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FROM THE CHAIR
Alfred J. Lata, Co-Chair

In the past three years,there have
been great and dramatic changes
in computers, hardware, soft-
ware, and computing activities,
and we have been fortunate to
have reaped (or icok forward to
reaping) the benefits of these

changes.

There are faster CPUs, larger
memories, larger capacity hard
drives, as well as video-disk,
CD-ROM, etc. The software revo-
jution is led by multimedia and
animation programs, the growth
of object-oriented programming
and the use of objects in our
programs. The use of e-mail for
personal communication and bul-
letin boards has grown tremen-
dously both in number of users
and volume of traffic, Applica-
tions of all of these factors have
been incorporated into advances
in Chemical education.

There still exists that broaden-
ing chasm between the haves and
the have-nots in the use of com-
puters in the teaching of Chem-
istry. Some are limited by lack
of funds for the purchase of hard-
ware and software. As prices
come down, and the use of com-
puters for teaching and learning
is more broadly accepted and ap-
plied, hopefully this limitation
will be removed.

But there is further limitation:
the dissemination of information
about what software is available
and appropriate for instruction,
and how it is used.

At the 12th Biennial ChemEd Con-
ference in Davis in August of this
year, the Committee on Comput-
ers in Chemical Education {CCCE)
held an open meeting. Twenty
five Conference attendees joined
us to discuss the use of comput-
ers in chemistry instruction. A
principal concern voiced at this

meeting was how people can leam
what software is available and
how information on available
software suitable for use in
chemistry can be most effec-
tively disseminated,

In an effort to solve this infor-
mation problem, | would hope
that each of us individually wili
undertake to broadcast informa-
tion about those programs we use
and like {and dislike), and how
we use them. Conferences, re-
gional meetings, electronic bul-
letin boards, and THIS NEWS-
LETTER can be effective tools in
this regard. Consider it your
personal challenge to help your
colleagues! How about submit-
ting an article or just a para-
graph or two describing soft-
ware you use and how you or your
students use it, the price and
where to purchase it? Submis-
sions should be sent to Brian
Pankuch (see the inside front
cover for details).

| would like to take this op-
portunity to recognize two of
our colleagues Paut Cauchon
of The Canterbury School
(New Milford CT) has stepped
down from CCCE. Paul has
served CCCE as Chairman, and
has participated as instruc-
tor in more of our workshops
than anyone else. We appre-
ciate and thank him for his
work as one of the pioneers in
Computers in Chem Ed.

Don Rosenthal, co-chair, will
assume the individual responsi-
bility this coming year. Don has
organized and conducted work-
shops for CCCE, was editor of this
Newsletter, and now serves as
Consulting Editor. Those of us
who have the opportunity to work
with him know how effective and
persuasive he can be. | thank
him for his past efforts and ac-
complishments for CCCE, and look
forward to his leadership.

HOW TO CRASH HARD DISKS
AND SYSTEM SOFTWARE
WITHOUT REALLY TRYING.
Editor Brian Pankuch

(For people who may have to take
care of their own Mac.)

ctually the idea was to

minimize problems with

hard disks. I've been
thinking for some time that |
need a more effective way of pro- -
tecting my work than backing up
to a diskette. I'm conscientious
about backing up big projects,
but | have a lot of small things |
do often and don't have a special
diskette to back up to. With over
200 M on my system, 'm just
not going to back the whole thing
up on diskettes, nor am | going to
set up a filing system to find a
specific diskette (out of 200 or
more) for a small piece of work.
The easiest solution seemed to be
to get a 88 M removable Sysquest
cartridge and drive, about $500
for both. This would also give me
a backup hard disk. Additional
88 M cartridges are about $95,
so you really have backup lim-
ited only by your pocketbook.

On the other hand 've been using
computers for quite awhile and
have never had a hard disk prob-
lem. I've heard of plenty, but
I've got the best quality hard
disks and have been lucky. Also |
like a bargain and | got an out-
standing mail offer from
Symantec for their Norton Utili-
ties and MORE, a presentation
manager, for about 85% off the
list price. Symantec combined
the best of Norton and their own
SUM (i utilities to do preventive
medicine on hard disks and to
recover lost files on a crashed
disk. Total price was $95. This
didn't give me the same protec-
tion as a spare hard disk, but it
should lessen the chances of
problems. If problems do occur |



have a way of recovering files. It
is cheaper and probably easier
than backing up 88 M often.

So [ bought the Symantec soft-
ware rather than the hardware. |
set it up on my Quadra 700, In-
stallation of Norton was easy. To
use some of the utilities such as
Disk Doctor was straight for-
ward. The utility chugged through
the hard disk and found a number
of anomalies- some program-
mers amuse themselves by giv-
ing the date of completion of a
program 1909 or 2040. Harm-
less but the Norton disk doctor
fixed these and other anomalies.

Next day | decided to use Speed
Disk, which optimizes the disk.
Files on your disk are usually
written to one physical area on
the disk at first. As the file
changes size the original space
set aside may not be large enough.
The part that doesn’t fit is put
into another physical location on
the disk. After many repetitions
your disk is fragmented. Parts of
the same file are all over the
disk. Reading the file from the
disk will take longer since the
reading head has to find each part.
This also results in a lot of head
movement with additional wear.
Speed Disk will put files back
into contiguous areas. It will also
place files that don't change much
in the beginning of the disk and
the often modified files at the end
where they can grow. This should
save a lot of wear on the hard
drive mechanism and put off
eventual failure. My drive has an
estimated mean time between
failure of over 22 years, but
only a 5 year warranty,

To use Speed Disk you have to run
the utility from a disk other than
the disk you are checking.
Symantec thoughtfully supplied
a boot disk for this purpose. |
restart my Quadra with this disk,
and it comes up in Speed Disk and
tells me there is not enough

memory. The Quadra has 20 M of
RAM and access to another 300 M
of virtual memory! |can't get at
the disk to check because it won't
let me out of Speed Disk. So | try
to restart and the entire system
crashes. | try everything | can
think of and finally replacing the
entire system file lets me re-
start the computer. | run Disk
Doctor and it says everything is
great, | restart just to see if it
will, and again the whole system
crashes. After about 6 hours |
learn more about disk utilities
than | really want to know.

My problems were first, the
Speed Disk program didn't have
enough memory set aside for it-
self, my Quadra had plenty, but
programs aren't smart enough to
go grab some. You change allotted
memory by selecting the utility,
then selecting Get Info from the
file menu (Command |). When
the Get info window opens change
the 600 K allotted to at least
1000 K. | changed mine to
14,000 K since | have a lot of
memory — the more memory set
aside the faster Speed Disk will
optimize your hard disk (it can
take hours). You can't change the
allotted memory on the boot disk
while you are using it because
you can't get at the file. You also
can't change this setting while
you're using the program (this
is true for all programs). Make
the change while this diskette is
not the startup disk.

The second problem is more gen-
eral. Most of us use many utility
programs (INiTs) — clocks, cal-
culators, etc., on the screen. |
get a lot, and | test a lot. These
utilities can change the System
software that runs the computer.
They frequently take over the
same parts of memory. If not
well designed they wipe out part
of the system memory when they
colide. After taking out many of
these INITs that | no longer
needed, and replacing and updat-

ing the system, everything works
fine.

As an experiment, | ran Speed
Disk on a Mac IIX running System
6.07 — it did exactly the same
thing. The SAM virus utility (also
made by Symantec) was causing
the problem.

Speed Disk ran fine on both ma-
chines after removing the prob-
lern INITS. This all happened on
a weekend so Symantec telephone
help was not available. | called
even though | had Speed Disk
working. As a general preventa-
tive Symantec suggested prefix-
ing the Norton file name with a
‘2’ so it loads last and lessens the
chances of problems with other
utilities.

ORE I've only started
to use MORE, but as |
mentioned previously

the balloon help under the Mac
System 7 makes exploring a lot
easier and more interesting. Even
in a well-designed program ex-
ploring is sometimes quite com-
plicated. | find using balloon
help much faster than trying to
look through the 5 books (2 books
and 3 booklets to be more pre-
cise) included with MORE. Also
if | do need to ook up additional
detail in the reference manual,
balloon help gives me the name of
what I'm looking at. This is an
enormous time saver in a com-
plicated program.

his has little to do with

chemistry, but tax prepa

ration packages can be
time savers. | used MacInTax
two years ago and found it very
helpful. All the tax forms come
up on the screen with help avail-
able, and act like spreadsheets.
If you add or subtract something,
all amounts affected are updated.
If you're 3 or 4 forms deep this
can save a lot of drudgery. When
it works you can automatically
move hames of banks, charities,



and other categories to next years
form. Last year ChipSoft, a DOS
oriented company, took over
MacInTax. The new program was
so bad | had to return it. Consid-
ering | didn’t return Norton Utili-
ties that's bad. | hope this year
will be better. Less time for taxes
may give you more time for stu-
dents.

Wanted! by Larry M. Julien
Names of books to be reviewed.
These can be titles of books that
you have read or seen that are of
interest. These books will be re-
viewed and published in the News-
letter.

Please send your suggestions to
me at one of the following ad-
dresses.

Larry M. Julien

Chemistry Department

Michigan Technological Univer-
sity

Houghton, MI. 48931

or by electronic mail at
Iimjulien@mtu.edu

Editor: | assume Larry will also
be pleased to receive actual book
reviews by readers.

COMPUTER CONFERENCE ON
APPLICATIONS OF TECH-
NOLOGY iN TEACHING CHEM-
ISTRY JUNE 14 THROUGH
AUGUST 20, 1993.

by Don Rosenthal Co-Chair

The ACS Division of Chemical
Education's Committee on Com-
puters in Chemical Education is
sponsoring a computer confer-
ence on “Applications of Tech-
nology in Teaching Chemistry.”
We hope that papers will be sub-

mitted on the use of computers,
video, audio, films and other
technologies which are used in
teaching chemistry. The “meet-
ing” will consist of several ses-
sions each containing five pa-
pers.

This is the first com-
puter conference held by the Di-
vision of Chemical Education and
is viewed as an experiment. Par-
ticipants and authors of papers
will be asked to evaluate the
“meeting” at the end of the con-
ference. Thomas C. O'Haver, of
the University of Maryland will
manage the meeting and prepare
a report summarizing the con-
ference and the evaluations. !t is
expected that some of the papers,
discussion and evaluation will be
published in book form. it is
hoped that computer conferencing
will become a permanent part of
the Division’s program.

CALL FOR PAPERS

Authors must have ac-
cess to Bitnet or Internet. The
title of the paper and an abstract
of not more than 150 words
should be sent to Thomas C.
O’Haver(TO2@UMAIL.UMD.EDU)
via electronic mai! before Feb-
ruary 1, 1993, The full paper
must be submitted by May 1,
1993. Assistance on handling
graphics will be available
through the conference man-
ager, Authors will be sent in-
structions either prior to or
after submission of an abstract.
Submit your request to TO
2@UMAIL.UMD.EDU. Presenting
a paper does not preclude publi-
cation; in fact we encourage sub-
sequent publication.

REGISTRATION

There will be no regis-
tration fee. However, everyone
who registers must make a com-
mitment to participate in the
conference. All participants must
have access to either Bitnet or

Internet and become familiar
with electronic mail prior to the
meeting.

Registrants will have an
opportunity to practice prior to
the conference. Assistance will
be available through Thomas
Q’Haver. You will register by
sending the following message to
LISTSERV@UMDD.UMD.EDU :
SUBSCRIBE CHEMCONF-L <your
name> before June 1, 1923, The
titles and abstracts will be avail-
able to registrants on March 1.
Those wishing not to participate
can notify LISTSERV by April 1.

Those having a terminal
or work station and the neces-
sary communication software can
receive assistance in obtaining a
link to Bitnet or Internet by
writing Dr. Thomas C. O'Haver,
Department of Chemistry, Uni-
versity of Maryland, College
Park MD 20742 (Phone: 301-
405-1831).

THE COMMITTEE ON
COMPUTERS IN CHEMI-
CAL EDUCATION WHAT
IT IS AND WHO ITS MEM-
BERS ARE The PURPOSE
of this Committee is to pro-
mote and publicize comput-
ing usage in chemical educa-
tion. by Don Rosenthal Co-
Chair

The PURPOSE of this Com-
mittee is to promote and publi-
cize computing usage in chemical
education.

