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The Importance Of Research- Why We Do Research

Research is the result of advancing knowledge created in the past.

Research is designed to solve a particular existing problems so there is a
much larger audience eager to support research that is likely to be profitable
or solve problems of immediate concern.

Criteria for winning a Nobel prize

by Unwirklich VinZant

The Nobel Prize awards “those who during the preceding
year have conferred the greatest benefit on mankind” as
instructed in Alfred Nobel’s will.


http://www.helium.com/users/507537/show_articles
http://www.heliumhelp.com/stars-and-badges

Grand Awards Judging is conducted using a 100-point scale with points assigned to
creative ability, scientific thought, thoroughness, skill, and clarity.

|.Creative Ability (Individual - 30, Team - 25)
1.Does the project show creative ability and originality in the questions asked?

1.The approach to solving the problem, the analysis of the data, the
Interpretation of the data?

2.The use of equipment, the construction or design of new equipment?

2.Creative research should support an investigation and help answer a question
In an original way.

3.A creative contribution promotes an efficient and reliable method for solving
a problem.



Intel Science Talent Search

Inspiring Innovators of Tomorrow



Inspiring innovation

Each year, approximately 1,800 seniors attending American high schools
conduct original research projects and present their work in the country’s
oldest, most prestigious pre-college science competition: the Intel Science
Talent Search, a program of Society of Science & the Public.

Forty of these young innovators are chosen as finalists and invited to
participate in a nearly week-long event in Washington, D.C., where they
compete for over USD 1.25 million in awards and scholarships

Intel STS alumni have achieved some of the world’s most prestigious
honors: Eleven have won MacArthur Foundation “Genius” grants, six
have won the National Medal of Science and the National Medal of
Technology, and seven have won the Nobel Prize.



Top winners of Intel STS 2016

Amol Punjabi, 17, of Marlborough, Massachusetts Amol developed software that
could help drug makers develop new therapies for cancer and heart disease.
Paige Brown, 17, of Bangor, Maine . Paige studied the water quality of six
environmentally impaired local streams with high E. coli and phosphate
contamination levels.

Maya Varma, 17, of Cupertino, California, Maya used $35 worth of hobbyist
electronics and free computer-aided design tools to create a low-cost, smartphone-
based lung function analyzer that diagnoses lung disease as accurately as
expensive devices currently used in medical laboratories.



Intel International Science and Engineering Fair (ISEF)

Inspiring innovators from around the world



The Intel International Science and Engineering Fair is the world's largest
pre-college science fair competition.

Those who do progress to regional, state, and national competitions.
Ultimately, the select few—21,500 promising young innovators—are invited
to participate in Intel ISEF.

Rewarding Scientific Discovery and Innovation
At Intel ISEF, awards are based on students’ abilities to tackle

challenging scientific questions, use authentic research practices, and
create solutions for the problems of tomorrow.



The Gordon E. Moore Award
This “best of the best” honor and a prize of USD 75,000 is awarded to the top Best of

Category winner(s) for outstanding and innovative research, as well as
the potential impact of the work.

The Intel Foundation Young Scientists Award
Two Gordon E. Moore Award runners-up, selected from the Best of Category winners,
are awarded USD 50,000 each.

Dudley R. Herschbach SIYSS Award

Three finalists are selected to receive all-expenses-paid trips to attend the Stockholm
International Youth Science Seminar (SIYSS), including attendance at the Nobel Prize
ceremonies in Sweden.

Intel ISEF Best of Category Awards
Best of Category projects, selected from the competition’s 17 categories.

Intel ISEF Grand Awards

The Intel Foundation provides Grand Awards for first, second, third, and fourth places
In each category.



Top winners of Intel ISEF 2016

2:17PM, May 13, 2016

Han Jie (Austin) Wang, 18, of Vancouver, Canada is the recipient of the first place Gordon
E. Moore Award and US$75,000 for developing microbial fuel cells (MFCs) that more
efficiently convert organic waste into electricity.

Syamantak Payra, 15, of Friendswood, Texas, received one of two Intel Foundation Young
Scientist Awards of US$50,000, for developing a low-cost electronically-aided knee brace
that allows an individual with a weakened leg to walk more naturally.

