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ABSTRACT
AN INTRODUCTORY CHEMISTRY UNIT TO PREPARE HIGH SCHOOL
STUDENTS FOR HUMAN PHYSIOLOGY
By

Marie Elleen Rediess

High school students entering Human Physiology before taking
chemistry have difficulty understanding topics that refer to the molecular
level of function. They also have little skill using laboratory equipment
and procedures. In order to correct this, a chemistry unit was developed to
overcome these deficiencies in the students’ backgrounds

A five to six week base unit with expanded laboratory activities was
developed fo enhance the understanding of chemistry and illustrate the
practice of science to the students. Each topic was covered from several
approaches to increase the interest and broach individual learning styles.
A pretest and posttest were given to assess the impact of the module on
learning.

Although analysis of the posttest compared to previous years showed
no significant improvement, other evidence shows that students retained
the information much longer, used it in other units and understood
chemistry’s relevance to their lives. Students learned use of laboratory
equipment and were able to apply what they learned to unfamillar

problems. Overall grades improved following the study.
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Introductlon

Human physliology is a complex and varlied study of
homeostasis. The body ls wondrous In its Intricate and
diverse mechanlisms. We teachers must show students the
dynamlic balancing act that bodies must go through to
maintain this balance. We must also show what can go
wrong when this balance s lost. Most of this
balancing act takes place at chemical levels within the
cell. Students who study physliology need to have a
basic understanding of how chemlicals behave before they
can truly understand, Instead of merely memorlze, how
their body works.

At Algonac High School, when money was In short
supply and there weren’t qulte enough teachers or hours
in the day to provide a complete offering, physliology
was taken In the sophomore year. It was the only
brldge between blology and chemlistry for college
preparatory students. Chemistry was perceived as a
Junlor course. Now that the dlistrict has more

resources, the sclience department has tried to change



the iImage of physliology to that of a Jjunlor or senlor
course. Thls has met some success In that there Is now
an equal mix of sophomores and upper classmen In the
course, but many students are still coming into the
class with little or no chemistry In thelr background.

The first three years that I taught this class, the
chemistry unit (see appendix A for outline) was two
weeks or less as suggested by a currlculum gulde
developed by the district and sclence department staff.
However, the students’ performance was not satlsfactory
when anything that required a chemlistry background was
covered. The kldney |s probably the most dlifflicult
unit for the students to understand. It Includes
diffusion, movement of positive and negative Ilons,
flltration, osmotlc pressure -- all things that rely on
a chemistry background.

In the 1988/89 school year, flve weeks were spent
on chemistry. A week each of study on the heart,
kldney and end of year plg dissection were cut to make
room for the extra materlal. Lectures were
supplemented by labs and labs were supplemented by
lecture, but most of all we practiced. Everything was
presented in two or three different ways. Often we
would have more than one lab coverling the same concept.

I had hoped that using more labs to develop the

concepts of baslc chemlstry would have a quantitative



effect on the students dolng the exercises. Thls ldea
seems intultively right. And for the last fifty years
or so (Hounshell 1989), thls was the practlice carrled
out In the classroom using various methods to present
the lab actlvitles. The sclence teachling reforms In
the 60’s and 70‘’s kept the |dea of laboratory
activities being necessary In the classroom, although
the reform labs tended to be "“dlscovery" Instead of
“conflirmation" labs.

Discovery labs are wonderful fun and an excellent
educatlional opportunity. The students learn so much
about how thlngs work, although I‘m not sure that the
concepts meant to be enforced are the ones that are
retalned. There are several methods of conductling
these discovery labs. One method Is to state the
purpose of the activity for the students, and then have
them decide on materlals and procedure that will verlfy
(or disprove) the hypothesis. The other method Is to
glve them material and equlpment to ‘play’ with and let
them design the lab from scratch, Includling the
hypothesls. A third method !s to glve the students
purpose and procedure while having no Iidea of the
actual outcome yourself (but the succeeding times these
labs are used, teachers must pretend lack of knowledge
or else change the purpose or procedure). While these

design labs are pleasant for both the student and



Instructor, and really let students see how thlings are
happening, they use up a lot of class time. Ample time
must be allowed for student modlflcatlion. Students are
rarely satisfied with their first, second or even third
try. So, while experimentation Is a good thing, a
design lab once In a while s about all the time we can
expend. I end up Interspersing design labs with lab
exerclises to be sure the concepts I‘m trylng to develop
actually are being developed.

At this point In time, researchers have not
completely examined whether lab activity 1Is more
effectlve than other methods at strengthening students
understanding of the subject matter (Blosser 1988). So
far, there has been no slgnlflcant statlistical evlidence
that laboratory exerclses are any better than lecture
in changing achlevement or attitude. Blosser wonders
whether we are looking at the ‘rlight’ varlables to
test. We do all these labs and then try to plgeonhole
these skills to a written obJective test which is not
desligned to evaluate the skllls learned In laboratory
actlvitles. I belleve (but have found no supporting
evidence in the lliterature) that labs Increase problem
solving abllity, analysis skills, patlence,
coordination and encourages I|ndependent thlinklng.
These skills are useful in any classroom or career, but

are dlfficult to test obJectlvely. Laboratory actlvity



certalnly glves the students an ldea of what sclence as
a career can be. As Hounshell states that the first
obJective of lab work Is "to enhance students
understanding of the subject matter....The second
objectlve of lab work should be to produce more
sclentists....If lab work 1Is to produce more
scientists, then teaching lab skills is essentlal. If
these skllls aren’‘t taught It will be llke trylng to
traln chefs without letting them into the kltchen." We
do need more sclentists -- by the 2ist century the U.S.
will need 130,000 to 700,000 sclentists and englneers
(Hetherington 1989). It wlll be up to us, as sclence
teachers, to provide students with the excitement and

perseverance to pursue these careers.



Student Transformatlon

Having a chemistry background before physlology |s
supported by most authors and publishers of physiology
and blology texts. The texts that I have evaluated and
used; Kllburn and Howell’s Exploring Llfe Science,
Morrlison‘s et al Human Phvsiology, Otto and Towle’s
Modern Bloloay, Tortora and Anagnostakos’ Princlples of
Anatomy and Phygioloay, Vander‘s et al Human
Bhysloloay, the Mechanlsms of Bodvy Functlion, Weinreb’s
Anatomy and Physliology and others; Include a chapter on

chemistry near the beglinning of the book. The only
varlances seem to be the depth of detall the student |s
expected to learn. The toplcs covered In books almed
at both the high school and Junior college market
varled little from book to book. The books intended
for high school use only, however, govered llttle, If
any chemistry. All the books for both the high school
and Junlor college market cover elements and atomlc
structure. Most texts discuss llplds, nucleic aclds,

protelns, carbohydrates, ATP, molecular movement,



concentration, aclds/bases and pH scale. Some cover
reactlons and molecular bondlng. One text (Tortora and
Evans Principles of Human Phvsliology) had a chapter on
physical principles such as motion, simple machlines and
propertles of matter. WIith such unliversal adherence to
a theme, can we avold the same theme lIn our teaching lf
we expect the students to understand thelr own bodles?
Of the physiology texts surveyed, most Included
chemistry In an early chapter, some Just before the
cell, and some Just after. Of those that dld Include
chemistry, almost all put the structure of the atom
first. Slnce all bonding, and hence reactlions, are
based on how the electrons combine, this would seem the
loglcal place to start. The proton and its mass was
first discussed, then the neutron, and then the
electron, although some dld not adequately stress that
the electron Is for all Intents and purposes, massless.
Atomic number was then Introduced, as well as mass
number . Some books (lincluding our text Tortora and
Anagnostakos) stlll 1Insist on wusling the not-qulte
accurate term, atomic welght. The one mlsconceptlon
that seemed to exist in all but one book (Vander et al
1980) was the simplified Bohr model of the atom; a
central nucleus wlth concentrlic rlngs around It
Indicating electron paths. Some would start the

chapter with a three dimenslional drawlng of a very



simple atom and then revert to the Bohr model. The
Vander text showed only three dimensional drawings,
Including one with two electron energy levels, although
even that one did not go Into the projJected shapes of
the p orbltal. The Bohr model, even though not the
current model of an atom, s very easy to use to show
and predict electron transfer for bonding.

After the atom was Introduced, molecules with
formulas and then reactions and equations were
presented. Some texts then Introduced osmosis and
diffusion while others went straight to lnorganlic and
organic molecules. Inorganic molecules always Included
water, and nearly always aclds and bases, along with pH
and buffer systems. With our soclety’s Increasing
rellance on technology and recent sclentlflc
investigations in the headlines of the dally papers,
it seems rash not to Include baslic chemistry In every
students background.

The chemistry unit was taught from September 12
to October 1S, 1988. Before teaching the unit, an
evaluatlon test was glven. A simllar test (37
ldentlical objectives with 10/11 obJectives covering
same concept; sSee appendix D) was glven at the end.
Analyslis of the pre and post test scores showed that
there was less than 10% probabllity that Increase in

scores were due only to chance. On Aprl!l 3rd of the



following semester, a test ldentical to the post test
was glven agaln to check retention. No speclfic
mention had been made of chemlstry before the test, and
the students were not aware that they would be given a
test on that day. Analysls of the post and Aprll test
results Indlcated that there was less that 0.001%
probabllity that the correlatlion between scores was due
to chance.

I Interviewed nine students on the flfth and sixth
of April about the chemistry unit. The students were
selected by computer generated random numbers. The
randomness of the selectlon was modlfled by absences
and volunteers who asked to speak after they saw others
Interviewed. One of the two students with low grades
was absent both days and the other refused to be
interviewed. The students who were Interviewed have
an average of C or better.

The iInterview questlions (appendix E) were deslgned
to determine what the students remembered most from the
unit, what had been most helpful with the other work,
what was easlest to learn and what was most difflcult
to learn. They commented on the appropriateness of the
length of the unit. They were also asked whether they
thought the unit should have more or fewer labs and

whether |t was easler to learn the materlal from the
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book or whether the laboratory exerclses facllltated

the learning process.

Table 1, Tally of Student Answers to Interview

Toplc | Atoms | Bond- | Buffer | Chem- | En- | For- [Periodicl pH | Sym-|

| | Ing | system | Istry lzymesimulas | table | | bolsl
Remember | | | | | | | | | |
most [ | | B | I | 2 |1 21 21
Most | | | | | | | | | |
helpful | | | | (I S | 2 I 31 |
Baslest | | | | | | | | | |
tolearn | {1 | | | D T I B I 31 |
Hardest | | | | | | | | | |
to learn ! [ T I | | | [ T 3 | { |

When they answered (see exact text in appendix E)
what they remembered most or found most helpful or
easlest, pH was the blg winner. They apparently |lked
workfﬁg with lndicators and testing because they are so
colorful. It 1s also a topic that I consider
especlally exclting. Others thought that the symbols,
elements and/or perlodic table was outstanding.
Another girl mentioned enzymes, several times.
Remembering the names of the formulas, compounds,
symbols and "“things" seemed to be the most difficult.
Most of the students interviewed thought the length of
the unit was about rlght, although one student wlshed
It were shorter, and another would have llked 1|t
longer. Three of the elght students thought there was

an appropriate amount of laboratory actlivity, although
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one suggested that It might be better spread out a
little more; two students favored having more labs,
whlle three sald fewer would be better. Two of those
three also sald that they learned better from the text
than from labs and the other sald labs were better for
helplng them learn. One other student sald the text
was easlest for him to learn from, even though he could
see things work In a laboratory exercise. The rest of
the students sald they got more out of the labs than
they did the text.

The students In thls class are outspoken and
Independent. I belleve that the opinions are their
own, glven without thought as to what mlght please
Teacher. I also ran a survey on how Important
chemistry concepts might be In thelr Illves. Not
surprisingly, even though they all plan to go on to
college, some even In the sclence area, they didn‘t
think chemistry was very important In thelr llves (see
appendix F). The topics they thought would be most
important in thelir llves would be salts and the major
organic molecules; carbohydrates, 1llplids, protelns;
none of which was remarked on (with the exception of
enzymes) In the oral interviews. A significant number
also clted the elements or perlodic table to be of

value In thelr 1lves. It seems they remember the



12

colorful and/or spectacular things, and think they willl

use toplcs that are much In the publlc eye -- diet.



Instruction

My mistake the first éouple of years was to think
that the students had (or would remember having) many
of these toplcs In thelr previous blology course. I
consldered the chem!stry chapter to be a review. After
all, someone else had taught thls, and I should not
have to. Every year relnforced the fallacy of my
thinking, the students Just didn’t do well on topics
that required a chemlstry background. In 1986, an
introductory blology course was added that covered
plants and anlilmals Instead of the cellular and human
blology of the advanced course. 1987 was the first
time that I had a combination of students from both
courses In the physlology class. I had expected the
advanced blology students to do much better -- they
already had the basics and would only be adding detall
while the Introductory biology students would have to
learn It all. To my surprise, there was no dlfference
in performance between the two groups. All the

students appeared to be learning anew. The chemistry

13
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studied In thelr previous advanced blology course was
not being retalned. That’s when I decided to expand
the chemistry unilt from one or two weeks to flve or six
weeks.

After much thought, and study of the text used in
the course (Tortora and Anagnostakos 1987) and other
supplemental texts, I declded on the chemlistry toplics
that would be most useful for my students understanding
of human physiology. There were many things that they
had to be qomfortable with before they could begin to
comprehend the cellular behavior of their bodies. (See
detalled outline in appendix B.)>

In deslgning the chemistry unit, I had to keep two
things clearly In mind. One, would a longer unit
really Dbeneflt the students’ understanding and
achievement 1In physliology? Two, would laboratory
exercises enhance that achlevement? In order to
understand the klidney, one must have a firm knowledge
of both passive and active transport. To realize what
ls happening In a neuron, one must know the lons as
well as how they can be expected to react with theilr
surroundings. To understand blood chemistry, one must
first know what a buffer system |s as well as how It
works to malntaln equlllbrium. One must also have some
plcture in one’s head as to what equllibrium lIs. To

assimllate all these concepts, one must certalnly know
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about atoms, elements and molecules and how they work.
With these things in mind, I designed a unit that would
Include the chemlical concepts that the students would
later need to understand cellular workings of the body.

Beslides covering chemistry concepts, I hoped to
glve the students analytlical sklills. I think that,
glven a set of data, any student should be able to draw
loglcal conclusions from them, even though those
conclusions may not be what we, as teachers, expect. I
also expect that the student wlll be able to clearly
state these concluslions, In writing, In a fashlon that
will make thelr thinking clear to the reader. 1 wanted
to develop In my students an ablllity to solve problems,
by using a process of thinklng that would allow them to
reason out what they knew. of the problem and then
determine what they would need to know to solve It. In
order to have elther of these, the student would first
have to develop some sort of sequencling skllls. Since
these are areas that go beyond simple discussion, It
seemed reasonable to start out wlith an unknown
laboratory exerclise on the flrst day. I would be able
to observe their skills In reading and followlng
directions as well as thelr ability to manipulate the
sclentlflc equlpment necessary for the lab. I could
also ascertaln from post lab discussion what klind of

analytical skills they already had. Could they
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determine a reason for the results and clite speciflc
observatlons that showed thls reason?

The student objectlves (appendix C) were planned
with the subsequent units in mind. The students would
first have to be famillar with elements, lons and thelr
symbols. They would need to know electron valence
numbers to understand bonding. From there we would
have to explore types of reactlons, and see them taklng
place with Inorganic molecules, Students would need to
understand hydrogen lon concentration and how to test
for It. They would need to know major types of organic
compounds In thelr body and know how to test for each,
as well as why and how each was Important to thelr
bodlies. They would need to know the basic structure of
DNA and RNA In order to understand how heredlitary
material was reproduced.

First, we discussed matter in general, with the
emphasls on the elements Important to the human body,
especlally carbon, hydrogen, oxygen and nltrogen. We
then went on to the structure of atoms which led us to
bonding. Now that we had molecules and thelr
structure, we were ready to study chemlical reactlons,
which took us to body metabdllsm and energy. The next
loglcal toplc seemed to be Inorganic compounds,
particularly aclds, bases, salts and pH Indlcators.

From there, we learned about malntalning the body’s
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buffer system. Now, we were ready for organic
compounds. The first organlc compounds we covered were
carbohydrates, and then we went on to llplds, proteins
including enzymes, nuclelc acids and adenosine
triphosphate. The unlt In previous years had only
covered energy, structure of the atom and molecules,
compounds, and motlion of molecules (see appendlix A for
1986/87 outline and appendix B for 1988).

On the flirst day of the unit, the students took a
49 questlon pre-test, 33 of the questions were multiple
cholce and the rest were short answer and essay. The
students attempted to answer all of the questions, even
though they would not be expected to know anything
about some of the materlal. The students were weak In
many areas, and showed llttle knowledge of chemlstry.
The students then began studyling the chemistry chapter
and related readings. The second day began wlth an
overview of matter, with an lIntroduction to the
elements and their symbols. We then went on the third
day to the structure of atoms. I try to make It very
clear that our model of the structure of atoms Is based
only on Indirect evidence, and to that end, began the
Introduction to our flrst chemlistry lab, "The Atom
Lab". (See Appendix J for lab actlvities.) We also

began a write-up for a black box lab.
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The fourth day, students are glven a clay sphere
with a small household |tem embedded somewhere wlthin
It. They must surmise a model of the "nucleus" after
poklng the "atom" flve times with a probe. Each time
the probe enters the "atom" they must describe what, 1f
anythling, they encountered. When the first model Is
drawn they are allowed to take flve more stabs, make a
model and so on until they are very sure they know what
Is In the center. As thelr knowledge of the "nucleus*
expands, the model they draw changes and becomes more
exact. They then wrlte a conclusion telllng why they
think the "nucleus" |s what they state {t is, based on
the observations they made. It is an excellent time to
stress the wrlting of concluslions because the steps are
so simple to see. The "atom splltting" ceremony |s
always a blg draw with many oohs, ahs, and groans of
dlsappolntment. Some students of course, cheat and
some guess correctly wlithout cheatling, but most have
the problem of basing their guess on dliscovery of only
part of the object, somewhat llke the blind men who
trled to describe an elephant by only touching one
part.

A dlscusslion s scheduled the next day of why the
ldentity of the hldden Item was so dlfflcult to
predict, as well as how models are useful to further

our understanding of things that we cannot see. We
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also begin a dilscussion of bonding, wusling the
Inaccurate but easy-to-see Bohr model of the atom. We
then spend several days on reactlons and the energy
produced or used. The energy discussion takes us to
diffusion and osmosis wlth demonstratlons. By the
middle of the second week, we are ready to start a
learning compounds, pH, aclds and bases. We spend a
day on concepts, such as the blood buffer system, with
lecture and dlscusslon and then start to read and wrlte
laboratory exerclses. On Friday of the second week,
the students have thelr flrst review qulz. The thlrd
week |s spent entirely on the acld’base related
laboratory exerclses. The students are glven a group
of labs, and proceed at thelr own pace with any lab
they choose. Thls procedure cuts down on long lines
for particular chemlcals and walting to use specliallized
equlpment, although It |Is more hectic for the teacher.
We finish the week with a discussion on conclusion
wrlting and a short quliz on reactlons and energy.

Week number four finds us back to lecture and
discussion of background materlal. We cover
carbohydrates, 1llplids, protelns, enzymes; watch a
couple of demonstrations on proteln structure and
denaturling; and begln writing protein lab exercises. A
short qulz 1s glven on Frlday, as well as the

opportunity to test some enzyme action In the lab. The
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following Monday we start on nucleic aclds. We do two
exerclises, one which requlres the students to flgure
out the structure of DNA by assembling pleces of a DNA
puzzle. The other one |s done fhe following day and
the students produce a three dimensional DNA structure
that they can coll. We also use rubber bands to
demonstrate supercoliling. We start with enough bands
knotted together to cross the room. It‘s amazling how
small a space one can coll rubber bands Into. After
spending two days on review, the students took the
post-test.

