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1)  Visualization of Chemical Structures:


Inclusion of interactive structures in lecture, laboratory, and homework activities will enhance the learning experience and provide a solid foundation in three-dimensional thinking for students in chemistry.  The list below includes powerful resources that instructors can use to more effectively teach students how structure provides a foundation for understanding many aspects of chemistry.
a) Free Browser Plug-ins:



Chime:  http://www.mdli.com/downloads/downloadable/index.jsp


VRML:  http://www.parallelgraphics.com/products/cortona/
Once you have installed these browsers, go to:  http://www.shodor.org/refdesk/  and type in the search term “chime” OR the term “vrml”.  Each search will provide a list of resources to get you started viewing a wide variety of chemical structures.  Many more sites are available on the Web.  
b) Web-Based Resources:



ReciprocalNet:  http://www.reciprocalnet.org/
This site has a great “common molecules collection” link that utilizes Java-based visualization tools to view structures of many different types.  Without having to download any special browser plug-ins, students and instructors can use this site to investigate 3D aspects of a huge number of chemical species.  Several different types of viewers are available for each compound.
Protein Data Bank:  http://www.rcsb.org/pdb/Welcome.do
The Protein Data Bank is an archive for structural data on biological macromolecules.  The site provides a variety of tools and resources for studying the structures of these molecules and their relationships to sequence, function, and disease.  A number of different viewers are available in this searchable resource.

2) Free Drawing/Molecular Modeling Programs

The programs listed below allow the user to create their own structures and perform a variety of calculations on those structures.



ACDLabs:  http://www.acdlabs.com/download/
ChemSketch and the 3D Viewer are free programs that provide the front-end graphical user interface to many expensive programs that ACD sells.  These are publication quality programs that include templates for various macromolecules, laboratory glassware, orbitals, etc.  Simple molecular mechanics calculations can be performed to find the optimized (most stable) geometry.  Bond lengths and angles can be investigated.  The 3D Viewer is another great tool for introducing students to molecular shapes.



BioRad:  http://www.knowitall.com/academic/welcome.html
This is a suite of programs that allow users to draw molecules, optimize structures via molecular mechanics, view them in 3D, find atomic coordinates, bond length and angles, and point groups.  This is a front-end to other programs that can be purchased that include Sadtler spectral databases, etc.


GAMESS:  http://wwwmsg.fi.ameslab.gov/GAMESS/
The General Atomic and Molecular Electronic Structure System (GAMESS) is a free general ab initio quantum chemistry package.  A variety of molecular properties, ranging from simple dipole moments to frequency dependent hyperpolarizabilities may be computed.  While GAMESS is a powerful computational engine, additional programs can be used to make its use much simpler (See below).


PC-based Graphical User Interface for GAMESS:  
 

http://dcbwww.unibe.ch/groups/schumacher/qc/RUNpcg.htm
This free program allows drawing of molecules, calculation set-up for GAMESS, and visualization of program output from GAMESS. 



WebMO:  http://www.webmo.net/index.html  
WebMO is a free web-based interface to GAMESS and other computational chemistry programs. WebMO permits users to build 3-D molecular structures, submit multiple jobs, monitor job progress, and view text and graphical results all from within a standard web-browser (no specialized software or plug-ins). The WebMO homepage has a complete WebMO feature list, system requirements, screen shots, a working demo, installation and upgrade instructions, examples, and download information.  Other free programs that WebMO can interface with are:




MOPAC 7 (See WebMO site for download)

MOPAC is a general-purpose semiempirical molecular orbital package for the study of solid state and molecular structures and reactions.  The semiempirical Hamiltonians MNDO, MINDO/3, AM1, PM3, and MNDO-d are used in the electronic part of the calculation to obtain molecular orbitals, the heat of formation and its derivative with respect to molecular geometry. Using these results MOPAC calculates the vibrational spectra, thermodynamic quantities, isotopic substitution effects and force constants for molecules, radicals, ions, and polymers.




NWChem:  http://www.emsl.pnl.gov/docs/nwchem/nwchem.html
NWChem is a computational chemistry package that is designed to run on high-performance parallel supercomputers as well as conventional workstation clusters. It aims to be scalable both in its ability to treat large problems efficiently, and in its usage of available parallel computing resources.
Tinker:  http://dasher.wustl.edu/tinker/
The TINKER molecular modeling software is a complete and general package for molecular mechanics and dynamics, with some special features for biopolymers.

3) Commercial Molecular Modeling Programs ($):


CAChe:  http://www.computers.us.fujitsu.com/www/products_bioscience.shtml?products/bioscience/cache

Chem3D:  http://scistore.cambridgesoft.com/software/product.cfm?pid=4032

Gaussian/Gaussview:  http://www.gaussian.com/

HyperChem:  http://www.hyper.com/

PC Model:  http://www.serenasoft.com/

Spartan:  http://www.wavefun.com/
→ For a comparison of commercial/free molecular modeling software, see:

http://www.computationalscience.org/ccce/about/whats_new/summary.pdf
4) Simulations (free):


Computational Science Education Reference Desk (CSERD):  http://www.shodor.org/refdesk/
This free site provides a searchable list of applets and other resources.  Registered users are encouraged to submit new sites to be included in the list and to review existing sites.  Currently, there are over 170 sites listed with relevance to chemistry.


