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Abstract
Chemistry laboratory class was produced for senior high school freshmen with the cooperation of university staffs, high 

school teachers and the university students. Although the students who will take the lab class are senior high school 
freshmen, we decided to prepare four experiments that are simple and have highly visible reactions or transformation. That 
is, 1) Water purification, 2) Surface modification, 3) Briggs-Rauscher reaction, and 4) Polymer synthesis and characterization.
After the safety guideline and experiment instructions by the faculty staffs, two teaching assistants (TAs) supervised each
experiment. Since taking a direct part in it will provide stronger impact than only being one who is just watching the 
experiment, all experiments contained some process that the high school students must handle the reagents, tools or the
equipment, by themselves. Although, the operation performed by the students was limited to a series of simple actions, the
various unique phenomena presented by the experiments impressed the students. The lab class was fruitful not only for 
high school students, but also good for university students. The lab class provided good opportunity for them to improve
the abilities to teach and guide someone.
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Ⅰ. Introduction

On the 23th of June 2009, chemistry laboratory class 
was exhibited in Tokushima Prefectural Senior High 
School of Science and Technology (TPSHSST) by the 
faculty staffs and students of University of Tokushima 
(UT). TPSHSST opened a new “Environmental science 
course (ESC)” this April. The high school requested 
UT to perform a chemistry lab class for 60 freshmen. 
Half will advance to ESC from the second grade. 
The object of the class was to provide the opportunity 
to experience chemistry experiment and stimulate the 
intellectual curiosity in science, especially in chemistry. 
Considering the experimental environment and the 
knowledge (or the background) of the students, we 
decided to prepare four experiments that are simple 

and have highly visible reactions or transformations. 
Nevertheless, safety was the highest priority. 

Four experiments were selected, 1) Water purification, 
2) Surface modification, 3) Briggs-Rauscher reaction, 
and 4) Polymer synthesis and characterization. The 
outline of experiments is as follows:

1. Water purification

Biodegradable flocculants based on gamma- 
polyglutamic acid (PGA) was applied for the water 
purification experiment. PGA is the major adhesive 
substance found in natto (fermented soybeans). Increased 
molecular weight due to cross-linking allows it to 
absorb and bind water approximately 5,000 times 
greater than its own weight. PGA flocculants having 
magnetic properties by the conjugation of magnetite 
(PG-M) was also employed. Flocs produced using 
PG-M can be collected by simply inserting the magnet 
in the treated water and pulling up the floc attached 
magnet. Tap water containing green tea powder was 
used as contaminated sample water.
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2. Surface modification

Super hydrophobic and super hydro philic surfaces 
were prepared on the polystyrene petri dish. Super 
hydrophobic surface is the surface which shows a 
water contact angle of larger than 150˚. In order to 
obtain a super hydrophobic surface, a lotus-like 
hierarchical structure must be formed on the surface. 
Commercially available super hydrophobic surface 
producing reagent used for the elimination of raindrop 
attached on the car side mirror, was employed on the 
experiment. Super hydro philic surface shows a water 
contact angle of less than 10˚. It is useful to create 
anti-fog surface.

3. Briggs-Rauscher (B-R) reaction

B-R reaction is known as an oscillating chemical 
reaction. It is especially well suited for demonstration 
purposes because of its visually striking color changes. 
The reaction begins when three colorless solutions 
are mixed together. The color of the resulting mixture 
will oscillate between clear, amber, and deep blue for 
about 3-5 minutes, before ending as a dark blue liquid 
smelling strongly of iodine.

4. Polymer synthesis and characterization

a. Polymer synthesis 
Poly(hexamethylene adipamide) (Nylon 6-6) was 

prepared using interfacial polymerization technique. 
Solutions of 1,6-hexanediamine and adipoyl chloride 
are poured carefully into the same container. Conden-
sation polymerization product, polyamide (nylon) is 
formed at the liquid interface. Once the nylon that 
has already formed is removed, the layers will meet 
again and more nylon will form. Nylon can be pulled 
continuously from the solution in the form of a “rope” 
and wound around a cylinder.

b. Polymer characterization
Although, a variety of polymers are applied in our 

life for different purpose, the appearance of most 
polymers is quite similar. They are colorless transparent 
materials. However, polymers can be identified using 
simple experiments, such as dipping the material in 
water (specific gravity), mechanical strength, melting 
or burning behaviors, and flame-color observation. 

The experiments were exhibited in three laboratories, 

while experiments 2) and 3) were done in a same 
lab. Each experiment was supervised by two students 
(teaching assistants: TAs). The faculty staffs gave the 
direction to the high school students at the start of 
the class and the university students supervised the 
lab work of the high school students. The safety 
guide was also lectured to the students previously by 
the high school teacher. Safety glasses were provided 
to all experimental participants and plastic gloves 
were equipped for some experiments. Safety guide 
lecture was also given to TAs as a duty who will 
handle chemicals. TAs were required to have a proper 
understanding of Material Safety Data Sheet (MSDS) 
for all chemicals they will handle.

Ⅱ. Results and Discussion

Since this lab work class was the first experience 
for most TAs, they got somewhat tensed at the 
beginning of the class. However, they could soon be 
relaxed to give instruction to students after they 
could feel that the students are interested in the 
experiments. [Fig. 1] shows the photographs of water 
purification experiment. The student poured the PGA 
flocculant into a stirring contaminated sample water. 
The production of flocs were observed ([Fig. 1] (a)). 
Flocs were able to be collected by using the bar 
magnet by the treatment of contaminated sample water 
with magnetic PG-M flocculant ([Fig. 1] (b)).

