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Fig.1 Growth process

A: Prik kee noo (180o) B:Okinawa (180o)

C: Prik kee noo (0o) D: Okinawa (0o)
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Fig.2 Fushimiamanaga chili replanted in 5/27

A,B,C: 7/18 Fushimiamanaga chili (0o)

D,E,F: 7/22 Fushimiamanaga chili (180o)

Fig.3 Fushimiamanaga chili replanted in 6/3

A,B: 7/18 Fushimiamanaga chili (0o)

C,D: 7/22 Fushimiamanaga chili (180o)

Fig.4 Himo chili replanted in 7/19

A,B: 7/22 Himo chili (0o)

C,D: 7/22 Himo chili (180o)
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Fig.5 The average of Prik kee noo and Okinawa growth

in 2 month

Fig.6 The average of leaf area
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Fig.9 The average of Himo growth
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Fig.11 Absorbance of extracted solution of Himo chili pepper

Fig.12 Absorbance of extracted solution of Fushimiamanaga chili pepper
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1. Abstract
As we know, Japanese people use chili seasoning. Japanese chili production is only 307 tons. Japan
used to produce a lot of chili peppers, but in recent years, production has declined due to the
importation of cheaper chili peppers from other countries. The purpose of this research is to find a
good method to harvest chili peppers. Mechanism of geotropism: There are cells which sense
gravity, and Korumera cells in roots and above-ground parts of plants sense gravity through
different cells depending on plants. The precipitated plastids of amyloplasts with a high specific
gravity where starches are accumulated sense gravity changes. Distribution of Auxins which
promotes the growth of plants, will change. Auxins are distributed more to the downside by PIN
protein. The growth is promoted in the root part when the density of Auxin is low. Roots bend
downwards because upside from the middle roots promote growth, but the downside of roots does
not promote (ref.1). However, it is not clear how auxin affects fruits and leaves.  If plants grown at
a different angle grow larger and faster than plants grown normally, it indicates that geotropism
has occurred. The aim of this experiment is to test which angle is preferred for good growth.  It is
predicted that growing plants at 90 degrees angle will grow larger than normal plants. This will be
indicated by the height of plants and the size of their roots.
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2. Introduction

This research was collaborative research with Mahidol Wittayanson School (MWIT) in

Thailand, using Okinawa chili peppers (Okinawa) as the Japanese species and Prik kee noo Peppers

(Prik kee noo) as the Thai species. Production of chili peppers in both Thailand and Japan is lower

than the amount of imports. This project began last year to find a way to reduce both countries'

dependency on chili pepper imports by comparing the growth differences between growing at 0o

and 180o. As a result, significant differences were found between growing chili peppers at 0o and

180o. Since the peppers used were from subtropical climates, it was considered that the slow growth

of the peppers affected the results. The experiment was continued from last year to this year by

changing the species of chili peppers. The reason for changing the peppers was that both

Fushimiamanaga and Himo chili plants grow easily and quickly in Kyoto.

3. Materials and Method

2023

20 Prik kee noo seeds from Thailand and 20 Okinawa seeds from Japan were planted in the

trays and placed into the incubator set at 30 degrees. After the germination, chili plants were planted

in small plastic pots to grow larger. Plants that grow well at similar rates were selected to be

transplanted in big plastic pots that are 20 cm in diameter and drilled three holes on the edges. 10

Prik kee noo pots and 10 Okinawa pots were hung upside down (at 180o ), and another 10 Prik kee

moo pots and 10 Okinawa pots were hung normally (at 0o ). 20 ml of fertilizer with a concentration

of 1/500 was added to each plant twice weekly.  The length of chili plants was measured every

week, and the average was determined. The area of three leaves, 3rd to 5th from the top was

measured and the average was determined.
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2024

20 Fushimiamanaga and 20 Himo seeds were planted in the trays and placed into the

incubator set at 30 degrees. After the germination, chili plants were planted in small plastic pots to

grow larger. Plants that grow well at similar rates were selected to be transplanted in big plastic

pots which are 20 cm in diameter, and drilled three holes on the edges. 10 Fushimiamanaga pots

and 5 Himo pots were hung upside down (at 180o ), and another 10 Fushimiamanaga pots and 5

