CHEMISTRY 100: CHEMISTRY AND SOCIETY

SYLLABUS: SPRING 2011
Professor M. E. Green  green@sci.ccny.cuny.edu   Rm MR1130

Class time: Monday, Wednesday  3:30—4:45

Office Hour. After class on Monday, and by appointment
Book: Handout, computer simulations posted online
Grading: Three hour exams (first exam: March 7), 45% for the average of the two high grades. The low grade is dropped; if an exam is missed, that is the low grade. There are no makeups for the hour exams. The final counts 45%. 10% is reserved for the first two lab reports plus any unannounced quizzes (these will happen when I think they should). The term percent will determine the final grades. If there is any curving, it will done on the distribution of final term percent, so the specific cutoffs for grades will not be available until after the final exam. However, the distribution is not likely to be greatly different from the usual, so not much curving is anticipated. In addition to the March 7 exam, there will be one exam in early April, and one in late April or early May. Partial credit will be given on exam questions as appropriate, and the exams will be mostly of a form in which partial credit may be appropriate. It may be that occasionally a few multiple choice questions may creep in, but they are not the primary choice among the multiple possible choices for exam questions. Questions are more likely to include anything from fill-ins, up to answers of several sentences.
Chem 100 Course Description:
     This is the beta version of a new form of the Chemistry and Society course. The book has been freshly prepared for this semester. It is expected that it will undergo further revision before reaching final form, and contributions from your class will be included. A serious problem, however, is that this was supposed to be a lab course, but the wet labs have been canceled for reasons of funding. However the computer exercises, and the first two labs, which can be done in lecture, will be carried out. 

       Chemistry and Society courses are given in many universities, and required (or “Science and Society” is required) in some. The standard version of a “Chemistry and Society” course is based on a book written by committee (perhaps the best is the one the American Chemical Society puts out, although there are others that are in the same league). In such a book one learns “almost everything”, and is well prepared to take a multiple choice test at the end. Such a course has its place, but it is necessarily limited to the surface of the subject. By this I mean that lots of specific information is presented, but the way in which the information was obtained is never quite clear. The effort needed to obtain the facts neatly arrayed in such a text cannot be understood by reading it. The limitations on the knowledge, the errors in experiments, and the solutions scientists used to get around the limitations on experiments, are not made clear. Experiments, and the associated errors, are rarely discussed in detail in a manner that allows a student to sense what it means to make a measurement. In this class too, time prevents us from discussing everything we present in much detail. For example: Rutherford proved that the atom has a nucleus. Sometimes one of the standard books will note Rutherford’s astonishment at the experimental result that led to the discovery, which is typically presented in a “Chemistry and Society” book as a simple observation. There is no sense of how much effort it took to interpret the results over more than a year. We don’t have time to go through Rutherford’s discovery in this book either (indeed we don’t have time to discuss it at all—it is one of many things that are simply stated here, just as in the standard books). Very complex experiments cannot be discussed in detail in an elementary course in any case. However, we do manage a couple of very simple measurements, so that we get some sense of what it means to make a measurement (Experiment 1, done in lecture). We can learn how to formulate a hypothesis, and test it, also in a very simple way (Experiment 2, done in lecture). Then we can be more honest about using all the facts that we must learn (and we will learn some facts: this is a chemistry course, after all, and we must cover some chemistry). Rather than have one chapter on plastics, and one chapter on minerals, and one chapter on acids and bases, and one chapter on… with the chapters then telling you how important plastics are for society, and how important minerals are for society, and then how important acids and bases are for society and then… Instead, we will organize this course to cover certain principles that underlie the formation of all compounds, using acids and bases for illustration. We have some computer simulations to illustrate how these should work, based on a few simple ideas.  In particular we illustrate the random nature of the movement of molecules leading to well ordered equilibrium and rate laws. These we discuss in terms of the Laws of Thermodynamics, which we explain at some length (this section of the course was used last spring, and worked fairly well). Of course we have to understand something about how molecules are formed from atoms, and then make and break new chemical bonds to produce chemical reactions. In the end, much of the material that is in standard books is covered, but from a different point of view; you will not be in a position to do well on the multiple choice questions that might constitute a final exam in a standard course, but you will understand where those questions are coming from at a level that is not normally reached. You will be able to answer questions that would probably not occur to a student in a standard course.
      A second major topic is an examination of the role of light in chemistry. This is critical in many parts of chemistry, including the source of all life, that is, the light from the sun that gives life to plants through photosynthesis. We come to understand the radiation of a body at a given temperature, and thus the difference between the radiation at earth temperature and sun temperature. This is followed by a discussion of the reason all this important.
      The main example we use is a variety of reactions of carbon dioxide and related compounds. This in turn allows us to use acids and bases, an important class of compounds, to illustrate chemical principles. CO2 plus water makes an acid, which makes this example relevant. The same principles apply to any chemical equilibrium, but the illustration can be one particular type.
      The “and Society” part of the course is devoted to what in my opinion (actually, the opinion of a great majority of scientists who have done research on the issue, which I have not) is the matter that is most likely to lead to disaster in the next half-century or so, and which requires understanding and action now. This is the problem of climate change, and the almost as important problem of ocean acidification, two problems related through the buildup of carbon dioxide in the atmosphere. Because we have introduced acids and bases, and carbon dioxide is responsible for ocean acidification, this is a straightforward extension of the material covered earlier. Similarly, the mechanism of climate change involves what we have learned about light. The “…and Society” part of the course is fairly directly related to what we learn about chemistry. Understanding chemistry allows us to know what is happening in a major issue of our time (almost certainly THE major issue with a technical component, and, in terms of long term effect on society, probably the major issue, period). If things proceed as now expected it may have a greater influence on civilization than any of the more publicized political issues at the end of 2010. 
The text represents the syllabus (look at the chapter headings for topics), with roughly equal time per page, so the total of approximately 200 pages means we should average about 16 pages per class week (12.5 weeks after subtracting time for exams). However, the exact amount in any given week will vary with the difficulty, and the amount of time spent on simulations, which are not included in the page count. As this is the first use of this text, the details of the timing remain to be worked out. 
There is no math prerequisite for this course, but we will use logs, which will be taught in class; there is also an explanation in a couple of pages of text. It is just too difficult to describe some of the ideas if we don’t use logs (and their inverse, exponentials). You do not have to solve equations, but you will see graphs being plotted before your eyes, in the computer simulations. You don’t have to do much to run these, just set a couple of numerical parameters using the buttons on the simulation page, and click on start.  You will have the results explained in class of course, but I will assume you can at least read a graph. One other point about the book: there is a fair amount of repetition. Some topics are covered two or three times, from slightly different points of view. It is hoped that at the end, these ideas will be known well enough to recall, understand, and use, the latter, at least in the sense that you will be able to explain them to others.