[Fig. 2] shows the photograph of water dropped on 
the polystyrene petri dish treated with super hydro-
phobic surface forming reagent. The formation of super 
hydrophobic surface was able to be recognize by the 
sphere shape of water drop. Students also attempted 
to coat the aluminum surface with super hydrophobic 
surface forming reagent. Super hydrophobic surface 
was also obtained on aluminum surface ([Fig. 3]). 

[Fig. 4] shows the scene of the students watching 
the mysterious color change of B-R reaction. Some 
students were taking pictures of the solution ([Fig. 4] 
(a)). TA felt gentle to observe the expecting result on 
B-R reaction experiment ([Fig. 4] (b)). This experiment 
was not included in the first plan. Undergraduate TA 
requested to challenge the oscillating chemical reaction. 
One of the TA had a chance to observe this reaction 
when he attended at a chemistry demonstration event. 
The impact he got was significantly high and it was 
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[Fig. 1] Photographs of water purification experiments. (a) Flocs were obtained after the addition of PGA flocculant
in the contaminated sample water. (b) Flocs formed by the treatment of contaminated sample water with 
magnetic PG-M flocculant attached immediately after the bar magnet was inserted. 

[Fig. 2] Photograph of water dropped on super hydro-
phobic surface treated poly-styrene petri dish.

[Fig. 3] Photograph of students testing the hydrophobicity 
of the surface treated aluminium funnel. 

an opportunity for him to get interested in chemistry. 
The chemistry of the reaction is difficult even for 

students majoring chemistry. Moreover, students (TAs) 
were required to have certain knowledge of the em-
ploying reagents, since strong irritants and oxidizing 
agents were used for the reaction. Nevertheless, we 
decided to add this experiment since we considered 
that this mysterious color changing reaction might 
stimulate the intellectual curiosity of students. In 
addition, safety could be secured by the sufficient 
guidance of safety and conveniently, the high school 
laboratory was well-ventilated room and a ventilation 
hood was also equipped. Although, the chemistry of 
the B-R reaction was beyond high school student 
comprehension, we think they could recognize and 
obtain an image of chemical reactions by the obvious 
change of color.

[Fig. 5] shows the photograph of the nylon 6-6 
“rope” produced by the interfacial polymerization. The 
polymer was continuously formed at the interface of 
two solutions, when the polymer was removed from 
the interface. Polymer can be removed by picking up 
from the interface of two liquid with tweezers and 
wounding it around a cylinder. Students were required 
to prepare the solution for interfacial polymerization 
using pipette. The circumstance of the students 
operating the experiment is shown in [Fig. 6].

[Fig. 7] shows the photographs of the circumstance 
of TA giving instructions to the students in polymer 
synthesis (a) and characterization experiments (b). In 
the polymer characterization experiments, students took 
a few pieces of plastics products such as plastic bags, 
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[Fig. 4] Photograph of the students and TA watching the oscillating color change of the B-R reaction solution. The
color of the solution was amber at the point of (a), and blue at the point of (b).

[Fig. 5] Photograph of polyamide produced by the 
interfacial polymerization. Polymer was conti-
nuously obtained by pulling up from the liquid 
interface. Polymer rope was wounded around 
the cylinder. 

sheets, wrapping films, bottles, etc., and compared 
their properties with simple experiments. For example, 
polypropylene film floated on water surface, while 
many other plastics did not. Some plastics were found 
to float on a salt solution because of their specific 
gravity was slightly lower than the solution. The most 
attractive characterization method in this experiments 
was the observation of burning with copper wire. If 
the plastics piece contains chlorine atoms, e.g. (poly 
(vinyl chloride), the flame colour changes from yellow 
to green. Not only students but also TAs and school 
teachers seemed to be interested in watching the 
clear color change.

We hold a meeting after the class to discuss about 
the laboratory class. University staffs, high school 

[Fig. 6] Photograph of the student getting the solution 
for interfacial polymerization from the container 
using pipette.

teachers, and TAs, who managed and operated the 
class attended. Since this was the first trial for the 
high school to have a visiting lab class by the uni-
versity, many teachers from other coarse visit to see 
the class. They got the impression that the students 
were really enjoying the lab work. We could realize 
that many students enjoyed and got interested in the 
experiment not only from the students attitude at the 
class but also from results of a short survey given 
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[Fig. 7] Photograph of the circumstance of TA giving instructions to the students (a) and answering questions from 
the high school students (b). Both pictures were taken at the polymer characterization experiment.

after the class. Results of the short survey will be 
presented by TAs in a different manuscript (Kamitani, 
2010).

TAs requested that they would like to have more 
opportunity to do teaching lab, since they enjoy and 
learn a lot of new chemistry when they were preparing 
for the lab class. Lab work is a joyful part of 
chemistry for many chemists, while the reality can be 
observed which was just knowledge or theory of 
chemistry. Following the university curriculum, the 
undergraduate student majoring chemistry start to 
have chemistry lab class when they are sophomore. 
Therefore, undergraduate students majoring chemistry, 
especially freshmen and sophomore, are starved to do 
experiments. The University of Tokushima organizes 
a facility named “The Center for Innovation and 
Creativity Development”, where students can used 
space to do some lab work using equipments and 
they can also apply for a project of their own idea 
to get funded. All TAs who operated this lab class 
are the member of this facility and the class was an 
event of the facility. We consider that on the future 
it will be possible to have a visiting lab class operated 
only by TAs. Nevertheless, a detailed plan must be 
prepared by the discussion between university staff, 
high school teachers and TAs, since safety is the 
highest priority. Moreover, by the support of the high 
school, realization would not be so difficult. If we 
can accomplish this trial, the number of times that 
the event can be hold will increase significantly. The 
lab teaching class is a good opportunity for university 

students to improve the abilities to teach and guide 
someone. This lab class was a start of this attempt.
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