Kathy Liu, 17, of Salt Lake City, Utah, received the other Intel Foundation Young Scientist
Award of US$50,000 for developing an alternative battery component that could
significantly improve battery performance and safety.
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http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030004.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030012.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030012.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030012.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030012.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030012.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030017.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030017.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030017.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040201.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040201.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040202.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040202.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040203.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040205.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040207.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040209.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040210.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040210.pdf
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http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040217.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040217.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040217.pdf
http://activity.ntsec.gov.tw/activity/race-1/55/pdf/040217.pdf
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http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
http://activity.ntsec.gov.tw/activity/race-2/2009/pdf/030025.pdf
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Iron-Selenium was found to be a new
toxicity-free superconductor, which has a
simple crystal structure. Recent
publications[2] indicate that turning
superconductors into nanoscale particles S,
may enhance their superconducting critical A .:,,/“’*\
temperature (Tc). Therefore, in our project, ,f,”
we found three effective chemical routes to
synthesize FeSe into nanocrystals and
found that the tetragonal FeSel-x shows a a8
Tc (40 K) that is higher than that of their ;
bulk form (7 K) [1] .

’k’
~n s
-



{EE2F} (Chemistry)

Intel ISEF K& 4555 =44 (Third Place Grand
Award) - #%4:1,00035 ¢

fE&L © Lighting Insulin with Gold Nanodots
R E > 2> ZEMIIE—LFeSRTE



http://www.ch.ntu.edu.tw/~camp/camp99/index.htm
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CHEMISTRY

Intel will present Best of Category Winners with a $5,000 award.
Additionally, a $1,000 grant will be given to their school and the Intel
ISEF Affiliated Fair they represent.

Intel ISEF Best of Category Award of $5,000

CHEMOOG6T - The Effect of Carbon on Iron Nickel Bimetallic Nanoparticle
Degradation of Orange G

Kathryn Anna Lawrence, 17, Fairview High School, Boulder, Colorado
Katherine Afton Younglove, 18, Fairview High School, Boulder, Colorado

First Award of $3,000

CHEMOOG6T - The Effect of Carbon on Iron Nickel Bimetallic Nanoparticle
Degradation of Orange G

Kathryn Anna Lawrence, 17, Fairview High School, Boulder, Colorado
Katherine Afton Younglove, 18, Fairview High School, Boulder, Colorado

CHEMOOQ9 - Effect of Jahn-Teller Distortions on Relaxation Dynamics
Archana Verma, 16, Jericho High School, Jericho, New York



Second Award of $1,500

CHEMO48 - Versatile, Efficient, and Facile Functionalization of Poly(p-
phenylene oxide) via Azide-Alkyne "Click" Chemistry
Kailash Raman, 16, Sandra Day O'Connor High School, Phoenix, Arizona

CHEMO57 - Preventing Urushiol (Poison Oak) Induced Dermatitis by
Deactivating the Allergen
Amy Dunphy, 15, The Harker School, San Jose, California

CHEMO59 - Combating Viral Outbreaks: Rapid and Selective Detection of
Viruses Using Inexpensive Polymer Films
Anjini Karthik, 17, Saint Francis High School, Mountain View, California



Third Award of $1,000

CHEMO023 - Nickel Oxy-hydroxide Thin Films as Efficient Electrocatalysts for Dye Wastewater
Treatment
Yuhang Wang, 19, National Junior College, Singapore, Singapore

CHEMO27T - Superparamagnetic Iron(ll,111) Oxide Silver Cysteine Complex Nanoparticles (SISCCN)
in Metal lons Adsorption and Chiral Recognition

Kwun Wing Thomas Li, 16, King's College, Hong Kong, China, Hong Kong Special Administrative
Region Pak Hei Chu, 18, King's College, Hong Kong, China, Hong Kong Special Administrative
Region Tat Ngai Davis Chan, 17, King's College, Hong Kong, China, Hong Kong Special
Administrative Region

CHEMO029 - UV-Light Sensitive Transparent Organic Solar Cells
Cheng-Pei Lin, 17, Taipei First Girls High School, Taipei City, Taiwan

CHEMO36 - A Highly Efficient and Economically Profitable Electrocatalytic Conversion of Carbon
Dioxide using Nanostructured Electrodes
Nikhil Murthy, 16, Catlin Gabel School, Portland, Oregon

CHEMO44T - Potential Anticancer Complexes from Platinum and Clove Basil Oil (Ocimum
grastissimum L.)

