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LABORATORY SAFETY

EXCLAMATION There are a number of hazards associated
MARK with laboratory work. These include working with
corrosive, flammable, and potentially dangerous
chemicals, using instruments that have hot
surfaces, have fluids under high pressure, and
have flames, and potential for cuts from broken
glassware. In order to minimize many of the
hazards, it is critical that students pay attention to
both the safety topics outlined in this section and
listed for each experiment in this lab
manual (displayed with the exclamation point
symbol throughout the manual). In addition to this icon, other “pictograms” are used for
specific hazards (see Appendix I for the pictogram overview). Additionally, to work safely
in the class, you must follow verbal instructions given by laboratory instructors and service
center personnel regarding safety. Students failing to work in a safe manner will not be
allowed to continue working in the laboratory. The Chemistry Department Safety Policy is
signed as a part of check-in, and a copy of these policies is given in Appendix II.

1. Personal Protection Equipment (PPE) and Clothes

Many of the chemicals being used in this class have associated hazards such as
reactivity or flammability (covered in detail later). In order to reduce the risk associated
with many hazards, students are required to wear personal protective equipment and
appropriate clothes while working in the laboratory. These rules also apply to the
neighboring balance and instrument rooms when anyone in those rooms are using the
balances or instruments. These include the following articles:

a) Department approved safety goggles. These must be worn at all times while the
laboratory is in session. Shields and goggles designed for machine shop use are
not acceptable (ask your instructor if unsure).

b) Shoes covering your entire foot.

c) Long pants or a long skirt or dress extending to the ankles so that no skin is
exposed.

d) A properly fitting lab coat

e) Nitrile gloves must be worn when handling chemicals. Note: because of the
concern of transferring chemicals outside of the laboratory, gloves should be
removed when leaving the classroom or when using computer equipment in the
instrument room. Clean gloves also reduce the risk of contaminating unknowns
in several experiment.

f) Long hair should be properly restrained as it can be a fire hazard.

Students arriving to the laboratory without proper PPE will not be allowed to work in
the laboratory. It is the student’s responsibility to be prepared with respect to PPE (see
Safety Policy in Appendix I1).



2. Emergencies

a) Campus Police/Fire reached at 278-6000

b) Chemical Spills on Skin, PPE, or Clothes

In the course of handling chemicals, it is possible that skin, clothes, or PPE may be
exposed to hazardous chemicals. In the event of contact with a chemical or substance,
immediately irrigate the eyes and/or other parts of the body with water for a
minimum of 15 minutes. Individuals using the emergency eyewash and/or safety
shower should be assisted by an uninjured person to aid in decontamination and to
encourage the individual to use the eyewash and/or shower for the full 15 minutes.
Clothing, including lab coats, that has been in contact with hazardous materials must be
removed. Fire blankets and clean lab coats may be used to cover the injured person for
warmth and modesty. Report the incident immediately to the instructor.

¢) Other Chemical Spills (not splashing people)

Immediately report any chemical spills to the laboratory instructor. For minor spills
that can be cleaned up safely, your laboratory instructor should be able to instruct you as
to how to clean up the mess. It is important to be able to report what and how much was
spilled. Do not attempt to clean up any spill without instructions. The spill kit has
absorbent pads to deal with less hazardous liquid spills.

d) Broken Glass

When glassware breaks, check yourself for cuts and ask for assistance if needed.
Then clean up broken glassware using the broom and dustpan left on the broken glass
container.

e) Fire Alarms/Power Outages/Other Emergencies Requiring Evacuation

Immediately, stop working. If the situation is not urgent, remove any immediate
hazards (e.g. turn off hot plates). Your instructor will give you instructions on how to
evacuate the building and where to assemble (do not leave the class group until instructed
as the instructor needs to account for all students in the lab section).

f) Reporting incidents and near incidents

On the wall between the entry door and the door to the balance room is a folder
containing accident report forms. If you had an accident, chemical spill, or felt you nearly
avoided a significant accident, complete the form and return it to completed forms folder.
Consult your instructor about if you need to provide your name. The main purpose of this
form is to make the laboratory safer.

3. Hoods

Hoods are designed for scientists to be able to work with chemicals in a way to
minimize inhalation (breathing) hazards. All noxious chemicals, such as concentrated
hydrochloric acid, should be primarily worked with in the hoods. Other chemicals, such
Nochromix, are kept in the hood to minimize surface contamination by dripping reagents.
These should only be used in the hood or removed in a beaker covered with a watch glass
to avoid spreading hazardous chemicals around the laboratory. Be careful to avoid
dripping solutions within the hood or in transport to your bench and expect that the hood
surfaces have hazardous chemicals (e.g. strong acids) on them.

Strong acids and bases should be kept separately to avoid violent reactions upon
mixing. For that reason the right hood is for acids and the left hood is for bases.

Additionally, the left side of the left hood is reserved for storage of waste chemicals
that cannot be disposed of down the drains (such as heavy metal or organic wastes). Be
careful not to add wastes to containers if it will exceed their capacity and overflow.
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Hazardous chemicals and waste containers also need secondary containers to
minimize contamination of the bottom of the hoods. Please return chemicals to the trays
or tubs they came from.

4. Prohibitions
In order to work safely in the laboratory, there are prohibitions:
a) No food or drink (leave these in your backpack)
b) No contact lenses while working in the laboratory
¢) No working alone in the laboratory (or associated instrument room)
d) No working during off hours or when the instructor is not present
e) Never pipet by mouth

5. Safety Equipment

You are expected to know the location of safety items in the laboratory. The
instructor will go over these items including eye washes, shower, fire blanket, spill kit,
broken glass receptacle, and fire extinguishers. The laboratory has three secondary exits
(some of these may be locked). Draw a diagram (Safety Map) of the lab in your lab
notebook showing the location of these items in the lab.

6. Chemical Hazards

Several hazards for specific chemicals will be listed in this lab manual. However,
students should have the ability to look up safety data sheets for chemicals used in the
course of this laboratory (see database link at: http://www.csus.edu/aba/ehs/).

LABORATORY PROCEDURES

. Introduction

Everything that we have learned about the world around us is the result of observation. It
is particularly important that the scientist learns to make his or her observations in a
guantitative manner - to attach a number to the property under study. Virtually every aspect
of physical reality about which we possess a detailed understanding has been exposed to us
through quantitative experimentation.