Himo pots were hung normally (at 0o ). 30 ml of fertilizer with a concentration of 1/500 was added

to each plant twice every week. The length of chili plants was measured every week, and the

average was determined.
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4. Data Analysis

2023

Figure 5 shows the total average of how many Prik kee noo and Okinawa chili plants which

were grown at 0o and 180 from August 29th to October 10th. The growth rate of Prik Kee noo upside

down was bigger than chili plants at 0o. According to the t-test, a significant difference was

observed between growing Prik kee noo at 0o and 180o because p-values were less than 0.05. Figure

6 shows the area average of three leaves from Prik kee noo and Okinawa chili plants. Prik kee noo,

grown upside down, had a larger area than others. However, Prik kee noo peppers grown upside

down were grown differently, so Prik kee noo grown upside down had greater growth.
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2024

Figure 7 shows the average of how much 10 Fushimiamanaga chili plants grew at 0o and

180o from May 27th. Figure 8 shows the average of how much 10 Fushimiamanaga chili plants

grew at 0o and 180o from June 3rd. From both graphs, chili plants growing at 0o had greater growth.

According to the t-test, the p-value of Fushimiamanaga chili plants was not less than 0.05, so a

significant difference was not observed between the growth of chili plants at 0o and 180o. Figure

9 shows the average of how much 10 Himo chili plants were grown at 0o and 180o from July 22nd.

Himo chili plants grown at 0o also had greater growth. Figure 10 shows the total average of

Fushimiamanaga and Himo chili plants from May 27th. From the t-test of Fushimiamnaga and

Himo chili plants,  the p-value was not less than 0.05, which indicates that a significant difference

was not observed between Fushimiamanaga and Himo chili plants at 0o and 180o.
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The capsaicin content was determined by crushing the fruit using simple semi micro analysis.

In previous research, hawk‘s claw was used as a sample (ref.3). In that experiment, the absorbance

peak was found at 245 nm. Still, experiments using Fushimiamanaga chili pepper and Himo chili

pepper did not achieve the same result. This might have been the result of both chili peppers not

containing capsaicin.

5. Discussion

Gravitropism is tropism in which plants grow against gravity. It is related to auxin. Auxin

has an action that promotes plant growth and growth toward sunlight. Auxin changes its

distribution due to gravity. Tips grow faster at higher auxin concentrations. Thus, when a plant is

grown upside-down, the auxin distribution can be higher at the top of the plant because of gravity,

and the growth of roots and tips can be promoted. However, Fushimiamanaga chili plants grown

at 0o were larger than those grown at 180o in 2024. The cause for this is still to be determined.

6. Limitations

The weakness of this research was the difference in sunlight. It is thought that differences in

sunlight affected the growth of chili plants. That problem can be improved by placing pots inside

and providing plants with artificial light.
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7. Conclusion

From all the following data, growing chili plants upside down didn't show greater growth. It

is thought that the difference in sunlight exposure is the cause. This study helps in cultivating chili

peppers more efficiently and in great quantities.

8. Practical Application

The importance of this study is to increase the chili pepper production in Japan by exploring

a new way to grow chili plants. This research found that growing chili plants upside down was not

an efficient way to cause the greater growth of chili plants.

9. Ideas for Future Research

The lengths and areas of the leaves of both peppers should be measured the same as last year

and compared to the data acquired last year. The three leaves from the third to fifth from the top

of each pepper will be used as the measurement leaves. The length and mass of the fruit between

growing at 0o and 180o will be compared. The mass of the fruits will be measured immediately