My Ha Nguyen, 17, High School for Gifted Students, Hanoi National University of Education, Hanoi,
Viet Nam

Long Quang Nguyen, 18, High School for Gifted Students, Hanoi National University of Education,
Hanoi, Viet Nam



[1.Scientific Thought (Individual - 30, Team - 25)

1. Is the problem stated clearly and unambiguously?

2.  Was the problem sufficiently limited to allow a plausible
approach? Good scientists can identify important problems capable of
solutions.

3. Was there a procedural plan for obtaining a solution?

4.  Are the variables clearly recognized and defined?

b. If controls were necessary, did the student recognize their need
and were they correctly used?

6.  Are there adequate data to support the conclusions?

7. Does the finalist or team recognize the data’s limitations?
8. Does the finalist/team understand the project’s ties to related
research?

9. Does the finalist/team have an idea of what further research is
warranted?

10. Did the finalist/team cite scientific literature, or only popular
literature (local newspapers, Reader’s Digest).



What is about Science

FLZFileFg
Science is to learn and to know.

fﬁé’ ﬁ{gﬂﬁ/g‘ ..?é
Science is a process of rational thinking.

PLER KT GE
Science requires hard evidence.
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2. Fabrication of polyaniline coated quartz crystals

Piezoelectric crystals used were commercial AT-cut spherical quartz crystals, radius
0.22 em with a basic frequency of 10 MHz and silver—plated metal electrodes on both sides
(Tai Then Electric Co., Ltd ., Taiwan). The cost of such crystals is less than 0.5 US dollar
each. The crystals were coated with polyaniline via electrochemical means. Before
coating, the metal case of the quartz crystal was removed by using a handsaw (Fig. 1).
Coating solution of aniline was prepared in 2 M HCI solution. Coating was conducted in a
home made polyacrylic electrolysis cell as shown in Fig 2.  The volume of the cell was less
than 1 ml. The voltage was set at 0.8 volt during electrolysis and the reaction was stopped
when a layer of green coating was observed.

Emeraldine salt of polyaniline

Fig. 1 Quartz crystals Fig. 2 A homemade polyacrylic
(1) Before removing the metal case electrolysis cell

(2) After removing the metal case

(3) After coating with polyaniline



Results and Discussion

1. Piezoelectric system
Effect of temperature

Stability of the system

ek ® With clean air. the variation was
found to be 2ZHz in a period of ten
minutes at 30°C.

ency shift ( Hz )
:

® Using n-butanol as the test solvent.

the within- day and between-day
=T reproducibility were found to be 2.6
2oand 3.4 2% respectively

Aot

Frequ

-EQ T T T T T T
25 30 35 40 45 50

Temperature { "C)

Fig. 4 Various temperatures on frequency shift

® Frequency was found to be very
sensitive to temperature.

2. Effect of functional group

250
1000 - -
- &  acstic acid - &  propanol
[ — &  gsthanol ., 2o & acetone
— ether - ® propanal
= 600 =
. =
f'__) iy
5 anod 2 1004
= 5
o =-
a5
[y 200 = =04
04 ——T——TT—T— 7 0 i . . . . r '
oo 02 0O4 o6 @@ 10 1z 14 18 18 oo oo o oF o= 10 1z 14 16
Conc. (mmol /L) Conc. { mmol /L)

Fig. 5 Various organic solvents on frequency shift

® Frequency shift is proportional to the polarities of the functional groups.
® Coulombic interaction and hydrogen bonding between polyaniline and the test
molecules were the major reasons far the greater frequency shifts.



uency shift ( Hz )

Freq

t(Hz)

ency shil

requ

3. Effect of chain length

3040 =

+ butanc
= proganc
2504 &  ethano
w methanol
2041 =
p—
104
=0

a Ll T T ¥ T

oca [ B 1.0 1.5 2.0

2]

Cone. { mmol /1)

Fig. 6 Alcohols of different chain length on

® Greater frequency shifts were
observed for alcohols of higher
molecular weight.

