Chapter 4: Information Literacy in Chemistry
By:  Kennon Deal, Ph. D. and Scott Pierce, M.S.
I. Introduction
The chemical information landscape has changed drastically in the last 30 years.  No longer do we sit in the library combing through stacks of old chemistry journals looking for the newest articles that fit our field.  Now, most information is a guided computer search away at the comfort of our desk, or even on our own couch.  It is now much simpler to find relevant information than it was even 15 years ago. Ever-evolving science and technology search engines replace Boolean operator searches within a generic main frame or long, finger-cracking nights at the card catalog.  That saves time for many people, but I sometimes miss the feel of an Analytical Chemistry journal in my hand as I rifle through it.
The term ‘information literacy’ is directly related to the concept of ‘computer literacy’ and was put into common practice in the early 2000’s although it is thought that it was originally coined in 1983 by Eileen Trauth of Boston University1. This has become such a large part of the curriculum, that many schools are incorporating literature searching as well as oral and written communication2-4.  The Journal of Chemical Education designated an entire publication to this topic entitled: Special Issue:  Chemical Information.  “Understanding how chemical information is published, discovered, and managed are key skills needed by students, educators, and researchers.5”
Much of what is known and accessed about chemicals, structures, reactions, scientists, and prior art has been structured by the American Chemical Society (ACS). This group is the largest scientific organization in the world with over 150,000 members in 150 countries 6. Through its 75 journals (including 12 open access), ACS has published over 1.3 million research articles, 35,000 book chapters and 1,000 reference standards. No other organization, in any discipline, has that kind of command over the literature, discoveries, and prior research. Finding that information can be a real challenge to new students.  In this chapter, we will share our experiences in this ever-changing research field followed by what has been established as ‘normal practices.’  
[image: twin-row plantings for peanuts]On the first day of my Instrumental Class, I go through the syllabus and lay out what I expect from my students.  Inevitably, when I say, “You will be completing a research paper on a chemistry topic of your choosing,” a collective groan emanates from the class.  I am pretty sure I did the same thing.  Upper-level science courses often require a research paper.  In my courses, I let students pick their own topic.  I think it is more enjoyable (that term is relative!) to them if it is something they are interested in.  When I was a student writing research papers, I picked topics based on what interested me at the time.  For example, I wrote a research paper on Twin Row Peanuts as a college sophomore because a few days before the assignment, I remember driving down a country road and seeing a peanut field that looked different to me.  This field had two rows of peanuts per row, and I was very intrigued (see image to the right)7.  To research that, I used the local co-op, google, Galileo, and the library to discover many interesting journal articles about the topic as well as have useful discussions with scientists in the field.  For my students, the only limitation imposed on their research assignment was that if you state it as fact, it must be cited from that journal, book, or website.  Our library does a good job of obtaining multiple search platforms for the students to use.  Galileo is readily accessible through the student’s IT account. 
To write a good research paper will be time consuming, will take a lot of thought, will take a lot of planning, searching, organizing, writing, and citations.  Oh, the dreaded works cited page!  When it is finished though, it is something to be proud of.  For an undergraduate, it is a necessary skill to have when a chemistry degree is completed.  In fact, the Committee on Professional Training (CPT) from the American Chemical Society lists the following skills as those that students should be able to accomplish8:
· Efficiently locate chemical and physical properties of substances, including spectra.
· Efficiently locate references for the detection, characterization, or reactions, including syntheses, of desired compounds or classes of compounds.
· Be able to obtain information on a substance through a variety of searching strategies, including structure searching, and searching by molecular formula and name.
· Identify key references and use citation searching of articles to locate more current articles on the topic of interest.
· Complete a comprehensive subject search.
· Compile a complete bibliography of an author’s publications.
· Locate recent review articles on a subject.
· Know the importance of patents and be able to search for patents on a subject.
· Use a bibliographic program to organize information and prepare a scientific paper.

	Many ACS-approved Chemistry degree programs have a course dedicated to Chemical Literature. It is typically referred to as ChemLit by instructors and students.  An example of a Chemical Literature syllabus has been included in the appendix. Most of that class, even 10 years ago, revolved around navigating the Chemical Abstract Service (CAS). Students learned how to locate topics of interest through a proprietary SciFinder database or hard copy in the library. The CAS contains every known article published, every chemical structure and patent, every author and every research result known to the field. Students also learned how to prepare abstracts for the service, and in so doing, how to “chase a topic to ground” (working backwards in time to the first mention of a structure, topic, discovery, or method).  
	Today, much of what an undergraduate student needs can be found online without the restrictions and cost of the CAS database. Authors are free to post their papers online after a prescribed period of time. Structures and identifying spectra are available for no cost from the National Institute of Standard and Technology via WebBook or through the National Library of Medicine’s PubChem service9,10. Still, students must be guided through the literature to understand what they are looking at, why it is important and what they can (and cannot) say about it.
Students are more technologically advanced these days, more so than I was as an undergraduate.  They tend to grasp the computer side of searching for topics and literature very well.  They struggle with the content, however.  Chemistry is not easy and there are a lot of technologies and terminologies used in the literature that confuses and frustrates them.  While I do not expect my students to grasp every concept, I do expect them to be able to put together a well written research paper and to be able to explain any and all content that they include in a paper, poster, or presentation.  At times, students will include a nice graph or table but not be able to explain the significance of it.	The following sections will describe the common practices involved in chemical literature today for academia and the research fields of chemistry.  It will be an overview of what is commonplace in today’s publication as well as what is generally involved to get to a publication.
To help illustrate chemical information literacy in the classroom, I undertook a series of assignments in my CHEM 4305K (lab-based Instrumental Analysis) class.  One research activity started with a general approach, asking the students what they knew about science journals. We started with a discussion about graduate school and what they thought it might be like. (Appendix Item 2) We then shifted into a discussion about information literacy, peer reviewed journals, what steps they would take to write a paper and where they would go to find information. Our next activity began the work of choosing a topic. (Appendix Item 3) I let the students work together on this. The only requirement was that it had to be within the subject area of chemistry.  Our final activity was an invited speaker, our ABAC librarian, who gave a virtual information session on all the resources that are available from the library including online, in-library, and from the staff, personally.  He also explained that interlibrary loans make it possible for us to obtain journals and books from other institutions as well as the many different techniques of acquiring articles that ABAC may not have a subscription for.  The results of this assignment will be discussed in a later section.  Below is a timeline I established for the research paper and presentations:
Timeline for Research Topic
· March 30th 2021		Outline due
· April 8th 2021			Rough Draft due
· April 22nd  2021		              Research Paper due
· April 27th 2021			Poster Due
· May 6th 2021			Presentation Due