after harvesting, and the dry weight of the fruits that have been dried sufficiently will be used.
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2024
Figure 7 shows the average of how much 10 Fushimiamanaga chili plants grew at 0o and 180o from May 27th. Figure
8 shows the average of how much 10 Fushimiamanaga chili plants grew at 0o and 180o from Jun 3rd. From both
graphs, we can see that chili plants growing at 0o had greater growth. According to the t-test, p-value of
Fushimiamanaga chili plants was not less than 0.05, so a significant difference was not observed between the growth
of chili plants at 0o and at 180o. Figure 9 shows the average of how much 10 Himo chili plants were grown at 0o and
180o from July 22nd. Himo chili plants grown at 0o also had greater growth. Figure 10 shows the total average of
Fushimiamanaga and Himo chili plants from May 27th. From the t-test of Fushimiamnaga and Himo chili plants, the
p-value was not less than 0.05, which indicates that a significant difference was not observed between
Fushimiamanaga and Himo chili plants at 0o and 180o.

Developing a New Way to Grow
Chili Plants With Gravitropism 

<Abstract>
The purpose of this experiment is to find good method for harvesting of chili peppers. Looking back in history, chili spice has been an important seasoning all over the world. However, the production of chili peppers in
Thailand and Japan is not enough, and they depend on imports. Some people have said that growing chili plants upside down leads to a good harvest, so research was conducted growing chili plants at 0o and at 180o, and
their growths were compared. 20 Prik kee noo (Capsicum Frutescens) and 20 Okinawa (Capsicum Frutesens) chili plants were used last year. To compare the two types chili plants, the length of each chili plant was
measured above the soil by using string every week and the area of 3 leaves per one chili plant by using imageJ. it was found that growing chili plants at 180o leads to greater growth. Fushimiamanaga and Himo chili plants
were used this year. From the results, No significant difference was observed between the chili plants at 0o and 180o.

This research was collaboration research with Mahidol Wittayanson School (MWIT) in Thailand, using Okinawa
chili peppers (Okinawa) as the Japanese species and Prik kee nook peppers (Prik kee noo) as the Thai species.
Production of chili peppers in both Thai and Japan is lower than the amount of imports. This project was began last
year to find a way to reduce both countries dependency on chili pepper imports by comparing the differences of
growth between growing at 0o and 180o. As a result, no significant differences were found between growing chili
peppers at 0o and 180o. Since the peppers used were from subtropical climates, it was considered that the slow growth
of the peppers affected the results. The experiment was continued from last year to this year by changing the species
of chili peppers. The reason for changing the peppers was because both Fushimiamanaga and Himo chili plants are
species that grow easily and quickly in Kyoto.

<Introduction>

• 20 Prik kee noo(Thailand) seeds and 20 Okinawa chili(Japan) seeds in 2023
• 20 Fushimi amanaga chili pepper(Kyoto) seeds and 20 Himo chili pepper(Nara) seeds in 2024
• 40 pots which drilled 3 holes in the edge to hang pots
• The ratio of soil is 1:1:1. Sand, peat moss and rice husk charcoal
• Fertilizer (N:K:P = 5:5:6)

<Materials>

2023
Figure 5 shows the total average of how much Prik kee noo and Okinawa chili plants which were grown at 0o and
180o from August 29th to October 10th. The growth rate of Prik kee noo upside down was bigger than chili plants at 0o.
According to the t-test, a significant difference was observed between growing Prik kee noo at 0o and 180o because p-
values were less than 0.05. Figure 6 shows the area average of three leaves from Prik kee noo and Okinawa chili
plants. Prik kee noo grown upside down had a larger area than others. However, Prik kee noo peppers grown upside
down were grown in different places, so Prik kee noo grown upside down had greater growth.

<Result and Discussion>

Chiikitokusannyasaiseisannjyoukyoutyousa /Kakuhou Reiwaninennsan. https://onl.tw/31HdL9n
Levernier, N., Pouliquen, O., & Forterre, Y. (2021). An integrative Model of Plant Gravitropism Linking Statoliths Position and 

Auxin Transport. Frontiers in Plant Science, 12. https://doi.org/10.3389/fpls.2021.651928
Manolopoulou, E., Varzakas, T., & Petsalaki, A. (2016). Chlorophyll Determination in Green Pepper Using two Different 

Extraction Methods. Current Research in Nutrition and Food Science Journal, 4(1), 52-60. 
http://dx.doi.org/10.12944/CRNFSJ.4.Special-Issue1.05

<Reference>
1. The lengths and areas of the leaves of both peppers should be measured the as same as last year and compared to

the data acquired last year. The three leaves from the third to fifth from the top of each pepper will be used as the
measurement leaves.