® Larger frequency shifis are most

likely due to the greater mass per
adsorbed molecule.

Effect of 7 electrons

L}

(Hz)

uency shift

I'req

120
®  toluene
<n0 = cyclohexens
» cyclohexane
ao |
a0 |
Aap 4
210
0 T T T T T T T T T
o i 2 3 4

Cone. { mmol /L)

4. Effect of steric hindrance

250

200

100

& pbutanol
»  iso-butanol
= tert-butanol

He

B — H — s — O

HaC = CHlz— CHa —CHle— O

Hal— -I'—-cm

LHy,

Fig.

T T T T T
oz 0.4 a6 0B 1.0 1.z 1.4

Conc. { mumol /L)
7 Butanol isomers on frequency shifis
Linear molecule exhibited a greater

freqguency shift than branched
molecule.

The horizontal adsorption of linear
molecule provided more efficient
adsorption and thus greater
frequency shift.

Fig. 8 Organic solvents with different
7T electrons on frequency shifts

- T -
to enhance the adsorption of

alkene and aromatic

interaction appeared



Conclusions

® A simple and inexpensive quartz crystal microbalance was developed for

the detection of organic vapors.

® Acidic and polar compounds were more easily adsorbed onto the surface

of the microbalance.

® Coulombic interaction and hydrogen bonding were the most important

factors in the adsorption process.

® Smaller frequency shifts of nonpolar compounds were more likely due to

the dipole-induced dipole interaction.

® Factors such as the size of molecule, steric hindrance and ;7 electron also

affect the adsorption of organic molecules.

® The gas sensor was found to be useful in the detection of organic vapor.



6. Relative response of fourteen organic solvents

GO0

so0 —
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i
=

AL,
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[l - .
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Fig. 9 Frequency shifts of fourteen organic solvents

® Among the compounds studied, acetic acid showed the greatest frequency shifts
followed by alcohol, ketone, aldehyvde, aromatic compound, alkene and alkanes.

7. Detection of organic vapors in the chemistry laboratory of our
school

30
20—
injection Fig. 10 Frequency shift due to the
104 ethanol vapor in the chemistry
) laboratory
od outdoor air
® Concentration of ethanol vapor
o . was about 0.055 mmol/L.

10+ air of the chenustry laboratory
—20 -4
-2 T T T T T

o ] 10 15 20 20
Time ( min )
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Motivation

In Taiwan, gas water heater 400 « i
. 3 B Number of Cases
(GWH) is the most popular 220 T o Number of Injured
. 300 @ Number of Fatalsties 5
heater for taking a hot water g 250
. = 20
shower; however, the horrible |
news often hits the headlines in 100
30 4 31
newspapers that many careless 0 |
. Jan-Mar Jan-Mar Jan-Mar
users of GWH die from 2004 2005 2006
mhaling  too much carbon CO Poisoning Incidence Data
From: Taiwan National Fire Agency, Ministry of the Interior Gas water heater

monoxide (CO). In this study, a

catalyst was designed and generated; the efficiency of the catalyst in terms of reducing the amount of
CO from GWH was evaluated.



Analysis of the problem

The composition of the exhaust

It was found that at high power output condition often used

in winter time where the concentration of CO can reach as high
as 10,860 ppm, but that of Ozis as low as only 6.2 %.

Strategy—installation a catalytic converter in GWH

A catalytic converter was proposed to place around the
heat exchange area. When the GWH 1s switched on, the
high-temperature exhaust will heat the catalyst bed up to the

working-temperature, and then convert CO into CO:2

effectively.

~~Heat

exchange
copper fube

Catalyst bed

___The exhaust

containing CO



Experimental

Methods

A one-factor-at-a-time experimental plan was performed to search for a suitable catalyst. Four

different active metals (cobalt, copper, iron, and nickel), four different supports (silicon oxide,

aluminum oxide, titanium oxide, and kaolin), metal to supports ratio (loads 5% to 20%), and

calcination temperatures (200 to 500°C) were studied in order to develop a catalyst for the

conversion of CO.

Procedures

Catalyst preparation

Weighingand dissolvingthemetal nitratein

water

Adding
Imaterials

support

Y

> Agitation and soaking for 6 hr

A 4

Drying in an oven at 105°C

Y

Grinding and sieving

!

