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(c) Synopsis of Phase I Research Results

Most students come into polymer courses with various concepts and preconception
lead them to conclude that the behavior and properties of polymers are counter-intuitive. It is
therefore important that they fully discover and observe the properties and behavior of polymeric
materials for themselves.

A very large number of science and engineering courses taught in colleges and universities
today do not involve laboratories. Although good instructors incorporate class demonstrations,
hands-on homework, and various teaching aids, including computer simulations, the fact is that
students in such courses often accept key concepts and experimental results without discov ering

them for themselves.

We are developing a set of inexpensive and convenient hands-on discovery based

experiments which the students can perform for themselves. Experiments are based on:

1) actual materials commonly utilized in consumer products, and

2) a set of specially developed materials which the students can utilize to directly see
and experience complex concepts (1)

In both cases, the experiments and observations will utilize the students' senses for
transduction and detection,

Evidence exists of considerable national interest in effective polymer education (2). The
American Chemical Society's Division of Chemical Education often includes polymer related
articles in its Journal of Chemical Education (3-9) and in its sessions at the American Chemical
Society (ACS) annual meetings. The ACS also has a Polymer Education Committee which

Around You, a booklet containing many facts and figures
concerning polymers in our everyday world, as well as several hands-on polymer activities for
instructors ( 10). The Society of Plastics Engineers (SPE) also has a standing Polymer Education
ublished a series of hands-on polymer activities for the chemistry

recently published Polymers

Committee which recently
classroom (11). Tt

Society of the Plastics Industry (SPI) is interested in polymer education as
evidenced by their recent teacher publication "The Shape of Things to Come." Polymer education
is also of interest to the American Institute of Chemical Engincers and the Materials Research

Se wiety (MRS)

In addition to these national organizations, several universities have developed polymer
education centers which serve as clearinghouses for polymer education innovation. There is the
Polymer Education Center (POLYED) at the University of Wisconsin, Steven's Point which
publishes the Polymer Education Newsletter (2). Dr. J. Droske, the director of this center is a
consultant to this project. Also, the Institute of Chemical Education at the Department of
Chemistry at the University of Wisconsin, Madison. is active in providing a variety of educational
erials for discovery based chemistry and polymer education (12).

Articles on polymer education have also appeared in mass media magazines such as
American (13)
; al industry is supporting polymer education both indirectly, through support of
the above societies, centers, and committees, and directly through private publications and
projects. Dow-Corning Corporation, the 3M corporation and E.I. DuPont DeNemours and
Company, to note only three well known examples, support the continuing polymer and chemistry
education of their employees either through in house continuing education or reimbursement for
university classes.

Another important area of education which this research will impact is the growing field of
distance learning (14-17). The Public Broadcasting Service (PBS) has developed a new program
called "Going the Distance.” It will let students complete an associate of arts degree by watching
courses on television, and is scheduled to start this fall at 60 colleges served by 22 PBS stations
(14). Several states, including Utah, are strongly committed 1o the development of distance
learning for secondary and post-secondary education. Governor Mike Leavitt, Utah, has stated: "I
challenge you to make education an activity that is not bound by buildings, place, or space.” We
call this " Education and Science without Walls." These education environments will require al
home laboratory experiences for which the Labless Lab™ is ideally suited.

Uniqueness: The difference between our proposed laboratory explorations and those of other,
more common exercises is two-fold. The primary difference is in the required detection devices:
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quire the human perceptions of sight, touch, and hearing (18); others often

on equipment. This is the very difference which allows the Labless Lab™ to
u classroom (no walls), in the student's home or dorm room. The secondary
ference is the use of "intelligent materials” as teaching devices (1). The students can utilize the:
ly see complex polymer concepts.

it primary objectives were addressed during the Phase I research project. (See Phase |
Report.) Comments on continuing Phase I1 research will be addressed in the Phase [1
Resedarch Objectives section,

Temperature Gradient Device. We tested several designs of temperature gradient device
e heat sources were semiconductor resistors powered by an adjustable power supply. The
heating substrates were aluminum plates. Surface temperatures were recorded using
th couples, an infrared detector, and thermochromic liquid crystals (TLC's). Surface
temperature gradients in the range of 30°C to 60°C were generated.

2) Homopolymer Tg. We selected several common homopolymers with Tg's in the range of
0°C to 105°C: low density polyethylene (LDPE), high density polyethylene (HDPE),
polypropylene (PP) , 15% plasticized polyvinyl chloride (PVC), polyethylene terephthalate
PETE), polystyrene (PS), and unplasticized PVC

These were chosen based on their glass transiti
on packaging materials (19-21). Students are
i e samples included in the kit.

N lemperatures and because they are used
§ able to compare common packag

er Gradient. We successfully developed a technique which directly der
nolecular weight molecules on the mechanical behavior of polymeri
ques for DOP (di-octylphthalate) plasticizer extraction of 35% plasticized PVC were
dients in plasticizer concentration from approximately 10% to 35% were obtained.
hese gradients demonstrate an observable difference in polymer stiffness and elasticity

Several different experiments were performed using these samples. We utilized a "d
test, where the sample was held rigidly along its gradient edge and thin sections of the strip were
C | allowed to drape under the force of gravity. Using this methed, the sample droops more
e ala concentration of plasticizer is present and less where the sarr ple 1s more rigid with
zer. See figure 1. Other tests included indentation measurements and glass transition
nperatire measurements

10%

Figure 1. Schematic of "droop” test. The 10% plasticized end does not droop as much as the
35% plasticized end. This is a direct measure of the stiffness of the material sample

4) Cross-link Gradient. We evaluated several methods to produce cross-link gradient
polymers. Cross-link gradient polymers are routinely formed and utilized in gel electrophoresis
sis at the University of Utah's Center for Biopolymers at Interfaces (CBI) of which PSIis an
industrial member. Two solutions with different proportions of cross-linking agent are mixed in a
CONUNUOUS ratio to create a greater cross-link density at one end of the gel. These samples
Jemonstrate an observable difference in stiffness between the heavily cross-linked and the lightly
ss-linked ends. Other technigues to achieve cross-linked gradients include using a
photoactivatible cross-linker with preferential lighting to achieve the gradient (22-24).
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rk has demonstrated 1) that we
tended usefulness

The Phase | feasibiliry
terials of these 8 objecti
cducation tools. This system of will benefit tho
Y, materials science, and p(]]} mer science who would otherwise not ve the time or
ation to develop a student laboratory, They will especially benefit distance learning co
- and two-way tele- or video-courses). Also, the uniqueness of the ercises shou
these laboratories more effective educational tools than the "recipe” and “fill-in-the-b|
laboratories sometimes found in high schools, colleges, and universities.
The i practice of the Labless Lab™ in Polymer Materials is being avorably
I conferences. Dr. Joe Andrade, PSTs President and Chief Scient fic Officer
presented a paper on intelligent materials for teach
Intelligent Materials, June 1994 in Wi amsburg, Virginia (1). Dr. Rob Scheer, project director
tn Solutions, met with sev ey polymer and science texthook companies, as well :
tors of studen ment at the 1994 National Science Teachers Assoc
(NSTA) Conference ornia. We have been invited to attend both the Na
Educators Workshop, November 1994 in Gaithersburg, Marviand and the 1994 NSTA r
1 { Nevada. Both invitations are 1 present our research on the Labless
s to chemistry and science instructors at the h

can develop the
the materials as
e instructors of

SCS

eral

1 Las

igh school and undergraduate

he Labless Lab™ in Polymer Materials to be available in early to middle 1997
s Phase [T award). We exg s product to be of national and international interest
iry. materials, and polymer science courses currently lacking individual
¥ expentence, and for it to be widely adopted as a supplement to the more conventional

lymer science and engineering textbooks, particularly in those courses which do not have a
laboratory section or component

cher

Referen

Reference section at end of paper (1-38)
(d)  Phase Il Research Objectives

The goal of a laboratory is (39)
T'o excite interest an

ganon.

enthusiasm for the processes of scien
*To develop an appreciation for the science of measurement.
*To develop an awareness of practical methods for dealing with real systems
*To develop an ability to plan and des 2n experimental procedu
*To interpret instructions and analyze data to solve a problem.
*To accurately report observations and derve conclusions.

