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titE 7% . Hydrophilic solvent

TR

Like-dissolve-like

-5 #: Hydrophobic solvent

Saturated fatty acidgs - sereremeeee (MeFOBRRARE)
HHHHH
[ 11 1 1 z0
H—C—C—C—C—C—C/
| I | | | “SOH
H H HHH
Monounsaturated fatty acids: = (MUCA BIFOBRRA)
HHHHH
I 11 1 | g0
H-C—C-C=C—C—C/
([ | NOH
H H H
Polyunsaturated fatty acids: (%A MRORsE)
HHHHUHH
RN NN
H=-C-C-C=C=C-C-C
[0 | | NOH
H H H H
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Supercritical Fluid Extraction

The region for industrial use
of supercritical fulids

221 7.38
Pressure
[MPa])
0.0006 P
L 1
LCarbon dioxide ——e 31.1
Water —e 0 374

Temperature[ C] —»




O O
/ /
CH3—C\ — CH3—C\ + H" K,=175X107>
O—H O~
Acetic acid Acetate

Mg 7K
0 i

CH; Mg CH, My
Methylamine Methylammonium ion

BH™*

G HTFE IR ST 7
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CH,COOH
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CH.CH,COOH
CH,(CH,),COOH

CH,(CH,),,COOH
CH,(CH,),.COOH
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P e e 7

2 B 44 b L3 S
*:ﬁ)‘&pﬂ | | | | | | | | | |
B R ds o B 2 3 4 5 6 7 8 9 10 1
Al 7 %E0N0) el 1% e
B|# &4 (MR) el 1%&
C|azsE2€(BTB) xe[ TEe
D| & &k (PP) eI | A
pK,=2.00 pK,=8.00
H,In <« » Hin = » In>
4r # 4r
Amax = 520nm dmax = 435nm hmax = 3720M
€520=5.00 x10* (cm'M™") €20=2.00 % 10° £00=2.50 % 10"

€435 1.50 x 104
8573=2.00 X 104

€435 1.80 x 104
£sn=2.00 x 10°

€435 = 1.20 x 105
8572=5.00 X 104
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5)1_’[15/ Jimg
Ag* + CI-

—— AgCl

Pb2* +CrO,2 —»> PbCrO,

Fe3* + 3(OH) —> Fe(OH),

3Ca%* +2P0,3 —> Ca,(PO,),

Solubility product (K ): &f#

SN

N
/

SRS
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2&2203(5)
FE8E > FEBEEMm
(+3 —0) (0 — +4) ,
WBTEER
0 +4 Em
4Fe(s) 3C0,(g) /
BB L& FUH + BFEH — BEED + KUY
FETEEY
RERURE,
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X =

air

Cathode(fa#&) e-——Fe

02 + 4H" + 4e”— 2H,0
Anode(54%&)
Fe —Fe*+ 2a-

Fe— e~ Cathode(2 )

02 + 4H" + 4e"— 2H,0

Iron metal 44 8

ot > + ELEREORACLD

@

4Fe + 2H20 + 302 = 2F0203
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B 1 83 Y o A

1. RN RAB SR BUNHEFE: s sz
SMEREH B

2. FHABEZSLEBFE S SR/YE (MEEFIEE): mamtsEs
B TR, 0 BEE—JBEY o [HEBEEA o FIIFIHEIC 400~500 S B ImE AR AR
SRS A AATERRRR T SRR o S LB AL - RIECS - e
(ST SR R RN SRR L - B
S B AR 4785~100 pm - .

3. B3

i (Steels): & —IxaE > BRI 2HFRITEIN
N[ E— PR SMEREESEITR °

{Eh%SH (C <0.25%) ~ hE4H(C <0.60%) ~ =hiEiH(C <1.40%)
FOA S50 -

A BA Rarapiehtt (A8) - EERIAYS
LRGeS - HRE /DLW Ll E %P%/WJD
B~ SHEGE AT s b prah it
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Nanomaterials-Gold and silver

lrface area
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[BE (colloid)f1Z=>kHI+ (nanoparticles,
R > 100 nm

Z=kKrT-: 1-100 nm (10° m)

The Tyndall Effect

Colloids scatter
light, making a
beam visible.
Solutions do not
scatter light.

Which glass
contains a colloid?