Calcination in a chamber

ﬁu‘naie

Efficiency test of the catalyst

h 4

Characterization of the catalyst

The schematic diagram of the apparatus
for the catalytic reactions

—a N = To Vent
Mixer

3-Way —
Valve [hermoconple [ 0 \nalyzer |

-

\ W o

, Float __—Reactor
- Flow —~
% M ~ Metex
O - Furnace

‘ __—Catalyst Bed

The reactants were the standard gas of CO diluted
with nitrogen and air to reach the required

concentration. The oxygen concentration was kept
at 6% in all tests.



Results

and Discussion

Composition of the suitable catalyst

Selection

1.0
0.8
0.6
0.4
0.2
0.0

CO conversion

Cobalt nitrate showed the highest CO conversion

of active metal and the support
Active Metal
—o—Cu
—a—TFe
—a—Ni
i ——Co
0 100 200 300

Reaction temperature (°C)

efficiency at all temperature test.

400

CO conversion

Aluminum oxide

1.0
0.8
0.6
0.4
0.2
0.0

Support

——Si0,
—8— ALLO,
—a—TiO,
—»—Kaolin

100
Reaction temperature (C)

200 300

conversion efficiency at all temperature test.

Ratio of active metal/support and the calcination temperature

CO conversion

Ratio of active metal/ supports

—e— 59
—-— 109%
—a— 1596
—— 209

80 100

120

Reaction temperature (°C)

140

160

CO conversiol

1.0
0.8
0.6
0.4
0.2
0.0

Calcination temperature

——200°C
—a—-3007T
—a—400 C
——500C

95 115 135 155
Reaction temperature (°C)

showed the highest CO



Summary
1) Co was the most effective active metal 2)Aluminum oxide was the best support

3) Co toALLOs ratio at 10% was reasonable good 4) The best calcination temperature was 300°C
Identification of the catalyst

X-ray Diffraction Spectroscopy (XRD)

XRD of Co with different supports XRD of different calcination temperatures
* CosO4DiffractionPTak ColA2O3 | | }
| . ‘ ] | Co/AI203 [ Iy L 1. | 200°C
| - | | ¢ l ey | S AU RPN, ¥ e F BRI WP (SLU L PR R
l 300C
'5 s '.L» L . i_. + + « CofKaolin g e
T Rt o UL Y PR Y S @
z { = Jie |
' 11 || 400°C
. CofTiO2 s matdensd LS s A Ssrs A et
« | ColSiO2 500 C
Co304 #741657 | Co304 #741657
] ) l'l:l ) 2'() i 310 ) 4'0 ) 5[0 ) GIIJ ) ?':‘J ) 3'0 ) 9'0 ] ) 1'0 ) ;0 ) 310 ) 4'0 ) 510 ) BIO ) TIO i 3'0 ) 910
2 Theta 2 Theta

1. The active metal was found to be Co3Oa4.
2. The types of support and the calcination temperature did not influence the crystallization type of Co3Oa.



BET-specific surface area and Scanning Electron Microcopy (SEM)

BET-specific surface area

Co catalst with different supports Co ALOs catalyst with different Co contents
=0
o 30 677 2
e 2677 s0 | 76.48
~ 28 |
s 20.81 70 56.55
S 20 ¢ = 60 | 1928
o 13.32 50 |} -
2 15|
k= 401 252 26.77
= 10 | 30 | o s -
_: 2713 50 | 1335 18.5
= ot |
2 o . : : 0 : A
z ALO, Si0, TiO, Kaolin 5% 10% 13% 20%
The mato of Co ALO,
Support )
0O Specific surface arca (m® g) B Percentage of Co on catalyst surface(®s)
The aluminum oxide has the highest surface area, which The specific surface area with higher cobalt decreased.
is consistent, the fact that it was found to be the best High Co/specific area were observed 15 and 20% Co
support. content which suggest that the holes might be aggregated

with the particle of Co3Oa.

The SEM of Co/Al20scatalyst

Based on specific area and SEM data, 5% and 10% Co have porous holes for gas to pass through,
whereas holes of 15% and 20% were clogged with particle of Co3Oa.