*To clearly communicate scientific results
*To leam to safely handle and dispose of chemic

| substances,

By developing explorations which can be performed without expensive eq
pe to bring the student closer to the material being studied; thereby, discovering for
the desired concept.

These explorations are matched with the introductory polymer concepts which they support
in Table 1. The vertical column lists the most common introductory polymer concepts; the
horizontal row lists the objectives intended for the Labless Lab™ in Polymer Materials.

ment, we

hemselves,

Labless Lab™ components/objectjves -

1) Temperature Gradient: The feasibility of this objective was established during the Phase I
portion of this research, Dur he Phase Il portion of this research we will modify the heating
system to allow for portable battery operation as well as an AC based power supply. Further
modification of device geometry is also necessary (o generate a more linear gradient. The issues of
iperature gradient reproducibility, equipment safety, and reduced cost of materials will also be
addressed

e
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5 Copolymer Gradients. Two comonomer gradients were produced by pouring one type of : ] - ) e ) B N
partially 1.'51:::('1 monc;n;ér im; o .s'cx:n;d partially cured mc:nﬂmcr%f ledzer dr:'nlz'il\'. Two diffit:;u:ll 1 Table 1. Labless Lab™ Material Explorations versus Introductory Polymer Concepts
gradient systems were prepared and evaluated® polymethyl methacrylate/polyhexyl methacrylate !
(PMMA/PHMA) and polymethyl methacrylate/ polyhydroxyethyl methacrylate (PMMA/PHEMA). i §
The PMMA/PHMA gradients exhibited a gradient in room temperature (23°C) stiffness; the PMMA \ i | Temperature Responsive Polymer p- 4 XX
end with a Tg of 105 was rigid and the PHMA end with a Tg of -35°C was soft. This gradient L
demonstrates the effect of sidechain bulk and mobility on the backbone chain stiffness and bulk lonic Responsive Polymer b d >
polymer stiffness. The PMMA/PHEMA gradients exhibited a water absorption gradient. At
equilibrium in water, the PMMA end kept its original shape and was rigid and collapsed while the i o4
PHEMA end swelled and became flexible. This gradient demonsirates the effect of sidechain i Tg Homopolymers X >
hydrophilicity and hydrophobicity on water absorption. § :

5 Heat Shrink Material xX X x X =
) Ionic Responsive Polymers. The research performed on polymers responsive to solution
ion concentration is based on the work of Allan Hoffman a consultant to this proposed Phase I 5 3 3 X
research (25), Sung Wan Kim, et al (26), Yoshihito Osada, et al (27), Toyoichi Tanaka (28-30) f Composites
and others (31). Current literature describes acrylamide/acid copolymer gels which have an
tonizable group. Once the polymer chain has been ionized the hydrogel will react to external Sirface Gradient e
electric fields by collapsing and forcing out the absorbed water. Another ionic responsive
polymer, sodium polyacrylate, is a common material used in "super absorbent” diapers. During | : ; ol
our tests. this polymer rapidly absorbed up to 500 times its dry mass of water. If the pH or ionic ! : Voight-Maxwell Models x XXX xX X
content of the polymer gel was adjusted away from neutral, the gel collapsed. These behaviors i i |
demonstrate the hydrophilicity and hydrophabicity of a polymer network. | J Shape Memory Palymer x X > X X X
7l Temperature Responsive Polymers. Poly(N-isopropyl acrylamide) was chosen as the £ |
lemperature responsive polymer. At temperatures below 32°C the polymer is soluble in water. i Crosslink Density Study > > x > o
When placed on the temperature gradient device described above, the polymer responded by : :
precipitating or "clouding” at temperatures above 32°C (32-34). These samples demonstrate the i i Elastomer > X > x >
effect of temperature on cohesive energy density and how cohesive energy density affects
C‘\j][:}:i.l‘::i_d‘rht concepts of upper and lower critical solution temperature (LCST) are directly i Palrheiizaion Pricedine o P = X > X
&) Surface Property Gradient. Wettability gradients were generated on samples of palystyrene Spherulite Gradient X KX XX > > pod
using an oxygen plasma field (35-38). The gradients were formed by placing a plasma |
barrier/mask along one half of the polystyrene surface and plasma treating the entire sample for 20 = ;
scconds. See Figure 2. During wettability measurements the treated end was completely wetted | Crosslink Gradient > x X X X x X

with a thin film of water, and the untreated end allowed water to bead up considerably. Other
measures of wettability included a capillary effect along the length of the treated surfaces. The Plastuicizer Gradient > XX > x XX
treated end allowed water to wick up approximately two centimeters while the untreated end only
allowed the water to wick up approximately 0.5 centimeters. These samples demonstrate dipole-

. ; : ) analy et
dipole bonding and the difference between bulk and surface properties of a material, [ Copolymiar gradien x x x
=
Masking (Plasma barrier) =
| 3 Z
Polystyrene Substrate | E'- % i; ’ %:
| = = E Z = A
- = L B = & 2
[ H = g A £ £ . 5 g
S T T A T o 2 5 2 = E S 2 5 = £
A o o e e o o e P M, £ E T S E E £ g
= 3 o = - 1 = = S =
= 2 g & = i
" ; ; : = = 5 = £ - 2 & 5 ik
Figure 2. Schematic of polystyrene subsirate with mask (barrier) to prevent surface modification b B g8 ‘o B E £ £ T @ 2 B
: f polysty [ 2 v £ B s £ g B .5
from the plasma treatment. The wavy lines represent 3 E g L 9 s - s £ 2 % =
the impact of ionized gases and UV radiation. [ s 2 § £ = T g g§ 2t ¥ 3
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polymer Tg The feasibility of this objective was established during the Phase I
of this research. During the Phase II portion of this research we will address the issues of
aterial properties and scaling up the size of the samples.

portion
reproducibility

3 Plasticizer Gradient: The feasibility of this objective was established during the Phase 1
portion of this research. During the Phase I portion of this research we will address the issues of
reproducibility and gradient bounds. We will determine the most efficient way of making large
numbers of gradient samples with controlled properties.

4) Cross-link Gradienr: The feasibility study of this objective was begun during the Phase [
portion of the research. During the Phase Il portion of this research we will examine the use of a
photoactivatible crosslinking agent and an optical gradient for generation of a cross-link gradient.
Other study will include determining the proper bounds on the gradient properties. The bounds
should be such that both ends are distinctly different, both by sight and touch.

5) C

vmer Gradient: This material system was partially developed during the Phase |
nd work will continue with expected supplemental funding, and into Phase II. The
sted during the ¢ | of this research were step gradients; we are continuing research
)] SL‘”I:F.J'C 4 mor “onlinuous ‘:‘]'.'!'.ji&.‘ﬂ'l

research
systems

6) iic Responsive Polymer; The material systems of sodium polyacrylate and
polyacrylamide were tested during Phase [. We will develop and test other systems including
polymer gels being considered for prosthetic muscles, during Phase IT (25-30). Poly(Vinyl

in response to changes in solvent
substitute

ol) hydrogels have demonstrated marked volume chang
tent and external electric fields and are being developed for possible use
tissue (40-42)

] Temperature Responsive Polymers: The feasibility of this objective was completed during
the Phase [ portion of the research. During Phase I1 we will determine reproducibility of solubili
re and the most economical solution concentration.

fempe

8) Surface Property Gradient: The feasibility of this objective was largely completed during
Phase | rase [T we will continue studies to determing the most efficient surface treatment
times, and the surface chemistry stability after reatment.

