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! Georgia Tech News Room, Gold Nanoparticles May Simplify Cancer Cells.



Abstract

“There is plenty room at the bottom.” The words of Mr. Feynman are the
beginning of nano technology. Mostafa El-Sayed, a professor of Georgia
Institute Technology, identified cancer cells through nano gold-antibody
complex. So, our study focuses on the zeta potential of colloidal gold particles.

At first, the filtering method and equipments were developed. The
theories were based on the ultrasonic studies of universities such as National
Taiwan University of Science and Technology. Then the colloidal gold’s sizes
were filtered to100 nm through settling. At last, by using Continual-Filtering
Centrifuge (CoCe.) and Tube Well Mass (TW-MS), the mean particles sizes
can be filtered to 30 nm.

The most important results are: Zeta potential of the gold colloid was
controlled with Capacitor Ultrasonic Zeta Potential Controller. The zeta
potential can be raised from -30 mV up to -59 mV, which is -20 mV higher
than the conventional pH-changing way. The function of zeta potential to
protein binding quantity was tested. The increasing curves of zeta potential
and protein binding quantity were similar. This property would be a
significance of biotechnology.

Thourgh Capacitor Ultrasonic Zeta Potential Control system, the zeta
potential’s limitation of gold colliod, which is produced by SANSS
(Submerged Arc Nanoparticles Synthesis System), can be controled in a
wilder range. The study which is focused on nano-scale, like the wish of Mr.
Feynman — “To manufacture material and produce equipment in atom and
molecular scale”.

G AR RS Mechanism of "NTU Anti-SARS No.1 4
Theory of of ultrasonic Source: C.K. Lee
Source: T.S. Lei
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® D.J. Shaw, D.H. Everett, S. Ross, I.D. Morrison, J. Lyklema,Zeta Potential An Introduction in 30 minutes,
Malvern Instruments Ltd..

7 Wikipedia English version

¥ http://www.nbtc.cornell.edu/facilities/tools/Nano-ZS%20image.bmp

’ T. M. Riddick,Control of colloid stability through zeta potential;: With a closing chapter on its relationship to
cardiovascular disease, Livingston Pub. co, 1968
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" Wikipedia http://en.wikipedia.org/wiki/Colloid
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1 2002 Langmuir, North Carolina State Gold nanoparticles make nanoparticles can form a gradient of
Rajendra Bhat University, US the grade decreasing concentration along a surface.
2 2002 Jorge University of Alfalfa plants harvest gold | Using alfalfa is a cost-effective and
Gardea-Torresdey, | Texas-El Paso, US nanoparticles environmentally friendly method of
et al. producing gold nanoparticles.
3 2003 Hebrew University of | Gold nanoparticles could were used to attach glucose-oxidizing
Jerusalem, Israel, and | boost biosensors enzymes to electrodes which could
Brookhaven Nat. ultimately be used as miniaturized
Lab., US biosensors inside the body that measure
blood glucose.
4 2003 Murali Sastry, et Nat.Chemical Lab. Micro-organism Using a micro-organism to synthesize gold
al. and the Armed synthesizes gold nanoparticles which was much more
Forces Medical nanoparticles uniform than the particles formed using
College, India, other biological methods.
5 2003 Brahim Lounis, et | University of Gold lights up biological Gold nanoparticles was developed a new
al. Bordeaux in France cells way of visualizing proteins in cells by
labelling them.
6 2004 Chad Mirkin, et al. | Northwestern Gold nanoparticles and “bio-bar-code-based” DNA detection
University, US bio-bar codes bring technique has a sensitivity similar to that
sensitive DNA detection of the commonly used polymerase chain
reaction (PCR) method.
7 2004 Crego-Calama, University of Twente | Self-assembly wins with Using the self-assembly of
Holger Schonherr, | in the Netherlands gold rosette hydrogen-bonded rosettes to create
etal. nanostructures containing gold. The
technique could have applications in the
fabrication of nanowires.
8 2004 Jeff Brinker, et al. | University of New Gold nanocrystals
Mexico & Davidson self-assemble to form 3D
College, US arrays
9 2004 Swiss-US team Swiss Federal Laser sintering strikes gold | A laser technique for fabricating gold
Institute of with nanoparticle ink microstructures could provide a new
Technology and the powerful way to create miniature resistors
University of or conductive tracks for flexible
California electronics.
Berkeley,USA,
10 2005 Zare , et al. Stanford University, Gold nanoparticles monitor | Gold nanoparticles could monitor changes
U.S. protein folding in the folding of a yeast protein by
attaching gold nanoparticles.
11 2005 Uzi Landman, et Georgia Tech., US, Nanocatalysts charge into gold nanoclusters on a ceramic surface
al. and Technical action gain an electrical charge while they act as
University of a catalyst for the low-temperature
Munich, Germany oxidation of carbon monoxide.
12 2005 Chad Mirkin, et al. | Northwestern Nanoparticle technique based bio-barcode has been assayed to
University and Rush detects Alzheimer's-related | measure the concentration of
University ,USA proteins amyloid-B-diffusible ligands (ADDLs) in
cerebrospinal fluid (CSF).
13 2006 Richardson Ohio University, US Gold nanoparticles Gold nanoparticles was used as
enhance laser heating site-directed nano heaters that can be
actuated with optical light




SO

G
<
S

% [Eyl ZF:{@EF F[ jﬁ%?ﬁ\ﬁ ;{m“:;"jrjluﬁﬂﬁ:y
52 1= H ’F‘ﬂéh [Fruﬂ' 1 B W
i

H
1 1999 JREE | Bl ﬁﬂi‘t WERAREE | Ll r‘ﬂﬁf@i#& (%%1@1‘“#“>ﬁ*'?l“’?9#ﬁ7ﬁ%ﬁrf
F“éﬁ

%:E o %’ = (aerosol) » F|I'J— &% 7?71 H’j’f%(?r - S AR 5
;{;—rﬁﬂ-‘t Vi T giﬁﬂ&ﬂ b S

2| 2001 | F@F | B Y | G LR - 1) SnCl4.5H20, SbCI3, and TaCl4 LLfer -
= o Lt - | rw [ Snd+Ii% e - 1 SbiSn Lk
PEREISPE | VAHEE Tk » Ta/Sn FH PRI - A 15 ﬁ#f?* 1.65MHz “%
FHT LA u@wu I 5% ’zf?w ’IJ%’EEI RS %ﬁ?]

