).  Use [STAT] and 1-Var Stats to get the mean and sample standard 
 deviation, Sx. 
 
7. Enter the % sand results for your group in the Excel spreadsheet.  Give your group a code 

name or use your initials to identify your group.  Proofread the values entered! 
 
8. Once the entire class has entered the percentages, the instructor will post the Excel file 

with the class data at a web address that will be written on the board.  Write the address 
on the line below before leaving class. 

 
 _________________________________________________________________ 
 
 You will find that the posted file has the mean, standard deviation, and % CV calculated 
 for each group and for the class as a whole.  Use this information to answer the questions 
 that follow.  Check your group results! 
 
 

Variation Analysis 
 
For the Group Results (n=5) 
 
1. In getting a scoop of sample, the mass of the sample collected varied.  Does this influence 

the results? 
 
 
 
 
 Would making sure that the scoop contents were level influence the results?  Explain 
 
 
 
 
 
 
2. Is there variation in the % CV among the different groups in the class using the small 

scoop?  Explain. 
 
 
 
 What does this tell you about the sampling techniques for each group? 
 
 
 
 
 Do you find the same variation in the group results for the large scoop?  Explain. 
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3. Which group had the largest % CV and which had the smallest % CV? 
 
 
 
 
 
 
 
 Did the same groups have the largest and smallest values for the large scoop?  What does 
 this imply about the sampling technique of the group members? 
 
 
 
 
 
For the Pooled Results of the Class 
 
4. What is the number of trials of this pool? n = ______________ 
 
5. How does the class % CV for the small scoop compare to the % CV for the large scoop? 
 
 
 
 
  
 Is this what you would have anticipated for the % CV values?  Explain why or why not. 
 
 
 
 
 
 
 
 
 
6. Discuss the factors that might lead to large group % CV values. 
 
 
 
 
 
 
 
7. Does increasing the number of trials influence the precision of the analysis?  Explain. 
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8. Suggest ways in which the precision of the results could be reduced for: a) each group; 
 and, (b) for the class. 
 
 
 
 
 
 
 
 
 
 
9. What is the cause(s) of the variation in this activity?  Explain.
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Small Scoop Data and Results 
 

Trial Mass of 
container 

Mass of 
container and 

mixture 

Mass of  
container 

Mass of 
container and 

sand 

% sand 

1 
 

     

2 
 

     

3 
 

     

4 
 

     

5 
 

     

 
 

Mean  
 

Standard deviation  
 

% CV  
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Large Scoop Data and Results 
 

Trial Mass of 
container 

Mass of 
container and 
mixture 

Mass of  
container 

Mass of 
container and 
sand 

% sand 

1 
 

     

2 
 

     

3 
 

     

4 
 

     

5 
 

     

 
 

Mean  
 

Standard deviation  
 

% CV  
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Name                                                            Section                                       _ 
 
Partner(s)              NONE                             Date _____________________ 
 

THE ACCURACY AND PRECISION OF VOLUME MEASURING 
DEVICES 

 
 PRE-LAB QUERIES 
 
1. Here are the masses of five paper clips:  5.123g; 5.117g; 5.124g; 5.120g; and 5.126g.  

Suppose you were asked, “What is the mass of a paper clip?”  What is an appropriate 
statistical response?  Include information on variation. 

 
 
 
 
 
 
 
2. In the Use of the Analytical Balance activity you determined the volume of a drop of 

water by two different measurements methods.  Three quantities were determined:  mass 
of water; volume of water; and number of drops.  Rank the three quantities in order of 
least to greatest error in their measurement and explain your ranking. 

 
 
 
 
 
 
 OBJECT 
 
This activity explores the statistical variation in multiple measurements of volume and compares 
different volume measuring devices.  The volume delivered by each device will be massed on the 
analytical balance. 
 
 PROCEDURE 
 
All masses in this activity should be recorded to the nearest 0.1 mg. 
 
1. Obtain and clean a buret, 10-mL pipet, and 25 mL graduated cylinder.   
 
2. Label and pre-mass three plastic jars with lids.  Be sure one jar is labeled with an “A”, 

one with a “B”, and one with a “C”. 
 
3. Measure exactly 10 mL of water into jar A from the buret.  Be sure to use the buret 

correctly.  Mass the jar with the lid on to avoid evaporative loss of water.  Repeat this 
procedure four more times adding the water to the same jar and obtain the mass after each 
additional of water.  Record the masses (to the nearest 0.1 mg) in the table below.  
Record the temperature of the water to the nearest 0.1oC  
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4. Repeat step 3 with jar  “B” dispensing the water from a pipet. 
 
5. Repeat step 3 using jar “C” and dispensing the water from the graduated cylinder. 
 
 
 
 DATA 
 
 Twater = ________ 
 

Trial Volume 
of water 

(mL) 

Mass (g) 

Jar A 
(buret) 

Mass (g) 

Jar B 
(pipet) 

Mass (g) 

Jar C  
(grad. cyl.) 

--- 0    

1 10    

2 20    

3 30    

4 40    

5 50    
 
 
 RESULTS 
 
1. For each volume measuring device, calculate the mass of water for each 10 mL increment 

added in the five trials for each measuring device.  Use the graphing calculator or 
spreadsheet program to compute the mean and standard deviation. Calculate the percent 
coefficient of variation (% CV).  Record your values in the results table. 

 
 
2. Using the density of water at the temperature recorded (available in the CRC Handbook 

of Chemistry and Physics) or the specific volume of water from the activity “Use of the 
Analytical Balance”, calculate the mass of 10.00 mL of water.  This will be the standard 
mass.  Determine the percent error for each device using the formula below and record 
the results in the results table: 

 
   %error   =   mean mass for device - standard mass  x 100 
      standard mass 
 
Attach your calculations for standard mass and % error on separate sheets! 
  
 
 
  

RESULTS TABLE 
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Trial Mass of Water (g) 

Buret 
Mass of Water (g) 

Pipet 
Mass of Water (g) 

Graduated Cylinder 
1 
 

   

2 
 

   

3 
 

   

4 
 

   

5 
 

   

    
Mean 

 
   

σσ  
 

   

% CV 
 

   

% Error 
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CONCLUSIONS 
 
1. Are there significant differences in the means of the three volume measuring devices?  

Explain using your data. 
 
 
 
 
 
 
 
 
 

What might account for these variations? 
 
 
 
 
 
 
 
2. The percent coefficient of variation allows you to compare the amount of variability in 

the multiple measurements among several devices.  This gives you an idea of the 
precision of each device since precision is the reproducibility of a measurement.  Based 
on your data, rank the three volume measuring devices from most to least precise and 
justify your rank. 
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3. The calculation of % error provides you with information on the accuracy of each 
device.  The accuracy is how close a measurement is to the true value.  Based on your 
data, which device is most accurate? least accurate?  Explain with justification. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Does the ability or lack of ability to use each device influence the error in any way?  

Explain. 
 
 
 
 
 
 
 
 
 



 

Further Explorations in the Chemical World                                     Prince George’s Community College  30 

Scatter Plot

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

A B C
Device or analyst

M
ea

su
re

d 
Pa

ra
m

et
er

 POST-LAB QUESTIONS 
 
1. A scatter plot of the masses for each volume measuring device is a method of 

determining any bias in the devices and their accuracy and precision.  On graph paper, 
generate a scatter plot using the standard mass as your reference value.  Show the three 
volume measuring devices as outlined in the sketch below.  For each device, plot (in a 
line parallel to the mass axis) the five trials and the average.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Does the interpretation of this plot agree with your earlier conclusions? 
 