¢ Memory Polymer: Japanese researchers have utilized a polymer which behaves ina
he popular shape memory metal Nitinol (43). The polymer is poly(norbomene)
shows the chemical structure of the monomer and polymer.

norbornene polynorbornene

G

Figure 3. Chemical structure of the norbornene monomer and polynorbomene .

(PNB) F.Jg‘.jrr: 3

This polymer was developed in the France around 1979 by CdF Chimie Inc. and marketed in the
United States as a means for absorbing hydrocarbon spills (44,45). In addition to its remarkable
ability to absorb nd fuels, this polymer demonstrates a shape memory effect that is triggered
ass transition temperature, 37 C (46). When polynorbornene (PNB) is cast, its molecular
15 are set in place. Upon heating above its molding temperature, 70°C, the molecules of PNB
become mobile and the polymer itself can be molded to almost any shape, If the polymer is held in
that shape while cooling, the molded shape will be retained indefinitely. The polymer can be
plastically deformed at room temperature, but once the polymer is heated above it Tg, the material
will return to its original as cast shape; the polymer molecules remember their original shape. See

8

1) Composites Gradient : Polymer composites are primarily used to save money during
processing (inert fillers) and to improve matenals properties (second phase particles and fibers)
We will include several types of materials for the student to make their own polymer composites
The properties of the individual materials can be tested and compared to the properties of the
composite material. Through adjustment of the component ratios, many properties can be
developed.

12) herulite Gradient: Polyethylene oxide (PEO) crystallizes at approximately 50°C to form
spherulites. The size of the crystals depends on the cooling rate. An example of how this
phenomena might be demonstrated would be to place a melted sample on the temperature gradient,

and observe how the equilibrium temperature affects the size of the crystals. Diffusion calculations
relate diffusion temperature with diffusion rate
13)  Cross-link Density Study: Cross-linked polyvinyl alcohol and polyvinyl acetate are well

known classroom demonstrations (5). These are often used as a "tease" to generate student interest
in science and polymer chemistry but without explanation of the chemical principles involved.
iriations of this experiment including cross-linking gradients and inquisitive explorations

chemical processes, the student will both enjoy and learn the science of cross-linking.

Us

14) Elastomers: Often called an "entropy spring,” rubber bands and balloons have been used to
demonstrate how entropy, internal energy and free energy are related. As the elastomer is
stretched, it gives off energy (temperature increases), as it is relaxed, energy is removed from the
environment (lemperature decreases). The temperature changes are minor, however, and can only
be felt when placed on a sensitive part of the skin. We will develop a polymer geometry which
*nables a more dramatic temperature change to be sensed. The student is encouraged to attempt
several simple and safe tests to explain the streiching and energy change behavior of elastomeric
materials

15)  Hear Shrink Materials: The objective of this research is to provide several polymer
materials which contract or expand during heating. Some will do so reversibly, others will shrink
sibly. When explored, these materials will demonstrate the effects of glass transition and
polymer chain orientation on mechanical properties

16} Polvmerization: We will utilize an aqueous redox polymerization (probably
hydroxyethylmethacrylate (HEMA)) to demonstrate the formation of long polymer chains from
short monomer molecules. As well as the actual chemical demonstration, we will utilize a common
macroscopic physical polymerization involving paperclips and marbles. This exploration
demonstrates how increased energy or temperature (more shaking) and collisions (more marbles)
can increase the reaction rate.

17)  Other material ideas: 1) A study of molecular weight distribution possibly using several
samples of a single polymer of various molecular weights. 2) A study of gel permeation
chromatography (GPC), this will tie in well with objective 4 cross-link gradient. 3) In conjunction
with protein research continuing at Protein Solutions, Inc. a study of biopolymers could be
included.

18)  Curriculum Developmenr: Our goal is to match several well-known polymer texts with a
Labless Lab™ exploration. Although the concepts learned through these exercises were drawn
from the most popular introductory polymer texts (19,21,49-54), we will work to completely
maich the explorations to a specific chapter and page number for each of the best selling texts. See
example in Table 2. We also will develop our own manual — Polymer Concepts and Principles: A
Handbook for the Labless Lab™ in Polymer Materials.




figure 4. Recent research has centered around developing PNB and its shape memory ability for

al implant use (47,48).

As Cast Shape

Reshaped by application of stress at temperatures below the Tg

Original shape returns after reheating above Tg

Figure 4. Demonstration of how shape memory F‘nl_\'mer:IPu]}-‘norbumcnc, \-\'l'.i TJ.:]!-It:]'IH lI::Ih'Iw
original shape. The polymer sample is cast into the word "PSI". At room mz:aI:eu[!.i_lL the p,(". __ﬁr::nz
can be stretched or bent to "erase” the word. The polymer will retain this shape until heating above

its T when the polymer will return to its original shape.

10) Voight-Maxwell Models: These models are shown 5n.'hcn1.1tic.':d]_}' in Figure 5. They m:.j
model of the viscoelasticity demonstrated by polymeric materials. Using sprit »d i hi;)
syringes as "dashpots"”, the student will be able to customize a Voigh -.\I:-lzcm.ll e ebu. 11.1-“% “w:
particular behavior of a polymer sample. The elements will be attached to each other \f|l_l s [;_
connections which will allow both tensile and compressive stress. By adjusting the e :I.rr’u_n "1.
orientation and the spring constant or dashpot constant, one can compare buuj‘ trin rate :\ntl::
ilus of real polymers with the polymer models. Use of a spring scale for force measurements

issist this exploration.

Strain versus time Mechanical Element
% 4

E

Figure 5. "A" is an elastic element (spring), "B" is a \ wionian flud lq;;rh;])otl. I(_ is a
~ Maxwell element, "D" is a Voight element, and "E" is Voight-Maxwell element.

9

Table 2. Example of an exploration being matched and correlated to specific concepts
and chapters in a polymer text book

Spherulite Gradient

Observation #1: Melting Point §11.4 7

Viscosity §9.13, p.207

Elevated temperature properties

19)  Protorype Assembly: The object will be to aesthetically present the exploration materials,

juipment, and curriculum guide. Safety will be emphasized. Safe and efficient packaging will be
igned in consultation with Wild Goose™, Inc., a local company that manufactures and
distributes science kits to the elementary student and teacher (55). Our kits and components will
also be evalvated by the Utah State Department of Education safety specialist and science
curticulum specialist,

20)  Prototype Ev on:  The object will be to use the explorations in the classroom and
encourage expert critiquing by qualified instructors and professors, See advisory board

(e) Phase I Research Plan

In this section we will discuss the Phase II research objectives in more detail

o We will also point out those objectives which we are considering for another line of
products we call Technurios™._ Those materials which are unique and novel enough to elicit
general public interest may be developed as individual products, Technurios™, in addition to their
use in the Labless Lab™ (56).

1) Temperature Gradie We will measure reproducibility of the current and future designs,
Design and building of a temperature gradient which utilizes a portable energy source as well as an
AC based power supply will proceed. Cost of materials and equipment as well as safety will be of
primary concern

]

2) Homopolymer Tg: Homopolymers with wide ranging Tg's have been selected. We will
confirm Tg estimates and their affect on mechanical properties for each polymer selected.
Reproducibility of materials properties will be maximized and cost will be minimized during Phase
IL. This will be an excellent opportunity for the student to utilize the temperature gradient included
with the Labless Lab™ to observe the effect of different temperatures on the polymers' properties
and behavior.

Plasticizer Gradient: DOP plasticized PVC gradients were made and tested. During Phase
Il we will determine if scaling up to larger samples will affect the material properties, as well as
determine the most suitable gradient boundaries for establishing a linear stiffness gradient. In
consultation with Drs. John Nairn and Jules Magda, both polymer characterization specialists, we
will develop direct correlations between the sample's droop angle and hardness and the polymer's
Tg and elastic modulus. This will be an opportunity for the student to utilize the temperature
f‘:‘éd:cm to observe the effect of different temperatures on the gradient polymer's properties and
avior.

