Chemistry 251, Research Methodology
	Section Information:
	Professors Contact Information:

	Fall 2026

Lecture Tuesday: 1:10 to 2:30 PM

Lab Thursday: 1:10 to 5:00 PM

Colloquia Friday: 4:00 to 5:00 PM

Park 264/274
	Dr. Photis Rotsides
Office: Park 171
E-mail: protsides@brynmawr.edu
Student Hours: Tuesdays, 3 to 4 PM
Wednesdays, 1 to 2 PM
Other times available via e-mail request

Dr. Jonas Goldsmith
Office: Park 262, x 5137
Email: jigoldsmit@brynmawr.edu
Student Hours: Mondays, 10:30-11:30 AM,
Thursdays 10:45-11:45 AM
Other times available via e-mail request



Course Description: Research Methodology is a lecture- and laboratory-based course which presents the fundamental concepts, methods, techniques, and instrumentation used in chemical research laboratories. In lecture, students will learn the core principles and theories of chemistry/biomedical research and experimental design. In the laboratory, students will acquire hands-on experience with many chemistry techniques and instruments and learn how to critically analyze data. Data obtained is analyzed via weekly laboratory reports that are intended to help develop critical thinking and scientific writing. Protocols for each lab are provided in the lab manual and should be read prior to entering the laboratory.


Required Materials: Laboratory Notebook, Scientific Calculator, Lab Goggles, Lab coat


Moodle: Course documents such as reading assignments will be posted on Moodle. All assignments except Lab Notebooks for Dr. Rotsides’ section will be submitted electronically via Moodle.


Learning Goals:
· Develop an intuitive sense for dealing with and persevering through unexpected or ambiguous situations, which are common in research settings
· Gain exposure to several advanced experimental methodologies, instruments, and techniques in the laboratory
· Exercise proper safety and disposal protocols for handling biological samples and biohazardous waste
· Maintain a laboratory notebook that clearly indicates the objectives of each experiment, describes the actual protocols followed, and records all observations as they occur
· Effectively and accurately interpret and communicate laboratory work in both written and oral formats
· Effectively work in collaborative small groups to solve problems, using differing strengths for a common purpose
· Demonstrate proficiency in calculations involving solution concentrations and dilutions
· Become comfortable and adept at collecting and analyzing quantitative data
· Develop independence both in carrying out experiments and in interpreting their results
· Develop good “laboratory hands” by carrying out experiments where the results depend on the quality of the technique that is used to perform the experiment
· Cultivate a classroom atmosphere of kindness and personal accountability


Environmental Health & Safety: We will be handling hazardous and toxic chemicals and biohazardous materials during this course, in addition to some expensive equipment. Before performing any experiment, be sure that you are aware of all associated hazards. We will discuss any particular hazards during the lectures and labs, but safe practices and common sense should always be used. Gloves and safety glasses must be worn in the laboratory. Hazardous and biohazardous waste must be disposed of properly, as we will discuss in the course. See pages 7-8 for more safety details.

Colloquium Attendance: You are expected to attend all Chemistry colloquia held at Bryn Mawr. You need to write 1-page summaries of two colloquia attended over the course of the semester.

Tips and Tricks: Lab manuals are intentionally structured and written to require your input and attention to detail. Read these documents carefully and complete any pre-lab questions prior to Tuesday’s lecture. Lab notebooks are due prior to leaving Thursday’s laboratory for the first half of the semester.

Lab Notebook Submissions: You must keep a comprehensive laboratory notebook for this course, as real-time record-keeping in research is very important. For each week, your notebook entry must include:
· The objective, which states the goals of the week’s experiments (i.e., the “why” of what you will do, not the “how” you are going to do it)
· A summary of potential and notable chemical hazards
· The procedure that you actually followed (i.e., written in past-tense, first-person or passive voice). Do not simply copy the procedure from the lab manual! Instead, you should write the procedure as you are performing the experiments or directly afterward. Example calculations should be included here.
· All results that you collected, with figures when needed, plus any notable observations. Ensure that all of the results of your experiments are in the notebook, including gel images, spectra, data, graphs, and other figures. Be sure to include your observations as well, especially any unexpected or unusual occurrences.
· Details of all data analysis and a brief discussion of findings to contextualize your results with the literature

Your notebook should be written in such a way that you may hand it to a competent and reasonably experienced chemist not enrolled in CHEM 251, and they should be able to understand and reproduce the experiments that you carried out. During the half of the semester taught by Dr. Rotsides, you will turn in your lab notebooks at the end of each lab for grading. Consult the provided weekly notebook rubric for grading details.