1 start each unit by asking students to read the
chapter to be covered. "Readlng" probably lsn‘t a good
word to use, as I expect the students to do more than
read. First, I ask them to skim the chapter by readling
the things that are printed dlfferently, and all the
captlions under graphs and plctures. They also need to
look at the end of chapter questions so they can see
what 1s most Important to me as well as to the authors.
The present text was chosen with this accord In mind.
The second time through, I expect them to read from
beginning to end. The third time through, they stop at
the end of every sectlon and close thelr eyes and try
to remember what they Just read. If they can’t do that,
then they are to go back and read the first paragraph

of the chapter, close thelr eyes and recall. When they
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have mastered that, then they again work on a sectlion
at a time. The last time through iIs another skim, thls
time flnlshing with the study outline at the end of the
book . This process, |f done correctly, should take
them many days to complete. (I doubt however, 1|f any
but the best of my students actually do more than plow
through from beglnning to end, even though reading for
meaning s a skill all should master to understand the
significance of the written word.)

The flrst day of a unlt, we begln with an overview
of the materlal. I tell them what they can expect
time-wise as well as the work I wlill be expecting them
to do. The textbook (Tortora and Anagnostakos, 1987)
has an accompanylng study gulde, and selected materlal
ls assigned out of the gulde during this time. I try
to give them seven full days (over a weekend) to
prepare the materlal, because so many students are busy
with after school actlivitles. I then glve the students
a little background, and review of what has gone
before. We have up to twenty minutes of lecture on
days we aren‘t In lab, and then throw the floor open to
discussion. Of course, It does not always work as
planned, sometimes we get sidetracked on dlscussion by
Interesting questlions brought up during the notes. In
lecture, I cover the material that I consider to be the

most Important for them to learn, and the majorlity of
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the test questions will come from thls material.
During lecture, I use overheads <(Appendix K) where
appropriate, draw on the chalkboard, show specimens
pertaining to the subject and try to verbally draw as
many analogles as I can. Demonstratlions are an ever
popular favorite. I also try to focus on examples of
the materlal that will affect them directly.

After a day or two of background, everyone seems
to tire of talklng, no matter who Is doing iIt, so once
the ground work 1Iis laid, we begin to prepare for
laboratory activitles. If at all possible, I try to
have at least two labs that focus on the materlial at
hand, preferably those that approach the concept from
different directions. Often, we have several labs on
simllar toplcs that the students can work on at thelr
own pace as materlals and equipment become avallable.
Before the lab exerclses, we discuss what we are trying
to do, and then refocus dlrectlon durlng the Ilab.
Often, the students will want to know "what will happen
If....?","we’re finlshed with this, can we try to
do....?" It often takes more time, but when that does
happen, the students are truly learning. We try to
have a post lab discussion on what happened and why to
help the students with conclusions.

Black box labs are pretty standard stuff in the

sclence classroom, but our "atom lab" |s unlque, as far
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as I know. I think that this lab really shows how
difficult exploring the unknown can be. It also lets
them see what models and theorles are all about. I

have brought Iin new material developed by fellow
teachers at summer workshops. (See Appendix J for
speclflc laboratory exerclses used In thls unit.> This
new material allows me to bring university techniques
(which are often the techniques that modern science
technology Industry uses)> to the hlgh school. They
learn what |s being done In commerclal labs around the
country.

The students especlally enjJoyed the labs we did on
pH and lIndlicators. We prepare many of the Indlcators
and many of the things we test for pH from fresh frults
and vegetables. It Is astounding to them that red
cabbage Julce worked Just as well, |f not better, than
universal Indicator to determine pH. They all brought
lots of things from home to test for pH as well as
indlcators. Next time, however, I plan to use a
blender and suctlon flltratlon -- no more mortar,
pestle and gravity fllitratlon. It slows the process up
too much.

At the beginning of the unit, most of my students
are stlll apprehensive about wusing some of the
equipment for lab activitlies. All the students are in

at least thelr second year of hlgh school sclence. I
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was appalled when they all reached for a beaker instead
of a graduated cyllinder to measure larger amounts of
llqulds. Stop! Walt! Measure 150 millillters of water
using a beaker. Now, measure 150 milliliters of water
using a graduated cyllinder. Put the water from the
cylinder Into an ldentlcal beaker and notice the
difference. Oh....! The llght dawns -- at least for a
little while. Next week we must go over the same
thlng. As they grow more famillar wlth accurate
measurling, and more famlillar wlith plpettes and
cylinders, their lab results did improve, as did theilr
lab skllls. They are soon handling small amounts or
large amounts of materlals wlith all the equlpment
avallable. When experiments were done with blood later,
not one of the students wanted to be shown how to use a
capillary tube. They all knew from using pipettes.
These students are comfortable using laboratory
equipment and supplles after five weeks in the lab.
Even unfamillar procedures are quickly mastered because
they draw on past experlence with simllar ltems. The
students thls year are more aware of what ls golng on,
what they mlight expect to happen, than students 1in
years past. For example, I always do a food analysls
lab In early February. We spend days testing known
materials for monosaccharides, proteins, amino aclds,

starches and fats. For a test, I glve the students an
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unknown - somethling that Is avallable for them to test
during the exerclise, even |f they don‘t get around to
It. In years past, students did not use time well, a
lot of lab tlme was wasted In chatter or other delaying
tactics, so not all substances got tested. When |t
came time for the unknown, many of the previous
students did not even seem to know what the test they
were using was testing for. Many tested for simple
sugars using Blurets solution <(a amlno acld test)
instead of Benedict’s solution (a test for simple
sugars). After all, they are both blue, rlght?
Needless to say, we dld not have a hlgh number of
accurately ldentifled unknowns. This year, each and
every student ldentlfled the substance they were glven,
and amply supported that Identiflcatlion wlth
observatlions from thelr testing. The only fault that I
could find was that the students wanted to ldentlfy
speclflc amino aclds and simple sugars, and you Just
can‘t do that using the tests they had avallable, but
they trled. Many even went back and tested the
substance they thought they had as an unknown, Just to
compare. I belleve that this Is a dlirect result of all
the work we did In the chemistry sectlon, both In lab
and In lecture. To sweeten things even further, since
the students know what they are dolng, lInstead of

trying to follow poorly understood dlirectlons, there |s
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far less time wasted on trivial pursuits. When doing a
lab, these students are on task most of the time.

A major goal I have |s to teach students to
develop good observational skills and to use care in
recording them. I also have the students use these
observatlons to make conclusions so they can tell why
something happened. "I thlnk that thlis must have been

what was golng on because I saw these things

happening...eevee.” These capabllltles are not only
Important in the lab, but In llfe as well. Predicting
what should happen |s another skill that we work on.

The flrst couple of lab exerclses are designed to force
observatlions and clear, loglical thinkling. It is also
important that the students become famllliar with
varlous laboratory equlpment and are comfortable, and
precise, while using them. We do lots of measurlng,
and massing, and manipulating. The students learn the
process of maklng extracts, doing dilutlons, testing
solutlons for varlous components. We even borrowed a
spectrophotometer so the students could use electronic
equipment simllar to what commercial labs are using.
Plpetting Is a new technique for the students this year
-- another way to stress accuracy. The students seem
more comfortable wlith pipettes than wlith graduated

cylinders.
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In order to make lab exerclises seem a llttle more
special, I prepared a booklet to record data.
Condensling the handouts (when there are any) ls a good
way to Insure that the lab dlrections are at least
read, |f not studled, before we actually do the
experiment. Uslng a lab book also elimlnates all those
scraps of papers that students always want to use to
keep haphazard observations. (Sometimes I think they
do that so the observatlions are easler to lose!) Most
of the students are very careful and take prlde |n
keeping thelr books neat. The booklet also organizes
all their laboratory activities In one place, as well
as enhances data recording and retrleving, so they can
easlly refer to previous work. Many take advantage of

thils.



Evaluation

Any evaluatlon Instrument has limitatlons. The
standard “chapter test" s the one most commonly used
in the hligh school. However, It |s Impossible to
present all the toplcs that were covered in a unit 1in
Just one evaluatlon. The ltems on an obJective test
must necessarlly reflect the ones that the teacher
thinks |s most Important for the students to know.
Perhaps these toplcs will be slgnlficant 1In the
students’ llves, or they wlll be necessary to
understand the next unlt, or they may reflect the
personal blas of the teacher. When choosing from a
bank of questlions, the process ends up to be somewhat
subjectlve, no matter how careful teachers are. A more
difflcult evaluation, and perhaps the way we should be
grading our students, |s performance of the dally tasks
and laboratory work. Essay exams, whlle favorling those
that are comfortable with words, glves a better ldea of
what the students are slfting out from the Informatlon

we glve to them. Essay tests are wonderful ways to see
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inside the students mind, and are very easy to write,
but so time-consumlng to grade and almost Impossible to
grade obJectively enough to compare performance from
one student to the next, or from one vear to the next.
That leaves us with the old stand by, multlple cholce
tests. Multlple cholce tests are easily scored,
analyzed and can be compared obJectlively with one
another. We must remember, however, that some students
are much better than others at analyzing the teacher
through the questions and can figure out the answer
that the teacher wants.

For my maln evaluation Instrument, I chose a
multlple cholce test supplemented with some short
answer questions. I have a computerlzed data bank of
test questions wrlitten by the author (or 1s It really
the publisher?) of the text we use. I have added many
of my own favorite questions, so there are quite a
varlety to choose from. After I had determined the
objectlves for the unit, I went through the test bank
and chose the questions that I thought would be
especlally lmportant for my students to know. I made
two different verslons, one for the pre test and the
other for the post test. There were 36 multiple cholice
questions, nine of which were not Identical, but
covered the same obJectlves. In additlion, there were

eleven short answer, dlagram and analysis questlions to
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cover material that would be dlfflcult to answer
adequately In the ltem cholice format. <(Appendix D>
The first day of the unit, we began with a
pretest. I explalned that the object of the test was
Just to determine how much they knew about the subject,
not to go In the grade book. During the unit we had
several short qulzzes to make sure the materlal was
making sense to the students, and at the end of the
unlt, we had the other verslon of the muitliple cholce,
short answer test. The post test was glven agalin to
the students In April to check retentlion, with no
advance warning, so they were not able to study for I1t.
The raw score data from the pretest was put into a
standard score (T-score) format (Good and Brophy 1981).
The most common method uses a mean score of flfty and a
standard deviatlon of ten. The raw score at the
original mean would be given a value of flfty and a raw
score that was one standard deviation above the mean
would be assigned a value of sixty, whlle a raw score
one standard deviation below the mean would be glven a
value of forty. Thls allows one to use a normal curve

to examine test scores In relationship to one another.
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Figure 1, Pre test T scores 1988
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Figure 2, Post Test Standardized T Scores
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In the 49 polnt pre test, as expected, the
students did rather poorly. The raw score mean was
16.5, the median was 15.5 and the standard deviatlon
from the mean was 7.7. Twenty students took the pre
test. To get the standard T scores, one must first
find the difference of the students score from the
mean, and then find how many standard deviatlions (7.7
in thls lInstance) there Is In the dl!fference. This
number |s then multiplied by 10 and then added to the T
mean of 50 If the original score was over the mean or
subtracted from S50 lf the orliglinal score was under the
mean. When thlis Is plotted In graph form, T Sscores
versus the number of students receiving that T score,
one has the "standard curve". Statlistically, we can
expect 65% of the students to be within one standard
devliation of the mean (Good and Brophy 1981). There
were 15 of 20 students (75%) In thls range on the pre
test - a llttle better than expected (see Fligure 1).
Good and Brophy tells us that statistically we can
expect 95% of the students to fall wlithin two standard
deviations of the mean, and the students flt statistics
with 19 out of the 20 (95%> In that range.

In the post test, students improved an average of
31% iIn raw scores. Thls varled from a low of 16% (8
polint) Increase to a hlgh of 57% (13 polnt) lncrease.

The mean on the post test was 31, the medlan was 33.5
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and the standard deviatlon was 9. When thls data was
put Into standardlzed T scores (Flgure 2>, 13 of the
18 students takling the test (72%) fell wlthin one
standard deviation on either side of the mean. All of
the students fell within two standard deviatlions of the
mean.

The data from the pre and post test was analyzed
to determine 1f there were any correlatlon between the
tests <(Hagerman 1989). If there was a hlgh
correlatlon, one mlght expect that the material taught
was the material that was belng tested, although
strictly speaklng, It only means that the tests are
very simllar. An exact correlation (abbreviated as r)
would be 1.0. In this case, the correlation between
the pre and post tests was 0.896; a very high positive
correlation. Thls analysis gave us a t test of 8.30
which means that there s less than a 0.001% chance
that the correlatlon is due to chance. The analyzed
data |s used to make a llinear regression graph (Flgure
3> which forces our data Into a stralght llne format.
Figure S |Is a graphlc comparison of raw scores between
the pre ‘and post tests.

When results on the post test were compared wlith
the same unlt tests from 1986 and 1987, there was no
signiflcant statlstical dlfference. 1988’8 class

scored an average of 66%, 1987‘s classes (one week on
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chemlistry) scored an average of 65% and the classes of
1986 (two weeks on chemlistry) had an average of 71%.
Two years ago, there were 61 students and last vyear
there were 23 students. More students give a larger
data base to work with, and one or two students dolng
poorly is not as llkely to lower class averages as much
as one or two students In a class of 19. If we take
this into account, last year’s classes did worse on the
unit than elther the class of two years ago or thls
year’s class, probably because less time was spent on
the material. If we ellmlinate the two lowest students
this year, then the average percentage score becomes
68%. My best scorling student thls year was not
Included In any of the calculatlions because he was not
In class the day of the pre test. (For exact scores and

percentages, see appendlx G.)
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Figure 4, April Test Standardized T Scores
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On the retentlon test in April, (see Figure 4 for
standardized T scores) three students were not
avallable to take the test. One of the students scored
high on both the pre and post test, and the other
scored low on both. The thlird scored low on the pre
test and above the mean on the post test. A student
who had not taken the pretest was present for both the
post and the retentlon test and that data Is included.
(appendlix H)> The mean of the April test was 28.9, the
median was 32 and the standard deviation was 9.4.
Thicteen of the students elther did better than their
origlnal score or came within 3 polnts of thelr post
test scores (see Figure 6>. The scores were analyzed
to determine correlation between the two tests. This
correlation was 0.998, another hligh poslitive
correlation. However, when a t test was done, the
probabllity that the correlation was due to change
turned out to be greater than 10%. In pure sclence,
this would be unacceptable, but In educatlon, where
testing cannot be as exact, It Isn‘t enough to throw
out the data. These simllar scores tell me that the
students are retalning this Information over a long
period of time, probably because they are usling It In
most of the units covered since then. I was pleasantly
surprised to see so much retention over time. This

retention convinces me that the unit has produced the
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desired results, even though I can see no statistical
dl fferences from last year’s test scores.

The end of the year grades has borne out my theory
that a strong chemlstfy background enhances the study
of physliology. In 1986 there were sixty-one students.
Among those students were the five 4.0 students that
shared valedictorlan honors at graduation In 1989. We
were using a simpler book, but the competition was
stiff. That year, 18% of the students earned an A, 44%
earned a B, 26% a C, 8% a D and 3% and E.

In 1987, due to an lncrease in the number of
sclence course offered (some of which were |less
difficult), the student numbers dropped to 23. Of that
number, none recelved an A. 43% of the students earned
a B as a semester grade, about the same percent as the
previous year. There were 39% with C’s, up from the
previous year. 8% earned D’s and 8% earned E’s, both
percentages up somewhat, but the academic callber of
the students wasn‘’t as strong.

This year, of the elghteen students who finlshed
the class, 27% earned A, 33% earned B, 22% earned C, 5%
earned either a D or an E. If we compare ‘this to the
two previous years (Flgure 7>, 27% A’s ls slagnlflicantly
higher than elther previous year. There are as many
A’s In the class as there are B’s, and more than there

are C’s, The A students are probably on an academlic
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par with those of two years ago, but I conslider the B
students éo be my shining glory. Many of these
students are those who struggled, really worked hard,
to get D’s and C’s In Introductory blology. Physliology
ls a much more difflcult class, due to both the subject
matter and the amount of work requlired. Some of the
improvement |Is due to added maturity, of course, but I
think the some of It comes from the basic understanding
of chemistry needed to understand physlology. It would
be Interesting to find a way to find out exactly what

caused the better grades in a "harder" class.

Figure 7, Three Year Grade Comparison of Chem Unit
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When I look at the item analysis of the tests
(appendix I)>, there was a mean item diffliculty of 63 on
the pre test and a mean ltem difficulty of 34 on the
post test. Thlis |s a decrease of 29%, due to Increased
knowledge of the material. An indlvidual item analysis

of the post test (appendix 1) shows that ltem number 19
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and ltem number 23 on the post test had a difflculty
Index of 95%. Only 2 or 3 students got them correct,
and they aren’t the students who normally do well on
tests. I think that these students chose that answer
by chance rather than knowledge. The questions should
be consldered invalld. There was also one test ltem In
which the answer key was Inadvertently scored
Incorrectly. These three ltems may have skewed the
data analysis to show a higher ltem difficulty than
there actually was. It does tell me that these ltems
should be reworked If they are to be Included 1In
another test because they are not discriminating the
top ablllty students from the lower ablility students.
Analyzing the unstructured tasks of the students
ls a more compllicated Job than analyzlng tests. These
students seem so much more sure of themselves In almost
every aspect of the class work than previous students.
Thelr analytlcal skills are better, they see
correlations more quickly, they can more easlily divide
problems up Into subunits and then synthesize the
resulting Informatlon. They are more adept at using
laboratory equlpment, and qulcker at flguring out how

something unfamliliar should be used.



Reflectlons

In summary, the pre-physliology chemistry unlt was
expanded from one or two weeks to nearly six. More
laboratory exerclises were lncluded, Including some that
were more complex than those presented in previous
years. The extra time allowed the students to test and
Investigate beyond the original scope of the lab
actlvitlies. It also allowed the students to hear, see
and experlence the concepts In several ways, many
different times. The flirst labs bullt on their natural
curlosity and presented common thlngs In an uncommon
l11ght. Dlscrepancy provided for learning. Later labs
built on their growing understanding of molecular
reactions and provided visual evidence to back up the
Information gleaned from the text and the teacher.
Laboratory notebooks taught neatness and organlzatlon.

We have all heard that practlice makes perfect, and
that surely applles to learning as well. The students
had access to more detalls about the chemical make-up

and working of common body chemistry. These detalls
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seemed to help their understanding of the topics
covered. Imagline learning as a deep mine, wlth levels
every few feet, corresponding to the amount of detall
presented. I have always believed that students never
go quite as deep iIn the mine as you would like to have
them, and that thelr level of understanding ls one or
two levels above where you are teaching from. If we
teach from the surface, they qulckly decide that
perhaps the toplc Isn’t all that Important and very
little 1s retalned. If we dlg qulte deeply lInto a
subject, they follow and learn more than they would
have wlth Just a surface presentation. This longer
unit allowed us to dilg deep enough into chemlstry --
and thus physlology -- to understand what many thilings
are dolng at the molecular level.

I think thls flve or slx week unit Is particularly
strong In Investigative and manipulative skills. These
are lab based actlvitlies, at least to start wlith. It
provides the student with an overview of chemistry In
general as well as providing enough speclflcs to
understand what 1|s happening In thelr bodies on a
molecular level. This unit Is practiced enough and
understood well, so the knowledge |Is retalned for long
periods of times. The students carried the Informatlon
through to the next unlits instead of forgetting at the

end of the chapter. The extra tilme we spent on the
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chemistry unit allowed for the expanslon of knowledge.
This extra time was a drawback, however, when [t came
to the units covered the rest of the year. Even though
the students have a much better sense of what |s golng
on, somethlng else had to be cut to make room for thls
unit. It Is difflcult to decide where to make the
cuts. In 1986, a week was cut out of the clrculatory
system, the excretory system, and the end of year plg
dissectlon. Another weakness |s the testing method.
The tests that I used weren’t complete enough In
assessing what the students actually learned.

