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Biological and Physical Sciences



COURSE NUMBER: CHEM 2255	COURSE TITLE: Organic Chemistry
Laboratory II

CREDITS:	3

PRE-REQUISITES: CHEM 2254 and completion of or concurrent enrollment in CHEM 2252


COURSE DESCRIPTION:
This is the second course in a two-course sequence in organic chemistry laboratory. This course includes further study of laboratory techniques of organic chemistry, including synthesis, isolation, purification and identification of organic compounds.
Spectroscopic techniques will be addressed as well.


COURSE LEARNING OUTCOMES:
1. Organic Chemistry Laboratory Safety and Best Practices: Students will practice safe techniques in the organic laboratory, including the use of fume hoods, handling of reagents and solvents, use of strong acids and bases, disposal of waste chemicals, use of safety equipment, dress code and OSHA requirements.
2. Synthesis of organic compounds: Students will conduct reactions that effect the transformation of various functional groups and illustrate the topics learned in the lecture sequence, including acid-base reactions, hydride reductions, catalytic oxidation, aromatic substitution, aldol condensation, nucleophilic acyl substitution and polymerization reactions. As part of their work, they will learn safety considerations when working in the organic laboratory as well as calculations relevant to organic synthesis, such as theoretical yield and percent yield.
3. Separation and isolation of organic compounds and mixtures: Students will demonstrate and apply laboratory techniques for the purification of organic compounds on a macro-scale, including recrystallization, fractional distillation, extraction, and column chromatography. Students will perform hands-on experiments which focus on column chromatography independently, to demonstrate proficiency, and further apply this technique as part of organic synthesis experiments.
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4. Analysis of organic compounds and mixtures: Students will demonstrate and apply techniques for the analysis of organic compounds, including thin-layer chromatography and gas chromatography, and apply these techniques to the reactions they conduct throughout the semester.
5. Characterization of organic compounds and mixtures: Students will demonstrate and apply techniques for the characterization of organic compounds, including Mass Spectrometry (including GCMS), Infrared Spectroscopy, NMR Spectroscopy, and the measurement of physical properties such as melting point and boiling point. The students will demonstrate proficiency in the hands-on use of MS, IR and NMR in both the collection of spectra and the interpretation of spectra. They will conduct experiments which focus on these techniques and further apply these techniques as part of organic synthesis experiments.
6. Organization and communication of experimental results: Students will learn and demonstrate how to keep a lab notebook throughout the course of all work performed during the term. They will also be required to write formal reports, according to ACS format guidelines, to communicate and discuss their experimental results and give an in-class literature presentation. The students will also learn how to use chemical literature, such as the Merck Index, the CRC, and current journal publications to compare their results against previously reported data found in the chemical literature. In this course students will also prepare a formal report according to the submission guidelines for a peer-review publication.


OTM LEARNING OUTCOMES:
Not applicable.


TAG LEARNING OUTCOMES:

Students must be proficient in all of the following core competencies:
1. 	In the organic chemistry laboratory, the student should perform and master the basic techniques for:
a. the separation and purification of organic compounds (recrystallization, distillation, column chromatography);
b. the analysis of organic compounds (TLC, gas chromatography); and
c. the characterization of organic compounds (melting and boiling points, IR spectroscopy (hands-on) and NMR (analysis of spectra collected using a students’ own samples is strongly recommended, e.g., via hands-on student experiments or through use of an auto sampler system; alternatively, the use of standard spectra is permitted).
2. Students should conduct a broad range of organic transformations which illustrate topics drawn from the organic chemistry lecture sequence, including

multi-step syntheses (including purification and characterization of synthetic intermediates).
3. Students should learn how to keep a laboratory notebook and write reports detailing their experiments.
4. Students should understand and practice safe laboratory techniques.


COURSE MATERIALS:
Access to CHEM 2255 Organic Chemistry II Laboratory Manual Stickley, Vaughn, Howard (as this class is instant access, this should be included with tuition) Chemical safety goggles
Bound, paginated lab notebook with carbon copies


STANDARDS AND METHODS FOR EVALUATION:
1 Safety quiz = 40 points
1 Safety agreement form = 10 points
4 Theoretical Laboratory experiments (45 points each) = 180 points 8 Experiments and lab reports (70 points each) = 560 points
1 Research project (notebook and experiment preparation, formal report, presentation)
= 125 points
3 Exams (100 points each) = 300 points Technique = 100 points
Total Possible Course points = 1315


GRADING SCALE:
90-100% of 1315 pts	A
80-89%	B
70-79%	C
60-69%	D
0-59%	E


COLLEGE SYLLABUS STATEMENTS

Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

UNITS OF INSTRUCTION, OUTCOMES, AND ASSESSMENT ALIGNMENT:

Week 1
· Unit of Instruction: (1) Safety in the Organic Laboratory and (2) Chemical Literature Lab
· Course Learning Outcomes: Upon successful completion of this unit students will understand how to work safely in the organic chemistry lab, how to prevent accidents, and what to do in the event of an accident or emergency. Students will also learn how to search and read the chemical literature as well as write in the style of published chemical literature.
· TAG Learning Outcomes: 3,4
· Assessment Methods: (1) Safety quiz (2) Chemical Literature lab assignment