II. Common Research Methods, Theories, and Approaches
	Common chemistry experiments involve similar characteristics of any field of science that can be observed, analyzed, or collected. Examples include preliminary characterization concepts like absorbance/fluorescence, acidity/basicity, melting/boiling points, reactivity/toxicity, morphology, reduction/oxidation (RedOx) properties. More complex concepts like DNA analysis, reaction mechanisms, enzyme kinetics, surface interactions, photovoltaics or the quantum nature of particles branch off from and build on these primary characterizations into various areas of analysis and theoretical chemistry. 
	Chemistry research admits of a tremendous variety in research methods. These range from the simple “bench” projects to instrumental-centric projects to field sample collection to the purely computational. These can be simple and cheap or complex and expensive. Generally, chemists have no desire to re-invent, so they search and search to find out if others have done before what they are interested in. I have had many, many discussions about fantastic ideas for a compound or process only to find out that it was patented in 1900.
As an experiment is being designed, these characteristics are all used to formulate the initial literature search in various Primary Chemistry Literature journals such as the Journal of the American Chemical Society (JACS), Nature Chemistry, Langmuir, Analytical Chemistry or Journal of Chromatography A.  Journals can be for a broad range of topics for a broad audience, or they can be written for a specific topic like Lab on a Chip, a journal designed for the study of microfluidics which is Kennon’s area of research or the Journal of Colloid and Interface Science where Scott has published11.
If an article has not been written about our research question of interest, then we can tune our research experiments to allow us to investigate our topic and possibly add to what others have discovered.  These ideas are established and written in well-organized articles that provide the materials and methods being used such as where the chemicals were purchased and what concentrations were used, the experimental set-up which discusses the type of instrument and the parameters used for that instrument, the data that was collected along with a discussion of what the data tells the researcher and reader about that investigation.  What is the take home message that was obtained from that set of experiments?  The Future Work section lets others know where the investigator is headed with his/her next set of experiments.  This information is extremely specific to allow for experimental replication so others can recreate an experiment to build on.
As a case in point, I will use one of Scott’s projects as an example. As a grad student, he was doing forensic electron microscopy work on gunshot residue. He noticed that there were some new types of ammunition that used novel priming compounds. They did not use lead. Prior to that, all primers for metallic cartridges were known to use lead, barium, and antimony. These new compounds used strontium, potassium, aluminum, and calcium in various combinations. He wondered if they might deposit unique compounds on the skin of the person firing a gun. Since the physical chemistry of very high pressure and temperatures are known to be unique within a firearm cartridge, he supposed that these new ammunition types would also generate unique post-firing compounds based on their composition and morphology. With that kernel of an idea and with some literature familiarity in hand, he set about finding everything he could about gunshot residue detection. Over the course of a year, he gathered around 150 articles to read. In turn, that “first run” generated another 100 or so leads to other papers. When his literature survey was complete, he had gathered a solid bibliography of around 350 references and had read all of them. That depth of survey is standard practice in grad work. The investigator is responsible for finding every piece of information about the topic, materials, and methods at hand. 
A clear pattern of experimentation emerged. Researchers would fire a gun with both known and unknown ammunition types, then collect samples from the hands of the person firing the gun plus samples a few feet forward of the gun’s muzzle. These samples were analyzed for morphology and composition in a scanning electron microscope (SEM) with energy dispersive x-ray spectrophotometry (EDS). (This pioneer of this technique, Dr. Sam Basu, started the forensic program where Scott was working.) Using those same methods as a base, he and his advisor designed a series of experiments to answer the question: Were lead-free ammunition types likely to generate unique particles that firearms examiners could use in their work? Several commercial ammunition samples were purchased, test firings under controlled, indoor conditions were conducted, then each sample was analyzed. After about 300 hours of SEM time, a library of particle spectra (elemental composition of each particle) by ammunition type was amassed. It was now possible to say something statistically valid about the likelihood examiners would find a certain size, shape, and composition of particle on the hands of a person who shot these new ammunition types. The results were published in the Journal of Forensic Sciences12.  The paper has been incorporated into the NIST Standard Practice for Gunshot Residue Analysis as well as many law enforcement forensic training manuals.
The approach he used is a common one: Start with a novel idea. Read the literature to see if it actually is novel. Read some more to find out how others would have tested the idea (what methods they used). Develop a new method and a series of experiments likely to answer the question, based on others’ (proven) methods. Conduct experiments using both positive and negative controls to see if the method works. Once validated, conduct the research experiments. 
The previous information has been largely presented from our own experiences and points of view.  We would like to shift now to common approaches that are shared and generally agreed upon in the field of chemistry.  
III. Recognition of Ideas and Data
The approaches to data collection can range from simple in-lab observations such as color change or temperature change to instrumental data collection such as chromatograms with HPLC that measure retention of a molecule on a column or how well a mixture of molecules can be separated.  It could be remote collection of data such as what the Mars Rover is accomplishing now which is an engineering and technology masterpiece.  Animals or humans could be involved in the data collection process in the form of concentration of hormone production or simply as a physical response to a stimulus.  This data could be analyzed and presented through the use of calibration curves or limits of detection (LOD) or as a means of the sensitivity capabilities of an instrument.  
For example, constructing a calibration curve is a typical second year undergrad student project. It is standard Quantitative Analysis I material. This teaches the student about how to measure, how to combine measurements with a theory of data validity and how to apply these to quantify an unknown. If the student wants to know how much zinc is in hair, they would mix up a standard solution (a known and tested concentration) of zinc dissolved in hydrochloric acid. A series of dilutions would be made to reduce the concentration of zinc in acid in set increments over a range of 10x. So, a standard solution of 20% zinc would be diluted with more and more acid until a 2% solution is reached. Then, each one sample dilution is tested for absorbance of a known light frequency specific to zinc. The absorbance of light at that frequency is noted, along with each concentration. A curve is plotted. The curve is fitted with a linear equation (y = mx + b) with an error statement generated by the least squares fit R2 value. (Any R2 value under 0.99 is generally rejected, sending the student back to the bench.) The curve can be used to quantify unknown concentrations of zinc across this range based on the absorbance value.