COMMITTEE ACTIVITIES

The Commiittee:

Sponsors and Helps to Orga-
nize Symposia and Other Ses-
sions at National and regional
ACS Meetings Organizes National
Computer Workshops

Publishes the COMPUTERS iN



CHEMICAL EDUCATION NEWS-
LETTER

Holds open and closed meet-
ings at CHEM ED Biennial Meet-
ings

Suggests and promotes new
initiatives like computer
-conferencing

Maintains a closed electronic
mail network (CCCENET) to
facilitat communication among its
members.

Committee members participate
by:
Providing ideas
Providing suggestions
Speaking and writing
Organizing and participating
in seminars, symposia, meet-
ings and workshops
Acting as resource people for
others

The Committee is anxious and
willing to receive suggestions and
comments from other chemical
educators. Those wishing to com-
municate with the Committee can
write or send electronic mail to
Donald Rosenthal
or any other member of the Com-
mittee, We welcome participa-
tion in any
of our activities - articles for
the Newsletter, symposium
speakers and
organizers of workshops and
symposia. We also look for new
Cormnmittee
members from time to time. If
you are interested in or would
like to
recommend someone for Com-
mittee Membership, please con-
tact Don
Rosenthal.

COMMITTEE MEMBERS

The Committee presently con-
sists of twenty-one members.
The membership directory fol-
lows listing name, electronic
mail address, and phone number
on the first line of each entry.

The mailing address is shown on
the following lines. Not all Com-
mittee members currently have
electronic mail addresses.

James W. Beatty -
BEATTYJ@ACAD.RIPON.EDU -
414-748-8123 Chemistry De-
partment, Ripon College, Ripon,
Wi 54971

Bruce N. Campbell, Jr.
CAMPBEBN@SNYPOTVX.BITNET
- 315-267-2273 Department
of Chemistry, SUNY Colege,
Potsdam, NY 13676

Joseph Casanova-CASANOVA
@CSULA.EDU - 213-343-2338
Department of Chemistry and
Biochemistry, California State
University, Los Angeles, CA
90032-8202

Wilmon B. Chipman CHIPMAN
@TOPCAT.BSC.MASS.EDU - 508-
697-1200 Ext. 2198
Department of Chemical Science,
Bridgewater State College,
Bridgewater, MA 02325

Henry Derr - HDERR @CORRAL
JUWYO.EDU - 307-778-5222
Ext 129 Division of Life Physi-
cal Sciences, Laramie County
Community

College, 1400 East Coliege Drive,
Cheyenne, WY 82007-3299

William Halpern - WHALPERN
@UWF.BITNET - 904-474-
2741 Department of Chemistry,
University of Western Florida,
Pensacola, FL. 32504

M. Lynn James - 303-351-
1285 Department of Chemistry
and Biochemistry, University of
Northern Colorado, Greeley, CO
80639

Larry M. Julien - LMJULIEN
@MTU.EDU - 906-487-2055
Department of Chemistry,
Michigan Technological Univer-
sity, Houghton, Mi 49931

Alfred Lata - LATA@UKANVAX.
BITNET - 913-864-4054
Department of Chemistry,
2010 Malott Hall, University of
Kansas, Lawrence, KS 66045

Kenneth W. Loach -~ LOACHKW
@SNYPLAVA.BITNET - 518-
564-4116 Chemistry Depart-

ment, SUNY College,
Plattsburgh, NY 12901
Diana Malone - 319-588-

6334

Department of Chemistry,
Clarke College, 1550 Clarke
Drive, Dubuque, 1A 52001

Thomas C. O'Haver -
TO2@UMAIL.UMD.EDU - 301-
405-183 Department of Chem-
istry & Biochemistry, Univer-
sity of Maryland, College Park,
MD 20742-2021

Brian Pankuch - 908-709-
7177 Department of Chemis-
try, Union County College,
Cranford, NJ 07016

LeRoy J. Pazdernik - 819-
376-5052 Departement de
Chimie-Biologie, Universite de
Quebeca

Trois-Revieres, C.P. 500,
Trois-Revieres, Quebec ,
CANADA G9A 5H7

Harry E. Pence - PENCE
@SNYONEVA.BITNET - 607-
431-3179 Department of
Chemistry, SUNY College,
Oneonta, NY 13820

Kenneth Ratzlaff - RATZLAFF
@UKANVM.BITNET - 913-
864-3754 Instrument Design
Laboratory, Department of
Chemistry, University of Kan-
sas, Lawrence, KS 60045

Donald Rosenthal -
ROSEN@CLVM. BITNET - 315-
265-9242
Department of Chemistry,
Clarkson University, Potsdam,
NY 13699



Gwen Sibert - SIBERT@VTVM1,
BITNET - 703-981-2116
Roanoke Valley Governor’s School,
2104 Grandin Road, Roanoke, VA
24015

Allan L. Smith - ASMITH@DUVM.
OCS.DREXEL.EDU - 215-895-
1861 Chemistry Department,
Drexel University, 32nd and Chest-
nut Streets, Philadelphia, PA
19104

Stanley Smith - SMITH
@UIUCSCS.BITNET - 217-333-
3839 Department of Chemistry,
University of lllinois, 1203 W,
California, Urbana , IL 61801

William J. Sondgerath -
BSONDGER@PURCCVM.BITNET -
317-589-3877 Harrison High
School, 5701 N. 50 W, West
Lafayette, IN 47906

|
INTEGRATING COMPUTERS

INTO THE HIGH SCHOOL CHEM-
ISTRY CLASSROOM

D. C. Heath, 1987)

to find Emperical Formula)

Calorimeter Constant

William J. Sondgerath,
Chemistry TeacherHarrison
High School, West Lafayette,
Indiana

QOur project began in
1987 with a grant from the
Indiana Department of Educa-
tion to increase the use of tech-
nology in the chemistry class-
room. Our purpose was to use
technology to enhance tradi-
tional instruction and to in-
crease learning opportunities
for students. The project,
“Classroom Without Walls,”
was comprised of Thomas
Adams, then a doctoral candi-
date from Purdue University,
and Dolores Handy and William
Sondgerath, chemistry teach-
ers at Harrison High School.
There follows an outline of how
we use computers and related
technology in our classroom to-
day.

We have the foliowing
hardware available:
In the classroom:

8-1BM Model/25
4-IBM Proprinter |l

LAB SPREADSHEETS PREPARED FOR THE FOLLOWING IN HEATH CHEMISTRY:

Experiment 1C: Analysis of Experimental Results
Experiment 2B: The Law of Definite Composition
Experiment 3A: Thickness of an Aluminu
Experiment 3Y: The Relationship Between the Mass & Volume of Cu
Experiment 2B: The Law of Definite Composition (Students use data in Ch4

Experiment 6A: Mole-Mass Reaction
Experiment 7B: The Molar Volume of a Gas
Experiment 17A: Heat of Reaction
Experiment 17B: Heat of Fusion

b preadsheets for Other Labs:

Specific Heat of Unknown Metal
Enthalpy of Neutralization Reaction
Acid-Base Titrations: Standardization of NaOH with KHP
Acid-Base Titrations: Citric Acid in Grapefruit Juice
Acid-Base Titrations: Acetic Acid in Vinegar

m Sheet

4-ESM Corporation printer
switch boxes

1-1BM Model/30 (Mostly for
teacher use.)

1-Sharp QA-50 Liquid Crystal
Display
Outside the room:

1-Local Area Network (in me-
dia center)

30-IBM Model/25 (in media
center)

Used extensively for tu-
torials in beginning chemistry
is “Introduction to General
Chemistry” by Stan Smith from
the University of lllinois, pub-
lished by Compress. Fifty-five
lessons in twenty instructional
days are used, covering such
topics as nomenclature, writ-
ing formulas, per cent compo-
sition, solutions, the gas laws,
and acid-base chemistry. KC7
Discoverer by Journal of
Chemical Education Software is
used extensively during our
study of periodicity. We have
found in our experiences that it
is essential for student leaming
to have teacher-prepared



worksheets or guidelines to ac-
company these tutorials; oth-
erwise, students proceed as if
playing computer games!

Another important com-
ponent is the liquid crystal dis-
play (LCD), used to project con-
cepts which are being taught to
the total class when software is
not available or appropiate for
small group or individual in-
struction. The LCD is used for
introducing technology or equip-
ment that the students will be
using, such as spreadsheeting
and graphing. The graphics pro-
gram which is used to design
“concept stories” is IBM's
Storyboard Plus. Included is a
list of teacher-made concept sto-
ries which have been developed
with the project. Pictures, dia-
grams, definitions, and descrip-
tions in a series of frames teach
the following concepts.

1\Bonding

2\Density

3\Exo- and Endothermic
4\History of Atom

5\Mass Spectrometer
6\Forming Sodium lon
7\Phase Diagrams (CO2 and
H20)

8\Colligative Properties
9\Molecular Model

10\Use of Buret

1 1\Heating Curve

12\Simple Orbitals

13\Part 1 Equilibrium (Quali-
tative)

Part 2 Equilibrium (Quantita-
tive)
The concept stories can be uti-
lized by the individual student,
but usually they are used in large
group instruction because they
are not interactive.

Harrison High School has
Microsoft Works on its network.
Students use word processing for
lab reports and summary re-
ports on current topics in chem-
istry, but students are not re-
quired to word process through-
out the course. Using/making
spreadsheets and graphing is the
aspect from Microsoft Works

that is most used in our chemis-
try classes. Included is a list of
spreadsheet templates which
have been developed with the
project.

One advantage of
spreadsheeting is that students
can readily relate a large col-
lection of data to the concept the
iab is teaching. Initially stu-
dents enter individual data for
the spreadsheet; they also have
access to all other students’ data
as well. This allows them to
understand the experiment more
clearly. Eventually they con-
struct the spreadsheet and leam
to graph the data fromit. The
spreadsheet also makes it easier
for the instructor to check the
students’ lab results.

Another feature of our
technology is the purchasing of
Personal Science Laboratory,
which has improved the labora-
tory interfacing capabilities.
The thermistor is used to deter-
mine such concepts as heating
curves, heat of fusion, and heat
of reaction. One major use of the
pH probe is to plot the
neutralizaion curves involving
various combinations of strong/
weak acids and strong/weak
bases.

For the instructor the
Excelsior Grade Book is a most
useful and powerful manage-
ment tool. Keeping students in-
formed of their continual
progress, whether for eligibil-
ity for extra curricular activi-
ties, or for their own curiosity,
is most efficient. Questions on
attendance can be answered
quickly. Statistics on graded
material can be determined in-
stantaneously.

Through our project we
have gained a better insight of
how the tools of technology can
enhance traditional instruction,
providing still another method
of teaching. A second advantage
is that “Classroom Without
Walls” increases students’ op-

portunities to work with technol-
ogy that many will face in future
education and/or employment.
Sources of Software

Storyboard Plus from IBM
Microsoft WORKS for IBM PC's
and Compatibles

PSL(Personal Science Labora-
tory) from IBM ‘
COMPRESS(tutorials)

P.0. Box 102 Wentworth, NH
03282

(KC? Discoverer)

Journal Chemica Education Soft-
ware University of Wisconsin-
Madison, Dept of Chemistry 1101
University Avenue Madison,WiI
53706

Excelsior Software, Inc.(grades)
P. 0. Box 3416
Greeley, CO 80633

Can the Organic Laboratory
be Computer Assisted?
Bruce N. Campbell, Jr.,, De-
partment of Chemistry, Potsdam
College, Potsdam, N.Y,, 13676,
camphbebn@snypotvx.btnet

This is the question | posed
at the 12th Biennial Conference on
Chemical Education in August. It
is the question | want to pose nhow
to the readers of this newsletter.

in this brief paper, | would
like to suggest some ways comput-
ers have been or could be used to
make the Organic Laboratory ex-
perience more effective. My ex-
amples are drawn mostly from
software available for the
Macintosh®. If readers have sug-
gestions or comments, | would like
to hear from them and will pre-
pare a future column summariz-
ing such comments in this news-
letter.