Week 2
· Unit of Instruction: (1) Spectroscopy Review Lab and (2) Lab Calculations Lab
· Course Learning Outcomes: Students will review the principles of IR, MS, and NMR spectroscopy covered in the previous class and show proficiency in the hands-on use of the spectrometers. Students will also review key lab calculations necessary for synthesis reactions (balancing equations, calculating moles, theoretical yield, percent yield, density, molarity, equivalents).
· TAG Learning Outcomes: 1
· Assessment Methods: (1) Spectroscopy review lab assignment (2) Lab calculations assignment

Week 3
· Unit of Instruction: (1) Extraction and Recrystallization Review lab
· Course Learning Outcomes: Students will review the techniques of extraction, recrystallization, thin layer chromatography, and melting point covered in the previous class and perform these techniques in the lab to purify an impure sample.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Extraction and Recrystallization Review assignments

Week 4
· Unit of Instruction: (1) Review for Exam 1 and Exam
· Course Learning Outcomes: Students will demonstrate their understanding of lab safety and conduct, writing and reading chemical literature, lab calculations, spectroscopy, and key organic lab techniques
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Exam #1

Week 5
· Unit of Instruction: (1) Grignard lab
· Course Learning Outcomes: Students will utilize a Grignard reaction to learn how to work with air-sensitive reagents and continue to review the techniques of extraction, recrystallization, thin layer chromatography, and melting point.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Grignard lab assignments

Week 6
· Unit of Instruction: (1) Column Chromatography lab (2) Benzoin Condensation lab
· Course Learning Outcomes: Students will learn and apply the principles for performing column chromatography to purify and separate the components of an organic mixture. Upon completion of the unit the students will be able to demonstrate how to perform column chromatography and analyze column fractions by TLC analysis. Students will conduct a benzoin condensation lab and learn the mechanism of the reaction. This begins the first step of a three-step multistep synthesis where students will carry their initial starting material through the three-step sequence and learn how to calculate an overall percent yield.
· TAG Learning Outcome: 1,2,3,4
· Assessment Methods: (1) Column chromatography lab assignments (2) Benzoin condensation lab assignments and formal report

Week 7
· Unit of Instruction: (1) Benzoin Oxidation lab
· Course Learning Outcomes: Students will conduct a benzoin oxidation lab to synthesize benzil, which is the second step in their three-step multistep synthesis.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Benzoin oxidation lab assignments and formal report

Week 8
· Unit of Instruction: (1) Review for Exam 2 and Exam
· Course Learning Outcomes: Students will demonstrate their understanding of column chromatography lab techniques as well as the reaction and experimental techniques used in the Grignard, benzoin condensation and benzoin oxidation labs.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Exam #2

Week 9
· Unit of Instruction: (1) Electrophilic Aromatic Substitution, Nitration of Methyl Benzoate
· Course Learning Outcomes: Students will conduct an electrophilic aromatic substitution reaction by nitrating methyl benzoate and analyzing the success and

regioselectivity of their product. Upon completion of this unit the students will know how to conduct an exothermic reaction while maintaining a constant temperature throughout the course of the reaction. Students will also learn and practice how to safely neutralize concentrated strong acid on a large scale. Upon completion of this unit students will be able to illustrate the mechanism of aromatic nitration and predict the products of nitration reactions.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Electrophilic Aromatic Substitution lab assignments and formal report

Week 10
· Unit of Instruction: (1) Diels-Alder lab
· Course Learning Outcomes: Students will utilize a Diels-Alder reaction followed by a hydrolysis to synthesize 4-cyclohexene-1,2-dicarboxylic acid. Upon completion of this lab students will know how to set up and conduct a reaction under reflux as well as the mechanism and stereoselectivity of the Diels-Alder reaction and the mechanism of acidic, basic, and neutral hydrolysis. Students will utilize spectroscopy to analyze the functional group and stereochemistry of the product.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Diels-Alder lab assignments and formal report

Week 11
· Unit of Instruction: (1) Aldol lab
· Course Learning Outcomes: Students will perform an Aldol condensation to synthesize 2,3,4,5-tetraphenylcyclopentadienone and learn how to write the mechanism and predict the products of such reactions. This concludes the third step in their three-step multistep synthesis.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Aldol lab assignments and formal report

Week 12
· Unit of Instruction: (1) Lidocaine synthesis lab assignment (2) Research project preparation
· Course Learning Outcomes: Students will read a prepared lab notebook entry and use their lab skills to answer questions on the procedure and synthesis of lidocaine. Students will also choose and begin to prepare their procedure for the research project.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Lidocaine lab assignment (2) Research project pre-lab notebook draft

Week 13
· Unit of Instruction: (1) Research project
· Course Learning Outcomes: Students will begin to conduct their designed experiments to either improve on a reaction previously done in the semester or try a new reaction from the provided list of reactions.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Research project notebook pre-lab and data and observation assignments

Week 14
· Unit of Instruction: (1) Research project
· Course Learning Outcomes: Students will continue to conduct their designed experiments, adjust the procedure as necessary based on their results and observations the previous week. Students will also begin to prepare, and receive feedback on, their research project formal report and presentation.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Research project notebook pre-lab and data and observation assignments


Week 15
· Unit of Instruction: (1) Research project (2) Review for Exam 3 and Exam
· Course Learning Outcomes: Students will complete and submit their research project report as well as present their project to the class. Students will also demonstrate their understanding of the reaction and experimental techniques used in the electrophilic aromatic substitution, Diels-Alder, and Aldol labs. Students will also demonstrate their ability to understand and adapt a published procedure.
· TAG Learning Outcomes: 1,2,3,4
· Assessment Methods: (1) Research project formal report (2) Research project presentation (3) Exam #3
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