Information regarding formal scientific communication:
Manuscript Structure
· Abstract – 200 words max - 	Introduction
· Present the question the ‘research’ aims to answer and/or to which the research makes some contributions towards improved understanding
· Results and Discussion sections (should include the components below)
· Description and illustration (Figures)
· Experimental (Materials and Methods)
· Concise description of all reactions.
· References
· List all papers referenced

Details about each Manuscript Section
Title: Give a title to your manuscript that succinctly captures the crux of the work. Your title may also be “catchy” so as to inspire a prospective reader to read your manuscript!

Authors and affiliations: List all co-authors and their affiliations (Bryn Mawr College!)

Abstract: One paragraph (200 words max) that first outlines the overall purpose of the work, containing only essential background information, very brief methods information, and 1–2 sentences stating the results and significance. The abstract is often the last section to be written.

Introduction: 1-3 pages describing the system studied, relevant background information on the topic, any medical or other relevance to illustrate the significance, and finally, in a short paragraph, a very brief overview of the experiments and their purpose. Be sure to cite your sources appropriately (see References below). You are encouraged to include figures.

Materials and Methods: 1-2 pages separated into sections, one for each logical grouping of experiments (i.e., syntheses, spectroscopic analyses, etc). Include only the critical information like the concentrations of each component, reaction times and conditions, wavelengths collected, etc. Report what you actually did, in past tense and passive voice, not a list of directions to be followed. Do not include any extraneous information (e.g., your calculations, how you labeled your samples, the fact that you poured something “carefully”, etc.). You should only include the minimal information necessary so that a knowledgeable, competent, and experienced scientist in this field of research who already knows how to do this work may reproduce your experiments.

Results*: 2-4 pages separated into the sections, which may or may not be similar to those in the Methods, to describe the results of each logical grouping of experiments. Write and describe your results and observations, including the syntheses, reactivity studies and characterization methods. Include all relevant figures and tables (e.g., spectra, spectral data) and refer to each of them in the text, describing what each of those figures and tables shows. You should number the figures and tables separately (Figure 1, 2, 3, etc.; Table 1, 2, etc.), and each should have a legend. Table legends appear above the tables, while figure legends appear below the figures.

Discussion*: 1-3 pages that analyze and interpret the results and cover the significance. This is where you put your results and any relevant prior work together to present your model or idea of how your system works overall. The Discussion section should describe what your results mean. You can also use the Discussion to suggest why you think you may have observed what you did. The Discussion should end with some concluding remarks of one or more sentences.

*Depending on the journal, Results & Discussion sections are often combined into one.

Acknowledgements: In no more than a few sentences, acknowledge the people who helped you conceptualize, conduct, and interpret your experiments and/or write the manuscript.

References: Throughout your manuscript, you should cite any relevant sources and reference them appropriately in this section, following the style of the journal Biochemistry. You should cite only original scientific research articles, not popular science websites.


Late Assignments: All groups will have one “no-strings attached” 48-hour extension for a non-notebook assignment during each half of the semester. E-mail Dr. Rotsides or Dr. Goldsmith to inform them about your extension at least 24-hours prior to the scheduled due date. Please note that this may delay the grading of your assignment. Otherwise, no late work is accepted.

Extenuating circumstances happen! Notify Dr. Rotsides or Dr. Goldsmith, along with your advising dean, at least 24 hours prior to an assignment deadline if exceptional circumstances arise.

Lab Reports & Formal Science Writing Exercises: There will be several types of writing assignments and lab reports for this course ranging from brief ones where you will just need to present experimental data, calculations and numerical results to “journal-style” reports written in the fashion of a scientific article. The details about what is required for writing assignment and lab report will be given to you along with the information for the particular experiment.

Grading (as a % of the entire course)*:
First half of semester (Dr. Goldsmith):
Kinetics Report 	 	 	 	 	 	12 %
NMR Report  	 	 	 	 	                       12 %
FRET Report  	 	 	 	 	   	18 %
HCl/DCl Report 	 	 	 	 	 	6 %
Colloquium summary  	 	 	 	 	2 %
___________________________________________________
Second half of semester (Dr. Rotsides):
Notebook Submissions					15 % 
Weekly Science Writing Assignments				12 % 
Final Formal Writing Assignment				20 % 
Self and Team Evaluation				                        3 %

All grades are final 7 days after an assignment is returned. Grades of incomplete will only be given in the circumstance of true family or personal emergencies.

Very rough percentage guide:  	>93%:    4.0   	   ~83%:     3.0  	 	~70%:     2.0

Lab Attendance Policy: Attendance for the duration of the lab section is required unless your advising dean and Dr. Rotsides or Dr. Goldsmith are notified of extenuating circumstances prior to 12 PM on the day of any given lab. Missed labs cannot be made up and the associated assignments will receive a grade of zero.