Chemistry data are typically presented in Systeme international (SI) units (grams, liters, volts, etc…) so that all parties use a conventional system to allow comparisons to be made.  With any measurement, there are errors associated with them so those need to be addressed.  Typically, chemists use statistics in various forms to help us convey what limitations are encountered using Student’s T tests, p-tests, confidence levels as well as identifying outliers using a Grubb’s Test to see if a data point can be removed.  These statistical tests allow us to compare two instruments to make sure each is reporting accurate, reproducible results.  For example, a chemist wants to report how much UV light a molecule absorbs, (i.e. the absorbance of that molecule). It would be reported as 0.250 ± 0.035 to show that there is a limitation and an error associated with the results.  No collected data is infinitely significant so there has to be a range in which that data can be accepted.  All these experiments are driven by the Scientific Method which will be discussed in detail in a later section.  
Qualitative data or sample characterizations can be quite valuable to chemists too. In some areas, characterization is a first step to further research. In other areas, characterization IS the research. For example, in developing new photovoltaic cells, researchers need to know compounds assemble on a surface. They answer questions such as: How big are the crystals formed on the surface? How far apart are they? What shape are they? What is their surface charge? How do they conduct electricity through them? How does that change when light is introduced? Answers to these questions allow researchers to accept or reject a compound or assembly.
IV. Student Identification of Ideas
	As a chemistry student, learning to identify these ideas and their importance is a major task.  Becoming a chemist is not just about performing an experiment and collecting data.  It is about approaching a topic and designing an experiment that will provide relevant results that could lead to bigger, more influential findings later.  Early career students, such as those in freshmen Principles of Chemistry I and II courses, struggle to understand the underlying principles that lead to the design of a useful experiment. Professors at the University of Colorado established labs for freshmen to address those issues.  “…we explore the idea of establishing information literacy at the beginning of our students’ science education through the use of two general chemistry laboratory curriculum modules centered on experiment design.13” The two modules are entitled Exploring Scientific Literature and Design your own General Chemistry Laboratory Experiment.  Upper-level chemistry students, such as juniors in Research Methods, Quantitative Analysis, or Instrumental Analysis courses, are required to work on chemical literacy concepts through a research topic assignment or via an in-lab assignment where they are required to design an experiment.
	Undergraduate students should be able to conduct some parts of a Chemistry research project very early in their studies. In fact, some Course-Based Undergraduate Research Projects (CUREs) are predicated on the notion that “sooner is better” for students. The sooner they are involved, the more interested and prepared they tend to be14.  Naturally, undergraduates need to have some basic understanding of chemistry principles, safety, and methods before they can truly understand how their work fits with the greater whole. As they develop knowledge and skills, their roles in research can expand. In large universities, a research team will be comprised of a faculty lead, a post-doctoral researcher or two, a few graduate students and several undergraduates. Everyone performs tasks according to their ability.
V. Difference Between Library Research and Lab Research
In chemistry, library research is undertaken to discover what others have done. It discusses the past tense…what has been discovered and when? What patents have been filed? What reactions will work for this or that? Lab research is about what might happen, and so is a future tense phenomenon: What is the compound like? What can be done with it? What would happen if…? Apart from the temporal delineation, library research almost never generates new knowledge for chemists. Almost all new knowledge is generated by a series of experiments designed to test or measure something. Library research is generally thought of as a literature review for chemists, a first step leading towards testing a new idea in the lab. The end result of a research project is a paper or presentation given to a peer audience. As such, the research completes the circle, filed away in a server for the next chemists to discover during an online search.
For example, perhaps a chemist wants to design an experiment using a molecule that can be detected by fluorescence. At first, the topic of interest itself may be searched such as the fluorescent properties of a molecule in general. Recent publications related to the research of interest are gathered and combed through to obtain any useful knowledge or findings. Experiments are searched to see if a particular set-up or type of analysis has already been performed. This is helpful not only to avoid duplicating experiments, but also to show what did not work for previous investigators.  Lastly, if commercial applications are desired, a patent search is performed to see if any of the experiments led to successful creation of products or procedures. That would allow the researcher to fine tune their set-up to avoid any overlap or conflicts of interest as they prepare to commercialize their product or procedure. If one is looking to apply an older, established field to their research, then books that are specific to the material, are searched to find a more detailed explanation.  
Once it is established that an experiment is novel, data can be collected in a variety of ways.  Commonly, instrumentation is used to create some relationship between concentration, signal strength, response, and/or time. The actual data collection can be obtained through undergraduate researchers, graduate students, post docs or PIs. Collection can be obtained all in one setting or over a period of days or weeks. It can be collected manually through individual loading of the instruments or through automation with the help of auto samplers, electronic components that respond to feedback loops, and programmed ovens and detectors. 
Raw data (directly from the detector) can contain noise (anything other than the signal of interest) from the environment that may hide the signal of interest so it must be modified. There are limits to the manipulation that can be done to data. For example, it is not ok to remove data points from an experiment just because it makes a calibration curve or limit of detection worse.  Once refined, that data is shared in the form of tables or graphs that provide a direct relationship to the question being asked. Some examples of chemistry instrumental data may be found below. Calibration curves (A.)  are at the forefront of chemical literature as it shows how a detector increases its signal as the concentration of the analyte of interest increases15. Other examples are voltammograms (B.) for kinetics studies through oxidation and reduction as well as chromatograms (C.) for the separation of molecules in HPLC or GCMS16. Examples of each of these have been included from publications or from labs students complete at ABAC while in Quantitative or Instrumental Chemistry. Once the data has been collected, analyzed, and discussed, the research is conveyed through an article and published in a journal relevant to that particular subject area of research.
[image: Fig3_v06]




