Chemistry 355L – Quantitative Analysis Laboratory 2009

Instructor:  

Dr. David W. Hatchett

Office: 

SEB 2136

Office Hours:

Tuesday and Thursday, 9:00 AM to 10:45 AM, or by appointment. 

Laboratory Times:
Monday and Wednesday, 11:30 to 2:20 PM, and 2:30 to 5:20 PM

Lab:


CHE 125

Phone:


895-3509

Email:


david.hatchett@unlv.edu
POLICY ON THE END OF LAB TRANSITION.

The laboratory setup is such that section 1 follows immediately after section 2 in the same room CHE 125.  Therefore, you are required to have all lab materials put away and the benches cleaned by 2:20 PM and 5:20 PM.  Failure to meet this requirement will result in an initial warning followed by a deduction of 5 points for the lab that is being performed.  It is imperative that you manage and finish the laboratory on time.

POLICY ON LATE LABORATORY REPORTS.

Laboratory reports are due on assigned dates before the laboratory starts at 2:30 PM (section 1) or 11:30 AM (section 2).  There are no exceptions to this policy.  If you do not turn in the laboratory at these times you will receive a zero for the lab report.  If you receive a zero on two laboratory reports you will receive an F in the course.  The instructor has discretion in all matters concerning late laboratory reports.  Only the instructor can change the due date of the laboratory report.

All laboratory work must be completed by 11/23 unless other arrangements are made with the instructor.  The instructor has final discretion in all matter regarding missed laboratories.

LABORATORY PROCEDURES

1. Safety policies are the same as all other UNLV laboratories.  For example, safety glasses and laboratory coats must be worn at all times once you enter the laboratory (obtain a pair prior to the second lab).  You can obtain both the lab safety glasses and laboratory coats from either the chemistry office or the university bookstore.  Friends that visit the lab must also have lab coats and goggles if they come into the lab.  If you or a guest arrives without proper lab attire then you will be asked to leave the laboratory.  Bare legs, midsections, and open toed shoes are unacceptable, and it is recommended that long hair be tied back.  If you come to lab with any of these things you will be asked to leave the lab to change into more suitable laboratory attire.  No food or drink is allowed in the lab ant any time and chewing gum, candy, and cough drops are considered to be food. 

2. You must obtain a permanently bound laboratory notebook with consecutively numbered pages before coming to lab for the first experiment.  Spiral bound notebooks are not acceptable.  Mead type bound notebooks either grid or ruled are acceptable.

3. The “laboratory manual” consists of a packet of experiments that you will be provided.  Treat these materials like a book: i.e., do not lose them.  If you do lose them, you will not be able to obtain a replacement from the lab instructor.  You will have to copy the experiment from your lab partner or download it from my personal website: http://sciences.unlv.edu/Chemistry/hatchett/.  It is advised that you keep the material in a three ring binder separate from your class materials.

4. All laboratory data and observations must be entered into the laboratory notebook in INK. Pencils are banned from the lab.  Do not bring them in or use them during the laboratory. You may use any format you wish for entering data, but it is recommended that you take particular care to label all entries so as to prevent confusion at a later time.  Transfer of data (e.g., from slips of paper) to the notebook is not allowed. The notebook must be the primary laboratory record and used when you weigh items, collect data points, etc...  For example, when weighing a sample, take the notebook with you into the balance room and enter the masses directly into the notebook.  This record constitutes the RAW DATA section of your report.  If you forget to take down relevant data for your experiment, the instructor will not make allowances and you will have to perform the experiment again.  If you have to perform the experiment a second time and more unknown is required, 10% of the points will be deducted from your laboratory for that experiment.
LABORATORY REPORTS

After collecting your raw data you will present your results in a FORMAL REPORT section.  Ideally, the formal report should focus on the analytical results obtained, and should be neat and easily understandable.  

The actual format of the report will include:

Sample calculations

Data in tabular form.

Graphs where appropriate.

Statistical analysis of the analytical data.

Any deviations from the written procedure.

Justification for data exclusion.

One sample calculation that shows the propagation of error from start to finish is required.  YOU MUST CLEARLY LABEL UNCERTAINTIES OF EACH MEASUREMENT FOR FULL CREDIT.

You must include the names of all lab partners when the lab is performed by a group of individuals.

The formal report should not include:

Material contained in the written procedure

Multiple examples of the same calculations.

Excess wordiness. 

The following is an example of the format you should use with explanations for each section.  It is how you should format your lab for clarity and to ensure all needed items are contained.

Before the actual lab write up there should be a section labeled raw data in your book.  All of the dilutions, weights, and unknown number should be shown here.  Allow 3-4 blank pages for notes from the laboratory lecture and space to record all raw data.

I. Raw Data

On the next page the introduction should start the formal write up.

II. Introduction:  (Describe in your own words what is being done in the lab).  In this lab we measured the concentration of ? , in ? using ?.  Answer in a short paragraph why you did it, how you did it, and what you did.  Give any chemical formulas that will describe what is being done, etc…  You must explain to the reader what you are doing and why it is important.  What is the significance of the experiment?  Do not simply reiterate the procedure.  This should be in your own words.

III. Data:  Display tabulare data and calibration curves that were required for the laboratory.  If no calibration curve is needed just display the data in tabular form as shown below.  

	Conc(ppm)
	Absorbance
	blank
	corrected abs

	1000
	0.2456
	0.0356
	0.21

	400
	0.1026
	0.01424
	0.08836

	200
	0.0552
	0.00712
	0.04808

	100
	0.03684
	0.00356
	0.03328


IV. Calculations:  Show a representative calculation for all relevant answers.  Include all calculations requested in the lab procedure.  Perform statistics and show the mean and standard deviation of the measurement.  This will indicate your precision for the measurements made.

V. Conclusions:  Provide all relevant information regarding the unknown including the unknown #, concentration of unknown, standard deviation of measurement.  Describe any difficulties encountered, changes in procedure, etc….  Would you suggest that changes in the procedure be made?  What is the overall significance of the measurement that you made in the lab, or what do you perceive it to be?  IN YOU OWN WORDS.

VI. List partners.

THE LABORATORY
This laboratory course is probably unique in the undergraduate curriculum in the extent to which the results determine your grade.  The instructor will typically give you a sample and you must determine the quantity of a certain chemical species in that sample to a very fine tolerance.  Extreme care is necessary and required.  If you don’t obtain sufficiently accurate results, you will have to repeat the analysis.  Repeating the experiment may not be possible without obtaining additional unknown. A sufficient quantity of unknown will be issued to each group; additional quantities can be obtained for a 10% reduction in the grade for that given lab.  It is extremely important that you follow the procedures for each lab and use proper analytical techniques.  Read the procedure completely before starting the lab.  

Students will turn in a photocopy of the laboratory report taken directly from the laboratory notebook.  The cover sheet is attached to the front of the laboratory report and can be found in this manual at the end of each laboratory.  Failure to put a cover sheet will result in a 5-point deduction in the laboratory report score.
LABORATORY GRADING 

The grading of the laboratory reports will follow this general procedure.

Accuracy – (How close your measured value is to the actual value of your unknown) 30% of total laboratory report score.

Precision – (How close are the repeated measurements of your unknown) 30% of the total laboratory report score.

Calculations – Sample calculations and propagation of error.  30% of the total laboratory report score.

Format - (neatness of the report), general laboratory performance, tardiness to lab, participation, lab notebook etc…(Discretion of the instructor). 10% of total laboratory report score.

If you are within the required tolerance, 60% of your score will be due to your analytical results: the remaining 40% will be due to side analyses, the format (neatness of the report and lab notebook), general laboratory performance, cleanliness, etc…
Tentative grading scales for accuracy (30 points out of 100 total points)

If the measured value is within the following percentages of the true value the following points are awarded.



0-5%


100% of the points awarded



5.1% - 10%

80% of the points awarded



10.1% - 15%

70% of the points awarded



>15%


50% of the points awarded

Tentative grading scale for precision (30 points out of 100 total points)

The precision of each experiment varies depending on the technique used and reaction examined.  The precision of each experiment will be determined based on all of the data.  The best precision obtained will be considered to be the standard value.  All other groups will be compared to this value and the points will be awarded based on a comparison of all groups.

OVERALL LABORATORY GRADE

Each laboratory report is worth 100 points for a total of 800 points possible.  The laboratory final exam will be worth another 200 points.  The labs and practicum will provide the total possible points in the course (1000).  The grade cut-offs are given below.  These standards are high and indicative of the importance of accuracy and precision in analytical laboratories. 