The tests need to be revised. I would like to
lnclude an essay on problem solving and a sectlion on
wrlting conclusions from glven observations. There
should be a pre test for every unlt as well as a post
test. That might help me decide what could be cut
another year to make the time for chemlistry. We could
have used the extra week that I took from the cardlac
section. I would llke to add at least another week to
the unit so I could encourage lndependent
Investigatlions using the present labs as a springboard.
I see this unit as one that constantly evolves as we
learn what works best to help with subsequent unlits. I
also see |t changlng with the Introduction of more
sophisticated equlipment In our laboratory and as the

Industrial technology changes. I think we need to have
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a qulcker trickle-down from lndustry and colleges than
we have had In the past. People from these areas of
sclence should be brought Into the classroom to present
some of the materlal.

It seems to me that the longer time spent on
chemistry has Improved the physiology course in many
ways. The students seem to retaln Information longer.
The students find It easler to analyze and determine
unknowns. The students are more at ease wlith the
technlques and equipment of sclence. They understand
better how thelr bodles work at the molecular level.
They percelve more chemlstry concepts to be Important
to their daily llves. The students learn first hand
how sclentists work. These are all skllls that we want
our students to learn when they do sclence, and the
whole ldea of physiology Is to understand the human
body’s homeostasis. It seems to me that Increased time
on chemistry, which covers all these areas, has served

that purpose for these students.
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acld

actlve site

ATP

anabol lsm

anlon

atom

atomlic number

base (alkall)

buffer

carbohyrates

catabol ism

catalyst

cation

colloids

compound
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GLOSSARY

substance that produces hydrogen lons
when dissolved In water

place on an enzyme that blinds its
substrate

adenosline triphosphate,molecule that
provides short-term storage of energy in
the cell, easily broken down to release
that energy

synthesls reactlion , two or more
substances combining to form new and
larger molecule

negatlvely charged lon

smal lest unit of structure entering into
reactlions

the number of protons In an atom
ions

substance that produces hydroxyl
when dissolved In water

solution of chemlcal compounds capable
of neutrallzlng both aclds and bases,
able to malntaln an equ!llibrium pH

organic compound with formula (CHx0),
sugars, starches, cellulose, chitlin
breaking bonds to form newer, smaller
molecules to release energy

substance that will change the rate of a
chemical reaction without being changed
In that reactlion

poslitlively charged lon

mixture of solvent and intermedlate
slzed particles that are too small to
settle out, but too large to dissolve

a pure substance with two or more
elements In a fixed ratlo; conslisting of
a slingle molecule type



covalent bond

catabol ism

di ffusion

disaccharides

DNA

electron

elements

energy levels

enzymes

equation

exchange rxn

formula

hydrogen bond

indicator

induced fit
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Interaction of elements In which pairs
of electrons are shared to form a
molecule

breaking bonds to form newer, smaller
molecules to release energy

movement of molecules from an area of
high concentration to an area of low
concentratlion

dimers of two simple sugars

deoxyribose nucleic acid, contains all
informatlion needed to bulld or repalr an
organism

negatlively charged particle found
outside the nucleus

substances that cannot be broken into
simpler ones by chemical means. It Is a
pure substance contalning atoms of only
one type

areas around the nucleus where there |Is
a large probablility of finding electrons

organic catalyst

shorthand way of denoting a chemical
reaction

combination of synthesls and
decomposition reactions; atoms being
broken apart then each comblining with
another to form other molecules

symbols that give ratio and number of
elements present In a molecule or
compound

weak Intermolecular electrostatic
attraction between two polar molecules

organic dye used to tell the pH of a
substance

theory to descrlbe enzyme - substrate
Interaction



fnert

lnorganic

lonilc bond

lonlzatlion

lsotope

lipids

lock and key

mass number

matter

metabol i sm

molecules
monosacchar | de

neutralizatlion

neutron

nuclelc aclds

nucleotlide

S0

wlithout actlive chemlcal propertles, not
likely to react

simple compounds that usually lack
carbon atoms

attractlon of catlon with an anion to
form a molecule

dissoclation of lonically bonded
molecules iInto thelr component lons when
dissolved In water

atom that has the same chemlical
properties but slightly different atomic
mass caused by a difference In the
number of neutrons

type of organic molecule containing
carbon, hydrogen and oxygen in no
particular empirical ratio

theory to describe the way an enzyme
interacts with the substrate, no longer
considered to be valid

number of protons and neutrons found In
an atom, also known as atomic mass

anything that occuples space and has
mass

the sum of all anabollc and catabolic
reactlons In the body

two or more atoms bonded together
simple flve or six carbon sugar

reactlon of an acld and base to form a
salt and water

neutral particle found in the nucleus
found In the nucleus of the cell, made
of simple flve carbon sugars,
nucleotides and phosphates

purines or pyrimidines found in nucleic
aclds



nucleus

organic

osmosis

perlodlc table

pH

polysaccharide

protelns

proton

radioisotopes

reaction

reversible rxn

RNA

salt

saturated
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area of atom that contalins most of the
mass

molecules that contaln long chalns of
carbon atoms bonded In a 1:2:1 ratlon to
hydrogen and oxygen atoms

movement of water molecules from an area
of high water concentration to an area
of low water concentratlon across a
selectively permeable membrane

arrangement of elements In chart form,
based on thelr chemlical characteristics

an exponentlally derived scale that
indicates the relative concentration of
hydrogen lons In a substance

polymer of numerous simple sugars

large, complex organlic molecules with
nltrogen, sulfer or phosphorous atoms as
well as carbon, hydrogen and oxygen
atoms

positively charged particle found In the
nucleus of an atom

radiocactive lsotope, unstable, glves off
some type of radiatlon

the bonding or unbonding of molecules

reactlon In which the end product can
revert to the orlglinal reacting
substance

ribonuclelc acld, single stranded
nuclelc acld that has diverse functlons
In the production of proteins

substance when dissolved In water will
dissociate but not into hydrogen or
hydroxyl lons

llplds contalning carbons singly bonded
to each other and as many hydrogen atoms
possible



solute

solutlion

solvent

substrate

suspension

symbols

unsaturated

valence number

S2

smal ler part of any mixture, usually was
a solld before being dissolved

liquid or gas In whlich another materlal
has been dissolved

larger part of a mixture, usually a
liquid

any substance involved In a reaction
except the enzyme, can also be a proteln
or enzyme

mlxture of substances In which the
particles are so large that they end up
gsettling out of the solvent liquid

one or two letter abbreviatlon for
chemical elements

llplds contalning carbons with double or
triple bonds to another carbon

combining capacity of atom, usually
related to the number of electrons in
the outer shell.
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I. Introductlion to Chemlistry (pre 1988/89)
A. Element
1. Matter
a. takes up space and has mass
b. solid, llquid, gas
2. elements
a. not decomposed into simpler
substances by ordinary chemlical
means
b. 106 - 92 natural, rest man-made
3. Letter abbreviations of elements
a. H, C, 0, N, Na, K, Fe, Ca, P
4. 26 In body
a. 96 C, 0, H, N
b. 99% C, 0, H, N, Ca and P
c. 20 trace elements
B. Structure of atoms
1. Smallest units of matter entering into
chemlcal reactlons
2. Element has only one kind of atoms
3. Nucleus
a. center --> mass
b. proton is +, neutron no charge
c. nucleons = neutrons and protons
4. Electrons, - charge
a. move around nucleus
b. = to # of protons
¢c. atom ls neutral
S. Atomic # = # protons
6. Atomlc mass = protons + neutrons
a. H has 1 proton
b. He has 2 protons and 2 neutrons
C. Atoms and molecules
1. Chemical reactlon
a. atoms combining or breaking apart
b. foundatlon of life processes
2. Energy levels
a. two in first
b. elght In second
¢c. simple molecules have 8 in third,
more complex have up 18
d. fllled shells are best, so atoms
without fllled shells tend to
comblne
e. valence (comblning capacity
1) extra or deficlent electrons In
outer shell
2) Cl (7 valence electrons) and Na
(1 valence electron>
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3> 1inert elements have filled
outer shell
3. Combline In reactions to form molecules
a. same kind of atoms --> multiatomic
elements
b. different kinds of atom --> - compound
¢c. held by bonds which are attractive
forces
D. Ionlic Bonds
1. electrons galined or lost = lon
a. electron donor gives up an electron
and has a positlve charge
b. electron acceptor takes and electron
and has a negatlive charge
c. poslitive and a negative Jjoin
(opposites attract) to form lonlc

bond

d. less that half filled outer shells
will lose electrons --> positive
catlons

e. more than half filled outer shells
will gain electrons --> negative
anlons

E. Covalent bonds
1. Shared electrons
2. Single bond = one shared pair
3. Double bond = two shared palrs
4., Trliple bond = three shared pairs
5. same or different kind of atoms
F. Hydrogen bonds
1. Covalently bonded to N or O but attracted
to another N or O
2. will not make molecules but makes bridges
In or between molecules
3. formed and broken easily
4. many bonds make a molecule more stable
II. Radlo lsotopes
A. Isotope - atoms chemically alike but wlith
different nuclear mass from extra neutrons
B. radioilsotopes are unstable and decay by
emitting radiation to reach a more stable
state
III. Chemlcal reactions (same atoms rearranged)
A. Synthesis (anabollsm)
1. two or more atoms, ions or molecules
forming new, larger molecules
2. reactant + reactant --> product
3. 2N + 3 Hp --> 2NH
B. Decomposlition (catabol?sm) ,
1. Breaks molecules down into smaller parts
2. Bonds are broken
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3. reactant --> product + product
4. CH4 -=>C + 2!‘12
C. Exchange ( syn. 8 decomp.)
1. AB + CD --> AC + BD or AD + CB
D. Reverslble
1. reactlion will go iIn elther direction
2. some need speclal conditlions
E. Metabolism
1. all syn. and decomp. rxns ln body
2. Hligh = faster than normal, eat w/o welght
gain, high energy level
3. low = slower than normal, letharglic,
welght galn, slow heallng
F. Colllsion Theory
1. constant movement of atoms or molecules
2. colllde with each other
3. energy transferred can disrupt electron
structure to make or break bonds
4. Factors
a. velocity of particles
b. energy of particles
c. speclfic conflguration of particles
d. orlentatlon of particles
S. Actlvation energy - is amount needed to
disrupt a stable electron arrangement
G. Energy and reactions
1. E = capacity to do work
a. potentlal
b. kilnetic
2. Chemical -energy released when breaking
bonds and absorbed when formlng bonds
3. Mechanical- energy of motion
4. Radlant - heat and light In waves
5. Electrical - flow of charges or {ons
6. Energy can be transformed from one type
to another, but not created nor destroyed
IV. Chemical composition and 1ife processes
A. Inorganic compounds
1. Most w/o C
2. Vital to body functlions
3. Water - most Important and abundant (60%
of RBCs, 75% of muscle tissue, 92% of
plasmad
a. solvent and suspensory medium
1) solute in solvent = solution,
will not settle out
2) particles In solvent =
suspension, will eventually
settle out
b. participant in many reactlions
¢. moderates heat changes
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d. cools body
e. acts as lubricant
4., Acids, bases and salts
a. dissoclate in water
b. called elctrolytes, will conduct

current

c. acld --> hydrogen ions plus negative
anlon

d. base --> hydroxyl ions plus positive
cations

e. salt --> anlon and catlion
1) aclid + base -> water + salt
2) lons of salts In body are
essentlal elements
S. Acld/Base balance (pH)
a. more hydrogen lons; the more acid
b. more hydroxyl lons; the more basic
(alkaline>
c. pH describes degree of acidity or
alkalinlty
d. scale from 0 - 14
1) number of hydrogen ions in
solution In moles per liter
2) pH 7 = 10-7 M/L, equal hydrogen
and hydroxy! lons
3) pH 4 = 104 M/L
4) pH 10 = 10-10M/L
e. mole
1) mass in grams of comblined
atomic mass of substance
2) contalns 6.023 x 1023 atoms
6. Malintaining pH: buffer systems
a. normal limits are narrow
b. . buffer system maintalns balance
within limits
1) reacts with strong acids and
bases and replaces with weak
aclds and bases
2) strong substances dissocliate
easlly and add many lons to the
system
3) weak substance do not
dissociate well
c. Carbonic aclds/blcarbonate buffer
1) weak acid (carbonlic acld) and
weak base (sodium blcarbonate)
2) |f strong aclid is added to
system, weak base willl react to
form salt and weak acld
a) HC! + Na2c03 -> NaCl +
H2003
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3) |f strong base |s added, weak
acld will react to form water
and weak base

a) NaOH + H-CO4 -> H-0 +
NaHC03 2 3 2

4) extra water and salt removed by

kidneys

Organlc compounds
A. Contaln chalns of carbon

1.
2.
3.
4'

react with other molecules to form larger
molecules

do not dissolve easily In water

Large sizes for body structures
covalently bonded and decompose easlly
(ionic bonds break down easler, but
reform very quickly)

B. Carbohydrates (sugars and starches)

1.

structural units in DNA

2. converted to proteins or fats for energy
3. readlly avallable source of energy for
11fe
4. food reserve as glycogen
5. monosaccharide - 3 to 7 C’s
6. proportlions (CH20)x
7. dlsaccharides - 2 or more mono’s
a. Joined by dehydration
b. water soluble
C. broken down by hydrolysis, sweet
taste
d. sugars
8. polysaccharides - many Jolned units
a. broken down by hydrolysis, but no
sweet taste
b. wusually not water soluble
¢. starches
C. Liplds
1. Comblnatlons of C, H, and O
2. dissolve In solvents llke alcohol and
ether, but not water
3. made of 3 fatty aclds and a glycerol by
dehydration synthesis
a. saturated, no double bonds, animal
fat
b. wunsaturated, some double bonds,
vegetable oil
4, Highest concentrated form of energy
(twice that of sugars or protelins), but
ls 10-12% less effective
5. phosphollpids
6. sterolds
7. carotenes
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prostoglandins (PG>
a. membrane assoclated
b. Influence function of cell
c. produced by cell membranes
d. mimics hormones
e. modulates hormone reactjions

D. Protelins

AW -

make body structures
related to many physlologlical functlons
always C,H,0, & N, may contain S & P
made of amino acld chalns
a. combined by dehydration
b. bonds called peptide bonds
c. only 20 amino acids used
Complex structural organlizatlion
a. primary - sequence of amino acids
b. secondary - colling In 2 dimensions
c. tertiary - folding into 3D shapes
d. quaternary - several tertlary bonded

E. Nuclelc Aclids

1.
2.

DNA & RNA
made of units called nucleotides
a. Nitrogen bases: rings
1) adenine: purine double ring
2> guanlne: purlne double ring
3) thymine: pyrimidine single ring
4) cytosine: pyrimidine
b. Pentose sugar
c. Phosphate group
Model 1953 by Watson, Crick and Wilson
Characterlistics of DNA
a. 2 strands with crossbars
b. twists into double helix
c. uprights are alternatling sugars and
phosphates
d. rungs are palred bases, pyrimidine
with a purine
e. deoxyrlbose sugar
Genes are segments of the DNA molecule
a. determline traits
b. control cell actlivities
RNA
a. single strand
b. thymine replace by uracll
c. rlbose pentose sugar
d. messenger, transfer and ribosomal
varlieties

F. Adenosine Triphosphate (ATP)

1.

Short term storage of energy for cellular
actlvitles
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2. 3 phosphate groups, adenine and a ribose
sugar

3. one phosphate broken off by hydrolysis to
glve energy



APPENDIX B
UNIT OUTLINE FOR 1988/89
THE CHEMICAL LEVEL OF ORGANIZATION
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I. Introductlon (1988/89)
A. In general
1. Matter
a. anything that occupies space and has
mass

b. made up of bullding units called
chemical elements
1) can’t be broken down [nto
simpler substances by ordinary
chemlical reactions
2) composed of atoms all of the
same type
3) 106 elements; 92 occur naturally
4) symbols
a) one or two letter
abbreviation from elther
Latin or English name
b> MUST know
1D H - hydrogen
(usually in water)
ii> C - carbon (backbone
of other compounds)
111> O - oxygen <(usually
in water)
iv) N - nlitrogen
v) Na- sodium
vi) K - potassium
vii)> Fe- iron
vili>Ca- calclum
Ix) Mg- magnesium
X)) Cl- chlorine
x1)> He- hellum
xi1) S - sulfer
xi111>Cu~- copper
xiv) 2n- zlnc
xv) P - phosphorous
c) subscript glves atomic
number
d) superscript gives mass
4) ~26 elements iIn human body
a) 0, C, Hy, & Ny = 96% of
body welght
b) with Ca and P = 99% body
welght
c) other trace chemicals
1) K, S, Na, Cl, Mg
it Fe, I, Cu, 2n, Mn,
Co, Cr, Se, Mo, F, Sn, Si,
vV, B
d)> refer to p 34, exhibit
2-2, Tortora
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B. Structure of atoms
1. smallest unlt of matter entering into

reactions

a. size range from 1.0 x 10-8¢cp to 5.0 x
10-8cm

b. 50 million of largest end to end
would be ~2.5cm

2. Parts
a. nucleus

1) most of atomic mass

2) protons - + charged particles (1
amu)

3) neutrons - neutrally charged
particles (1 amu)

4) ends up with net positive charge

b.

5> P and N together called nucleons
electrons

1) negatlively charged particles

2)

)]

that move around nucleus so
rapidly they form a cloud

in element, # electrons = #
protons, so atom has no net
charge

1/1836 of proton mass, therefore
mass = 0

3. Differences In elements |Is number of
protons In atom
atomic number = # P

a'
b.

atomic welght

# P + N

C. Atoms and molecules
1. Chemical reaction occurs when atoms
combine or break away from one another
2. Electrons actlvely particlipate in

reactlions

3. Energy levels

areas around nucleus where electrons
are llkely to be found

each level has a maximum number of
electrons it can hold

a.

b.

1

2>
D

4>

level one holds max. of two
electrons and 1s closest to
nucleus
level two holds 8 electrons
level three

a) atoms that have an atomic
weight of less than 20 can hold
maximum of 8 electrons

b)> atoms that are more
complex can hold up to eighteen
electrons
Inner levels held very tlghtly
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S) outer levels held less tightly

4. Outer energy level is more stable when

completely filled

S. Valence (combinling capacity)

6.