Course aims: Learn and understand:

1) what a measurement entails, and what is meant by experimental error

2) what formulating a hypothesis means, and what is required to test it.

3) the Laws of Thermodynamics (qualitatively), and their consequences for the direction of chemical change

4) atoms and molecules: what are they, and what are some of their fundamental properties?

5) basic ideas of chemical equilibrium and rates of chemical reaction.

6) acids and bases: definitions, and their equilibria

7) based on the Laws of Thermodynamics, and energy considerations, why cannot  a catalyst change chemical equilibrium, but it can change rates?

8) the role of random change in chemical processes and the motion of molecules

9) light and radiation: their effect on chemical processes

10) black body radiation, the earth, and the sun

11) effects of carbon dioxide on the earth: ocean acidification and climate change, explained in terms of black body radiation, light absorption, acid base equilibrium with chemical reactions, and the rest of what has been learned in Aims 1 through 10.

The URL for the computer simulations is http://134.74.194.61/F0448/index.html If you go this address, you will find the eight simulations, and we will use all of them during the course of the semester.
Disability: In compliance with CCNY policy and equal access laws, appropriate academic accommodations are offered for students with disabilities. Students must first register with The AccessAbility Center for reasonable academic accommodations. The AccessAbility Center is located in the North Academic Center, Rm. 1/218.  Tel: (212) 650-5913. Under The Americans with Disability Act, an individual with a disability is a person who has a physical or mental impairment that substantially limits one or more major life activities. If you have any such issues, I encourage you to visit the AccessAbility Center to determine which services may be appropriate for you.

Courtesy: Noise and excessive chatter, eating, drinking, or use of unauthorized electronic equipment is not allowed in the classroom. All electronic apparatus is unauthorized unless explicitly authorized for a special occasion. This includes calculators. It also includes Ipads, Androids (pocket form or human shape), Kindles, Nooks, crannies, cellphones of any other form, robots, or any other thing that requires electricity in battery or plugin form to function. (Nerve cells inside humans are allowed to use electricity in physiological form.) Beeps, bongs, rings, and music are all forbidden. The only possible exception may be a computer, which on specific occasions, announced in class, may be permitted. These must not be used for game playing, email, or any other non-class related activity. If any internet connection at all is allowed, it will only be for connection to the simulations that are being discussed at the time the computer is on the internet. When the simulations are not being discussed, no internet connection at all is permitted, and the computers may be used ONLY for the purpose of taking notes. It would be preferable to take notes by hand. No electronics will be allowed during exams, including calculators (they won’t be needed).

Academic Integrity: The entire City College policy on academic honesty and integrity is included here by reference.