 
 
 
 
 
 
2. The buret and pipet are volumetric glassware designed “to deliver” (TD) a specified 

volume of liquid.  The graduate cylinder is designed “to contain” (TC) a specified 
volume.  Does this difference in design affect the results?  Explain why or why not. 

 
 
 
 
 
 
 

What type of volume measuring glassware is a volumetric flask?  Explain. 
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Name _________________________  Section_______________________ 
 
Partner(s)             NONE                       Date _________________________ 
 

ANALYSIS OF CALCIUM BY EDTA TITRATION TO ASSESS WATER 
HARDNESS 

 
PRE-LAB QUERIES 

 
1. What properties of a metal ion might be useful for the analysis of that ion? 
 
 
 
 
 
2. We often speak of water samples as being “hard” or “soft”.  What does this mean? 
 
 
 
 
 
 
 

OBJECT 
 
In this activity, you will perform a titrimetric analysis of Ca2+ in a standard solution and water 
samples using the complexometric reaction of EDTA with metal ions. 
 

INTRODUCTION 
 

One measure of water quality is “hardness” which is defined by the amount of Mg2+ and Ca2+ 

(and sometimes Fe3+) ions in a given amount of water.   The presence of calcium and magnesium 
ions poses no health hazard but water hardness is of particular concern because the reaction of 
these ions with “soap” (sodium salt of a large fatty acid) produces an insoluble product we know 
as “soap scum”.  This scum is abrasive and may weaken clothes fibers as they move against each 
other when worn.  It will also be deposited on hair and skin when soap is used as a cleaner in 
hard water.  Modern detergents do not produce the same degree of insoluble product and have 
effectively replaced soap for most products including hand cleansers, bars, shampoos, and 
laundry products. 
 
The most common source for Mg2+ and Ca2+ in water is carbonate compounds in Earth materials.  
As a result, hardness is often expressed as parts per million of CaCO3 (ppm) by mass.  A 
hardness of 100 ppm would be equivalent to 100 g of CaCO3 in 1 million grams of water (103 L) 
or 0.1 g in 1.0 L or 100 mg in 1.0 L. 
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Titration procedures provide relatively inexpensive means for the analysis of different 
substances.  These titrations are based on chemical reactions with completion points that can be 
monitored by some visible change in the reaction systems.  As you are aware, the most common 
system involves acids and bases with the use of an indicator that changes color as the system 
moves from an acidic to basic composition.  Calcium and magnesium ions can be measured 
through reaction with a chelating agent EDTA (ethylenediaminetetraacetic acid).  This molecule 
has four carboxylic acid (~COOH) group sites and two nitrogens, all of which have lone pairs of 
electrons.   The EDTA molecule can form a complex with as many as six sites on a particular 
cation like Ca2+.  These EDTA complexes are generally very stable are always in 1:1 
(metal:EDTA) molar ratios. 
 
 
 
 
  Structure of EDTA in acid form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
  Structure of EDTA        Structure of EDTA Complex  
 
In this activity you will be titrating Ca2+ in a standard Ca2+ solution or water samples with 
EDTA.  Both Ca2+ solutions and EDTA are colorless so an indicator is needed to signal the 
reaction completion.  The indicator of choice is Eriochrome Black T which forms a wine-red 
complex with Mg2+.  A very small amount Mg2+ will be bound to the indicator through most of 
the titration.  When all of the Ca2+ has reacted with EDTA, the Mg2+ in the indicator will react 
with the EDTA.  The indicator then returns to its acidic form which is a sky-blue and signals the 
end of the process. 
 
To maximize the EDTA-Ca (or Group IIA ion) complex formation and minimize formation of 
other metal complexes, the pH for the reaction system is set at 10 using an NH3-NH4

+ buffer.  
This keeps EDTA (H4Y) mostly in a half-neutralized form, H2Y

2-.  Below are the reactions that 
occur during the titration where H3In is the general formula for the Eriochrome Black T. 
 

CH2

CH2
N

N
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During titration: H2Y

2- (aq)   +   Ca2+ (aq) à CaY2- (aq) +    2 H+ (aq) 
   H2Y

2- (aq)   +   Mg2+ (aq) à MgY2- (aq) +    2 H+ (aq) 
 
At end point  H2Y

2- (aq)   + MgIn- (aq) à MgY2- (aq) +    HIn2- (aq)    +   H+ 
     Wine-red          sky-blue 
 
The indicator reaction has to occur after the free Ca2+ or any free Mg2+ react.  Why? 
 
 
What would happen if the indicator reaction occurred before this point? 
 
The equilibrium constant for the formation of Ca-EDTA has a larger value (~ x100) than for the 
production of Mg-EDTA.  Therefore, the Ca2+ is titrated first and then the Mg 2+ reacts. 
 
A small amount of magnesium ion will be added to the calcium solutions you use to generate the 
indicator changes.  This amount is so small that it does not impact the analysis of the calcium. 
 

PROCEDURE 
 
Standardization of EDTA 
 
1. Mass a sample of CaCO3 between 0.30 and 0.32 g to the nearest milligram.  Record the 

mass.  Quantitatively transfer the CaCO3 to a 250 mL beaker.  Add 25 mL of distilled 
water.  CAREFULLY and SLOWLY add 2 mL of 6 M HCl to the mixture in the beaker 
and mix.  If the solution remains cloudy, add another drop of HCl and mix.  Repeat if 
necessary until the solution is clear.   

 
Cover the beaker with a watch glass and heat the solution to boiling to remove CO2.  
When cool, carefully transfer the solution, using a funnel, to a 250 mL volumetric flask.  
Rinse the beaker several times with small portions of distilled water and transfer the rinse 
to the volumetric flask.  Rinse the funnel in the same manner several times.  Fill the 
volumetric flask with distilled water until the meniscus just rests on the mark on the flask 
neck.  Seal the flask and mix the contents by inverting 10-15 times and shaking over a 
period of several minutes. 
 

2. Obtain a ring stand with buret clamp and one buret.  Clean the buret with a small 
amount of EDTA solution and drain.  Fill the buret with EDTA.  

 
3. Pipet a 25 mL aliquot of Ca2+ solution into a 250 mL Erlenmeyer flask.  Add 5 mL 

of pH 10 buffer and 2 drops of Eriochrome Black T indicator.   Mix well.  What color 
should the solution be at this point? 

 
4. Titrate the sample in the flask with the EDTA, slowing additions as you near the 

endpoint.  Record the volume required to titrate the calcium sample.  Keep the 
first sample as a color reference. 

50

40

30

20

10

0
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5. Prepare a second 25 mL portion of Ca2+ solution and repeat the titration recording all 
data.  If the volumes of EDTA agree to within 0.4 mL, proceed to the next section.  If 
they do not agree, repeat the titration procedure until you have two sets of EDTA 
volumes that agree to within 0.4 mL. 

 
Determination of Water Hardness 
 
1. Pipet exactly 50.00 mL of a water sample provided into a 250 mL Erlenmeyer flask.  Add 

5 mL of pH 10 buffer and 2 drops of Eriochrome Black T indicator.  Mix well.  Titrate 
the sample with the same EDTA used in the previous section.  Record all volumes. 