7.

a. # of extra or deflicient electrons In
outermost energy level
b. inert element has the outer level
filled
c. atoms with incomplete energy level
tend to combine with other atoms by
trading or sharing
1> If outer level |s less than half
full, the atom tends to lose
electrons when combining
a) form positive charged lon
called CATION
b)> Na has 1 electron In outer
level and less energy is used to
loge electron than to "find" 7

others
2) If outer level |Is more than half
full, the atom tends to gain

electrons when comblinling
a) forms negatlve charged lon
called ANION
b)> Cl has 7 electrons in the
outer shell and takes less
energy to galn an electron than
loge 7
3) 1f outer level is half full, the
atom tends to share electrons
when comblinling, but can galn or
lose electrons
Molecule
a. two or more atoms combined with
chemical reaction
b. two of the same kind of atoms or two
dl fferent kinds of atoms
c. held together by chemical bonds
compound
a. substance that can be broken down
Into two or more other substances by
chemlcal means
1) chemical changes lnvolving
sharing or transferring
electrons
b. must have at least two elements
involved
c. always bond In speclific amounts that
will not vary
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8. Formulas
a. symbols
b. coefflclents Indicate the number of
molecules
c. subscript tells number of atoms
d. gives the ratio and number of
elements present
e. two types of formula
1) molecular
a) gives number of molecules
b> CHy
2) structural
a) tells the way molecules are put

together
[o]) H
|
H----C----H
|
H

D. Ionlc bonds
1. Ion - atom that has galned or lost 1 or
more electrons
a. |f gains electrons - ends up with
negatlve charge -~ called electron
acceptor
b. If loses electrons - ends up with
poslitlive charge - called electron
donor
c. written with a + or - slgn after the
symbol
2. lons have a net neg. or net pos. charge.
a. + and - attracts atoms together
b. bond results
¢. bond lIs broken when compound Is
dissolved In water
1) lons move around in solution
2) even water lonizes to a small
degree into Ht and OH-
E. Covalent bond
1. Common In organisms, more stable than
fonic
2. Two or more atoms share electrons so each
has a filled outer shell
3. Electrons circle the nuclei of all atoms,
spending an equal amount of tlme around
each
4. Single bond - one pair of electrons are
shared, deslignated wi!th single horlzontal
l1ine
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S. Double bond - two palrs of electrons are
shared, shown by two parallel horizontal
lines

6. Triple bond - three pairs of electrons are
shared, shown by three parallel horlizontal
lines.

F. Hydrogen Bonds
1. A hydrogen atom covalently bonded to one
oxygen atom or one nltrogen atom, but
attracted to another oxygen or nltrogen
atom
. Weak bond (5% of covalent) so will not
bind molecules together
Serve as brldges between molecules or
parts of same molecules
Easily formed and broken
Even though weak, several hundred ln one
molecule can add a lot of strength and
stablility
G. Radloisotopes
1. Isotope
a. atom that has the same chemical
propertles, but a slightly dlfferent
atomic welght than another
b. caused from have a different number
of neutrons in the nucleus - all have
the same # of P
c. atomlc welght on periodic table is an
average of all the |sotopes
d. examples of hydrogen [sotopes
1> protium (H1
2) deuterium H2
3 tritium 1é
2. Radiolsotopes
a. stable [Isotopes do not emit radiation
b. some |sotopes are unstable - they
"decay" (change nuclear structure) to
a more stable form
c. during decay they emit radiation that
can be detected by lnstruments
1) Instruments can estimate amount
of radiolsotope in a sample of
materlal and form and lmage of
distributlion.
d. nuclear mediclne

as W N
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1) radiolsotope scanning

a) doctors inject radioactive
isotope, such as 32p, jnpto
patient

b) nqote where [isotopes gather

c) 32p used to treat leukemia

d> 59Fe used to study RBC
production

2) Positron emission tomography
(PET)

a) short-lived radioisotopes
¢lic, 13N, 150) are produced and
(put into a sol’n that can be
inJected into the body

b> as they circulate through
the body they emit + charged
electrons call poslitrons

c) positrons colllde with -
electrons in body tlssues,
causing their destruction

d) electrons release gamma
rays as they are destroyed

e) gamma rays are detected by
PET receptors

£f)> computers construct a
picture that shows where the
radioisotopes are being used in
the body

g) show the effects of drugs
In body organs, measure blood
flow through organs, detect
cancers etc.

H. Chemical reactlions

1.
2.

equations are a shorthand way to describe
chemlical rxn
Certaln conditions must be present In body
for rxn to occur

a. temperature

b. pH

C. enzymes present
synthesls reactlons - anabollism

a. 2 or more atoms, ions or molecules

combine to form new and larger

molecules

b. A+ B ----> AB

c. combining substances are called
reactants

d. new substance s called product

e. arrow ilndicates directlion in which
the reactlion Is proceeding

f. ex. N + 3§ ---> NH3 Cammonia)
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ex. In body, glucose combines to form
glycogen and amino acids combine to
form proteins

often syn rxn Is dehydratlon rxn when
water |Is given off as a product

4. Decomposition reactions - catabolism

a.

b'
c.
d.

e.

bonds of large molecule are broken
and smaller molecules, atoms or lons
are produced.

AB ---> A + B

ex. CH4 -==> C + 4H

ex. In body, digestion and oxidation
of food molecules

often a hydrolysis rxn where water Is
a reactant that is used up

S. Exchange reactions

a.

b'

partly synthesis and partly
decomposlition
AB + CD ---> AD + BC or AC + BD

6. Reverslble reactlons

a'

b.
CG

the end product can revert to the
original combining molecules
A + B <====> AB
can occur because nelther the
reactants nor the end products are
stable or under speclial conditions
1) speclal conditions are written
under or over the arrows
2) special condltions can be heat
or addition of water

7. Metabollism

a.

b.

c'

The body must break down molecules In
small steps so the energy released
does not destroy the body
The sum of all the synthesis and
decompostion reaction in the body.
High metabol lsm means that the
reactlions are occurring at a
faster rate than normal and body
can’‘t always store |t
1) tend to eat a lot without
gaining weight
2) generate a lot of heat so often
say they are hot
Low metabol ism means that the body
reactions are taking place at a
slower rate than usual
1) food Is only partlially broken
down, and |t occurs quite slowly
2) often have little energy, gain
welght and feel cold
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8. How chemlcal reactlons occur
a. collislon theory

1) all atoms, lons, and molecules
are always moving and colliding
wlth each other.

2) energy transferred by the
particles in the collision might
disrupt thelr electron
structures enough so that
chemical bonds are broken and/or
formed

3) factors

a) veloclties of particles
b)> energy of particles
c) speciflc chemlical
confliguration
d) certain energy needed to
disrupt bonds
e) particles must be In
partlicular
orlentation to react.
b. Catalyst usually will be present

1) will alter rate of reactlon

without Itself being affected
9. Energy and chemical reactlions
a. energy - the capaclity to do work

1) potential - stored
2) kinetlc - motion
b. forms

1) chemical energy released during
breaking of chemical bonds and
absorbed during the formation of
bonds.

a) bullding processes of body
are synthesl!s reactions whlch
use energy

b) digestion |s decompositlon
reactlons which release energy

2) mechanlical energy ls energy
Involved in moving (when the
muscles move a part of the body)

3) Radlant energy, such as heat and
l1ight

a) travels in waves

b)) some release during
decomposition reactlons

4) electrical energy from flow of
charges, electrons or lons
(essentlal for nerve Impulses)
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c. forms of energy can be changed from
one to another, but never created or
destroyed

II. Chemlical compounds and l|fe processes
A. Inorganic compounds - usually lack carbon
1. Water (cannot llve without more than a few
days)

a. most abundant and Important lnorganic
substance In body

1> 60% of RBC, 92% of blood

2) 75% of muscle tissue

b. excellent solvent and suspending
medium (no chemical change required,
amounts lnvolved can vary)

1) solution - liquid or gas, the
solvent, in which some other
materlial, the solute, (solld,
llquld or gas) has been
dissolved

a) can have more than one
solute (or solvent)

b) solute recovered by
chemical means or evaporation

c) example - salt and water

2) suspenslion - materlal mixed with
the suspending medium will
eventually settle out.

a) example - cornstarch and
water

3) collolids

a) particles too large to
dissolve

b) too small for suspension

c) change easily from liquid
to seml-solld and back

d) gelatlin Is good example

4) essentlial to survival

a) blood iIn solution with

oxygen/CO5

b) carrles dissolved nutrients
¢c) suspend molecules to bring
them in contact with other
materlals
c. participates in chemlical reactlons,
both synthesis and decompositlion
d. absorbs and releases heat slowly to
moderate temperature fluctuations in
body
e. good cool ing mechanism because when
1t evaporates, it takes large
quantlities of heat with It
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f. serves as a lubricant - chest,
Jolnts, digestive tract

g'
h'

a.

b'

c'

d'

is a

stable element, It takes large

amounts of energy to decompose |1t
ionlzes to be used in chemical
reactions

2. Aclds, bases and salts

lonization

1

aclid
1)

2>

3

base

1

2

D
4>

salt
1)

2)

)

when molecules of inorganic
acld, bases or salts are
dissolved iIn water, they
dissocliate into ions

a) also called electrolytes
because they can conduct
electric current

a substance that dissoclates
Into one or more hydrogen ions
(H*) and one or more anions.
also deflned as a proton (Ht)
donor because it provides
hydrogen lons to the solution
examples--vinegar and lemon
Julce

Calkall)>

dissoclates into one or more
hydroxyl lons (OH™) and one or
more catlions

viewed as a proton acceptor
because it removes hydrogen lons
from the solution

feels sllppery because |t
removes the top layer of skin
examples - ammonia and most
detergents

when dissolved in water,
dissociated Into cations and
anions, but nelther ls (H*) or
(OH™)
formed from reactlons of acld
with base (water is other
product) This Is called
neutralizatlon

a) KOH +HCl1 -> HOH + KCI

b> 2 KOH + HpS04 -> 2 HOH +
K2S0
many found In the body and are
egsential
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3. Acld-base balance: the concept of pH

a‘

f.

explanation - in water, acids
dissocliate Into hydrogen lons and
bases dissocliate into hydroxyl! ions
the more H+ jn golution, the more
aclid the solutlion

the more OH™ in solution, the more
basic the solutlon

. equal amounts of HY and OH™ mean the

solution in neutral
acldlity expressed on pH scale that
runs from 0 - 14
1) based on the number of H' ions
In solution expressed In
moles/liter
2) at pH 7 there is 0.0000001
moles/L of H?t
a) when this Is written In
exponentlial form 1 x10-7
b)> convert the exponentlal
number to positive and it Is the
pH number
c) 1 x 104 M solution of Ht
is pH 4
3) a change of one pH number
represents a 10 fold lncrease or
decrease in the concentration of
hydrogen ions
4) refer to exhiblt 2-3 on page 36
of Tortora
Neutral (OH~™)] = (H*)

4. Malntalining the pH: buffer systems

a.

b.

pH of body fluids may vary but range
for each are speclfic and narrow
buffer system reacts with strong
acids and bases and replace them with
weak aclds and bases that won‘t
change pH values very much
most common Is carbonlc
acld-blcarbonate buffer system
1) acld component HxC)g <---> H*
+ HCOs-
2) base component NaHCOz <--->
Nat + HCO5™
3) |If strong acld Is Introduced,
the weak base is actlivated
a) HCl + NaHCOz <---> NaCl +
H2C03
b) forms a weak acld and table
salt
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4) |f strong base Is introduced,
the weak acid Is actlivated
a) NaOH + HxCOz <---> HoO0 +
NaHCO
b) forms water and a weak base
5) whenever bufferlng occurs, the
concentration of one member of
the pair is increased while the
other is decreased
6> The buffer substances (HC! and
NaOH) are removed at the
kldneys, and the buffer
solutions are ready for reuse
S. Indicators
a. pH scale
1) Indicate degree of [lon] in
solution
2) most aclidic (0) to most alkaline
(14>
3) 7 = neutral
b. measurlng pH
1) electronic pH meter
2> pH paper
a) turns different colors at
dl fferent pH
1) mixture of chemical
indlcators
11) matched to color
chart to find pH
3) llitmus
a) indicates acid or base only
b)> pink = acld, blue = base
¢c) can be liquid or on paper
4) phenolphthaleln turns pink in
bases over pH 8
B. Organic compounds
1. In general
a. made of long chalins of carbon
molecules
1) carbon can form four bonds with
other atoms
a) has four electrons In outer
shell
b) especlally reactive with
hydrogen
2) relatively large
3) do not dissolve easily In water
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b. other common elements
1) hydrogen - one bond (1 electron
in outer shell)
2) oxygen - two bonds (6
electrons " " "o
3) nitrogen - three bonds (5 * )
4) sul fur - two bonds (6
electrons in outer shell)
5> phosphorous - five bonds (S
electrons)
c. useful for bullding body sStructures
d. usually held together with covalent
bonds
1) good source of energy
2) lonic bonds not good for energy
because they form new lonic
bonds as soon as the old ones
are broken
2. Carbohydrates made by plants
a. sugars and starches
b. functlions
1) bullding block of DNA
2) converted to proteins or fats
3) food reserves (glycogen)
4) most important |s ready source
of energy
c. components
1) carbon, hydrogen and oxygen
2) ratio H:0 Is 2:1
3) general formula (CHz0),
a) glucose C H1 Og
b) ribose
c) sucrose 012é22812
d. groups, based on size
1) Monosaccharides - simple sugars
made from three to seven carbons
¢ Cs" )
are trioses
b) 4 are tetroses
c) 5 are pentoses
d) 6 are hexoses )} most
important in body
e) 7 are heptoses
f) lIsomers can have the same
number of carbons and be called
by different names because the
arrangements of atoms in the
molecule determine its
propertlies
vil) sweet taste, soluble In
water



73

2) dlsaccharlides - two
monosaccharides jolned
chemically (C12H220

a) formatlion is a dehydration
synthesis - water is a product
gsg1zos *+ Cgl120g -> Cy2H220qy +

2b> can be broken down by
hydrolysis which uses a water
molecule

¢c) sweet taste, soluble In
water

3) polysaccharldes - several
monosaccharlides Jolned
[¢cC Hy00g5%4]

? dehydratlon gsynthesis to
form

b) hydrolysis to break down

¢c) do not have a sweet taste

d) not usually soluble |In
water

e) storage form

1) starch In plants
(white of potato)

11> cellulose In plants
(strings In celery)

i11)> glycogen in animals

3. Lipids (essential for cell membrane)

a.
b.

c.

used for long term storage of food,
release the most energy when oxldized
composed of CHO but H:0 ratio are not
2:1
Insoluble in water, but should
dissolve In alcohol, chloroform and
ether
examples of types - fats,
phospholiplds, sterolds, and vitamlins
E and K (see exhiblt 2-4, p 39,
Tortora)
molecule of fat 1s made up of a
glycerol and 3 fatty acld molecules
(dehydration synthesis)
saturated fat
1) no double bonds between any
carbons and all C’s are bonded
to the maximum number of
hydrogens
2) occur mostly In animal foods
3) also In cocoa and palm butters
4) many tlmes are solld (nearly) at
room temperature



74

g. unsaturated fat
1) one or more double covalent
bonds between carbon
2) ollve or peanut oil
3) quite often a liquid at room
temperature
h. poly unsaturated fat
1) two or more (many) double
covalent bonds between carbons
2) corn oil, sunflower oil, soybean

oil
3) usually liquid at room
temperature
1. most highly concentrated form of
energy
1) twlce as much energy as proteins
or CHO

2) but 10-12% less efficient as
fuels than CHO
J. prostaglandins (PG> assoclated with
membranes and influence functlioning
of the cell by mimicking hormones
k. llpo-protelins
1) HDL - remove cholesterol from
blood so it can be excreted
2) LDL - seems to deposit
cholesterol on artery linings
4. Protelns
a. ln general
1) complex
2) much of body structure and
related to many physiologlical
activities
3) denatured by change 1in
temperature or pH (changes
shape)
4) speciflc sequence of amino aclds
b. components
1> C, H, 0 & N; sometimes S & P
2) bullt of 20 dlfferent amino
aclds Jolned with peptlide bonds
(dehydration synthesis)
3) 2 a.a. = dipeptide
4) 3 a.a. = tripeptide
S) 4 to several hundred =
polypeptlde
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¢c. structure

1

2)

3D

4)

S. Enzymes

primary level

a) sequence of amlno acids In
molecule

b) single substitution can
result in a deformation of
molecule (Hb)
secondary level

a) colllng or zlg-zag
arrangement along two dimensions

b)) splirals or pleated sheets
tertliary level

a) bending or folding into a
3-D shape
quaternary structure

a) two or more tertiary
patterns bonded to each other

a. characteristics

1

a

2)
3

4)
S

organic catalyst whlich changes
the rate of the reaction
without being involved iIn the
reaction
can speed reaction up to 10
billion times without an
increase in temperature or
pressure which can kill the cell
large protein molecules with
characteristic 3-D shape
speciflc In reactions catalzyed
and molecules (substrate)
reacting
a) lock and key model
b)> lnduced fit
i) slightly plastic
actlive site
I1> can mold around
substrate that "almost" fits
end In suffix "-ase"
shape is Important in
determining actlivity
a) altered by heat
1) most won‘t function
above 600¢C
11> high heat kills
enzymes needed for 1| fe
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b) lead and mercury compounds
affect actlive sites of some
enzymes

i> Pb and Hg poisonous
11> Hg absorbed through
skin
111> Pb Ingested or
inhaled
6) needed only in small quantities

a) can be reused

b)> one molecule of catalase
can catalyze the breakdown of S
million molecules of Hy0, within
one minute

7) enter Into reactlion with
substrate to form temporary
comp | ex

8) Have an actlve slte where the
substrate can blnd

9) actions are reversible

a) A + B--> AB can also be AB
-->A + B

b) usually written with double
arcow

10) rates vary with environmental
conditions

a) temperature

1> rate lncreases untll
optimum Is reached then is
denatured and stops workling

11) denaturization starts
about 40 C (104F) and rxn rate
drops sharply

b)> amount of enzyme and
subsgtrate

1) rate increases until
all enzymes are actively engaged
and then it levels off

c) pH

1> optimum pH varles with
enzyme

11> many at around 7 but
there are exceptlons such as
pepsin which works best about 2
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b. Parts
1) some are only proteins
2) most have proteln component
called apoenzyme that Is
Inactive without a non-protein
cofactor -- whole thing called
holoenzyme
a) metal lons such as zinc,
lron and calclum
b) vitamins, especially the B
vitamins
c. mechanism of actlon
1) surface of substrate makes
contact wlith speclflc region on
surface of enzyme molecule known
as actlive site
2) temporary Intermediate forms
called enzyme-substrate complex
3) substrate Is transformed
a) by rearrangement of
exlsting atoms
b) by breakdown of substrate
molecule
c) by combination of several
substrate molecules
4) transformed substrate molecules
= product
S) product moves away from enzyme
6> enzyme attaches to new substrate
6. Nuclelc aclds: DNA (from parent to
offspring) and RNA (from nucleus to
cytoplasm)
a. flrst discovered in nucleus of cells
b. large organic molecules with C, H, O,

N&P
c. basic bullding unit is nucleotide
(baslic pH>

1) one of four possible nitrogen
bases In a ring arrangement
a) A and G are double ring
purlnes
b)> T and C are single ring
pyrimidines
2) pentose sugar called deoxyribose
In DNA and ribose In RNA
3) phosphate groups
4) named accordling toc nltrogen base
d. structure deduced In 1953 by James
Watson and Frances Crick from x-ray
dlffraction studies done by Roselyn
Franklin and Maurice Wilkins
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e. characterlistics of DNA
1> two strands with crossbars
2) strands twlst around each other
In double hellx, most to the
right
3) sides of strands are made up of
alternating phosphates and sugar
4) crossbars are paired nitrogen
bases - a large purine palred
with a smaller pyrimidine, A-T
and G-C
5) genes
a) hereditary material found
in cells
b)) made up of segments of DNA
molecules
¢) determline tralts we lnherlit
d) control all cell activities
7. Adenosine Trlphosphate (ATP)
a. found In all living systems and
stores energy for cellular activities
b. three phosphate groups and adenosine
unit with adenine and rlbose
c. when termlnal phosphate group |s
hydrolyzed the reaction llberated a
great deal of energy
d. energy |s used by cell for Its
actlivities
e. left over molecule iIs ADP which can
be bond another P if energy is added
from decomposition reactlions
f. ATP <---> ADP + P + energy
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12.
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14.
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19.
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22.
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BEHAVIORAL OBJECTIVES FOR CHEMISTRY UNIT

deflne matter, elements, atoms

glven symbols of 15 selected elements, give names
and vice versa

list 4 major element and 12 of 20 trace elements In
body

explain simple Bohr model of atom; llst parts and
deflne each

recognize elements from atomic drawling; sketch any
element when glven elther atomic mass or atomic
number

calculate atomlic mass from atomic number, electron
number, proton or neutron number

deflne and describe electron energy levels; gliven
an electron number, be able to assign to the
correct energy level

predict atomic bondlng relatlve to the number of
electrons In the outer shell and/or position of the
element on the perlodlic table

deflne and glve examples of molecule, compound,
lonlc, covalent and hydrogen bondlng

discuss importance of hydrogen bonding relatlve to
human body

define and discuss importance of radlolisotopes In
detection of homeostasis breakdown.

discuss and glve examples of types of chemical
reactlons; be able to recognlze type of reaction
from an equation

list and explaln 4 of S factors that affect the
rate of reactlon

describe 3 of 4 forms of energy; glven examples,
tell form of energy involved

List 4 of 6 Important characteristics of water, be
able to explaln and glve examples of each

define and glve examples of aclds, bases, salts and
pH.

describe what makes a solution acldlic or basic and
how to test for acidity; derivation of most
Indicators

glven molarlity, (H*), or (OH™] determine pH and
vice versa

explain the properties of a buffer, and descrlbe
how the carbonic acid/ blicarbonate buffer system
works In the body.

define and recognl!ze an organic molecule by name or
formula; define

1ist characterlistics of carbohydrates, proteins,
liplds, nuclelc aclds

describe a simple chemical test for the three major
types of organic molecules
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23. given model parts of a DNA molecule, recognize that
there |s only one way to assemble; 1ist bases and
palirling order; draw simpllified DNA or RNA molecule

24. explain briefly how energy Is stored and released
in the body.