A

100 – 90%

B

 89 – 80%

C

 79 – 70%

D

 69 – 60%

F
     
 59 % or lower

General comments:
· Weigh all items by difference whenever possible.

· Do not touch volumetric glass with hand when measuring directly into the vessel.  Oil from your hands will introduce systematic error.

· SHAKE ALL SOLUTIONS BEFORE USE.  Solutions often settle after they sit with more concentrated regions found at the bottom of the vessel.  Shake solution so that they are homogeneous.
· EACH STUDENT WILL BE REQUIRED TO MEASURE AN UNKNOWN.  YOU WILL NOT BE ABLE TO USE GROUP MEMBERS UNKNOWN DATA AS YOUR OWN IN THE LAB REPORT.
UNLV POLICIES

The following should be noted:  Students have a responsibility to conduct themselves in class and in the libraries in ways, which do not interfere with the right of other students to learn or of instructors to teach.

Specific Policies

Academic Misconduct – “Academic integrity is a legitimate concern for every member of the campus community; all share in upholding the fundamental values of honesty, trust, respect, fairness, responsibility and professionalism. By choosing to join the UNLV community, students accept the expectations of the Academic Misconduct Policy and are encouraged when faced with choices to always take the ethical path. Students enrolling in UNLV assume the obligation to conduct themselves in a manner compatible with UNLV’s function as an educational institution.”  An example of academic misconduct is plagiarism: “Using the words or ideas of another, from the Internet or any source, without proper citation of the sources.” 

See the “Student Academic Misconduct Policy” (approved December 9, 2005) located at: http://studentlife.unlv.edu/judicial/misconductPolicy.html
Copyright – The University requires all members of the University Community to familiarize themselves and to follow copyright and fair use requirements. You are individually and solely responsible for violations of copyright and fair use laws. The university will neither protect nor defend you nor assume any responsibility for employee or student violations of fair use laws. Violations of copyright laws could subject you to federal and state civil penalties and criminal liability, as well as disciplinary action under University policies. 

To familiarize yourself with copyright and fair use policies, you are encouraged to visit the following website: http://www.unlv.edu/committees/copyright/
Disability Resource Center (DRC) – If you have a documented disability that may require accommodations, you will need to contact the DRC for the coordination of services. The DRC is located in the Student Services Complex (SSC), Room 137, and the contact numbers are: Voice (702) 895-0866, TDD (702) 895-0652, fax (702) 895-0651. 

For additional information, please visit: http://studentlife.unlv.edu/disability/.

Religious Holidays Policy – It shall be the responsibility of the student to notify the instructor no later than the last day at late registration of his or her intention to participate in religious holidays which do not fall on state holidays or periods of class recess. This policy shall not apply in the event that administering the test or examination at an alternate time would impose an undue hardship on the instructor or the university, which could not be avoided.   

http://catalog.unlv.acalog.com/content.php?catoid=1&navoid=44&bc=1
Tutoring  -- The Academic Success Center (ASC).  Students may learn more about tutoring services by calling (702) 895-3177 or visiting the tutoring web site at:  http://academicsuccess.unlv.edu/tutoring/
Tentative Laboratory Experiment Schedule 
I. Statistical Treatment and Volumetric Glassware. 8/24 to 8/26.

1. Reading a burette.

2. Statistical treatment of experimental data.

3. Calibrating a pipette.

       Laboratory Report Due 8/31.

II. Calibration Methods. 9/2 to 9/9.

1. Linear regression analysis.

2. Standard addition.



       Laboratory Report Due 9/16.
III. Gravimetric Analysis. 9/14 to 9/21.

1. Determination of the %S in a soluble sulfate unknown.

*Error must be propagated for this experiment.    Laboratory Report Due 9/28.
IV. Acid-Base Titration. 9/23 to 9/30.

1. Preparation and standardization of HCl.

2. Determination of the percent carbonate in an unknown.

*Error must be propagated for this experiment.    Laboratory Report Due 10/7.

V. Potentiometery. 10/5 to 10/14.  

1. Preparation and standardization of NaOH.

2. pKa and concentration of weak acids.


*Error must be propagated for this experiment.    

       Laboratory Report Due 10/21.
VI. Complexometric Titration. 10/19 to 10/26

1. Preparation and standardization of EDTA solution.

2. Determination of calcium in an unknown sample.

3. Total hardness of tap water.


*Error must be propagated for this experiment.     








                   Laboratory Report Due 11/2.
VII. Oxidation/Reduction Titration. 10/28 to 11/4.

1. Determination of hypochlorite in bleach.

*Error must be propagated for this experiment.    Laboratory Report Due 11/16.

VIII. Spectrophotometric Analysis. 11/9 to 11/23.

1. Determination of iron as o-phenanthroline complex using UV/Vis. 

       Laboratory Report Due 11/30.

Lab Final 11/30 (Comprehensive, written only, not applied), 2:30 – 4:30 (section 1) and 11:30 – 1:30 (section 2).

The lab final will cover aspects of each individual lab including definitions, techniques, and results.  A portion will come from the lab lecture notes and from the lab itself.  Use the lab manual, lab lecture notes, and lab reports to prepare.  If you have any questions regarding the material see the instructor.

Laboratory I

Statistics and measurements

Reading: Chapter 3 and 4, Harris.
Introduction

The statistical treatment of data is based on calculations using a series of data.  It will tell us the error and ultimate precision of our measurement and give us confidence that we have performed an accurate analysis.  The reading for this lab is found in Chapters 3 and 4 in Harris.  Before performing statistical analysis of the data a few terms must be defined.

Error:
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Where, µ is the true value and xobserved is the measured value.

Mean: (arithmetic average)
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For N data points.

Median:  The center point of a set of ordered data.  Sort the N data points in the set from smallest to largest.  If N is odd, the median is the center point.  If N is even the median is the mean of the central pair of data points.

Average Deviation:
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For N data points.

Sample Standard Deviation:
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THEORY


Each student in the class will read the volume of the liquid level in a burette and analyze the results statistically.  A typical set of results that was recorded is shown on the next page with the relevant calculations performed in the spreadsheet.  If you are not familiar with using spreadsheets see either the laboratory TA or the professor.
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Sample Standard Deviation,
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Relative Standard Deviation, 
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The Sample standard deviation is considered to be the absolute value.  The relative standard deviation, RSD is the relative value, absolute multiplied by 100.  You can convert from one to the other using the mean and the sample standard deviation and the scaling factor, in this case 100.  The following scaling factors are typically used:
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Gaussian Distribution: 

When a very large number of repetitive measurements are made of a sample, and the measuring system is without bias (i.e., only random error), a plot of the frequency (number of times that a value appears in the data set) of occurrence of any value versus the value itself will give a symmetrical curve known as a gaussian distribution.  A broader curve means less precise results and a larger value for the standard deviation.

The Gaussian curve also provides a measure of what data is within a given confidence interval centered around the mean value 
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.  For example, when a set of data is influenced only by random errors, 68% of the possible statistical values (results) fall within 
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 ± s, 96% of the results fall within 
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 ± 2s, and 99.7% of the results within 
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 ± 3s of the true value. The value s is the sample standard deviation for the data set.

Data Rejection – The Q test.  Occasionally, a set of measurements of an experimental value may contain a single value that appears to be much higher or lower than the rest of the data; i.e., an outlier.  Statistical rejection tests like the Q-test have been devised to determine if the data point lies outside the range predicted by the Gaussian Distribution, which is considered to be justification for “throwing it out”.  The procedure is simple: determine Qcalc (equation below) and compare to Qtable. Values for Qtable will be provided in graphical form so that any number of data points.

If Qcalc>Qtable, the data point can be rejected.  If not, it must be retained in the data set.
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Values of Qtable at 90% confidence for n data points will be given out in the Laboratory.

It must be emphasized that outlier tests should only be used as a last resort.  No statistical test can replace careful laboratory technique and good judgement.  If doubt exists in a set of data, the best course of action is usually to obtain more data points.

A graph of Qtheory vs. the number of data points can be used to obtain the Qtheory when the number of measurements exceeds the values given the book.  
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f(x) = 1.061327E+0 * exp( -9.914553E-2*x )

R^2 = 9.658444E-1


Qtheory vs. number of measurements (n).

For example if the number of measurements was n = 20 we would solve the equation f(x) = y = 1.061327 x exp(-9.914553 x 10-2 x 20) = 0.146.  You must use the equation to calculate Q for the number of data points that you have from the class.