 
2. Prepare and titrate 2 additional water samples recording the volume of EDTA used to just 

reach the end point. 
 
Calculations 
 
1. Determine the moles of CaCO3 (moles Ca2+) in the volume tric flask and each 25.00 mL 

aliquot titrated. 
 
2. Using the volume of EDTA required to react with Ca2+, calculate the molarity of EDTA and 

the average EDTA molarity.  Use the best two trials to determine the average. 
 
3. Using the volume and average molarity of EDTA required to titrate each water sample, 

determine the moles of Ca2+ in each sample.   
 

Use these results to compute the moles of Ca2+ per liter and grams of CaCO3 per liter. 
 
From the g CaCO3/L, determine the hardness in ppm (mg CaCO3/L of water). 
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DATA AND RESULTS 
 
 
Preparation of Ca2+ Solution 
 
Mass of CaCO3    _____________________________ 
 
Moles of CaCO3    _____________________________ 
 
Moles of Ca2+ in 25.00 mL aliquot _____________________________ 
 
 
Standardization of EDTA 
 

 Trial 1 Trial 2 Trial 3 
Initial buret reading 
 

   

Final buret reading 
 

   

Volume of EDTA 
 

   

Molarity of EDTA 
 

   

Average EDTA 
molarity 

  
 

 

 
Work:
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Water Hardness 
 
Unknown Code _____________________ 
 

 Trial 1 Trial 2 Trial 3 
Volume of water 
 

   

Initial buret reading 
 

   

Final buret reading 
 

   

Volume EDTA used 
 

   

Moles EDTA 
 

   

Moles Ca2+ in sample 
 

   

Moles Ca2+/ L 
 

   

Grams CaCO3 / L 
 

   

Hardness (ppm) 
 

   

Average hardness 
 

   

% CV 
 

   

 
Work: 
 
 
 
 
 
 
 

CONCLUSION 
 
How do your results compare with at least two other students?  Who has the best precision?  
Explain with justification. 
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POST-LAB QUESTIONS 
 

1. What is the geometry of the Ca2+ in its EDTA complex? 
 
 
 
 
2. The CaCO3 used to standardize the EDTA was a primary standard (very high purity).  How 

would the results for the molarity of EDTA be influenced if the CaCO3 was impure?  
Explain. 

 
 
 
 
 
3. Hardness is traditionally expressed in mg CaCO3/L of water.  Suppose that a water sample 

you analyzed contained mainly Mg2+, how would the calculation of hardness be affected?  
Explain. 

 
 
 
 
4. A 0.4005 g sample of CaCO3 is dissolved in HCl and diluted to 250 mL in a volumetric flask.  

A 25.00 mL aliquot of the sample requires 22.22 mL of an EDTA solution for titration. 
 

What is the molarity of the EDTA?  Show work. 
 
 
 
 
 
 
 
 
If a 100.00 mL well water sample requires 20.75 mL of the EDTA solution above, what is 
the water hardness of the well water?  Show work. 
 

 
 
 
5.   Go to http://water.usgs.gov/owq/map1.jpeg and describe a region in the United States with a 

low water hardness and one with a high water hardness.
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Name_______________________ Section______________ 
 
Partner(s)        NONE                     Date_________________ 
 

TITRIMETRIC ANALYSIS OF ANTACID TABLETS 
 

PRE-LAB QUERIES 
 
1. Predict the reaction products for the following antacids with stomach acid, HCl.  

Remember all neutralization reactions are double displacement reactions. 
 
 NaHCO3 (cheap antacid) 
 
 CaCO3 (Tums) 
 
 Mg(OH)2 (Milk of Magnesia) 
 
 
2. What is the relative water solubility of each compound above? 
 
 
 
3. How would you know when any of the above reactions were completed? 
 
 
 
 
 

OBJECT 
 
In this activity, antacid products will be analyzed by an indirect titrimetric procedure.  From the 
analysis, the percentage of antacid in the tablet and percentage error compared to the label value 
will be calculated.  The effectiveness of various brands will be compared. 
 

INTRODUCTION 
 
Antacids are compounds that act as bases to neutralize stomach acid, hydrochloric acid 
(~0.02M).  Most antacids such as calcium carbonate and magnesium hydroxide are water 
insoluble and thus difficult to analyze by direct titration. 
 
You will want to review the background on acid-base titrations covered in the CHM 101 
laboratory manual or your textbook.  You should know the following terms:  equivalence point; 
end point; titrant; standard solution; and, indicator. 
 
Because of the insolubility and any carbon dioxide production, antacids are analyzed by an 
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indirect method or what is known as a back titration.  The antacid is allowed to react with a 
known amount of hydrochloric acid and then the excess hydrochloric acid is titrated with sodium 
hydroxide.  The amount of acid reacted or neutralized by the antacid is determined by difference. 
 

moles neutralized = moles initial - moles excess 
 
If carbon dioxide is produced in the reaction of an antacid, the carbon dioxide must be removed 
before titration.  The carbon dioxide gas can be removed by boiling, which shifts the equilibrium 
in the reaction below to the left. 
 

1- 1+
2 2 3CO   H O    HCO  (aq) +  H (aq)→+ ←  

 
If CO2 is left dissolved, the H+ produced would be titrated by sodium hydroxide. 
 
To visualize the progress of the reaction, an indicator will be added.  Thymol blue has the colors 
listed below at the given pH's. 
 

pH Color 

>2 pink/red 

2-8 yellow 

>8 blue 

 
Since the titration is between a strong acid and strong base (equivalence point pH of 7), the 
equivalence point is located in a very steep region of the titration curve.  The indicator changes a 
little above the equivalence point, but with no appreciable error in the volume of titrant required. 
 
To allow the comparison of the effectiveness of antacid brands, the amount of hydrochloric acid 
neutralized is normalized to the mass of tablet.  The larger this normalized value, the more 
effective the antacid. 
 

PROCEDURE 
 
1. Into a pre-massed massing boat add one crushed antacid tablet.  Determine the mass of 

the tablet added to the nearest 0.1 mg.  Quantitatively transfer the tablet to an Erlenmeyer 
flask.   

 
2. Clean two burets.  Fill one with the standardized HCl and the other with standardized 

NaOH.  Be sure to record the concentrations of the acid and base.  
 
3. To the crushed antacid, add exactly 25 mL of standard HCl and approximately 25 mL of 

distilled water.  Gently swirl to dissolve the antacid.  Heat the solution to boiling and 
allow it to boil for 5 minutes to insure CO2 loss.  Allow the flask to cool before adding 
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indicator and starting the titration. 
4. Add 2-3 drops of thymol blue indicator to the cooled flask and titrate the excess HCl with 

standard NaOH.  The end point is a pale blue color (yellow to blue) but will occur in the 
presence of suspended starch (cloudy) used as a tablet binder so careful observation is 
required.  The blue color of thymol blue does not change once obtained (unlike 
phenolphthalein).  Save the first titration of each brand as a color comparison for the 
endpoint.  Repeat the preparation and titration on 2 additional tablets of the same brand.   