B j]:[]?—'b ”%LM (li’u}, 7059 ZTH ) b SR H PLEGT
FlA =i s > SnO2-x R Jﬂhﬁﬁiiﬁ? VR R

312003 [ g | B S [ K SRR M3ETPU$+Shﬁm?TW” Hw@ﬁﬂ$@Lwﬁ
TREHPR | REARER g | R B Rl g ) SRt e T A

e B FHSLRA I e 2 b0 2.7m » i ﬁiﬁw’ﬁwﬁw

R ARERL A P2 -

4 | 2003 | A | pIURCAZE RO S *lJ“JT(ﬁJéa?I;%FIUﬁ = & P4(mercapto-aliphatic acids) ¥ {$Afi %

S R E-[pu(sﬁqug%j K &R R BEE S TE EF 1(Human serum albumin)» g5
i 53 5 (Bacillus amyloliquefaciens a- amylase)ii:”j\ {ﬁj?&ﬁ:l;‘/ ik

BFf ES o ) S IP&BIT\Q*{;"I S [~

S| 200d [ | WA A R | TG DR F R L o
SRS A | T IR | PRI G R AT+ SRR s -
e el e DEE

6 | 2005 | B FIURCR i Faes- sel &% | (AP %ﬁ ey S Alqt,um%&*u o ()&
P M%l R SR | S SO - S AR QUK SR
Rl e ) EUSN I a2 [ A 7 ol }%kﬁﬂ“f'ﬁ (B {5 I‘PH’E?J“

P
FA [gyl Zﬁ“ﬁﬁp F[\J%jﬁ'{ YI;I,’JIDI,_‘:EFI?U
He | FOg) Fél'i [ﬁﬁd/ ) ?[75 Y i
B
1 1999 Der-Yeou Department of Chemistry Application and Development of | The technique makes use of both gold
Chang National Sun Yat-Sen Fused-Droplet Electrospray nanoparticles attached to “bar code”
University Mass Spectrometry DNA and magnetic microparticles.
2 2001 Shang-Chi | Institute of Materials Science | Electro-optical properties of Sb using ultrasonic nebulization was
en Li and Engineering ,National and Ta doped SnO2 thin films adopted in this study. a solution by
Sun Yat-Sen University derived from an ultrasonic the agitation of an ultrasonic device
atomization process operating at about 1.65MHz.
3 2003 Cheng-Yu Department of Physics, Atomic structure and absorption | the structure of Au nanoparticle is
ng Chen National Central University, of Au nanoparticle with different | distorted when the diameter is
Taiwan diameter smaller than 2.9 nm. But Au
nanoparticle’s structure is
changed.
4 2003 Hong-She | Department of Chemistry, Investigation of Proteins to modify the surfaces of the
ng Lin Chung Yuan Christian Adsorption on Colloidal Gold colloidal gold nanoparticles by
University, Taiwan R.O.C. Nanoparticles mercapto-aliphatic acids of various
lengths (C2 to C16),
5 2004 Chien-Yu Dept. of Mechanical Eng. High Power Ultrasound and using high-power ultrasound
Lai National Cheng Kung Bubble Cavitation for and cavitation field can
University, ROC Fabricating Nanoparticles and result in particle-size
Nutrition Extraction reduction..
6 2005 Chain-Fan | Department of Chemistry, Synthesis of 0-D and 1-D Gold | the synthesis of gold nanoparticles
g Shieh Chung Yuan Christian Nanomaterials and Properties from bluk gold by chemical solution
University, Taiwan R.O.C. of Gold process,the synthesis of 1D gold
Nanoparticles-deposited nanorods/nanotubes via template
Mesoporous TiO2 growth and electrochemical
deposition
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Synthesis System(ASNSS) Materials Transactions, The Japan Institute of Metals, Vol.45 No.3
(2004).pp.806-811. (SCI)

10



2 - TR b
(1) 27 R
R )5 AR R AT R TR SR o
SHFRALIE SANSS L ] 53 ) L% (200000 nm % 10 mm ).V IEHIE B LT 7
rk—ﬁﬁ’ﬁ(ﬁ[%\[ 2EBPHA T)EE i’?a;u HE[XF%100nm = 10 nm [/WPE'?;{:*% P EaET A
IR TRl amE T =20 (FéfﬁﬂE'EI@Eﬁﬁ%FlWﬁ%fﬂé‘?ﬁﬁﬁﬂ/ )
LR YNBSS GRS > Fet  Hettich o BB : MIKRO 22 R(GLE 324, 8) @ &
AERL DRI TR (07 -
FlIasL s s S g BE - a5 (FLIR 4, SZERH 9) - TUR)IERLET - (”_i’ﬁﬂ*ﬁﬁﬁl
R « ft iy -
JFM'”»E?»L CRLEIE %‘J]%?’[ iﬁi‘ﬁ':‘fi‘l U ETEAS(Tube Well Mass Spectrometer:TW—MS)(EiﬁI 6
SRR 10) S BRI - 5 G IR S [
o] PP BB LY C@%ﬁﬁﬁ’} T -- Y BT

V) ﬁj]}mﬁ"ﬁkf—' 4 ‘gﬁl’EBEIJ °

11



Q&L FH S (TW-MS)
T O I"m}[ﬁ?ﬁ%d’ » TR ARFRESL ol pd i 2 B puEH

etz 53
R (LA

Ikt A e [HEEEETER (R ) RPN R PO I

4

SRSV PP AT RS A & WS R B T R

4,5

PICHSERLY S £ - H2E I R
GELESY VRS o AN I RIS R R S N LR R A

R IWERRSEIT - [ B R A B 5T

12



 FH R R

RS 153 T e IR [ ) B S )
i SR R ISR RV B + RIS B B O SHE R
DTSR 11T T S EE TR mm RORAD + IR e
(00 wm RS FRHERL - SRS R - BTRIRT LD T BRSO nm TR
52 1500 V' R BSELY {5 WORRATN T SRRSO um BT ] 1500 V
R T8 - AP 1R (P R A 6 R B
PRI e 2 45 1500 V « BRAAYT TERELS B0 00 B 3480 1500 V 2V ok - s
L ] 1500 V 2V TR o o <

ARG Mg s R ISR SR S BRI T RS E
BT ESER o FIN IR Y R R SR W] TR E]

:ﬂ%‘ﬂﬁ%ﬁﬂfﬂﬂ*% s = T Erfib (zeta potential). =<

zeta

ﬁﬁ@%g T e e ﬁl?"’lﬁi JrEe i potential
- = T 3(}\\7 N

S R T e N

/ < N\
» 2] . AL — 4 — = S .. ik — & e 2 / .‘4 u“

PRI S 1 L W P AS I ER [ L
J i I : -+ 1
I 5 : I
I g 7 — \ H : |
LR > DU 7 14 7 Y i
\\ ",l' stern Iay?[,."' //

\ ALY /

N

V4
~ diffuse layer Ve
~ s

— -

13



capacitor's
pole

+
+

-
// \\
P ~
, AN
Fa— \
/. \
/s \ +
'0 ‘-t \
: : ‘
: +: | ——pp +
-. i /
Y / +| =
\ t" .n. /
. + o /
\ LT /
N s
N s
N rd
~ ~— — - -
ions in
colloid +

+
o

14



©  PUEHER R

3

AP BIpPE

)

() !