The purpose of this laboratory is to give you some insight into the principles of making
measurements on chemical systems and to permit you to use some of the measurement
methods that find frequent application in chemistry. In the process you will learn how to
scrutinize a system to find a measurable property that will provide answers to your questions
about the system. You will plan some of the experimental procedures and you will use a
variety of instruments and techniques. You will analyze your data, using statistics when
necessary, draw conclusions and learn to evaluate the reliability of your result. The sum of
all these steps should give you a taste of what "doing science" is really like - the discipline
of organized thinking and detailed experimentation as well as the excitement of discovering
things for yourself.


http://www.csus.edu/aba/ehs/

. Suggestions for planning your work

At least as much time and effort must be devoted to contemplating the problem and planning
the experiment as to the actual execution of the experiment. In the construction trade, this
can be summed up as “measure twice, cut once’. Study thoroughly the description of the
experiment before coming to the laboratory. Devise a general plan of attack on the problem.
Outline the various steps in the experiment. Think about the details of each step, e.g.,
sample weight, volume of reagents, measurement of temperature, etc. Make sure that you
understand why you are carrying out and are not just following directions.

1. Check every experiment to see if there are a series of steps which must be
carried out without interruption. If so, careful scheduling is necessary.

2. Some operations are very time consuming; e.g., drying of a sample. Such
operations may require little attention, so plan to work simultaneously on
other parts of the experiment.

3. Anticipate critical parts of an analysis: Those operations that are prone to
introduce serious errors unless carried out very skillfully.

4. It will often be necessary to overlap experiments and, because of limited
equipment, work on two experiments simultaneously.

5. Part of your laboratory notebook must be prepared in advance; preparation
of a summary data page is a valuable aid in organizing the experimental
work. A brief work outline can be prepared if desired, and any necessary
pre-lab calculations need to be carried out before arriving in lab. See the
guidelines for laboratory notebook preparation.

6. Be clean and careful. Have your experiment well planned so that you can
work with efficiency. Exercise good judgment; don't sacrifice accuracy for
speed. Be critical of your work and interpret it honestly. Cooperate with your
fellow students and your instructor.

I1l.  Laboratory Notebook

Scientific work requires an authentic record of experimental work and results. The primary
record of work you have accomplished in the laboratory is the laboratory notebook. Although
neatness and organization are necessary since others familiar with the subject should be
able to understand the observations described, immediate and honest written descriptions
are the most important factors. The most valuable scientific record is the original, unedited
account entered in the laboratory notebook. The following instructions will be useful to you
in this course and in all future scientific work:

1. For this course, a bound notebook is required. Original data pages should
never be removed.



10.

Start the laboratory notebook with a Table of Contents that will include the
title, date and page number for each experiment. The Table of Contents
should be updated as work is recorded. A couple of pages near the front
should be used for general reference information such as a safety map of the
laboratory, the calibration chart for the buret, constants used in calculations,
or your lab partner’'s phone number. Also, make sure you have your name
and lab section number on the notebook. Number all pages of the notebook.

Record all observations and data in ink (never use pencil) directly into the
laboratory notebook at the time of the experiment. Title each page, including
the date of the experiment and when measurements are made. Good
recording habits allow one to find mistakes faster or discard improperly
collected data.

Mistakes should be crossed out, with a single line - NEVER erased or removed
with correction fluid (e.g. “White-out”). An error is a part of the experimental
record.

To help organize the laboratory work and increase efficiency, a "Summary
Data Page" should be prepared in your laboratory notebook before beginning
each experiment. Some examples are given at the end of the first few
sections in this lab manual (see e.g. pages 18 and 25) to help you, while later
on, you will be expected to generate your own tables.

Include necessary pre-lab calculations and post-lab calculations in the
laboratory notebook.

Record qualitative observations. These observations may help you figure out
unexpected results later on or to exclude poor data.

Data recorded on computers or with scientific instruments such as
chromatograms should be taped, glued, or stapled into the lab notebook.

Most importantly, while working in the laboratory, you should only record
work in your lab notebook. It is unacceptable to record results anywhere
else.

If the instructor grading the report has any questions about the data in the

report, such as when resubmitting a laboratory report, you may be asked to
provide the data collected in your laboratory notebook to prove that data is

based on actual observations.

Reporting Results: See the Appendix at the end of this manual

Care and Use of Chemicals



1. Return chemicals and such shared materials as indicators to the shelves
immediately after using them so that your fellow students need not waste
time searching for them.

2. IMPORTANT: Spatulas, spoons, pipets, etc. are never to be used to remove
any analytical reagent from its container. Measure the approximate amount
of a solid or a liquid by pouring the reagent into another container (e.g.
beaker or graduated cylinder or onto a piece of weighing paper). Never put
anything into a reagent bottle. Doing so may contaminate a whole bottle of
reagent.

3. Lab benches and the areas around the analytical balances should be
scrupulously clean. Cleanliness is an absolute prerequisite for quantitative
analysis. See instructions in the Laboratory Safety section in the event of
spills.

V1. Unknowns

1. The most important component of your laboratory grade is for unknown
accuracy.
2. At the beginning of the semester, you will receive all of the unknowns for the

laboratory experiments requiring unknowns (most experiments). These will
be liquid or powder samples in vials in the unknown rack.

3. All of the unknowns require sample treatment for accurate quantitative
analysis. Before you even open an unknown sample vial, be sure that you
have received and understand all instructions on sample treatment (from the
lab manual, on the unknown vial, and from your lab instructor). Remember
that handling the unknown is a rash way (e.g. using a dirty pipet to transfer
your water hardness unknown) may result in contamination and a poor
accuracy grade. If you believe you have compromised an unknown, you
should ask for a replacement. Typically, you are allowed one replacement
unknown per semester without a penalty.

4. The powder sample (for soda ash laboratory) needs to be dried before use.
The unknowns for the water hardness laboratory (which also is used for the
AA laboratory), the ion chromatography laboratory, and the
spectrophotometric determination laboratory all need to be diluted as
instructed on the vials, with the unknown prepared in the volumetric flask
being the one for which you will be determining concentrations. The GC
laboratory unknown is used as you receive it in the vial, but will need to be
used with an internal standard added for quantitative analysis.



COMPUTER USE

Computer expertise covers a wide range of skills, from programming in assembly
language to programming in a high level language (e.g. BASIC, FORTRAN or PASCAL) to
being a user of application programs. It is the latter, application programming, that is the
easiest to learn and yet is extremely useful in this and probably many of your other
courses.