25. Interpret graphed or tabulated data

26. wrlite conclusions from observatlions, cliting the
observations for support
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PHYSIOLOGY PRE-TEST FOR CHEMISTRY

Fall 1988
Name
Date Hour
Read all of the following questions carefully and

answer them according to the instructlons provided.

MULTIPLE CHOICE: Select the lettered cholce that best
answers each question.

1'

Chemlically, the protoplasm of cells consists of

a) mostly rare elements b)) hundreds of dlfferent
elements c) elements, each of which usually
retalns 1ts own elemental characteristics

d) mostly common elements e) mostly elements with
high atomic masses

The four most common elements in the human body
are

a) carbon, hydrogen, oxygen and chlorine

b) carbon, oxygen, nltrogen, and chlorlne

¢c) carbon, hydrogen, nltrogen and calcium

d) carbon, hydrogen, oxygen and lron

e) carbon, oxygen, hydrogen and nitrogen

Which of the followlng statements regarding pH s
true?

a) a dilute solutlon of almost any acid will have
a pH of somewhere above 7

b)> the pH scale is used to iIndlcate the acldity of
solutlions, but not the alkalinity

¢c) a solution of pH 4 |Is twlce as acldic as one
with pH 2

d) a solution with ph 8 Is more acid (less
alkallne) than one with pH 9

e) none of the above |s true

A molecule of carbohydrate contains the chemlcal

elements a nitrogen, carbon and hydrogen
b) calclum, carbon and chlorline c) carbon,
hydrogen and oxygen d) carbon, oxygen and

phosphorus e) carbon, oxygen and nitrogen
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CeHy 20g
a }s an example of a structural formula

b) represents a hexose

c) Ils a form of glycerol

d) is a product of the digestion of proteins
e) |Is formed by the digestion of fatty acids

Polysaccharlides a) are a type of complex
carbohydrate b) include lecithin ¢c) are reduced
to fatty acid on digestion d)> contain nitrogen
e) have a definite empirical formula

A molecule of fat a) may be stored as part of a
protein molecule b) Is known as a ‘“proteln
saver" c) Is converted into amino aclds d) can
repair or replace protoplasm e) is composed of
one molecule of glycerol and three molecules of
fatty acld

The most complex organlic compounds are
a) dlisaccharldes b) starches c) proteins
d) fats e) monosaccharldes

Which of the followling Is true

a) both adenine and DNA are found In the cytoplasm
of the cell

b)> neither adenine nor DNA are found {n the
nucleoplasm of a cell

c) DNA constitutes a part of the adenlne molecule
d) adenine constitutes part of the DNA molecule

e) adenine and DNA are completely unrelated

Genetlc Informatlon for cell use |s repllicated
from deoxyrlbonucleic acld Into another type of
nuclelc acid a) called amino acid b> found
only in the nuclel of cells c) having a more
complex molecular structure that DNA d) after DNA
has passed from the nucleus to the cytoplasm
e) known as ribonucleic aclid (RNA>

The expendlture and transformatlon of energy which
is the basis for all 1lfe processes a) Is called
anabol lsm b> Is also the basis for organic
evolution ¢) depends upon plant and animal
hormones d) 1Is controlled by chemicals called
enzymes e) may be related mathematically using
the Hardy-Welnberg law
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A substrate a) ls a substance that |Is affected
by a vitamin b)) ls the substance that 1s affected
by an enzyme c¢) forms the dentine of teeth e) |Is
as easlily affected by temperature as an enzyme is

In enzyme actlon a) an enzyme precursor forms a
complex (comblination)> with the enzyme b) large
molecules are always reduced to smaller ones
c) a glven enzyme may react chemically with a
large numbers of molecules d) the substrate is
the substance acted on e) a high concentration of
enzyme molecules |s necessary for proper catalytic
actlion

The role of vitamins In metabolism Is that they
combline wlth other substances to form larger
molecules called a) coenzymes b)> hormones
¢) substrates d) pangenes e) antienzymes

Enzymes a) are highly resistant to the actlion of
strong aclds b)> can easlly be made In a
laboratory ¢c) are not affected by temperature
changes d) are unchanged by the reactlons they
bring about e) are lnorganic compounds

Which of the following 1Is the most complex
compound? a) protein b)) amino acid c) nitrate
d)> lnorganic nitrite e) ammonla

A catalyst Is a) a substance which affects the
rate of a chemical reactlion b> a powerful
oxldizing agent c) a substance that does not
take place In any part of a chemlcal reaction
d) a strong electrolyte e) the negative pole of
an elctrolytlic cell

Which of the following Is NOT a compound?
a) water b) sugar ¢’ hydrogen d) salt
e) carbonate

The atom can be seen by means of a) an electron
microscope b)) a compound microscope <¢) a geiger
counter d> no Instrument now avalilable
d> a spectroscope

The most abundant compound in protoplasm |Is
a) proteln b)> carbohydrates c) fat d) sugar
e) water
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The elements always contalned in proteins are
a) carbon, hydrogen and oxygen b> carbon,
hydrogen, sulfur and phosphorous ¢) carbon,
hydrogen, oxygen and nltrogen d> hydrogen and
oxygen e) calcium, sulfur, potassium and lron

Simple sugars, double sugars, starches and
cellulose belong to a group of organic compounds
known as a) fats b)) proteins c¢) carbohydrates
d) enzymes e) amino aclds

The substance which In the body acts as a solvent
for mineral salts and many organic compounds, that
favors the movement of materials, and that changes
temperature slowly |Is a) protein b> water
¢c) fat d) carbohydrate e) enzyme

An enzyme Is a)> an organic catalyst b)> an
organlic digestive Juice ¢) an organic hormone
d) an acld e) a complex lnorganic protein

The number of dlfferent COMPOUNDS now known to
exlst Is
a) greater than b) less than c) the same as

the number of ELEMENTS known to exist

Which class of foods ylelds the greatest number of
calories per unit? a) protelins b) fats
c) vitamins d) carbohydrates e) mlneral salts

Any substance which tends to minimize the
fluctuations In the hydrogen 1lon concentration
wlithin the cell |s called a(n> a) acid

b) salt c) buffer d) catalyst e) amino acid

the wunlits of structure of protelns are

a) glycerlne b)> amino aclds ¢c) monosaccharides
d) fatty acids

The units of structure of fats are a) glycerol
and fatty aclds b> amlino aclds
c) monosaccharldes d fatty aclds e) none of
the above

Simple substances whlich can be nelther decomposed
nor transferred Into one or another by ordlnary
means |s a) an element b) a heterogeneous
mixture d> a homogeneous mixture e) a compound
e) none of these
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31. Which one of the followlng terms Includes the
other four?

a) molecule b) atom c) element d) compound
e) matter

32. When a fat Is synthesized, a) fatty aclids comblne
together b)> simple sugars comblne together
c) fatty acids combine with glycerol d) glycerol
comblnes with a simple sugar e) amino aclds
comblne to form large molecules

33. If distilled water were tested with a pH meter,
Its pH should be a) 2 b) 7 ¢) 13 d) 4 e) 8

SHORT ANSWER: answer the following questions

completely. You do not need to use complete sentences.

Be sure dlagrams are well labeled.

34. List three propertles of water that make it
important to the body

35. Make a diagram to show the arrangement of protons,
neutrons and electrons In a carbon atom.

36. What kind of bond (lonic or covalent) would an
atom be llkely to form lf It had one or two outer
electrons?

37. Use chemical symbols to write the formula for
carbon dloxlde.

38. Wrlte an equation (it does not have to be
balanced) to show that water and carbon dloxlde
comblne to form carbonlic aclid HxCOg.

39. What Is the pH scale used to express?

40. Deflne the term: chemical formula.

41 Deflne aclid and glve an example of one.
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PHYSIOLOGY POST-TEST FOR CHEMISTRY

Fall 1988
Name
Date Hour
Read all of the following questions carefully and

answer them according to the instructions provided.

MULTIPLE CHOICE: Select the lettered cholce that best
answers each question.

1.

Chemlically, the protoplasm of cells consists of

a) mostly rare elements b)) hundreds of dlfferent
elements c) elements, each of which usually
retalns Its own elemental characteristics

d) mostly common elements e) mostly elements with
high atomic masses

The four most common elements in the human body
are

a) carbon, hydrogen, oxygen and chlorlne

b) carbon, oxygen, nitrogen, and chlorine

¢c) carbon, hydrogen, nitrogen and calcium

d) carbon, hydrogen, oxygen and lron

e) carbon, oxygen, hydrogen and nltrogen

Which of the following statements regarding pH |Is
true?

a) a dilute solution of almost any acid will have
a pH of somewhere above 7

b) the pH scale |s used to indicate the aclidity of
solutlons, but not the alkallnity

c) a solution of pH 4 Is twlice as aclidic as one
with pH 2

d) a solution with ph 8 1Is more acid (less
alkallne) than one with pH @

e) none of the above is true

A molecule of carbohydrate contalns the chemical

elements ad nitrogen, carbon and hydrogen
b> calclum, carbon and chlorine c) carbon,
hydrogen and oxygen d)> carbon, oxygen and

phosphorus e) carbon, oxygen and nitrogen
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CeH,y 20¢

a) Is an example of a structural formula

b> represents a hexose

¢c) Is a form of glycerol

d) Is a product of the digestion of proteins
e) is formed by the digestion of fatty acids

A molecule of fatty acid a)> has the same
structural formula as a monosaccharide
b)> has the same emplirical formula as a
monosacchar | de c) Ils elther saturated or

unsaturated d) has an equal number of carbon and
oxygen atoms e) contains nltrogen

Amino aclds a) are a true acld b) are present in
carbohydrates c) are present In cellulose
d> contaln nltrogen e) are also called fatty
aclds

Each unit compromising the DNA macromolecule |Is
made of a) a nltrogenous base b)Y a five carbon
sugar ¢)> a phosphate d) all of the above
e) a nltrogenous base and a phosphate.

Genetic Information for cell use Iis replicated
from deoxyribonucleic acid into another type of
nucleic acid a) called amlno acid b> found
only In the nuclel of cells ¢c) having a more
complex molecular structure that DNA d) after DNA
has passed from the nucleus to the cytoplasm
e) known as rlbonuclelc acid (RNA>

The expendlture and transformation of energy which

Is the basis for all life processes a) ls called
anabol I sm b> 18 also the basis for organic
evolutlon ¢) depends upon plant and animal

hormones d) Is controlled by chemicals called
enzymes e) may be related mathematically usling
the Hardy-Welnberg law

The main function of an enzyme |s to speed up or

slow down a speclflc chemical reactlion. This
statement °‘Is most closely related to which of
these 1lfe characteristics? ad Ircitablllity

b)> metabollsm c) reproduction d) adaptablllty
e) growth
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In enzyme action a) an enzyme precursor forms a
complex (comblination) with the enzyme b) large
molecules are always reduced to smaller ones
c) a glven enzyme may react chemically wlith a
large numbers of molecules d)> the substrate ls
the substance acted on e) a high concentratlion of
enzyme molecules |s necessary for proper catalytic
actlion

The role of vitamins In metabolism Is that they
combine with other substances to form larger
molecules called a) coenzymes b)> hormones
c) substrates d) pangenes e) antlienzymes

When enzymes act a) the energy for thelr actlons
is derlved from the enzymes themselves b> the
resultling products are called substrates ¢c) an
intermedlate enzyme-substrate complex |s probably
formed d) the enzymes are destroyed during the
enzyme actlion, so much be constantly produced
e) thelr reactions are not affected by the pH or
concentration of the substances acted on.

Enzymes a) are hlghly resistant to the action of
strong aclds b> can easily be made |n a
laboratory c) are not affected by temperature
changes d)> are unchanged by the reactions they
bring about e) are lnorganic compounds

Subdlvision of large, complex molecules Into thelr
smaller, simpler components 1Is accomplished by
chemlcal reactlion known as a)> condensatlion
b> hydrolysis c) plasmolysis d> syntheslis
e) agglutination

Which of the following is NOT a compound?
a) water b)) sugar ¢) hydrogen d) salt
e) carbonate

The atom can be seen by means of a) an electron
mlcroscope b)) a compound microscope c¢) a gelger
counter d) no Instrument now avalilable
d) a spectroscope

Which of the followlng groups of elements make up
almost 99% of the protoplasm of organism?

a> hydrogen and oxygen b> carbon, hydrogen,
oxygen and nltrogen ¢) carbon, hydrogen and
oxygen d)> carbon, hydrogen, oxygen, sodlum and
phosphorous
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The most abundant compound in protoplasm |is
a) proteln b) carbohydrates c) fat d) sugar
e) water

Slmple sugars, double sugars, starches and
cellulose belong to a group of organic compounds
known as a) fats b) proteins c¢) carbohydrates
d) enzymes e)> amlno aclds

The substance which in the body acts as a solvent
for mineral salts and many organic compounds, that
favors the movement of materlals, and that changes
temperature slowly 1is a) protein b)> water
¢) fat d) carbohydrate e) enzyme

Which of the followling statements best
characterizes fats?

a) they are syntheslzed from amino aclds

b)> they contain hydrogen and oxygen In the same
proportions as these elements occur ln water

c) They are made up of more complex molecules than
are protelins

d) they serve primarily as a protoplasm-bullding
material

e) they have less oxygen In proportion to hydrogen
than do carbohydrates

An enzyme |Is a) an organic catalyst b) an
organic dlgestive julce c)> an organic hormone
d) an acid e) a complex inorganic protein

The number of dlfferent COMPOUNDS now known to
exist is
a) greater than b) less than ¢) the same as

the number of ELEMENTS known to exlst

Which class of foods ylelds the greatest number of
calorles per unit? a) protelns b) fats
¢c) vitamins d) carbohydrates e) mineral salts

Carbohydrates, fats and protelns always contaln at
least

a) carbon, hydrogen and oxygen

b) carbon and hydrogen but not necessar!ly oxygen
c) carbon and oxygen but not necessarily hydrogen
d) oxygen and hydrogen but not necessarlily carbon
e) nltrogen



28.

29.

30.

31.

32.
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Which of the following statements best descrlibes
an organlc substance?

a) It |Is a material which 1s less combustlible than
an lnorganic substance

b> It Is a materlal capable of belng produced by a
living organism only

c) It 1Is a long chaln carbon compound that can be
easily syntheslized In elther the body of a living
organism or In the laboratory

d it is a compound which always contains
nitrogen, sulfer and phosphorous

e) It |s the bridge between living and non-living
matter

Any substance which tends to minimize the
fluctuations in the hydrogen 1lon concentration
within the cell is called a(n) a) acld

b) salt c) buffer d) catalyst e) amino acid

the wunits of structure of proteins are
a) glycerine b) amlno aclds c) monosaccharlides
d) fatty aclids

Simple substances which can be nelther decomposed
nor transferred into one or another by ordinary
means |is a) an element b> a heterogeneous
mixture d)> a homogeneous mixture e) a compound
e) none of these

Which one of the followlng terms Includes the
other four?

a) molecule b) atom c) element d> compound
e) matter

SHORT ANSWER: answer the following questions

33.

34.

3S.

36.

completely. You do not need to use complete
sentences. Be sure diagrams are well labeled.

List three properties of water that make it
Important to the body

Make a dliagram to show the arrangement of protons,
neutrons and electrons in a carbon atom.

What kind of bond (lonic or covalent) would an
atom be likely to form |f It had one or two outer
electrons?

Use chemical symbols to write the formula for
carbon dloxlide.



37.

38.
39.
40.
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Write an equation (It does not have to be
balanced) to show that water and carbon dloxlde
comblne to form carbonic acid H2c03

What lon causes a solutlon to be an acid?
Define the term: chemical formula.

Deflne aclid and gilve an example of one.



APPENDIX E
STUDENT INTERVIEWS
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INSTRUMENT FOR INTERVIEWING STUDENTS ABOUT CHEMISTRY
UNIT

What do you remember most about the unit on chemistry?
Why?

What part of the unit has been most helpful with the
other toplcs you’ve studled? Why?

What do you think was easiest to learn? Why?
What was the most difficult to learn? Why?

Do vyou think the time spent on the unlt was
approprlate, too long, or too short? Why?

Would you rather see more (or fewer) labs? Why?

Do you flnd |t easler to learn from the labs or text?
Why?
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STUDENT INTERVIEWS CONCERNING CHEMISTRY UNIT

The Physlology class this year |s made up of a mix
of tenth, eleventh and twelve grade students. They all
expect to attend college. The chemistry unit was
taught from September 12 to October 14, 1988.
Interviews were conducted April S and 6, 1989. The
students took a retest of the material on Aprlil 3, 1989
to compute retention and remind them of the unlt. The
criteria for selection of students for interviews was
based on a set of random numbers generated by the
computer and modified by absences and volunteers. One
of the two students with low grades refused to be
Interviewed, and the second was absent both days. The
following questlions were put to the students. Answers
are wrltten In order glven.

1. What do you remember most about the unit on
chemistry? Why?

What part of the unit has been most helpful
with the other toplics you’ve studlied? Why?
What do you think was easlest to learn?

What was most dlifflcult for you? Why?

Do you think the time spent on the unit (6
weeks) was appropriate? Why or why not?

Would you rather see more or fewer labs? Why?
Do you find It easler to learn from the book
or the labs?

N~y LA N

. .

Student #14 |Is an A/B student. He must study to do
well on the tests and does dally work consistently.
When asked what he remembered most on the chemistry
unit, he could not remember anything. He was the first
person to be interviewed.

Student #10 Is an A/B student. He 1Is consclentlious
about tests and dally work, but good grades do not come
easy for him.

1. The, ah, symbols for the elements. [no answer
on why]l

2. probably the unlt on chemistry

3. the atoms [ho answer to whyl

4. the bonding, they’re hard to separate

5. Just right because it wasn‘’t too long to make
you bored and [t wasn‘’t too short so you
didn‘t get enough

6. fewer, too tedlous

7. readlng text [(no answer to why]l
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Student #8 Iis a high achlever. He consistently sets
the curves on tests and qulizzes. He takes his book
home almost every night and actually does the assigned
readlng.

1. covalent bonding ‘cause I had a little bit of
It In ninth grade

2. probably when we learned all the names of the
elements and symbols and everything so because
there’s a 1ot of that in like the nervous
system and the Intestinal system

3. um, hum let’s see

4. can’t really remember anything that was easy
or difficult

S. It was flne the way It was, |f you make It any
longer you sort of get out of the class
because |[ts physliology, not chemistry so

6. probably Just around where it was

7. 1°’d say the textbook, but then you can see it
work In the labs, but I learn more from the
text.