Some possible uses and
software are given in Table |



Software Samples

Graphing Searchable Data Bases

CA-Cricket Graph STN, HODAC
Graphica! Analysis Il HSDB, TOXNET
Kaleidagraph TOXLINE, TOXLIT

Drawing, Structure Building & Presentation Nomenclature/Simple Reactions

ChemDraw CHEMINTOSH Beaker
LabVision CHEMDRAFT Jay Hawk

Molecular Editor Desktop Molecular Organic Rxns.
Aichemey lll Modeller

MacStereo Moby

CHEMWINDOWS  Chem 3D Plus

Spectral information Qualitative Qrganic Analysis
Instrumental Software MacSQUALOR
SpectraDeck MacQual
Proton NMR Simulator

Mock NMR

Math Expressions/Equations Spreadsheets

MathType Excel
Expressionist Fult impact
MathCAD Lotus 1,2, 3
TK Solver Plus Wingz

Table II
Preparing for Lab

Needs
Structures and Names

Reactions
Byproducts
Mechanisms

Stereochemistry 3D Drawing program/ Spatial
Display / Structure Building

Searchable Data Base
STN

Physical Properties, etc.

Searchable Data Bases
TOXNET, HSDB

Taxicity, Hazards, Disposal

Preliminary Calculations Spreadsheet
Excel, Latus 1, 2, 3
Wingz, Fuli Impact



During the Lab
TYPE/NAME

NEEDS

Collecting & processing data (personal)
Collecting & processing data (class)

Spreadsheet
Excel, Full impact
Lotus 1,2,3, Wingz

Electronic Notebook Spreadsheet/Word Processing
See above
Graphic data (in progress) Graphics
Kinetics, Titrations Graphic Analysis |l
Calibration curves, etc. CA Cricket Graph
Kaleidagraph
Spectral data
Matching Instrument software, Spectra
Teaching Deck, Mock NMR, Proton
impurities NMR Simulator

Dry Lab Teaching
Stereochemistry 3D Drawing and Manipulating
Spectral Analysis See above

Planning New Experiments
Source of Experiments Searchable Data Bases
Synthesis Synthesis Planning Programs

Qualitative Organic Analysis
Preparation MacQual and
Simulation MacSQUALOR

Waste Disposal Searchable Data Base
HSDB

Table IV After the Lab
NEEDS TYPE/NAMES

Report Writing Word Processing
Calculations Spreadsheets
Excel, Full Impact
Lotus 1, 2, 3, Wingz

Equations

Chemical Drawing
Beaker, ChemDraw
CHEMINTOSH

Mathematical MathCAD
TK Solver Plus

Expressions MathType

Plotting and Interpreting Data Graphics
Graphic Analysis |l
Cricket Graph

Kaleidagraph



Tables [i, lll, and IV suggest some
uses before, during, and after
the lab.

Graphing results from
kinetic experiments, titrations,
and apparatus and instrument
calibration during the lab will
suggest how effective the work
has been or whether it should be
repeated. Searching for spectra
to compare to observed spectra
would give feedback as to how
successful a synthesis had been.
Some students might keep elec-
tronic notebooks.

Computer stored or gen-
erated spectra and molecular
modeling programs could be used
for preparatory assignments or
dry labs, We have had students
use qualitative organic analysis
simulation to increase the effi-
ciency and effectiveness of un-
knowns in the lab.

Students are asked to
come to the Organic lab having
done prior preparation. This
preparation usually includes
finding the chemical and physi-
cal properties of the substances
to be used or prepared, Now we
need to add to that, information
on toxicity and methods of dis-
posal. Computer searchable data
bases could facilitate this pro-
Cess.

Participants at the con-
ference in August were asked to
fill out a related questionnaire. A
few did. The questions were:

1. What software programs do
you use in conjunction with
teaching the Organic lab?

2. How wouid you like to use
the computer in this activity?

3. Do or should your students
have access to computers *in"
the Organic lab as they do to IR
and GC?

4. How would you like your
Organic lab students to use com-
puters?

5. What stands in the way of
more use of computers in the
Organic lab?

Responses for question 1

included different spectral pro-
grams {mentioned by all but one
responder and one of these men-
tioned the Sadtier Library Search
program), Beaker, word pro-
cessing, and drawing programs.
One respondent said they had a
qual organic search program for
compound identification contain-
ing data for 6000 compounds
stored on their IBM mainframe.

Suggestions for question
2 included input data and check
calculations or receive sugges-
tions (i.e. error, possible com-
pounds), analysis of gas chro-
matographic data, simulations,
modeling, lab notebook, and to
identify spectral unknowns be-
fore doing qual. The responder
with the ID file said their stu-
dents get a list of possible com-
pounds. That sounds interesting.

Answers in response to
question 3 range from no re-
sponse through yes (several) to
one lab which is connected by
cable to mainframe with input
from the lab.

Question 4 drew re-
sponses expanded from #2. They
include: Preview lab set-up,
compare and average class re-
sults (Good for discovery labsl),
grade their own preparations
with IR and NMR as resources,
write lab reports, spectral
searches and simulators, and
using the library that comes with
FT-IR.

In response to number 5,
almost all said space and/or
money. One threw in the admin-
istration. No one menticned con-
cern for damage to the comput-
ers. One honest responder spoke
for all of us—"my inertia.”

Don't let your inertia get
in the way. Write today if these
topics are of interest to you. If
people are interested, | would be
willing to act as a clearinghouse
and seek to air your ideas and
concerns (quality of software,
software needed, ways to use
them, successes, etc.} in print.

Windows and Networks:
Lowering the Activation En-
ergy for a Chemistry De-
partment Microcomputer
Facility.

T. C. O’Haver, Department of
Chemistry and Biochemistry,
University of Maryland, College
Park, MD 20742
(to2@umail.umd.edu)

Abstract

A synergistic combination of a
window-oriented user environ-
ment and high-speed local and
wide area networking is the tech-
nological basis for a successful
faculty-student computer work-
station room in a university
chemistry department. This pa-
per describes the equipment,
software, organization, opera-
tion, and application of the facil-

ity.

A. Introduction

How can a university chemistry
department make the best use of
modem personal computer tech-
nology to help support its teach-
ing, research, and service mis-
sion? There is no question that
computers can perform many
useful tasks for the scholar and
researcher, but how can we in-
sure that the technology will be
utilized in an effective way and
will actually contribute to pro-
ductivity? It is essential that the
real benefits to the users be
weighed against the increased
burden of complexity that un-
avoidably accompanies any high
technology development. Ours is
a large research-oriented de-
partment of chemistry and bio-
chemistry with 45 full-time
faculty members, 200 graduate
students, and 400 chemistry and
biochemistry undergraduate ma-
jors. Students and faculty in our



department typically have no
formal computer training, are
not really interested in the com-
puter per se, and are often too
busy to read manuals. Computers
are not part of the mainstream of
our discipline, so time spent
learning about the computer is
often considered time wasted. The
ideal system for our purposes
would be powerful enough to meet
most needs but relatively intui-
tive to operate, so users can boot-
strap themselves into literacy
without wasting too much time.
We clearly needed to capitalize
on the benefits of the personal
computer revolution: namely, the
wide range of user-oriented ap-
plication software. It is impor-
tant that the facility exhibit a
low intimidation factor so as to
reduce the energy barrier to
computer use. Additionally, in
our situation there is no possi-
bility of a full-time computer
administrator, so the computer
facility would have to be rela-
tively easy to maintain with ex-
isting personnel. Although many
of our faculty had already pur-
chased personal computers for
their offices and labs, we felt
that a public computer facility
could serve most of the needs of
graduate and undergraduate stu-
dents and would provide a com-
mon area for sharing expensive
peripherals such as high-qual-
ity printers, plotters, and scan-
ners.

B. Application goals

One area of computer application
that is useful for both students
and faculty is scientific commu-
nication: writing papers, re-
ports, and proposals, preparing
posters and slides for presenta-
tions, and developing computer-
based lecture demonstrations.
Scientific papers often involve
mathematical equations that are
difficult to type with a type-
writer or ordinary word pro-
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cessor and usually include line
drawings and plots (graphs) of
data or calculations. Chemistry
writing tends to be especially
complex typographically, with
lots of Greek letters, math char-
acters, subscripts and super-
scripts, italics and boldface, and
drawings of chemical structures
that are embedded into the text as
an integral part of the document.
These requirements suggest that
a high degree of graphics capa-
bility will be desirable. Popular
text editors designed for pro-
grammers and word processors
designed for the business office
do not meet all these require-
ments. The recent trend toward
graphics-oriented microcom-
puter environments and “what
you see is what you get” opera-
tion is very beneficial in this
respect. We felt that this was
even more important than raw
operational speed and the “keep-
your-hands-on-the-keyboard”
ethic of products designed for the
professional typist. We could
meet this software requirement
with either a single large tech-
nical document preparation ap-
plication or with a set of separate
applications that can work to-
gether to produce the finished
product.

In addition to scientific document
preparation, we expected to be
able to use our computers to per-
form some of the more tradi-
tional scientific computer ap-
plications, including data reduc-
tion and “number crunching”;
simulation (e.g. of molecuiar
spectra); molecular modeling
(3-D model building, energy
minimization); curve fitting;
statistics and exploratory data
analysis; symbolic math and
equation solving; digital signal
processing; DNA analysis and
plasmid map drawing, and ki-
netic analysis. For the computer
programmers among us, we

would need conventional pro-
gramming languages as well as
authoring systems for develop-
ing custom applications and
courseware, Although conven-
tional computer aided instruc-
tion (CAl) was not a high prior-
ity, we also wanted to be able to
use the facility for instructional
purposes where particularly ef-
fective software is available.
Clearly, with such a wide range
of potential applications, con-
sistency of operation between all
software packages would be a key
factor. This suggests that an en-
vironment based on a modern
graphic user interface (GUI)
might be most appropriate, such
as MS-Windows, the Macintosh,
or one of the developing Unix-
based GUis (1-3).

C. Equipment

The deployment of computer
workstation resources on our
campus is based on workstation
clusters located in various de-
partments, libraries, and dor-
mitories throughout the campus.
Most of these are public, walk-
in facilities that serve all stu-
dents and faculty. Departmental
personnel operate those facili-
ties located in academic depart-
ments and offer a discipline-
oriented mix of software and pe-
ripherals. A typical cluster con-
tains 10-50 workstations and
one or more laser printers. The
current equipment the chemis-
try departmental workstation
room consists of 23 Macintosh Il
computers (4). Each machine
has a 32-bit CPU and data bus,
floating-point math chip, dual
800K floppies, an Ethernet card,
and 5 MBytes of random access
memory (RAM). These machines
are networked with a single file
server and print spooler with
200 MBytes of disk storage, one
LaserWriter IINT Postscript la-
ser printer, a flat-bed scanner,
and a CD-ROM drive. One of the



stations is equipped with a 19"
monochrome monitor that can
display two entire 8" x 10" pages
side-by-side, which is useful
for those working with large
drawings, molecular models,
spreadsheets, or complex page
layouts. (All the application
software works with this moni-
tor without special drivers, a
consequence of the windowing en-
vironment). Another station is
equipped with a Textronix Cache
system, a co-processor board de-
signed for high-performance
molecular modeling. There are
also facilities for reading and
writing MS-DOS (1BM-PC) for-
mat floppy disks (3.5" 720K and
1.44 Mb, and 5.25" 360 K for-
mats). The particular model of
the Mac Il we have used is now no
longer sold; the closest current
model is the Mac lIsi or the Mac
il ci, which are both less expen-
sive and about a factor of two
faster than our model.

D. Application distribution
One of the important choices to be
made when designing a micro-
computer cluster for general
access is the method of distrib-
uting commercial application
software to users. There are three
distinct possibilities:

1. Set up a floppy disk lending
library. Users would check out
floppies from a central desk and
return then when finished. This
requires no special equipment
and would meet the licensing re-
quirements of any commercial
software, that is, that the num-
ber of simultaneous users not
exceed the number of copies pur-
chased. However, we considered
this to be an unacceptable solu-
tion because there is no practical
way to guarantee that unethical
or ignorant users will not copy
the commercial software and be~
cause of the likelihood of main-
tenance problems cause by acci-

dental deletion of needed files and
the introduction of junk files and
viruses. Moreover, much of the
best software is simply too big to
run from a floppy disk.

2. Provide each workstation with
its own hard disk and install the
software according to the num-
ber of purchased copies of each
application. Each station would
have to be labeled with the par-
ticular mix of software instailed
on its hard disk. This would
share all the difficulties of the
previous approach except the
last. Experience in other public
microcomputer facilities of this
type had showed that the mainte-
nance of multiple hard disks is a
substantial problem.