Two types of application programs are especially useful: word processors and
spreadsheets. It is almost inconceivable that anyone with access to word processing
software would prefer to use an antiquated typewriter. Spreadsheets do with numbers
what word processors do with words. Since we process numerical data in this course it is
essential that we learn to use a spreadsheet.

There are many excellent spreadsheet programs available. While instructions are
written for Excel®, other spreadsheet programs work similarly. There are various versions
of these spreadsheets, however the most commonly used version is Microsoft Excel®. The
exercises below are described with the 2016 version of Excel® in mind. If you are using a
different version of Excel®, you may find that some of the instructions given here do not
work properly. Some students have noted problems in using the 2016 version of Excel®
on Apple computers. Consult your lab instructor for additional advice.

1. GETTING STARTED

The following sections give some basic information and instructions as well as some
examples you can follow to practice various data operations. Each of the following
operations shows what you should type in braces, { }. Follow each typed command with
the "ENTER" key. The best way to learn how to use a spreadsheet is simply to try things
out. Don't be afraid to select different options even if you aren't sure what will happen.
You can use a calculator to check the calculation, and you can always delete what you
have done and try again.

2. SPREADSHEET ORGANIZATION

Spreadsheets consist of a number of cells that can be viewed as individual mail
boxes, each with a unique address. These cells can contain text, numerical data or
computational formulas. The cell addresses consist of a column (letter) and row
designation (number). The table below shows typical cell addresses:

Al A2 A3
Bl B2 B3
Cl Cc2 C3




It is very important not to confuse the cell address, which is fixed, with the cell
contents that are variable. You can move from one cell to another with the arrow keys,
the tab key, or the mouse.

3. SPREADSHEET OPERATIONS AND FUNCTIONS

A spreadsheet’s primary function is to manipulate numerical data. This is most often
accomplished by placing numerical data in certain cells and formulas in other cells. The
formulas operate on the data and produce numerical results. Formulas are visible on the
command line (see shaded box below) and in the cell while the formula is being entered.
Only text, numbers, or the results of a formula are visible in the cell after input has been
entered into a cell. The command line always shows what is actually contained in within a
cell. For example, in the spreadsheet shown below, the result 4 is returned by dividing the
number in cell B1 by the number in cell C1. The result is shown, except in the command
line.

H -

File Haome Insert Page Layout Formulas Data

[T=R+ - B R IR, B VS R % I )

Formulas may contain operators and/or functions. Common operators are those
familiar to anyone who has used a calculator: + (add), - (subtract), / (divide), * (multiply),
 (to the power of), and others. Functions can perform very complex tasks (see below for
examples). Formulas may operate on a single cell entry or on a range of cells. Each
function must be preceded with the ‘=" symbol. The colon indicates a "contiguous list" of
cells.

Some examples:

=A1+A2 returns the sum of the contents of cells A1 and A2
=SQRT(2) returns the square root of 2

=SQRT(A2) returns the square root of the contents of cell A2

=COUNT(A1:A44) counts the number of entries from cell Al to cell A44
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4. SOME USEFUL FUNCTIONS

A few of the more common functions that we will use in this course are listed in the
following table. Remember the contents of the specified address are acted on, NOT the
address itself.

Function Result
=SQRT(X) square root of X
=SUM(List) sum of all non-zero list values
() are required
=STDEV(List) sample standard deviation of all
() are required non-zero values
=AVERAGE(List) arithmetic mean of all non-zero
() are required values in the list
=DEVSQ(List)

sum of the squares of the
differences between an individual
values and the mean value

5. BLOCKS

Blocks are groups of cells such as the row Al to F1, a column Al to A10, or a
rectangular block e.g. the block within the addresses Al to J10. Many spreadsheet
operations require a block designation before implementation. For example, a block of
cells must be specified if a COPY, MOVE, CUT, or DELETE operation is executed (unless
a single cell is involved). Blocks can be selected by "dragging” the mouse over the block.

6. FILE OPERATIONS

If you want to save an Excel® file, click on FILE and Save and the file will be
saved under the current name. If you wish to save the file under a different name and\or
to a different drive, use the SaveAs command.

Files in Excel®, are designated Bookl, Book2, etc. Each Book contains a large
number of "pages” designated as Sheetl, Sheet2, etc. Book names can be changed using
the SaveAs command in the File menu. Page names can be changed by double-clicking or
right-clicking on the page tab.

1. GRAPHICS

Excel® can generate graphs with just a click of the mouse (graphs are called charts
in Excel®). To produce a graph, first select the data that you wish to plot. Usually this is
organized with x values in one row and corresponding y values in another row to the right.
Select the "insert" tab along the top of the Excel® window. Next, select the type of chart
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you wish to use to display your data. This will most likely be an x-y or "scatter" plot — this
can be selected by finding “Scatter Chart” under “Recommended Chart” or clicking on the
icon that shows just axes and data points. Be careful not to select a line chart which looks
similar. There are several different formats for the scatter plot available. Usually it is
easiest to start with the simplest and change things to your liking later. Whenever an
existing chart or object within a chart is selected (highlighted), two additional tabs appear
along the top of the window (under "chart tools") for formatting all aspects of your chart.
Use the tools provided to make your chart appear the way you want it to appear. Make
sure your data appears clearly, the chart and axis are labeled and with units, numbers
have the correct number of significant figures, gridlines are appropriate, etc. You may also
format specific parts of a chart by right clicking on the part of a chart (dragging the mouse
to the appropriate part and clicking on the right mouse button) you wish to format and
choosing the format option (usually in the menu box that appears after right-clicking).

Beyond simply formatting the appearance of a chart, additional operations are
possible including adding data series, trend lines, error bars, etc. Experiment with
manipulating all aspects of your chart until you can confidently make your chart appear as
you choose.

Charts can be located either within a sheet of columns and rows, or as their own
sheet. Usually, if you wish to print a chart on a single sheet of paper, you should move the
chart to its own sheet first. To move your chart to its own sheet, right click on a blank
space within your chart and choose 'Move Chart' from the drop down menu. Charts
embedded with a sheet can be resized by clicking and dragging the edge of the chart.