2 § 6 12 16 18 24 60 9% 150mm

27
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Sodium citrate 3-Mercaptopropionic acid /U\/\

HAuCl,(aq) + Na;CsHs0,(aq) Au NPs (F) i g
+ CO, + HCOOH + ...

sSH

(F)

32 (nm)
!!D- e 4‘. (T) s

+ + o+
= &

EbGhabithb ettt bhe as

SsSaLs00ZNaa oo

i T ‘ _.-‘_..u_,,‘;,“~ - O O 9 i

! SULAELLL LA LL
_

0.05

R BE TR FE %38 o
(0, 100, 200, 250, 275, 300,
(L) o on e €O

A g1 325, 350, 400, 450, 500 nM)
pH3.0 pHS8.0 pH90 pHI10.0 AN A

|

|

:\-———94-'{ S

0.025

B

350

— ——



A. Negatively charged thiols

B. Neutral thiols 7

C. Positively charged#thiols

100 nm




Preparation of 11-MUA-L, \p

12 uL tetrakis(hydroxymethyl)phosphonium

: ; THPC
chloride (THPC) in 46 mL DI water
Angew. Chem. Int. Ed. HO™ /. "OH ¢
2007, 46, 6824-6828. Add 0.5 N NaOH (1 mL) HO-/ \-OH
N4
1% hydrogen
tet?ac%ﬂorgaurate(l I) trinydrate 11-MUA
V4 (HAuCl,-3H,0) 1.5 mL o
Au NPs HO)LCHZ(CHZ)SCHZSH
10 mM
11-mercaptoundecanoic acid
(11-MUA)

1 1 'M UA-LAUND

P(CH,OH),CI
(THPC, reducing agent) 11-MUA
+ -
HAuClI, _S/\/C/\/o




Synthesis of Fluorescent Carbohydrate-
Protected Au Nanodots for Detection of
Concanavalin A and Escherichia coli

AR

4% ?&%Mé@

= %i gﬁ h KN

A wNL\/\WSH :ﬁ Aggregation
S
Mannopyranoside grafting thiol

Au NP j}f ;%

Fluorescent Man-Au ND




2.0 .
[E. Coli]

Without With E. coli

(106 cells/mL)

L 4
4

¢ LOD: 7.2 x 105 cells/mL

[E. Coli] (108 cells/mL)

1.0 2.0 3.0

1.0y
Linear range:
1-50 (x 106 cells/mL)
o) ‘ ‘ )
450 500 550 600

Wavelength (nm)

650



Glow stick contains two chemicals and a suitable
dye (sensitizer, or fluorophor).

O O OH
Z g + HO, — 2
O @)

0—¢~

+ dye — 2CO, + dye*

dye*—) dye + hv

ra

3
|-|3ch l l N\/CH3
O O al COOH
OO ateeg Sy g

Rhodamine B emits red ligh

CI(

10-Bis(phenylethynyl)anthracene
PEA) emits green light with maximum
at 486 nm

9,10-Diphenylanthracene (DP.
emits blue light



Bioluminescence
Firefly luciferin Coelenterazine

IS used in a luciferin-luciferase system
that requires ATP as a cofactor. the most "popular” of the marine luciferins.

This molecule can occur in luciferin-
luciferase systems, and is famous for being
the light emitter of the photoprotein
"aequorin”,

0
HO 5 N COOH Luciferase 1° W &
H M o+ ATP —— ,>—< + AMP + Pyrophosphate + Light
N S N S

02, Mg2+

Luciferin Oxyluciferin

Photuris pennsylvanica was measured to
be 552 nm (green-yellow)

0.6 picograms of adenosine triphosphate
(ATP) or 0.1 femtograms of luciferase
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F1H1/
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-7 (Surfactant):

) — Polar hydrophilic
(water-loving) head

. Non-polar hydrophobic FEE MRS

(Water-hatlng) tall hydrophil hydrophod




e R ESBEERE (Critical micelle

concentration ; CMC) -

{1/

determination ¢ : / cmce

: %

3
,{O O-s O’\
Lo 09 5%
s 7
s+

g

Fluorescence Intensity

New fluorescent probe Surfactant Concentration
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A micelle is an aggregate of surfactant molecules dispersed in a
liquid colloid. In aqueous solution, aggregates are formed with the
hydrophilic "head" regions in contact with surrounding solvent,
sequestering the hydrophobic single-tail regions in the micelle center.
This type of micelle 1s known as a normal-phase micelle (o1l-1n-
water micelle) as shown 1n (a). Inverse micelles have the head
groups at the center with the tails extenoding out (water-in-o1l micelle)

as shown 1in (b). we—am—o—t—om Sodium dodecyl sulfate (SDS)

S = a;bgg
oz~ @ OV Swg \\T//o » X
hydrophobic group ? Gsié/( é\i\f‘%b /

g Zan ?