3. Connect the workstations to-
gether in a local area network
(LAN) and put all the applica-
tions on a file server that can
distribute them electronically.
Each workstation would not re-
quire its own hard disk, because
they can be booted from a floppy
disk or over the network. The
main advantage to this approach
is that all access to the applica-
tion software is strictly through
the network and the fileserver,
so that it is in principle possible
to copy-protect the commercial
software, to lock and write-pro-
tect the server against modifica-
tion by the user, and to control
the number of simultaneous us-
ers according to the number of
copies purchased, provided that
the file server software offers
those capabilities. Every soft-
ware application would then be
available at every workstation,
limited only by the requirement
that the total number of copies in
use at a given time not exceed the
license or number of copies pur-
chased. (The license require-
ments of some software, how-
ever, explicitly forbid network
operation). An additional advan-

tage is that the cost of a single
large file server hard disk is less
per byte than smaller disks. A
disadvantage is that it requires
some additional hardware and
software for a file server, as
well as network connections and
client software for each work-
station. Moreover, it depends on
well-behaved application soft-
ware that works well in a shared
environment. This is the ap-
proach used in our facility.

E. Networking

Early tests by our computer sci-
ence center showed that the Mac's
built-in 230 Kbps LocalTalk
network port did not provide the
required leve! of performance
for a network of our size. Asa
result, the decision was made to
standardize on 10 Mbps Ethemet
interfaces for each individual
workstation. Ethernet is the de-
partmental networking standard
throughout the University and
Ethernet wiring (based on thin
cable) is already in place in most
offices in our department. Each
workstation has an add-in
Ethernet card and connects di-
rectly to the departmental
Ethernet. Local network ser-
vices operate on AppleTalk phase
1 protocols, using the AppleShare
2.0 file sharing software, the
LaserShare print server and
spooler, and the intemet Router,
all of which run concurrently on
one dedicated Mac li acting as the
“Server”. This software imple-
ments transparent “remote de-
vice mounting”, in which the
file server's hard disk and the
laser printer seems to be con-
nected directly to each worksta-
tion, so that disk operations and
printing are done in the same
way as for a stand-alone com-
puter. A utility called KeyServer
provides the software checkout
counting and user notification
required for proper application
distribution and also keeps a
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record of how often and when
each software program is used.
The print spooling software
makes it practical for one
LaserWriter to be shared by the
23 workstations. The router
bridges the Ethernet to the
LaserWriter, which connects to
the fileserver via the usual
LocalTalk connection. Since it
sees only printer traffic and not
file server traffic, the LocalTalk
connection is adequate in this
case. No additional hardware
bridges or routers are neces-
sary. In addition to the 23 Mac
I's in the public workstation
room, computers of all types in
individual faculty or staff offices
can be connected to the Ethemet
with the appropriate network
adapters in order to have access
to TCP-IP services or the laser
printer,

Note that we use file server pri-
marily for application distri-
bution rather than document
sharing which is the standard
model for office networks. We
expect walk-in users to save
their document on their own disks
(which they provide) and to take
them with them when they leave.
Each workstation has two built-
in floppy drives, one for the boot
disk and one for user files. Each
station also have a SCS! (Small
Computer System Interface)
port, which can be used to attach
an external hard disk drive. Us-
ers who are working on very
large files sometimes bring their
work in on a small portable hard
disk which they connect to their
station while they are working.
We do not provide long-term
private user file storage on the
file server., However, we have
created a public subdirectory
(folder) called the Temporary
Storage Folder that users do have
write privileges to. This is use-
ful for temporary storage while
working on large documents, fa-
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cilitates the use of applications
brought in by the users on floppy
disks, and can be used as a conve-
nient means of informal docu-
ment sharing between users
throughout the building.

F. Wide area access

in addition to the AppleTalk-based
network services described
above, we use TCP-IP protocols
to provide access to the Chemis-
try Department VAXs, the cam-
pus electronic mail system, the
library card catalog, the campus
electronic bulletin board, any of
the campus host computers, and
national networks such as
Internet, Bitnet, NSFnet,
SURAnet, etc. Each station on the
network is assigned a unigue IP
number for TCP-IP services.
Anyone on campus can obtain a
personal account on one of sev-
eral Unix-based host systems
that support mail servers. We
use the MacTCP drivers and a
public-domain terminal pro-
gram (NCSA Telnet) to access the
various departmental and cam-
pus computers. An FTP front end
program provides a convenient
point-and-click interface for
downioading files from remote
hosts on the intermnet.

The connection between the de-
partmental Ethernet and the
campus broadband network is
performed by a dedicated gate-
way machine that passes TCP-iP
traffic but not AppleTalk traffic.
Access to our departmental file
server and printer is therefore
restricted to workstations that
are physically connected to the
departmental network; this is
desirable considering that it is
the department itself that pur-
chases the application software
and the paper and toner for the
laser printer. For similar rea-
sons we currently do not have the
ability to dial in to the file server
or print spooler from outside the

university via telephone.

G. Application Software

Currently, the departmental file
server provides the following
application software: Scientific
word ‘processing with spelling
checking; math equation format-
ting; organic structure drawing;
molecular modeling (with 3-D
graphics, MM2 energy minimi-
zation, and molecular dynamics
trajectories); general-purpose
paint and draw programs;
graphic scanning; optical char-
acter recognition; DNA analysis;
plasmid map drawing; data plot-
ting and least-squares fitting;
spreadsheet with graphics and
macros; statistics and explor-
atory data analysis, non-proce-
dural equation solver; a vector/
matrix processor with graph-
ics; digital signal processing;
electronic system simulation;
computer languages and
authoring systems for develop-
ing custom applications and
courseware; a student expert
system for organic chemistry ;
first- and second-order proton
NMR simulator; a mass spec-
troscopy fragment identifier;
educational courseware for or-
ganic chemistry and organic
spectroscopy (proton and car-
bon NMR, MS, IR); Huckel MO
calculator. Each of these pack-
ages has been purchased in a
quantity dependent on its antici-
pated level of use: in some cases
enough copies for the entire
room, and in other cases a single
copy (in which case only one
user at a time is allowed by the
file server). In addition to the
commercial software, we have
collected several MBytes of utili-
ties and science- related public
domain software that users can
copy, as well as a collection of
chemistry “clip-art” organized
in a Hypercard stack, for use in
illustrating reports and lab
manuals, etc. Some additional



applications were suggested by
the availability of the technology
rather than a perceived prior
need: in particular, graphic and
text scanning, using the scanner
to capture, reduce, clean up, and
annotate large chart recordings,
gel electrophoresis plates, etc,
for insertion into a report or
thesis; optical character recog-
nition for converting printed text
into editable word processor
files, and conversion of scanned
graphs and plots into numeric
data tables.

H. Memory and disk space
requirements

in additional to the usual random
access memory {RAM) require-
ments of applications running on
a stand-alone personat comptiter,
the individual workstations must
additionally have enough RAM for
the Ethernet driver, the
AppleShare client software, the
TCP-IP driver, and an automatic
virus checker. As delivered, the
computers had only 1 MByte of
RAM, but we gradually expanded
them to 5 MBytes, which allows
easier operation with very large
data files. One MByte of that RAM
is allocated to a virtual disk
(RAM-disk) on which the boot
disk files are stored. This makes
some operations much faster, and
it frees up one disk drive, be-
cause the boot disk ejects auto-
matically after its files have been
transferred to the virtual disk in
RAM.

. Performance issues

So far all the software that we
have tested works well from the
server. Several simultaneous
users can use one copy of a pro-
gram on the server (subject to
the license requirement). Most
applications work from a write-
protected volume or folder (that
is, one for which the user does
not have “make changes” privi-
leges). Tests have shown that

launching programs from the file
server is nearly as fast as having
a hard disk on each station. Net-
work slowdown when the lab is
very busy is noticeable but not
objectionable. Overall reliabil-
ity is good, but there are occa-
sional temporary lapses of file
service, Computationally, the
Mac |l is roughly as fast as an old
MicroVAX, based on standard
math benchmarks.

J. Maintenance

All such facilities require a cer-
tain amount of routine mainte-
nance. The administrator can in-
stall new application software
and upgrades and set up access
privileges to volumes and fold-
ers from any workstation on the
network, simply by logging on to
the file server with a password.
However, the administrator can
copy protect the commercial
software only on the file server
itself. We do not give users write
privileges to the file server,
except for the Temporary Stor-
age Folder, which the adminis-
trator must periodically clean
out. The boot disks require peri-
odic checking for viruses and
stray files left behind by users.
Viruses have been a problem.
They can be spread from a user’s
disk to the boot disk and thence to
another user's disk. An auto-
matic virus checking init on each
boot disk is a necessity. We up-
date these regularly to respond
to new virus strains. The boot
disks get rather heavy use and
tend to become commupted or wear
out eventually; a supply of back-
ups is always on hand. Because of
the problem of boot-disk main-
tenance, we are currently in the
process of installing a modifica-
tion that allows each station to
boot directly over the network,
without using any local storage
disks. This modification will
eliminate the boot disk mainte-
nance problem and will make it

much easier to install global
changes in boot configuration to
the entire fab, such as changes in
system version or font selection.

Hardware and software upgrades
and expansions have caused no
problems. The author accom-
plished the installation of addi-
tional memory, an additional
server hard disk, a CD-ROM
drive, a scanner, and a large
screen monitor with no diffi-
culty.

K. Operation

The workstation room is a public
facility that is open to all stu-
dents, faculty and staff on a walk-
in basis. No charge or authori-
zation is required to use this
facility. Undergraduate students
hired as attendants are present
during normal hours of opera-
tion. We leave the server on 24
hours a day, seven days a week,
so that networked users outside
the room can have access to the
server and print spooler at all
times. We keep manuals for all
the software nearby. One wall of
the room is equipped with a large
corkboard which we have cov-
ered with screen dumps and
sample print-outs of software
doing chemistry-related work.
We have prepared a substantial
number of handouts that explain
such topics as basic workstation
operation, how to type special
characters, transferring graph-
ics from one application into an-
other, operating the scanner,
plotting data, typing equations,
creating a spreadsheet or equa-
tion solver model, file transfer,
etc. Copies are available in the
room and are archived on the
FileServer so users can view and
print them out from any work-
station. For the novice and first-
time user, we have found that the
“Guided Tour” disks that come
with the computers are very use-
ful. The Chemistry Department
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offers no user training classes.
The Computer Science Center does
offer free peer training classes
for students, as well as more
formal classes and workshops in
a variety of topics. Most users
learn by watching other users
and by experimenting.

L. Curriculum integration
We base our strategy for inte-
gration of computer use into the
chemistry curriculum prima-
rily on the use of commercial
application software to support
instructor-developed exercises.
We emphasize the use of the com-
puter as a student-directed tool
rather than for lesson presenta-
tion, sequencing, and grading (5).
For example, in our undergradu-
ate organic chemistry classes,
students perform a kinetics ex-
periment in the laboratory, then
bring their data up to the work-
station room to key it into a gen-
eral-purpose data plotting pro-
gram to transform and plot the
data, do a least-squares curve
fit, and compute the activation
energy of the reaction. These
students are also exploring or-
ganic nomenclature and reactiv-
ity using Beaker 2.0, a type of
expert system for organic chem-
istry students. The graduate or-
ganic class has been using mo-
lecular modeling and MM2 en-
ergy minimization to investigate
structural concepts (6). Stu-
dents in the environmental
chemistry class use a spread-
sheet to compute and plot el-
emental enrichment factors for
atmospheric particulates using
instructor-prepared data sets
(7) and to investigate the influ-
ence of atmospheric chemistry
on the pH of rain, using the
Charson-Vong equilibrium model
implemented in a non-procedural
equation solver. An elective
“electronics for chemists” class
uses an electronic system simu-
lation package to investigate sig-
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nal-to-noise ratio enhancement
systems, such as tuned filters,
AC detection systems, and lock-
in amplifiers (7). Studentsina
laboratory computer interfac-
ing course investigate digital sig-
nal processing using a locally-

developed program called SPEC-
. more experienced user.

TRUM (8).