(=)

%ﬁ%%?@ﬁ RO PERIR IS RV PR RO R 30 mV
F. FE 59 mV o HgiA ] ST Elhjgkﬁeglﬁllg ~19 » «sﬁgﬂ e ﬁﬁ }ﬁjﬁfﬁj
UL o '@;[ﬁl 24 T A1 E‘#ii_%@ﬁlﬁ%ﬂiﬁ?% ?“?Ejf f Ay b=
R PRI O Y DR i F Flf’l?‘i}ﬁ’?iﬁ (PPoEl A A% pH I'QEI?%‘
(S Ffdi%‘ﬂ]ﬂ' B [ B S o R ) T %xglﬁl
24 - [fi7% pH f@?ﬁ;ﬁﬁﬁ HILRLAY Z B o = - [ Fy FL??»E““pH f@?ﬁ?ﬁ?ﬁj
L -40 mV > ﬁ' g% -10 mV %7 %xglﬁl 25 o
¢Wﬁﬁ%@ﬁ%“?€ﬁﬁi§iﬁ VTS TW-MS ~ JiagEe~ = giiEES CoCe (Cont.
Centrifuge) TMIFVBHELE #F - GE =0 JLA [Hh plas WIRELE ) gy
Jr’fﬁfﬁ' : ;:@Tu};ﬁj%#}?ﬁ%m 1R 6,89 10 B - sk S R

L o TR IR U A1) 26 -

(1) AESETE G B e BR[OS S B TR

F5p E‘L%I 27 E_E[Eﬁ% IEI‘ELJ%%W ) F[‘ Efigsandl ﬁ:r TETIETE ﬁ@[' 24 Fu LE?F'E

SO (30 nm)fIURH 7LV ST BT -

15



= TR

e ﬁﬁﬁ@giﬁg SRR FED o SRR U % if?ﬁfj Fﬁ‘ 7Y 35k (Submerge Arc
Nanoparticles Synthetic System, SANSS) A WA TR E4E 1k ﬁﬁlﬁijﬁm{t o i IR AR TREE
@ﬁ@ﬁ%@%ﬁﬁ%ﬁﬁ,éﬁﬁm$W§@%ﬁMﬁT~ﬁwﬂ@ﬁﬂ%ﬁ*?%
SRR EBR pﬁjﬁjﬁﬂ[ﬂ“ﬂ\*ﬁtf FRRE A R RS R S | Pl e S B
PNIFHRCERD S SANSS » PRk sl VAR G & b~ Eite s of N puEhg -

- BEE *fi'gﬂ[’fﬁﬁﬁ“;l/f&ﬁ”
R | EK | AR

—m|T]
i
J/&
s
g

PEERSTEE | RAROR

Ry | (2R
TRERE (SANSS)

SR

PR e

PR

P [T

i

i

ES

o

W -

73 fﬁj?{ ’ 3‘;
TW MS gy
A
e [ T
I’Fﬂ—l\ ,J‘

~
—

il
'J‘

N

[+ (EHR

R ﬁ’fﬁ

TR
i

E2

T

e (L,

i

m[» E/L

AF

-~
o—

A

Ry (S
S 2 £ g

SEpE T
B

Wi
(s

S
BT

T

A
P

PEE U

CEETR
BT T B
* =3 Ja

ety

FERT 2

ORI iy
i

R p— 1 A R ML A A R K12 Sl

'® TiO2 Nanoparticle Suspension Preparation Using Ultrasonic Vibration-Assisted ~Arc-Submerged Nanoparticle

Synthesis System(ASNSS) Materials Transactions, The Japan Institute of Metals, Vol.45 No.3
(2004).pp.806-811. (SCI)

R B2 o R YR LA A R R R I K12 S AR 1, 1996,p95




B & g
Hor BELS Y BTN

[EURES — S RS GE A (IR Ea 2
(Z WHZ) (TW-MS)

BIegepy | B Ayl Gl T
U\’;EEljaﬁltFiiﬂE[fj
T A 18 W
HE I LR | L s 4 (S
SR ] 2. TR
2. WHERD AR |3 SRR
>’§tﬁ£@'ﬁ,j/i%ﬁﬂ 0 F o I%Flf_[_@r o
BT |1 BEERRE FREE T | RERRLS B
2. VBT I i B
G
EE

= IERBERGTE SR I PR T AR T S RODEL S IR R e
T FIE ST AN RIS BRI ) S B
R o U eFk (AR » B ) EETR R ﬁ%”i‘g@w FRIpu T R PU i AT B
IS (i 4)  FEREAIN Pl R R 2 St (5) > ==

(6 - p)g

V, =
6yp

)

d: I O IS o ATy s [ g

17



P ETRb Re < L) > PRl 2

V, =54.84 0 =P 3)
0

FHHYERe = 2-300 [

V, =25.8d (5_/)}& )
P )u

!‘d R OSSO L ;{ﬁjfﬁg_ﬁgﬁ&ﬁ giunl 7 G LT T AR L A
R RS ISR Pz ok & o SR B P K SR AR ek > ) S R R
AR SURCERL B R R S AT A S5 Iy (S EJIJﬂalé’iiﬁifﬁﬁﬂl’% (=~
T B 2% SRR BRI PR TR B RCE - AR AL G IR & B
F 11 PRCT A R bR 5T TR0 | SRR ] PR AR IR RL A R E TR
= B TR ORSOE  PIIPAI B S R SR ] TR DI DR 8 T
T ERLE BT o SR RENEAS V F 12 VR RLS LA b
g P P12 Vo TAER RURST S mmAq M) - fER U RRIEE -

BRI BRI | O EERG PRLE RN D e BRI ] RO 1) [

(0.5 mim [ PN TG PRI PO T R B

NI

[ PEIBR S A S  a Fi EERT 2on > ST = 2D AT o R 1L A

RS 5 DAY B T R B0 8 I > S

N

AT S TR - B S BCENTE S AT SRS T

E‘; 6 1 [

L)

FRES AR PR W S OB R - T 8 RS B

18



19% 5 AT TR T -

?‘élb

[“EHE A '/?F,fd’i(ﬂf} 1.65 MHz)5%( ™~ B =3 - iﬁﬁ%ﬁfiw@%%f“g’& 65 ~ 70 mm
VRS SRR Y TR E T em e T um VA R IR 10
Hirn V53 fphd o et R N H IR > DI 1L B, o R (R T Jﬁ‘ﬁﬁ’ﬁqﬁlﬂ‘l‘l‘% =S

FPU# el %ﬁlﬁ HAEEE }F_Jrjlu

19



P~ FH R R
IR P 2 SR Y PR i B
=) #’?F{fﬁ et

A
C= kgo E 5)

C: K (F) ki fTETEr eo: 8852 P A EREH d: A

FAH

-4
4.7x8.85" F/ §x18_4 =49.914™2F ~ 50 F = 50pF
X

Q = CV (6) 19

Q: FHE! (coul) C: ”F'?T“F'\[ (Farad) V: F%Eﬁ (volt)

"

IR
Q =50x1500 = 75000 pcoul = 7.5x10~* coul
-8
-19 Coul 7.5x10 ~ 11
1.6x10 Alectron Toxl0™ ~5x10" electrons

(8 mm/7.5 mm)