Student #4 |s a B student. 1 think she |Is working a
little over capaclity because she is competing with her
younger brother who Is also iIn the class.

the element chart because we used [t a lot

the element chart and when we did the pH and
stuff 1lke that

the pH because |t Jjust was

the element chart because there was so many to
learn

. 1t was a little long

fewer cause I don‘’t like labs

. textbook!

N AW NN

Student #9 |s a C student and has to work very hard to
keep her grade at that level. She focuses on facts
rather than concepts.

the elements

the pH scale, because I llke (unintelligible
for rest of answer)

"learning to work with the pH scale

the elements and compounds cause |t was
difficult for me

. [no answer]

more, I llike labs

the labs

NSO A N
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Student # 19 1s a C/B student. He could do better but
tends to be a little lax on the dally work.

1. ah, pH [long pause, no answer to why]l

2. [no answer]

3 um, ah, the section on bones and muscles
[interviewer "that wasn‘t In the chemistry
unit."] Oh, ah, I, I...

the... um... the formulas

no, It was about....rlght, because |t was a...
um... a complex subject

. fewer,(no answer to why]l

the lab because you experience It instead of
reading |It.

Ny v

Student #11 says she does not understand anything that
Is golng on In the <class and at one time had
contemplated dropping the course, but she consistently
maintalins a B average.

1. um, I remember the stuff about enzymes and
about different substances that, you
know,(rest of answer wunintellligiblel. We
worked on that a lot and did stuff about |t
and then we....

2. well, llke the stuff we learned about enzymes
that you use with other stuff about your body

3. well, llke when we did all those labs about
the enzymes |t makes [t easy to remember and
everythlng

4. well, I can’t remember like all the different
names and dlfferent functions and that. 1
know ‘em but I don‘’t know all the names and
stuff )

5. well, I think that was about the right amount

of time, not too long or tooc short

6. um, 1’d say more because labs are pretty easy.
You don‘’t have much homework or anythlng,
you‘re Jjust workling

7. from a lab because you can see |t and touch
It. If you read you can‘t really visuallze
what’s happening but a lab 1t’s there and it
shows you.
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#2 1Is a C/D student. She 1Is active 1In

extracurricular functions and often neglects her dally
work as a resuit. She does poorly on most tests.

1.

7.

the symbols. There was just a lot of them to
get mixed up

Just knowing what the things were and |t
wasn‘t as much trouble and the unlits were
ment ioned and we knew what they were

the structural formulas were easy to remember

Just remembering them

more would be better, but It wouldn‘’t be the
class, you need to spend an equal amount on
everythlng.

well, we did a lot at once and then we didn’t
and then we did a lot agaln, It would be
better spread out and then more wouldn’t
matter

The labs, lts hand’s on

Student #17 probably Is able to understand concepts
covered in labs easler than most of the students in the

class.

He has Improved much since the start of the

year and now carrles an A average. He scores high on
the tests and does most of his dally work.

1.
2.

the pH scale and buffers ‘cause of all the
color :
um, the part wlith the pH scale cause we dld a
lot of that when we went to the food stuff, |t
had all the ph scale

the pH scale

um, can‘’t remember.... the buffer system
because you had to remember all the different
stuff

I think that It was pretty good

We did a lot of labs

From the labs



APPENDIX F
STUDENT SURVEY ON CHEMISTRY IMPORTANCE
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SURVEY FORM FOR CHEMISTRY UNIT
Please answer the following questions by clrcling the
approprlate response. Flve Indlcates a strong poslitlve
res?onse such as very much or qulte often. One
Indlcates a strong negatlve response such as not at all
or never.
Each toplc willl have three areas to glve your oplnion
on: .
A. How often do you run across thls concept In
your dalld 11fe?
thls? B. How often do you apply what you learned about
"C. How Important do you think It is In your 1ife?
Acld/gase balance
B
C
Atomlg bonding
B
C
Atomlg structure
B
C
Buffers
A
B
C
CarboRYdrates
8
Catalxst/enzymes
8
Chemlgal reactlons
B
C
Compoxnds
g
Elemegt or molecular symbols
B
C
Elements
A
B
C
Indlcgtors
B

L1 ldc
plds
A

C
Metabglism

B
C
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Survey for Chemistry unit

F T T e e e T

A. How often do you run across thls concept In your dally 1ife?
B. How often do you apply what you learned about this?
C. How important do you thik it is in your life?

Concept responses average
Acld/base balance

b 111111111222233333 1.78
c 111111222222233344 2.06
a 111122222222333444 2.28
Atomic Bonding

a 111111111122233344 1.83
b 111111111222233344 1.89
c 112222222233333355 2.56
Atomic Structure

a 111111111122223344 1.78
b 111111111222223344 1.83
c 111122222222333334 2.17
Buffers

a 111111111222223444 1.89
b 111111122222222344 1.89
c 111111222222233344 2.06
Carbohydrates

a 111111334444445555 3.11
b 111223334444444455 3.22
c 112233333444444555 3.33
Catalyst/enzymes

a 111111112222333444 2.06
b 111111122222223334 1.89
c 111122222222333345 2.28
Chemical reatlions

a 111111122223334455 2.33
b 111112222233333444 2.33
c 111112222333344455 2.61
Compounds

a 111111222222333445 2.22
b 111122222233333345 2.39
c 111122222223334444 2.39
Element or molecular symbols

a 111111111123333445 2.06
b 111111222222233444 2.11
c 112222223333344444 2.72
Elements

a 111111112222333345 2.06
b 111111222222233444 2.11
c 112222223333344444 2.72



Indlcators
a

b

c

Liplds

a

b

(]
Metabol ism

s o]

rotelns

alts

QUeewnwnaoOs'vQ OO0 O0N

100

111111111222222434
111111111222222333
111111222222223334

111122223333344555
111222233333344445
122222223333334555

111111233334444455
111222233333444444
112222233334444445

111111122223333445
111112222222233333
111112222223333344

111112222223344555
112223333344444445
122333333334455555

111111223333444555
111222223334444555
122222233333444455

1.78
1.67
1.94

2.78
2.78
2.89

2.78
2.78
2.94

2.22
2.00
2.22

2.56
3.11
3.44

2.72
2.94
3.00
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198788 CHEMISTRY TEST SCORE DATA

PHYSIOLOGY 1987 (one week on chemistry)

Student sex grade post-score possible % grade
GS M 12 28 42 66.67%
EwW F 11 33 42 78.57%
TY F 11 35 42 83.33%
JA F 10 23 42 54.76%
GC F 10 37 42 88.10%
KD F 10 21 42 50.00%
EH F 10 31 42 73.81%
JH F 10 33 42 78.57%
LM F 10 29 42 69.05%
SM F 10 28 42 66.67%
KP F 10 16 42 38.10%
JO F 10 29 42 69.05%
DB M 10 21 42 50.00%
SD M 10 27 42 64.29%
JF M 10 32 42 76.19%
RH M 10 24 42 57.14%
PM M 10 28 42 66.67%
BR M 10 18 42 42 .86%
LK F 12 33 42 78.57%
JP M 11 26 42 61.90%
RS M 11 21 42 50.00%
TG F 10 23 42 54.76%
AK F 10 30 42 71.43%
KK F 10 30 42 71.43%
SL F 10 25 42 59.52%
SA M 10 38 42 90.48%
CB M 10 32 42 76.19%
DH M 10 33 42 78.57%
MH M 10 20 42 47.62%
HM M 10 20 42 47 .62%
BS M 10 22 42 52.38%

Averages 28.12 66.96%

R R S S S S S S S S S s S S S S S s S s S e e S e e EEEEEEs=
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1986/87 CHEMISTRY TEST SCORE DATA

PHYSIOLOGY 1986 (two weeks on chemlstry)

Student sex grade post-score possible % grade
MD M 12 16 22 72.73%
PH M 12 20 22 90.91%
SB F 10 21 22 95.45%
DC F 10 9 22 40.91%
SC F 10 21 22 95.45%
AC F 10 14 22 63.64%
JC F 10 20 22 %0.91%
CcC F 10 12 22 54.55%
HF F 10 15 22 68.18%
SG F 10 22 22 100.00%
DG F 10 17 22 77.27%
KG F 10 18 22 81.82%
JH F 10 22 22 100.00%
PH F 10 2 22 9.09%
MH F 10 20 22 90.91%
JA M 10 16 22 72.73%
CA M 10 13 22 59.09%
PB M 10 16 22 72.73%
BD M 10 18 22 81.82%
JL M 12 15 22 68.18%
KM F 10 15 22 68.18%
TO F 10 12 22 54.55%
RS F 10 18 22 81.82%
RS F 10 22 22 100.00%
BM M 10 15 22 68.18%
JM M 10 20 22 90.91%
MS M 10 20 22 90.91%
Cs M 10 14 22 63.64%
NS M 10 21 22 95.45%
BS M 10 21 22 95.45%
AW F 12 14 22 63.64%
RH F 10 19 22 86.36%
DH F 10 13 22 59.09%
JK F 10 7 22 31.82%
TL F 10 12 22 54.55%
HM F 10 21 22 95.45%
NM F 10 14 22 63.64%
TO F 10 17 22 77.27%
CP F 10 4 22 18.18%
LP F 10 18 22 81.82%
AR F 10 13 22 59.09%
TT F 10 17 22 77.27%
RT F 10 12 22 54.55%
SD M 10 14 22 63.64%
SM M 10 9 22 40.91%



APPENDIX H
COMPUTERIZED ANALYSIS OF MULTIPLE CHOICE PORTION OF TESTS
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ITEM ANALYSIS



Post Test Item Analysis by Item
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"ATOM" LAB

Purpose: To determine the locatlon and composition of
the "nucleus" of the "atom"

Test: You will be glven a clay ball contalning a small
common household or classroom ltem. You will also get
a dissecting probe. Make flive probes Into the ball,
writing down what you found after each one. You must
make each probe iIn a dlfferent location. You will
probably want to make a record of where you make the
probes. After five pokes, draw the location and shape
of the nucleus of your atom.

Now, you may make S more pokes. Agaln, write down
what you find with each one, and at the end, draw the
locatlon and shape of the nucleus.

You may make five more probes. (The 1imit 1Is 15!

I will count.) Draw the location and shape of the
nucleus. Using your written observatlions, tell what
you think Is In the clay ball, and why you think [t is
what you think it Is. After I have read your
conclusion, you may "split" your atom.
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BLACK BOX LAB I

Purpose: To determine the shape of the maze inside the
box using all your senses but sight.

Test: Carefully roll, twist, shake, or otherwise
manlipulate the black plastic box that contalins a ball
bearing and a maze. From the feel and sound of the
ball moving Inside the box, determine the shape of the
maze. Write down all your observations and write your
conclusions using the observatlions you took. You will
need to have a drawing of the maze before you can see
what your maze is. Then, compare what you thought you
had with what you did have. How can you account for
the di fferences?

BLACK BOX LAB II

Purpose: To determine the contents of a small
cardboard box contalining small household items without
using slght.

Test: Use all your senses, except sight to try and
determine what iIs In the box. You may shake, sllide,
roll or drop the box. Be sure to write down each
manipulation. This will be the procedure part of your
lab write up. Wrlite down what happened during each
manipulation. This are the observations. If you wish
you may use some other ltems to help you test. You may
wish to use a magnet, or balance, or you may wish to
put the objects you suspect you may have into another
box to see lIf they sound the same. Just make sure
everything you do gets written down as a procedure.

You may not open or poke into the box. When you are
falrly sure what iIs In the box, write your conclusions
telling me why you think that, using observations to
support your guesses. A box wlll be opened tomorrow so
you can check your guesses.
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ACID AND BASE LAB
(adapted from a Chemtech kit)

Introduction:

Aclds and bases have long been known to chemlists.
Bases cause foods to have a smooth "soapy" feel when
rubbed between tow fingers. They have a bitter taste
and turn lltmus paper blue. Aclds make foods taste
sour and turn litmus paper plnk. Indicator dyes, In
addlition to litmus, turn varlous colors according to
the strength of acid or base solution that |s mixed
with the indicator.

An acld in water contains more hydrogen lons than
hydroxide lons. A base produces an excess of hydroxide
lons. Pure water, which s "neutral', exlists mostly as
water molecules, but to a very slight degree, It does
break up into an equal number of hydrogen and hydroxyl
ions.

HOH <--> H*(aq) + OH (aqQ)

The followlng compounds are considered acids:

HC1 Hydrochloric aclid
HNOg Nitric acid
CH3COOH Acetic acid
H S04 Sulfuric acld

Proper%les of aqueous solutions of aclds, shared by the
above compounds:

1. They all produce hydrogen ions in water
solutlions.

2. Hydrogen gas can be |iberated when aqueous
solutions of these aclds react with certaln
metals.

3. Acld solutions affect indicators. Litmus
turns red in acid, and phenolphthalein remains
colorless.

4. Acld solutlions react with carbonates to
produce carbon dlioxlde gas

5. Aclds neutralize bases to form water. The
metallic lons from the base and the
non-metalllic lons from the acld usually remain
in solution; but |f the resultling sait Is
insoluble {n water, It will precipitate.
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The followling compounds are consldered to be bases:
NaOH Sodium hydroxide

KOH

Potassium hydroxide

NHgCaq> Ammonia water
Propertlies of aqueous solutlions of bases, shared by the
above compounds:

1.
2.

Theory:

They have a slippery fell, |llke scapy water.
They cause litmus to turn blue and
phenophthalein to turn pink, and change the
colors of other Indicator dyes.

Bases neutrallize acids.

Aclds and bases are ldentifled by their unique
propertlies. Substances called aclds may

dl ffer from each other in many ways, but they
have some common properties. This will also
be true of bases.

PLEASE KEEP IN MIND THAT YOU WILL BE WORKING WITH ACIDS
AND BASES, AND BOTH CAN BURN YOUR SKIN. PLEASE TRY NOT
TO GET ANY OF THE SOLUTIONS ON YOUR HANDS. IF YOU DO,
WASH THEM THOROUGHLY UNDER RUNNING WATER FOR AT LEAST
THREE (3) MINUTES.

Procedure:

1. Effect on Indicator dyes.

a.

b'

c.

d.

Place 3-4 drops of 6M HC] solutlion In a
Chemplate cavity. Test with litmus paper.
Observe and write down the color.

Place a drop of phenolphthalein in the acld.
Observe and wrlte down the color.

Place 3-4 drops of 0.5M NaOH solution in
another Chemplate cavity. Test with lltmus.
Observe and write down color.

Place a drop of phenolphthalein in the base
solution. Observe and write down the color.

2. Effect of aclds on metals.

a.

Place small amount (with a tiny spatula) of
each of the following metals, each In a
separate cavity; lron, zlnc, magnesium,
copper. One at a time, maklng observations
between each, add enough drops (3-4) of 6M HCI
to cover the metal. Write down the vigor of
the reaction (DO THEM ONE AT A TIME). Repeat
with each of the other metals. Llist them in
order from most reactive to the least
reactive. The reactlion 1s the same In each
case, differing only in the speed of the
reaction. The relatlve reaction rates may be
used to compare the actlvities of the metals.



115

b. Repeat the test, using a falrly active metal and 6M

acetlc acld. Agaln, the reactlon varies only
In the rate, resulting from the dlfferences in
the strength of the aclds. Compare the
strength of acetic acid with that of
hydrochloric acid.

3. The production and collection of hydrogen.

a.

b.

Place a spatula of zinc In a cavity and add
enough HC]l (4-5 drops) to just cover the zinc.
Qulickly cover the cavity with the gas
collecting cap on which a rubber tube has been
placed

Put an upside down test tube over the cavity
with the rubber tublng inside the test tube
After about 30 seconds, remove the test tube
from the tubing and test with a burnling
splint, held under the mouth of the tube.
(Since the gas s hydrogen, you must keep the
test tube upside down or else all the gas will
escape.) Record the effect of a flame on
hydrogen mixed with alr.

4. Effect of aclds on carbonates.

a.
b.
C.

d.

Place a chlp of calclum carbonate in a cavity
and cover with HCI.

Place the cap and gas dellvery assembly on the
cavity.

In the next cavity, place S drops of |ime
water solution.

Place the end of the gas delivery tube in the
l1ime water solution. Note the bubbling, and
record the appearance of the 1ime water. Thls
result iIs typlcal of the effect of acids on
carbonate compounds.

5. Measurlng the concentration of an unknown acid by
“"titration"

a.

Titration Is usually carrlied out using
blurettes to measure accurately the volumes of
acld and bases used. A drop controlled bottle
will be used to make the measurements. The
result will be the same [n principle, but will
be less accurate.

Place EXACTLY 10 drops of the unknown acid {n
the large cavity.

Add one drop of phenolphthalein to the acid.
Add NaOH, one drop at a time, stirring after
each drop. BE SURE TO COUNT THE DROPS. When
the last of the acld Is neutrallzed, the
phenolphthalelin will turn falnt plnk. and stay
that way when stlirred.
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e. Compare the concentratlion of acld to the
concentration of the base using the following
formula. Remember, the volume unit Is In

Drops. volume of base X conc. base
conc. of unknown acid =

volume of acid
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TEACHER’S GUIDE TO pH OF HOUSEHOLD SUBSTANCES LAB

AUTHORS:

Written by:
Carlton Brown Redford Unlon Hlgh School
Douglas Glibbs Plymouth Canton Hlgh School
Gurcharan Kang Redford High School
Marie E. Redliess Algonac High School

Teacher tested and revised by:

Michael J. Brundage Lapeer East High School

Mary M. Fowler Clarkston High School

Van A. McWllllam Stockbridge High School

Marle E. Redless Algonac High School

Tamara J. Voss East Lansing Hlgh School
BEHAVIORAL OBJECTIVES:

After thls lab actlvity, glven several common
household substances, the student will be able to

predict the pH of those items with reasonable
accuracy.

The student will recognize that indicator
substances change color according to the pH of the
substance tested.

TIME REQUIRED:

Teacher preparation: Coffee, orange julce and
other thin substances can be used with no
dilutlon. Baklng soda can be put In water at
almost any concentratlion without changing the pH.
Any other substance you may wish to use,

esgpeclally If It is thick, should be diluted 1:5
with distlilled water.

Student lab time: 1 - 2 flfty-minute lab perlods,
depending on the amount of time used in
discusslion. The actual testlng can be done easlily
Iln one class period. There will probably be tlime
for discussion after clean-up.
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MATERIAL PREPARATION:

Dilute thick substances 1 part to 4 parts distllled
water. Students can do this at thelr lab stations,
uslng elther graduated cyllinders or plpettes.

BACKGROUND INFORMATION:

Orange Juice has a pH of about 3, black coffee |s
about 5, tap water and milk are about pH 7, and bakling
soda Is 8.5 In water solution. These solutlons are
used as the known pH solutlons. Students will brlilng In
lots of other things to test. These should be water
soluble or In liquld form. Your unknown should be
taken from the substances that the students actually
test. You can disguise the unknown using food
coloring, which does not seem to affect the actual pH,
but may stain light colored indicator strips. The data
for supbpstances the students bring in can be posted in
the data table on the board. Thlis data can be used to
identify unknowns. Stress NO TASTING.

Substances tested - Ketchup = 3.5, dllute fresh
tomato = 4.5, sweet and sour sauce = 3, 1 M NaCl
solution = 7, Cremora solution = 7, Miracle whip = 4,
German mustard = 4, regular mustard = 4, liquid
detergent = 8, white wine = 3, and aspirin = 3. The
tap water pH In the gliven data table may have to be
adjusted for the water In your area.

ANSWERS TO QUESTIONS:

Answers will vary depending on the substances the
students bring In to test.

SQURCES OF MATERIALS:

Materlals for this lab are easlly avallable at any
bliological or chemlcal supply house.
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DISCOVERY OF pH USING COMMON HOUSEHOLD SUBSTANCES

INTRODUCTION:
Everyone [Is Interested In the taste of food at
some level. Herbs, splces and other substances are

often used to affect the flavor of food, but the
average person does not know the chemical basls of food
flavoring. Food chemists Investigate how and why foods
taste different. Usling applled chemical principles,
chemlists have glven us sclentific explanatlions about
the flavors of foods. One particular aspect of the
flavoring process will be lnvestigated In thls
activity.