4) Cross-link Gradient: During Phase 11 we will examine the use of a photoactivatible
crosslinking agent and an optical gradient for generation of a cross-link gradient and make several
such gradients to measure reproducibility. Other studies will include determining the proper
bounds on the gradient properties and minimizing costs of the required materials. The bounds
should be such that both ends are distinctly different in both the sight and touch.

¢




wer Gradient: During Phase I the comonomer gradients were formed by mixing
partially polymerized monomers and placing the more dense monomer on the top to force a
diffusion mixing. Phase II research will create a more uniform gradient and simplify the mixing
procedure. We learned during the Phase | research that isocompositional copalymers will
demonstrate the desired range of behaviors. During Phase Il we will blend these ranges of
properties within a single sample. We will mix the partially cured monomers with a gradient
pumping system. See Figure 6. This system of generating a gradient will produce a more uniform
and linear gradient of materials properties. We will use computer control 1o develop a reproducible
pattern of gradient gels. We propose to dev elop a program to incrementally adjust pumping rates
to produce the most useful. readily observable gradient properties.

100% "B"

) Cop:

Monomer Monomer

Figure 6. Schematic of proposed monomer pumping system The pump for monomer "B" will
begin transferring the less dense fluid; pump "A” will then hegin to transfer the more dense
monomer. During final stages only pump "A" is transferring monomer

Explorations utilizing these samples include water swelling and mechanical stiffness
urements, similar to the characterization studies performed for the evaluation of these polymer
£ Both of these involve no sophisticated equipment other than the human senses of sight
and touch, They plainly demonstrate the effect of sidechain chemistry on the mechanical and
chemical behavior of the polymer system. This will also be an excellent opportun or the student
to utilize the temperature gradient included with the Labless Lab™ to observe the effect of different
temperatures on each portion of the copolymer gradient's properties and behavior.

me

gradients.

6) Ionic Responsive Polymer:  Hydrophilic polymer gels absorb water and swell;
jrophobic polymer gels expel water and collapse. By reversibly switching a polymer's
characteristics from hydrophilic to hydrophobic we can control the amount of water uptake and its
dimensions. Research to utilize this phenomenon for drug delivery is ongoing at the Center for
Controlled Chemical Delivery at the University of Utah. In consultation with Center faculty and
students, we are developing a polymer system that demonstrates the effect of hydrophilicity and
hydrophobicity on water absorption. Currently, we are concentrating on systems which utilize
switching in response to changes in iemperature, electric field, pH, and ion content.

Polymer gel networks which form as the result of hydrogen or ionic bonding can often be
disturbed with the use of an electric field. An example of this phenomena is described by Kim, et
al (26). They describe how the network polymer of Poly(ethyloxazoline) (PEOx) and
Poly(methacrylic acid) (PMAA), dissolves under the influence of an electric current as a function
of pH. Recent papers have covered lopics concerning converting chemical energy into mechanical
energy (40-42). For example, Osada of Hokkaido University in Japan has a sirong interest in
developing materials for artificial muscles.

Superabsorbant polyacrylates are the subject of a recent article in Trends in Polymers
Science. These polymers are used in everything from diapers to planting soil to educational
They absorb water in large quantities (up to 800 times the mass of the

onstrations (37-39),
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10) Voight-Maxwell Models: These models are used to help understand and predict the
\|1\L'1| ‘Lhi;\llu'lpfl‘]‘i_‘ﬂll_‘\ of real polymers. By designing a set of modular spring \'hrc\'- \‘\.'Hl;i['l‘
the Labless Lab™ will allow the student to quantitatively lel an actu: [iter sampl Sea
figure 7 tudent to quantitatively model an actual polymer sample. See

Figure 7. The Voight -Maxwell model at varying degrees of strain. The strain versus time
curve is similar 1o the viscoelastic strain behavior exhibited by actual polymers.

By modular attachment of these elements (snap connectors allowing both tension and
compression), and through the use of varying degrees of stiffness in the ~.'prinh2-; and viscosity in
the dashpots, the student can model the properties of a specific polymer \amplE supplied to them
During Phase 11 re-;;arcl‘-._ we will study ways to adjust the _\pr:mz' constant and viscosity n-l' [|1s.;
syringes being used for this exploration.” The requirements will be that through controlled selection
of Lje!\_ll'l_'{l properties and simple adjustment of those properties, the student could model the time-
strain behavior of a real polymer sample. ‘

1 Composite Gradienr: We will develop several different shapes of second phases to be
Cﬂmhlncl_'. with the primary phase of either a moldable putty or simply taping tngc[hc; indwich
of second p]}.ise\' |’{‘\\'I|'§].13 shapes include, rods, spheres, and fibers of various sizes and len al-l‘-.~.
By placing fibers longitudinally, the student can enhance the properties in the longitudinal direction
ay lower the properties in another direction. To explore other options, the student can simply
I:Iu.ue a layer of fibers in another direction, or possibly use an entirely different type of filler. S":eE
figure 8. This exploration leaves open many avenues for exploration and expansion of knowledge
l_:L‘l_ only of polymers and composites, but for mechanics and physics. For example, by uhmg:a
spring scale the student will measure the deformation load of different composites and calculate the
effect of the different types of fillers on the modulus and strength of the material.
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Explorations for these polymer samples include studying the effects of temperature, pH,
and electric field on polymer swelling and solubility. By studying how each of these

environmental factors affect the polymer, hypotheses can be formulated relating changes in outside
conditions to the chemistry of the polymer Chain,

o This is a material which we are considering for development into a Technurio™, The
concept of electrically driven motility is one which stimulates the imagination. Imagine a material
configured such that when an electric current is passed through it, it will flip over or "walk" across
a table or desktop. Such behavior has been demonstrated by Osada and Ross-Murphy (42).

7 Temperature Responsive Polymers: During Phase IT we will study the effects of solution
concentration to determine the most efficient use of polymer material for this exploration. This will
be an excellent opportunity for the student to utilize the lemperature gradient to observe the effect of
different temperatures on the polymer solution's properties and behavior.

i This is a material which we are considering for development into a Technurio™. The
poly(N-isopropylmethacrylamide) could be packaged in a colored water solution for distribution as
a novelty. When the solution reaches a temperature of 32°C or greater it will cloud or precipitate,
al temperatures less than 32°C the solution is clear and appears as colored water. The "ghost” in
the solution can be made to appear simply by holding the container in one's hand and allowing it to
reach body temperature, 32°C. Severa people could participate in a timed contest to see who had
the ability to raise the solution's lemperature the fastest (56).

5) Surface Property Gradient: During Phase I we will establish several surface tests
including sessile drop, capillarity, and peel-tape tests. By placing either water drops or tape
samples on different parts of the gradient surface. the qualitative difference between each portion of

ice can be measured. These tests provide different approaches to the same question of
what has happened to the polymer surface.

Polymer: When polynorbornene (PNB) is cast, its molecular chains are set
above its molding temperature, 70°C, the molecules of PNB become
ner itself can be molded to almost any shape. If the polymer is held in that
lded shape will be retained indefinitely. The polymer can be plastic y
rature, but once the polymer is heated above it Tg, the material will return
pe. In effect the polymer molecules remember their original shape,

Polynorbornene a gh well characterized, has had little published concerning the
explanation for it shape memory effect. The information available indicates thar the high chain
stuliness caused by the pentane group coupled with the tangling of the polymer chains leads to the
pe recovery. When above its molding temperature, approximately 70°C, the PNB chains are
free to move around each other due to their high energy state. At this temperature we can imagine
the chains as extensively intertwinned limp strings. As the temperature decreases, the molecular
motion slows and the chains are "locked" in place by strong interchain Van der Waals forces. In
this plastic state, below 70°C, the polymer can be deformed; chain movement occurs by rotating
bonds and stretching bonds Finally, as the polymer is heated above isTg, 37°C, the chains
recover their strain by rotating back to their preferred orientation programmed at the original 70°C
forming temperature.