Schedule of Experiments*:
You will work in teams of 2 or 3 for most experiments. The schedule of experiments and assignments is shown below:
	Week
	Dates
	Tuesday Topics & Assignments
	Thursday Experiments

	1
	9/1 & 9/3
	Kinetics
Kinetics lab report due 9/15 @ 5 PM
	Iodine Clock Kinetics

	2
	9/8 & 9/10
	NMR and Equilibrium
NMR Equilibrium lab report due 9/22 @ 5PM
	Equilibrium constants from NMR

	3
	9/15 & 9/17
	Fluorescence and quenching
	FRET Week 1

	4
	9/22 & 9/24
	Curve fitting and data analysis
FRET draft due 9/29 @ 5 PM
	FRET Week 2

	5
	9/29 & 10/1
	Science writing
Final FRET lab report due 10/9 @5 PM
	FRET Week 3

	6
	10/6 & 10/8
	Rotational/Vibrational Spectroscopy
HCl/DCl results due 10/8@ 5 PM
	HCl/DCl

	
	Fall Break (10/12 – 10/16)
	

	8
	10/20 & 10/22
	DNA Analysis
Notebook #1 Due at the end of Thursday’s Lab
	DNA Preparation & Sequencing

	9
	10/27 & 10/29
	Recombinant Protein Expression
Notebook #2 Due at the end of Thursday’s Lab
Optional: Introduction & Methods Draft (11/2 @ 5 PM)
	Bacterial Transformation & Culturing

	10
	11/3 & 11/5
	Protein Purification
(Tuesday Lecture on 11/3 will be pre-recorded for election day)
Notebook #3 Due at the end of Thursday’s Lab 
Required: Introduction & Methods Draft (11/09 @ 5 PM)
	Affinity Capture

	11
	11/10 & 11/12
	Protein Chromatography
Notebook #4 Due at the end of Thursday’s Lab
Optional: Results & Discussion  Draft (11/16 @ 5 PM)
	Size-Exclusion Chromatography & SDS-PAGE

	12
	11/17 & 11/19
	Protein Concentration
Notebook #5 Due at the end of Thursday’s Lab
Required: Results & Discussion Draft (11/23 @ 5 PM)
	Bradford Assay
& A280

	13
	11/24 &11/26
	Thanksgiving week
	-----

	14
	12/1 & 12/3
	Protein Activity & Controls 
Notebook #6 Due at the end of Thursday’s Lab 
	Lipid Transfer Assay

	15
	12/8 & 12/10
	No Class
Final Written Assignment Due on 12/10 @ 5 PM
	-----



*This syllabus is subject to change at the discretion of the instructor. You will be given reasonable notice of any substantive changes that will be made.


Additional Course Information and Policies

Lecture Attendance policy: While attendance is not a component of your grade, attendance to lecture is critical. Missing lecture will be detrimental to your ability to succeed in this class. However, if you are ill for one class or otherwise need to miss a class, there is no need to notify Dr. Goldsmith/Dr. Rotsides or your dean. If you are ill for a longer period, please let us know. You are responsible for getting notes from a colleague in the course.

Things sometimes happen – the above do not apply in case of emergency or major crisis. If you catch pneumonia or require major surgery or have other personal challenges during the semester, you, Dr. Rotsides, Dr. Goldsmith, and your dean will work something out.

Policy for the use of AI in this course: Use of any text-generating software (such as ChatGPT, iA Writer, Marmot or Botowski) is not permitted, and use of this software on graded assignments will be treated as plagiarism.

Accommodations & Access Services: Bryn Mawr College is committed to providing equal access to students with a documented disability. Students needing academic accommodations for a disability must first speak with Access Services. Students can email accessservices@brynmawr.edu to request an appointment to begin this confidential process. If eligible for accommodations as per Access Services, students should schedule an appointment with the professor as early in the semester as possible to share their verification form and make appropriate arrangements. Please note that accommodations are not retroactive and require advance notice to implement. More information can be obtained at the Access Services website. (http://www.brynmawr.edu/access-services/).

Any student who has a disability-related need to record this class must first be found eligible to do so by Access Services and must share this eligibility with me, the instructor. Class members need to be aware that this class may be recorded.

Honor Code Statement: We regard plagiarism as a very serious matter. In this class, plagiarism consists of work taken partially or entirely from an uncited source (e.g., online content, a peer, a published article, etc.) and assumed as your own. If we have reasons to suspect plagiarizing, we will ask that you report yourself to the Bryn Mawr Honor Board. See the Bryn Mawr Honor Code and Honor Board Hearing Process in the Student Handbook for more information.

