	CH 2334: Analytical Chemistry	Spring 2010
Lois K. Ongley, Professor
(revised Feb 8, 2010)

“CH 2334: Analytical Chemistry provides an introduction to the separation and quantitative estimation of organic and inorganic materials. Class work will stress stoichiometry and statistical analysis in analytical chemistry, and well as description and theory of analytical techniques. Laboratory will include a variety of titrimetric methods, some optical methods, and separation by chromatographic techniques.” 
Unity College Catalog, 2009, http://www.unity.edu/uploadedFiles/wwwunityedu/Academic/SupportServices/Registrar/0910Catalog.pdf#page=63, last accessed Jan 6, 2010.

Analytical chemistry is not only about using various instruments; it is a way of thinking about problem solving. One must be able to separate the chemical species to be analyzed from the rest of a mixture. Concepts to be considered include: equilibrium, stoichiometry, acid/base solution chemistry, and oxidation potential. The necessary tools to be learned to be able to successfully complete this course include chemical lab skills, mathematical skills, statistics, as well as instrumental methods.

Class meeting times

	Section
	Days
	Time
	Room

	Lecture
	WF
	11:00 AM – 11:50 AM
	KH 113

	Lab
	WF
	1:30 PM – 4:20 PM
	KH 118



Contact information:

	Office
	Koons Hall 117A

	Email
	longley@unity.edu

	Phone
	948-3131 x310

	Office Hours
	By appt, send email. MWF are bad days to try to find me



Materials:

Textbook (required)
Harris, Daniel C., 2009, Exploring Chemical Analysis (4th Ed), WH Freeman &Co., 624pp. ISBN  1-4292-0147-6.

There is a student solutions manual available for the book (ISBN  1-4292-1004-4). We will be doing the problems from the book so you may wish to get this as well but this is not required.

Check out the website www.whfreeman.com/exploringchem4e, the experiments file has most of the lab exercises we will do.	Comment by Lois K Ongley: Selected experiments will be used to prepare students for service learning projects related to water quality


Other stuff you will need
1. Goggles – chemical splash from bookstore. 
2. Lab notebook – Either a bound composition book or a carbonless paper notebook. You may use the one you purchased for General Chemistry.
3. Calculator that can do logs and scientific notation.
4. Colored pencils, ruler, various other office paraphernalia.

Grading	Comment by Lois K Ongley: I generally negotiate the grading procedure with students. This small class only has 6 students each of whom I know well.

Performance in the lecture and in the laboratory will be evaluated together and you will receive a single grade for the course.  (90-100 = A, 80-89 = B, 70-79 = C, 60-69 = D, or 0s-59 = F).

Straight up average of total points possible.

Exams (400 points)

4 exams @100 points per exam

Attendance and Participation 

Lecture – Attendance is observed. I notice if you are consistently late or absent; it detracts from my good feelings about your participation and maturity.

Laboratory – Even if it appears that we aren’t “doing” anything, you must attend lab sessions (unless I have specified NO LAB). Your participation grade is the fraction of lab sessions you attend plus any required documented time on project work.

At some point you may not be able to attend a lecture or lab session. When this becomes necessary, you must inform me ASAP, preferably by email. I may or may not allow (or be able to arrange) a make-up session. Generally, choosing to miss class or lab so you can do something else is not acceptable. In any case you are responsible for all material that you miss due to any absence.

Labs (about 800 points)

I suggest that each student chose 4 labs to write up as formal lab reports. You will be able to revise each report once.

4 formal lab reports @100 point each
Lab notebook checks @25 points per lab

Homework

You will do it! Some of the interesting problems will be the test questions.

Quizzes

None, because you will all work hard.

Final or poster for the conference (200 points)

At this time I do not anticipate a final exam during the exam period, I reserve the right to change my mind on this. Our final is scheduled for Tuesday May 4 at 5:30 PM. In lieu of this I expect each team to prepare a poster/presentation for the student conference about one of the projects. As I write this, I am unsure if we will be able to undertake any of the service-learning projects I had hoped for, hence the packed lab schedule.