 
5. Analyze a different brand of antacid tablet following the procedure above. 
 
6. For all titrations complete the data and results table. 
 
 For each brand of antacid, calculate the percentage of antacid compound in a tablet and 
 percentage error using the formulas below: 
 

g antacid by titration
% antacid =  x 100

g tablet
    

 
 

g antacid by titration - g antacid by label
% error =  x 100

g antacid by label
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DATA AND RESULTS 
 
 
Concentration of standard HCl ______________   
 
Concentration of standard NaOH ______________            
 
 

DATA 

Brand:                            Antacid Compound:                                Amount on Label:                     

 Trial 1 Trial 2 Trial 3 

Mass of Massing Boat    

Mass of Massing Boat and Antacid 
Tablet 

   

Volume of HCl Added    

Volume of NaOH    

RESULTS 

Mass Antacid Tablet    

Moles HCl Initially Added    

Moles HCl Excess    

Moles HCl Neutralized    

Moles HCl Neutralized Per  
g Antacid Tablet 

   

Moles of Antacid in Tablet    

Mass of Antacid in Tablet    

% Antacid in Tablet    

% Error (compare to label amount)    
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DATA 

Brand:                            Antacid Compound:                                Amount on Label:                     

 Trial 1 Trial 2 Trial 3 

Mass of Massing Boat    

Mass of Massing Boat and Antacid 
Tablet 

   

Volume of HCl Added    

Volume of NaOH    

RESULTS 

Mass Antacid Tablet    

Moles HCl Initially Added    

Moles HCl Excess    

Moles HCl Neutralized    

Moles HCl Neutralized Per  
g Antacid Tablet 

   

Moles of Antacid in Tablet    

Mass of Antacid in Tablet    

% Antacid in Tablet    

% Error (compare to label amount)    

 
 
 
Show all calculations on a separate sheet. 
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CONCLUSIONS 
 
Discuss how the results for % antacid compare to the amount specified on the label.  Using the 
average of the three trials, determine which brand is more effective and why.  Suggest some 
possible sources of error in this determination and how they might affect results. 
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POST-LAB QUESTIONS 
 
1. Calculate the volume (in milliliters) of stomach acid (0.020M HCl) that can be 

neutralized by the amount of antacid per tablet in each brand using the label amount. 
 
 
 
 
 
 
 
 
 
2. For five different brands of antacids, complete the information below by making a 
 trip to your local supermarket or drugstore. 
 

  # Brand Antacid Amount/ 
Tablet 

Price per 
100 Tablets 

1     

2     

3     

4     

5     

 
 Explain which brand is the best purchase. 
 
 
 
 
 
3. Why do you chew the antacid tablet and not just swallow it whole? 
 
 
 
 
 
 
 
4. Why does boiling remove the carbon dioxide? 
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5. If the carbon dioxide from a carbonate antacid was not removed by boiling, how might 

the final results be affected?  Explain. 
 
 
 
 
 
 
 
 
6.  Explain why antacid tablets are less than 100% antacid. 
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Name_____________________ Section________________ 
 
Partner(s)__________________               Date__________________ 
 
 MORE LIGHTS, COLOR, ABSORPTION! 
 
 PRE-LAB QUERIES 
 
1. The terms absorption and transmittance are often used when describing the interaction of 

light with matter.  Explain what each term means and how absorption and transmittance 
of light are related. 

 
 
 
 
 
2. What possible factors influence the amount of light absorbed by a solution and how 

might they affect it? 
 
 
 
 
 
 
 
 OBJECT 
 
In this activity you will explore the variables that influence the absorbance of light by a solution.  
From the data collected you will derive Beer's Law. 
 
 INTRODUCTION 
 
The spectrophotometer measures the ratio of the intensity of the outgoing light (I) to the intensity 
of the incoming light (Io).  The light impinging on the sample in a spectrophotometer is 
monochromatic (one specific wavelength, λ). 
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The spectrophotometer can display output as absorbance, which is (-log I/Io), and as percent 
transmittance (%T), which is (I/Io x 100).  Absorbance is NOT the same as absorption, which 
is (1 – T).  We will quantitatively explore three variables that influence the absorbance: 
wavelength; pathlength; and, concentration.  Some conditions that influence absorbance will also 
be explored. 
 
 PROCEDURE 
 
Sample Preparation 
 
1. Place about 5 mL of copper (II) sulfate (0.015M) into a clean labeled spectrophotometer 
 tube.  Add 5 drops of concentrated ammonia (NH3) to the tube and mix carefully.  
 The following reaction occurs on mixing: 
 
 Cu++(aq)   +   4 NH3(aq)  à  Cu(NH3)4

++(aq) 
 

If any white precipitate, Cu(OH)2, remains add 1 or 2 drops more of ammonia to dissolve 
it.   

 
2. Prepare a dilution of the 0.015M CuSO4 by placing 5.0 mL of 0.015M CuSO4 into a 25 

mL graduated cylinder and adding water to bring the total volume to 15.0 mL.  Mix the 
solution.  Calculate the concentration of CuSO4.  Place 5 mL of this dilution into a clean 
labeled spectrophotometer tube and add 5 drops of concentrated ammonia. Mix well.   

 
Repeat using 10.0 mL of CuSO4 and diluting to a final volume of 15.0 mL.  Calculate the 
concentration of CuSO4.  Place 5 mL of this dilution into clean labeled spectrophotometer 
tubes and add 5 drops of concentrated ammonia. Mix well.  Save the unused 10 mL of 
this solution for Part II and add 10 drops of concentrated ammonia to it.    
 

3. Prepare a blank for calibration by placing 5 mL of distilled water into a clean labeled 
spectrophotometer tube and adding 5 drops of concentrated ammonia.  The blank 
contains all the same reagents except the analyte.  Any absorbance due to water (solvent), 
reagents, and/or the glass spectrophotometer tubes will be removed when the blank is set 
to zero absorbance (or 100%T) during calibration. 

 
Part I- Effect of Wavelength 
 
4. Using the Spec-20D and the instructions given by the computer for the “A vs λ” function, 

scan the 0.015M Cu-ammonia complex solution from 400 to 650 nm at 20 nm intervals.  
Locate the wavelength of maximum absorbance, λmax, from the plot on the computer 
screen.  Generate/print a graph of absorbance vs. wavelength from the computer. 
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Part II- Effect of Pathlength 
 
5. One of the Spec-20D instruments will be set up to change the size of the sample tubes 

used.  Set the wavelength control to λmax as determined in Part I.  Measure the absorbance 
for the 0.010M Cu-ammonia complex solution in the three different sized tubes provided.  
Your instructor will show you how to set up the instrument and how to change the 
sample tube holders.  Record the data in the section provided.  Generate/print an 
absorbance versus pathlength graph.  Determine the regression equation (trendline) and r2 
value and be sure these are printed on the graph. 

 
 
Part III- Effect of Concentration 
 
6. Measure the absorbance of 0.005M, 0.010M, and 0.015M Cu-ammonia complex 

solutions at λmax using the “A vs. C” function.  Record the data and generate/print an 
absorbance versus concentration graph (calibration curve).  Determine the regression 
equation (trendline) and r value and be sure these are printed on the graph.  Change the 
wavelength from λmax to 550 nm and repeat the measurements for the three Cu solutions.  
Record the wavelength and absorbances.  Generate/print an absorbance versus 
concentration graph.  Determine the regression equation (trendline) and r2 value and be 
sure these are printed on the graph. 

 
Part IV- Potential Errors 
 
7. Place the 0.015M Cu solution in the sample holder with the mark on the 

spectrophotometer tube aligned with the mark on the sample holder.  Close the lid and 
read the absorbance. 