Cetyltrimethylammonium bromide (CTAB),
(C,H,;)N(CH,);Br os P

O- - Oﬁ o-
Yo2© Ox
<o 2s ©
o] O
\+/
N\
Br-
anionic

hydrophobic oil phase




+ Surfactant

P PR R G0 SR
(e A st a4 )

®

SR
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ECHIZS (Sensor)

- g
=
o

Incident Solar ,’,j,
Radiation 7.7~
i
r £’

Ky \
* o

L)

Visi IeLght’Jz

| Reflected fro
Object  Object

Eye

=P
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To Brain

41



Fiber-optic sensors are good alternatives to electrodes, with

no requirement for a reference electrode.
To
To .
Detector Light
Source

Filter before detector
A

Fluorescence

Common
Randomized
End

[
Mirror

Filter after light source

®/B Target Biomolecule

‘ Ligand

Optical Fiber

Reflectance

Bifurcated fiber-optic based spectrophotometric probe.



Y _Y Y™™ EL|SA: enzyme-linked

Polymer support

| 2 et e e mecies 1MIMUNOSOrbeNt assay

Analyte protein

Y Y p/iﬁﬁ{;ﬁ;& RGBT A

3. Add enzyme-labeled antibody 2
4. Wash to remove unbound antibody

Enzyme covalently
bound to antibody 2

7
i i o Antibody 2

YYF




Colorless Colored
reactant product

\_j Enzyme bound

I ~ to antibody 2

——— Antibody 2
—— Analyte protein

I ———— Antibody 1

Enzyme bound to antibody 2
can catalyze reactions that produce colored or
fluorescent products. Each molecule of analyte
bound in the immunoassay leads to many
molecules of colored or fluorescent product
that are easily measured.

Nonfluorescent Fluorescent
reactant product

N

Y




ELIS Atz HIVEERE LY

EEIRSEPLE (Prostate Specific
Antigen; PSA): 1@ fR HERHYR
AN RIEER 5

JEEPL]R (carcinoembryonic antigen -
CEA; CEA): XiGERGEAVR AL S8 -
ZE“'LFE B ~ B F RS EEA TRES

B o 1T ELZERFREAL - e - HpSsts
IAUA=E I

BeEEREL ( alpha-fetoproteln AFP) :

Wl kl

FEFA_J% I_J
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R s e .

Green
Chemistry

P T Anastas and J C Warner (1998):.
Green chemistry is the utilization of a set
of principles that reduces or eliminates

8 the use or generation of hazardous
= ' substances in the design, manufacture
= and application of chemical products.

Green Chemistry is at the frontiers of this interdisciplinary
science that attempts to reduce the environmental impact of
the chemical enterprise by developing a technology base that
IS iInherently non-toxic to living things and the environment.
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s
©
~— ’
g F -
® BE. (V) y -\
| E -—ﬁ*__ﬁ:\ ’b X
RAG 200 400 600 800
S nin Binding Energy (eV)
Cc D
1104 1580 2 =
1316 Qo 1 & B

Transmittance (%)
s %

8

Intensity (a. u.)

704 VO-H Ye=0

w0 300 300 2500 2000 150 1000 1100 1200 1300 1400 1500 1600 1700
Wavenumber (cm™!) Wavenumber (cm™1)

N & N | —
L REGE STV E ycE-10A (A and B) and MCF-7 (C and D)
#}; ‘t:—].‘ : ’;_ 7., . }\ t; Y £){C cells treated with C-dots prepared
from ycine.

H ~ *"*';IC', ~ A4 ’”7}5 F/J—
Br: BAE-FF-2E (ROA - LID)



Preparation of C-dots

Hydrothermal Calcination Heated in stainless steel

Wide varieties of resources
One-pot preparation

Fast (2 hr) 300 °C, 2 hr
Green (no solvent & strong acid) -,

narrower size distribution

gk

Temperature effect on the

Ground Coffee preparation of C-dots

500

400 -

H
E 300 +
E
Q Z
3 200
=%
HaoN
OH 2 7 100+ ]
Small molecules Large molecules ./l/
(e. g. glycine, EDTA, APTMS) (e. g. BSA) ol M———" . 1 .
100 150 200 250 300

Temperature / °C



Optical property of ground coffee C-dots

Abs
- e Excitation wavelength dependence P
7]
g —
N is due to djfferent sizes and surface
g properties [the presence of various types
3 of chromophores with different degrees
= of double bond conjugation and
strain enerfies)
® |
200 400 600 S0P L .