WOEE, 2R P, REEY, PR ST, & F ﬁl?ﬁﬁ%‘['?{%fﬁﬂ (XL Fil, 2004, p26-5

' TiO2 Nanoparticle Suspension Preparation Using Ultrasonic Vibration-Assisted ~Arc-Submerged Nanoparticle
Synthesis System(ASNSS) Materials Transactions, The Japan Institute of Metals, Vol.45 No.3
(2004).pp.806-811. (SCI)

20



L

C=Kk2mg, ———— N
In(b/a) ()

F%@kuﬁ@mﬂw/Aémﬁdﬁﬁm

30*10°°
C=47*27%8.85——————~261.35%1001.46 ~ 261731.85 pF
In(87°/7.57%)

Q =261731.85*1500 = 392597775.5 pC ~3.9*10* C

3.9%107"

1.6*107"

Electron quantity = ~2.44%10"

ARl [‘F”EJFET}%}LELQF” *ﬁbil}lﬂ’ﬁﬂuﬁu e B R AR ’gqﬁigaé;hu FEA

fleti

PSRRI B R BT RS B TR % DA

[T > ECRLEF BRI 200 ) o e B 2 Do Ty ]

OFE, R, P, R, PERCY) ST, 2% IR A ¢ [, 2004, p26-5

21



- FEERI R R
PTECBILE RV T (zeta potential) i I WL R LR (PIERER RIS KT
PR R e i (U35 S ok pHL ISP (5 VA 1L - Bl
[pi' 24,25 o PR O A EREIHIE S o I IS R (zeta potential) i A &) - -
] PSSt FLR 24 - [ pH @éﬁfﬁzﬁ FILLY Z BIGEG 1] pH f@?ﬁ;ﬂgﬁr‘%ﬁ?@(zeta
potential) » [I' fEL-fEE[E1 i > FAHEGE 40 mV o ?ﬁﬁ‘?ﬁﬁ(ﬁfﬂiiﬁ)ﬁﬁjﬂf il 2 B
T PR GUARTAE IR R P o F R BT R R R R AR R
TR o PP AR PR R E T BRI
PR - FIP 1,65 MHz 830 5K s P SV RCE > [UEIREET - ST S B
U SRR PO S R ST - B HE  E  E ee
T S P PR IO 2 MR S T b PRRIERE S n S B N e
PR 1 MQ 2 26 MQ V] » 1] 1.65 MHz &3 W IR TR £ 10~ 1R B
SN NIRRT R S S R PR
B o BT R FEL (B RT T IS e RSN
TRRVE - (A RS AT - [RUEE EE - b [ R
) PRIl FERIEI > AR PR > O L P Ik
FFACPERLIE I GRS FEEY S R & B0 PO R T - AR - AP

P P TR DR T (2 2 s 3 F P R S A s LA Rl

22



SER LIRS NG Gt
N %Fﬁ‘

TERIPVIEET S UL PR (zeta potential HUE » [i* FESESH e VETFIORE [ GEY] -

TR G R L T AR IR AR 2 BT B S
Ry PR G T [71 THraE -

IV IR R G ) O - TS s 29 100 nm 5 BB o A AT
%?{ WA O EERS(TW-MS) i i 1 19 £ 30 nm -

TR~ T LS RV PR R (zeta potential) » i 5 I1E FE-30 mV 4
#Z-59mV > i3 pH Fﬁ%ﬂéﬁiiﬁ PO -40 mV o &Ry Ty [E%Wﬁ?]%?] WP
ﬁ‘]ﬂ%ﬁ (Capacitor Ultrasonic Zeta Potential Controller) ~ i?rj?'[ AT U ERERS (TW-MS) ~ 4l
WS - GTE S CoCe (Continue Centrifuge) ~ Y[R iR (Settling tube) - 5’25‘7?&?}%?] W

"_ ??Lﬁ’ﬂ'* % 3 (Capacitor Ultrasonic Zeta Potential System) -

23



N NG Stk
Fof e T R | PR B (5P U R AR K2 3

7FTJ\ [I'—‘F[J’UI_E PIFHEE A 2 prEr]

e s 2o £ SR

Tk &R = Zeta potential I
I Rk &S PIREsEE O

2. TR R

3. FBEYEGT

4. 1T BN B (ERHH]
5

6

7

8

9

. DNA A= 5L i
E
7 £/C60 1 £ L T Pl
=R ESHF R RV S5 E
K & EEEHET JE&?‘“E‘#F'E

AP T RS R - PP MR PR - RS ERRT - DNA Al

O] 0|00

AL P RS EPAT R i | S S - g T IR e 2
=l VETROSET -

AR Y f S Jan. W.Slot, (2002)*' 37~ > University of Utrech VP4 1l i 4
PR S R & PR RE 7)) SDS-PAGE (Sodium Dodecylsulfate Polyacrylamide
Gel Electrophoresis, o = RIS -SRI RETE 1) 00 AFoats F O U R O 1
g B e i rﬁ;@vpﬁ R- S5 e 1S3 (Ovalbumin, JIF 1 arf DAVE! « AFT

ad £ I e Y AR £ B (O A A £ e

2] Pi—ply 2 SR R LR A K R K12 S R
2 Jan W. Slot, Hans J. Geuze, A New Method of Preparing Gold Probes for Multiple-labeling Cytochemistry,
European Journal of Cell Biology 38., p87~93, 1985

24



AEFTORIRE » L PR T TR Sy TSR PSR
el Min - 0 1 2 3 4 5 Ry

f
Bl g 0.07  0.64 0.54 1.30 1.34 1.52 1 g

=g fl IHF%PLF# Y VIR 2 e RS IS T JEF E| el
e SRR A [ (PLIR 26) it SRR B VETIETE SR 24 AR o I SR
O G PR BRI S R R IR R B

AR A T RT3 O RV T AR AISLEER

25



& R 7 (HsNy)
2ok 2
“G AR K
IR Z A

& R 3 (HsNy)
2ksmE
“HARIHE K
IR Z 1%

Eﬁ” 2 Rlchard F. Feyman

& FSom 3 (HsN,) & B (HsN,)
7oK &4k RoEMBR N sk
& i |
s\\.
b i \\ : Approach
i_gi
T w wm m w2
Position (nm)
I\
i 1
E L\
g 2 ‘._:'\
w i \p 3 ;
, |
40 50 1;)'] |'5l] 200 250

Position (nm)

Source: httpwww.aicgroup.com.twNTU1-1.htm
ﬂfﬁ 1§y BEf lff;' i(Picture 1 Theory of Anti-SARS No1)

AR B wall T S T R | 3B
(Picture 3 Gold nanoparticles stick to cancer
cells and make them shine.)
Source: Geprge Tech. Prof. David Terraso

26



Source: National Taiwan University of Technology Prof. Lei
fiHE 4 & (=1 R (Picture 4 Theory of Ultrasonic)

® 3 .
Rﬁ&ﬁ 5 ?F,J?ﬁ W53 (Picture 5 Fog is produced by Ultrasonic Atomizer
Source: Flower market Taipei)

27



R 6 TR S £
(Picture 6 Au-NPs is produced by SANSS)