Most conventional CAl chemis-
try education software, such as
the materials from SERAPHIM
and JCE software, runs on Apple
Il or IBM-PC platforms. Third-
party emulation software is
available that allows these pro-
grams to run on the Mac li. We
evaluated Insignia’s SoftPC DOS
emulator and found that it did
indeed run all the MS-DOS pro-
grams we tried; moreover, it
allowed convenient copy and paste
of text and graphic between MS-
DOS and Macintosh programs. Its
screen update speed is somewhat
poorer than one expects on a
modern PS/2-class machine, but
this is nevertheless a very inex-
pensive way to provide basic PC
software compatibility.

M. Conclusion
The workstation room described
here has been in continuous use
since 1989 and has become a
very popular facility. It offersa
reasonable compromise between
human factors {ease of learning
and ease of use), computational
performance, and the scope of
available software applications.
There is also ample opportunity
for future hardware expansion:
each workstation has 4 unused
expansion slots for add-in cards
and there is room on the
motherboards for 8 MBytes of
RAM using conventional 1 Mbit
memory. As many as five more
hard disks could be attached to
the server's SCSI port. Future
developments in hardware and
software will certainly offer
greater computational perfor-

mance, but our hope is that the
human factors will receive con-
tinued and even increased atten-
tion. Even the most “user
friendly” computer can still
sometimes be very frustrating,
especially for the novice user
and occasionally even for the
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Quantum Mechanics on a
Microcomputer

by Wilmon B. Chipman
Bridgewater State College
Bridgewater, MA 02325

The Quantum Chemistry
Program Exchange (QPCE, Cre-
ative Arts Buikding 181, Indiana
University, Bioomington, IN
47405) has recently announced
the availability of a compiled
version of the Fortran-77
MOPAC Version 6.0 quantum
chemistry package that will run
on IBM/clone 386 and 486 mi-
crocomputers with math
coprocessors, The price is only
$125 for the compressed pro-
gram on two 750KB 3 1/2-inch
diskettes. Additional require-
ments for running the compilted
version of MOPAC include 8MB
of RAM, 10MB of disk space and
the Phar Lap Dos Extender (Par
Lap Software, inc, 60 Aberdeen
Avenue, Cambridge, MA 12138,
$495). As delivered, the ex-
ecutable file will handle struc~
tures with up to 25 heavy (non
hydrogen) atoms and 25 light
atoms. (The normal workstation
version of MOPAC is set for 40
heavy and 40 light atoms.) If the
source files have to be recompiled
for use with larger molecules,
the NDP-Fortran compiler
{MicroWay, inc., P. 0. Box 79,
Kingston, MA, 02364, the 386
version is $695.; the 486 ver-
sion is $995.) is required. Com-
pilation for forty light atoms and

forty heavy atoms will require
20MB of RAM.

in order to make the best
use of MOPAC 6.0 a front-end
program is uselful to prepare
MOPAC input files by drawing on
the computer screen, and to view
and manipulate MOPAC output.
PCMODEL Version 4.0 (Serena
Software, ~Box 3076,
Bloomington, IN 47402-3076)
can be used to prepare MOPAC
input files easily. MOBY Version
1.5 (Springer-Verlag NY, Inc.,
175 Fifth Ave., New York, NY
10010), which will be avail-
able soon, will prepare input
files for MOPAC, and also allow
stereo viewing of the resulting
structure with the ability to ro-
tate the stereo view in real time.
With the companion program,
QC4MOBY, MOBY will display
graphically (in motion) each vi-
bration from the infrared spec-
tra predicted by MOPAC and will
also show graphical representa-
tions of the calculated molecular
orbitals. (MOBY alone will run
AM1 and MNDQ calculations of
molecules up to the size of glu-
cose.)

Dor’t plan to do quantum
chemistry on a microcomputer
if you expect very fast calcula-
tions. A small molecule which
can be run in less than a minute
on an IBM RISC/6000 can take
upwards of a half hour (using the
AM1 PRECISE calculations).

| used a beta test copy of
MOBY Version 1.5 this past sum-
mer in Organic Chemistry |, Il. |
found that students really en-
joyed being able to construct and
rotate stereoviews and to view
infrared vibrations. After trhis

experience, | am convinced that
at least half of the students who
currently pass organic chemis-
try do it without much of a sense
of what an organic molecule looks
like in three dimensions. This
may explain why many students
find organic chemistry so
dfficult.

BOOK REVIEW COLUMN
by Harry E. Pence, Chemis-
try Department, SUNY-Oneonta,
Oneonta, NY 13820

Many chemistry in-
structors are discovering that
it's possible to do rather com-
plex computer applications in
their classes without expensive
hardware or complicated soft-
ware. A popular way of accom-
plishing this is to adapt com-
monly available spreadsheet
programs for chemical problems.
Most of the popular spreadsheets,
like Lotus, Quattro, and Excel,
include not only excellent graph-
ing capabilities but also the
mathematical functions that are
needed for most types of chemi-
cal calculations. In addition, these
programs are often available in
inexpensive student editions and
are relatively easy to learn.

Those who wish to pursue
this approach need a textbook
that teaches spreadsheet funda-
mentals using chemical ex-
amples. Such a book can both
serve as a source of homework
problems and also minimize the
lecture time which an instructor
must spend discussing how to use

15



the spreadsheet. The two books
reviewed in this column provide
exactly this type of support. It
should also be noted that those
instructors who use a computer
during their lectures will find
these books to be sources of
simple, but effective computer
simulations, which make a use-
ful lecture supplement.

SPREADSHEET CHEMISTRY by O.
Jerry Parker and Gary L.
Breneman Prentice Hall,
Englewood Cliffs, New Jersey,
1991 288 pages, softcover,
$22.00

The book should be useful
with a variety of the commonly
encountered spreadsheets and/
or general chemistry texts. The
spreadsheets in the book are in-
tended to be used with the DOS
version of Microsoft Excel, and
disks are available with the data
in either the IBM or Macintosh
versions of Excel. Beyond that, it
shouldn’'t be too difficult to
translate the instructions into
one of the other commonly used
software packages. The order of
the topics is designed to corre-
spond to that in Brown, LeMay,
and Bursten’s Chemistry: The
Central Science, but it shouldn't
create serious difficulty if the
topics are rearranged to suit the
sequence found in most standard
General Chemistry textbooks.

The authors start with
simple problem types that are
commonly treated at the begin-
ning of a general chemistry
course, such as temperature con-
versions and density, and use
these topics to introduce the stu-
dent to basic spreadsheet tech-
niques. The fundamentals of us-
ing Excel are also discussed in
several appendices. As one pro-
ceeds through the book, the top-
ics become more involved and the
16

spreadsheet use also becomes
more complex. Some support
from the lecture and/or lab prac-
tice sessions should be enough to
allow most students to develop
reasonable facility with the soft-
ware. The descriptions include
both the command text to be placed
in the cells as well as a copy
showing what the resulting
worksheet should look like. Each
chapter concludes with a good
selection of problems that can be
best handled with a spreadsheet,
and appendices are included that
briefly discuss successive ap-
proximations and the Newton-
Raphson Method.

- This book is quite useful,
both for learning spreadsheet
techniques and also as a refer-
ence. The discussions are clear,
there is an adequate index, and
the many diagrams are a signifi-
cant complement to the text. The
discussion of the chemical back-
ground for each topic is brief,
but it's more than adequate if 2
student needs a quick review of a
specific point while working on
the spreadsheet. It's a pleasure
to recommend this book. DY-
NAMIC MODELS IN CHEMISTRY
by Daniel E. Atkinson, et al.N.
Simonson & Company, Marina
del Rey, California, 1990,320
pages, softcover, $19.95

There are many simi-
larities between this book and
that which is reviewed above.
Both are intended for students in
the introductory chemistry
course, can be used with a vari-
ety of spreadsheets, and invite
the reader to order spreadsheet
diskettes in either the MS DOS or
Macintosh formats. This book
doesn’t follow the standard set of
topics from freshman chemistry
as closely as the book by Parker
and Breneman. It omits some top-
ics, such as atomic structure and
orbitals, but does add some addi-

tional topics, such as fractional
distillation and extraction, that
may also be helpful.

Atkinson et al make ex-
tensive use of sidebars to high-
light important ideas. For ex-
ample, each chapter begins with
a sidebar that briefly lists the
prerequisite knowledge neces-
sary for the upcoming exercises.
Other sidebars discuss specific
points of concern regarding the
modei discussed or show sample
graphs of the resulting data. This
approach, which lets the reader
decide how much help is needed at
a given point in the discussion, is
welcome. On the other hand, it's
regrettable to find that a book
that will be used as a reference
tacks an index.

It can be argued, and |
believe that the authors of both of
these books would probably
agree, that the most important
aspect of spreadsheet use is not
just solving problems but rather
building a model that can be used
to explore a topic in much more
detail than would be possible if
each individual caiculation must
be done by hand. If students can
be encouraged to interact with
chemistry in this way, regard-
less of whether it's done in lec-
ture or on their own, they will be
much more likely to understand
chemistry rather than simply
memorizing a set of algorithms
for commonly encountered prob-
fem types. This book inciudes a
number of problems that invite
this type of exploration, and this
is one of its strengths.

Both of these books pro-
vides an excellent basis for
eitherstudents or faculty who
wish to explore spreadsheet ap-
plications in chemistry. This
reviewer uses Parker and
Breneman somewhat more, but
both books are well worth own-

ing.



A FINAL COMMENT

Since this column will be
my last as the book review editor
for “The Newsletter,” | wish to
take this opportunity to express
my thanks to everyone who has
helped with reviews and sugges-
tions during the past few years.
Even though { can't mention all of
you by name, | do wish to offer a
special word of appreciation to
Don Rosenthal, who first invited
me to undertake this job and has
helped me so often. | welcome the
new book review editor, Larry
Julien from Michigan Techno-
logical University, and wish him
good luck as he begins his new
job.
—End— BYE Harry.

INTEGRATING COMPUTERS
INTO THE UNDERGRADUATE
CHEMISTRY CURRICULUM
by Harry E. Pence, Depart-
ment of Chemistry SUNY Oneonta,
Oneonta, NY

The Committee on Computers in
Chemical Education sponsored a
one-day symposium titled “In-
tegrating Computers into the Un-
dergraduate Chemistry Curricu-
lum” at the ACS National Meeting
in Washington, OC this Fall. The
symposium was organized by Tom
O’Haver (Univ. of Maryland) and
Harry Pence (SUNY Oneonta) in
order to encourage chemistry in-
structors at all levels to share
information on their progress in
integrating the variety of avail-
able computer software and
hardware into an environment
that will be most conducive for

learning. Both the number of
papers submitted to the sympo-
sium as well as the attendance
demonstrated the high level of
interest in this topic.

As might be expected, the
various presentations repre-
sented a broad spectrum of ap-
proaches and technology. These
papers covered all levels from
high school through the senior
year in college, and even at the
introductory levels the computer
techniques used were often ex-
tremely powerful and sophisti-
cated. It was, however, chvious
that even modest financial re-
sources were sufficient to create
productive computer integration.
Several speakers described how
they had used inexpensive soft-
ware, matching grants, and other
avenues to develop innovative
programs.

The presentations at this
symposium demonstrated the
wide variety of ways in which
computers are being used in un-
dergraduate chemistry courses.
Individualized learning is sup-
ported not only as computer-
assisted instruction, but also by
providing each
student in large classes with
unique homework and quiz as-
signments. Computer-con-
trolled, multimedia presentation
systems (“hyperbooks”) will
soon be widely available for lec-
ture and self-study. Strategies
for electronic literature
searches are becoming a routine
part of the instructional pro-
gram. The increasing availahil-
ity of resource rooms for chemi-
cal computing allows students to
share their knowledge and par-
ticipate in applications that go
beyond those discussed in class.

It may be unfair to single
out one development that was most
exciting, but the frequent men-
tion of programs that allow stu-
dents to visualize chemical sys-
tems was especially impressive.
Even though such methods have

only recently obtained wide ac-
ceptance at the research level,
several papers described their
use in introductory classes. A
broad range of software is ca-
pable of supporting molecular
modelling and visualization,
ranging from share-ware like
MacMolecule to very elegant and
expensive packages, like the
CAChe system. These systems
allow students at all levels to
interact with molecules with a
facility that's impossible with
models, Allowing students to ma-
nipulate molecular systems in
this way not only captures their
imaginations, but it also seems
likely that those who learn three-
dimensional visualization in this
way will develop a new under-
standing of chemistry and chemt-
cal reactions.