A.  Statistics of reading a burette.

PROCEDURE


When the instructor tells you to do so, record the reading on the burette that is set up in the lab.  Write down the number on a piece of paper and place the piece of paper into a container designated by the instructor.  Do not look at other student’s answers or let them look at yours, and do not put your name on the paper.  When everyone has read the burette, the instructor will write all the numbers on the board.  Record these values in our lab notebook, and analyze them statistically by:


a.  Removing any data points due to systematic error.


b.  Perform Q-test and reject or retain outliers as indicated above.


c.  Calculate the Mean, Standard Deviation, and Relative Standard Deviation.

For this experiment only, you must show the calculation steps in a table for the determination of the standard deviation (as shown above).  After this experiment, you can use a calculator to determine the standard deviation for any data you collect.

B.  MASS OF U.S. CENTS, A STATISTICAL EVALUATION.

THEORY

Here we will use the Student T-test to determine if differences in experimental data sets are statistically significant.

PROCEDURE

1. Weigh each of the cents in set #1 (pre-1982) and in set #2 (post-1982), labeling each as date and mint.  Assign duplicates a sequential number order (i.e., 1981-D #1, 1981-D #2, etc…).

2. Calculate the standard deviation for each set, and a pooled standard deviation for both sets.  Perform these calculations manually with the data in tabular form as shown above.

3. Determine the relative standard deviation for both sets of coins in terms of parts per thousand.  Determine the 99% tolerance (i.e., confidence) limits for each set.  This equation is in the textbook for the class.

4. Perform the t-test on the two data sets.  Are they significantly different at the 99% confidence level?

5. Calculate the mean for the two smallest masses in set #1, and another mean for the two largest masses in set #2.  Can we say that these two subsets are different at the 99.9% confidence level?  You may use the pooled standard deviation calculated in part 2 above.

C.  CALIBRATION OF A PIPETTE.


In this experiment, the true volume dispensed by a pipette will be measured.  The principle used based on the density of water at a given temperature, which means a given volume of water will have a specific mass.  Since masses can be determined more accurately than volumes (If this is true, why do we bother with volumes?), we can weigh the water dispensed by the pipette and, knowing the density, convert this weight to a volume.  Multiple determinations will allow us to determine the precision of the volume delivered by the pipette.


When we get down to nitpicking levels of accuracy, there are always effects to be considered that influences the quality of the results.  Here, we consider the buoyancy provided by air that will tend to produce a negative mass error for low-density materials.  You will see that the effect is small, but measurable at the level of accuracy that we are using.

PROCEDURE


Clean the 10 and 25 ml pipettes (use detergent and water, rinse well).  Obtain some distilled water and determine its temperature.  Weigh an empty Erlenmeyer flask that will hold at least four aliquots of 25 ml and use the pipette to deliver water into the flask (the instructor will demonstrate proper procedure), and weigh the flask after each addition.  Obtain at least 4 data points for each pipette (NOTE: it should not be necessary to empty or re-weigh the flask for the 10 ml pipette).  Calculate the volume delivered as indicated below, determine the mean, and standard deviation for each pipette.  If the standard deviation is greater that 10 ppth (parts per thousand) you should redo the experiment (consult with instructor first).

Calculation of the true weight of water delivered, ml (buoyancy corrected):
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where ml is the apparent weight, Vwater is the volume of the water that was weighed (= weight divided by the density of water from the chart below), Vweights is the volume of the internal counterweights in the balance (= weight of water divided by the density of stainless steel) and (air is the density of air (use 0.00110 g/ml for this experiment).

Density of stainless steel, 7.8002 g/ml.

Volume of water occupied by one  gram of water at various temps. (Use graph rather than book for volumes at a given temperature)
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Lab Report

In the lab report show all relevant calculations performed in each section of this laboratory.  Calculate standard deviation and relative standard deviation for each part of the experiment.  How confident are you that your values are correct?  Discuss results and provide any observations and be sure to provide a conclusion in the lab report.  The lab report format will be provided for the first lab report to detail how to write up your results.  If you have any questions please see the instructor.

Part A.

Mean Volume (ml)

Standard Deviation

Data Points Eliminated

__________________
________________

___________________

Part B.


    Values pre-1982
Values post 1982

1.  ______________
______________

2.  ______________
______________

3.  ______________
______________

4.  ______________
______________

5.  ______________
______________

6.  ______________
______________

7.  ______________
______________

8.  ______________
______________

9.  ______________
______________

10.  ______________
______________

Mean Set 1
    Mean Set 2

Standard Dev Set 1 

Standard Dev Set 2

_________
     _________

________________

________________

Pooled Standard Dev.


 Tcalculated

   Ttheory
__________________

_________

__________

Part C.

Temperature ______________ °C

(10 ml Volumetric pipette)

Mass

Trial 1 ___________

Trial 2 ___________

Trial 3 ___________

Volume

Trial 1 ___________

Trial 2 ___________

Trial 3 ___________

Average

Standard Deviation

________

________________

(25 ml Volumetric pipet)

Mass

Trial 1 ___________

Trial 2 ___________

Trial 3 ___________

Volume

Trial 1 ___________

Trial 2 ___________

Trial 3 ___________

Average

Standard Deviation

________

________________

LABORATORY II

Calibration Methods

Reading: Chapter 5, Harris.

THEORY

Linear Regression

[image: image54.wmf]
In many cases before the concentration of a given species can be measured with an instrument, standards (samples with known concentrations must be prepared and measured first.  The values obtained from the standards are then used to construct a calibration plot.  The calibration plot is a plot of the measured phenomena of the instrument versus the concentration used to elicit the response over a concentration range, as shown below.  Linear regression is then performed and the best straight line obtained is drawn through the entire data set.   This is the best representation of the data in line form and can be expressed as the equation y = mx + b, where m represents the slope of the line, b is the value of y when x is zero (also called the y intercept), x is the concentration, and y is the physical response of the measurement.

The plot above is based on the measurement of absorbance of a compound as described by Beer’s law:
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Where, A is the absorbance, ( is the molar absorptivity, b is the path-length for the cell and c is the concentration of the analyte.  It is important to point out that this relationship is only good for concentrations below 0.1 M or 100 mM.  Absorbance is typically linear below this concentration.  Once the calibration plot is obtained the concentration of unknown samples can be determined from the measured absorbance using the linear regression line shown on the plot.

From the plot we find, y = 0.4406x + 0.0434.  Using the equation for Beer’s law we see that we can relate the equation for the best straight line using
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 and y = mx + b where,

y = A

m = ( b = 0.4406 = slope of the line.

In a perfect line the absorbance would be zero at zero concentration based on Beer’s law.  However, in the real world this is never the case.  Therefore, an additional term, the y intercept, is included in the linear regression.

b = 0.0434 = y intercept of the line.

The concentration of any unknown containing the species used to obtain the calibration plot can be obtained using y = 0.4406x + 0.0434 in the following manner.  Verify the concentrations of  the following unknown absorbances.

Absorbance Unknown


Concentration [
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1.25





2.73 mM

1.95





4.32 mM

2.50 





5.58 mM

3.50





7.85 mM

The last absorbance value (3.50) yields a concentration of 7.84 mM.  The question remains, is this valid measurement based on our calibration plot above.  The answer is no!  Our calibration plot is only good in the range of concentrations that we have measured standards for.  If we want  to be able to measure at concentrations that are higher we must include standards at that are higher than the unknown concentration or we must make a dilution of the unknown.  Likewise if the absorbance was measured for the unknown and found to be below the lowest standard we would have to make a new standard so that the calibration included that lower concentration.  The calibration plot concentration range must encompass the concentration of the unknown to be valid.

Other Calibration Methods: Standard Addition

THEORY


Standard addition involves the addition of known quantities of standard to an unknown solution.  The increase in the signal is used to deduce how much analyte was in the original unknown solution.  This method also uses the principal of linear regression discussed above.   The steps for standard addition are outlined below.

In step 1 a same amount (known volume) of unknown is added to each volumetric flask. 
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In step 2 increasing aliquots of standard solution are added to each flask.  For example, 0 ml, 5 ml, 10 ml, 15 ml, and 20 ml of standard can be added.

In step 3 the flasks are filled to the mark to complete the standard addition samples.  
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The first flask will give a response solely based on the unknown and each subsequent solution will have increasing concentrations of known standard, which results in an increase in the total signal.  The calibration plot obtained will be discussed in the lecture prior to performing the laboratory.

PROCEDURE

In this laboratory you will compare the results from the two calibration methods discussed for a single unknown. 

Part 1: Calibration using standards and linear regression
1. Obtain 50 ml of the concentrated Cobalt standard per group and one unknown solution per person from the instructor.  Write down your unknown number in your laboratory notebook.  The standards can be prepared as a group and unknowns should be measured individually, undiluted, for this part of the experiment.