A IR S it
(Picture 7 JiifE3EIRA)

28



Source: Hettich MIKRO 22
PHA 8 — eSS B(Picture 8 General Centrifuge)

PEA 9 SlIAgaims s B o (Picture 9 AT BS & SN TEA)

29



A 11 ”F%?Fﬁ?ﬁ[ W R é”ﬁ?'j Et’ﬁjﬂf%ﬁ(Picture 11 fi é”ﬁ?q‘ Zeta Potential ﬁ%ﬁyiﬂ})

30



—\\N " | Positive Electrode

= = (ED
—_— Negative
Electrode
o«
Heater\\l |
1. %@Fl{
2. W3
3. WIEBHE
4. L B
4.| 5. R v

148mm —

:
(

N

5 Tubes
[ 2 TSRS

A

A

31




S

..

i3 — AEEE ST

drop

4

Shaft

belt

|
«

Particle collector

7 Upper bearing

Eﬂ/ Round plate
| ] ﬁ

Dropped-out controller

e e | S P ey BRSPS

Acrylic tube

Underneath bearing
i 4 SHUA 72 B S

32



0000

— Drop out
O

——

5 AETE SR FUE A U



Plastic bottle Plastic cover

e \ (

N Blower A

Water

Ultrasonic— L=
nebulizer

A 6 G ] = ERE AT GUHI(TWMS)

e
|/

Q)

USM Bt

ﬁg*
1)

A
%@@@%
Ay

[ 158

N
I
I

5.
T

—1A

=T

N O~ WDdDRE

W dm
=

S

fou
-

6.5
cm

7 %ﬁ%ﬁ PP P T 1

34



{mmAQq)

TR
w

T )

y=0.7x-24
R? = 0.9894

s (Volt)

[P 8 G P ] TR U e

14

o
~
(@)
oo

()

1O G ] 7 R e T A R

35

10



“A ] (nm)

pai

100

90 r

80

70

60

50

40 r

30

The mini size powders

@ %?’ c%% & 88 -4 o© o
& o) % % @ % °

&P 3 <8 o O o

&g & ¢ O O

Q © 0 O

G O O

o O

10 B 53 e T A S RS R

AR

q%ﬂ 11 FVE FI0 A R gt 22 5 ‘F” 3520 "ﬁjﬁ{é\[

36



Intensity (kcps)

Intensity (%)

Size Distribution by Intensity

2500007
2000007

1500001

100000+ - -

50000t - -

10 100 1000 10000
Size (d.nm)

[l 12 % 80 nm AVIREGLE BT 505 i HliGeL

Zeta Potential Distribution

-100 0 100 200
Zeta Potential (mV)

[f 13 1%l 80 nm VTS E'#%FEJT‘@ 53 T it

37



Intensity (kcps)

Size Distribution by Intensity

- R PR R, R R :
I : : ,f\ : : ;
;{910,, ...... ”,r....\ ....... R I I I P :
I . . \ . . .
> | : : \ : :
[%2] / \
c / \
Q / \
g R R P I [ e
A \
| L /
L/
/
0 t Tt > t L s A t L B
0.1 1 10 100 1000 10000
Size (d.nm)
(B 14 () 30 nm VTEEE R R G g
Zeta Potential Distribution
20000 T e RS s R :
150001
100007
5000
0 f t t d

-200 -100 0 100 200
Zeta Potential (mV)

[pi 15 1 fifi 30 nm PO b7 il A 53 s

38



e ]
-b —’;

— 1
1
E 1500 V L -—.

&Eﬂ 16 E}I% ff (30 nm) %‘ﬂ[tﬁ' HEIEE ELH‘EEOI

- H"‘Hx
% s " .
capacitor's P .
F'D'E / Ll I-nu..*. \\
/ ""‘-I- ‘*'4‘ \
+| |- /. |
f o : |
» 4 I
- | ]
+ ¥ 5 ,
\ 3 : |
L 5 :
+ L .\ 'l'.‘.+ "" f
\ '*..-.. --"i f
) /
i e
A ~
RH'--.. -~

B 17 F FL‘ 98 R A R (R R



Intensity ( kcps)

Intensity ( kcps)

Zeta Potential Distribution

8000007 - - - - —au = = = = - o - o - o oo - ,
600000f - - - - -, - - -/ I - :
400000F - - - - - - - I i _
200000t - - - - -l - A ot ] !
| / \ pu— , ,
A\
0 t t t 1
-200 -100 0 100 200
Zeta Potential ( mV)
18 RFfE s S FENL(30 nm)sffi it
Zeta Potential Distribution
8000007- - 1 - - I_ - _I - _//A\\\I - - I_ - _I - - 1 - - I_ _I -
6000001 - - - - - - - | S . B}
B T i T T . )
200000F - - - - - - o=/ oo oot N B}
0 ! E— = = - - = . .
-100 -80 -60 -40 -20 0 20 40 60
Zeta Potential ( mV)
19 32 1 7348 SUEREN(30 nm) /AR



Intensity ( kcps)

Intensity ( kcps)

Zeta Potential Distribution

800000 T T - o T - " T - T - T T T T o " -
6o0000T - - - - - - S - - -
400000 - 1 - - I_ - I_/ - “\‘_I - _I - _I - - 1 - I_ I_ -
I ' ' A \l\\ ' ' ' ' '
200000r - - - - - /== === - - - - - -
- 1 1 / 1 1 \\ 1 1 1 1 1
0 ' =
-100 -80 -60 -40 -20 0 20 40 60
Zeta Potential ( mV)
20 FPE 2 oy FLEFEAL(30 nm) iR
Zeta Potential Distribution
8000007 = - T F Tttt s 5 - s - - -
600000 T S
4000007 < ot ot c Tt ottt s st s s s s s -
1 1 ) x;\,, L 1 1 1 1 1
2000007 R S \ S
0" —_——— - - = . ;
-100 -80 -60 -40 -20 0 20 40 60

Zeta Potential ( mV)

21 G 3 5y, FLERENL(30 nm) i HH R



Intensity ( kcps)

Zeta Potential Distribution

800000T R e e T
600000T Tt Tttt st s s s s,
1 1 1 1 / |\\ 1 1 1 1 1
400000T T —//— V- \\— Fo- e e = ===,
T 1 1 1 / 1 \\\\ 1 1 1 1 1
200000 N T T T
1 1 1 // 1 \\ B 1 1 1 1
0’77"7 Tt ;i — =+ _—tt = \B =t = = t T t
-100 -80 -60 -40 -20 0 20 40 60
Zeta Potential ( mV)
22 G 4 o3 SUEREN(30 nm)SHHH AR
Zeta Potential Distribution
800000T - - T i Tttt Tttt s s =g sy -
,(I-'J\ T 1 1 1 1 1 1 1 1 1
§- 600000i ) '_ ) _' ) ) ! ) ) l_ i _I i i 1 i i _I i _| |_
g S - [ - - 1 - - + - - [
% 400000
C
) T \ . . . .
£
2000001 - T - s -
0 e —+ : ! !
-100 0 20 40 60