2. The length and mass of the fruit between growing at 0o and 180o will be compared. The mass of the fruits will be
measured immediately after harvesting and the dry weight of the fruits that have been dried sufficiently will be
used.

<Future Plan>

date 29th to 6th 6th to 11th 11th to 20 th 20th to 27th 27th to 2th 2th to 10th total

upside avarage 0.7745 1.1205 1.0065 1.13 0.9675 0.685 5.684

downside avarage 1.233 1.1055 1.1875 2.7575 1.07 1.145 8.4985

0.101765037 0.961126135 0.68781052 0.000224333 0.674648975 0.037106501 0.000474

2023
1. Chili seeds were soaked  in water for overnight. 
2. Prik kee noo and Okinawa chili plants were planted in the trays and placed into the incubator. 
3. Chili plants were planted in small plastic pots to grow them bigger.
4. Plants that grew well at similar rates were selected to be transplanted.
5. 40 20-cm diameter pots were prepared for each species by drilling 3 holes on the edges.
6. 10 Okinawa pots and 10 Prik kee noo pots were hung upside down (at 180o). 
7. Chili plants were watered 300 ml more once in every two days.  
8. 20 ml of fertilizer was added to each plant once every week (Concentration 1/500). 
9. The length of chili plants was measured every week and the average was determined. 
10. The area of three leaves was measured and the average was determind. 

2024
1. Fusimiamanaga and Himo chili pepper seeds were planted in the trays and placed into the incubator.
2. Chili plants were planted in small plastic pots to grow them bigger.
3. Plants that grew well at similar rates were selected to be transplanted.
4. 10 Fusimiamanaga pots and 5 Himo pots were hung upside down (at 180o). 
5. 10 Fushimiamanaga and 5 Himo were grown normally (at 0o).
6. 30 ml of fertilizer was added to each plant once every week (Concentration 1/500). 
7. The length of chili plants was measured every week and the average was determined. 

<Method>

Ritsumeikan High School

Fig.5 The average of Prik kee noo and Okinawa growth in 2 month Fig.6 The average of leaf area

<Result and Discussion>

Fig.8 The average of Fushimi(6/3) growthFig.7 The average of Fushimi(5/27) growth

Fig.9 The average of Himo growth Fig.10 The average growth 

Fig.4 Himo chili replanted in 7/19        A,B: 7/22 Himo chili (0o) C,D: 7/22 Himo chili (180o) 

A B C D

Fig.2 Fushimi amanaga chili replanted in 5/27
A,B,C: 7/18 Fushimiamanaga chili (0o) 
D,E,F: 7/22 Fushimiamanaga chili (180o) 

A B C

D E F

Fig.3 Fushimi amanaga chili replanted in 6/3
A,B: 7/18 Fushimiamanaga chili (0o) 
C,D: 7/22 Fushimiamanaga chili (180o) 

A B

C D

Fig.1 Growth process
A: Prik kee noo (180o)   B: Okinawa (180o)   C: Prik kee noo (0o)   D: Okinawa (0o)

A B C D

<Abstract>
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Fig.11 Absorbance of extracted solution of Fushimiamanaga chili pepper Fig.12 Absorbance of extracted solution of Himo chili pepper 

Gravitropism is tropism in which plants grow against gravity. It is related to auxin. Auxin has an action that promote
plant growth and growth toward sunlight. Auxin changes its distribution under the effects of gravity. Tips grow faster
at higher auxin concentrations. Thus, when a plant is grown upside-down, the auxin distribution can be higher at the
top of the plant because of gravity and the growth of roots and tips can be promoted. However, Fushimiamanaga chili
plants grown at 0o were larger than those grown at 180o in 2024. The cause for this is still to be determined.