We propose using PNB as a demonstration of strong intermolecular Van der Waals forces,
polymer chain stiffness, and the effect of Tg on mechanical properties.

Our research will center around developing a suitable custom casting process and
identifying the specific polymer chain conformational changes which lead 1o the shape memory
effect

Memory

shape while cooling, the mol

deformed at roo

This is a material which we are considering for development into a Technurio™. A
Japanese company, Maruyoshi Co., Lid., distributes a similar novelty product in Japan. We will
develop our own unique or custom shapes, similar to nitinol samples used for education purposes
(43,56
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Figure 8. Schematic diagram of different direction composite layers

) Spherulite Gradienr: During Phase 11 we will develop a set of explorations with a
herulite forming polymer, probably poly(cthylene oxide) PEO. The explorations will teach the
student about the phenomena of diffusion, molecular kinetics, crystal lization, and light polarization
lo name a few, Variables will include diffusion temperature, heating rate, ambient conditions,
impurities, and melting substrate. This exploration will be a perfect use for the temperature
gradient to demonstrate the effect of different ¢ illization temperatures. When the pul_\;_nu:r melt
is placed on a cooling substrate, the polymer molecules begin slowing their rotations and
vibrations. During this cooling it is energetically favorable for the pnl_\-n}cr molecules to line up
with each other; while lining up the molecules will form a macroscopic sphere or circle depending
on the melt geometry. This spherulite is visible with the naked eye, and its image can be enhanced
by using crossed polanzers and a magnifying glass, which will be included with the lab, .

; The formation of the spherulites over time is depicted in figure 9, for different cooling
lemperatures.

Cooler Temperature and

Warmer Temperature and ratus
Slower Rate of Diffusion

Faster Rate of Diffusion

A
3 ‘W
Y »w .
¥ ' %fb Last Stages of Diffusion
ATt ey 5
"?"1‘"}'5"" i é" n

Middle Stages of Diffusion

Early Stages of Diffusion

Figure 9. A schematic diagram of polyethylene oxide spherulites. This depicts the condition
after melting with slow cooling. The right hand side was cooled quickly
and the left hand side was cooled slowly,
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appropriate for a given topic. In most cases a concept will be covered by muluiple explorations
Also. each exploration may incorporate several polymer concepts. For example the concept of ume
and temperature superposition is covered by the spherulite gradient, the elastomer. the Voight-
Maxwell models, and the Tg homopolymers, while the temperature responsive polymer objective
covers cohesive energy density (CED), macromolecular effects, steric hindrance, and optical
properties. See table 1.

In addition to matching the objectives to their textbook application and writing our own
Labless Lab™ curriculum guide, we will determine the best modeling and simulation parameters
for the matching concepts and objectives. Drs. Naim and Magda, both polymer characterization
specialists, will assist during this portion of Phase I1. Table 3 1s an example of the type of chart
we envision. We call it the peniodic table of polymer concepts. Duning Phase II we will expand
this chart to include all of the concepts and explorations shown in table 1

9 Frotetype Assembly: 1n consultaiion with scientific packaging and safety experts, we will
assemble the materials, equipment, and instructions necessary for the student to safely and quickly
find the matenals necessary for each exploration.

201 Protonvpe Evaluation: The Labless Lab prototypes will be sent for evaluation to a few
promuinent polymer instructors. Dr. Allan Hoffman, Dr. Jules Magda, Dr. Ferdinand Rodriguez,
Dr. Charles Carraher. Dr. John Nairn, and Dr. John Droske have agreed to serve as consultants.
See attached letters in budger section. This evaluation procedure will accompany our presentations
at national conferences as a portion of the dissemination procedure

The principle investgator will anend the annual meetings of the American Chemical Society
(Division of Chemical Education). National Science Teachers Assaciation. and the National
Educators Workshop. (Al least two semunars. presentations, or posters each year) in an effort to
determine necessary modifications for complete instructor/student satisfaction and effectiveness.

In his speech one year ago to the students of Rose-Hulman Institute of Technology, Dr
Collens discussed the use of computer based education systems and how their use can provide
students with more direct experience and feedback, engaging students more actively in the learning
process. He states that, "University life in the first half of the 215t century will be much different
that the last half of the 20th century. ... Powerful computing technology will merge with advances
itive sciences to release the real power of computers in instruction.” (60) Certainly
nces must be accompanied by parallel advances in the laboratory teaching method.
Already several manufacturers have developed virtual reality laboratories for computer use; we feel
that the integration of real reality labs with computer instruction will benefit the student and the
instructor

(£ Commercial Potential (Summary)

A recent article in The Futurist describes the educational institution of the future as one
without walls (61). It states, "In the future, technologies will allow leaming to take place virually
everywhere.” At a site called "the plug-in school” teachers could check out learning modules, such
as the Labless Lab ™ in Polymer Materials, for a particular lesson. We will package our
explorations in both individual formats and in class size formats.

A recent issue of POLYED discussed the development of a set of video lessons on
introductory polymer science (62). During a discussion with the video series designer and
instructor, Dr. Richard Stein. the possibility of uulizing the Labless Lab™ personal laboratory was
encouraged.

Dow-Corning Corporation. 3M Corporation. and E.I. Dupont DeNemours and Company.
to note only three well known examples, support continuing polymer and chemistry education.
During a recent discussion Tom Tucker. the supervisor of technical education at 3M, suggested
that the Labless Lab™ in Polymer Materials could be of interest to many of the 8000 students that
participate in continuing education classes offered on site each year. With $15 billion in sales and
10,000 professional employees, the 3M Corporation alone represents a large market

13)  Cross-link Density Study: A common cross-linking demonstration will be modified to
allow the student to generate a cross-linking gradient. Poly(vinyl alcohol) (PVA) and poly(vinyl
acetate) (PVAc) can be cross-linked at room temperature by mixing their water solutions with a
water solution of sodium tetraborate. During student explorations, adjustments can include the
concentration of tetraborate ion in solution, the concentration of (PVA) or (PVAc) in solution, and
the amount of filler materials added. Figure 10 shows the expected chemical reaction. Trapped
water in between the cross-linked chains gives the polymer its characteristic gel-like quality.

As the concentration of tetraborate ions [B4O77] for several cross-linking explorations is
varied, the student can estimate the cross-linking density (number of bonds per chain) and its effect
on the gel state of the polymer. There will be a critical cross-link density where the polymer will
form the gel state and where it will stay in its liquid state. :

OH
Poly(vinyl alcohol) CH — J:]—l + Tetraborate lon B,0;
n

—CH ;—CH—CH ,—CH —CH,—CH —CH ;— CH — CH,—CH —
- i I iy [

OH OH OH OH OH
H OH OH OH
| |

| - I |
CH —CHy —CH —H ;— CH —CH y —CH —CH,— CH —

OH

—CH,

Figure 10. Cross-linking due to dipole-dipole attraction. Both the number of
cross-links and the number of water molecules trapped in between the cross-
links strongly affect the mechanical properties of the polymer gel..

4] Elastomers: Elastic polymers act like mechanical springs and will recover to their original
length after repeated strains. When the polymer molecules are stretched, the decrease in entropy
causes the polymer system to give off energy as heat.

The equation for free energy is AG = AH - TAS. During stretching AS is less than zero,
during contraction AS is greater than zero, T is always greater than zero, and AH is zero for an
ideal elastomer. (This case holds if the strain or stretching of the polymer chains is very fast.) If
;;;G is greater than zero, the reaction gives off heat, if AG is less than zero the reaction absorbs

eat.

According to LeChatelier's principle, an external addition of energy (heating) should then
cause the polymer molecules to recoil or recover their elastic strain, and an external removal of heat
(cooling) should cause the polymer molecules to stretch or increase their strain. See equilibrium
equations for free energy below.