Academic Integrity

The following is quoted from the Unity College Student Handbook and summarizes my attitude:

“Every member of the Unity College community is responsible for upholding the principles of academic honesty. Personal ethics and academic community integrity should govern student action.

The Unity College Honor Code requires that students be honest in all academic work. By joining the Unity College community, students express their willingness to accept the responsibilities and privileges of the academic community. Furthermore, students understand that their name on any assignment—written or otherwise—shall be regarded as assurance that the work is the result of their own thought and study, except where quotation marks, references, footnotes, or other means of attribution acknowledge the use of other sources. Acknowledgment of collaboration shall be made in the work submitted. In examinations, students shall respond entirely on the basis of their own capacity without any assistance, except that authorized by the instructor.”

Read the student handbook (page 30-31). http://www.unity.edu/uploadedFiles/wwwunityedu/StudentLife/StudentResources/Boxes/20092010%20Student%20Handbook%20final.pdf



Tentative Schedule

	
	Lectures
	Labs

	Date
	Topic
	Assignment
	Wednesday
	Friday

	Jan 13/15
	Unit 1:
Getting Ready
(Chapters 0-5, 7)
	Chapters 0-2
	Unit Conversions
	Exp 1: Calibration of Volumetric Glassware

	Jan 20/22
	
	Chapters 3, 4
	Exp 4: Penny statistics
	Exp 5: Statistical Evaluation of  pH Indicators	Comment by Lois K Ongley: This is an HCl titration against the base TRIS commonly used as a biological buffer.

	Jan 27/29
	
	Chapters 5, 7
	Exp 5 (cont): 
	Project 1:	Comment by Lois K Ongley: Service Learning for the college: We have recrystallized old TRIS. Is it still good?
Is our old TRIS still good?

	Feb 3/5
	Unit 2:
Spectrophotometers
(Chapters 18-20)
	Chapter 18
	How do specs work? Food color fun!

	Feb 10/12
	
	Chapter 19

Career Fair
	Exp 24: Determination of nitrite in aquarium water
	Exp 26: Spectrophotometric analysis of a mixture

	Feb 17/19
	
	Chapter 20
	Fancy specs (1)
	Fancy specs (2)

	Feb 24/26
	Unit 3:
Titrations
(Chapters 6, 8-13)
	Chapters 6 and 8
	Exp 6: Preparing standard acid and base. Read Exp 7 also.
	Exp 8: Analysis of a mixture of carbonate and bicarbonate

	Mar 3/5
	
	Chapters 9 and 10
	Exp 9: Analysis of an acid-base titration curve
	NO LAB

	Spring Break

	Mar 24/26
	Unit 3:
Titrations
(Chapters 6, 8-13)
	Chapters 11 and 13
	Exp 9 (extended): How about polyprotic acids?
	Exp 12: EDTA titration of Ca2+and Mg2+ in natural waters

	Mar 31/Apr 2
	
	Chapter 12
	Project 2: How hard is the water around Unity?	Comment by Lois K Ongley: Practice for service learning project
	Project (cont)

	Apr 7/9
	Unit 4:
Chromatography
(Chapters 21-23)
	Chapter 21
	Thin Layer Chromatography
	Exp 30: Properties of Ion-Exchange Resin

	Apr 14/16
	
	Chapters 22 and 23
	Project 3: Remediating Hard Water
	Project
(cont)

	Apr 21/23
	Service Learning or other projects
	
	
	

	Apr 28/30
	
	
	
	Lab Clean-up






[bookmark: problems]Interesting Problems

	Chapter: Title (page number for problems)
	Problem numbers

	Unit 1: Getting Ready

	0: The Analytical Process (16)
	1-4

	1: Chemical Measurements (37-39)
	1-5, 7, 8, 13-17, 23, 25-29

	2: Tools of the Trade (57)
	1-12

	3: Math Toolkit (79-81)
	4-7, 9-14, 15, 19, 20, 23

	4: Statistics (102-105)
	3-6, 9-14, 16, 18, 20, 21

	5: Quality Assurance and Calibration Methods (121-124)
	1-6, 8-11, 15, 18, 20, 24