8. PRACTICE EXERCISES

As an introduction to spreadsheet calculations you will be given a few simple
exercises to perform. In most cases cell contents and formulas will be given. You should
duplicate the spreadsheets as shown to gain familiarity with your system. Feel free to
experiment by changing data and formulas. These exercises do not have to be turned in,
but be sure to consult with the instructor(s) if you have any difficulties. Pay special
attention to charts. Charts can be very frustrating to work with, especially when you need
to manipulate labels, titles, gridlines, and scales. In some of the lab experiments, you will
be required to turn in your results in spreadsheet form. In many cases, a sample
spreadsheet covering many of the calculations will be given along with the necessary
formulas. You may duplicate the example or modify it as needed. You need to make sure
that all of the information requested for the lab report is given (either on the spreadsheet
or on laboratory reports).

ALL SPREADSHEETS AND CHARTS ARE TO BE PRINTED ON LASER OR INKJET
PRINTERS. NO EXCEPTIONS.

EXERCISE 1

You will begin by creating a spreadsheet to add and to multiply two numbers (12
and 5). The data and formulas are entered into the spreadsheet as shown below. When
you type a number, the spreadsheet program treats the entry as a number; when you
enter a letter, it is recognized as text. If you wish to enter a number or formula as text,
you must change the format of the cell to text. Set up the example shown below (or
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a similar problem) on a spreadsheet to familiarize yourself with these
fundamental operations.

A

W IN [~

FORMULAS

Remember, formulas, data, and text all appear in the "formula bar" as you type.
Data, text, and the results of formulas appear in the spreadsheet cell after you hit
return. Formulas do not appear in the spreadsheet cell! In the above example, the
formulas =A1+B1 and =A1*B1 actually occupy cells C1 and D1 respectively. In later
examples, formulas and their cell locations will be given.

EXERCISE 2

Experiment with inserting a chart (described previously) to produce a buret
calibration curve similar to the example shown below. The spreadsheet used to produce
this graph is also shown.

A

[

B

W~ || b0

0
10
20
30
40
50

Volume (mL) Correction Factor (mL)

0
0.04
0.02

-0.05
-0.03
0.01

0.05
0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05
-0.06

Correction factor (mL)

Buret Correction Factors

A

B

\ e

N2

0.0

10.0

20.0

30.0 40.0 50.0

Buret Volume (mL)
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EXERCISE 3

A typical application for this course is the calculation of the mean, the standard
deviation, and relative standard deviation of a set of data. The results of such an
application are shown below. This example is from a past lab. Set up a spreadsheet
similar to the one on the following page. Make sure you get the same answers!

A B c D E F €
1 |Example Spreadsheet for processing of data from Gravimetric Chloride Lab|
2
3 Gravimetric Chloride Results
4
5 | Student MName | Lab Section # Date
]
7 Sample Sample Precipitate Mass % Chloride
8 # Weight {(g) Weight {g)
9 1 0.3629 0.7485 51.0Z2
10 z 0.3714 0.7a87 51.20
11 3 0.3511 0.7255 51.1z2
12
13 Average 51.11|% chloride
14
15 Standard Deviation 0.09|% Chloride
16 |
17 Relative Std. Deviation 1.74|ppt
18 | |
19 95% Confidence Interval: +/- 0.22|% Chloride
20 Average value +/- Unc. 51.1(+/- 0.2|% Chloride
21 |
2 P ORMULA S ————mmm o
23 QUANTITY CELL LOCATION FORMULA
24
25 Weight % Chloride FO =D9*{35.453/143.321) *100/B9
26 | gamples 1 to 3 Fl0 =D10*{35.453/143.321) *100/B10
27 Fl1 =D11*{35.453/143.321) *100/B11
28 |Average Fl13 =AVERAGE (F9:F11)
29 |standard Deviation Fl5 =3TDEV (FY:F11)
30 |[Relative Std. Dewviation F17 =F15*1000/F13
31 /95% Confidence Interval Fl19 =F15*%4_303/8QRT (3}
32 Average (correct sig. fig.s)|D20 =F13
33 /95% CI {correct sig. fig.s) |F20 =F19

Notice that text has been used to identify data and results. It is critical that you use similar
headings so any reader can clearly identify the data. You can print out column and row
headings and the spreadsheet gridlines by choosing the "Page Layout" tab and then use
"print titles” to click the gridlines and headings boxes. To limit the number of digits
displayed for the values calculated, you can select a cell or block of cells, right click on the
block and choose "format cells”. Choose "number" in the left column and then enter the
desired number of digits displayed past the decimal point in the "decimal places” box.
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EXERCISE 4 MATRIX MATHEMATICS

Matrix mathematics functions are built into most spreadsheet programs. They
provide a simple way to solve for the variables (X and Y) in algebraic equations like:

Z1 = A1X + B1Y and Z; = AxX + BoY

This technique will be useful for the spectroscopic determination of Cr and Co that you will
be performing later in the semester. You must construct two matrices from the coefficients
in the equations. You "invert" one matrix then "multiply” the inverted matrix times the
other matrix. The resultant "product matrix™ contains the solutions to the equations. The
following directions are for matrix math using Excel.

The example below was taken from pages 464 and 465 of the course textbook.

1. Input the data for the coefficient matrix in a contiguous block.
2. Do the same for the variables matrix.
3. Select a destination block for the inverted coefficient matrix. It must be exactly the

same size as the coefficient matrix and not overwrite any needed data.
4. Click on the formula bar and type: =MINVERSE(array).

5. To compute the inversion, depress the sh/ft + ctrl + enter keys simultaneously.
The results will appear in the destination block. This step is sometimes difficult! You must
hold down the shift and ctrl keys before hitting enter, otherwise, you will only get one of
the inverted values to appear.

6. Select a destination block for the product matrix. It must be the same size as the
variables matrix.

7. Use the formula bar or type: =MMULT (arrayl,array2). The first array is the inverted
coefficients matrix and the second is the variables matrix.

8. To compute the product, type together: shift + ctrl + enter on a PC or command
key (ﬁ) + enter on a Mac. The results will appear in the destination block.

Note! The arrays are ranges: For example the first two arrays shown below are: Al:B2
and C1:C2.