Zeta Potential ( mV)

23 G S sy SLEFERL(30 nm) AR



70 r

(-mV)

P R
IS

20 r
10
0 . , . | |
0 1 ) ; \ :
9 F R (535

[fif 24 o PR [E]Z2 32 PP (30 nm)fi Eﬁl i

60 =
404
L ]
=
£ 20—
©
S 0
g .
1
8 .20 1 |
N 1
|
-40 Isoelectric!
point :
1
60 -4 : 1 | |
: 4 6 8 10

pH

Source: Mavern
A1 25 P FELES pH ol

43



Size Distribution by Intensity
LG T et e R
S LOTr e\ AT ATETETETRRRTRRTS
2 :
7] :
© el AN P
g g
0.1 1 1 1000 10000
Size (d.nm)
— Record 1: Au Re ord 3:6000rpm-Au
—  Record 7: 5000rpm-Au Rec rd 9: 4000rpm-Au
/ \

@ ©
26 FI I B ) AT [ SR £ O

() HE=FTE :'?—*?*fj;[/ BRE R
(b) TEM Ji£1H

44



16
1.4
812
[
S 1
8
2 0.8
©
(O]
< 0.6
@
(@]
£04
0.2
oL . - ' | |
0 1 2 > ) ”

Charging time (min)
[ 27 S VT £ R R min) i i

45



[~ B2 HIR

(LY BEHRH] gl 5 R FTA= 1 (2008), 75 1580 7 F % Hk K-12
PP e o

(2] 215, #HI, S, SRRy B (2008), Pri- By o f 4
PoR|4k, B|S5F]F]], 34(8), 713-717.

[3] I.H. El-Sayed; X.H Huang; M.A. El-Sayed, Nano Letts(2005),Surface Plasmon
Resonance Scattering and Absorptin of Anti-EGFR antibody Conjugated Gold
Nanoparticles in Cancer Diagnostics: Applications in Oral Cancer, 5 (5),
829-834.

[4] P. Warren (2004), Electrifying effects in colloids, Nature 429, 822

[5] K. Rezwan, A. R. Studart, J. Voros, L. J. Gauckler (2005), Change of z Potential
of Biocompatible Colloidal Oxide Particles Upon Adsorption of Bovine Serum
Albumin and Lysozyme, B 2005, 109, 14469~14474

[6] D.J. Shaw, D.H. Everett, S. Ross, 1.D. Morrison, J. Lyklema (2006), Zeta
Potential An Introduction in 30 minutes, Malvern Instruments Ltd..

[7] C.H. Lo, T.T. Tsung, L.C. Chen (2005), Ni Nano-magnetic fluid prepared by
submerged arc nano synthesis system (SANSS), JSME International Journal.
Series B, Fluids and Thermal Engineering, Vol. 48, No. 4, 750-755.

[8] J. W. Slot, H. J. Geuze (1985), A New Method of Preparing Gold Probes for
Multiple-labeling Cytochemistry, European Journal of Cell Biology 38., 87~93.

46



Taiwan international science fair 2007
E I
#-5] : Engineering (1 A2 #L)
Capacitor Ultrasonic Zeta Potential
Control System of Colloidal Gold

PGP TBES e e i

Keywords . Zeta potential B :£ § = ~ Colloidal gold %% %4 £ & 3 ~ Ultrasonic 42 5 &

Tumor

Made in Taiwan reb.. 6, 2007 LS

No:



ADSIIact ... 2
Introduction ..........ooiiiiiiiiiii 4
Engineering goal ... 6
Materials and Methods ... 8
Results and Discussion ...........ccovviviiiiiiiiiiiiiiinnennn.. 22
ConclusIonsS ........ovviiiiiiii i e, 31
Reference .......ooooiiiiiiii 32



Abstract

“There is plenty room at the bottom.” The words of Mr. Feynman are
the beginning of nano technology. Mostafa El-Sayed, a professor of Georgia
Institute Technology, identified cancer cells through nano gold-antibody
complex. So, our study focuses on the zeta potential of colloidal gold particles.

Since that zeta potential is well known to strongly affect bio-material
adhesion, we’ve designed a small experiment. We conjugated protein with
colloidal gold. The result shows that when zeta potential increased, the protein
conjugated quantity increased.

Nowadays, lots of academia institute have found many bio-engineering
applications for colloidal gold. For instance, Prof. Angela Belcher of MIT found
the Virus-Enable Nanowires. Prof. Mostafa El-sayed of Georgia tech is the
inventor of colloidal gold cancer diagnosis. No mention to the well known
anti-SARS No 1 of prof. C.K. Lee. Our zeta potential control technique is a part
of these future industries.

At first, the filtering method and equipments were developed. The theories
were based on the ultrasonic studies of universities such as National Taiwan
University of Science and Technology. Then the colloidal gold’s sizes were
filtered tol100 nm through settling. At last, by using Continual-Filtering
Centrifuge (CoCe.) and Tube Well Mass (TW-MS), the mean particles sizes can
be filtered to 30 nm.

The most important results are: Zeta potential of the gold colloid was
controlled with Capacitor Ultrasonic Zeta Potential Controller. The zeta
potential can be raised from -30 mV up to -59 mV, which is -20 mV higher than

the conventional pH-changing way. The function of zeta potential to protein



binding quantity was tested. The increasing curves of zeta potential and protein
binding quantity were similar. This property would be a significance of
biotechnology.

Thourgh Capacitor Ultrasonic Zeta Potential Control system, the zeta
potential’s limitation of gold colliod, which is produced by SANSS (Submerged
Arc Nanoparticles Synthesis System), can be controled in a wilder range. The
study which is focused on nano-scale, like the wish of Mr. Feynman — “To

manufacture material and produce equipment in atom and molecular scale”.

Theory of of ultrasonic Mechanism of "NTU Anti-SARS No.1 4
Source: Prof. T.S. Lei Source: Prof. C.K. Lee



Introduction

In 1959, Mr. Feynman described nanothechnology as "There is Plenty of
Room at the Bottom." Then Mostafa El-Sayed, a professor of Georgia Institute
Technology, identified cancer cells through nano gold-antibody complex. It
shows that’s a big potential for identification of cancer, then a precise operation
and therapy can be performed. And Colloidal Gold can be used in many anther
fields, as the applications are list in this Table.This interesting finding on the
characteristics of nano gold particles has drawn much attention from us in
science and engineering in the world. So, our study focuses on the zeta potential
of colloidal gold particles. Then in the past decades, more special characteristics
of colloidal gold had been discovered. The widespread international researches
have concentrated great efforts in this area. Naturally, nano-biotechnology will
play an important role in the next decade.

“During the time of SARS, anti- SARS No.1 is invented by National
Taiwan University.” and “Binding gold nanoparticles to a specific antibody for
cancer cells could make cancer detection much easier, suggests researcher Prof.
Dr. El-Sayed at Georgia Tech.” introduced us to study Binding gold of protein.