2. Prepare calibration standards using the standard Cobalt solution in individual test tubes used in the Spec 20’s.  For example, prepare dilutions of the standard solution such that you have at least 4 different concentrations of standard. 

3. Turn on the spectrometer and follow the procedure for setting up the instrument provided below: 

Instructions for the Use of the Spectronic 20 Spectrophotometers.

Plug the spectrophotometer and allow a ten-minute warm-up period.  Obtain test tubes from the instructor.

Set the wavelength control on the monochromator to the desired wavelength provided by the instructor.

Set the meter to read 0% transmittance with the zero control on the detector.

Fill a test tube with the blank solution, place into the sample compartment, and adjust the reference control until the meter reads 100% transmittance.

Rinse and fill the other test tube with the sample solution and place it into the sample compartment.

Read the absorbance or % transmittance of the sample and record in your notebook.

When finished, turn off the spectrophotometer and return the cleaned test tubes to the instructor.

4. Measure the absorbance for a blank sample containing just water with no added Cobalt.  This measurement represents the zero concentration sample.

5. Measure the absorbance for each diluted standard making sure to enter the data in a table in your notebook in pen.

6. Measure the absorbance of your unknown Cobalt solution.  Repeat this at least 3 times removing the test tube between each measurement, zeroing the instrument with water and replacing it again.  Do not throw solution away it will be used in part two of the experiment.
7. Plot the concentration vs. absorbance for your standard solutions.  Perform linear regression to obtain the line equation for your data.  Use the equation obtained to calculate the concentration of the unknown for each measurement.  DO THIS ON THE DAY YOU TAKE THE DATA TO ENSURE LINEARITY AND THAT THE CALIBRATION IS ACCEPTABLE.

8. Calculate the mean, standard deviation, and relative standard deviation for the Cobalt unknown. 

Note:  All measurements of the unknowns should be performed on the same day the standards are run.

PART 2: STANDARD ADDITION (Each individual must complete with their own unknown)

1. Place 1 ml of unknown in each test tube.

2. To each test tube add increasing concentrations of the standard Cobalt solution using the following volumes (0 ml, 1 ml, 2 ml, 3 ml, and 4 ml).

3. Dilute all test tubes to 5 ml.

4. Measure the absorbance for each standard making sure to enter the data in a table in your notebook in pen.

5. Measure the unknown provided to obtain a value for [X]i, the initial unknown absorbance for the undiluted unknown.  This value will be used in a calculation of the unknown concentration later.

6. Plot the concentration vs. absorbance for your standard solutions.  Perform linear regression on the data to obtain the equation that described the data.  Use the technique for standard addition described in the lecture to obtain the concentration of the unknown from the plot. DO THIS ON THE DAY YOU TAKE THE DATA TO ENSURE LINEARITY AND THAT THE CALIBRATION IS ACCEPTABLE.
Standard addition plot:

A plot of the data is similar to that obtained for a basic linear regression.  However, the absorbance is offset by a constant amount based on the addition of the constant amount of unknown in step 1.  The following graph demonstrates how standard addition is used to obtain the concentration of the unknown.  The regression line extends past the point of zero concentration until it intersects the x-axis at zero absorbance.  The value can be obtained using the equation from the linear regression by setting y equal to zero and solving for x. 

At y = 0 the expression from the linear regression can be rearranged, solving for x.

[image: image58.wmf]
[image: image24.wmf]y

=

0

.

4406

x

+

0

.

3934

x

=

-

0

.

3934

0

.

4406

=

-

0

.

8929

mM

=

[

X

]

f


But, the concentration of the unknown is not negative.  Therefore, we take the absolute value obtained as the true concentration.  This value represents the diluted concentration.  The final step is solving for the initial concentration of your unknown prior to the standard addition dilution you performed.  We used 1ml of unknown in 5 ml total for each standard addition standards.  Therefore we have diluted the true concentration by a factor of 5.
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The method above is the graphical standard addition method.  Standard addition can also be performed using only two measurements.  The method relies on the measurement of the unknown followed by the addition of a known concentration of standard into the unknown.  The equation that describes the relationship between the concentration of the standard, the unknown concentration and the signal is given below.  However, you must use the value of the undiluted unknown for [X]i.
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In this equation [X]i is the initial unknown concentration, [S]f is the standard concentration in the mixture of standard and unknown, and [X]f is the concentration of unknown diluted with standard.  Furthermore, we can relate [X]f to [X]i using the known dilution factor.
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Using the graphical method you can relate the final concentration of the unknown to the initial concentration using this equation which corrects for the dilution of the unknown.

This equation can also be used to eliminate [X]f concentration so that we only have [X]i to solve for a two-point measurement.  In this system the following equation is obtained:
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You then solve for [X]i to obtain the value of the unknown.  This equation includes the correction for the dilution.

REPORT

Include the tabulated data and the excel plots of the concentration vs. absorbance data for both parts of the experiment and calculate the concentration of the unknown for each technique described. Compare the value obtained for the unknown using the different calibration methods (normal calibration, graphical standard addition, and two point standard addition).  Are they different?  If so, would you expect them to be?  Which would you expect to be more accurate?  Do the values obtained from graphical and two-point standard addition agree?  If not, why?  Which is more accurate?  Answers should appear in the conclusion of your report.

Part A: Normal Calibration



Concentration of Unknown # ________________

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

Part B: Standard Addition

Concentration
Graphical

_________
     

Concentration Two Point



_________



 LABORATORY III

GRAVIMETRIC ANALYSIS

The Gravimetric Determination of the Percent Sulfur in a Soluble Sulfate Unknown.

Reading:  Harris, Chapter 6.

THEORY


A sample consisting of a soluble sulfate is weighed, dissolved in water, and the sulfate is precipitated by the addition of BaCl2.  The precipitate is separated by filtration and weighed.  The percent sulfur in the soluble sulfate is calculated from the weight of the precipitate.

This is a straightforward procedure based on the following reaction:
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However, the method is subject to numerous errors and gives good results only if the analyst strictly adheres to the proper experimental procedures.

1. BaSO4 has a finite solubility in water (Ksp = 1.0 x 10-10) and the solubility increases in the presence of acids due to the formation of the bisulfate ion:
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Despite this tendency, it is important to perform the precipitation in the presence of a small amount of HCl (0.05M) to prevent interference via the formation of other relatively insoluble salts of barium, e.g., BaCO3, BaCrO4, etc… An added advantage is that in the presence of HCl, BaSO4 is precipitated in the form of readily filterable crystals rather than a finely divided colloid.
2. The precipitation of BaSO4 must be carried out close to the boiling point of the solution to minimize the possibility of supersaturation.

3. The solubility of BaSO4 in slightly acidic solutions in the presence of an excess of barium ions is negligibly small.  In principal, the precipitate can be washed with cold water and the loss in the weight of the precipitate due to the solubility of the BaSO4 can be neglected.  In practice, however, over-washing of the precipitate leads to peptization and subsequent physical loss of precipitate.
4. One of the most important causes of poor results is the remarkable tendency of BaSO4 to co-precipitate many salts.  For example, BaCl2 and Ba(NO3)2 are readily co-precipitated; the alkali and alkaline earth sulfates are also co-precipitated.  Errors that arise from co-precipitation can be minimized if the solution is diluted before the precipitation takes place and if the precipitate is digested after it is formed.

5. The precipitate will be washed free of chloride with water, then the water will be removed by washing with ethanol, and the adhering ethanol removed by washing with ether.  The precipitate will then be dried in the oven at 110°C and weighed.

PROCEDURE

1. Obtain a sulfate unknown from the lab instructor.  The samples will be dried by the lab instructor at 110°C overnight prior to use.  Cool the sample in a dissecator before weighing.

2. Accurately weigh out (i.e., by difference to 0.1 mg) three 0.4 g portions of the sulfate unknown into three separate beakers (400 ml).  Label the beakers (e.g., sample 1, sample 2, etc…).

3. For each of the three beakers, dissolve the solid in 125 ml of distilled water and add 1.0 ml of 12 M HCl (concentrated).

4. Bring the sulfate unknown solutions to a boil on an electric hot plate.  At the same time, bring 500 ml of distilled water to a boil.  

5. To a separate container, add 13.5 ml of 5% w/v BaCl2 solution (supplied) and bring the total volume up to about 130 ml with boiling distilled water.  Add this solution immediately and rapidly to Sample #1; stir vigorously for 1 to 2 minutes while the solution boils.   Cover the beaker with a clean watch glass.  Repeat this step for the remaining samples.