Example
Wavelength Substance € (Mcm)*t Absorbance (2)
X Y
272 nm 16440 3870 0.957
327 nm 3990 6420 0.559
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These data correspond to the two equations:

At 272 nm: 0.957 = 16440*b*Cx + 3870*b*Cy
At 327 nm: 0.559 = 3990*b*Cx + 6420*b*Cy

To solve for Cx and Cy:

The "coefficient matrix is:

1 | 16440 | 3870

2 | 3990 6420

The "variables matrix is:

C
1 0.957
2 0.559
The inverted coefficient matrix is:
A B

4 7.125E-05 -4.295E-05

5 -4.428E-05 1.825E-04

The resultant "product matrix" contains the solutions to the equations.

A B
7 Cx = 4.418E-5 M
8 Cx = 5.962E-5M

Note that the "b" term drops out. Note also that the product matrix is just B7:B8. Cells
AT7:A8 are used for identification.
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Balance and Weighing Exercise

We will be using two types of balances in this laboratory. The two kinds of balances,
top-loading and analytical, differ in terms of their precision and capacity. The analytical
balances have a listed best precision of £ 0.0001 g or = 0.1 mg and a capacity of 200 g.
Note that the precision decreases as one weighs heavier objects. The top-loading balances
have a capacity of 1200 g and a listed precision of + 0.01 g. The top-loading balances are
used for weighing out bulk samples of solid and liquid reagents and for other measurements
where the higher precision of the analytical balance in not required. A microprocessor is
incorporated in these balances. It controls the balance and minimizes the steps required by
the operator during the weighing operation. These are "digital” balances. They show the
mass on a lighted digital display in decimal form. The instructor will explain the principle of
operation of these balances and demonstrate their proper use.

These balances are rugged and easy to use, but can be damaged if abused. Each student
will be assigned to a specific analytical balance for the duration of the semester to minimize
effects from any inaccuracies. In most cases, two students in each lab section will share a

balance. It is the students’ responsibility to keep the balance and its surrounding area clean
at all times. Report any malfunctions to the lab instructor.

l. Balance Rules: The following are some "DO'S and DO NOTS" that apply to the
balances.

DO NOT:
1. Weigh chemicals directly on the pan. (Use an appropriate container:
a beaker, a weighing bottle, or a weigh boat).

2. Weigh hot (or cold) objects. (All weighing must be done at ambient
temperature).

3. Leave chemicals on or around balance. (Clean up your mess).
4. Write data down on loose scraps of paper. (Especially do not use
paper towels!)
DO:
1. Operate all balances gently.

2. Know the name and function of all the controls.

3. Write all data in your notebook.
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Use of the Analytical Balance

The following work is designed to acquaint you with your balance, to reveal

malfunctions in the balance that may occur and to introduce you to simple weighing
techniques. It is very important to perform this introductory work properly and carefully.
This will give you confidence in both the equipment and your experimental techniques.

1. The laboratory instructor will demonstrate balance operations and how to
handle objects for weighing. When you first turn the analytical balance on, the
microprocessor will go through a self-check procedure. If the balance indicates a
problem e.g. "CH 3", tell the instructor. Report any poorly functioning balance to
the laboratory instructor immediately. Make sure that you learn how to calibrate the
balance. It is important to calibrate the balance before measuring mass if high
accuracy is desired.

2. Select the balance you will use throughout the course. Record the balance
number in your notebook and sign up on the balance sign-up sheet in the balance
room. It hopefully will not be necessary to have more than two persons assigned to
each balance during any one lab period.

3. Practice weighing a solid object. Select one of the brass samples and weigh
it to the nearest £ 0.0001 g. Repeat the weighing operation three times, so you can
estimate the precision, and record the results on your "Summary Data Page."

4. Practice weighing a powdered sample. Fill a clean and dry weighing bottle
about 1/4 full with sodium chloride. Transfer 0.50 £ 0.01 g of the NaCl into a clean,
dry and previously weighed 50 or 100 mL beaker. Calculate the weight of NaCl
transferred by addition and by subtraction. See the example Summary Data Page
for typical calculations. While both the subtraction and addition methods can be
used for this class, in many cases there are advantages to weighing by subtraction
(also called weighing by difference). If you are weighing by addition into a wet flask
or if the flask you are weighing into is heavy, there will be greater errors in weighing
by addition. For this reason, the subtraction method of weighing needs to be
learned by students. Powdered samples should be transferred directly out of weigh
vials without using spatulas or weigh paper.

Use of the Top-Loading Balance
The top-loading balances are to be used when the full precision of an analytical
balance is not required. Typical uses are weighing out large quantities of samples

for drying and weighing the water during the buret calibration procedures. The lab
instructor will demonstrate the operation of the top loading balance.
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SUMMARY DATA PAGE
ANALYTICAL BALANCE

SAMPLE

Name Locker Number

Section number

PRACTICE WEIGHING

Object Weighed: _brass solid Date of Weighing: _2/14/09
OBSERVED WEIGHT
Trial 1 Trial 2 Trial 3
12.3652 g 12.3651 12.3654

CALCULATIONS

Mean 12.3652 g
Standard Deviation_=£0.0002 g

Rel. Std. Dev. +0.02 ppt

WEIGHING A SAMPLE (pure NaCl)

Trial 1 Trial 2

Wt. of beaker + NaCl 36.4583¢g
Wt. of beaker 35.94709g
Wt. of NaCl by addition 0.5113¢g
Wt. of weighing bottle + NaCl 15.49679g
Wt. of weighing bottle + remaining NacCl 14.9852¢g
Wt. of NaCl by subtraction 0.5115¢g
Date of Weighings 2/16/09

Difference: Weight by addition - weight by subtraction (mg)
Trial One _-0.2mg

Trial Two
18



Cleaning, Calibration and Use of Volumetric Glassware

There are three types of glassware that are routinely used for quantitative analysis and are
calibrated to contain or deliver precise volumes of liquids. They are volumetric flasks,
volumetric pipets, and the buret. All must be scrupulously clean to function properly. Also,
a fairly high level of technical skill is required to use the pipet and buret to their maximum
precision and accuracy.

The purpose of this exercise is to develop your technique in the use of volumetric glassware
and to calibrate the 25 mL class A pipet and the 50 mL class A buret. The instructor will
discuss and demonstrate the proper use of this equipment in a lab lecture. Class A glassware
has a rated precision of +£0.1%.