This symposium gave an
exciting look at one of the more
active areas of innovation in
chemical education. No one seri-
ously expects that computers will
solve all problems in chemical
education, but if these papers
are an accurate indication, com-
puters have an important role to
play in whatever form the actual
solutions may take.

INFORMAL NOTES ON PRO-
GRAMMING-LANGUAGES
by K. W. Loach

Chemistry Dept., SUNY
Plattsburgh.
{ OACHKW@SNYPLAVA.BITNET

or (518)564-4116

This is a follow-on from Part
One (Comp. Chem. Educ. News-
letter, Fall, 1991}, which cov-
ered the ‘classical’ languages
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Fortran, Cobol, Pascal, etc. See
Part One also for an introduction
to the topic overall. The empha-
sis is on languages that can be
used on personal computers, es-
pecially under DOS.

PART TWO:
LANGUAGES

NEO-CLASSICAL

This deals with well-defined lan-
guages that are not yet widely
used by chemists. Each shows
some interesting features and
some useful capabilities not eas-
ily available in the classical lan-

guages.
Prolog:

The language was defined by A.
Colmerauer (et al.) in the early
70’s at the University of
Marseilles. It grew at the Uni-
versity of Edinburgh and became
widely known in the ‘Edinburgh
syntax’ from Clocksin and
Mellish's text. Prolog came to
worid notice in 1981 when it
was selected by the Japanese gov-
ernment for their ‘Fifth Gen-
eration Computer Systems
Project’. it is often used in ar-
tificial intelligence work, as an
alternative to Lisp. Prolog ex-
ists in many dialects and is not
yet standardized., (This discus-
sion uses mainly the Edinburgh
syntax.)

‘Prolog’ is short for ‘program-
ming in logic'. Prolog programs
define data relationships, but
specify few procedural details,
Instead, Prolog uses a general-
ized and powerful strategy of
recursive backtracking, to dis-
cover all allowable combinations
of database facts that fit the de-
clared relationships.

.Suppose we have an aliphatic
organic chemistry data-base,
eg.
ketone(acetone).
ketone(‘2-propanone’).
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primary_alcohol(ethanol).

sec_alcohol(‘2-propanol’).
Each line of the above is a typical
Prolog program predicate (or
database fact), ending in a period
and asserting a relationship for
one or more arguments. Predi-
cate names and argument values
require lower-case letters (this
can be over-ruled by use of sin-
gly-quoted values, e.g. '‘Br’ or
‘2-propanol'). A predicate is
not a function and does not have a
value, e.g. to provide the boiling
point of acetone, we would have to
assert:

bp(acetone, *56.5Celsius’).
{These examples are simplistic;
in a useful system such predi-
cates could be more informative,
and could perhaps be generated
automatically from a standard
structural and reaction data-
set.)

The database could then be que-
ried with predicates containing
variables (beginning with up-
per-case letters), e.g.
7- ketone(X).
...inquiry

X = acetone ...response

X = 2-propanone ...anather response

...... ..and soon

The database is scanned exhaus-
tively for all values of X such
that the inquiry is true. (If no
match could be found, the system
would respond: “NO”.}

Reactions could be added to the
database as assertions of general
rules, e.g.
reduce(X, ‘NaBH4’, Y) :-
ketone(X),
sec_alcohol(Y).
meaning, X can be reduced by
NaBH4 to Y if X is a ketone and Y
is a secondary alcohol. This rule
would then allow queries such as:
?7- reduce{acetone, ‘NaBH4', X)...inquiry
X = 2-propanol .response

meaning, to what product would
acetone be reduced by NaBH47

(Of course, the above reduce()
predicate is a necessary but not
sufficient condition; structural
rules would have to be added to
preclude e.g. the reduction of ac-
etone to 2-butanol, but that is
beyond the scope of this brief
introduction.) The above rule
could be applied in other ways,

eg.

?-reduce(X,'NaBH4',’2-propanol’).

X = acetone

?-reduce(ketone(_), X, sec_alcohol(_}..
X = NaBH4 _

and so on. In the last query above,
the underline arguments (_) are
generalized Prolog place-hold-
ers for arguments whose values
are currently unimportant.

In general, Prolog rules can be
written of the form:

p1(al..}) - p2(...), p3(...).ern
meaning the relation p1 is as-
serted for matching values of its
arguments if predicates p2.... can
be verified for their arguments.
Of course, verification of p2....
may require further backtrack-
ing through the database. A predi-
cate becomes an inquiry by giv-
ing one or more of its arguments
as variables, instead of values.
The important thing is that re-
cursive backtracking will find
every combination of argument
values (explicit and implied) for
which an inquiry can be verified.

Recursive backtracking can be
very powerful, but can also lead
to very long run-times and very
farge numbers of solutions (the
‘combinatorial explosion') for a
large database. Matching can be
made more efficient by use of a
‘cut’ predicate, which can pre-
clude search down some logical
paths, if such further search is
not wanted or unlikely to be use-
ful.

A Prolog database is a file of



assertions and rules, in predi-
cate form. The database is dy-
namic, because assertions and
rules can be added, deleted and
altered freely during the run of a
program. Like Lisp and Snobo},
Prolog programs are capable of
generating and execiting new code
during the run, so the programs
can be self-modifying and adap-
tive.

The above gives only a very brief
taste of Prolog capabilities. Other
operations are possible. Early
Prologs could do only 16-bit in-
teger arithmetic (in the range
+32768), but newer versions
can do rational, complex and
double-precision floating-point
arithmetic. Standard predicates
exist to process data lists, e.g.
[*F*,Cl','Br','\'], trees (as lists
of lists), arrays (as lists},
strings (as lists of symbols) and
graphs (as lists of nodes, with
connections). Molecules could
be coded and processed as atomic
or functional-group graphs.
There are also predicates to
handle input, output and file
manipulations, including Prolog
data-base editing. Values (e.g.
‘2-propanol’, 39.06) can be
converted to and created from
strings of characters. Prolog
libraries are available to supply
pre-written predicates for most
common operations.

Prolog is particularly suited to
the expression and application of
logical relationships, (includ-
ing fuzzy logic). In chemistry, it
would be useful for exploring
structure/property reiation-
ships, deducing structures from
spectra, and generating chemi-
cal structures. Because it can
handle logical inference, it would
be usable in computer-assisted
learning.

ADA Prolog (Computer Solu-
tions).

PDC Prolog (Prolog Development
Center).

Prolog (Arity).
Prolog (Cogent Software).

Prolog-86 Plus (Coders
Source).
Prolog++ (Quintus Computer
Systems).

tiny-Prolog (Austin Code
Works).

Dr. Dobbs Journal, Mar. 1985,
p.36.

Dr. Dobbs Journal, Apr. 1986,
p.46.

Dr. Dobbs Journal, July 1987,
p-30.

G. J. Kleywegt et al,
Chemometrics Tutorials,
Chapters 6, 7 (Eisevier, 1990).

W. F. Clocksin, C. S. Mellish,
Programming in """ 7" Prolog,
3rd.ed. (Springer-Verlag,
1987).

B. Filipic, Prolog Users Hand-
book (Wiley-Halsted, 1988).

N. C. Rowe, Artificial Intelli-
gence Through Prolog
(Prentice-Hall, 1988).

AWK:

AWK was never intended as a full
language, but became one any-
way. It was invented by Aho,
Weinberger and Kernhigan
(hence the acronymic name) as a
utility for the Unix system. They
wanted a ‘tiny language’ that could
be used to write one-line pro-
grams to be used as text-filters
and data-file scanners. All three
of them being superb program-
mers, they created better than
they knew. They were surprised
when AWK began to be used as a
serious programming language.
DOS and Mac versions of AWK are
now available. AWK has inspired
a descendant called Perl (a sort
of super-AWK).

AWK is an interpreted language.
It resembles C but without the
elaborate declarations and data
structures. The syntax is sim-
pler. AWK has a number of spe-
cial features that makes it very
versatile and powerful in scan-
ning and manipulating text files.

The simptest AWK program has
the structure:
{ action }

where ‘action’ is one or more
AWK commands in free form lay-
out. Aninput file is read, line by
line, and the action clause is ex-
ecuted repeatedly using each line
in turn as input, until end-of-
file.

A more general program struc-
ture is:

pattern1 { action1 }

patternz { action2 |}
This would process the input line
by line. The first line would be
scanned in turn for each of pat-
tern1, pattern2, and so on.
Whenever a pattem was matched,
then the corresponding action
would be executed, with the cur-
rent line as input. When all pat-
terns had been applied, the next
line would be read and the whole
pattern-matching cycle re-
peated. This would continue, until
all the file had been read, and all
patterns had been applied to ev-
ery line. It is possible to match
patterns to chosen words or
phrases, instead of the whole line.
Patterns can contain arithmetic
expressions and can test numeric
values. If any pattern has no
action, then the matched line is
printed by default.

AWK patterns can contain ‘regu-
lar expressions’, e.g /
hex[aey]ne/ would match ‘hex-
ane’ or ‘hexene’ or ‘hexyne’, /
[A-Z)[a-z)+/ would match any
word with an initial capital let-
ter, and so on. Very complex
patterns can be created, if de-
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sired.

AWK input and output can be very
easy, because of the I/0 defaults,
There is often no need for loops
or formats. Pattern matching
allows selective processing of
input lines. it is possible to alter
the defaults so that the unit of
processing is a word, file, para-
graph or page, rather than a line.

AWK data structures are very
simple and flexible. There are no
data declarations. Any variable
can contain either numeric or
text values, A numeric value is
treated either as a number or as
a string of numeric characters
according to context. All arith-
metic is floating point. Vari-
ables are automatically initial-
ized to a zero and/or an empty
string before first use. Arrays
are one-dimensional and dynamic
(i.e. of varying length) and can
contain mixed numeric and string
values. Anarray can be indexed
with either numeric or text val-
ues, e.g. bp[“acetone”] to obtain
a boiling point from a bp data
array. It is possible to test for
use of a subscript, e.g.0 if (“ac-
etone” in bp) print
bp[“acetone”]l

AWK should not be considered an
‘only language’, but is a very
valuable ‘supplementary lan-
guage'. It is useful for writing
short programs, for transform-
ing files, and for preparing file
excerpts and data-base reports.
Many experienced programmers
now use it for ‘program
prototyping’. They try cut aigo-
rithms in AWK, then translate
the tested code into a more effi-
cient, strongly typed language
for production use. In some col-
feges, students are taught AWK
as their first computer language,
because of its simplicity and
power,

Coherent AWK (Mark Williams).
Minix BAWK (Prentice-Hall).
MKS AWK (Mortice Kern Sys-
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tems).

PolyAwk (Sage/Polytron).

A. V. Aho, B. W. Kernighan, P. J.
Weinberger, The AWK Program-
ming Language, (Addison-
Wesley, 1988).

D. Dougherty, SED and AWK,
(O'Reilly, 1991).

R. Kolstad, Unix Review,
8(5)30; 8(6)79; 8(7)44.

L. Wall, R. L. Schwarz, Pro-
gramming PERL, (O'Reilly,
1991).

Forth:

The Forth language was created
in the early 60’s by C. H. Moore.
It had its first major application
in the early 70’s as a data-con-
trol language for a radio-tele-
scope. It is often used as a real-
time instrument control lan-
guage, but has spread to other
applications. The Forth com-
munity is small but enthusias-
tic, with something of the ‘true-
believer' attitude once common
among APL users. There are many
dialects and two commonly used
standards (Forth-79 and Forth-
83). Forth is a readily exten-
sible language, so dialects often
differ greatly in the details of
their floating-point arithmetic,
string handling, file manipula-
tion, numeric 1/0 and system
interfaces.

At its heart, Forth is a postfix
{or reverse polish notation) cal-
culator language, based on the
manipulation of an abstract stack.
Numbers, strings and memory
addresses can be pushed onto the
stack. The value currently at the
stack-head can be inspected and
removed. Data can also be moved
between the stack and addresses
in memory, and this in turn al-
lows the definition of named vari-

ables, arrays, matrices and
strings. All such data structures
are manipulated through the
stack. This insistence on a stack-
based operation gives Forth its
characteristic style, very dif-
ferent from most other languages.

In the following one-line ex-
amples, entered numbers are
pushed onto the stack top when
encountered. Each operator acts
on the one or two numbers at the
stack top; the operands are popped
from the stack and the result is
pushed back onto the stack; e.g.