6. Reduce heat to just below boiling point and maintain for at least 1 hour (this is called digestion).  During this time, you can confirm complete precipitation of the sulfate by waiting for the precipitate to settle (i.e. solution becomes clear) and adding a drop of 5
% BaCl2; no new precipitate should form.  Add distilled water if the volume in the beakers drops below 150 ml, and rinse the underside of the watch glass into the beaker whenever the watch glass is removed form the beaker.  (This is the point you must reach prior to stopping)

7. After digesting the samples prepare your 3 Gooch crucibles. Label each crucible based on the sample number to ensure you have the correct one during weighing of the final products. Clean and rinse each crucible with copious amounts of distilled water, put the crucibles in a beaker, cover the beaker with a watch glass, and dry the crucibles in an oven at 110°C.  Cool, the crucible, add filter paper, and weigh, recording the weight of each crucible/filter set-up directly into the raw data section of your laboratory notebook.

8. Wet the filter paper under vacuum to ensure the holes in the crucible are covered.  Vacuum filter your samples through the crucibles.  It is best to match the sample number with the crucible number to avoid confusion.  Make sure that all precipitate is transferred from the beaker to the crucible, and that no precipitate passes through the filter.  Wash the precipitate with no more than 3 to 5 volumes (2/3 of a crucible full) of distilled water.  

9. Empty your filter flask.  Rinse the precipitate with 2 portions of 95% ethanol (no more than 5 ml total). Collect and discard the washings into a labeled waste container (aqueous).  In the same manner, rinse the precipitate with ethyl ether (no more than 5 ml total again for two rinses).  Place the collected washing in the labeled waste container (non-aqueous).  Dry the samples by vacuum suction as much as possible after the last washing.

10. Dry crucibles (containing the precipitate) in the oven at 110°C to remove all excess water and solvent.   Record the weight of crucibles cooled to room temperature in the desiccator in your laboratory notebook.

REPORT

Report the percent sulfate in the unknown and unknown number.  Show all calculations and propagation of error for one sample from start to finish.  Calculate the mean, standard deviation, and relative standard deviation for the three samples.  If you have questions regarding any of the calculations required, please see the instructor.

Grams BaSO4

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Grams Unknown

Trial1



Trial 2



Trial 3

__________________
________________

___________________

%S # ________________

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

%SO42- # ________________

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________


Laboratory IV

Acid-Base Titrations
Determination of the Percent Carbonate in an Unknown Sample

Reading: Harris, Chapters 10,11.

THEORY


A solution containing CO32- can be determined by titration with strong acid such as HCl.  The titration can be stopped at either of two points:  

H+ + CO32- ( HCO3-

the first equivalence point

H+ + HCO3- ( H2CO3
the second equivalence point

The first equivalence point can be detected by the one-color indicator phenolphthalein (pink to colorless); the two-color indicator bromocresol green (blue to yellow) can be used for the second equivalence point.  For accurate determinations, the second equivalence point is preferred.  A solution of HCl is added to the dissolved sample until the solution turns blue-green (pH ~ 4.5).  Dissociation of H2CO3 (aq) into CO2 (g) and H2O is hastened by heating the solution.  This step serves to lower the buffer capacity of the system by removing H2CO3 from solution.  The addition of a fraction of a drop of HCl to the solution will then result in a sharp drop in the pH of the sample; it should thus be possible to locate the second equivalence point with a high degree of accuracy.

PROCEDURE


Standardization of a Solution of HCl


A solution of 0.1 M HCl may be prepared by adding 9 ml of concentrated HCL to 1 liter of water total.  The solution will be standardized so that the volume that is used to make this solution is only approximate at this point.  This solution is mixed thoroughly to ensure that the solution has a uniform concentration.  




The HCl solution is standardized with the primary standard, Na2CO3.  It is important to dry the Na2CO3 thoroughly before weighing it because water will result in an inflated weight and subsequent error in your final calculation of the unknown.  If possible, dry the primary standard overnight at 110°C.  For this laboratory, the instructor will dry a large quantity of standard for the entire class and you will merely measure 2 grams of the standard into a weighing bottle.  Do not waste the material and remember to return the material immediately to the oven.  Weigh by difference, three portions of Na2CO3 (0.1000 to 0.1500 ± 0.0001g) into three titration flasks.  


Pipette exactly 50 ml of water to each sample; swirl to dissolve.  Add four drops of bromcresol green (0.1 %) indicator and titrate with HCl solution until the blue color of the indicator turns blue-green.  It is hard to see this change so keep a close eye on the color by placing a sheet of white paper under the flasks to contrast the color change.  Warm the solution gently on a hot plate and swirl to expel the CO2.  Heat the solution to boiling, but avoid a hard boil because sample can be easily lost.  Cool in an ice bath until near room temperature and continue the titration by adding HCl in fractions of a drop (ask instructor to demonstrate if you have questions) until the solution turns yellow.  Calculate the molarity of the HCl solution from the three titrations.  With good technique, the precision (as measured by the relative standard deviation, or RSD) of these determinations should be below 5 ppth (parts per thousand) or better.  If the RSD exceeds 10 ppth, additional trials should be run to try to lower the RSD value below 10 ppth.  DO NOT RUN MORE THAN 5 TRIALS.

Determination of the Percent Carbonate in an Unknown


Dry an unknown sample (obtain from instructor) for at least one day prior to use at 110°C.  Weigh by difference, three portions (0.3000 to 0.5000 ± 0.0001g) exactly into three titration vessels.  Dissolve the three portions in distilled water and titrate with the standard HCl solution using bromocresol green indicator, as described above.  

REPORT

Report the percent CO32- in the unknown.  Show all calculations and propagation of error for one sample from start to finish.  The propagation of error will be obtained using the errors for the mass measured, the measured volumes for the titration, and the errors for the molecular masses from the textbook.  Calculate the mean, standard deviation, and relative standard deviation for at least three samples.  If you have questions regarding any of the calculations required, please see the instructor.

Percent CO32- # ________________

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

LABORATORY V

POTENTIOMETRY

Gran plot analysis  of an unknown weak acid. 

THEORY

The dissociation of a weak acid is based on the following equilibrium equation and expressions:
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Where, F = [HA] = initial concentration of HA, and Ka = Acid Dissociation Constant.  

The assumption is that when a weak acid is titrated with strong base the moles of acid neutralized is equal to the moles of base added.

The concentration of [H+] or pH of the system can be determined for four different regions in the titration, which are shown in the figure below.

[image: image59.wmf]
Titration of a weak acid with strong base.

The data obtained from this plot is helpful in determining the Ka and concentration of a weak acid using the Gran plot method.

For any weak acid:
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The titration of VHA (ml) of [HA] at unknown concentration is initiated with the addition of strong base Vb at concentration Fb.  At any point before the equivalence point, Veq, we can determine the amount of HA remaining and the amount of A- produced from the neutralization of HA.
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These are substituted into the equilibrium expression for the acid (HA) and conjugate (A-) base.


[image: image37.wmf]  

K

a

=

[

H

+

]

V

b

F

b

V

HA

+

V

b

V

HA

F

HA

-

V

b

F

b

V

HA

+

V

b

=

[

H

+

]

V

b

F

b

V

HA

F

HA

-

V

b

F

b


This equation rearranges to the following equation:
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But, [H+] = 10-pH and the term on the right can be rearranged to the following:
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Therefore the final equation can be written as follows:
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This is the Gran Plot equation.

A plot of x = Vb versus y = Vb10-pH will have a slope m = -Ka and intercept b = KaVeq for a linear equation y = mx+b. 
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Only the linear portion of the Gran plot data obtained from the titration of a weak acid is used in the analysis.
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The linear regression is expressed on the graph where, y = -5.53 x 10-5x + 2.765 x 10-3.  Recall that m = -Ka and the intercept b = KaVeq.  Therefore the Ka is equal to –m, or 5.53 x 10-5 and Veq= b/Ka = 2.765 x 10-3/5.53 x 10-5 = 50 ml.  The moles of acid neutralized is equal to Veq*Fb.  The concentration of the unknown acid is then Veq*Fb/VHA.  

In this lab you will perform the Gran plot analysis for a known acid as a group.  Each individual student will then perform the Gran plot analysis for an unknown.

PROCEDURE

Part 1: Preparation and Standardization of NaOH

Reading Harris, Chapter 10.

THEORY


A solution of carbonate free NaOH can be prepared from 50% (w/w) solution of NaOH in which the carbonate is usually found as a precipitate at the bottom of the vessel in which the solution is stored.  An approximate amount of the clear supernatant solution is siphoned off and diluted to give an approximately 0.1 M NaOH solution.  The 0.1 M NaOH is standardized versus primary standard potassium hydrogen phthalate by titrating to the phenolphthalein end point.