Pre-Lab Calculation 1: Calculate the relative percent difference between 24.95 and
25.01 mL

l. Cleaning glassware

To deliver the correct volumes, glassware must be free of any dust, dirt, chemicals,
and particularly any oils or greases. When glassware is properly cleaned, water will
drain slowly and completely, leaving no droplets adhering to the walls. There are
three approaches recommended for cleaning glassware. The method and materials
used depend on the type of glassware and how dirty it is. It is recommended that
you use all three methods listed below for cleaning the 25 mL pipet. Additionally,
glassware identified as dirty (e.g. poor meniscus shape) should be cleaned until it is
“clean”.

SAFETY NOTE!" NOCHROMIX contains concentrated H.SO4 and an
oxidizing agent and alcoholic KOH contains a high concentration of
KOH. Both solutions can cause severe damage to eyes and skin. It
f==-~ iS critical that you wear proper PPE and clothes when using these

5 materials. If you spill either of these solutions on yourself, rinse
with water for 15 minutes and notify the instructor. These solutions
will only be available at the beginning of the semester.
The three approaches that should be used as necessary are:

EXCLAMATION

CORROSION

1. Use of soap, hot water and suitable brush
2. Use of NOCHROMIX cleaning solution

3. Use of alcoholic KOH cleaning solution

19



Cleaning Procedures

The buret: The buret is easily cleaned with soap, hot water and a buret brush.
Merely pass the brush back and forth through the buret several times with soap
and water. The Teflon stopcock (and tip) may be removed to facilitate this
procedure. Rinse thoroughly with tap water then deionized water. Fill the buret
with room temperature deionized water (set out at least a liter in advance) and
drain water through the tip quickly to remove any air bubbles.

Be sure to thoroughly dry the outside of the buret, including the stopcock and tip
before testing for leaks! It is useful to adjust the meniscus so that it is between
0.00 and 1.00 mL on the scale. Carefully read the position of the meniscus to
+0.01 mL and write the value down. Read the position of the meniscus again
after 10-15 minutes. The position should be exactly the same (within £0.01 mL)
if there was no leakage!

After the buret has stood for 10-15 minutes, carefully check the region where the
glass tip fits into the Teflon stopcock. Any air bubbles indicates a leak. If there
is any leakage, notify the instructor. Open the stopcock and let the buret drain
to the 50 mL mark. Check for any droplets adhering to the walls of the buret.
Adhering droplets indicate the buret is not thoroughly clean. Clean again if
necessary.

Volumetric flasks: Generally, only the long neck of a volumetric flask needs to be
carefully cleaned. This can be done with a test tube brush and soap and water.
Always rinse with DI water before use or storage. The instructor will show what a
dirty volumetric flask looks like for you to decide if additional cleaning (beyond soap
and water) is needed.

Volumetric pipets: Volumetric pipets cannot be cleaned with a brush. Use one or
more of the following methods:

a. Connect a length of rubber tubing to the top of the pipet. Connect the other end
of the tubing to the vacuum connector of a water aspirator. Turn on the aspirator
and slowly draw a solution of hot, soapy water into the pipet. Rinse thoroughly and
check for drainage.

b. Attach a pipet bulb to one end of the pipet and fill the pipet to just past the mark
with NOCHROMIX. Be careful not to suck the NOCHROMIX into the pipet bulb.
Leave the bulb in place so the solution will remain in the pipet for 2-3 minutes. You
should leave the pipet in the NOCHROMIX bottle during this time. Drain the
NOCHROMIX back into the bottle (cleaning solutions can be used many times).
Remove the pipet with a beaker under it to avoid dripping NOCHROMIX onto the
floor, and rinse the outside and inside of the pipet with deionized water.

c. Use the exact same procedures as (b), but use the alcohol-KOH mixture

(alcoholic KOH) solution instead of NOCHROMIX. Be careful not to place the tip of
the pipet in solids which tend to form at the bottom of the alcoholic KOH bottle.
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I1l.  Use of volumetric glassware

Volumetric glassware must be used properly if the ultimate precision and accuracy
are to be attained. This takes practice and patience. The lab instructor will discuss
and demonstrate the procedures for using the pipet, the buret and volumetric flasks.

IV.  Calibration of volumetric glassware

In this exercise you will calibrate your 50.00 mL buret and the 25 mL volumetric
pipet. The volumetric flasks need not be calibrated. The calibration exercise fulfills
two purposes: (1) it serves as a measure of your proficiency in the use and reading
of the pipet and buret, and (2) allows you to determine the true volume delivered by
these devices. In general, the procedure is a measured volume of deionized water
is collected in a stoppered flask and weighed on the analytical balances to the
nearest 1 mg (0.001 g) for the pipet or top loading balance to the nearest 10 mg for
the buret. The "true" volume of this water is calculated by one of two methods (see
below). A correction factor (AV) is computed by

AV = Vtrue - Vnominal = correction factor

Vhominal IS the apparent volume, which is the volume read from the calibration marks
(buret) or the nominal volume stamped on the glassware (pipet and volumetric
flask). The correction factor must be added to all subsequent nominal volumes to
obtain the true volume.
To calculate the true volume of water from its mass, it is necessary to correct for the
buoyancy error and the variation of density with temperature. The buoyancy error
occurs whenever the density of the object being weighed (water) differs significantly
from the balance weight's density (stainless steel).
There are two ways to determine the true volume of the water:

Method 1, a two-step process:

Step 1. Correction for buoyancy.

The correct mass of an object (water in this case), mq, is calculated from the
apparent mass, my, by:

m1 = mz + M2[(dair/d1) - (dair/d2)] (1)

Where
dair = density of air = 0.0012 g/mL
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d1 density of object = 1.0 g/mL for water (use exact density found in
tables on bulletin board or in text)

density of balance weights = 7.8 g/mL for stainless steel

d>

Once the correct mass is found, the true volume is calculated in Step 2.
Step 2. Conversion from mass to volume.
Virve = (correct mass)/(density of water) 2

A chart showing the density of water at various temperatures is posted in the laboratory.
Get the instructor to show you how to read the chart.

Method 2, a shortcut, one-step method:
A table on page 38 of the course textbook lists a number of "factors™ that when
multiplied by the apparent mass of water measured gives the true volume directly.
This factor varies with temperature and corrects for buoyancy and density. The
factor has units of mL/g so:

Virue = factor*(my)

There are two columns of factors. Use the one with the heading "At temperature
shown?".

Method 2 is OK for our work. Method 1 can only be used when temperatures are
controlled to at least 0.1 °C. This is generally not true in our lab.