 
Consider each of the actions below.  In the Data section, predict and record what 
might happen to the absorbance if this action was taken before making an actual 
measurement.  Once you have recorded the prediction, read and record the absorbances 
at λmax for each situation: 

 
• Leave the lid open; 

 
• Rotate the tube 45o (quarter turn);  

 
• Remove the tube and place 20-30 fingerprints on it; 

 
• Clean the tube of fingerprints and add a small amount of Fuller's Earth and mix.   
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DATA 
 
Part I- Effect of Wavele ngth (using 0.015M Cu solution) 
 

 
Wavelength 

 
Absorbance 

 
Wavelength 

 
Absorbance 

 
400 nm 

 
 

 
540 

 
 

 
420 

 
 

 
560 

 
 

 
440 

 
 

 
580 

 
 

 
460 

 
 

 
600 

 
 

 
480 

 
 

 
620 

 
 

 
500 

 
 

 
640 

 
 

 
520 

 
 

 
650 

 
 

 
From computer plot λmax = ________. 

 
Part II- Effect of Pathlength (using 0.010M Cu solution) 
 

 
Pathlength 

 
Absorbance 

 
0 cm 

 
0 

 
1.2 cm 

 
 

 
1.8 cm 

 
 

 
2.4 cm 

 
 

 
Part III- Effect of Concentration 
 

Concentration Absorbance 
at λmax 

Absorbance 
at 550 nm 

 
0 (blank) 

 
 

 

 
0.005M 

 
 

 

 
0.010M 

 
 

 

 
0.015M 
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Part IV- Potential Errors 
 

 
Potential Error 

 
Prediction 

 
Absorbance 

 
None (control) 

 
---------------------- 

 
 

 
open lid 

 
 

 
 

 
rotated tube 

 
 

 
 

 
fingerprints 

 
 

 
 

 
Fuller's Earth 

 
 

 
 

 
 
 RESULTS 
 
Generate the following graphs and attach them along with any calculations.  For each graph 
generate the best fit curve or plotted regression equation  (a smooth curve or straight line) 
through the data using the appropriate function in SpectroPro or Excel.  Be sure that the 
regression equation and r2 value are displayed on the graph in the form of the variables. 
 

• absorption spectrum (absorbance vs. wavelength) 
locate λmax on the graph 

 
• absorbance vs. pathlength  

determine the slope 
     

• calibration curve (absorbance vs. concentration) 
(plot both wavelengths using different symbols) 
determine the slope for each wavelength 

 
 CONCLUSIONS 
 
1. Describe the type of relationship found for each of the three variables explored and 

absorbance.  If the wavelength is held constant, write a simple mathematical statement of the 
incorporating absorbance, pathlength, and concentration. 
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2. Explain the cause of each of the errors examined in part IV. 
 

 
Error 

 
Possible Cause 

 
open lid 
 

 
 
 
 
 

 
rotated tube 
 

 
 
 
 

 
fingerprints 
 

 
 
 
 

 
Fuller's Earth 
 

 
 
 

 
 
 POST-LAB QUESTIONS 
 
1. On the absorption spectrum of the 0.015M Cu-ammonia complex solution, sketch as a 

dashed line the curve for a 0.005M Cu solution. 
 
2. If the ammonia was not added to the copper (II) sulfate solutions, how would the results 

have been influenced?  Explain. 
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3. What happens to the concentration when the cell size (pathlength) is doubled?  Explain. 
 
 
 
 
 
 
 
 
4. Beer's law, stated mathematically, is given below:  
 
  A = abc   
 

where the terms are defined as A = absorbance; a = absorptivity; b = pathlength; and c = 
concentration (if c = molar concentration then a = molar absorptivity which is sometimes 
abbreviated with ε). 

 
The equation for a straight line is y = mx + b, where m is the slope and b the y-intercept.  
If the line passes through the origin, then b is zero and the equation simplifies. 

 
What type of plot did you get for A vs. b?  What is the slope equal to? 

 
 
 
 
 
  What type of plot did you get for A vs. c at λmax?  What was the slope equal to?  
 
 
 
 
 
 How did the slope for A vs. c at λmax compare to the slope for the same graph at 550 nm?  
 Explain why. 
 
 
 
 
 
 
 
5. Calculate the molar absorptivity at λmax for Cu(NH3)4

++ using the slope of the calibration 
curve and Beer’s Law. 
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6. What variable in Beer's Law is changing to cause the difference in slope for the two 
calibration curves determined in part III?   
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Name______________________ Section_______________ 
 
Partner(s)___________________ Date_________________ 
 
 DETERMINATION OF THE RATE LAW FOR 
 CRYSTAL VIOLET/SODIUM HYDROXIDE REACTION 
 
 PRE-LAB QUERIES 
 
1. Crystal violet has an intense violet or purple color when dissolved in aqueous solution.  If 

the crystal violet was slowly converted to a colorless compound, how would the color 
intensity of the mixture change? 

 
 
2. Based on laboratory techniques you have used in the past, how could we measure the 

color change above and relate it to the concentration of crystal violet? 
 
 
  
 
 OBJECT 
 
This activity involves the measurement of the initial rate of reaction for crystal violet and sodium 
hydroxide by spectrophotometric determination of crystal violet concentration over time.  From 
the data collected the rate law or rate expression and rate constant will be determined. 
 
 INTRODUCTION 
 
Crystal violet (or methyl violet) is used as an acid-base 
indicator, biological stain (gram positive test in 
microbiology), textile dye, and as a topical antibacterial 
agent.  The intense violet color is due to the resonance of 
electrons in the alternating single and double bonds.  
Hydroxide ion in high concentration will attack the crystal 
violet cation at the central carbon atom where the three 
rings are bonded.  When the OH- bonds to the carbon, a 
colorless product is formed. 
 
                            CV+        +        OH-        à        CV-OH 
                          purple                                            colorless 
 
Since the crystal violet cation has an intense color, we can monitor its concentration by 
measuring the absorbance using spectrophotometry. 
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The crystal violet-sodium hydroxide reaction has the following general rate law: 
 
 Rate = k(CV+)x(OH-)y 
 
By conducting three experiments where different concentrations of CV+ and OH- are mixed, we 
can measure the initial rate of reaction and derive the rate law and rate constant, k. 
 
The absorbance of CV+ as a function of time will be measured using the Spec-20D and 
computer.  Beer's law allows us to relate the concentration to absorbance, hence a plot of A vs. 
time is essentially concentration vs. time, or the slope is the initial rate of reaction: 
 
 Rateo = slope = -∆A/∆time = -∆conc./∆time 
 
 PROCEDURE 
 
1. Determine the λmax for CV+ by scanning the 6 x 10-6 M solution of crystal violet from 

400-650 nm at 20 nm intervals using the Spec-20D and SpectroPro on the computer.  Use 
distilled water as the blank.  Print the absorption spectrum when completed. 

 
2. Set λmax and standardize the Spec-20D.  Have the computer set up to measure absorbance 

vs. time for 5 minutes with absorbance readings every 10 seconds.  Three experiments 
will be run with reactant concentrations given in the table below: 

 
 
Expt. 