H+K+(C8H4O4)2- + NaOH ( Na+K+(C8H4O4) + H2O

PROCEDURE

1. Given a stock solution of NaOH with known molarity, prepare 2 liters of the 0.10 M NaOH solution for your group.  You should have a 2 liter plastic bottle.  If not let the instructor know.

2. Precisely weigh out into each of three 250 ml titration vessels an amount of potassium acid phthalate between 0.6 and 0.7 g with 0.0001 g tolerance.  Add 75 ml of distilled water and 3 to 4 drops of phenolphthalein indicator solution to each sample just before you are ready to perform the titration.  It is critical that you do not add it to all of the samples at the same time because the indicator will degrade over a period of time giving a false result.  Titrate with NaOH solution to a pink endpoint.  It is again important to place a white sheet under the titration vessel so that you can see the endpoint clearly.

3. From your three trials, calculate the mean molarity, the standard deviation and the relative standard deviation.  The relative standard deviation should be less that 10 ppth again.  If this is not the case perform additional trials to lower the RSD below this value. Propagate the uncertainties from start to finish for one trial from this part of the experiment.

NOTES

1. Since NaOH solutions slowly attack glass they should be stored only in the plastic bottles provided.

2. Dilute NaOH solutions rapidly react with CO2 present in air and they should be exposed to air as little as possible.  Keep them tightly closed when not in use.

3. Potassium hydrogen phthalate is often abbreviated KHP.  As you can see from the chemical formula this is not an accurate representation of the empirical formula.

Part 2: Titration of a known weak acid.

1. Weigh out 2.40 to 2.50 g of glacial acetic acid provided by the instructor and record the mass in your notebook.  Measure directly into a 100 ml volumetric flask and fill to the mark with distilled water and stopper tightly.  Calculate the exact concentration of the acetic acid solution and record it in your notebook.  Using the concentration for NaOH determined from part 1 calculate the equivalence volume for this part of the experiment. 

2. Calibrate pH meter with pH buffers provided.

3. Pipette 25 ml of your acetic acid solution into a clean Erlenmeyer flask that can accept the pH electrode through the top.

4. Fill burette with standardized NaOH solution prepared in part 1 of the experiment.  Record the initial volume of the titrant to the nearest 0.01 ml.

5. For trial one add 2 ml of NaOH at a time and record the pH to a volume within 10 ml of your calculated equivalence volume.  Make sure the pH reaches equilibrium prior to adding the next aliquot of base to the vessel.  Within 10 ml of your equivalence volume add NaOH in 1 ml aliquots until 3 ml past the equivalence volume.  Add five 1 ml aliquots past the equivalence point and record pH.  Plot the volume of titrant vs. pH for your first trial. Plot volume NaOH vs. pH for all of the trials. From the data, perform the Gran Plot analysis of the known acid.  Calculate the pKa and Ka from your three trials and compare to the known value given in Harris for acetic acid.  

Part 3: Titration of an unknown weak acid.

1. Each student will provide the instructor with a clean 100 ml volumetric flask to obtain an unknown weak acid solution.  Record the number of the unknown in your lab notebook. 

2. Calibrate pH meter with pH buffers provided.

3. Pipette 10 ml of your unknown acid solution into a clean Erlenmeyer flask that can accept the pH electrode through the top.  You must immerse the bulb completely or you will not obtain reliable results.

4. Fill burette with standardized NaOH solution prepared in part 1 of the experiment.  Record the initial volume of the titrant to the nearest 0.01 ml.

5. For trial one add 1 ml of NaOH at a time and record the pH.  Make sure the pH reaches equilibrium prior to adding the next aliquot of base to the vessel.  Titrate through the equivalence point by noting when the sharp change in the pH is encountered.  This can be a 1-2 pH change.  Estimate the equivalence point for the next three titrations.  

6. For trial two through four determine the volume required for at least 15 data points before the equivalence point is reached.   Add this aliquot and measure the pH until the equivalence point is exceeded.  Make sure the pH reaches equilibrium prior to adding the next aliquot of base to the vessel. Plot volume NaOH vs. pH for all trials except for one.  Using Gran plot analysis calculate the Ka, Veq, and FHA of the unknown acid.  Using the pKa provide at least 2 candidates for your unknown and choose the one you think is represented by your data from Harris.  

REPORT

The report should include the concentration of the unknown, pKa, and Ka for the unknown, and possible candidates for the unknown.  Include one titration plot for acetic acid and unknown acid with corresponding Gran Plot analysis. Finally statistical analysis of the equivalence volume, concentration of unknown acid, pKa and Ka should be provided, including the mean, standard deviation, and relative standard deviation.

pKa

Known Acid

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

pKa

Unknown Acid # ________________

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

Concentration
Unknown Acid # ________________


Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

LABORATORY VI
COMPLEXOMETRIC TITRATIONS

Determination of Ca and Mg by EDTA Complexometric Titration.

Reading: Harris, Chapter 12.

THEORY


EDTA (ethylenediaminetetraacetic acid) is a hexadentate ligand that forms water-soluble 1:1 complexes with Ca2+ and most other metal ions (alkali earth being the main exception).  The ligand is commercially available as the water soluble disodium derivative Na2H2Y•2H2O, where Y represents the EDTA ligand.  The Y4- ligand has an affinity for protons as well as metal ions, so increasing the solution pH (lowering the H+ concentration) has the effect of increasing the effective reactivity towards metals.  For the reaction of Ca2+ or Mg2+ to be considered quantitative, the pH of the solution must be greater than or equal to 10.  A NH3/NH4Cl buffer is used to maintain this pH throughout the titration of Ca2+ and/or Mg2+ with EDTA.


The equivalence point in the titration is located by means of the visual indicator Erochrome Black T.  The indicator itself is a complexing agent and invariably forms pink or red complexes with most metal ions.  Addition of the indicator to aqueous solution containing metal ions results in a red or pink color (may be pH dependent with some metal ions) due to the formation of metal ion complexes.
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As EDTA reacts with this solution the uncomplexed metal is consumed by complexation with EDTA, and once the uncomplexed metal is consumed, the EDTA displaces the indicator from the metal complex (EDTA complex is stronger than the indicator complex).
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When the last trace of the indicator complex is gone, the color of the solution assumes the color of the uncomplexed ligand, which is steely blue in the pH range of 9 to 10.


Because the calcium-indicator complex is weak and relatively unstable at pH 10, a trace of magnesium is added to form the pink Mg-indicator complex.  The Mg2+ can either be added to the solution, in which case the amount must be known exactly, or it can be added tot he EDTA titrant solution, which automatically takes the Mg2+ into account during the standardization step.

Most of the transition metals form very stable complexes with the indicator and, in many cases the rates of dissociation of these complexes are slow.  Hence the presence of a small amount of transition metal ion will "block" the indicator; care must be taken to avoid contact of the samples with potential contaminating sources of metal ions.  For this reason masking agents are employed for the analysis of tap water.  Substances used as masking agents include CN-, S2-, and triethanolamine; these substances react with transition metal ions but not with calcium or magnesium and thus prevent them from reacting with the indicator.  

Determination of %Ca in a solid sample.  

PROCEDURE

Preparation and Standardization of the EDTA Solution

Although the disodium salt of EDTA is sometimes used as a primary standard, it is not a very good one, so we will standardize versus dry pure CaCO3.

1. Dissolve about 6 g of Na2H2Y•2H2O in about 800 ml of pure water in a liter bottle.  Add 20 ml of 1% MgCl2 solution and 3 ml of 6 M NH3OH.  Add another 150 ml of water and make sure that the EDTA is completely dissolved.  The resulting solution is approximately 0.016 M.   See note #1 below.

2. Obtain 0.5 to 1.0 g of CaCO3 from the oven in your own weighing bottle: let cool in the dessicator.  Calculate the amount of CaCO3 that is required to react with about 40 ml of the EDTA solution, and weigh this amount (exactly, by difference) into three or four titration flasks.

3. To titrate the samples, add 10 ml of water and the least amount of 6 M HCl that is necessary to dissolve the CaCO3.  Use the amount of HCl measured in the first titration in each subsequent trial.  Mix slowly and wash down the sides of the vessel with a small amount of water to prevent loss of CaCO3.  Add 8-10 ml of the NH3/NH4 buffer and 1 or 2 drops of Erochrome black T to the flask.  Add EDTA solution from a burette until the pink-to-blue color change is observed.  See note #2 below. 