A. Calibration Curve that plots the concentration of Bromphenol Blue (BPB) vs Absorbance15.
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B. Cyclic Voltammogram plotting the kinetics and diffusion rate of a molecule during oxidation and reduction.
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C. HPLC Chromatogram showing the simutaneous separation and detection of sweeteners, preservatives, and Caffeine in soft drinks16. 

The data, whether “good” or “bad”, is always significant. It may not prove what you want it to but proving something wrong is still proof!  In the labs, tasks are typically split between individuals. Bench chemists are the machine to discoveries, but very rarely make them on their own. A typical bench chemist operates an instrument, series of related instruments, or otherwise collects data through predetermined operations. Generally, they would not be responsible for generating new ideas or conducting literature surveys. Their expertise is the technique and the instrument, as defined by others. With that said, they are an essential component in a research team. They are the ones who normally have their hands on the experiments the most and are able to report results and data most accurately. If a bench chemist conducted experiments leading to a publication, they are always cited as an author. If the bench chemist advised the research team but did not conduct experiments, they would be listed in a journal article’s acknowledgement section. There are also technicians responsible for setting up electrical systems or advanced instruments, and there are writers that take rough drafts and turn them into publishable material. In chemistry, all effort toward a new research result is to be acknowledged. Sometimes, the same person wears all those hats. In other more established, larger labs, there may be different people for each task.
Increasingly, students are called upon to conduct library and lab research. Through guided coursework, they are exposed to literature searches, critiquing a peer reviewed article in which they are given an article in a field they may not be familiar with and are asked to answer several questions about the content, organization, and details of the research, planning an experiment, maintaining a laboratory notebook, creating data tables, calibration curves, chromatograms, creating and presenting a research poster and/or research talk, as well as writing several lab reports for various labs. One assignment that seems to work well is giving students a research article on a topic that they know nothing or very little about and having them critique it. It makes students  think on a deeper level and demand they question everything they read. It also forces them to look up even more material that they are not familiar with which just strengthens their ability to search for topics.  
VI. How Chemists Create and Share New Knowledge
As new knowledge is gained, the direction of research changes.  Literary searches can set you in the right direction but inevitably, as you start to perform your own experiments, that direction will change and so will the questions you ask that you want to know the answers to.  The Scientific Method points us in the right direction, providing a roadmap to new knowledge. As stated by the National Research Council, “Although there is no universal agreement about teaching the nature of science, there is a strong consensus about characteristics of the scientific enterprise that should be understood by the educated citizen17. As such, there are 4 traditional claims as established by and in science that are rationality, truth, objectivity, and realism18. These truths are the backbone of the scientific method and a quick search for a definition of the scientific method yields ‘mathematical and experimental technique employed in the sciences.  More specifically, it is the technique used in the construction and testing of a scientific hypothesis.’  The basic steps of the scientific method are listed, then described below.  
Steps of the Scientific Method
1. Research question is established.
2. Create a hypothesis.
3. Set up and perform experiments.
4. Experiments and results provide 2 possible outcomes:
a. Hypothesis supported.
b. Hypothesis not supported.
5. Refine Hypothesis 
6. Draw Conclusions
7. Report Results
	First, an observation is made, and a research question is established as to why/how the observed phenomenon occurs.  Second, a hypothesis is created that gives a reason why or how something occurs.  A hypothesis is typically defined as an ‘educated guess.’  Next, experiments are designed and conducted that allows the hypothesis to be tested. The results either support the hypothesis meaning that the educated guess as to why or how something occurred is valid, or the results disprove the hypothesis and what was expected in the results did not occur. From these findings, the hypothesis and experiments can be refined to account for the new data and results and retested. This can continue until a relevant conclusion is established that satisfies the answer being pursued. Finally, the findings are reported in one of many ways ranging from a lab report up to a journal article. 
There are variations to the method, but these common steps are always involved.  As more information is gained from previous experiments, researchers adapt and develop more useful and specific experiments. Think of the previous research as steppingstones that create a path for new research to follow. Those scientists from other research groups and institutions may not be directly involved in an experiment, but they had a part in completing the work and getting it published so we give them credit where it is due. There are many ways to give credit. If someone is directly involved in the research, they are allowed authorship on a paper. First author is typically the individual that established the idea and did the majority of the work. The final author is the Primary Investigator (PI) which is the person that usually supplies the funding and workspace for the researcher. If contributions were made by individuals or companies but they did not directly work on the experiment, then acknowledgements are made for those. A company that supplied material for free or an individual that provided some new technique, for example, could be acknowledged. The institutions or agencies that provide the funding are also given credit.  Some agencies such as the National Science Foundation (NSF) and others require the grant number to be displayed on any work in which they supplied monetary help.  Finally, any previous literature that assisted in the development of the research is cited in the references. 
Once the chemist’s work is complete, the data collected and analyzed, the research results are disseminated to communities of interest. This normally takes the form of peer-reviewed journal articles. Depending on the importance or significance of the research, articles are typically published monthly for most journals, although some very specialized journals are published quarterly.  Journals that cover a broad range of topics may publish weekly just to keep up with the pace of articles being submitted.  Research articles that are considered groundbreaking may be listed as an editor’s pick in that issue or they could be designated as a Rapid Communication online for immediate dissemination.  All Journals are rated on what is called an Impact Factor (IF) or Journal Impact Factor (JIF) which is based on the number of citations from that journal in a designated time frame. The higher the JIF, the more ‘important’ a journal is considered within its field. Nature has an impact factor of 42.778, while PNAS has an impact factor of 9.412. Specific journals like Analytical Chemistry or Lab on a Chip have impact factors of 6.785 and 6.914, respectively. Anything above 3 is considered good for chemistry, while anything above and beyond 10 is considered excellent. JIF of 1 are not necessarily bad because the journals are typically very specific to their fields. For instance, the Journal of Forensic Science has an impact factor of around 1.4 but is the authoritative journal in the field.  It is important for students to know that there is a hierarchy involved in available publications.
Below is a table of impact factor values from a variety or journal subject areas19.
	Journal
	Impact Factor