. ...pop and print.
35+ . ..print (3+5)
35+2/ ..print ((3+5)/2).
DUP ...duplicate stack-top.
35+DUP*, .print (3+5)2.

Named variables are created by
reservation of an addressed
memory segment, then values can
be assigned to and read from the
named address, e.g.

CREATE IC 2 ALLOT ...IC = 2-byte integer
35+ 2/ICUL.assign IC = (3+5)/2.
IC@. ...access and print IC.

Arrays can be handled in the
same way, but by reserving
multibyte memory space. e.g.

CREATE AC 20 ALLOT
. AC = 10-integer array.
Manipulation of array elements
requires explicit array-element
address arithmetic, but usually
there are library commands de-
signed for this.

Forth can very readily be ex-
tended to supply capabilities
facking in the primitive lan-
guage. Each of the operators we
have seen above (such as . + DUP
and ALLOT) are called ‘words’. A
word is the name of a pointer
{i.e. a memory address) to a brief
segment of machine-code. The
machine code segments use stack-
top and memory-addresses as
operands. New words can be




readily defined, e.g.

+ SQUARE DUP * ;
: CUBE DUP SQUARE * ; ...define ‘cube’.
12 CUBE .

..define 'square’.

.print 123

Both of these new words operate
on the stack-top.

As a result of the ‘word’-based
structure, a Forth program is a
sequence of pointers (or jumps)
to brief primitive segments of
machine-code . This is called
‘threaded code’. Forth programs
do not heed to be compiled, and
yet are much faster in execution
than interpreted languages. Be-
cause the primitive word-seg-
ments are accessed by address,
they do not need to be copied each
time they are supplied to a pro-
gram sequence, so Forth pro-
grams are usually very much
more compact than the equiva-
lent machine-code created by a
compiler. The word-based or-
ganization lends itself very well
to program development by a
bottom-up approach (rather
than the more widely used top-
down approach of functional pro-
gramming).

Forth resembles assembly lan-
guage in many of its operating
details and its efficiency of ex-
ecution, and yet it is high-leve!
and transferable. At first sight,
Forth source-code seems dense
and cryptic, but it becomes in-
telligible on acquaintance. Its
compactness and efficiency make
Forth a valuable language for
numerical real-time instrument
control with small computers.
Forth has string and text pro-
cessing capabilities and has been
used as an implementation lan-
guage for interpreters, compil-
ers and text-editors.

If you consider acquiring a Forth
system, pay great attention to

the systems-library of defined
words, to ensure that it has the
range of capabilities that you
need. The Kelly and Spies text
covers most of the principal
Forth dialects and has an good
bibliography of Forth texts and
sources of software and infor-
mation.

M. G. Kelly, N. Spies, Forth: A
Text and Reference, (Prentice-
Hall, 1988).

L. Brodie,
{Prentice-Hall,

Starting Forth,
1981).

HOW 1| USE COMPUTERS IN
MY LABORATORIES

by Edward Kelly

Chemistry Department

Marian College

3200 Cold Spring Rd.
Indianapolis, IN 46222

Marian College is a small, lib-
eral-arts college on the north-
west side of indianapolis. De-
spite limited resources there has
been progress in developing the
use of computers in my courses.

The first microcomputers pur-
chased by the school were TRS-
80, models Il and IV. Eventually
they ere replaced by Apple and
iBM computers. The Chemistry
Department was offered full-
time use of the TRS-80 comput-
ers. While not state-of-the-
art, the TRS-80 has proved to be
reliable and usefu! for introduc-
tory interfacing experiments.
Finding a suitable interfacing
circuit was my first problem.
Fortunately | found one while
attending a Chautauqua Short
Course (Microcomputers as

Laboratory Tools, Rex Berney,
University of Dayton, 1986).
For about $25 per computer |
was able to interface the TRS-80
computers.

There is a strong emphasis in my
labs on data collection, the analy-
sis of that data and the interpre-
tation of the results. The role of
the computer in the lab to do the
collection and assist with the
analysis of data has been given
high priority.

The lab manual (Inquiries Into
Chemistry, Michael Abraham and
Michael Pavelich, 2nd ed.,
Waveland Press, Inc., 1991),
used for the first chemistry
course for science majors, Gen-
eral Inorganic Chemistry, uses
the discovery approach, Dis-
covery experiments have the
students collect data, graph the
data, obtain an algebraic equa-
tion and “discover” the appro-
priate chemical principle, Dur-
ing the first semester the stu-
dents do their own graphing to
develop their technique; during
the second semester the students
use Graphical Analysis Ii (Ver-
nier Software, 2920 W. 89th
St., Portland, OR 97225) to
jearn how to use the computer to
do their graphing. They always
do a Least-Squares Analysis to
find the best straight line through
their data points; several ex-
periments require a transfor-
mation of the data to obtain the
desired straight line.

There are two types of discovery
labs: guided inquiry (directions
are given for the experiment,
but only minimal directions are
given for the analysis of the data)
and open inquiry (only a state-
ment of the problem to be inves-
tigated is given). Several of these
labs have been modified to allow
the use of a computer to collect
and analyze the data. Additional
interfacing labs have been de-
veloped and incorporated into the
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lab schedule, These are described
below.

The first interfacing lab covers
some of the fundamental concepts
of electronics and laboratory in-
terfacing. These fundamental
concepts are then used in other
labs throughout the remainder of
the year.

An open inquiry lab asks the stu-
dent to investigate {collect the
data and find the algebraic equa-
tion) the cooling curve for hot
water. The data is collected using
a thermistor interfaced to a TRS-
80 computer. The computer con-
trols the experiment, makes a
measurement every 10 minutes,
stores the data on a disk file and
displays a crude graph on the
screen during the experiment.
Later, the students read the disk
file , graph the data and find the
algebraic equation.

Experiment K-1 in the lab
manual investigates the kinetics
of the reaction of bromocresol
green and bleach. The bleach and
dye are mixed and the time it
takes the changing color to match
a standard solution is determined.
When the two colors match, the
timer is stopped. This proved
difficult for some students. A
more effective way is to inter-
face a Blocktronic (a
photoresistor and green LED en-
cased in two 2x4’s bolted to-
gether) to a TRS-80. The inter-
nal clock of the computer is used
to measure the elapsed time. The
voltage output of the Blocktronic,
while the color is changing, is
compared to the constant voltage
output of the standard. When the
two voltages match, the internal
clock in the computer is stopped
and the elapsed time is displayed
on the screen.

The oxidation of persulfate ion
by iodide ion is investigated by
measuring the changing absor-
bance with time, using the
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Blocktronic (see laboratory
module, LM024, Project SERA-
PHIM, Department of Chemis-
try, University of Wisconsin-
Madison, Madison, Wl 53706).
The computer collects the data
and stores it on a disk file for
future analysis. The initial slope
of the line on the absorbance-
time graph is proportional to the
initial rate of the reaction. Seven
reaction rates at different con-
centrations and temperatures are
measured, enabling the student
to determine the order of the
reaction and the activation en-

ergy.

The molar mass of an unknown
solute is determined by freezing
point depression. A thermistor
is interfaced to a TRS-80 com-
puter and the cooling curves are
obtained by the computer. The
computer makes the measure-
ments, stores the data and dis-
plays a crude graph on the screen.
Later the student reads the disk
file and graphs the data. The
freezing points of the solvent and
appropriate solutions are mea-
sured and eventually the molar
mass of the unknown solute is
determined.

A crude gas chromatograph is
interfaced to a TRS-80 computer
to separate a pentane-hexane
mixture using a column of Tide
detergent. This is a modification
of procedures used by several
authors (Chemtrek: Small-Scale
Experiments for General Chem-
istry, Stephen Thompson,
Prentice Hall, 1990; Interfac-
ing the High School Science Labo-
ratory to a Computer, John Fox,
Vernier Software, Portland OR,
1988). The carrier gas is natu-
ral gas. An ir phototransistor
detects changes in the tempera-
ture of the flame. The changing
temperature is displayed on a
line printer connected to a TRS-
80. Various parameters, €. g. ,
retention times, plate thickness
and the number of theoretical

plates, are measured. The com-
puter will determine the area
under the curve by numerical
integration (trapezoid method).
From this a crude calibration
curve can be determined and the
percent composition of various
pentane-hexane mixtures deter-
mined.

The gas chromatograph is the last
of a set of three chromatography
experiments (TLC separation of
washable and permanent inks,
PC separation of 5 transition
metal ions, and the gas chro-
matographic separation of a pen-
tane/hexane mixture). The
SERAPHIM computer program
SEPARATIONS (AP808) is used
to introduce the TLC experiment.
During the first 45 minutes of a
two hour lab period the class
views the program projected on
a large screen using a LCD in the
classroom. The program reviews
some basic concepts of electrone-
gativity and polarity in order to
introduce some simple ideas of
chromatography. A simulation
of a TLC separation of washable
and permanent inks shows the
considerations necessary in
choosing a solvent. The students
then move into the lab and apply
these concepts to separate the
components of some washable and
permanent inks.

During the last four lab periods,
the students are required to do a
mini-independent research
project. To introduce the stu-
dents to the research process,
they independently work through
the SERAPHIM program LAKE
STUDY (AP804 or PC3704), a
simulated investigation of the
cause of a fish kill. They work
through an assigned worksheet
outlining the details of the lake
study investigation.

To assist them in selecting a re-
search project and to acquaint
them with computer literature
searching and the use of key



words, the students use CHEMLAB
(PC2001), a data base of labs
from the Journal of Chemical
Education

In the Physical Chemistry Labo-
ratory, students work with com-
puters in a variety of ways. This
course is taken in their junior/
senior year. By that time they
have had a programming course,
either BASIC or Pascal. They are
asked to write several computer
programs during this course.

The first computer assignment
is to write a program to find the
root of an equation {volume in
van der Waals cubic equation) by
four different algorithms: (1)
successive approximations, (2)
bisection, (3) tangent, and (4}
Newton. They are given two mod-
ules: ITERATION AND COMPUTER
PROBLEM SOLVING, and ALGO-
RITHMS FOR FINDING ZEROS OF
FUNCTIONS (#478 and #264,
respectively; COMAP, Inc., 60
Lowell St., Arlington, MA
02174), which describe these
methods. They are asked to com-
pare the methods for speed of
convergence, accuracy, etc.

The second computer assignment
requires the student to find the
root of an equation (the solubil-
ity of an insoluble salt whose
anion interacts with the solvent).
They must write the six equa-
tions involving the various equi-
libria (solubility product, two
acid dissociation equations, dis-
sociation of water, mass balance
and charge balance). (See, for
example, Fundamentals of Ana-
lytical Chemistry, Douglas
Skoog, Donald West and James
Holler, Saunders, 6th ed., 1992,
chapter 8.) The six simulta-
neous nonlinear equations must
be reduced to one very nonlinear
equation, whose root is deter-
mined by one of the methods men-
tioned in the previous paragraph.

The next computer assignment

involves numerical integration.
The students are given Cp-T data
and a module, ELEMENTARY
TECHNIQUES OF NUMERICAL IN-
TEGRATION AND THEIR COM-
PUTER IMPLEMENTATION
(#379, COMAP), and told to de-
termine the entropy. The module
describes three methods of nu-
merical integration (left-rect-
angle method, trapezoid rule and
Simpson’s rule); the students
write a program using the three
methods and compare the results.

The students are asked to find
experimentally the Ksp of
Cu(l03)> by potentiometric ti-
tration. An ADALAB card inter-
faces the electrodes to an Apple
computer. The computer stores
the data, displays a graph of emf
versus volume of titrant (mak-
ing it easier to follow the titra-
tion and select an appropriate
volume of titrant for the next
addition); when the titration is
over, the computer prints out
the emf-volume data, including
the average first and second de-
rivatives of emf versus volume.
The endpoint can be determined
very accurately from the de-
rivatives.

The students use a computer pro-
gram that demonstrates the Monte
Carlo simulation of a variety of
chemical reactions. A module,
MONTE CARLO: THE USE OF RAN-
DOM NUMBERS TO SIMULATE
EXPERIMENTS (#269, COMAP),
describes the Monte Carlo
method. The Monte Carlo method
is applied to five chemical reac-
tions; some simple first and
second order reactions so that
the Monte Carlo results can be
compared to the results from the
integration of the appropriate
rate equation. Then more com-
plicated reactions, that are not
easily solved analytically, are
“solved” by the Monte Carlo
method to demonstrate its power,

The data from a kinetics experi-

ment (the oxidation of S;0872 by
I*) is analyzed, using two sta-
tistical techniques: analysis of
variance and factorial design, to
investigate the interaction of
temperature and catalyst con-
centration on the reaction rate.
Spreadsheets area very conve-
nient way of obtaining the re-
quired sums, sum of squares,
squares of sums, etc. needed in
this statistical analysis.