	7: Gravimetric and Combustion Analysis (167-169)
	1, 2, 7, 8, 10, 11, 13, 19, 20

	Unit 2: Spectrophotometers

	18: Let There Be Light (410-413)
	1-12, 14, 16, 22, 24, 29

	19: Spectrophotometry (433-438)
	1-3, 8, 9, 14, 21

	20: Atomic Spectroscopy (454-457)
	1-4, 6, 8, 9, 19

	Unit 3: Titrations

	6: Good Titrations (146-149)
	1-5, 9-13, 20, 23, 25

	8: Introducing Acids and Bases (191-192)
	1, 2, 4, 5, 6, 10, 14, 17, 20, 21, 22, 29, 34, 38

	9: Buffers (210-211)
	1-5, 14, 16, 18, 20, 25

	10: Acid-Base Titrations (234-236)
	1-4, 5 (if you’ve had calculus), 6, 12, 14, 18, 21-23, 26

	11: Polyprotic Acids and Bases (259-263)
	1-5, 14-18, 27, 31, 33

	12: A Deeper Look at Chemical Equilibrium (282-285)
	1-8, 12, 20, 21, 22-25, 27, 29, 30, 31, 34

	13: EDTA Titrations (304-307)
	1-5, 13, 14 (sketch it out), 22, -24, 26

	Unit 4: Chromatography

	21: Principles of Chromatography (477-479)
	1-6, 9, 11, 13, 15, 19

	22: Gas and Liquid Chromatography (503-508)
	Pick an interesting problem

	23: Chromatographic Methods (528-532)
	2, 3, 4 (if you’ve had organic), 5, 7, 8, 20, 23





[bookmark: NotebookCheck]Lab notebook grading scheme

Students are expected to keep a comprehensive well documented lab notebook. Each lab is checked to a variety of information. I print these out on mailing label stickers and as I review each notebook it is fairly easy to document the work and put the sticker in the book.


	Criteria
	Point value
	Comment for instructors

	TOC Entry
	1
	Is there a Table of Contents entry at the front of the notebook?

	Date
	1
	Is each page dated?

	Names (1)
	1
	Are the students’ names on the each page

	Experiment Title
	1
	Does the experiment have a reasonable descriptive title?

	Purpose
	2
	Is the purpose carefully written in complete sentences?

	Procedure
	5
	Is there enough detail to reproduce the experiment?

	Data
	5
	Were the appropriate data properly recorded?

	Analysis
	5
	Were the data analyzed correctly with appropriate statistics?

	Conclusion
	2
	Does the conclusion match the data?

	Ink
	1
	Work done in ink?

	Proper Corrections
	1
	Single line strikeouts





[bookmark: Guidelines]Formal Lab Reports

I give the following guidelines to students; the grading rubric follows the guidelines. I have tried to coordinate with the biologists on campus so that students get roughly the same instructions.