The capsaicin content was determined by crushing the fruit using simple semimicro analysis. In previous research,
hawk‘s claw was used as a sample. In that experiment, the absorbance peak was found at 245 nm but experiments
using Fushimiamanaga chili pepper and Himo chili pepper did not achieve the same result. This might have been the
result of both chili peppers not containing capsaicin.
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1. Abstract

In Japan, nitrogen and sulfur oxides in the atmosphere have declined in recent years due to
strengthened measures against air pollution. However, the concentration of photochemical oxidants
rose slowly since just after the 1980s and is now at roughly the same level. This assembling of
photochemical oxidants caused the photochemical smog. The sky is hazy because aerosol is being
scattered, and the reason for this is photochemical smog generation. The photochemical reaction
occurs when ultraviolet radiation in the sunlight irradiates nitric oxide or nitrogen dioxide emitted
by factories or exhaust gases emitted by vehicles from burning hydrocarbons. This study used a
round bottom flask as a smog chamber to generate a photochemical smog by simulating a
photochemical reaction. The reaction used in this study was caused by volatile organic compounds
(VOC) and nitrogen dioxide. This reaction produced low amounts of ozone and aldehydes. We
aimed to detect and quantify ozone and aldehydes. As a result of this study, we could develop a
method to quantify aldehydes by reducing Fehling's solution and generating tetraamine copper(II)
ions following methods learned in high school chemistry.
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2. Introduction

In Japan, compounds such as nitrogen and sulfur oxides in the atmosphere are decreasing due

to strengthened measures against air pollution, but photochemical oxidants have not decreased.

The main factor of photochemical smog is photochemical oxidants. Photochemical smog is

generated by the photochemical reaction that occurs when ultraviolet radiation in the sunlight

irradiates nitric oxide or nitrogen dioxide emitted by factories or exhaust gases emitted by vehicles

from burning hydrocarbons. There are so many kinds of chemical materials in the atmosphere, and

it is hard to understand the complex reaction process by only the result of the field station

observation. In general, atmospheric research uses a smog chamber to separate the specific reaction

from others. In the case of our experiment, we used a round bottom flask as a smog chamber. A

flask has the advantage of safely and easily containing chemical materials. Also, it is easy to seal

with a rubber stopper. The purpose of our research is to consider the condition of the simulated

photochemical smog generation by simulating the photochemical reaction in the atmosphere in the

flask and to understand the reaction of the atmosphere by detecting and quantifying the aldehyde

and ozone in the generated smog. In this study, the conditions for generating pseudo-photochemical

smog will be examined by conducting experiments using a round bottom flask as a smog chamber

for simulated atmospheric reactions, and atmospheric reactions will be understood by detecting

and quantifying ozone and aldehydes in the generated smog. The study aims to accomplish the

following goals:

ƀ To examine conditions for generating simulated photochemical smog

ƀ To confirm and quantify ozone detection

ƀ To detect and quantify aldehyde

ƀ To isolate the specific atmospheric reaction in order to better understand them.
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3. Materials and Method

3.1 Experiment 1

Conditions for generating simulated photochemical smog

A piece of plastic bottle (3 cm × 5 cm) was cut and placed into a large suction filtration bottle.

NO  gas was generated by burning 14.3 mg of Pb(NO )  in a test tube.

Fig.1 Equipment that produced the NO2

Next, 5 ml of NO  was collected using a 100 ml glass syringe and diluted with atmospheric

air. This NO  was transferred to a 200 ml round-bottom flask. One drop (approximately 0.05 ml)

of each volatile organic compound (limonene, butane, isoprene) was added to the flask. The flask

was sealed with a silicon rubber stopper and placed in an ultraviolet (UV) radiation irradiation box

for exposure. After UV exposure, laser light was directed onto the side of the flask.
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(a) (b)

(c) (d)

Fig. 2 Experiment which generates the simulated photochemical smog inside the flask