1. The 25 mL volumetric pipet:

a. Weigh an Erlenmeyer flask with rubber stopper to 1 mg on the analytical
balance.

b. Pipet 25 mL deionized water into the flask using the pipet as instructed.

c. Reweigh the stoppered flask and obtain the apparent weight of the water by
difference.

d. Calculate the true volume of the pipet.

e. Repeat this procedure until you can repeatedly deliver the same volume % 0.02
mL (which is the same as +£0.02 g). You do not have to empty the flask between
measurements unless it overfills or exceeds the maximum balance weight.

f. Calculate the average true volume delivered by your pipet based on at least 3
consecutive measurements. Record this value as your pipet volume in your
notebook. Note that since the volumetric pipet delivers a single volume, it is not
necessary to calculate a correction factor for the pipet.
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2. The buret:
a. Fill the buret above the top mark with DI water.

b. Open the stopcock fully for a few seconds to flush out any air in the tip. It is
critical that no air be left in the tip as it may come out during use and cause a large
error in the dispensed volume.

c. Refill if necessary then slowly bring the meniscus down to just below the 0.00 mL
mark. Remove any hanging droplets from the tip by touching the droplets to a
waste container. (Note: It is not proper to adjust the meniscus to the 0.00 mL
mark.)

d. Read the volume to the nearest = 0.01 mL and record the value.

e. Dispense approximately 10 mL of water into a previously weighed flask (top-
loading balances can be used for the buret calibration). The flow of water from the
buret should be adjusted to about 1 to 2 drops per second. If the flow rate is too
fast the buret will not drain reproducibly.

f. Read the volume to + 0.01 mL and record.

g. Reweigh the flask and calculate the true volume delivered by the buret. The
correction factor for the 10 mL region of the buret is calculated as:

AViomi = Virve - Vmeasured

h. Refill the buret to between the 0.00 and 1.00 mL marks and dispense
approximately 20 mL into the flask. Calculate AV for 20 mL. Repeat this procedure
for 30, 40, and 50 mL volumes. In order to dispense 20 mL, fill the buret to 0-1 mL
and dispense 20 mL. DO NOT simply dispense from 10 mL to 30 mL. Repeat the
whole process at approximately the same volumes. No AV values should be larger
than 0.20 mL. If your correction factor(s) are larger than this, see the instructor.
Note that correction factors (AV's) should be reproducible. AV's taken at the same
volume increment should not differ by more than +0.04 mL. You must keep making
measurements until consecutive AV values agree to within £0.04 mL. Calculate an
average AV for each volume increment using your most reproducible values.

V. Results

Plot a "buret calibration graph" by plotting AV vs. buret volume. Use average AV
values and nominal buret volumes (10, 20 mL etc.).

Use a spreadsheet program of your choice to make the plot. Refer to EXERCISE 3 in

the Computer Use section for help. Turn one in to the instructor as part of the
laboratory report. Once this is approved, attach it in the laboratory notebook.

23



Data Summary Page
CALIBRATION OF 25 mL PIPET

Name Locker Number

Section number

MEASUREMENT

Trial 1

Trial 2

Trial 3

Wt. of Erlenmeyer + Water

Wt. of Erlenmeyer

Apparent weight of water

True pipet volume

Date of measurements

Ambient (water) temperature

Volume of 1 g of water at ambient temperature
Average pipet volume delivered

Standard deviation of volume

Relative standard deviation
of volume

24

°C

mL

mL

+

mL

I+

ppt




Pipet Calibration Report

Name

Lab Section

Submit the average volume delivered for the twenty-five mL volumetric pipet using the
last three or four consecutive pipet volume values. Also include the standard deviation, the
relative standard deviation (in parts per thousand), and the 95% confidence interval for
these values.

Trial

Average volume (mL)

Standard Deviation (mL)

Relative Standard Deviation (ppt)

959% Confidence Interval

|+

SAMPLE CALCULATION

Continue on reverse side if necessary.
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SUMMARY DATA PAGE - CALIBRATION OF 50 mL BURET

Name

Locker Number

Section number

Ambient Water Temperature (°C)

TRIAL ONE

Volume of 1 g of water at ambient temperature mL

Date of work

Range on the Buret

0-10 0-20 0-30 | 0-40

0-50

Final Buret Reading

Initial Buret Reading

Apparent Volume Delivered

Weight of Flask+Stopper+Water

Weight of Flask+Stopper

Apparent Weight of Water

True Volume of Water Delivered

Correction Factor (mL)

TRIAL TWO

Date of work

Range on the Buret

0-10 0-20 0-30 | 0-40

0-50

Final Buret Reading

Initial Buret Reading

Apparent Volume Delivered

Weight of Flask+Stopper+Water

Weight of Flask+Stopper

Apparent Weight of Water

True Volume of Water Delivered

Correction Factor (mL)

Average Correction Factor

—_— |

Note: A slightly different table may be desired if the two step correction method is used.
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Water Hardness Determination

Introduction

Domestic and industrial water supplies generally are drawn from surface or
subterranean reservoirs. Consequently, the water often contains large amounts of
dissolved salts, typically containing calcium and magnesium as cations, and
carbonates, bicarbonates, or sulfates as anions. Water containing greater quantities
of such ions is said to be "hard". The degree of hardness is determined by both the
type and concentration of the dissolved minerals. Calcium and magnesium
containing minerals are the most common types resulting in water hardness.

In industrial environments hard water manifests itself as a problem most often in
the formation of "boiler scale", a buildup of relatively insoluble calcium and
magnesium salts on the insides of boilers, steam lines, and the like. Uncontrolled
scale buildup can cause reduced efficiency and eventual breakdown of equipment.

Domestically, hard water becomes a problem by reducing the effective cleansing
action of soap. Calcium, magnesium, and several other "heavy" metal ions
precipitate stearate ion. Common soap is primarily sodium stearate, which is
soluble. Only after all the heavy metals have precipitated out of solution (forming
bathtub rings) is stearate ion free to act as a cleansing agent.

Since sodium forms no common insoluble salts, hard water can be "softened” by
exchanging sodium ions for the heavy metal ions. This is accomplished with
ion-exchange resins.

Theory

Calcium, magnesium and many other metal ions form stable, soluble, complexes
with ethylenediaminetetraacetic acid, (EDTA). EDTA is a tetraprotic, hexadentate
ligand. For simplicity EDTA will be represented as H4Y. The form with no net
charge, HasY, is not very soluble in neutral solution, but is quite soluble in basic

solution. The disodium salt, NaxH-Y-2H-0 is moderately soluble in water and is used
to prepare standard solutions.