Lab Report Guidelines

Introduction
	It makes sense to state what your “problem” is initially.  This way the readers know what to expect as they proceed.  Add details to your introduction including:
Background This is the information that you collect before you do the experiment that helps you form your prediction. Sometimes it is called “getting smart” about the problem. It might involve research from a book, past experiences or just about anything that you have learned to help you form an educated guess about the answer to the problem statement.  Do some background research; don’t write this off the top of your head.  Did another scientist do something similar?  What did they find?
Description of Problem This is also known as a problem statement and scope of work. What is the question you are trying to answer? What do you think the answer might be? This may include an educated guess that addressees the problem statement. In other words, this is how you think the experiment will turn out. You should be able to do this based on your background information.
In order to write the introduction well, you may wish to begin with a brief statement of the problem, then discuss the back ground information and finish with a description of exactly what you investigated.
Experiment
Procedure This is an explanation of what you did in your experiment. It must be clear enough so that someone that is not familiar with the experiment can read it and perform the experiment and achieve similar results. How did you collect your samples?  What tests did you do? You may refer the reader to a published source for parts of the procedure. 
You should not include a step by step list of exactly each action you undertook. For instance, if you were measuring the mass of some water, you could say “We massed 10 mL of water” rather than:
“1	weigh an empty beaker, make sure it’s clean
2	measure out 10 mL of water
3	put the water in the beaker
4	weigh the beaker and the water
5	subtract the value of step 1 from that of step 4.”
Data and Results This is the outcome of your experiment.  You must describe your results.  Any data that was collected should also be put into a data table with an appropriate caption. This is your raw data. Sometimes you need to do calculations with your raw data to come up with the values that you will analyze to determine how well you have solved the problem you presented.  Those calculated values go in another table also with a caption (and probably in the Data Analysis section). All graphs should be properly labeled with an appropriate title with the X and Y-axis labeled with units. If you attach your graph to the back of the lab, simply write “see graph X” in the text of your data section of the report.
Data Analysis
Discussion The data is analyzed which is the basis for answering the problem statement that was set. This section explains in detail what happened in the experiment with justification. If the results of the experiment were not what you expected, you would include reasons why this might have happened. What were your sources of error? How do your results compare with those done by other scientists? This section allows for communication of findings with other scientists.
Conclusion Succinctly state what you found to be true.

Citations
Don’t forget to cite the works that you refer to in your text.  
Do not use wikipedia as an official authoritative source.  You may begin there but find other sources to cite.  
For web sources, use the official techniques such as those styles found at 
http://www.bedfordstmartins.com/online/citex.html


[bookmark: formalReportRubric]Lab report grading rubric

This is a fairly generic report rubric. The score can be converted to a numeric grade using the formula:

Grade = 10* 

Required: Sufficient detail to fully explain what’s “goin’ on.”  12 point font, Times New Roman, double spaced.  No report will be graded (ie a 0 will be recorded) if these requirements are not met and/or fixed.

	Criterion (possible points)
	Exceeds the standard
(grade = 100)
	Meets the standard
(grade = 87)
	Partially meets the standard
(grade = 70)
	Does not meet the standard
(grade = 50)

	Introduction
(includes both background information and a problem description)
(4)
	Introduction is comprehensive and includes interesting background material. The problem is clear and well articulated.
	The Introduction is clear. Some background material is presented. The problem is clear and understandable. 
	Introduction is a little vague. There is little background. The problem is not well stated.
	The introduction is vague and unclear. The reader is left with no idea of what is going on.

	Experiment 

	Procedure
(2)
	Procedures are explicit and in correct order.
	Procedures are complete.
	Procedures are almost complete.
	Procedures are not complete.

	Data and Results
(4)
	All data are in tables in the report with clear captions.  The data are described succinctly. Graphs are well labeled and appropriate.
	All data are easy to find in clear tables with captions.  Graphs are included as needed.
	Most of the data are in tables attached to the report.  There are no graphs.
	There are no data tables in the report or attached to the report.

	Data Analysis

	Discussion
(4)
	The relationship of the data to the problem is thoroughly discussed.  Answers to any research questions are carefully explained.
	The relationship of the data to the problem is correctly explained. Answers to research questions are noted.
	The relationship of the data to the problem is discussed incompletely or incorrectly.
	The relationship of the data to the problem is not mentioned.




	Conclusions
(4)
	Conclusions completely address the problem and are fully supported by the data.
	Conclusions address most of the problem and are pretty much supported by the data.
	Conclusions address little of the problem and may not be supported by the data.
	No conclusions are drawn.

	Citations
(2)
	Citations are complete and explicit.
	Citations are listed.
	Some citations are listed but they would be difficult to find.
	No citations are listed

	Spelling and Grammar
(2)
	No errors.
	Few errors, no errors with chemistry words.
	Up to 10 errors.
	Many errors.
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