(a) Placed NO  and Volatile organic compounds inside the round bottom flask, (b) Irradiated the ultraviolet

radiation, (c) UV radiation irradiation box, (d) Irradiated the laser light to the side of the flask (Checked

one flask at a time)

3.2 Experiment 2

Detection and quantification of ozone

2.0 ml of a 1.0% potassium iodide (KI) solution was added to the flask containing the

generated gas to detect and quantify ozone. This solution turned light brown, indicating the

presence of ozone. Subsequently, 0.5 ml of a 1.0% starch solution was added to the flask, causing

the solution to turn light purple, further confirming the presence of ozone.
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(a) (b) (c)

Fig.3 Detection of ozone

(a) Smog was generated in the flask (b) Added the KI solution agitation (c) Added the starch

solution and turned the light purple

3.3 Experiment 3

Detection and quantification of aldehyde

The Fehling fluid reduction which we learned in high school chemistry was used. First,

prepare 2.0 ml of the Fehling solution by mixing Fehling liquid A and Fehling liquid B in the same

volume. Then, add about 2.0 ml of  5.0×10-4 βέίжΰί-3 mol/L of CuSO4( ) aq which had 9 kinds

of the different concentration solutions to this solution to the test tube cover with a silicone rubber

stopper, and shake to mix. Heated it with a burner to get the copper oxide and filtered these

solutions by using a Decompression device and Suction filtration bottle, glass filter. Add the 2.0ml

of 6.0 mol/L of HNO  to be the copper ion. Furthermore, added 4.0 ml of 3.0 mol/L of NH  and 2.0

mL of 3.0 mol/L of NH4NO3 aq to make a complex ion. Before that, the standard carving was made

by using glucose that has the base of formyl. Investigate the amount of the aldehyde inside the flask

by using a 600 nm of Spectrophotometer and the standard carve.
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(a) (b) (c)

Fig.4 New quantification method of aldehyde using the reduction of Fehling’s solution and the generation of

tetraamine copper( ) ions

(a) Boiled the test tube inside the hot water, (b) cooled in the ice water, (c) Filtered the red precipitation

to add HNO  using the glass filter

4. Data Analysis

4.1 Experiment 1

A thin haze was observed in the round-bottom flask, suggesting that simulated photochemical

smog had been generated. To confirm this, a laser light was directed at the side of the flask. Figure

5 shows the Tyndall effect—the scattering of light by suspended particles—was observed. This

confirmed that photochemical smog had been successfully generated.
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(a) Irradiated the laser light to the flask in the darkroom

isoprene limonene butane

(b)Irradiated the laser light to the flask in the lightroom

isoprene limonene butane

Fig.5 Tyndall effect after the UV radiation irradiation

Table 1 contains the results after UV radiation was used to irradiate nitrogen dioxide diluted

by the air and the volatile organic compound (VOC) in the flask. As a result of that UV irradiation, only

the results from butane were not confirmed clearly, but the Tyndall effect was confirmed in the flasks with

isoprene and limonene after 30 seconds. This was thought to be because isoprene and limonene have double

bonds, but butane has a single bond, so it was difficult to oxidize.

Table 1. Results for each VOC after UV irradiation

VOC

(0.01ml)

NO2

[ppm]

UV irradiation time [min] (25 , 1.0×105Pa)

0 1 5 10 15 20 25 30

isoprene 20 × Ừ Ừ ₃ ₃ ₃ ₃ ₃

limonene 20 × Ừ Ừ Ừ Ừ Ừ Ừ Ừ

butane 20 × ₃ ỏ ỏ ỏ ỏ ỏ ỏ

None 0 × × × × × × × ×
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4.2 Experiment 2

Ozone was detected in the flask where smog was generated. After shaking the flask to mix

the contents, the solution turned brown. After the liquid starch solution was added to the flask, the

solution turned purple. This result showed that ozone was detected and was quantified using a

colorimetric method.