	Ca-A Cancer Journal for Clinicians
	292.278

	Science
	41.846

	Journal of Political Economy
	5.247

	Review of Financial Studies
	4.975



VII. Experts and Research Teams in the Field of Chemistry
 As a scientist remains in a sub-discipline within chemistry, publishes papers, attends talks, reviews others’ papers and grant proposals, an expert in the field may emerge. There is not a certification or license process for experts in chemistry; they evolve. Various experts are established based on their years in the field and their amount of research performed. A good basis may be a citation list on their CV: How many first author papers do they have? How many publications? What about as a PI for other researchers? Have they given many talks at various conferences nationally or internationally? Have they been invited to provide articles or presentations for different journals or conferences? No matter the level of expertise, all contributions are considered significant. A typical expert in chemistry has authored 10 first author papers, 20-30 last author papers as the PI, has given 50+ conference presentations, may hold a few patents and serves as an editor for 2-3 journals in their field. 
A typical research team will consist of one lead (the PI on a grant, a professor or other expert), a post-doctoral researcher or two, a few grad students, a few undergrad students and a technician or bench chemist. All may be involved in more than one project at a time, but in larger schools the post-docs and grad students work on one project at a time. Generally, research teams will meet once a week to discuss progress and get the lead’s assistance during what is referred to as group meeting.  The worst group meetings are always scheduled for Friday afternoon at 3:00 pm just to make sure lab members did not leave a little early to get the weekend started! All voices are heard at these meetings, the PI or research lead drives the project. It is their idea that generated the money, their name on the line, their space, their people, and their supplies to carry out the work. As such, they are ultimately responsible and garner the most credit.
VIII. Student Research Assignments in the Field of Chemistry
The research assignments provided give the students a chance to build a foundation that will help them become better scientists. As they grow as students, the assignments grow.  It is a means for them to learn and develop as scientists.  Some colleges involve only graduate students in the research while other colleges known as Primary Undergraduate Institutions, (PUI) rely exclusively on undergraduates to perform all the research and write up publications., we involve students in research projects from their first semester. Hope College in Michigan is a great example of a PUI20.
The basics of chemical literature is a good starting point.   Here are a few examples of how the assignments grow as students become more experienced.  CHEM 1211/1212 (Principles of Chemistry I and II, the first two chemistry classes, usually taken by first year students) students are assigned a 1-page write up where they must describe a process they have observed but did not understand.  They are to go find out why that process happens and turn it in for a grade.  Another assignment that works well is assigning them a presentation. Most will dread it, but they will usually put the effort in to do a good job. Some students are just naturally comfortable being the center of attention, while others prefer doing all the work in a group setting and letting someone else present the material.  For example, 3000- level (third year) biochemistry students must give a presentation to the class on a biochemical molecule of their choosing.  This assignment requires them to have a better understanding of the fundamentals of science, how to search for and cite resources, and to be prepared.  By the time students are in their fourth year, they should have a very good familiarity with chemical literature and scientific papers. With that in hand, they are ready to design and execute a small research project. The research assignment presented to CHEM 4305 (fourth year) Instrumental class that was alluded to earlier is a great example of a success. Although they did meander about it at first, they eventually worked together to come up with a topic and put together a decently written research paper complete with poster and presentation.  The project chosen by the students originally started by researching the graphene content in paint and how that kept vehicles clean.  After reviewing articles, the project shifted to how graphene is used to remove salt from water using solar energy.  To assess their work, a bi-modal evaluation strategy was employed. The instructor grades the posters and presentations and the students also graded each other, based on the following rubric.  
This poster presentation is worth 100 Points.  For each section below, choose the point value that you think the presenter(s) deserve(s).
	Organization
	21
	22
	23
	24
	25

	Content
	21
	22
	23
	24
	25

	Explanation of Topic
	21
	22
	23
	24
	25

	Poster is Visually Appealing
	11
	12
	13
	14
	15

	Interaction with Audience
	6
	7
	8
	9
	10



__________________________________________________________________Total_______

Most of the time, the students grade harder than the professors do!     There were a few areas that were lacking in both the paper and presentations, but the literary aspect of it was a solid B paper in that they provided a hypothesis, provided the literature to support their findings, demonstrated an understanding of the techniques used as well as what the graphs, tables, and illustrations meant, and were able to draw conclusions based on the authors’ results and discussion. There were some deadline issues as well as some misplaced images and citations which cost them some points as well as a few issues with the poster presentation.  Overall, the final product the students produced cab be considered a success.  It was well written and well organized. Material submitted by the students for this research assignment has been included in the appendix as follows:
Research Paper:  		Item 4
Poster:				Item 5
Power Point Presentation	Item 6

Once students get into graduate school, they have the classroom, laboratory, and literature basics that will allow them to join a research group. They may start out washing glassware, then they move up to preparing samples. A literature review is typically assigned to students for a new project being developed.  Eventually, designing the experiments, operating the instruments, collecting data, and training new lab members becomes the everyday tasks. Finally, they write an article to be read by someone doing their first chemical literature search and the cycle continues! 
IX. Conclusion
What is the importance of Chemical Literacy?  Where is it headed in the next 20 years?  We have seen major advancements in search capabilities as well as availability of information.  New search systems such as Yewno which is a semantic language search engine are already on the market and available to use21.  We believe the importance of chemical literacy can be explained as follows.  It is no longer possible to be accepted to a graduate program on just academics.  Multiple students with 4.0 GPAs have been denied acceptance to various programs.  Today, programs are looking for students who have attended Research Experiences for Undergraduates (REUs), who have publications, who have attended conferences already22.  That is a driving force for promoting and encouraging Chemical Literacy not only in freshman chemistry classes, but it stands to reason that an introduction in high school chemistry classes would be relevant as well.
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APPENDIX B
Research Paper
You will be writing a research paper this semester over a topic of your choice in the subject area of chemistry.  That is a broad area so picking a topic will be the first major step.
1.     Brainstorm.
a.     Make a list of several ideas, then do a quick search. 
                                               i.     A classroom discussion
                                             ii.     A news story
                                           iii.     A movie, tv show, or YouTube video.
 