Catalyst practicability

Co remaming concentration in outlet

é JOUH)
E_—_ 3019
Spac.e Inlet Inlet Reaction Outlet g oo
_lVelocny CcO 02 Temperature CcO Z 2000 1463
(min) (epm) | (%) | (C) (ppm) 2 1000 .
2 0
500 3,500 6 206 0 5 0 J
1,000 3,500 6 224 0 205 224 233
1,000 15,000 6 233 0 Reaction temperature( C )

Space velocity (min1) =Reactantflow (L/min) - catalystvolume (L)

Inlet CO: 15,000ppm O2: 6%

Suppose that the fuel burns at 0.045 Nms/min (under high power output), the reaction temperature
is 233°C(506.15K), and the O: concentration in exhaust is 6%; the volume of catalyst bed was

calculated to be about 1.3 L, which is practical to be installed in a family-size gas water heater.

1) The catalyst of Co/Al20s with the Co contentof 10%, calcined at 300°C displays the highest
catalytic performance.

2) The Co metal is existed as Co30s4; calcination temperature and types of support did not influence
the crystallization type of Co.

3) Cos04 has the highest surface area. The catalyst aggregates at higher Co content.

4) The optimized catalyst is able to completely eliminate CO at a concentration as high as 15,000
ppm at a space velocity of 1,000 min-1at all below 233°C.

1. G. C. Bond (1986) “Heterogeneous Catalysis: Principles and Applications™, 2.4 Edition.

2.J. Zhang (1996) “Heterogeneous Reaction Catalyst: Characteristic & Application”, 1st Edition.

3. 1. B. McCammom, L. E. McKenzie & M. Heinzman (1996) “Carbon Monoxide Poisoning Related to the
Indoor Use of Propane-Fueled Forklifts in Calarado Workplaces” Applied Occupational and Environmental
Hygiene, volume 11. Issue 3, P.192-198.
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Introduction

Nowadays, the commercially available solar cells are made of material that absorbs the visible light and are often not transparent. Ultra-violet
(UV)-sensitive organic solar cells (OSCs) can be colorless and transparent to human eyes. This kind of OSC has potential to mount on our house

glasses and able to generate renewable energy for our daily lives.
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To dhevelop UV-Light sensitive transparent organic solar cells.
» Synthesize UV-sensitive materials, donor material D2 and acceptor material A2[3].

1) Spirobifluorene-based D2 2) Spirobifluorene-based A2
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NMR and Mass Spectrometry were used to determine their chemical structures and molecule weights.

( ' TEermaI Evaporator was used to f%bricate the OSC devices (Fig.3).
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Fig.4 EQE spectrum. Fig.5 Light current-voltage characterlstlcs measurement
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elnes 1) Both D2 and A2 absorb UV-light with high extinction coefficient.
— 2) The absorption of D2: A2 (1:1) mixed film is only the combination of the pure D2 and

— N\ 2

— D A2 films.
400 500 600 . . . . .. . . .
These films show high transmittance in the visible light region with an average of

Wavelength (nm) 3)
Fig.6 Transmittance spectra (film). AA A

. U V=00 [TVe U\ WILFT ATYFEEerr Catriouce . - - -
e devices with Al cathode were Tabricated for the purpose of knowing whether D2 and A2 can serve as the donor and acceptor, respectively, in organic
solar cells.

100 (o3

— 15 O

— 25 M
80
Al (120 nm)

— o 5
— — =
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=
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I A -t =S myna) 2 a0 S
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S -90
PEDOI:PSS 20 =
ITO S
o -120
Glass 350 400 as50 0.0 0.3 0.6 0.9 1.2
Wavelength (nm) Voltage (V)
Fig.7 OSC with Al cathode. Fig.9 EQE spectrum with different thickness. Fig.10 Light current-voltage characteristics.

Thickness (nm

Vmax (V. Pmax (W

Table 1 D2 and A2 device’s data.

1) D2 and A2 can serve as the donor and acceptor materials in OSC active layer.