Molecular Workbench:  http://mw.concord.org/modeler/
The Molecular Workbench software is a free, open-source modeling program specifically designed for use in science education. Powered by a set of real-time molecular simulation engines that compute and visualize the motion of particles interacting through force fields, in both 2D and 3D, it provides a simulation platform for teaching and learning science through atomic-scale reasoning. Many important concepts in physics, chemistry and biology that are otherwise too abstract to understand can be visualized with dynamical and interactive simulations.


Virtual Lab:  http://ir.chem.cmu.edu/irproject/
This site provides a downloadable applet for simulation of aqueous chemistry where students can perform diverse experiments in acid-base and thermal chemistry as part of homework or pre-lab assignments.


ESR/EPR Spectral Simulator:  http://epr.niehs.nih.gov/pest.html
A downloadable program is available that allows simulation of simple to complex EPR spectra.
Older Journal of Chemical Education Software (MS-DOS) – Free with subscription:  



http://jchemed.chem.wisc.edu/JCESoft/Programs/download.html
Many of these DOS-based programs still work and are still useful teaching tools.  A wide variety of topics are covered, everything from running a gas chromatograph to obtaining viscosity measurements.

5) Commercial Simulation Software ($):

New J. Chem. Ed. Software (CD-ROM):  http://jchemed.chem.wisc.edu/JCEsoft/index.html
Many CD’s are available that contain a wealth of visualizations, simulations, simple programs, etc.  The CD’s often have overlap in their contents with other CD’s, so choose carefully.
Odyssey:  http://www.wavefun.com/products/odyssey/odyssey.html
Odyssey is a unique teaching program for introductory and general chemistry classes in high schools, colleges, and universities. Utilizing scientifically-based molecular simulations, Odyssey provides an interactive environment for learning and exploration.  Both student and instructor editions are available.  The software is useful for lecture demonstrations, laboratory experiments, and homework assignments.

6) Mathematical Software:
Chemical Kinetics Simulator (Free):  






                       http://www.almaden.ibm.com/st/computational_science/ck/msim/
CKS is a scientific software tool developed by chemists in the kinetics simulation project that provides the bench scientist with an easy-to-use, rapid, interactive method for the accurate simulation of chemical reactions. The package includes extensive documentation.

Project Interactivate:  http://www.shodor.org/interactivate/
A collection of over 100 Java-based activities that explore many areas of mathematics and can be used to view and analyze data for scientific application.  The activities can be done in a lecture, laboratory, or homework setting.  Most of the activities have tested lesson plans already developed and available for download.

Netlogo (Agent-based Modeling):  http://ccl.northwestern.edu/netlogo/
NetLogo is a cross-platform multi-agent programmable modeling environment.  A models library contains numerous examples that are useful to demonstrate basic physical principles in a variety of disciplines.  Tutorials are available for those wishing to learn how to build their own models.  
Systems Dynamics Programs 
Systems dynamics programs like Vensim PLE, Berkeley-Madonna, and STELLA allow modeling of time-dependent phenomena and are very useful for teaching concepts in chemical kinetics.  Students can either learn to construct their own models or can interactively use models that have been prepared by the instructor.  The environment makes investigation of “what if. . .” type questions straightforward.


Vensim PLE:  http://www.vensim.com/    (Free)
This is a free program for personal and instructional use.  The program can be run in an interactive mode where changes to rate constants (via slider bars) immediately cause changes in concentration profiles.  Since the program is free, it is ideal for academic use since students who have computers can download it themselves.  Vensim PLE cannot handle stiff differential equations.

Berkeley-Madonna:  http://www.berkeleymadonna.com/  ($)
This program was written by chemists and models can be constructed several different ways.  Because of this flexibility, the program can be used in one mode in a general chemistry course, and another mode in a Physical Chemistry course.  It includes routines that will handle stiff differential equations


STELLA:  http://www.iseesystems.com/softwares/Education/StellaSoftware.aspx
Similar to both Vensim PLE and Berkeley-Madonna, STELLA has perhaps nicer graphics and a few more “bells and whistles”, especially in creating an environment where users interact with pre-made models.  The cost of the program has increased in recent years.  Working models can be converted into Java applets by following the instructions given at the site below:

 


http://www.shodor.org/stella2java/ 

Free Mathematics Packages:  http://www.gnu.org/software/octave/octave.html
GNU Octave is a high-level language, primarily intended for numerical computations. It provides a convenient command line interface for solving linear and nonlinear problems numerically, and for performing other numerical experiments using a language that is mostly compatible with Matlab. It may also be used as a batch-oriented language.
Octave has extensive tools for solving common numerical linear algebra problems, finding the roots of nonlinear equations, integrating ordinary functions, manipulating polynomials, and integrating ordinary differential and differential-algebraic equations. It is easily extensible and customizable via user-defined functions written in Octave's own language, or using dynamically loaded modules written in C++, C, Fortran, or other languages.
Commercial Mathematics Packages ($)
All the packages listed below are very powerful and can be used for a range of tasks including data manipulation, statistical analyses, error analysis, graphing, etc.


Mathcad:  http://www.mathsoft.com/ 
Mathcad has become common in use among chemists.  T. Zielinski has downloadable worksheets and a feature that appears in the Journal of Chemical Education on a regular basis.

Mathematica:  http://www.wolfram.com/ 

Matlab:  http://www.mathworks.com/ 


Lots of modules for different applications.  Popular in engineering.


Maple:  http://www.maplesoft.com/ 