 
(CV+) 

 
(OH-) 

 
1 

 
1.6 x 10-5 M 

 
0.020 M 

 
2 

 
1.6 x 10-5 M 

 
0.010 M 

 
3 

 
3.2 x 10-5 M 

 
0.020 M 

 
3. Pipet 2 mL of each solution into a spectrophotometer tube.  Mix well.  Wait one minute 

and then place the tube in Spec-20D and start the computer run.  Record the laboratory 
temperature.  The one minute delay is to allow the reaction to get started.  When the run 
is completed, check the output.  If there are two or more readings that are identical at the 
beginning of the run, repeat the run (since this indicates that the reaction had not started 
when the run began) 

 
4. At completion of each run or experiment, the computer will fit a linear regression line to 

the data plotted.  The slope of the line is the initial rate of reaction.  Record the slope (m) 
and the coefficient of determination (r2) in the data table. 
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5. Set up Experiment 3 again as above; however, change the time of the run from 5 to 20 
minutes.  Fit the resulting data with a linear regression and record the r2 value in the data 
table. 

 
6. Transfer the data from the 20 minute experiment to an Excel file.  Save the file in the 

CHM 103 folder in “CV_Order” using the name “group_id_section #”.  “group_id” is 
some name that identifies your group. 

 
Generate plots of A vs time, log A vs time, and 1/A vs time.  Fit each plot with a linear 
regression and record the r2 values in the table provided.  The plot with the highest r2 
value (best fit) indicates the reaction order. 

 
7. When you are finished, place all spectrophotometer tubes in the solution of 1M HCl 

provided to remove any crystal violet stains. 
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 DATA 
 
 Absorption Spectrum 
 

 
Wavelength 

 
Absorbance 

 
Wavelength 

 
Absorbance 

 
400 nm 

 
 

 
540 

 
 

 
420 

 
 

 
560 

 
 

 
440 

 
 

 
580 

 
 

 
460 

 
 

 
600 

 
 

 
480 

 
 

 
620 

 
 

 
500 

 
 

 
640 

 
 

 
520 

 
 

 
650 

 
 

 
Laboratory temperature __________ 

 
 Rate Experiments 
 

 
Expt. 

 
Initial Rate 

 
Correlation Coefficient 

 
1 

 
 

 
 

 
2 

 
 

 
 

 
3 
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 RESULTS 
 
1. Generate the absorption spectrum for the crystal violet cation.  Locate ëmax on the graph. 
 
2. Calculate the concentration of each reactant after mixing and record the rate constant 

from each run.  Compute the average k. 
 

 
Expt. 

 
(CV+)o 

 
(OH-)o 

 
Rate Constant, k 

 
1 

 
 

 
 

 
 

 
2 

 
 

 
 

 
 

 
3 

 
 

 
 

 
 

 
 

 
 

 
AVERAGE 

 
 

 
3. Derive the rate law (or rate expression) and evaluate the rate constant, k, using the initial 

concentrations for each experiment.  Calculate the average rate constant.  Attach a 
separate sheet with calculations. 

 
4. Results from the 20 minute run data. 
 

Order Zero First 
 

Second 
 

 
Graph 

 
A vs t log A vs t 1/A vs t 

r2  
 

  

 
Based on the results above, the order of the reaction is:  _____________________ 

 
 
5. Overall order from the 20 minute run  noverall = _____________________ 
 
 What does the 20 minute run tell you about the overall order of the reaction?  Does this 
 agree with your result for the 5 minute runs? 
 
 
 
 
 
  



 

Further Explorations in the Chemical World                                          Prince George’s Community College 60 

CONCLUSION 
 
State the rate law found and your average rate constant at the temperature measured.  Discuss 
any possible errors in your experimental process. 
 
 
 
 
 
 
 
 
 

POST-LAB QUESTIONS 
 
1. After initially mixing the reactants, it takes time to completely mix the reactants and 

place the tube in the spectrophotometer (including the one minute delay).  Would a two 
or three minute delay cause an error?  How would it influence the graph of A vs. time? 

 
 
 
 
 
2. If the temperature increased while the reaction was occurring in the spectrophotometer, 

how would the graphical results (A vs. time) be influenced?  Explain. 
 
 
 
 
 
 
 
 
3. What is the pH range and color change for crystal violet (methyl violet) as an acid-base 

indicator?  Would this have been a consideration for this laboratory activity?  Why or 
why not? 

 
 
 
 
 
4. Why do we use initial rates to study a reaction? 
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Name_____________________________ Section _____________________ 
 
Partner(s) _______________________ Date ________________________ 

 
INVESTIGATING A HYPOTHETICAL INITIAL RATE MODEL 

OF THE BEHAVIOR OF CRYSTAL VIOLET ION (CV+) ABSORBANCE 
 

You have had the opportunity to investigate the kinetics of the crystal violet-sodium hydroxide 
reaction in the laboratory.  This activity is an extension of that experience using a computer 
model that will allow you to change reaction conditions and explore the effects of variable 
changes on the reaction system. 
 
1. Bring up the STELLA model “CV_absorbance_kinetics_103" on the computer.  This 

model permits variation in five variables that might influence the rate of reaction and/or 
the overall absorbance measured during a run.  The influence can result from changes in 
Beer’s Law parameters or from an error during the experiment that affects the kinetics.  
The five independent variables in the model are listed below: 

 
 CV+ concentration   Temperature   Wavelength  
   NaOH concentration   Pathlength 
 
2. Select “RUN” and generate the graph for the model set at the initial conditions. Sketch 

the graph on the axes below.  The variables can be changed by adjusting the sliders or 
clicking on the box with the numbers in it and typing the value in.  To set the model back 
to the original, click on the U that appears on the slider when it is changed from the 
original value.   

 
 Assume the rate law for the reaction is given by:              Rate = k [CV+] [OH-] 

 
 In general, when a variable changes in the above equation, how does the line respond- 
 different slope or intercept?  Explain. 
 
 
 
 
 
 For the absorbance versus time graph, what is the formula for the slope defined in terms 

of the two variables being measured? 
 
 
 
 
 What does the slope represent in terms of the chemical reaction?  Why is the slope 
 negative? 
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3. What effect on the rate would you predict by changing the concentration of either the 
 CV+ concentration or NaOH concentration?   Why? 
 
 
 
 
 
 
 Keep NaOH constant and change [CV+].   Sketch the resulting graph on the axes above 

and label it clearly. Include the change made. 
 

 
 
 
 
 Keep CV+ constant and change [OH-].  Sketch the resulting graph on the axes above and 

label it clearly. Include the change made. 
 
 
 
 
 
 Is the response the same for CV+ and NaOH?  Explain why or why not. 
 
 
 
4. Predict how a decrease in temperature might influence the graph.  Explain why. 
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 What does temperature influence in the rate law?  
 
 
 
 
 Change the temperature and look at the response.  Sketch the resulting graph on the axes 

below and label it clearly. Include the change made. 
 
 
 
 
 

Suppose the cell warmed up from instrument heat about half-way through the run.  How 
would the run be influenced?   
 
 
 
 

 See the model for a method to simulate a temperature change mid-run.  Sketch the 
resulting graph on the axes below and label it clearly. Include the change made. 
 

 
5. How might the system respond to a change in pathlength?  Why?   
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 Make an adjustment in the pathlength.  Sketch the resulting graph on the axes below and 
label it clearly. Include the change made. 

 

 
 
 Explain the results of the graph when the pathlength was changed.   
 
 
 
 
 
6. How might a run respond to a change in wavelength (where λmax = 500 nm)?  Explain 

your prediction.  Sketch the resulting graph on the axes below and label it clearly. Include 
the change made. 
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 Was your prediction correct?  Explain why or why not. 
 