(C) Raman sh:ft (cm

Wavelength / nm
Absorption and PL emission spectra with increasing excitation wavelengths
(in 15 nm increments starting from 350 nm) of C-dots. Inset: PL photograph of a

C-dots solution under a hand-held UV lamp (365 nm). Green Chem. 2012. 14. 917-920



A) [ MCF-10A 0] MCF-7 EZZ MDA-MB-231 (B) [ MCF-10A
100 I MCF-7
VZ77) MDA-MB-231

Biosafety to normal 7 ol VZZ) MDA-MB-
cells, but inhibitionT * y oo
of cancer cells Z el o 3
Surface molecules 7 2 : '
such as 204 |
catechins must 14 :

0- T T 4 A Z

play some rOIeS 0x 0.1x 0. 25x 0. 75x 0x 0.1x 0.25x 0.5x 0.756x
[C-dots] [C-dots]

© vy Reactive oxygen species (ROS) generated;

[ MCF-7 an oxidative stress mechanism
FZZ) MDA-MB-231

Viability

ROS generation (fold of control)

-
[}
'l

membrane binding without damage

C-dots caused the inhibition of the
cancer cells through apoptosis

(fold of control)

LDH gelease

o
o

J. Mater. Chem. B 2013, 1, 1774-1781.

0x 0.1x 0.25x 0.5x 0.75x
[C-dots]

C-dots induced (A) cytotoxicity, (B) oxidative stress, and (C) LDH release of MCF-10A, MCF-7
and MDA-MB-231 cells. 1x = 0.36 mg/mL. The percentages of cell viability, fold of ROS
generation, and fold of LDH release are shown as a relative value to control (MCF-10A cells).
The values represent (mean £ SD, n = 3, **p < 0.001, *p < 0.01).



Carbon dots prepared from ginger exhibit efficient
inhibition of human hepatocellular carcinoma cells

HepGZ

p53
o-tubulin e e—

, -)
104 + 14 mg

after 14-day
3.7+ 0.2mg PBS

Tumor was forme
inoculating
with 1 x 107
HepG2 cells Hydrothermal

300°C/2h e

C-dots Ginger
Curcumin could trigger the pro-apoptotic
factor to promote HepG2 cell apoptosis

C-dots induced the proliferation delay and

the enhanced ROS production

e § ‘o

Increased p53 confirmed that the increased Bright UV light Blue light  Green light
cellular level of ROS was responsible for k|II|ng

Cdots — +  HepG2 cells through apoptosis
Inhibitory effect of C-dots
on tumor growth

f|eld .

(360-380 nm) (460-480 nm (

HelLa

Hep G2

MCF10A

MDA-MB-231

C-dots were located in the cytoplasmic area of the cells,
revealing that they easily penetrated into the cells via
receptor-mediated and/or non-receptor-mediated endocytosis

J. Mater. Chem. B, 2014, 2, 4564-4571



Photoluminescent C-dots@RGO Probe for the Detection of Acetylcholine

B Ach: neurotransmitter
B No electroactive, chromophore, or fluorophore group in ACh.
B [ACh]:8.66 £ 1.02 nM

(+)-catechin

GO ! » C-dots@RGO VW e o
Hydrothermal reduction Q O — Q © + acetate
300°C/ 2h

7\‘ex : 3 65 nm Acetylcholine Choline
A 445 nm
em Betai + [’ ChOx
etaine Hzpz
137 oC
ROS
Photoluminescent
Photoluminescent
“T ff’!
C-dots@RGO & _dot:'@;;’Go

=l

B Fl O H,0, (100 nM) in Tris-HCI buffer (25 mM, pH 9.0)
3| A, 365 nm < ‘ . .. .
= o 0 0 50 6 O 1, and I, are the PL intensities of the solutions
[ before and after the PL quenching reaction,
: respectively.

Aex 465 nm /&. y
300 400 500 600 —30

Wavelength (nm)

Excitation wavelength dependence of its PL properties Anal. Chem. 2013, 85, 3263-3270



Detection of ACh Using C-dots@RGO

4000 [ACh] (nM)
o] - . °
— A 0.05) & o 3 pv=_
S W35, Sl
S 5 ’ 3| r=0997
75] & =0 -
) = (° 0 5 10
= 10 [Ach] (nM)
@ 2000+ 25 0% 10 20 30 40 50
® [ACh] (nM)
-
=
-l
o
0 . :
400 500 600 700
Wavelength (nm)
Linear range : 0.05-10 nM LOD : 30 pM
Selectivity
B A : 4-aminobutyric acid .
B : Aspartic acid a
- C : Dopamine E
=_ D : Glutamic acid .
L. E : Glycine a
___i’ F : Serotonin E
| G : Acetylcholine .
3 .
- -
) e e D77 rlg/l//
A B C D F: G
Smmmnnm

(A)
(B)

Detection of ACh in real samples

300
A
S
S
& 150f
i
& 9 58+0.4nM
Blood
0| 1 1 1 1 1
0 2 4 B 8 10
[ACh] (nM)
300
B
El r=0.987
s
=150}
i
-~ 2.610.8nM
Plasma
01 1 1 1 1 L
0 2 4 6 8 10
[ACh] (nM)

PL spectra of [C-dots@RGO] : 0.4 mg mL™!
[ACh] : 10 nM, [other solutes] : 100 nM. [AChE/ChOXx] :
0.5/0.1 U mL"1. Reaction time for the enzyme and PL-
guenched reactions at 37 °Cis 2 h.