2) The best performance was given by device with 25 nm active layer, whose PCE is 15.6% (Table 1) and EQE up to 85.7% (Fig. 10).
3) The organic laver is transparent, but not Al cathode.
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Fig.15 Transparent device (left) and glass (ri%hct). Fig.16 Transrgittance spectrum of device.
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Fig.11 OSC of the device. Fig.14 EQE spectrum with different thickness.

Fig.13 Light current-voltage characteristics.



25.0

Table 2 Transparent device’s data.
1) The device with Ag cathode showed higher transmittance than the device with Aluminum cathode.
2) The best PCE was 2.7% with 25 nm thickness and EQE is 23.6% (Table 2).

V- i LN CIE Teren Fal

The (ON]® deV|ce Was measured uner dlfferent |nten3|ty of UV-light for knowing its performance in different conditions.

Intensitx ‘EW/cmZ; VEi ivz Jii “iA cm'zi FFE ‘%z PCE ‘(%I Vmax ‘Vi Pmax i!iW‘
17 . . . . . .

120 0.47 121.0 25.39 12.0 0.23 0.58
80 0.39 97.3 25.18 12.1 0.19 0.38

Table 3 Data of the devices under different irradiation.

1) The device showed hlgher PCE under the Iower |nten5|ty of UV light.
L ht.

These materials are visually transparent, UV absorbing, and energy generating, so the D2 and A2 OSC can also form the self-powered UV
detector, and this provide the information of UV-light intensity. This real time information may alert people to take necessary measurements for
protecting their bodies from harmful UV exposure. For example, coating the materials on the eye-glasses to become carried-on UV detector which
can protect eyes from UV exposure. utdoor <

Cloudy

Intensity of UN
1 mwWems pretar A
> Laoo
Dangaroust

D2 and A2 coated zlass

Intensit ity o « UV MW /e

Fii.ﬂ Conceition of UV-sensitive detector. Fli .18 UV mtensny under dlfferent condmons

D2 and A2 can serve as donor and acceptor for UV-sensitive OSCs because of suitable energy levels alignment [Fig.3(c)].

D2, A2, and D2:A2 mixed film showed high transmittance in visible region (Fig. 6).

Semi-transparent OSCs were developed with a thin Ag electrode and can achieve a PCE of 2.7% (Table 2) under weak light condition.

The UV—sensitive daul-function device can serve as not only the transparent OSC but also the self-powered UV detector because of its photocurrent

PR
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Effective posters share the following traits:

* Viewer-friendly style with large oo typeface &
informative subheadings

» Use pictures, drawing and cartoons to present the
majority of the information

* Small offerings of information vs. long paragraphs of
text (bullets not sentences)

* Logical and orderly progression of presentation of
information

* Summary statement(s) of key aspects

* Easily understood language without jargon or
undefined acronyms
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Introduction

It is known that the diamagnetic and zero-resistance nature of superconductors
can greatly reduce the amount of energy lost. In 2008, iron-based superconductors
were discovered and helped lead to a theory of non-BCS-theory superconductivity.
Iron-Selenium was found to be a new toxicity-free superconductor, which has a
simple crystal structure. Recent publications(?! indicate that turning superconductors
into nanoscale particles may enhance their superconducting critical temperature
(Tc). Therefore, in our project, we found three effective chemical routes to
synthesize FeSe into nanocrystals and found that the tetragonal FeSe1-x shows a
Tc (40 K) that is higher than that of their bulk form (7 K) ['] .

Objectives

1. To find an effective method for synthesizing FeSe nanocrystals with higher Tc
2. To study the physical and superconducting properties of FeSe nanocrystals

Experimental
Flow Chart

Improvement of HDOL-TOP | modification G-TOP | madification | 3. HDA-TOP
chemical synthesis: hot injection = on | ! v jection
«X-ray diffraction (XRD)

+Scanning electron microscope (SEM)

«Transmission electron Microscope (TEM) L \
*Magnetization (M)

*Magnetic susceptibility (x)

Physical analysis :

1. HDOL-TOP hot injection method (a) with Fe3* (b) with Fe?*

Solution A: 1 gram of Hexadecanediol (HDOL), and 8 ml of benzyl ether
Experiment (a) 1 mmol of Iron(lll) acetylacetonate, Experiment (b) 1mmol of Fe(CH;COO),
Solution B: 2 mmol of Se powder and 2 ml of TOP and 5 mmol of TOPO

1. Solution A were 2. We heated it up to 3. After the solution in 4. The products

added into a three- 300 °C in a closed step 3 reached 300 °C, were centrifuged

neck boiling flask. system of N, we added in solution B. after reaction
(6,500 rpm for 10
min).