 
 
 
 Changing the wavelength, λ, influences the absorbance; yet, λ does not appear in Beer’s 

Law.  Explain the variation. 
 
 
7. For all the runs in this model, the measurements were taken with the normal one minute 
 delay.  Suppose that you waited another 1.5 minutes to start the measurements, would 
 you get the same rate?  Explain.   
 
 
 
 
 Suppose you waited 10 minutes, would you get the same rate?  For each situation, sketch 
 the predicted graph on the axes below and label it clearly.  
 

 
 
 
 Suppose the reaction in a particular run is slow starting. On the axes above, sketch what 
 the graph would look like with and without time delay. 
 
 Does the slow start without time delay effect the regression line?  Explain. 
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8. What happens if a student puts CV+ in the spectrophotometer tube but forgets to add the 
 NaOH?  Sketch and label the result on the axes below. 
 
 What happens if a student puts NaOH in the spectrophotometer tube but forgets to add 
 the CV+?   Sketch and label the result on the axes below. 
 
 
 
 
 
 
 
    
 If the (CV+) is cut in half and the (NaOH) is doubled, does anything change?  Explain. 
 Sketch and label this situation on the axes below. 
 

 
 
9. Suppose when the CV+ was made up, it gave an absorbance greater that 1.00 (A > 1 has 
 too large an error in measurement).  What variable(s), other than diluting the CV+, could 
 be adjusted to allow the run with a starting absorbance at 1.00 or less? 
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Name___________________________ Section_______________ 
 
Partner(s)________________________  Date_________________ 
 
 SPECTROPHOTOMETRIC DETERMINATION  

OF THE EQUILIBRIUM CONSTANT FOR THE 
 FORMATION OF A COMPLEX ION 
 
 PRE-LAB QUERIES 
 
1. What is the oxidation number of iron in FeSCN+2? 
 
 
2. Consider the equilibrium for this activity given in the introduction below.  How could 

you shift the reaction to change the concentration of the complex ion? 
 
 
 
 
 
 OBJECT 
 
In this activity you will determine the equilibrium constant for the formation of the 
thiocyanatoiron (III) ion, FeSCN+2.  Since this ion has a reddish-orange color, its concentration 
can be determined by spectrophotometry. 
 
 INTRODUCTION 
 
An orange colored complex ion is formed by the addition of iron (III) ion and thiocyanate ion as 
long as the iron (III) ion concentration is well above the thiocyanate concentration. 
 
 Fe+3(aq)   +    SCN-(aq)   à   FeSCN+2(aq) (1) 
 
Since the thiocyanatoiron (III) ion, FeSCN+2, is the only colored ion in the reaction above, its 
concentration can be determined by spectrophotometry.  If excess SCN- is present the following 
reaction occurs forming a blood-red complex, Fe(SCN)2

+ (dithiocyantoiron (III)), an old movie 
method of making blood. 
 
 FeSCN+2(aq)   +   SCN-(aq)   à   Fe(SCN)2

+(aq)    (2) 
 
In this activity we will maintain the SCN- at low values compared to the iron (III) ion to avoid 
reaction (2) from occurring. 
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The equilibrium constant for reaction (1) is given below:     
 

   K  =   [FeSCN+2]  
 [Fe+3] [SCN-] 

 
If we start out with a very large iron (III) concentration, reaction (1) will be shifted to the 
products such that the [SCN-]o = [FeSCN+2] and the absorbance of the complex ion can be 
measured.  This will serve as the standard since both concentration and absorbance are known.  
We will assume that Beer's Law holds and that we can determine the concentration of the 
complex by measuring absorbances of the complex ion while lowering the concentration of Fe+3 
in solution.  The complex ion concentration in various equilibrium mixtures can be found from 
the following equation. 
 
 cunkn = (Aunkn/Astd)cstd 
 
 
 PROCEDURE 
 
1. Working in pairs, each group will need to clean and dry six test tubes and label them 1 to 6.  

Obtain seven spectrophotometer tubes and two 5 mL pipets.  
 
2. Pipet 5 mL of 2.0 x 10-4 M NaSCN into each of the six test tubes.  Pipet 5 mL of 0.20 M 

Fe(NO3)3 into test tube #1.  This is your standard for the analysis.  The concentration of Fe+3 
is so large as to shift essentially all the SCN- into the complex. 

 
The remaining solutions will be made by diluting the Fe+3 in a graduated cylinder, allowing the 
reaction to shift to the left and be at equilibrium.  Mix all the solutions thoroughly.   

 
3. Place 10 mL of 0.20 M Fe(NO3)3 into a 25 mL graduated cylinder and add distilled water to 

bring the volume to 25 mL.  You have 25 mL of 0.080 M Fe(NO3)3.  Pipet 5 mL of this 
solution into test tube #2. 

 
4. Place 10 mL of 0.080 M Fe(NO3)3 into another 25 mL graduated cylinder and add distilled 

water to bring the volume to 25 mL.  You now have 25 mL of 0.032 M Fe(NO3)3.  Pipet 5 
mL into test tube #3. 

 
5. Place 10 mL of 0.032 M Fe(NO3)3 into another 25 mL graduated cylinder and add distilled 

water to bring the volume to 25 mL.  You have 25 mL of 0.0128 M Fe(NO3)3.  Pipet 5 mL 
into test tube #4. 

 
6. Place 10 mL of 0.0128 M Fe(NO3)3 into another 25 mL graduated cylinder and add distilled 

water to bring the volume to 25 mL.  You have 25 mL of 0.00512 M Fe(NO3)3.  Pipet 5 mL 
into test tube #5. 

 
7. Place 10 mL of 0.00512 M Fe(NO3)3 into another 25 mL graduated cylinder and add distilled 

water to bring the volume to 25 mL.  You have 25 mL of 0.002048 M Fe(NO3)3.  Pipet 5 mL 
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into test tube #6. 
 
8. Using the standard (test tube #1), perform a wavelength scan from 400 to 650 nm at 20 nm 

intervals to determine λmax.  Record in the table and generate/print an absorbance vs. 
wavelength graph (absorption spectrum).  If you use Excel, select a smooth, connected 
scatter plot format. 

 
9. Set the spectrophotometer to λmax.  Measure the absorbances of the solutions in all six test 

tubes after setting the spectrophotometer using distilled water as a blank.  Record the data. 
 
 
 DATA/RESULTS 
 
 Absorption Spectrum 
 

 
Wavelength 

 
Absorbance 

 
Wavelength 

 
Absorbance 

 
400 nm 

 
 

 
540 

 
 

 
420 

 
 

 
560 

 
 

 
440 

 
 

 
580 

 
 

 
460 

 
 

 
600 

 
 

 
480 

 
 

 
620 

 
 

 
500 

 
 

 
640 

 
 

 
520 

 
 

 
650 

 
 

 
λmax = __________ 
 
Attach the absorption spectrum of Fe(SCN)+2.  Label λmax on the graph.  
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Tube Number [Fe3+]o Absorbance 
1 (standard) 

 
  

2 
 

  

3 
 

  

4 
 

  

5 
 

  

6 
 

  

 
For all tubes:  [SCN-]o = ______________________ 
 
Open the following file from the CHM 103 Folder:  Fe(SCN)++_equil_const.xls.  Record the 
absorbance and Fe3+ concentration data in the Excel spreadsheet.  The spreadsheet will calculate 
the equilibrium values for all reactants and products and the equilibrium constant (K) using the 
following equations: 
 
 [FeSCN+2]eq = [Fe+3]reacted = [SCN-] reacted 
 

[SCN-]eq = [SCN-]o – [FeSCN+2]eq 
 

[Fe+3]eq = [Fe+3]o – [FeSCN+2]eq 
 
K  =    [FeSCN+2] 
          [Fe+3] [SCN-] 
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The spreadsheet will compute the average K, %CV, and % error.  Be sure that you complete the 
spreadsheet with the group member names and save the file on the desktop with a different file 
name.  Print a copy of the spreadsheet for the instructor and submit this before you leave the lab.  
The instructor will post an address where you will be able to obtain the class data. Use these to 
analyze results and make conclusions. 
 