2.     Pick a topic that you are interested in.
a.     It will be hard to write a paper on science that you care nothing about. 
b.     It will difficult to stay focused on science that you care nothing about.
 
3.     Pick a topic that you may not know much about.
a.     If you are interested, but not well versed, your natural curiosity will drive you to learn more.  (You are a science major for a reason.  And not just because you want to go to a specific post graduate school.)
 
4.     Niche topics are interesting, but sometimes there is not much information out there.
a.     Here is where it is tricky.  If you find a super specific topic, it may be fantastically interesting, but there may be very little information about it. 
b.     Your quick search in the brainstorm portion should help you with this.
 
5.     Be flexible. 
a.     Once you start, you may have to adapt your topic in order to handle the material or expand to get enough information.
 
Here is a link to a paper from Southwestern University in Georgetown, Texas.  I have included a small excerpt from it that pertains to us.
https://www.southwestern.edu/live/files/4169-guide-for-writing-in-chemistry.pdf








APPENDIX C
The Importance of Graphene on Solar Desalination of Water Angel Gibbons & Denny Dang
Chem 4305 Dr. Kennon Deal
Introduction
 
Graphite is a naturally occurring form of crystal carbon that is composed of single layers of graphene. Collins Brodie sparked the interest of the study of graphite when he discovered the layered nature of reduced graphite2. Hanns-Peter Boehm and his colleagues were the first scientists to discover single graphene sheets by using transmission electron microscopy and
X-ray diffraction2. After their discovery, the term graphene was used in 1987 to describe single sheets of graphite2. Scientists knew that one atom thick graphene existed in graphite, but they were not able to separate it from graphite until 20043. Two researchers Professor Andre Geim and Professor Kostya Novoselov from the University of Manchester separated graphene from graphite using adhesive tape3. This technique is referred to as micromechanical cleavage or scotch tape technique3. They used scotch tape to extract layers of graphene then the layers were added to silicon substrate for further analysis3. After extraction they used few-layer graphene (FGL) the scientists were able to demonstrate electronic properties by applying electric volts to the material3.
 
When you talk about recent industrial advancements in technology the word carbon fiber may have been mentioned. Carbon fiber is a weave composed of carbon, nitrogen, and oxygen that ranges from 5-10 micrometers thick, carbon fiber often forms thin sheets that are stacked and formed to complex shapes. Carbon fiber is a highly sought after material when it comes to the many types of applications that it provides. Through the advancements in technology over the years the nitrogens and oxygens were able to be removed, this advancement allows for the creation of graphene which is composed of completely carbon atoms. Graphene is the thinnest material known to man2. Graphene is a [image: ]two-dimensional allotrope of carbon consisting of a single layer of atoms arranged in a two-dimensional honeycomb lattice that resembles chicken wire2. Each carbon in graphene is covalently linked to three other carbons2. Graphene is incredibly strong and is thought to be about 200 times stronger than steel. There are multiple structural features that contribute to the strength of graphene. Graphene exhibits sp2 hybridization which causes delocalization of electrons flowing through positively charged carbon atoms2. This difference in charge creates a strong electrostatic attraction that holds graphene together. Graphene is only one carbon layer thick which allows it to be extremely flexible2. The flexibility without breaking the component of a graphene sheet is the main contributor to the strength of the compound2. Graphene is a heat and electrical conductor4. Graphene has the ability to act as an insulator or a semiconductor4. Bilayer graphene can act as an insulator which means it completely blocks electrons from flowing4. This is accomplished due to spontaneous symmetry breaking that is accomplished due to less electrons being present in the material and allowing them to behave in an orderly manner4. Band gap also contributes to whether graphene acts as an insulator or a semiconductor4. Graphene as a single layer has a small gap or no gap which allows it to be a semiconductor4. When a larger gap is present, normally in multilayer sheets of graphene, the compound acts as an insulator4. Graphene is a nonpolar compound that is thought to be hydrophobic4.
Graphene oxide (GO) is a compound of hydrogen, carbon, and oxygen7. This compound can be obtained by treating graphene with strong oxidizers and acids7. The oxidized product is a
yellow solid that retains the structure of graphene but is much larger and possesses irregular spacing7. GO is a hydrophilic compound which allows for water to insert itself in between sheets. The amount of water GO can absorb is dependent on the synthesis method used to make it as well as temperature of the environment7. Graphene oxide sheets have been used to prepare membranes, paper like materials, thin films, and composite materials7. Graphene oxides properties such as porosity and hydrophobicity can be modified for the purpose it is intended to serve. GO has been used in water distillation since the 1960s due to the versatility it can achieve based on how it is synthesized7.
 
 [image: ]
Figure 1: Hummers method in turning graphite into graphene oxide
Hummer’s method was developed in 1958 and was presented as a faster, safer, and more efficient method of producing graphite oxide (GO)6. Before this method was developed the production of GO was a slow and hazardous process due to its use of sulfuric and nitric acid6.
Hummer’s method is the most widely used method to make graphite oxide because it is the fastest conventional method of producing GO that also maintains a high carbon to oxygen ratio6. Hummer’s method is a chemical process used to separate graphite or graphene oxide through the addition of potassium permanganate to a solution of graphite, sodium nitrate, and sulfuric acid6. The chemical reaction in this method is the oxidation of graphite which is achieved by introducing molecules of oxygen to pure carbon graphene6. The reaction occurs between the graphene and the concentrated sulfuric acid, and the potassium permanganate and sodium nitrate act as the catalyst6. At maximum, this process can yield 118g of GO per 100g of graphite used. The ratio between carbon to oxygen varies between 1 to 2.1-2.9. On average the typical product is 47.06% carbon, 27.97% oxygen, 22.99% water and 1.98% ash with a carbon to oxygen ratio of 2.256.
 