“Capacitor Ultrasonic Zeta Potential Control System of Colloidal Gold”
the most important thing about a project is “what’s new?”’Our project has 2
news:The Ist one is: By using 1.65MHz Ultrasonic introduce water surface
resonance, to disperse and filter Colloidal Gold. The 2nd one is: By using
Capacitor’s theory and Ultrasonic water resonance To control zeta potential of
Colloidal Gold.

The chemical additive of in colloid is well known to strongly affect the

zeta potential, which indicates colloid’s stability and function. Our most



important breakthroughs are: 1. The desired colloidal gold (35 nm) can be
obtained using ultrasonic atomizer. 2. We demonstrate a physical method using
electrostatic precipitator to control the zeta potential of colloidal gold between
-28.5 mV and -59.1 mV. These physical approaches and methods can avoid the
possible interferences from chemicals and improve the function or application

of colloidal gold.

Normally, the colloidal gold is produced by a chemical method. The
chemical colloidal gold has 4 weak points,

1. (the 1st is) not pure, there is chemical residual,

2. (the 2nd 1s) high cost, there are too many key factors for production,
process is too complex, It’s not so easy to reproduce the same colloidal gold.

no mass but. Up to now the pure colloidal gold is high cost. Like this one, 25 cc,

the cost is 2500 NT § .

3. (the 3 rd is) gathering. Gathering is always a big problem for
nano-particles. Dispersion and filtration are key technologies for use of the
colloidal gold.

4. (the 4th is)zeta potential of chemical colloidal gold is controlled by
change the pH value. There is too much chemical additive in the chemical

colloid.



Engineering goal

To avert the 4 weak points of chemical colloidal gold, We design a
physical method to produce the colloidal gold. To reduce chemical additive
influence and to improve the function of colloidal gold in bio-engineering.

The physical method has 3 parts:

1. (the 1st is) Production

2. (the 2nd is) Dispersion and filtration, and

3. (the 3 rd is) Control the zeta potential.

The first, Production of the colloidal gold is by using a physical method,
the name is SANSS in Taipei University of Technology. The primary particle
size 1s about 30 nm.

And then, Dispersion and filtration of the colloidal gold is by using this
tow home made machines. (CoCe and TW-MS.) This one is through centrifugal
force to filter the colloidal gold. And this one is by using 1.65MHz Ultrasonic
introduce water surface resonance, to disperse and filter the Colloidal Gold, this
can different kind of filtration techniques and propose a new filtration for
colloidal gold.

At last, Control the zeta potential of the colloidal gold, we design this
home made machine. By using Capacitor’s theory and 1.65MHz Ultrasonic
introduce water resonance to control zeta potential of Colloidal Gold. To devise
a physical zeta potential controlling technique and system, this can promote the

function of colloidal gold on cancer diagnostics and drug delivering.



Fig. 1 Engineering goal for long term

Therefore, the devise which can be applied to filter colloidal gold, such as
by using Continual-Filtering Centrifuge (CoCe.) and Tube Well Mass (TW-MS),
are invented in this research and applied to develop the technology of control
the zeta potential’s limitation of gold colliod, which is produced by SANSS

(Submerged Arc Nanoparticles Synthesis System).



Materials and Methods

A. Literature Review

Tabel 1. Notable work on colloidal gold and zeta potential

Year Author(s) institution Title Result
2004 | Patrick Warren, , Electrifying effects in | Electro field influence
Nature 429, 822 colloids. (published on | the charge and potential
nature) of colloid.
2005 | K. Rezwan, , et al. ETH Zurich, Protein adsorption Surface potential and
Switzerland changed the Potential charge strongly effect
of Colloidal Particles. protein adsorption.
2005 | M.A. El-Sayed, et al. | Georgia tech., Colloidal gold as Significant function
U.S.A Cancer Diagnostics.
D.J. Shaw, et al. Malvern Zeta Potential An The theory review of zeta

Instruments Ltd.

Introduction in 30
minutes

potential.

2005

Tsing-Tshih Tsung, et
al , Jan W. Slot, Hans
J. Geuze(1985), A

Ni Nano-magnetic
fluid prepared by
submerged arc nano

New Method of synthesis system
Preparing Gold (SANSS), JISME
Probes for Inter
Multiple-labeling national
Cytochemistry, Journal. Series B,
European Journal of | Fluids and Thermal
Cell Biology 38., Engineering, Vol.
87~93, | 48, No. 4, 750-755.
1985 [13]
2004 | Chad Mirkin, et al. Northwestern Gold nanoparticles and | “bio-bar-code-based”
University, US bio-bar codes bring DNA detection technique
sensitive DNA has a sensitivity similar
detection to that of the commonly
used polymerase chain
reaction (PCR) method.
The technique makes use
of both gold
nanoparticles attached to
“bar code” DNA and
magnetic microparticles.
2006 | Richardson Ohio University, Gold nanoparticles Gold nanoparticles was
usS enhance laser heating used as site-directed nano
heaters that can be
actuated with optical
light
2002 | Langmuir, Rajendra North Carolina Gold nanoparticles First found that
Bhat State University, make the grade nanoparticles can form a
UsS gradient of decreasing
concentration along a
surface.
2003 Hebrew University | Gold nanoparticles Gold nanoparticles were

of Jerusalem, Israel,
and Brookhaven
National

could boost biosensors

used to attach
glucose-oxidizing
enzymes to electrodes




Laboratory, US

which could ultimately
be used as miniaturized
biosensors inside the
body that measure blood
glucose.

2003

Murali Sastry, et al.

National Chemical

Micro-organism

Using a micro-organism

Laboratory and the | synthesizes gold that normally grows on

Armed Forces nanoparticles fig trees to synthesize

Medical College, gold nanoparticles which

India, was much more uniform
than the particles formed
using other biological
methods.

2003 | Brahim Lounis, et al. | University of Gold lights up Gold nanoparticles was

Bordeaux in France

biological cells

developed a new way of
visualizing proteins in

cells by labelling them.
2004 | Crego-Calama, University of Self-assembly wins Using the self-assembly
Holger Schonherr, et | Twente in the with gold rosette of hydrogen-bonded

al.

Netherlands

rosettes to create
nanostructures containing
gold. The technique
could have applications
in the fabrication of
nanowires.

2004

Jeff Brinker, et al.

University of New
Mexico &
Davidson College,
UsS

Gold nanocrystals
self-assemble to form
3D arrays

2004

Swiss-US team

Swiss Federal
Institute of

Laser sintering strikes
gold with nanoparticle

A laser technique for
fabricating gold

Technology and the | ink microstructures could
University of provide a new powerful
California way to create miniature
Berkeley,USA, resistors or conductive
tracks for flexible
electronics.
2005 | Uzi Landman, et al. Georgia Institute of | Nanocatalysts charge It is found that gold
Technology, US, into action nanoclusters on a
and Technical ceramic surface gain an
University of electrical charge while
Munich, Germany they act as a catalyst for
the low-temperature
oxidation of carbon
monoxide.
2005 | Chad Mirkin, et al. Northwestern Nanoparticle technique | Gold nanoparticle-based
University and detects bio-barcode has been
Rush Alzheimer's-related assayed to measure the
University ,USA proteins concentration of
amyloid-B-diffusible
ligands (ADDLs) in
cerebrospinal fluid
(CSF).
2002 | Jorge University of Alfalfa plants harvest Using alfalfais a

Gardea-Torresdey, et
al.