-

(2) EG-TOP hot injection method

Solution A: 5 ml EG (ethylene glycol) and 1 mmol of FeCl,-4H,0
Solution B: 0.5 mmol of Se powder and 2 ml of TOP

Reaction temperature: 200 °C

Reaction time: 2 hours

(3) HDA-TOP hot injection method

Solution A: 14 mmol of HDA (1-hexadecylamine) and 4 mmol of Fe(CO);
Solution B: 4 mmol of Se and 16 mmol of TOPO and 3 ml of TOP
Reaction temperature: 250 °C

Reaction time: 1 hour

Introduction

Iron-Selenium has been found to be a new toxicity-free superconductor, that
has a simple crystal structure. Recent publications!? indicate that turning
superconductors into nanoscale particles may enhance their superconducting
critical temperature Tc . We found three effective chemical routes to synthesize
FeSe into nanocrystals and study their superconducting properties. There are
several phases and crystal structures in the Fe-Se series. Among them, the
tetragonal FeSe,_, shows a Tc that is higher than that of their bulk form at 7 K1l

Objectives

1. To find an effective method for synthesizing FeSe nanocrystals
2. To study the physical and superconducting properties of FeSe nanocrystals

Materials and Methods
Flow Chart

(1. HDOL-TOP hot injection] «X-ray diffraction (XRD)

— =Scanning electron microscope (SEM)
f2. EG-TOP hot |njectloa [ > -Magnetization (M) J|> Data analysis

-Magnetic susceptibility (%)

(3. HDA-TOP hot injection]

(1) HDOL-TOP hot injection method

Through pilot study, we discovered that the use of strongly acidic or strongly
basic solutions producing no optimal FeSe nanocrystals, since it is difficult to
prevent oxidation. We then employed TOPO-TOP (trioctylphosphine oxide/
trioctylphosphine) to dissolve selenium and heated FeSe in an oily environment
to produce FeSe. Refluxing system
Steps: = N )
1. Solution A: 1 mmol of Iron(lll) acetylacetonate { ZJ

[Fe(acac);] and 2 ml of benzyl ether
2. Solution B: 2 mmol of Se powder and 2 ml of TOP, Cooling water

were added in a 5 ml of TOPO solution. -
3. One gram of Hexadecanediol (HDOL), 8 ml of benzyl

ether and solution A were added into a three-neck

boiling flask. Then, we slowly heated it up (~5 °C / min)

to 300 °C in a closed system of N, .

4. After the solution in step 3 reached 300 °C, we added Reac
in solution B and maintained the heat for 5 minutes. Heater
5. The products were centrifuged after reaction ——

(6,500 rpm for 10 min).

(2) EG-TOP hot injection method

Stepsl® :

1. Solution A; 1 mmol of FeCl,-4H,0 and 5 ml EG (ethylene glycol) were mixed at 100 °C.

2. Solution B: 0.5 mmol of Se powder and 2 ml of TOP were mixed at 120 °C.

3. Solution A was added into a three-neck boiling flask and slowly heated to 200 °C in a
closed system of N, .

4. After the solution in step 3 reached 200 °C, we added in solution B and maintained the
heat at 200 °C for 2 hours.

5. The products were centrifuged after reaction (6,500 rpm for 10 min).

(3) HDA-TOP hot injection method

Stepsl :

1. Solution A: 14 mmol of HDA (1-hexadecylamine) and 16 mmol of TOPO were heated up
to 160 °C.

2. Solution B: 3 ml of TOP, 4 mmol of Se and 4 mmol of Fe(CO);

3. The well-mixed solution A and solution B were added into a three-neck boiling flask and
heated to 250 °C slowly, and then maintained the heat for 1 hour.

4. When the solution cooled down to 80 °C, we poured it into hexane/ethanol.

5. The products were centrifuged after reaction (6,500 rpm for 10 min).

Vacuum
-
pump ( Y

Fig. 1 Experimental device