Coiled, random chains (high entropy) <=> Stretched, parallel chains (low entropy) + heat
5] Heat Shrink Materials: Similar to the behavior of elastomeric polymers are a category of

polymers called "heat shrink". Except that when these polymers contract during heating above
their Tg they remain in their contracted state unless heated above their melting point. Their
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his polymer the student will measure dimensional char
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witions. During Phase [1 we will establish suggested
s and relate them to the observable changes in the polymer
uations can be used to calculage specific parameters of the polymer
ee volume, and processing procedure

I6) Polymeriz
hydroxyethy

n: We will utilize an aqueous redox polymerization {probably
nethacrylate (HEMA)) 1o demonstrate the formation of long polymer chains from
short monomer molecules. The Kinetics of chemical reactions will be explored including the effects

re and concentration op polymerization rate and polymer chai As well as the
actual chemical demonstration we will utilize 4 common MACToScopic | polymerization
involving paperclips and marbles. By placing several hundred slightly unbenr paperclips
monomers) in a box and shaking the box, some of the ¢| ps will connect (polymerize). These
explorations demonstrate how increased ENergy or temperature (more shaking) and collisions
{more marbles) can increase the reaction rate and affect the chain length

17)  Other ma

terial ideas: 1) A study of molecular weight distribution possibly using several

samples of a single polymer of various molecular weights. 2) A study of gel permeation
chromatography (GPC), this will tie in well with objective 4 cross-link gradient. 3) In conjunction
with protein research continuing at Protein Solutions, Inc. a study of biopolymers could be
included

18] Curriculum Developmenr: We will consult with several leading polymer text authors and
Instructors for assistance in the development of the laboratory curriculum. Those who have agreed
to consult include Dr. Ferdinand R driguez of Comell University, Dr. John Droske, Professor of
Chemistry and Director of POLYED at the University of Wisconsin-Stevens Point, Dr. Jules J.
Magda, Professor of Chemical Engineering at the University of Utah, Dr. Allan Hoffman,
Professor of Chemical and B:n_}engmecrjng at the University of Washington, and Dr. John Nairn,
Professor of Materials Science and Engineering at the University of Utah.

During Phase II research we will confirm that each essential concept of introductory
polymer science is covered by at least one of the Labless Lab™'s explorations. We will match
specific explorations with the concepts listed in the most widely used introductory polymer texts as
well as the syllabi from the instructors who have written and vsed them. With this information,
any instructor of polymer science will be able to quickly determine which explorations wil] be

17




.
(Commercial Potential continued)

A survey of several popular polymer science introductory textbook authors revealed
approximate sales of 10,000 to 15,000 books each year (19,21,49-54). If the Labless Lab™ were
10 accompany these texts, we could expect similar sales figures once major distributors were
contacted.

The distance learning market is expanding at a fast pace. Several national organizations
exist to facilitate distance learning capabilities. The United States Distance Learning Center
(USDLA), which publishes ed at a distance, and the National Distance Leamning Center (NDLC)
xamples. A recent article in the journal Teleconference describes a preliminary market
of distance learning service needs. Several recommendations were identified including the
need for "experiential learning,” a need our Labless Lab™ could satisfy, We are consulting with
the Virtual University community concerning their needs and the application of the Labless Lab™
for their offered courses. The PBS's definitive guide 1o distance learning, Going the Distance
(14}, discusses major issues related to developing a distance learning program, and points out the
special needs of the distance taught laboratory sciences

TeleCons, a newspaper for interactive telecommunications, recently reported that sales in
the teleconferencing industry (both video and audio) would top $3.6 billion in 1994, up from $2.3
billion in 1993, and B billion in 1992. They also reported over 15,000 two-way interactive
videoconferencing rooms operational in North America by the end of 1993, up from nearly 6,000
at the end of 1992 (63

There is growing interest in the concept of the virtual university, the university without

walls. In a sense this was pioneered by the Open University of London and by the National
Tec E Univ located in Fort Collins, Colorado. The discussion and interest has
picked up dramatically in recent years. President Dr. Warren Baker of California Polytechnic
University in San Luis Obispo has been an ardent spokesperson for the virtual university, as has
Governor Michael Leavitt of the State of Utah. There has even been talk of international virtual
universities and long distance leamning (65-67)
As these virtual activities develop there will be greater and greater need for mechanisms by
real interactive, experiential, education can be achieved. That is exactly where our Labless
ib™ concept and project fits in. In spite of all the interest in software, CD ROM, and other
inologically-based learning materials, conventional textbooks remain the mainstay of education,
tbooks are now a nearly $3 billion market at the elementary and high school level, and nearly
33 billion at the college level, and these markets are increasing at roughly 5% per year, particularly
al the college level (68).

An article in the March 1994 1ssue of Ed Journa
K-12 classrooms. The computer and its networking capabilities are a much sought after tool;
current limitat on hardware availability scem to be the most quoted barrier to further expansion
of computer usage in the K-12 classroom (64). The ACS is encouraging high school and college
include polymer components into their che v curriculums. We propose
ping a specialized, abbreviated Labless Lab™ in Polymer Materials with a chemistry
sis for this application. This kit would be a small component of the larger Labless Lab™ in
vmer Materials and our planned kit for a Labless Lab™ in Chemistry ¥

PSI is now working on a preliminary marketing plan and Phase T strategy for this
evolving product. The Phase III financing mechanism and the marketing plan will be pl';:.‘;I:”TI:Lt in
detail in Appendix 2 to this proposal. Commercial Potential, which will be submitted
approximately November 15, no later than 90 days following the submission of the technical Phase
Il proposal, i.e., this document.

The marketing plan will include an alliance with one or more major textbook publishers,
and/or an alliance with one or more major software/simulation/CD ROM publishers, and/or an
iance with one of the major laboratory equipment and supply firms. Our goal is to have the
Labless Lab™ marketed, together with existing textbooks, in college and university bookstares
throughout the nation, and eventually the world. We also expect that it will be marketed through
those computer, educational, and related supply outlets which tend to feature computer, video, and
tele-based educational materials. We further expect it to be marketed through the normal science
supply/kit mechanism, the major source of materials and equipment for traditional college and
university laboratories. In addition, the Technurios™ which will be developed and sold
independently of the main kits, will be marketed through science and education-related gift shops,
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CONSULTANT'S INFORMATION

Dr. John Droske directs the Poly-Ed Information Center at the University of Wisconsin,
Stephen's Point. Poly-Ed is an organization of polymer scientists and engineers derived prnn_:_lnl_\
from among the membership of the American Chemical Society Divisions of Polymer Chemistry
and Polymeric Materials: Science and Engineering. This group has been very influential in
ing polymer awareness and content in chemistry courses, including the publication of a
wide range of articles and materials in the Journal of Chemical Education. Poly-Ed sponsors a
variety of projects related to enhanced polymer education, Poly-Ed provided a grant to Dr. 1D
Andrade, Professor of Materials Science at the University of Utah, for an initial feasibility study on
the Labless Lab™ in Polymer Science. It was this initial feasibility study that led to the successful
Phase I proposal and thus to this Phase [T application. Dr. Droske's experience with Poly-Ed and
his knowledge of the polymer science education field will be invaluable in helping us assess the
efficacy and effectiveness of the Labless Lab™ for Polymer Materials.

Dr. Allan Hoffman is Professor of Chemical Engineering and Bioengineering at the University
of Washington and is a pioneer in the development of materials for bioengineering and medical
diagnostic applications. Although he has immense experience und_hackgmund in all areas of
er science and engineering, his activities in the last 10 years dealing with the development of
: materials for drug delivery and diagnostic applications is of particular interest and
relevance to this Phase II application. Dr. Hoffman has worked extensively with thermally
responsive polymers, with pH and ionically responsive polymers, and in addition has wide
experience in teaching polymer science and engineering at the university level. His insight,
critique, and suggestions will be extremely important

zent

Dr. Ferdinand Rodriguez is Professor of Chemical Engineering at Cornell Universi
author of one of the most successful and well known polymer science textbooks, Principles of
Polymer Systems (46). Now in its third edition, the Rodriguez textbook is generally recognized as
one of the classic polymer textbooks and is widely used throughout the field. In addition Dr
Rodriguez has been particularly interested in and effective in developing hands-on demonstrations
of polymer concepts and principles. His series of papers in the Journal of Chemical Education,
and the laboratory experiments and manuals which he has produced, form the mainstay of much of
experimental polymer science in the university environment. We are pleased and honored to have
Dr. Rodriguez join us as an advisor on this project. His interest in and emphasis on engineering
applications of polymers will also provide a polymer technology component to the Labless Lab™,
enhancing its relevance in engineenng and technology circles.