Unknown Procedure

1. Obtain your calcium unknown from the instructor and dry it for a least 1 hour at 110°C; cool in your dessicator.  The procedure for titration is the same as for #3, but you will want to weigh out about 25 to 50% more solid per titration, since the unknown is not pure CaCO3.  Perform at least three titrations on your unknown.  See note #3 below.

2. Calculate and report the %Ca and in your unknowns.  Provide the mean, standard deviation, and relative standard deviation in your laboratory report.

Determination of Water Hardness. 

PROCEDURE

Las Vegas tap water is very hard and we can easily determine the hardness using EDTA.

1. Pipette 100 ml of tap water into a titration flask, add 10 ml of the NH3/NH4 buffer and the Erochrome black T indicator then titrate the solution with EDTA as described above.  Report the total water hardness in parts per million of CaCO3.  See note #4. Propagate the uncertainties from start to finish for one trial.

NOTES

1. Empirically, it is found that the standardization molarity of freshly prepared EDTA solutions slowly decreases for 24 hours then stabilizes.  Unless you plan on doing all of your titrations in one day, it is a good idea to let your titrant solution "age" overnight.

2. The total elapsed time for the titration should be about 5 minutes; shorter or longer times can lead to systematic error.  Uses good mixing by swirling the flask throughout the titration, and add the last one ml, one drop at a time.

3. The unknowns should require about the same amount of HCl for dissolution as the pure CaCO3.  However, some of the unknowns contain silica as an inert filler; the silica will not dissolve no matter how much HCl you add, but the silica will not affect your results.  Too much HCl will affect your results (see next note).

4. The unknown and the tap water may require the addition of a masking agent, which will be supplied by the instructor.  Other causes of poor results include improper solution pH (too much added HCl) and incomplete dissolution of the sample (too little HCl).

REPORT

Report the percent Ca2+ in the unknown.  Show all calculations and propagation of error for one unknown sample from start to finish.  The calculation should include the errors from the molecular masses, masses, and volumes.  Calculate the mean, standard deviation, and relative standard deviation for at least three samples.  If you have questions regarding any of the calculations required, please see the instructor.  Finally calculate the water hardness for tap water in ppm for at least three trials with mean, standard deviation, and relative standard deviation.

%Ca2+ Unknown # ________________

Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

ppm Ca (hard water)
Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________
LABORATORY VII
OXIDATION-REDUCTION REACTIONS
Analysis of Hypochlorite in Commercial Bleach by Iodometric Titration

Reading: Harris, Chapter 16.

THEORY


The oxidizing power (percent NaOCl) of the solution is determined iodometrically by reacting it with an excess of iodide in acetic acid solution and titrating the triiodide ion produced (I3- is formed in the presence of an excess iodide) with standard sodium thiosulfate solution.  The sodium thiosulfate is standardized against primary standard potassium iodate and a starch indicator is used.

Equations that govern the complex equilibrium of this iodometric titration:

Standardization of Na2S2O3
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In the reaction six thiosulfate ions (S2O32-) react for every iodate (IO3-) ion reacted.
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Why do we call this an oxidation/reduction reaction?
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The thiosulfate is oxidized and the iodate is reduced in the reaction.

Determination of a hypochlorite sample

I3- is generated using ClO- in a 1 to 1 mole ratio and is then reacted with the standardized thiosulfate solution.  The following two reactions govern the iodometric titration of hypochlorite:
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In the reaction two thiosulfate ions (S2O32-) react for every hypochlorite (ClO-) ion reacted.
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The thiosulfate is oxidized and the hypochlorite is reduced in the reaction.

Solutions and Chemicals Required

Provided.  Primary standard KIO3, KI, Na2CO3, glacial acetic acid, 6 M HCl, dilute H2SO4, and starch indicator.

Must be prepared.  Standard 0.01 M KIO3 solution.  This will be used to standardize the Na2S2O3 solution.  This procedure is used instead of titrating individually weighed portions of KIO3.  The reason is that KIO3 has a low equivalent weight and only about 0.1 gram portions can be titrated.  Hence, it is more accurate to prepare a standard solution.  This requires special care in the accurate preparation of the solution since only one solution is prepared. 

Dry about 1.5 g of the primary standard KIO3 at 120°C for 1-2 hours and cool in a desiccator for 30-40 minutes.  Accurately weigh out (to the nearest 0.0001g) 1.0 to 1.4 g of the salt (by difference) and dissolve in a small amount of distilled water in a 200 ml beaker.  Quantitatively transfer, with rinsing to a 500 ml volumetric flask using a glass funnel ensuring all solution and any solid are transferred to the flask.  Dilute to the mark.  Calculate the molarity of the solution.

Sodium thiosulfate solution 0.1 M.  Boil about 1200 ml of distilled water for 5-10 minutes to ensure sterility and to expel carbon dioxide.  Cool to room temperature.  Sodium thiosulfate solutions are subject to bacterial attack, which may change the molarity after some time.  Therefore, all water and glassware used to prepare and store the solution should be sterilized.  If any turbidity or bacteria or mold growth appears, the solution should be discarded.  Removal of carbon dioxide is also beneficial, because thiosulfate is more stable in neutral solution.  Sterilize a 1 liter bottle with concentrated H2SO4; rotate the bottle so that the acid contacts the entire interior wall.  Caution! Highly Corrosive! Use the minimum amount necessary.  Rinse very thoroughly with tap water, then with distilled water, and finally with the boiled distilled water.

Weigh out on a watch glass, using a rough balance (i.e., a top-loader), 25 g of sodium thiosulfate crystals, Na2S2O3•5H2O.  Transfer to the liter bottle, fill to the shoulder with the freshly boiled and cooled distilled water, add 0.1 g sodium carbonate, and shake thoroughly until the solution is homogenous.  A small amount of sodium carbonate is added to keep the solution neutral or slightly alkaline and thereby stabilize it against decomposition to elemental sulfur.  Store this solution in a dark, cool place.

PROCEDURE

Standardization of the Na2S2O3 solution.

1. Rinse the 50 ml burette several times with small portions of the thiosulfate solution and fill it with thiosulfate solution.  Adjust the pipette volume near the zero mark and record the volume reading to the nearest 0.02 ml.  Add with a pipette a 50.00 ml aliquot of the potassium iodate solution to a clean 250 ml wide-mouth Erlenmeyer flask.  Add about 2 g of solid potassium iodide and swirl to dissolve.  Add, with thorough, rapid mixing, 5 ml dilute H2SO4.

2. Titrate immediately with the thiosulfate solution.  In strongly acidic solutions the excess iodide is rapidly air-oxidized to I3-.  Therefore, the titration must be performed quickly without large delay times.  Thorough, continuous mixing by swirling the flask is required throughout the titration with the addition of each aliquot.  The thiosulfate must not be allowed to accumulate in local excess in the acid solution or else some decomposition into H2SO3 and S may occur.  Titrate until the yellow color (due to I3-) almost disappears.   It will become pale yellow.  To ensure that you see this place a white sheet of paper under the titration vessel.  Once you observe the pale yellow color add 2 to 3 ml of the starch to the vessel and titrate until the blue color just disappears (MIX THE STARCH PRIOR TO ADDITION TO MAKE SURE THE SUSPENSION IS HOMOGENEOUS).  This should occur within the addition of the first 0.5 ml after starch addition.  If the solution does not turn blue then you have over titrated your first trial and you should discard it and try again.  

3. The standardization should be repeated until you are sure of the titration volume within one part per thousand (± 0.03 ml for a titration volume of 30 ml, etc…).  Calculate the molarity of the Na2S2O3 solution based on your trials.  Provide the mean, standard deviation, and relative standard deviation.

NOTE: Everyone in the lab must complete the following part of the experiment on the same day.

Determination of Hypochlorite in an Unknown. 

1. Roughly calibrate a weighing bottle by pouring into it about 12 ml of water and noting the level to which it fills the bottle.  Empty and thoroughly dry the weighing bottle and weigh it to the nearest milligram.   The hypochlorite (bleach) solution to be analyzed will be supplied by the instructor.  Deliver 12 ml of the solution into the calibrated and weighed weighing bottle; it is essential that the upper portion of the bottle, particularly the ground glass rim remain dry.  Replace the stopper and weigh to the nearest milligram.

2. Empty the weighing bottle into a 250 ml volumetric flask containing about 100 ml of water using a funnel.  Wash out the weighing bottle and the funnel with water from your wash bottle, catching the rinse in the volumetric flask.  Dilute to the mark and mix thoroughly.  Transfer with a pipette three 50 ml aliquots of the solution into 250 ml Erlenmeyer flasks containing about 50 ml of water; rinse down the walls of the flasks in such a way as to form a layer of water above the sample.  From this point on, handle each sample individually through the remainder of the procedure.