In the recent studies of graphene, PTFE (polytetrafluoroethylene) membranes were modified with graphene in order to purify and desalinate water when exposed to solar radiation. Polytetrafluoroethylene (PTFE) is a synthetic fluoropolymer of tetrafluoroethylene. PTFE is a high molecular weight polymer containing carbon and fluorine5. An important feature of PTFE is that it is hydrophobic, which contributes to its versatile list of uses. PTFE is naturally hydrophobic due to it's low coefficient of friction, the coefficient of friction for PTFE is the third lowest of any known solid material5. PTFE is a thermoplastic that is solid at room temperature and has a relatively high melting point at about 600K, PTFE is used in the non-stick coating of pans and other cookware. PTFE is used as a lubricant and reduces friction, wear, and energy consumption of machinery. PTFE membranes are expanded PTFEs into a 3-D web-like porous structure5. This structure allows for particles to stick on the membrane surface due to its hydrophobic and nonstick nature. PTFE has been introduced as membrane filters in quantitative chemistry for its durability and it's aggressive approach to filtering out particulates5.
With the prevalence of pollution and water shortages solar desalination is thought to be an effective solution to produce clean water without extra energy input1. Photothermal membrane distillation (PMD) uses polymer membrane along with a solar vapour generation system to improve the water collection ratio as well as the solar-water energy efficiency1. The membrane is a physical barrier to separate vapour molecules from water. The typical solar water efficiency in PMDs is typically at 45-53.8%1.
Over the past five years scientists have continued to expand on graphene and solar energy in water desalination and have discovered different things. Ghamesi et al., developed a double layer structure of carbon foam and exfoliated graphite that efficiently localized solar energy and minimized heat losses. This demonstrated enhanced thermal efficiency under-one sun illumination. Ren et al., was able to achieve enhancement of broadband and omnidirectional absorption of sunlight using hierarchical graphene foam, which allows for a considerable elevation of temperature. Li et al., studied a foldable graphene oxide film-based solar desalination device. This device proved to have a two-dimensional water supply and suppressed thermal loss and could achieve an efficient solar desalination. The above-mentioned articles revealed that by localizing solar energy solar absorbing molecules can achieve efficient and fast evaporation response under one-sun elimination. For practical water treatment applications, a more efficient system of solar desalination is needed. There is nothing stopping the vaporized water from reentering the original brine decontaminating the water. A simpler way needs to be created to collect the condensed water before it enters the brine, this could be achieved by combining the properties of PTFE and graphene oxide to create a controlled filtration device.

Body
 
This paper worked to demonstrate that the immobilization of graphene oxide on a hydrophobic PTFE membrane surface can be used to construct a fast and efficient solar desalination system under one-sun illumination5. It was concluded that the surface of the GO film may be reduced rGO under direct sunlight due its color change after the membrane was repeated several times as seen in figure three. The PTFE membrane and the GO/PTFE membrane composite films showed great mechanical integrity without noticeable changes despite being continuously folded thirty times5. This component of flexibility and foldability is endured in the films and is very beneficial for the development of large scale solar distillation5.

[image: ]
Figure 3: Photographs of (a) original PTFE membrane, (b) GO/PTFE membrane, (c) rGO/PTFE membrane, (d) pDA-rGO/PTFE membrane and (e) GO/PTFE membrane after several experiments5
 
The contact angle of each film was tested, the angle quantifies the wettability of each surface. The water contact angle for the original PTFE membrane was 117°C and significantly larger than the other membranes5. This indicates the PTFE membrane has the highest hydrophobicity, which was expected5. The pDA-rGO membrane possesses the smallest water contact angle which is 46°C5. This was due to the membrane becoming highly hydrophilic due to the hydrophilic catechol and amine functional groups of the pDA coating layer. The GO/PTFE membrane showed an initial contact angle at 57°C but after several experiments were run it was increased to 64°C. Showing that the GO/PTFE membrane is unstable and would most likely degrade over time with industrial usage5.
In the experiment four evaporation systems were studied and their mass loss was recorded and displayed in figure 2. The membranes used were bare PTFE membrane, GO/PTFE membrane, rGO/PTFE membrane, and pDA-rGO/PTFE membrane5. Figure 2a shows the evaporated water mass loss for the four membranes without light5. The water evaporation in the GO/PTFE membrane was larger than the others indicating that the GO immobilized PTFE membrane can enhance the overall permeate flux5. The thermal conductivity of GO is lower than the PTFE membrane, contributing to the membranes having low thermal conductivity results in the reduction of temperature polarization and heat diffusion across the membrane, which further enhances the water evaporation flux5.


 [image: ]
Figure 5: (a) The evaporated water vapor flux with bare/GO/rGO/pDA-rGO PTFE membranes without light. (b) The DI water evaporation mass loss with bare/GO/rGO/pDA-rGO PTFE membranes under one-sun illumination. The inset shows the stable water evaporation mass change after 30 min5.


[image: ]
 Figure 6:(c) The comparison of stable evaporated water vapor flux with bare/GO/rGO/pDA-rGO PTFE membranes under one sun. (d) The comparison of evaporation mass loss between DI water (DIW) and salt water (SW) with bare/GO/rGO/pDA-rGO PTFE membranes under one-sun illumination5.

 [image: ]
Figure 7: (e) Measured salinities of the 4% NaCl solution and desalinated water after different desalination time. The WHO standard for the available water was indicated by the dashed line.
(f) The evaporation cycle performance of 4% NaCl solution with pDA-rGO/PTFE film under one-sun illumination5.
 
Experimental
GO was prepared by using a modified version of Hummers method5. Natural flake graphite powder was exposed to a mixture of sodium nitrate, concentrated sulfuric acid and potassium permanganate for oxidation5. Three membranes were prepared GO, rGO and
pDA-rGO. Surface morphology, hydrophobicity, and functional group of all three membranes were tested5.
 
Figure two displays self-made apparatus where the water transmembrane evaporation was carried out. The apparatus contained three parts; the first piece was an upper transparent PPMA container where a certain volume of water was stored5. The second piece was a membrane part where the prepared graphene-base materials modified PTFE film was mounted, this was the site of water vapor penetration5. The third piece was a bottom support frame where the evaporation container was placed and the weight change of the whole system caused by water evaporation was monitored by an electronic analytical balance5.
A solar simulator was used to generate the one-sun illumination beam. All three films were run through the apparatus in figure one. The evaporation of each membrane was tested with and without the presence of light to get an accurate evaluation of the performance of each film5.
 