~

0O
’S:|MNH2
0\

SiC-dots thin film temperature probe -

293 K 303K 313K 323K 333K 343K

y

\// V & -~

Temperature-sensitive photoluminescence of organosilane-functionalized carbon
dot films. The SiC-dot films were stable for at least 10 cycles of water washing, mainly
because of strong Si—O—Si interactions between the SiC-dots and the glass substrates.

Chem. Commun. 2013, 49, 1639-1641.



Photodeposition of C-dots

G

Excitation wavelength (nm):
(D) 365 (E) 488 (F) 532

Scale bar: 200 pm



Soaked in
5mL 10 % PEI

e

5 mg/mL GO

Polyurethane
Dish-washing
sponge

{" Polyethyleneimine (PEI)

’ Graphene Oxide (GO)

Porous PEl/Reduced
Graphene Oxide (PEI/RGO)

& Phenyltrimethoxysilane
(PTMOS)

+ 14 mL DI H,0

Hydrophobic/
I1- II stacking
interactions

Smooth PEI/GO
sponge

Porous PEI/RGO

bonding PRUIge

® Coupling @
agents/24h
e T ———
N,H,

,,-{}C;) >-\ 20% PTMOS \ Dried at
(< H for 30 min 60 °C

RGO D Ezhﬁ_ﬁ”}:‘Nanopores
——

- ‘fﬁfﬁj

\ "
Hydrogen %\ Y PEl ! Covalent
) cross-linking

bonding
EDTA

PTMOS

Amino group-

silanol group .~ PTMOS/PEI/RGO

interactions sponge
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Absorption (%)

o

T - -
2 3 -
Recycle number

Absorption (%)

sood "B
- =
600 2
“
400 - il
200 4
0
on
gare SPPT
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OH H Cl
H N
o]
Ephedrine Methamphetamine Ketamine

2 >‘—O
(o} l HaC 2 CH3 HsC
H N 7
No_+ NH o -CHs
o o, Vd "'"N
e, I/H
Cl J H3C _ H

+ &

4-Chloroethcathinone

AHE B AT N S RTEMHA (T '
&% s % (bath salts)
LR FERER -

Heroin /J,'i /%. l_—{:]



Intensity (a.u)

(F,-F)IF,

4

/% iR AP e R

(B)
900
1 0.5 . 0-5"
8001 w04 0 )
700+ = i3
600 oal . - ]
' 0 (mM)* 071 - = 03]
500+ 0 5 10 15 20 25 i
4004 Conc. (mM) " i
| 0w’ 0.2-
3004 —_
200+ 0.1-
100 '
o) 0.0+
400 450 500 550 600 ‘ 09 & o o O ¥ ®
AT ?9 o o& X
Wavelength (nm) oY 9 Q( & 4@ c?

JF <<\ &
W1, T3 mM u&oo

0.3- Detection of 4-chloroethcathinone using C-
2. dots. (A) Sensitivity for 4-chloroethcathinone
at pH 11.0, and (B, C) selectivity of 4-
chloroethcathinone over other tested

0.0 — .
I T O 6 chemicals at pH values of (B) 11.0 and (C)
[cadl= g Q&"Q’Q’(\ ,{_z‘Q‘@"' 0;\0.§° 7. O .
G':s\o \O‘&
<& Nc}@
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(A)
1.0

T\
iz
L

=\

aAlq

0.9+
0.8+
~ 0.7+
'o 0.6+
=~ 0.5+
0.4

0.3

§

10 25 5.0 7.5 10.0 20.0 25.0 (mM)

goooce |

6 :

5 10 15 20
(mM)

g R R R

L )

25

0.32 mM

P!

«® ~

& 4° o
LN AN
O ¥
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(A)

Nimetazepam

—LHR

S \g
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o F

FIunltrazepam

FM2

(B)

©)

(D)

Red wine Orange juice Whiskey

C dots in 0.5 mL of toluene; Sample: 1.5 mL

Excitation/Emission wavelengths: 365/427 nm
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Thank you for your attention