Dr. John Nairn is Professor of Materials Science and Engineering at the University of Utah and
teaches the graduate polymer science courses together with Dr. Richard Boyd and others in the
Department. Dr. Nairn is an expert on composite materials and has paid particular attention in his
polymer science courses to developing simulation software to help illustrate J_ﬂd model important
polymer concepts and principles. He will be especially helpful in providing the educational
materials and analysis to take the Labless Lab™ experiments from what might appear to be simple
demonstrations of phenomena or concepts to the next plateau of quantitative analysis, modeli
equation and relationship development, and full understanding and pr{‘dlclahl]li): _Dr. Nairn w
Dr. Rob Scheer's thesis advisor from 1989 to 1993. During those years Dr.'s Naim and Scheer
developed a close working relationship which continues today with a soon to be published paper
based on Dr. Scheer's Ph.D. research. Dr. Nairn recently returned from a Fulbright Fellowship to
the Imperial College of London for advanced study of polymer composite materials.

Dr. J. Magda, Associate Professor of Chemical Engineering and Materials Science at the
University of Utah, is an expert on polymers in solutions, including the dimensions, shapes and
conformations of polymer chains in solution. He deal with such topics as vi ty, light
scattering, and polymer processing. Dr. Magda has also taught the basic undergraduate polymer
science and engineering course a number of times, as have Drs. Naim and Andrade.
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rift shops, and related mechanisms with which we

catalog sales and museum and science cent
f eting of our bioluminescence science educational

w familiar as the result of the r
:ts, Galaxsea™ and Night-Life™,
Regarding the funding for Phase I11:
1) We anticipate an appropriate mix of equity investment targeted to the production,
marketing, and commercial development of this specific project

2) A contract with one or more distributors or customers for specific numbers of Labless
Lab™:. Polymer Materials kits to be produced and shipped in 1997 and 1998 (69).

3) Continued investment by PSI's principals and existing shareholders as it is clear that the
Labless Lab™ line will be PSI's major source of revenues in the 1996 -1999 time frame. PSI is
now planning a small, initial public offering in 1997 ar 1998 which would provide the financial
resources to expand the Labless Lab™ line of products, the Technurios™ derived from those
products, and several new science education products. Our goal is that by the end of the current
decade we will be recognized internationally as the source of personal kits and experiments for a
wide range of science and engineering college and university courses and for high school courses
as well

PSI is deeply committed to continuing the development, full-scale marketing, and the
expansion of the Labless Lab™ in Polymer Materials, and further Labless Lab™ products.

(g}  Principal Investigator and Senior Personnel

Dr. Robert Scheer, Principle Investigator, received his Ph.D. in materials science and
engineering in 1993. He is Principle Investigator of PSI's Labless Lab™ in Polymer Materials, an
SBIR Phase [ from the National Science Foundation. Dr. Scheer has had considerable experience
in the teaching of college level chemistry, and is maintaining a part-time adjunct chemistry
instructor po 1 at Salt Lake Community College. This minimal classroom involvement is
nriant in order to keep up with current student concerns and to work with students on their
needs for a personal laboratory. This experience is very rortant to the development of the
Labless Lab™., A letter from his Depaniment Chair attesting to the fact that he is a part-time, non-
permanent employee, and thus cannot submit research grants through Salt Lake Community
College is included here in accord with NSF's PI instructions regarding eligibility (page 2 of 13 in
Part Il - SBIR PHASE II Process of NSF 94-81 (new)),

Dr. Joe Andrade is founder and Chief Scientific Officer of PSI. Although he is not listed as

or personnel participant, he does spend about 25% of his full time activities with Protein
ns, Inc. and will be working closely with Dr. Scheer on this project. Dr. Andrade is
essor of Materials Science and of Bioe eering at the University of Utah and has taught at the
University undergraduate and graduate levels for the past 25 years. He also had some experience
teaching high school chemistry and biology many years ago, directs the University's Center for
Integrated Science Education, involved with junior high and high school teachers
locally. He is also involved in the development and conduct of inservice courses for local teachers
and in the revision of the state core science curriculum. Joe regularly teaches Materials Science and
Engineering 519, the basic undergraduate polymer course. It was his experience and examination
of the needs of this course that lead to the Labless Lab™ in Polymer Materials.

1s hea

(h}  Consultants and Subcontracts

Consultants as described above for evaluation of prototypes and curriculum development.
Formal consultants are Dr. John Droske, University of Wisconsin-Stevens Point (Director,
POLYED National Information Center for Polymer Education), Dr. Allan Hoffman, University of
Washington, Dr. John Nairn, University of Utah, Dr. Charles Carraher, Florida Atlantic
University, Dr. Jules Magda, University of Utah, and Dr. Ferdinand Rodriguez, Cornell
University. See letters of agreement as submitted with budget.
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Dr. Charles Carraher is Dean of the College of Science at Florida Atlantic University and i
uH[hnr of one of the most well-known and widely distributed polymer science texthaoks FPolymer
C try: An Introciuction (49), this book is considered the bestseller among basic lde’,E,Bd“' ate
polymer science texis. He too has been heavily involved in effective ul'lhdergruifll;111‘.-1:\;\]&““!:‘}
education, including the development of hands-on, experiential, laboratory components. He is the
co-chair of the Polymer Education Committee and on the board and founder of the Intersocietal
Polymer Education Committee. His experience and insight will be vital to testing and enhancing
the Labless Lab™ in Polymer Science. o4 o

s CO

(i) Equipment, Instrumentation, Computers, and Facilities

. PSI's laboratories and office are located in the Northgate Business Center near downtown
Salt Lake City, 350 West 800 North. These facilities include about 250 square feet of office space
and 1100 sguare feet of laboratory and production space. Research and development equipment
includes spectrophotometers, a plasma chamber, ovens, measuring electronics, Macintosh and
IBM computers with appropriate sensor and monitoring interfaces, .;pmal microscopes, and other
general routine laboratory equipment, ) .

e PSI is an industrial member of the Center for Biopolymers at Interfaces at the University of
Utah, a University/Industry/State consortium. Asa member, PSI has priority access to equipment
laboratories, and technical personnel in the Center. including specialized analytical fac !
specialized material testi - )

ilities,

2 facilities, and materials production and fabrication equipment,

(j) Current and Pending Support of Principal Investigator and Senior
Personnel

Robert J. Scheer:
1. Current Support:

1} NSF Phase 1 SBIR, The Labless Lab™ in Polymer Materials (ends 8/15/94). This proposal
is the Phase [I application. I

2. Pending Support:

1 _NSF STTR, Direct Read Quantitative Biosensors for ATP Dependent Processes (9/1/94
- 8/30/95) five man months.
2) NSF Phase [ SBIR, A Labless Lab™ for Chemistry: period 1/1/95 through 6/30/95.

t;::“U lj_.\'SF Phase 1 SBIR, Marine Phytoplankton in Sealed Environments: period 1/1/95 through
/30/95.