In pH 10 solution the dominant forms of EDTA are HY® and Y#each present at
about 50% of the total. The reactions between HY3and Y4 with Ca?* are:

HY® + Ca?* « CaY? + H* (1)
Y4+ + Ca?* <« CaY? 2

Similar complex formation reactions can be written for Mg?*.
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HY® + Mg?* & MgY? + H* (3)
Y4 + Mg** o MgY?% 4)

The extent of the reaction of Ca?* and Mg?* with EDTA is expressed quantitatively
with the formation constants of the CaY2-and MgY? complexes:

2
For eg. 2, K,,CaY* = [CaY™]

= TV ] 5x10 ()

2

For eq. 4, K,,MgY* = % =5x10° (6)

[Mg™ I[Y™]

We can see the CaY? complex is 100 times more stable or "stronger" than the MgY?
complex.

Water hardness can be expressed as the total concentration of Ca?* and Mg?*.
Experimentally, the Ca?* + Mg?* concentration can be found by quantitatively
complexing these ions with EDTA. This is most conveniently done with a volumetric
titration using a standardized EDTA solution. As with many titrations, the end point
in the titration is signaled by a color change with a suitable indicator. Eriochrome
black T (EBT) is a suitable indicator for EDTA titrations. It is a triprotic acid which
can be represented as Hsln. At pH 10, the predominant form of EBT is HIn>. The
HIn? ion imparts a pure blue color to the solution. This indicator will complex Ca?*
and Mg?* ions as follows:

Ca?* + HIn* < Caln~ + H* (7)
Mg?* + Hin* < Mgin- + H* (8)
The formation constants for the metal-EBT complexes are:

_ [Caln"][H"]

K.,Caln = = 2.5x10° 9
f [Ca®][HIn?] ©)

K, Mgin~ = MAINIHT 0 (10)
[Mg™" ][HIn""]

The Mgln- complex is about 40 times "stronger" than the Caln- complex. Both Caln-
and Mgln ions impart a red color to the solution. The magnitude of the formation
constant for Caln- is such that an indistinct end point would result if Ca?* was
titrated alone with EDTA. The Mgln- complex however is strong enough so that a
sharp, analytically useful, end point color change is obtained when Mg?* is titrated
with EDTA. The relative magnitudes of the various metal complex formation
constants allow Ca?* to be analyzed with EDTA as long as Mg?* is present (See
equations 5, 6, 9, and 10).
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If a mixture of Ca?* and Mg?* is titrated with EDTA using EBT indicator, the following
sequence of chemical reactions occurs:

1. Initial solution. Add indicator.

Ca’* + Mg?* + HIn> « Ca?* + Mgin- + H*
(red)

2. Begin addition of EDTA.

Ca’* + MgIn- + Y4 ----> CaY? + Mglin
(red)

3. After all Ca?* has been titrated.

H* + CaY?> + MgIn- + Y4 ---> CaY?> + MgY% + HIn?
(red) (blue)

The analyte solution changes from red to pure blue in color at the end point. Just
prior to the end, the solution passes through various shades of purple and the
transition from purple to blue can be difficult to see.

A small amount of Mg?* is added to the EDTA titrant to insure proper indicator
operation. Its presence is corrected for in the standardization of the EDTA versus
primary standard CaCOs.

Pre-Lab Calculation 1: Calculate how much solid CaCOs is needed to prepare 500 mL
of 0.015 M solution (111(2)).

Pre-Lab Calculation 2: Calculate the amount of concentrated HCI (=12 M) solution
needed to neutralize the calcium carbonate (111(8)).

Pre-Lab Calculation 3: Calculate the quantity of NaxH2Y-2H>O necessary to prepare
1000 mL of 0.01 M EDTA solution (I11(8)).

1. Lab Safety

scuwmon ——— \We will be using small amounts of concentrated hydrochloric acid
(12 M HCI) to aid in the dissolution of CaCOs. This has severe
effects if contacting skin or eyes and inhalation of vapors should be
minimized. Keep reagent bottles of HCI in the acids hood and take
only what is needed to be transferred to your 500 mL flask.
CORROSION
Your unknown is prepared in a way similar to your preparation of
the Ca standard. These solutions will be weakly acidic.

29



Procedure

Calculate how much solid CaCOs3 is needed to prepare 500 mL of 0.015 M solution.
Weigh out about twice this amount on the top loading balance into a clean, labeled
weighing bottle.

Place the weighing bottle in a clearly labeled beaker and cover the beaker with a
watch glass. Leave the top off the weighing bottle but put it into the beaker.

Dry the CaCOs at 110-120°C for 2 hours or more.
Cool the CaCOs in the desiccator until room temperature is reached before weighing.

Weigh, by difference, into a 500 mL volumetric flask, sufficient CaCO3 to make 500
mL of about 0.015 M solution. Use pure D.l. water in your wash bottle to help wash
the solid into the flask through the powder funnel. Be sure to make all mass
measurements to + 0.1 mg.

Calculate the amount of concentrated HCI (—12 M) solution needed to neutralize the
calcium carbonate. Add that amount of concentrated HCI plus 50%% more to the
500 mL volumetric flask. Mix and fill to the mark with D.l. water as in (2) above.
The instructor will discuss these steps in detail in a lab lecture.

Calculate the quantity of NazH2Y-2H20 necessary to prepare 1000 mL of 0.01 M
EDTA solution and weigh out on a top loading balance. Weigh out approximately

0.10 g MgCl»-6H-0 using the same balance.

Dissolve the EDTA and the magnesium chloride salt in approximately 1000 mL of
distilled water. One mL of concentrated ammonia can be added to hasten the
dissolution of EDTA. Mix thoroughly and store in a stoppered bottle.

Your locker will contain a concentrated solution used to make the water hardness
unknown (which will also be used for the atomic absorption experiment). Using a
clean 10.0 mL pipet, condition the pipet and then transfer 10.00 mL of the
concentrated unknown solution to a clean 500 mL volumetric flask and then dilute to
the line and mix thoroughly. This is your water hardness unknown for which you
will be calculating concentrations, and you will also use this unknown for the atomic
absorption lab.

Standardization of EDTA

Equilibrate (rinse) your 25 mL pipet with three or four portions of the Ca?* standard
solution.
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