3. Fill your burette with the standard 0.1 M sodium thiosulfate solution.  Measure out and have ready 10 ml of glacial acetic acid and 2 g of potassium iodide.  When ready to titrate, add the acid to one of the samples, mix, and the potassium iodide, and titrate immediately, swirling the flask constantly.  When the color has faded to a pale yellow, add 2 ml of starch solution and then continue to titrate drop by drop until the solution becomes colorless.  Complete the other samples the same way.

4. Calculate the percentage by weight of NaClO in the solution.  Note: Fresh commercial bleach should contain at least 5% NaClO.  If less than this it cannot legally be called bleach.  Nevertheless, the bleach sample used in class may contain less than this.  Report the mean, standard deviation, and relative standard deviation for your analysis.  Propagate the uncertainties from start to finish for one trial.

Report

Report the percent ClO- in the unknown.  Show all calculations and propagation of error for one sample from start to finish.  Calculate the mean, standard deviation, and relative standard deviation for at least three samples.  If you have questions regarding any of the calculations required, please see the instructor.

Standardization of Thiosulfate

Concentration of Standard
Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

%NaClO Unknown #__________________
Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________

LABORATORY VIII

Spectrophotmetric ANALYSIS

Spectrophotometric determination of Iron.

Reading: Harris, Chapters 18 and 19.

In this laboratory you will obtain the absorption spectrum of the Fe(Ph)32+ complex ion where Ph = orthophenanthroline.  You will then prepare standard iron solution of for different concentrations and measure the absorbance of each at the wavelength of the absorption maximum.  This procedure will allow you to plot a calibration curve of the absorbance versus concentration of iron.  The absorbance of an unknown iron solution is then measured and the concentration is determined form the calibration curve.


Orthophenanthroline forms a 3:1 complex ion with either Fe(II) or Fe(III).  The ferric complex is pale blue and the ferrous complex is red.  The ferrous complex is desired in this experiment, so all iron must be present as Fe(II).  The reaction is shown below.

[image: image60.wmf]

Orthophenanthroline also acts as a weak Bronsted base.  Therefore, the pH must be controlled to ensure that the reaction with Fe(II) will be complete.  A pH of between 2 and 9 is suitable; a pH of about 4 is used in this experiment.

PROCEDURE

Preparation of Stock Iron Solution.

1. Make up 250 ml of 0.01 M H2SO4 solution from the 3 M H2SO4 supplied by the instructor.  All acid solutions should be prepared in the hood.  Each group should produce at least 500 ml total.

2. Carefully weigh, by difference between 0.0640 and 0.0760 g of Fe(NH4)2(SO4)2•6H2O.  Add the iron salt to a 100 ml volumetric flask, dissolve the salt with a little water, and dilute to the mark with 0.01 M H2SO4.  Mix thoroughly.

3. Pipette 25.00 ml of the above solution into a 250 ml volumetric flask, dilute to the mark with 0.01 M H2SO4 and mix thoroughly. This is the solution used to prepare the standard solutions needed for the calibration curve.  The concentration should be about 10 ppm Fe.  Calculate the exact ppm of Fe for the solution you prepared.  Do not discard solution prepared in part 2.

Preparation of Standard Iron Solutions for Calibration Curve.

a. In a 50 ml volumetric flask, add the following reagents in the order given.  If you add in the wrong order you will not obtain accurate results.

b. Pipette 0 ml of the iron stock solution into the 50 ml volumetric flask.

c. Add 2.0 ml of 5% hydroxylamine hydrochloride.  This addition reduces any Fe(III) to Fe(II).

d. Add 3.0 ml of 5% sodium acetate, which will act as a buffer.

e. Add 4.0 ml of 0.1% orthophenanthroline.

f. Dilute to the mark with 0.01 M H2SO4.

g. Repeat steps 4 b-f using 5 ml, 10 ml, 15 ml, 20 ml, and 25 ml, respectively of the standard iron solution for step 4 b.  You will now have 5 standard solutions of 50 ml each for the calibration plot plus a blank containing no iron.

Preparation of the Unknown Iron Solution

a. The instructor will provide a 100 ml volumetric flask.  An iron unknown already in solution will be in your flask.

b. Dilute to the mark with 0.01 M H2SO4 and mix thoroughly.

c. Pipette 10 ml of unknown solution into a 50 ml volumetric flask.

d. Add 2.0 ml of 5% hydroxylamine hydrochloride.  This addition reduces any Fe(III) to Fe(II).

e. Add 3.0 ml of 5% sodium acetate, which will act as a buffer.

f. Add 4.0 ml of 0.1% ortho-phenanthroline.

g. Dilute to the mark with 0.01 M H2SO4.

Instructions for handling the test tubes.

a. Clean the test tube with distilled water.

b. Rinse the cuvette several times with small amounts of the solution to be used, then fill the cuvette to the mark with that solution.

c. Wipe the optical surface with tissue (i.e., Kimwipe) to remove all liquid from the outside , and always handle the cuvette with the tissue when inserting into the instrument.

Instructions for the Use of the Spectronic 20 Spectrophotometers

a.   Plug the spectrophotometer and allow a ten-minute warm-up period.  Obtain test tubes from the instructor.

b. Set the wavelength control on the monochromator to the desired wavelength.

c. Set the meter to read 0% transmittance with the zero control on the detector.

d. Fill the test tube with the blank solution, place into the sample compartment, and adjust the reference control until the meter reads 100% transmittance.

e.  Rinse and fill the other cuvette with the sample solution and place it into the sample compartment.

f. Read the % transmittance or absorbance of the sample.

g. When finished, turn off the spectrophotometer and return the cleaned cuvettes to the instructor.

Absorption Spectrum of Fe(PH)32+.

a.  Use the iron standard solution, which contains the most stock solution.

a. Pour the standard solution into a test tube and the blank solution into another.  These solutions are the only ones used in this part of the laboratory.
b. Measures the %T of the standard solution at the following wavelengths: 400, 450, 475, 500, 510, 525, 550, 600, and 650 nm.  Be sure to follow the procedure above for the spectronic 20 spectrophotometer for each sample.  YOU MUST READJUST THE ZERO AND 100% T FOR EACH SAMPLE AFTER CHANGING THE WAVELENGTH.
c. Locate the wavelength of minimum transmittance or maximum absorbance for the Fe(PH)32+ complex ion.

Calibration Curve and Unknown Assay

a. Measure the absorbance for the standard solutions using the wavelength of minimum transmittance or maximum absorbance for all the measurements.  Use this data to prepare the calibration plot for determining your unknown concentration.  (PLOT THE DATA THE DAY YOU OBTAIN IT TO ENSURE IT IS ACCURATE)

b. Measure the absorbance of the unknown solution.  Make at least three measurements of the unknown so that you can calculate the mean, standard deviation and relative standard deviation.

REPORT

1. Provide the weight of Fe(NH4)2(SO4)2•6H2O that you used to prepare your stock iron solution.  Do not forget to include the weight of the weighing bottle, etc., in the usual manner.  Show the calculation and the answer for ppm of iron in your solution.

2. Prepare a table, and list for each standard  Fe solution:  the ml of stock solution used, the mg of Fe in the standard solution, the ppm Fe, and the absorbance.  Reserve one line in the table for your unknown solution, filling the relevant data for this sample.  Be sure to show a sample calculation for ppm Fe and mg Fe in the standards. Calculate the mean, standard deviation and relative standard deviation for your unknown.

3. Plot the %T versus wavelength for the data obtained using different wavelengths.  Identify the wavelength that you selected  for your trials on the graph.

4. Using Excel, plot the measured absorbance versus ppm Fe and perform linear regression on the data.  Consult the instructor if you have questions about using Excel.

5. Use the equation obtained from the linear regression to calculate the concentration of your unknown in ppm and mg Fe.  Put these values in your table.  According to the calibration curve what should the concentration of Fe be at zero absorbance.

6. Taking into account the dilution involved in preparing the unknown for which the absorbance was measured, calculate the concentration present in the original 100 ml volumetric flask.  Report the mg of Fe in your undiluted unknown.

7. Calculate the molar absorptivity of the Fe(PH)32+ complex from the slope of your line.  Include correct units.  Assume the cell pathlength is 1 cm.

8. Using the absorption spectrum obtained give a brief explanation for the observed color of the Fe(PH)32+ solution.

Fe(ppm)
Trial1



Trial 2



Trial 3

__________________
________________

___________________

Mean



Standard Deviation

RSD

__________________
________________

________________
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