Chem!lsts discovered long ago that lons
(electrically charged atoms) of the chemical element
hydrogen move easlly from one dlssolved substance to
another. On thls basls, they grouped substances into
two classes: substances which donate hydrogen lons -
called aclds, and substances whlich accept hydrogen ions
- called bases.

The number of hydrogen ions donated, or accepted
varles from substance to substance. In 1909, a chemlst
named Sorenson gave the name "pH" to this number, and
set up a scale for measuring it. The scale uses the
numbers 1 to 14 with a pH of 7 belng "neutral." Thils
means that at a pH of 7, the number of hydrogen lons
"donated" from the acld equals the number of hydrogen
lons "accepted" by the base In a solution which
contalns water. At a low pH (such as 1 or 2), many
hydrogen ions are donated, which means there are many
In the solution. At a high pH (such as 13 or 14), many
hydrogen ions can be accepted, which means there are
almost none In the solution.

The pH of a solutlion may be measured using
substances called "indlcators." An indicator Is a
substance which changes color when exposed to different
concentratlons of hydrogen lons. These substances can
be soaked Into a paper strip and are sold commerclially.

We will be using these strips, and some solutions of
known pH to determine the colors they become at a
partlicular pH. After that, we will use the color

information to determine the pH of some common
household |tems and ldentify an unknown.
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QBJECTIVES:

To demonstrate that lndlcators can be used to
determine pH of a substance.

To famlllarize students with the fact that
different items have a different pH.

To ldentlfy an unknown substance by its pH

CAUTIONS AND PITFALLS!
Do NOT taste any material

Jse a new strlip for each test
Be careful not to splll, some solutlons staln clothlng.
MATERIALS:

5-10 small test tubes (depends on number of substances
tested>

Wide range pH indicator strips for each tube

Unknown solutions brought from home

Labeled known solutlons

Distilled water 5 mL graduated cylinders
or pipettes

PROCEDURE :
1. Obtaln samples of each of the solutlons of known pH

2. Test each sample with a separate strip of pH paper.
Record the color of the strip and the materlal’s pH
in the data table provided.

3. Test solutions of the materials you brought from
home.

a. Put a 1 mL sample of the llquld portion of the
materlal In a test tube. Add 4 mL of
distilled water to each tube. This will
dilute the substance 1:5

b. Note the name of the substance iIn the correct
place in the data table. Test the sample with
the pH paper, and write the resulting color
next to the name of the substance.
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¢c. Usling the color and the data from step 2,
eatimate the pH of the substance and write it
in the data table.

d. Repeat steps a through ¢ for each substance
your group brought.

e. Put the name of the substance and 1t’s pH on

the chalkboard

4, Obtain an unknown from the teacher.

5. Use steps 3a through 3c to determine the pH of the
unknown.

6. From the data on the chalkboard, try to determine
what the unknown substance Is.

DATA TABLE:

pH | color of strip | name of substance

pH 3 I | orange julce

pH 5 I | coffee

;é-;------I ----- N | tap vater

I | UNKNOWN
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pH Continuum
1 7 14
e e Lo Lo Do ey I P B R Bt [

1. Place the substances tested on the appropriate
location of the pH continuum above.

2. What pH seems to be the most common for your
samples?

3. From previous experience, what flavor or taste do
the foods at pH 3 or pH 4 have |In common?

CONCLUSTIONS:

FURTHER INVESTIGATIONS:

Test the strength of detergents versus pH
REFERENCES:

"Acids, Bases, and the pH Scale", 1984, Qp Foods

» McGee & Harold, Charles Scrlibner,
publ isher
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TEACHER’S GUIDE TO BIOLOGICAL MATERIALS AS pH

INDICATORS
AUTHORS ¢
Written by:
John Hugo Flint Carmen Alnsworth HS
Wayne Murphy Walled Lake Consolldated HS

Tested and revised by:

Michael J. Brundage Lapeer East High School

Mary M. Fowler Clarkston Hlgh School

Van A. McWilllams Stockbridge High School

Marle E. Rediess Algonac High School

Tamara J. Voss East Lansing High School
BEHAVIORAL QOBJECTIVES:

After preparation of the blologlcal extracts used
In this investigation the learner will be able to
llst some sources of blologlcal materlials which
would make good Indlcators.

After completlion of this lab and the post-lab
discussion the learner will be able to determine
the approximate pH of various teacher prepared
solutlons by using blological extracts as the
indicators.

After completing this lab and the post-lab
discussion the learner will be able to write a
short paragraph explaining how the change In color
of particular blological plgnents can be used as
an analytlical tool.

TIME REQUIRED:

¢ Preparatlion of the solutlons
of variable pH will take approximately an hour.
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Student lab tilme: This wlll vary according to the
complexlity of extractlion and number of materials
to be tested. We found that the flltering process
Is the most time consuming. In one lab period a
group of 3 or 4 students ought to be able to
prepare 3 extracts and test them. If the extracts
are made the day prlior to the testing 10 could
easlly be completed.

MATERIAL PREPARATION:

1. Make a 0.1 M boric acld solutlon. Dissolve 0.62 g
of borlc acld crystals in 90 mL of distllled water.
Add additional water to bring to a volume of 100
mL. The pH of student dilution wil]l be near 7.

2. Make a 0.1 M potassium phosphate solution by
dissolving 2.12 g of tribasic potassium phosphate
In 90 mL of distllled water. Add additional water
to bring to a volume of 100 mL. The pH of student
dilution will be near 12.

3. Make a 0.1 M sodium bicarbonate solution by
dissolving 0.84 g of sodium blcarbonate in 90 mL of
distilled water. Add additlional water to bring to
a volume of 100 mL. The pH of student dilution
will be near 8.

4., Make a 0.1 M solutlon of potassium tartrate by
dlssolving 2.35 g of potassium tartrate in 90 mL
of distilled water. Add enough water to bring the
volume to 100 mL. The pH of student dilutlion will
be near 7.

S. Make a 0.1 M acetlc acld solutlon by adding 1 mL of
glaclal acetlc aclid to 160 mL of distilled water.
The pH of student dilution will be near 3.

6. Make a 0.1 M ammonium hydroxide solution by adding
3 mL of 3 M ammonium hydroxlide (stock) to 90 mL of
distllled water. The pH of student dllutlion will
be near 11.

7. Make a 0.1 M sodlum hydroxli!de solution by
dissolving 0.4 g of sodlum hydroxide in 90 mL of
distllled water. Add enough water to bring the
volume to 100 mL. The pH of student dilution will
be near 13.
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8. Make a 0.1 M hydrochlorlic aclid solution by adding 1
mL of concentrated HCl to 99 mL of distllled water.
The pH of student dilution wlll be near 1.

This list |Is offered only as a suggestlion but will
glve you a wide range of different pH values. There
are many other acldlic or basic compounds which will
glve satisfactory results, including a range of
buffers.

BACKGROUND INFORMATION:

Indicators may usually be regarded as weak organlc
acids (or bases) whose un-lonlzed molecules appear one
color and thelr anlons (or cations) appear as another
color. At the pH equlvalent to the dissoclation
constant for the Indicator there may exlist a third
Intermediate color. Bromthymol blue exhlbits this
pattern as It changes from yellow In acid to green near
neutral pH and turns blue in base. Since lndicators
are organic aclids it Is not surprising that some of the
plgments we observe In organisms will act as Indicators
of aclds and/or bases. The purpose of this
Investigation is to have students investigate a variety
of pigments from organlisms which may act as indicators
of relative pH. At the flnish, students should be able
to readily identify avallable materlials and use them to
determine | f an unknown solution ls acidic, neutral, or
basic In nature.

Wide range pH Indlcator paper strips or pH meters
should be on hand for this lab. If you do not have
spot plates, plastic wrap covering white paper works
well with the small gquantlitles used.

Colored extracts can be prepared in varlous ways.
The easiest 1s by soaking the tlssues in distilled
water or alcohol. The use of a blender decreases the
time involved in moving the pigments from the tissue
into solutlon. Some plant materlals may need to be
bolled to remove the plgments while others can be
helped along by the addition of small amounts of dilute
aclid or base. 10 to 20 mL of each solutlion per lab
group should be more than enough. The solutlions should
be well colored so students do not have difficulty
identlifying color changes. Julices from frozen or
canned frult and vegetables also work well. Materlals
which are shades of red or blue usually work best, but
students should also try orange and yellow colored
extracts. The color changes which occur with the
yellow plagmented flower petals are very subtle,
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becoming more or less intense iIn our trials. The
process of plgment extraction can be done by the
teacher but we feel it Is Important for the student to
see exactly where the piagmented solutions come from.

This iIs a relatively easy lab for students to do
using berry Juices or red cabbage. With higher level
students increase the number of sample extracts to give
students a varliety of data to evaluate.

It 1s suggested that the data table be organized
Iln the same arrangement as the spot plate, with columns
for the pigment source, original color, test solutions
(with subheadlngs for each solutlon), and then rows for
pH, and the data for each source tested.

ANSWERS TO QUESTIONS:
1. Hydrochloric aclid pH 1, acetic acld pH 3, and borlc
acld pH 6.5.

2. Potasslum tartrate pH 8, sodlum blicarbonate pH 8.5,
ammonium hydroxlide pH 11, potassium phosphate pH
12, sodlum hydroxide pH 13.

3. This wlll vary depending on extracts used.

4. This also wlill vary depending on extracts used.

S. Variable

6. Those plgments are not dissoclatling and produclng
lons.

7. Varlable

8. Varlable

SQURCES OF MATERIALS:

1. The best results were obtalned from the followlng
extracts: red cabbage, concord grape Jjuice, red
beets, red geraniums, pink roses, purple and vellow
snapdragons.

2. MaJor sclentlflc and chemlical supply companles will
provide the chemicals necessary to produce the
range of pH solutlons.
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BIOLOGICAL MATERIALS AS pH INDICATORS

INTRODUCTION:

Many of the colors we observe |In organisms are due
to the presence of molecules which have galned or lost
a hydrogen (Ht) jon. You may have observed hydrangeas,
which were blue when purchased as potted plants,
changed to pink as time passed when they were watered
with well water. You may also have observed that while
you were washing dishes stalned with red frults the
color of the frult stain changed to blue because of the
basic socap or detergent being used. Some of these
colored compounds will work as pH indicators, others
simply respond to changes in pH by becomling oxidized or
reduced to other compounds.

OBJECTIVES:

During thls lnvestigation you will be testing
varlious colored
solutions to determine |f they may be used as
Indicators of acids or
bases.

You wlll also determine the approximate pH at
which the colored
solutions change color.

CAUTIONS AND PITFALLS:

Some of the solutlons may bleach or staln
clothing. Some may also
burn the skin.

When transferring materials onto the spot plate be
careful not to
splill.

It iIs easy to get mixed up with locations on the
spot plate so
organize the plate In a manner ldentical to your data
table.



MATERIALS:

M Potassium phosphate
M Acetic acld

M Potassium tartrate

H indicator paper

.1 M Sodium blcarbonate

hort test tubes

.1 M Boric acid

3

- -

e

M Sodlum hydroxlide
M Hydrochloric aclid

OO0OO0TOWNOTVTOOO

p
.1 M Ammonium hydroxide
1

1

PROCEDURE :
Part I
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Distilled water
Tap water
pH meter or wlide range

10 small beakers or
Eye droppers or Pasteur
Spot plate

10 mL graduated cy!llinder
Colored plant materials

Preparation of data table

1. Prepare a data table in which you can record the pH

of each solution,

the name of the organism,

the

color of the extract, and i{ts color with each of
the solutlions It Is tested In.

Part II

Preparatlion of blologlcal extracts

1. Determine the method to be used to break the

biological material

Into small pleces.

A blender

works very well, but mortar and pestlie or tearing
by hand are sufficlent.

2. When using a blender cover the broken up material

with water and

1 to 3 mL of ethanol.

A similar

process should be employed 1f using a mortar and

pestle.

If tearing by hand Is the process of

cholce the torn materlial should be soaked overnight

in distilled water or alcohol.

Some plant material

needs to be bolled to get the pligment out. A

volume of 10-20 mL of extract per lab group will

suffliclent.

be

Part III Extract testlng procedure

1. Add 9 mL of distllled water to each of 8 small

beakers.

2. To each beaker add 1 mL of one of the aclid or base

solutions.

Label the beaker.
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3. Determline the pH of each solutlon by testlng with a
pH meter or dippling pH test paper into the solution
and comparing its color with the standard. Record
the pH of each solution on your data table.

4. Obtain a prepared plant extract and record lts name
and color.

5. Transfer 1 to S drops of the plant extract, per
position, to wells on a whlte spot plate.

6. Transfer 1 to S drops of the acld or base solutlions
to spots which contain the plant extract. Record
the color.

7. Repeat steps 4 through 7 wlth as many other colored
extracts as you have time for.

DATA:

QUESTIONS:

1. Keeping in mind that aclds have a pH below 7 and
bases have a pH above 7, list the solutions which
are aclds.

2. List the solutlions which are bases.

3. Examine the extracts of the plant (organism) and

l11st those which were origlnally red.
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4. List those plants which did not produce a red
extract and state the color of each extract.

5. Which extracts did not change color over the entire
pH range of solutlons used?

6. What can be sald about the chemical nature of the
plaognents that dld not change color?

7. Examine the data for the pigments which did change
color. For each plgment extract list the pH at
which Its color changed and the color it was above
and below this value.

8. Which plgment extracts could be used to ldentlify a

strong acld, a strong base, a weak acid, and a weak
base?

CONCLUSIONS::
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TEACHER’S GUIDE TO FLORAL PIGMENT LAB

AUTHORS:

Written by:

Alan Andrldge Bronson Hlgh School
Linda Gatozzl St. Charles High School

Tested and revised by:

Michael J. Brundage Lapeer East High School

Mary M. Fowler Clarkston High School

Van A. McWllllams Stockbridge High School

Marlie E. Rediess Algonac High School

Tamara J. Voss East Lansing High School
BEHAVIORAL OBJECTIVES:

The student wll]l be able to prepare plgment
extracts from plants.

The student wlll use the spectrophotometer to
determine transmlttance of varlious plgments.

The student should be able to graph the wavelength
versus absorbance from the data collected.

After this lab, the student should be able to
determine peak absorbances from transmittance data and
correlate this with the type of pigment.

The student wlll determine how a change in pH
affects the amount of 1ight absorbed by the pigment at
a speclfic wavelength.

The student will be able to correlate various
colors on chromatograms with the peaks of absorbance on
graph.
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TIME REQUIRED:

Teacher preparation: It wlll take between 15 and
20 minutes to prepare the acldlc and basic
solutions needed.

Student lab time: With the students extractling
thelr own pigments, It |s suggested that one day
be used for the preparation. The plgments can be
safely stored overnight with little change in
absorbance. The actual analysis will take one or
two days, depending on the number of
spectrophotometers avallable. If there are enough
Spec 208, the analyslis could be done ln one
fifty-minute lab period, but It would probably be
easier to take the second day and avold having to
rush. Because the spotting of the extracts on the
chromatography fllter paper will take some time,
It might be best to have students work in groups
of four, two for work on the chomotography and two
for work on the spectrophotometry. You could also
have the students spot one day and run the
development the next.

MATERIAL PREPARATION

1. Prepare 0.1 M solution of NaOH by dissolving 4 g of
solid NaOH In 100 mL of distlilled water.

2. Prepare 0.1 M solutlion of HCl by adding 1 mL of
concentrated HCl to 100 mL of dist!llled water.

BACKGROUND INFORMATION:

It Is assumed that students have been previously
introduced to the concept of pH and to the use of
spectrophotometers. If this Is not the case, allow
additional class time to cover this vital material.
This actlvity Is a good Introductlion to the concepts of
1ight absorbance and transmlttance and to the
relatlonship between wavelength and color. In this lab
exerclse, the Independent varliable Is the wavelength
and the percent transmittance is the dependent
varliable.
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Each student should bring In a flower, colored
frult or vegetable to extract a plogment. A large
quantity of material iIs needed to get 25 g. For
example, about three medlium size marlgolds, 5 grapes, 1
1/2 leaves of cabbage, or 1/4 of a pepper would glve 25
g of chopped up material.

An easy way to prepare for chromatography wlth
flowers and leaves is to put the leaf directly on the
paper, and roll the edge of a beaker across it ln a
stralght llne. This will leave a clear even line of
pigment Jjust where you want It to be. We found that
the easlest way to run the chromatography s to cut the
filter paper about 10 cm wide and fold it In half or
thirds lengthwise. This way It will stand by Itself in
a large developing chamber and many can be run at the
same time. Remember, the peak transmittance will be at
the wavelength of color the pigment appears to the
eyes. The peak absorbance wlll at the wavelength of
the complimentary color.

ANSWERS TO QUESTIONS

1. Student will have a graph that shows three 1lines,
two with pH adjustments, and one wilthout.

2. Answers wlll vary. Use the appended below to
determine colors I1f that Information is not iIn the
text.

3. Answers wlill vary. We found that, In general,
absorbance at maximum wavelength Increased with the
addition of the base.

4. Answers wlll vary. We found that HCl tended to
Increase absorbance at maximum.

5. Answers wlll vary depending on plgments tested.
Blue plgmnents tend to absorb at hlgh wavelengths
and red pigments tend to absorb at low wavelengths.

6. The plgment would appear orange to the eyes.

7. The chromatogram should show a color line for each
absorbance peak In the graph.
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Wavelengths of the Vislible Colors In the Electromagnetic Spectrum

Color Wavelength range (nm) Pure color
(nm)
Violet 400-420 410
Blue 420-490 470
Green 490-580 520
Yellow 580-590 580
Orange 590-650 600
Red 650-700 650
SQURCES OF MATERIALS

All the materlials listed are readlly avallable from most
chemical supply houses. The plant materlials can be brought from
home by the students or purchased at a grocery store or florist’s
shop.
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FLORAL PIGMENTS: SPECTRAL ANALYSIS AND pH DYNAMICS

INTRODUCTION:

Most people can appreclate the showy displays of many
flowering plants. Perhaps you are aware that the colors In floral
displays are produced by chemical compounds called pigments. The
color percelved by the eye is due to selective reflectlon of
various visible llght wavelengths by these pigments. In this
experiment, you will separate pigments from their cellular
compartments, analyze their absorption spectra, and Investigate
the behavior of the pigments In a changing environment.

At one time or another we have all wondered why the sky Is
blue or why plants are green. Someone’s sweater appears red
because red light Is reflected by the pigments in the dye and
reaches your eyes. All the other colors are absorbed. The shape
of the plgment molecule determines the wavelength of light
reflected.

The colors observed In flowers are due to the presence of a
varlety of organic compounds such as carotenolds (lipld-soluble)
and flavonolds (water-soluble substances). The array of colors
Includes light yellow and yellow, orange-yellow, orange to red,
and purple to blue. The color varles with the number and
conjugation of the double bonds present in the compounds. The
greater the number of conjugated double bonds, the more the
absorption Is shifted to the longer wavelengths of light. The
resulting pigments are thus more orange or red In color.

When you use the spectrophotometer, you will be reading
percent transmittance. When the transmittance is high, the
absorbance will be low, and when the transmittance Is low the
absorbance will be high. Use the chart included to convert
transmittance to absorbance.

Some of the compounds producing color In plants can be used
as pH Indicators. Anthocyanins, a type of flavonoid, are
blue-purple in an alkaline environment and pinkish-red in an acid
one. The pale yellow colors (flavonalls, chalcones, avrones)
become brighter at high pH. Nearly colorless flavones will turn
yellow and darken when exposed to a base.
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OBJECTIVES:

To determine the wavelength of maximum absorbance of light
for a varlety of plgments.