4) NSFP"’[‘ T P L = P R e T
s thmughhg;_%(]ﬂjgml Sensing Nicotine in Secondary Smoke Using Bioluminescence: period

5) . NSF Phase I SBIR, An adjustable Thermal Gradient Surface Device for Materials and
Chemical Analysis; period 1/1/95 through 6/30/95,

As PSI's sponsored R & D volume increases several Ph.D. level research personnel will be
attracted and hired. Although Dr. Scheer will serve as principle investigator and primary supervisor
and scientist for these projects, the more routine scientific and engineering activities and tasks will
be delegated to these new staff researchers, Dr. Scheer will retain a minimum of one man month of
direct involvement with each of the projects for which he is serving as principle investigator.
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Budget Explanation Page

’ermanent Equipment: Two peristaltic pumps @ $1,500: These will be used to develop I1r||_4r
copolymer gradients for objective 5. Carver mu]u press @ 51.,000: this system will be used to
nl\n‘.er net shapes nn.-mcu ves 2 . 11, and 15, Vacuum U"eﬂ G '1 500 l\c.!
ical and heat treatment tests on nnl'.mc'-. rc\r objectives 1,2, 3,5,7,9,12, 13, 15 and
o microscope (PSI will deLh cost) @ $3.000/2 = §1,500: to quantitatively measure
vth in objective 12. Microgram Balance @ 2,000 'Jn» balance will be essential for
ve studies including those for objectives 2 8,9,11,13, and 16. Equipment
ased over the two year gran pe.k.!d_

See¢ Phase Il Research Object

Travel: 1995-6 NSTA Annu 1 rences.
1995-6 National [-\,Udu.p Worksk nts whose

iing sc o not allow travel.

Much of this cost will go toward raw and manufactured materials required
h will be dh‘»e minated to C(Hhull;irl.[s for evaluation,
try instructors®,

cation C-l-.h Documentation/Dissemination: Both publication in the Journal of Chemical
¢ d Journal of Intelligent Materials. Includes estimated cost of assembling and mailing
e N.I.L"- to each of the evaluation consultants. Some of the funds will be used to run a

r workshop with selected polymer/chemistry instructors.

Cost to include payment for the travel, and services. Formal
whn Droske. University of Wisconsin- \j[L".t.ﬂ\ Point (Director, POLYED
n n Center for Polymer Education), Dr. Allan Hoffman, University of
Washington, Dr. John MNairn, University of Utah, Dr. Charles Carraher, Florida Atlantic
l. niver Dr. Jules Magda, L.memn of Utah, and Dr. Ferdinand Rodriguez, Cornell
University, The out of state consultants will receive 51,800 each for expenses and honorarium; in
1 ]: consult will receive $900 for honorarium. All paid over the period of two vears. See the
Iollowing s

We hope to invite several local and regional high school and college instructors to a
summer {raining program each of the two years of the grant period. The program will be designed
to evaluate the value of our Labless Lab™ and to e encourage use of hands-on explorations in the
high school and college science classroom. The funds for this program will come from both the
Materials and Supplies and the Publication Costs/Documentation/ Dissemination bud get categories.

University of Wisconsin-Stevens Point

colleg:
Department of

August 31, 1994

Dr. Robert J. Sche
Protein hu;L‘lilm- Ine.

350 West 800 North, Suite 218
Salt Lake City, UT 841

Dear Dr. Scheer,

tion ubu"t your u;;l_\'mur education
a consultant during

Thank you for ¢

proje -
Phase 1] in the du elopment ¢

J.l

your "Labless Lab™.

1ght a lecture and | _1hc
n-Stevens Point for more than ten years. Ldr'e"
e polymer education project funded by the National
,d. oJ. Chem. Ed. 1992, 69, 1014). The focus of this
ture concepts and lab experiments for

The Its of this praject will be published
the POLYED Center in _‘:t asav 1e entitled "Integrating Polymer Topics

o Core Chemistry Cour

rse in polymer chemistry here at the University
v [ am serving as the

int

As Director of the POLYED National Information Center for Polymer Education, I
have interacted with a wide variety of polymer educators and have found that many
polymer courses do not have a lab compone Your "Labless Lab" efforts should
help to 1e hands-on learning for those polymer courses having only a

lecture component.,

I look forward to working with you and Professor Joe Andrade on this important

effort.

Sincerely, ~

John P. Droske
Pr r of Chemistry
Director, POLYED Na

onal Information Center olymer Education
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FLoRIDA ATLANTIC UNIvERSITY

g School of Chemi ngineenng 7 s
F.O.BOxX 3081 , [ A : -
BOCARATAN.FLORIDA 334310881 o Dr. Robert J. Scheer
| b Protein Solutions, Inc. August 25, 1994
i 350 West 800 No 21
y - : 00 North, Suite 218
COLLEGE DF SCIENCE i ! ] _:_ll. West 3 0 L -‘L
OFFICE OF THE DEAN i it Salt Lake City, UT 84103
{407) 367-3700 ! g
| -
i F Dear Dr. Scheer:
! | : _ _
ember 1, 1954 { i Thank you for the information on your polymer education
| i project. I would be very happy to serve as an education consultant
) g during the Phase II development your Labless Lab™ in Polymer
i i Materials. I have been teaching er courses for the past
£ Rotmt . g -] years and | am the author of the textbook Principles of Poly
g : H ms. I certainly hope you will be able to establish the modular
"f'-“- i ! laboratory which you have described to me.
Lake City, i .
; ;
i i
3 1 Sincerely,
Dear Dr. Scheer, : : ncerely
i L] A & " A
.r' ~ )
the information on your polymer education project. I would be pleased to serve as

1on consultant d

Phase IT development of your "Labless Lab " As you
tbook "Polymer Chemistry. An Introduction"” that holds 2 major
r. [ am co-chair (with John Droske) of the Polymer Education Committee
cietal Polymer Education C
ching polymers at the introductory levels

Vsdomad U,

Ferdinand Rodriguez.

d a founder of the In

ymmuttee. [ have also

['look forward to working with you and Professor Joe Andrade on this important project

Boca Raton« Fort Lauderdale « Davie « Palm Beach Gardens
A Member of the State University System of Florida

An Affirmative Action /Egual Opportunity lnstitutron
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University of Washington

Center for Bioengineering, FL-20
Seattle, WA. 98195

Phone: 206-543-9423 Fax; 206-543-6124
September 3, 1994

D pert J. Schesr
Pr Solutions, Inc.
35( 'u’ 800 N.

Suite 218

Salt Lake City, UT 84103

Dear Dr. Scheer,

Thank you for the information on your polymer aducation project. | am
nappy to serve as a consultant to you on the development of your Labiess Lab
in Polymer Materials during the Phase Il development of this project. | taught
my first polymer course in 1958, and have been teaching polymer courses for
over 33 years. | have spent most of my caraer doing research on polymers, as
well. |look forward to working with you and Dr. Joe Andrade on your intersesting

and challenging goals.

Sincerely yours,

Allan S. Hoffm
Professor

Protein Solutions, Inc. (PSI)
Sedence Fodueation Innavaior

Dr. J.D. Andrade September 6. 1994

Protein Solutions. Inc.
350 West 800 North. Suite 218
Salt Lake City, UT 84103

Dear Joe.

[ agree to continue serving as principal investigator on our Labless Lab™ in Polymer
Matenals project for the duration of Phase Il funding. if received. at the rate of $45,000 per
year. I expect to be working at a time commitment of one-half time (i.e. 12 man-months
over a period of two years.)

'bmu:rg(ﬂ
Ruht"f
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Objective/Task

Appendix 1. Milestone Chan

Temperature Gradient

Homopolymer Tg

Plasticizer Gradient

Cross-link Gradient

Copolymer Gradient

lIonic Responsive Polymer

n A
e atetitriaties - et aniiiase s,
o e P P e S s e e ¢ ST TR T TS TS S Pe e S S S B S - o " - a .

| Temperature Responsive Polymersfi——————_ =«

|Surface Property Gradient

Shape Memory Polvmer

| Voight-Maxwell Models

|
|Composite Gradient

Spherulite Gradient

Cross-link Density Study

Elastomers

Heat Shnink Matenals
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Curmculum Development

| Prototype Assembly

Prototype Evaluation
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