 ANALYSIS/CONCLUSIONS 
 
Be sure to attach a copy of the spreadsheet and any graphs to this activity if it is being 
submitted for credit. 
 
1. The literature value of the equilibrium constant is 140.  How does your average value 

compare to this value?   Rank the groups based on the degree of error.   
 
 
 
 
 
 
 

Discuss factors that might contribute to a larger % error and how they affect the value. 
 
 
 
 
 

 
 
2. How does your precision compare to other groups of students?    Which group was most 

precise?  Least precise?  Support your statements! 
 
 
 
 
 
 POST-LAB QUESTIONS 
 
1. Using a mathematical equation, show how the equilibrium concentration of the complex 

ion, [Fe(SCN)2+]eq, is determined?  Define all known and unknown variables. 
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2. Complete the table below using ONLY the quantities already given in the table or the 
number zero if appropriate. 

 
Reaction          Fe3+          +         SCN-           à      Fe(SCN)++   

initial [Fe3+]o [SCN-]o  

equilibrium   [Fe(SCN)2+]eq 

 
3. Write the equilibrium constant for the reaction. 
 
 
 
 
 
 
4. The calculation of the equilibrium constant will be done by supplying your data for the 

six test tubes into an “active” Excel spreadsheet.  The Excel spreadsheet is set up with all 
the necessary calculations stored and protected in the appropriate cells, you just type in 
your data and the calculations will be done for you.  You must still understand how the 
calculations are done!  Attach the printout of the Excel spreadsheet results. 

 
5. For test tube #1, which is the standard due to its very high (Fe3+), how is the reaction 

influenced by the following additions?  Consider both how the reaction shifts and how 
the absorbance might change. 

 
Addition         Fe3+       +    SCN-      à     Fe(SCN)2+  Shift Absorbance 

case 1 add more     

case 2  add more    
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Name_________________________________ Section_________________ 
 
Partner(s)______________________________ Date___________________ 
 

AN INVESTIGATION OF ELECTROCHEMICAL REACTIONS 
 

PRE-LAB QUERIES 
 

1.  How does electricity or electrical current get from the power plant to your house? 
 
 
 
 
 Can you get electrical current from any source other than an electrical outlet?  If so, what? 
 
 
 
2. Dissociate the following soluble salts into ions: 
 
  NaCl   à 
 
  MgSO4   à 
 
  Fe(NO3)3   à 
 
3. If the following gases were produced during a reaction, how would you identify them?  

Consider chemical tests and any physical properties to aid in identification. 
 
  hydrogen 
 
  oxygen 
 
  chlorine 
 
  sulfur dioxide 
 
 
4. For the spontaneous reactions below, predict the products and list evidence that would 

indicate reaction occurred. 
 
  Mg(s)   +   HCl(aq)   à 
 
  Fe(s)    +   CuSO4(aq)   à 
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v o l t m e t e r

b a t t e r y

p r o b e

b e a k e r  w i t h  t e s t  s o l u t i o n

+-

PROBING THE CURRENT SITUATION 
 
In this activity we will explore some electrochemical properties of solutions and reactions.  
Careful observation is critical in this activity.  You may want to review An Investigation of 
Chemical Reactions from your CHM 101 manual. 
 
The conductivity of a solution is a measure of its ability to carry electrical current.  Obtain a 
conductivity probe, battery, and voltmeter and set them up as shown in the illustration.  Your 
instructor will help with the wiring.  The conductivity probe functions by measuring the relative 
ability of a solution to conduct electricity.   A voltage is read on the voltmeter that is 
mathematically related to conductivity. (They are NOT directly proportional.).  
 

 
 

 
 
 
 

 
 

 
 
 
 

 
Do NOT change the spacing of the electrodes after you start making measurements with the probe. 
 
1. To show that voltage on the voltmeter is related to the conductivity of the solution, hold a 

piece of pencil lead (graphite with a clay binder, a good conductor) across the two metal 
electrodes (paper clips) on the probe using plastic forceps.  What happens? 

 
  
 
 
 
 
 
2. What type of particles, ions or molecules, are required for a solution to be conductive?  

Explain your answer. 
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Predict whether each of the solutions in the table below will be conductive. 
 

Dip the probe into distilled water and then into each of the 0.01 M solutions listed below 
and record each reading on the voltmeter.  Do NOT leave the probe sitting in any 
solutions.  Rinse the probe in distilled water after each solution.  Classify each of the 
solutes as non-electrolyte, weak electrolyte, or strong electrolyte. 

 

Solution Will Conduct? 

 (Y or N) 

Voltmeter Reading Type of Electrolyte 

distilled water    

sugar    

NaCl    

CH3COOH    

HCl    

tap water    

 
 
3. Now let's see what factors influence the conductivity of a solution.  Dip the probe into the 

solutions of strong electrolytes listed in the table that follows and record the readings on 
the voltmeter.  Remember to rinse the probe with distilled water after testing each solution. 

 
Look for trends or patterns in the readings. 



 

Further Explorations in the Chemical World   Prince George’s Community College 76 

 

Possible Factor Solution Reading 

0.001 M NaCl  

0.01 M NaCl  

Concentration 

0.1 M NaCl  

0.01 M NaCl  Type of Salt 

0.01 M CaCl2  

0.01 M HCl  

0.01 M NaCl  

Cation 

0.01 M KCl  

0.01 M NaCl  

0.01 M NaOH  

Anion 

0.01 M NaNO3  

0.01 M NaCl @ 25oC  Temperature 

0.01 M NaCl @ 60oC  

 
Summarize your results for each factor and explain how each factor influences 
conductivity. 

 
 
 
 
 
 

Does any one ion seem to have an unusually high conductivity?  Explain. 
 
 
 
4. Conductivity measurements can be used to quickly determine total dissolved solids (TDS) 

in stream water, since the proportion of ions are fairly constant.  TDS is usually measured 
by massing the residue remaining after evaporating a quantity of filtered stream water 
(suspended solids removed). 

 
Using the handheld meter, measure the TDS content of the stream water provided and tap 
water.  Multiply the scale reading by 10 to get TDS in mg solids/L water. 
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Solution TDS 

stream water  

tap water  

 
Here are some typical TDS levels for various water sources. 

 

Source TDS 

Rainwater < 10 mg/L 

municipal water systems < 500 mg/L 

rivers and streams 100-2000 mg/L 

seawater 35,000 mg/L 

 
How do the stream water and tap water you measured above compare to the sources in the 
table? 

 
 
 
 
 
 
 
 
5. Next we will pass an electrical current through a solution and observe if any chemical 

reaction occurs.  What types of evidence would indicate that a chemical reaction is 
occurring? 

 
 
 
 
 
 
 
 
 
 
 
 
 

 