[image: ]
  
Figure 2: Schematics of water transmembrane evaporation experiments (a) The experimental apparatus with the solar simulator. (b) The set up for solar steam generation5.

[image: ]

Figure 4: (a) Fourier transform infrared spectroscopy spectra of GO, rGO and pDA-rGO membranes. (b) The absorption spectra of different composite membranes in the wavelength range of 300 nm to 2500 nm5.
 
 
Conclusion:
 
PTFE membranes are currently used to filter salt from the water in the process of photothermal solar distillation which is highly inefficient. Through the process of coating the PTFE with reduced graphene oxide the energy conversion of the solar radiation was improved approximately 79%. In the article written by Huang and his partners, Huang used several methods to synthesize Graphene oxide and then dispersed over a PTFE membrane. In this process they were to be able to make a coated filter that shared characteristics from each material. The filter had a high durability which would allow it to withstand industrialization, with the added filtration of Graphene oxide the membrane is able to separate up to 40,000 ppm NaCl concentration. With the ability to separate the such small concentrations and being able to improve by a substantial amount it would be correct to conclude that the experiment was successful and that it set the baseline for future experiments to be expand on.
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The Importance of Graphene Derivatives and PTFE

Membranes on Solar Desalination of Water

Angel Gibbons and Denny Dang

Abraham Baldwin Agricultural College, Department of Science and Mathematics

Introduction

Graphite is a naturally oceurring form of crystal carbon that is

composed of single layers of graphene!. Graphene has unique properties
such as incredible srength, flexibilty, and a conductor of heat and
electricity!. These properties can be altered and enhanced by making
graphene derivatives such as GO, 1GO, and pDA-GO. When theses
derivatives are combined with PTFE membranes, they become incredibly
useful i water desalinization. For practical water treatment a
more efficient system of solar desalination is needed. Nothing s stopping
the vaporized water from rentering the original brine decontaminating the
water, A simpler way needs o be created o collect the condensed water
before it enters the brine, this could be achieved by combining PTFE
‘membranes and graphene oxide to create a controlled flration device. The
experiment, Water Desalination Under One Sun Using Graphene-Based
Material Modified PTFE Membrane, that was done by Huang, Pei, Jiang
and Hu demonstrated that the immobilization of graphene oxide on a
hydrophobic PTFE membrane surface can be used to construct 2 fast and
efficient solar desalination system under one-sun illumination®

CHEM 4305K Dr. Deal, Spring 2021

Results and Discussion
‘Natual Exaportion performance
“The water evaporation in the GO/PTFE membrane was larger than the others indicating
that the GO immobilized PTFE membrane can enhance the overall permeate flux®.
“The water evaporationrate i the pDA-TGO/PTFE saple i larger than rGOIPTFE

Materials and Methods

GO was prepared by using a modified version of hummer's method using
natural flake graphite powder in a mixture.

5 g of graphite flakes, 2.5 g NaNO, and 115 mL concentrated

H,S0, (298%) were added into a 1000 mL beaker

‘The mixture was put in an ice bath and KMnO, was added to control
the temperature and 200mI of DI water was used to dilue the solution.
‘The dark brown solution was then diluted with water until it reached a
bright yellow.

‘The solid was centrifiged then leftin a vacuum overnight, then GO
fakes were obtained.

Preparation of GO/PTFE & rGO/PTFE & pDA-rGO/PTFE membranes

‘GOIPTFE was made firstthen the other membranes were derived from
it

‘The 30 mg of graphite oxide flakes was dispersed in 100 mL of
cyclohexanone containing | mg of PVDF powder.

1mL of GO solution a the concentrations of 0 3me/mL was deposited
onto the PTFE membrane through vacuum filraion.

‘The membrane was then vacuumed dried.

Hydriodic acid (HI) vapor was alled to the membrane to reduce it to

‘The 1GO membrane was dipped in dopamine solution to tum it into
PDA-GOPTFE membrane.

Figure 3: displays self-made apparatus where the water transmembrane
evaporation was carried out.

the first piece was an upper transparent PPMA container where a
certain volume of water was stored:

‘The second piece was a membrane part where the prepared graphene-
base materials modified PTFE film was mounted, this was the sitc of
water vapor penetration

‘The third piece was a bottom support frame where the evaporation
container was placed, and the weight change of the whole system
caused by water evaporation was monitored by an electronic analytical
balance

showing that the thin hydrophilic pol layer that was deposited on the
surfaces of rGO laminates could improve the efficiency of water uptake into 1GO
‘nanochannels’.
Solar Driven Evaporation performance
+ The pDA-1GO PTFE membrane reached a larger mass evaporation loss 0.7163 kgm-2
after one hour of solar radiation than the other samples indicating that the immobilization
of DA-TGO materil on PTFE membranes contributed to bettr evaporation
performance’.
Effect of desalination and long-term stability of the svstem
+ Efficient long-term and stable esalination are supported by the pDA-1GO composite:
film’,
+ The immobilization of graphene-based materials on any of the four PTFE membranes
did ot show a noticeable decline of evaporation rate
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Conclusion

PTFE membranes are currently used to filter salt from the water in
the process of photothermal solar distillation which is highly
inefficient. Through the process of coating the PTFE with reduced
graphene oxide the energy conversion of the solar radiation was
improved approximately 79%. In the article written by Huang and his
‘partners, Huang used several methods to synthesize Graphene oxide
and then dispersed over a PTFE membrane. In this process they were to
be able to make a coated filter that shared characteristics from each
‘material. The filter had a high durability which would allow it to
‘withstand industrialization, with the added filtration of Graphene oxide
the membrane is able to separate up to 40,000 ppm NaCl concentration.
‘With the ability to separate the such small concentrations and being
able to improve by a substantial amount it would be correct to conclude
that the experiment was successful and that it set the baseline for future
‘experiments to be expand on.
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