To determine the color of llght at each maximum absorbance.
Remember, this will be at minimum transmittance.

To determine If a varlatlon In pH will change the absorbance.

To plot and Interpret a graph of wavelength versus
absorbance.

To separate pigments by paper chromotography

CAUTIONS AND PITFALLS:

Acetone Is extremely flammable, and dangerous |f inhaled.
Use only In a well-ventllated area, or under the fume hood. Make
sure no burners are lit and all reagent bottles are tightly capped
after use.

Sodium hydroxide (NaOH) and hydrochloric aclid (HCl) are
caustic and will burn the skin and eyes. GOGGLES MUST BE WORN.
If acid or base gets on skin, rinse thoroughly for three to five
minutes. If either solution gets in eyes, flush with water for
fifteen minutes and consult a physiclan.

Blenders should not be used because of the possibility of
fire.

MATERIALS:

Spectrophotometer 13 mm X 100 mm test tubes
(3/pigment)

Mortar and pestle Scissors

Graduated cyllinder Dropper

Pipettes (5 mL) Funnels

Fllter paper Battery Jar, to use for developing
0.1 M NaCH 0.1 M HCI

Acetone Distilled water

Balance Caplllary tube or dip-type pen

Plastic wrap to cover battery Jar
Fresh flowers, frults, and/or vegetables in various colors

PROCEDURE:

1. Turn on the spectrophotometer and warm up for at least 10
minutes.
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Place about 25 g of cut-up flower petals (frult or vegetable)
Iin a mortar and pestle. Add 50 mL of acetone to immerse the
tissue. Crush until the mixture Is deeply colored.

Filter the mixture and save the filtrate. Repeat If
necessary.

You should have a transparent, colored sample of plgment.
Place 3 mL of pignent Into a test tube. Use 3 mL of
distllled water as a blank to set the Spec 20 to read 100%
transmittance. Record the transmittance of your plgment
sample at Increments of 20 nanometers from 400 nm to 700 nm.
RESET THE SPEC 20 TO 100% TRANSMITTANCE WITH THE BLANK EACH
TIME YOU CHANGE THE WAVELENGTH.

Place 3 mL of pigment into each of two clean test tubes.

To one test tube, add 0.1 M NaOH a drop at a time, swirling
after each drop, until you notice a color change. DO NOT ADD
MORE THAN 10 DROPS. Record the number of drops of NaOH added.
Repeat step S with 0.1 M HC! In the other test tube.

Read the percent transmittance of sample of pigment at each
wavelength used with the pure pignent. Plot on the same graph
as transmittance of the original pigment.

Cut a strlp of fllter paper almost as wide and long as your
developing chamber.

Draw a 1ine In pencll 2 cm from one end.

With the capillary tube or dip-type pen draw a lline with
plogment over the line you drew In pencil. Let It dry.

Repeat step #10 until you have 10 to 15 layers of pigment on
the same line.

Put 1 cm of developing liquid (5 mL acetone in S0 mL distilled
water) In the developing chamber (battery jar).

Fanfold paper lengthwise and put it in chamber with the
pignent line near the bottom. Cover chamber.

Leave fllter paper in chamber for 20 minutes (or until liquid
Is nearly to top of paper). Take out the paper. Record the
colors and locations of the pigments on the paper.
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QUESTIONS:

Graph the data you obtalned. Put the lndependent varlable
along the X-axis and the dependent variable along the Y-axis.
Plot all sets of data on the same graph, using a different
color for each. Label each of the three lines.

What |s the maximum absorbance (minimum transmlttance) of your
substance? What color light does this wavelength correspond
to?

How iIs the peak absorbance altered as the environment becomes
more alkaline with the addition of NaOH?

How |Is the peak absorbance altered as the environment becomes
more acldic with the addition of HC1?

Which pigments are absorbing best at 400-450 nm? At 650-700
nm?
(You may have to compare Information with others In class.)

If the graph showed a peak absorbance around 520 nm what color
would that plgment appear to your eyes?

How do the colors separated from the plament In paper
chromatography correspond to the wavelengths of maximum
absorbance?

CONCLUS]ONS:
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FURTHER INVESTIGATIONS:

Develop an experiment to determine the relatlonship between
pH and absorbance by comparlng the absorbance of a partlcular
flower’s extract at a speclfic wavelength over a wide range of
pH.

Compare absorbance of different species of flowers of the
same hue (color) at varlious wavelengths.

REFERENCES:

Cleavenger, S. 1964. "Flower pigments* Sclientific American
210(6):84-92

Dean, J. 1979 Lanqe’s Handbook of Chemistry, McGraw Hill
2-91/93

Hess, D. 1963. "Die lute als Ort der Anthocyansynthase" Z.
Fur Bot., 51¢(2):142-155

Parry et al. 1982 Chemistry Experimental Foundatlions
Prentlce-Hall 268
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% TRANSMITTANCE (T)> - ABSORBANCE (A), CONVERSION TABLE

T A | %T A %T A 5T A

1 2.0 | 26 .59 | 51 .30 | 76 12
2 1.8 | 27 .S58 | 52 .28 | 7 11
3 1.5 | 28 .55 | 53 .28 | 78 11
4 1.4 | 29 .54 | 54 .27 | 79 .10
5 1.3 | 30 .52 | S5 .26 | 80 .10
6 1.2 | 31 .51 | 56 .25 | 81 .09
7 1.2 | 32 .50 | 57 .24 | 82 .09
8 1.1 | 33 .48 | 58 .24 | 83 .08
9 1.0 | 34 .47 | 59 .23 | 84 .08
10 1.0 | 35 .46 | 60 .22 | 85 .07
11 1.0 1 36 .44 | 61 22 | 86 .07
12 .92 | 37 .43 | 62 .21 | 87 .06
13 .89 | 38 .42 | 63 .20 | 88 .06
14 .85 | 39 .41 | 64 .19 | 89 .05
1S .82 | 40 .40 | 65 .19 | 9 .05
16 .80 | 4 .39 | 66 .18 | 91 .04
17 .77 | 42 .38 | 67 .17 | 92 .04
18 .75 | 43 .37 | 68 .17 | 93 .03
19 .72 | 4 .36 | 69 .16 | 94 .03
20 .70 | 45 .35 | 70 .16 | 9% .02
21 .68 | 46 .34 | 71 .15 | 9% .02
22 .66 | 47 .33 | 72 .14 | 97 .01
23 .64 | 48 .32 | 73 .14 | 98 .01
24 .62 | 49 .31 | 74 .13 | 99 .0

25 .20 | S0 .30 | 7% 13 | 100 .0

adapted from Lange’s Handbook of Chemistry
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141 TEACHER’S GUIDE TO EFFECT OF SALIVARY AMYLASE ON

STARCH
AUTHORS :
Written by:
Carlton Brown Redford Unlon Hlgh School
Carl Chapman Detrolt Mackenzie High School
George Granderson Detrolt Southwestern High
School
Gurcharan Kang Detroit Redford High School
Barbara Rakowsk | Mt. Pleasant Sacred Heart
Academy

Tested and revised by:

Michael J. Brundage Lapeer East High School

Mary M. Fowler Clarkston High School

Van A. McWilliams Stockbridge High School

Marie E. Redless Algonac High School

Tamara J. Voss East Lansing High School
BEHAVIORAL OBJECTIVES:

After this laboratory activity Is completed, the
student will be able to read and record data usling a
spectrophotometer.

The student will be able to correlate the
disappearance of lodine’s blue-black color with the
breakdown of starch.

IIME REQUIRED:
Teacher preparation: The starch and lodlne

solutlons should take no more than 1 hour to
prepare.

Student lab time: The lab will take less than one
fifty minute class period.
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MATERIAL PREPARATION:

1. Usling a soluble starch solutlon such as Baker’s
Analyzed potato starch, make a 0.5% starch solution
by dissolving S g of potato starch in 1 L of
distilled water. Heat to bollling, stirring
occasionally. Allow solutlon to cool to room
temperature before using. Bolllng the starch
solution willl prevent settling In the test tube.

2. To prepare Lugol’s solution, dissolve 3 g of
potassium iodide (KI> in 25 mL of water. Then add
0.6 g of iodine crystals, and stir until dissolved.
Make a 1:10 dilution of this stock. Store stock In
a dark bottle.

BACKGROUND INFORMATION:

Chemically, sallva Is 99.5 % water and 0.5 %
gsolutes. Among the solutes are salts - chlorides,
bicarbonates, and phosphates of sodium and potassium.
Sallva also contalns some dissolved gasses and varlous
organlc substances Including urea and urlc acld, serum
albumin and globullin, mucin, the bacterliolytic enzyme
lysozyme, and the digestive enzyme sallvary amylase.
The chlorlides In sallva activate the sallivary amylase.
The blcarbonates and phosphates buffer chemicals that
enter the mouth and keep the sallva at a slightly
acldic pH of 6.35 to 6.85. (Tortora 1987) The watery
portion of sallva contains the highest percentage of
sallvary amylase, so the teacher may wish to filter out
mucus to concentrate the enzyme belng studlied.
Sallvary amylase breaks polysaccharlides into the
dlsaccharide maltose. Food Is usually swallowed too
quickly for all of the starches to be reduced to
dilsaccharlides in the mouth. However, sallvary amylase
in the swallowed food continues to act on starches for
another 15 to 30 minutes in the stomach before the
stomach aclids eventually lInactivate it. Starch
digestlion continues when the chyme (stomach contents)
reaches the small intestine which contalns pancreatic
amylase and several other enzymes that digest
carbohydrates.

The structure of a starch molecule IS a long spiral
of sugars which have hydroxyl groups (hydrophilic ends)
on the outside and non-polar (hydrophobic) ends on the
inside. JIodide lons collect Inside the spiral,
resonating to emit the characteristic blue-black color
we see when we add an lodine solutlon to starch. As
sallvary amylase breaks the carbohydrate down to
disaccharides the spiral |s broken into pleces and the
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lodlne Is no longer able to resonate Inside. We
observe that the color simply disappears. It is
Important to note that at pH below 6 lodine starch
interactlions do not show the characteristic blue black
color.

ANSWERS TO QUESTIONS:

The Independent varlable lIs time. The dependent
varlable Is percent transmittance.

You need to rlinse your mouth before collectlng
sallva In order to eliminate starches and other
foods left In the mouth after eating.

3. The blue-black color decreased as transmittance
increased.

4. The starch, a large molecule made of many
saccharide rings, was broken into pleces containing
two saccharide rings each.

5. Test tube A- no change
Test tube B- should be clear to light blue
Test tube C- may still be a medium blue to dark
blue. .

Test tube D- should be clear

SOURCES OF MATERIALS:

1. Most blologlcal supply houses carry soluble potato
starch, potassium iodide, and lodine crystals.

2. If a Spec 20 is unavallable, lower cost

colorimeters will provide graphable data.
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GENERAL EFFECT OF SALIVARY AMYLASE ON STARCH

INTRODUCTION:

Amylase |Is an enzyme found In human sallva. Its
function Is to begln the breakdown of carbohydrates in
the mouth prior to swallowing. The physical changes
that occur when amylase hydrolyzes starch to maltose
can be discovered by using an instrument known as a
spectrophotometer. The spectrophotometer measures a
l1lght beam that s passed through a test tube
containing the sample to be measured. The sample
absorbs some of the light and transmits the rest. In
this experiment, the Spec 20 will measure the amount of
light transmitted through samples of starch and iodine,
both with and without an enzyme. The amount of light
transmitted varles dlrectly with the concentration of
the starch iIn the solutlon.

QBJECTIVES:

To discover some of the physical changes that
occur durling starch digestion.

To practice the use of the Spec 20 or other
colorimeter.

PITFALLS AND CAUTIONS:

Beglin timing as soon as sallva is added. Careful
timing and reading wlll lead to the most precise data.
MATERIALS:

0.5% soluble potato starch solution (bolled and cooled)

Sallva

Lugol’s lodine solution (gtock) also called Wagner’s
reagent

100mL beaker

Medicine dropper

Stop watch or clock with a second hand

Three 13x100 mm test tubes

Spectrophotometer/colorimeter
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PROCEDURE :

2.

10.

11,

Warm up the Spec 20 for at least 10 minutes.
Set the wavelength to 550 nanometers.

Label the test tubes A, B, and Blank near the mouth
of the test tube.

Use 3 mL of distllled water as the blank. A test
tube of distilled water transmits 100% of the light
passed through it. Use the blank to set the scale
of the Spec 20 to 100% tramsmittance (T).

Collect 2 mL of sallva In a small beaker. Be sure
to rinse out your mouth thoroughly before
expectoration.

Place 2 mL of the starch solution Into test tubes A
and B.

Add one drop of the lodine solution to each test
tube. Mix thoroughly by swirllng.

Observe and record the transmittance of both test
tubes. Describe the color of each test tube. This
ils time zero.

Add three drops of sallva to test tube B. Mlix the
contents of the test tube rapidly and thoroughly by
swirling.

Record transmittance readings of test tube B every
30 seconds for the next flve minutes. Describe the
color change after each reading.

Take a transmlttance readling of test tube A after S
minutes and record any color change.
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Test tube B

Color Change

Elapsed Time | % Transmittance

(sec.)
0
30
60

90

120

150

180

210

240

270

300
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Test tube A
Time(sec) | % Transmittance | Color Description
| |
| |
0 | |
I |
| |
300 | |
| |
QUESTIONS:

Graph the data, putting the Independent varlable on
the x axis and the dependent varlable on the y
axls.

2. Why must the mouth be rinsed before collecting the
sallva?

3. Descrlibe the correlation of the changes In color
and transmlttance.

4. What changes In the physical properties of starch
have occurred during {ts hydrolysis?

S. Predlct the color and percent transmittance of test
tube A and B after 10 minutes. What information
cans you use to make this prediction?

CONCLUSIONS:

FURTHER INYESTIGATIONS:

Do this experiment at several different
temperatures.

Use dlfferent enzymes with thelr corresponding

substrates.
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Feldman, Solomon, Experiments in Blological
Deslan: Holt, Rinehart, and Winston

Tortora, Gerard J.,1987, Principles of Anatomv and
Physiology; Harper and Row.



149

DETERMINING CONCENTRATION OF PROTEINS IN SALIVA USING
BIURET SOLUTION

INTRODUCTION:

Determining proteln concentrations In biological
tissues is an lmportant component of many molecular
blology experiments. The concentration of pure
proteins Is often determined by reacting it with a
substance to give |t a color. The colored product wlill
absorb light of a particular wavelength which can be
measured lIn a spectrophotometer. There are several
tests for protein. One of these tests is the Bluret
test. This test is specific for the presence of the
peptlide bond. Materials contalnling thls bond give a
plnk to purple color iIn the Bluret test. The
concentration of the purple product formed by the
interaction of the protein and Bluret solutlon can be
measured in a spectrophotometer at 562 nanometers.

You will prepare a standard curve using known
concentratlions of protelin. By plotting the known
concentrations of proteln against the absorbance, a
straight llne should be obtained. As you increase the
concentration, the absorbance increases. From this
standard curve you can determine the concentration of
an unknown protein In solutlion.

Your body contains many different types of
protelns. One of the more important types of protein
ls enzymes. Enzymes catalyze most of the reactlons
taking place In your body. Many enzymes are involved
in digestion of food. This experiment determines the
concentration of protein In your saliva. Most of the
protein in saliva is amylase, which is an enzyme that
digests starch.

QBJECTIVES:

To determine the concentration of proteins in
salliva.

To galn experlence using a plpette.

To galn an appreclation of the use and operation
of the spectrophotometer.

To make and interpret a graph.
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To galn experlence using a standard curve of known
protein concentrations to interpolate the
concentration of an unknown protein.

MATERIALS:

Bluret solution

Bovine Serum Albumin 1 mg/ml
8 test tubes (13 X 100 mm)
Spectrophotometer

Plpettes

Graph paper

Test tube rack

Small beakers

CAUTIONS AND PITFALLS:

SAFETY GOGGLES MUST BE WORN. BIURET SOLUTION CONTAINS
10 M NaOH. IF BIURET TOUCHES YOUR SKIN RINSE IN
RUNNING WATER FOR 3 TO 4 MINUTES. IF BIURET GETS IN
YOUR EYES, RINSE IN WATER FOR 15 MINUTES. CONSULT A
PHYSICIAN.

Swirl the contents of test tubes to mix before
measuring percent transmittance In Spec 20. If any
material spllls on outside of test tube, wipe it dry
with paper towel before inserting In Spec 20.

PROCEDURE:

1. Turn the Spec 20 on, and let It warm up 10 minutes.
Set Spec 20 at 562 nm. Use Tube # 8 as the blank.

2. Rinse your mouth thoroughly with water. Collect a
small amount of saliva in a small beaker.

3. Plpette 1 mL of sallva and 9 mL of distilled water
into another small beaker. This produces a 1:10
dilution. Mix thoroughly.

4. Label the test tubes 1-8 and make up the followlng
mixtures. The 8th test tube will contalin only
water and is used for the blank.
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Test Sample Sample Water Bluret
Tube # Volume (mL) Volume (mL) Amount(mL)

1 BSA 2.0 0.0 1

2 BSA 1.8 0.2 1

3 BSA 1.5 0.5 1

4 BSA 1.0 1.0 1

] BSA 0.5 1.5 1

6 BSA 0.1 1.9 1

7 Saliva 2.0 0.0 1

8 Blank 0 3.0 0

5 Read percent transmittance of samples at 562 nm.
Record on your data sheets.

6. To determine the absorbance of the solution, which
ls the data that you must graph, you substitute the
transmittance percentage (T) Into the following
mathematlical relationship:

absorbance = log { 100 1] - C log [ T 1)
For example, |f your sample has a transmittance

of 75%, the equation you would set up Is: A = log (100])
- (log [(75)).
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DATA:

Test Sample Sample Water BCA % TRANS  ABSORBANCE

Tube# Volume Volume Amount
(mL)> (mL) (mL)

1 BSA 2.0 0.0 1

2 BSA 1.8 0.2 1

3 BSA 1.5 0.5 1

4 BSA 1.0 1.0 1

5 BSA 0.5 1.5 1

6 BSA 0.1 1.9 1

7 Saliva 2.0 0.0 1

8 Blank 0.0 3.0 0

CALCULATIONS AND QUESTIONS:

1. Graph the data. Plot lIndependent variable on the x
axis and dependent variable on the y axlis.

2. Use the graph prepared in Questlion 1 to determline
the concentration of protelns in your sallva.

3. Why did you have to graph the BSA In order to get
the concentration of your saliva?

4. Explaln how you used Interpolation to find the
concentration of protein iIn saliva.

5. Why was a blank used In this experiment? What
Important part of an experiment does the blank
stand for? Why would the test be invallid without
some sort of blank?

6. How does the concentration of proteln In your
sallva compare with others In the classroom?
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FURTHER INVESTIGATIONS:

1. Design an experiment to determine the concentratlion
of other materlals such as mllk. Most of these
will have to be diluted.

REFERENCES:

Suelter, C. S. 1987. "Determine Proteln
Concentration by the BCA Assay", Michlgan State
Unlversity

Tortora, Gerard. 1987. Principles of Anatomy and
Physiology, Harper and Row
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Models of the Atom
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Replication of DNA
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Translation

Y Amino acid /
w2 ° 4y
DRSERG

tRNA AND AMINO ACIDS COMBINE

wy

) Amino acid 1,/ Amino acid 2 (

TRANSLATION BEGINS

> Amino acid 1,/Amino acid 2 ( Amino acid 3 ) Amino acid 4 )

TRANSLATION CONTINUES T -

6 12 ) 13 14 s

1 D 10 D9 > 8 8
) Amino acid 1,/ Amino acid 2 { Amino acid 3 ) Amino acid 4 ) Amino acid S| Amino acid 6 { Amino acid 7

FINISHED PROTEIN OR POLYPEPTIDE FORMED
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