Title IX: Bryn Mawr/Haverford College is committed to fostering a safe and inclusive living and learning environment where all can feel secure and free from harassment. All forms of sex discrimination, including sexual assault, sexual harassment, stalking, domestic violence, and dating violence, are violations of Bryn Mawr/Haverford’s policies, whether they occur on or off campus. Bryn Mawr/Haverford faculty are committed to helping to create a safe learning environment for all students and for the College community as a whole. If you have experienced any form of gender or sex-based discrimination, harassment, or violence, know that help and support are available. Staff members are trained to support students in navigating campus life, accessing health and counseling services, providing academic and housing accommodations, and more

The College strongly encourages all students to report any incidents of sexual misconduct. Please be aware that all Bryn Mawr/Haverford employees (other than those designated as confidential resources such as counselors, clergy, and healthcare providers) are required to report information about such discrimination and harassment to the Bi-College Title IX Coordinator.

Information about the College’s Sexual Misconduct policy, reporting options, and a list of campus and local resources can be found on the College’s website: Bryn Mawr Sexual Misconduct Policy 



Safety: Lab safety is paramount in this course. We will be handling some dangerous and toxic chemicals as well as using some potentially dangerous (as well as some delicate and expensive apparatuses). Below are some (but certainly not an exhaustive list) of safety considerations and rules.

Upon arriving in the laboratory, review the laboratory for the location of eyewashes, showers, fire extinguishers, and emergency exits.  Locate each of these in any lab which you will be working.  Your professor will also review these with you the first day of lab.

Your presence in the laboratory requires wearing approved eye protection.  Some experiments will require other personal protective equipment (gloves are the most common example).  You will be alerted to the need for additional protection by the labels and/or by your instructor.

Ultimately, informing yourself is necessary for safety in the lab.  Come to lab understanding the experiment you will be doing.  Common sense will usually allow you to recognize if you are being exposed to a hazardous chemical.  Typically, you will smell it; feel symptoms (burning eyes or skin, dizziness, etc.); see it in a puddle, on your hands or on your clothes.  However, some chemicals have no smell and have a latency period of years.  Wash your hands after every experiment.

Dispose of all chemicals properly.  While many substances are perfectly natural and can go down the drain, many must be put into labeled waste containers.  Inform yourself before disposing of anything.

1. SAFETY GLASSES: Safety glasses must be always worn in the laboratory.  Corrective eyeglasses may not be substituted.  Wearing of contact lenses is forbidden.

2. ACCIDENTS: Please alert the laboratory instructor immediately in the event of an accident.  The following safety precautions must be followed:
a. Be aware at all times.
b. Make sure you understand the potential dangers associated with any chemicals, instrumentation or other facilities used in the lab.
c. Don't panic.  If an accident occurs involving yourself or a lab partner, a controlled response to the situation is the best response.  Contact the instructor immediately. d. Report all injuries regardless of how small, at once, to the instructor.

3. FIRE HAZARDS: Solvents are to be handled in the hood whenever possible.  Many solvents are extremely flammable.  Never use a flame near a solvent container.
a. Never use an open flame in the lab without prior approval from the instructor.



4. SAFETY PRECAUTIONS
a. Know the locations of and how to use the fire extinguishers, fire blankets and eye-wash stations in the laboratory.
b. Never work in a lab alone.
c. Be sure gas cylinders are securely attached to the wall.
d. Be sure that gas cylinders are topped off with regulators or steel caps. Gases in the cylinder are under extremely high pressure, never try to remove a regulator or steel cap.
e. Be sure rubber tubing on all equipment and experimental set-up is securely attached.
f. Do not pour water on a flaming laboratory chemical.
g. No food or beverages in lab. Never drink lab water.
h. Don't clean up shards of broken glass with your hands.
i. No open-toe shoes.
j. Long hair must be tied back.
k. Be alert to potential fire hazards.

5. TOXIC MATERIALS:  Every chemical substance should be treated as a potential hazard.  Many compounds are toxic.  Lethal exposure may occur by swallowing the substance, inhaling its vapors, or absorption through the skin.
a. If any material is spilled on the skin, immediately wash it with large amounts of water.
b. Laboratory chemicals should never be tasted.
c. Immediately replace tops or stoppers on containers.
d. Unless directed to do so, do not remove chemicals from the areas designated for their storage and measurement.
e. When disposing of liquids in the sink, pour directly into the drain and flush with large quantities of water.  Put water-insoluble solids in the waste crocks, not in the sink.  f. When any substance is spilled in the laboratory clean it up immediately.

6. MECHANICAL HAZARDS:
a. Tubing, thermometers, etc. when pushed into stoppers tend to break and the broken ends tend to become lodged in one's hand or arm.  Take short holds on tubing, use lubricants, and keep the torque to a minimum.
b. Safety shields must be used with any operation involving an explosion hazard.

7. GENERAL: Unauthorized experiments are forbidden.
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