To illustrate the power of the
computer in doing quantum
chemical calculations, the stu-
dents are asked to find the mini-
mum energy of the He atom by a
self-consistent-field linear-
combination-of-atomic-orbit-
als molecular-orbital (SCF-
LCAQ-MO) calculation using the
trail wave function Cre-zeta1 0 4
C2e-zeta-21, Ope needs to guess
the values of zeta-1 and zeta-2,
then find the Ci's and the energy
by iteration. The students are
given the computer program that
optimizes the Ci's and energy for
a given set of zetas. The students
spend one lab period trying to
determine by whatever method
they choose the best set of zetas,
i. e. , those that give the lowest
energy. The following week they
are given another comptiter pro-
gram which uses a simplex opti-
mization algorithm to find the
best set of zetas. They are then
asked to compare the methods.

In Analytical Chemistry Labo-
ratory the computer is used for
record keeping and calculations.
A potentiometric titration of iron
is done by interfacing the elec-
trodes to an Apple computer by
an ADALAB card. The computer
stores the data, displays a graph
of emf versus volume of titrant.
At the conclusion of the titration,
the emf-volume data is printed
out, including the average first
and second derivatives of emf and
volume; these derivatives en-
able the students to more accu-
rately determine the endpoint of
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the titration.

Copies of the laboratories de-
scribed here are available from
the author upon request.

COMPUTER CONFERENCING
AND THE COMPUTER CON-
FERENCE ON APPLICATIONS
OF TECHNOLOGY IN TEACH-
ING CHEMISTRY

by Donald Rosenthal, Depart-
ment of Chemistry, Clarkson
University, Potsdam NY 13699
(ROSEN@CLVM.BITNET) and
Thomas O’Haver, Department
of Chemistry and Biochemistry,
University of Maryland, College
Park, MD 20742
(TOH@UMD2.UMD.EDU)

INTRODUCTION

An announcement of the

Computer Conference on
Applications of Technology in
Teaching Chemistry appears
elsewhere in this issue. This is
the first such conference spon-
sored by the Division of Chemi-
ca! Education's Committee on
Computers in Chemical Educa-
tion.
Computer conferencing has been
used in education, business, in-
dustry, government and the mili-
tary. Many of the applications in
education are directed towards
course work and degree pro-
grams. A few references are
presented at the end of this ar-
ticle. Some of these references
contain extensive bibliographies.
SELECTION OF CONFERENCING
SOFTWARE

The authors are interested
in conferencing software which
is available at little or no cost
and is accessible to a wide vari-
ety of chemistry educators. It
was decided to use LISTSERV since
it can serve those having BITNET
or INTERNET addresses.

LISTSERV is used by the
Chemistry Education Discussion

List (CHEMED-L). Many chem-
ists are already familiar with
some of the features of LISTSERV.
In the configuration we are using
anyone can establish a CHEMCONF
LISTSERY account and can re-
move himself from CHEMCONF.
When mail is sent to CHEMCONF
it is automatically distributed to
all those on CHEMCONF. Each
piece of mail is indexed and filed
in a “notebook.” Users can ob-
tain the index (or part of the
index). A file can be retrieved
from the “notebook” and printed.
Also, it is possible to obtain the
names and electronic mail ad-
dresses of all those who are signed
on to the LISTSERV account. Un-
der favorable conditions mes-
sages are distributed within a
few minutes, but in some cases
longer delays may be observed.
Thus, it is not possible to carry
on a “real-time” {synchronous)
conversation in the usual sense.
However, this may have the ad-
vantage of encouraging more
thoughtful replies.

LISTSERV is almost strictly
a text oriented facility. Graphics
mostly in the form of slides and
transparencies are important to
most presentations at meetings.
The authors have identified the
software which will convert a
graphic image to an ASCII char-
acter file and additional software
which will produce the original
graphic image from the ASCH
file. Much of this software is
either in the public domain or
available at a small cost. We
have developed simple instruc-
tions to assist authors and par-
ticipants in using the software.
Graphics, chemical structures,
spreadsheets, executable bina-
ries, HyperCard stacks and digi-
tized photographs can be handled.
In addition to these instructions,
individual help will be available
through the conference manager
(Tom O’Haver).

FORMAT OF THE MEETING
The meeting will be divided
into two sessions. Each session

will consist of five papers and
will extend over a period of three
weeks. On the first day (a Mon-
day) all five papers will be dis-
tributed to all participants. Each
paper will consist of an ASCI
text file which may contain
tables. Each graphic will be
transmitted as a separate ASCl
file which will have to be con-
verted by each participant. Par-
ticipants will have the remain-
der of the first week to read the
papers. Authors are encouraged
to stimulate discussion by in-
cluding questions for the par-
ticipants in their papers. Par-
ticipants will have an opportu-

nity to send short (less than 100

word questions) to the author or

other participants on a desig-
nated day during the first week.

The second and third weeks
will be devoted to asynchronous
discussion and questions. Two
days will be devoted to discussion
of each paper. This format has

some distinct advantages over a

conventional on-site conference.

a. Each participant will have a
week or more to read the
paper and prepare any
comments, suggestions or
detailed questions. The
participant will be able to
research and carefully
word his comments and
questions. Relevant ref-
erences can be located and
cited to reinforce a point of
view.

b. Authors will have time to con-

sider responses to questions.

c. Since discussion will occur
over two days, there will
be time for an extended dia-
log and considerable dis-
cussion.

d. All papers and discussion will
be saved in files until the
end of the conference. Par-
ticipants and authors will
be able to access these files
at any time.

e. Authors planning to submit
their papers for publica-
tion subsequent to the con-
ference may receive de-



tailed comments and sug-
gestions which will im-
prove the quality of a re-
vised version of the manu-
script.

This conference is to
be regarded as an experi-
ment, its success depends
upon the quality of the pa-
pers submitted, the inge-
nuity of authors to adapt to
a format which has differ-
ent characteristics from
that of a traditional meet-
ing, and the quality of dis-
cussion generated by par-
ticipants and authors, Au-
thors are encouraged to
submit non-traditional as
well as traditional papers.
The questions and discus-
sion generated by a paper
may be even more impor-
tant than the paper itself.

A brief description of
the scenarios we expect for
authors and participants is
presented below.

Authors must submit
a title and abstract of not
more than 150 words by
February 1, 1993. The
deadline for submission of
the paper is May 1, 1993.
Instructions concerning
the format of the paper are
available from Tom
O ' H a v e
(TO2@UMAIL.UMD.EDU).
Authors are expected to
review first-week short
questions received from
the participants on the day
following the receipt of
such questions and to pre-
pare responses to appro-
priate questions. Re-
sponses should be sent to
CHEMCONF early on the day
that discussion begins. For
example, short questions
for the first paper in a
session would be received
on Tuesday and examined
by the author by early
Wednesday of the first
week. Responses would be

sent early on Monday of the
following week when dis-
cussion of the first paper
begins. (Not all short
questions are necessarily
directed to the author.)
Authors would be expected
to examine the discussion
in the middie and towards
the end of the first day
{Monday for paper one) and
respond in a timely man-
ner.

Participants are
expecteto retrieve the pa-
pers on Monday of the first
week. We suggest that each
paper be printed and that
graphics be viewed on the
monitor or printed. The
first paper will be read on
Monday. Short questions
will be sent on Tuesday {for
paper one). Longer ques-
tions and comments will be
prepared and sent (on
Monday of *the second week
of the session for paper
one). Participants will
examine the discussion
several times during day
one and day two of the dis-
cussion (Monday and Tues-
day of the second week of
the session for paper one).
Participants might add ad-
ditional comments or re-
spond to comments made
by others. While it is not
essential that every par-
ticipant read and discuss
every paper, it is expected
that everyone on
CHEMCONF will partici-
pate significantly in the
conference.

At the end of the con-
ference participants will
be asked to
evaluate the conference and
to make suggestions re-
garding changes which
might be made to improve
future conferences.

TRIAL SESSIONS IN FEB-
RUARY
. We will conduct a trial

of this conferencing tech-
nique during the first week
in February. On Monday,
February 1 two papers will
be distributed to everyone
signed on to CHEMCONF,
Short questions will be
submitted on Tuesday,
February 2 for paper one
and on February 3 for pa-
per two. Discussion of pa-
per one will occur on Mon-
day and Tuesday, February
8 and 9, and paper two
would be discussed on Feb-
ruary 10 and 11. Febru-
ary 12 will be used for
evaluation of the trial ses-
sions and for obtaining
suggestions on how to im-
prove the June sessions.
Not everyone signed on to
CHEMCONF may elect to
participate in these trial
sessions. However, au-
thors and participants will
have this opportunity to
obtain a better under-
standing of computer
conferencing before June.
If participants have diffi-
culties, they may wish ei-
ther to seek local assis-
tance or to contact Tom
O'Haver. We may revise
some of the instructions
and suggestions to partici-
pants as a result of these
trial sessions.

ADVANTAGES OF COMPUTER
CONFERENCING
1. Time and expense of travel are

eliminated.

2. A permanent record of the

papers and discussion is
available.

3. Participants can select the

dates and times for reading
papers and for participat-
ing in discussion.

4. In conventional meetings, dis-

cussion is limited and those
participating must respond
within a very short time
period. In this “meeting”
discussion is possible be-
tween speaker and partici-
pant, and between partici-
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pant and participant. Par-
ticipants and speakers need
not respond immediately;
they can think about a ques-
tion, even research a topic
before responding. Re-
sponses may occur within a
few minutes or a few weeks.
Ample time is provided for
discussion. Collaborative
problem solving and polling
may occur.

5. The sharing of data, computer
programs, images, graph-
ics and other digital forms
of information are facili-
tated.

6. Authors can submit more de-
tailed presentations than are
possible at an ordinary
meeting.

7. Authors of papers can ask ques-
tions of participants with
the expectation of receiving
well thought out answers.
Participants can let authors
know where their papers are
unclear or may make sug-
gestions. Authors can learn
from participants about rel-
evant work or publications.

8. Conference expenses and
preparations are minimal
compared to what is involved
in a conventional meeting.

9. Participants and authors from
ali over the world can in
teract.
Hearing and speaking dis-
abilities, as well as many
other physical handicaps, do
not prevent or hinder par-
ticipation. Those from
abroad who can read and
write English but have dif-
ficulty in speaking or un-
derstanding the spoken lan-
guage are not at a disadvan-
tage.

11. Participants can ignore pa-
pers in which they have little
interest and can examine the
papers in each session in
any order they wish.

10.

DISADVANTAGES OF COMPUTER
CONFERENCING
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1. The pleasure of socializing at
a physical meeting are ab-
sent, as is the valuable com-
munication "back channel”
of body language and inflec-
tion.

2. Computer conferencing would
be limited to those who have
some form of computer con-
nectivity — at least an elec-
tronic mail address.

3. We are already familiar with
the mechanics of physical
meetings (traveling, mak-
ing slides and transparen-
cies, public speaking, so-
cializing) and of print
publication (using librar-
ies, subscribing to jour-
nals, preparing manu-
scripts). Computer
conferencing requires
skills that are not neces-
sarily more complex but
are generally less famil-
iar.

4, A physical conference occurs
in real-time, and discus-
sion is synchronous and con-
secutive. In computer
conferencing discussion of a
particular aspect of a paper
may occur over several days
with other discussion being
intertwined. Participants
and authors will need to sort
out the different threads of
the discussion.

5. Computer conferencing does
not yet have recognition in
the scientific community -
one of the reasons scientists
go to meetings and publish
papers is that it enhances
their prestige and reputa-
tions.

CONCLUSION
This conference is differ-
ent. We need to discover how best
to exploit the technology and for-
mat of the conference. Its suc-
cess depends upon the ingenuity
of the authors and participants.
Won't you help by participating.
CHEMCONF will be made
available for other Chemistry

Conferences to be held after Sep-
tember 1, 1993, If you are
interested in organizing such a
conference, please contact Tom
O'Haver at the address given
above.
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