4.3 Experiment 3

The 600 nm of absorbance was measured for dark blue aqueous solutions, which have the

amounts of NH3 water and ammonium nitrate NH4NO3 solution to aqueous copper(II) sulfate

CuSO4 solutions of various concentrations, and a straight line was obtained by plotting the

relationship between the original Cu2+ concentration (horizontal axis) and absorbance (vertical

axis). Using this straight line as a calibration curve, the concentration of Cu2+ in solution can be

determined. The absorbance of a dark blue solution obtained by dissolving commercially available

copper oxide (I) Cu2O in nitric acid and adding an excess amount of NH3 water and NH4NO3

solution was plotted similarly. Cu2O was quantifiable (red dots in Fig 6(a). In order to shift the

equilibrium of the following reaction equation to the right, NH4NO3 was added.

Cu2+ + 4NH3 Ҏ [Cu(NH3)4]2+

In determining reducing sugars in foods, glucose is often used as a comparator. Therefore,

aqueous glucose solutions of various concentrations were prepared, and a graph of the relationship

between the glucose used and the absorbance at 600 nm of a solution of [Cu(NH3)4]2+ produced by

the developed “Fehling's Reduction-Tetraammine Copper(II) Ion Colorimetric Method” was

prepared. This resulted in a calibration curve with good linearity (Figure 6(b)). It was estimated

that 4.5 × 10-3 mol of aldehydes equivalent to glucose was produced in the pseudo-photochemical

smog generated when 0.10 mL of isoprene was placed in a round-bottom flask and irradiated with
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UV light for 15 minutes under conditions of 40 ppm NO2. The copper(I) oxide Cu2O produced by

the redox reaction of aldehydes and Fehling's solution was dissolved to form tetraammonium

copper(II) ion [Cu(NH3)4]2+, which was used for colorimetric determination by the “Fehling's

solution reduction - tetraammonium copper(II) ion colorimetric method” to determine the

concentration of pseudo Aldehydes in photochemical smog could be determined by the “Fehling's

solution reduction-tetraammonium copper(II) ion colorimetric method.

(a)                                                                       (b)
absorbance (600 nm)                                                                       absorbance (600 nm)

Concentration of copper( ) ions [mol/L] Glucose concentration [mol/L]

Fig.6 Standard curve (a) Standard curve using CuO and Cu2O, (b) Standard curve using glucose

5. Discussion

These experiments showed that atmospheric photochemical reactions could occur in flasks.

The results of photochemical smog detection show that due to the strong oxidizing power of ozone,

it adds to unsaturated hydrocarbon (double or triple bonds between carbons) organic compounds,

producing a variety of oxides, including alcohols and aldehydes. Isoprene and limonene, which

have double bonds in their molecular structures, were used to generate photochemical smog

because O3 quickly oxidizes their double bonds. In contrast, butane, which has a single bond

between the carbons, was less easily oxidized. In addition, the stability of aerosols, which are

colloids in a gaseous state, can be predicted to be due to the smog particles' gravitational fall. Other

factors, such as particles becoming larger due to collisions between colloidal particles caused by
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Brownian motion or particles colliding and adhering to wall surfaces, can explain the decrease in

the amount of photochemical smog with UV irradiation time and the weakening of the Tyndall

effect. Among the detection experiments, the O3 detection results indicate that only trace amounts

of O3 are produced in the smog. In the experiments for the detection and quantification of aldehydes,

the color of the solution of tetraammine copper(II) produced by adding an excess amount of NH3

to an aqueous solution containing copper ions was extremely dark compared to the original

copper(II) ions. From these results, this method could quantitatively measure even trace amounts

of copper ions. Thus, this colorimetric method could quantify aldehydes in photochemical smog.

6. Conclusion

Ozone generated by photochemical reaction was confirmed using potassium iodide solution.

A new quantitative measurement method was developed for aldehydes produced by photochemical

reactions, which utilizes Fehling's solution reduction and the production of tetraamine copper (II)

ions. This allowed for estimating the amount of aldehydes produced in a simulated atmosphere.

7. Ideas for Future Research

Experiments are currently being conducted on aerosol concentration detection using

photosensors. This will be used to perform quantitative analysis of pseudo-photochemical smog.
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