Texas-El Paso, US

gold nanoparticles

cost-effective and
environmentally friendly
method of producing
gold nanoparticles.




Tabel 3. Notable international work on Capacitor in lately 5 years

S ER I b (GRS RN A

¥ | A
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concentration along a
surface.

5. 12003 Hebrew Gold Gold nanoparticles were

University of | nanoparticles used to attach

Jerusalem,
Israel, and
Brookhaven
National
Laboratory, US

could boost

biosensors

glucose-oxidizing enzymes
to electrodes which could
ultimately be used as
miniaturized biosensors
inside the body that measure

blood glucose.
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B. The Zeta potential Studied

Zeta potential calculation

3U i

é’ — e f(ka) ............................................. (1)

& Zeta potential f(am) Henry's Function
€  Dielectric constant a
U, Electrophoretic mobility ,-

17 viscosity
A property of a colloid, Zeta potential was shown in the formula ( 1 ).

The Zeta potential { in Eq. 1 was used to judge the precipitation tendency of

the colloid. In Eq. 1, If { is zero of of the colloid, the Au-nanoparticles will

gather together, and the Au-nanoparticles will precipitate.

Fig. 2 Zetasizer nano ZS90 Zeta potential and particle size
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C. Experimental Design
Why did we do the experiments?

Because zeta potential is so important. Zeta potential the overall charge a
particle acquires in a medium. It was first discovered by Zsigmondy, Chemistry
noble prize awarder in 1925. The magnitude indicates the stability of colloid.
It’s also well known to strongly affect the adhesion with bio-materials.

How did we carry out the experiment?

We review many papers. Our idea comes from a paper in Journal, Nature,
which indicated electrifying colloidal would influence the charge on particles.
We reform the electrostatic precipitator, which invented by Dr. Frederick
Cottrell, the Academician of National Academy of Sciences in USA.

Our theory was from a paper in Nature, which indicated electrifying
colloidal would influence the charge on particles. We reform the electrostatic
precipitator, which invented by Dr. Frederick Cottrell, the Academician of
National Academy of Sciences in USA. Please look the “Capacitor Ultrasonic
Zeta Potential controller”. This text tube was made into a capacitor. Inside is
negative, outside is positive. 1500 V of electricity will be applied in addition to
make negative charges. The test tube will be pull down with Actuator so as to
separate positive and negative pole. The colloid will be atomized for making
colloidal gold touch the pole. And the zeta potential will be increased by
electrostatic induction.

This is the experimental setup for Zeta potential controller. Next, we’ll

introduce you the the colloidal particles filtering section
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D. Procedures

How did we carry out the experiment?
There are two sections in our project.
1. Zeta potential controller.

2. The colloidal particles filtering.

We’ll introduce you the Zeta potential controller first.

Normally, the zeta potential of colloid is control through pH value. But
there are two defaults. 1. Colloidal particles are not stable in high concentration
ion medium. 2. Chemical additives may affect further applications. So a
physical method is necessary.

The study can be summarized as following: Base on the theory of ultrasonic
atomizer, the filtering method and device were developed. The sizes of colloidal
gold, produced by SANSS (Submerged Arc Nanoparticles Synthesis System),
were filtered to 100 nm through settling. By using Continual-Filtering
Centrifuge (CoCe.) and Tube Well Mass (TW-MS), the particles sizes were
filtered to 30 nm.

The most important result is: through “Capacitor Ultrasonic Zeta Potential
Controller”, the zeta potential of gold colloid can be controled in wilder range
(-30 mV ~ -59 mV) .the saturation is -20 mV higher than the conventional
pH-changing way.

The function of zeta potential to protein binding quantity was tested. The
increasing curves of zeta potential and protein binding quantity were similar.
This property would be a significance of biotechnology.

The study procedure in this research is as follows: At first, the filtering
method and equipments were developed. The theories were based on the

ultrasonic studies of universities such as National Taiwan University of Science
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and Technology. Then the colloidal gold’s sizes were filtered to100 nm through
settling. At last, by using Continual-Filtering Centrifuge (CoCe.) and Tube Well
Mass (TW-MS), the mean particles sizes can be filtered to 30 nm.

The most important results are: Zeta potential of the gold colloid was
controlled with Capacitor Ultrasonic Zeta Potential Controller. The zeta
potential can be raised from -30 mV up to -59 mV, which is -20 mV higher than
the conventional pH-changing way. The function of zeta potential to protein
binding quantity was tested. The increasing curves of zeta potential and protein
binding quantity were similar. This property would be a significance of
biotechnology.

Thourgh Capacitor Ultrasonic Zeta Potential Control system, the zeta
potential’s limitation of gold colliod, which is produced by SANSS (Submerged
Arc Nanoparticles Synthesis System), can be controled in a wilder range. The
study which is focused on nano-scale, like the wish of Mr. Feynman — “To

manufacture material and produce equipment in atom and molecular scale”.
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C. Instrument Design and Produce

Fabrication and preparation of colloidal gold, the raw material, gold wire

with size y1.0mm x 25 mm, purity 99.95% of Au-nanoparticles was used in this

study. By SANSS, the Au-nanoparticles will be produced. Through setting tube,

the mean size of the Au-nanoparticles is roughly about 100nm.

+ ™~Positive Flectrode

| Negative

|~ Electrode

17



The colloidal gold were produced by SANSS. The diameter of particle
size 1s about 1000 £ 10 nm. The deionized water was employed as a solution
and its resistance is 17.9 MQ.

The structure schematic diagram of the Settling System is shown in
Fig.1 and the device is shown in Photo 1. It is composed of five test tubes and a
dropper. The flow rate of solution is controlled at 60 ml/min by dropper. As

gold colloid pass through the tubes, big particles will settle down at the bottom.
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Among the three kinds of methods we’ve tried, TW-MS is the best. The
principle of TW-MS was from Mass spectrum. Colloidal gold is filtered by
mass difference. When the 1.65MHz atomizer is working, water and metal slice
from coke can will resonate. Then gold colloid will be nubilized. The gold
colloid will be blow into the tube. The large particles will settle faster.

Theoretically, the more after the tube, the smaller particle size will be.
But colloidal gold will distribute in TW-MS as figure 20. There are separated
and aggregated particles in the same tube. This phenomenon may affect the
filtering effect. As our lately result, the size of colloidal gold was successfully

filtered to 30 nm with TW-MS.
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Results and Discussion

What is the significance of our results?

1.The peak number was appeared in ca. 35 nm, after filtering by

Continual Centrifuge. It’s the 2nd particle size. There is Gathering hire and
hire.(point the picture Fig. 10)
2. 35.6 nm of colloidal gold in tube No.8 was obtained using TW-MS. It’s the
2nd particle size too. There is Gathering too hire and hire. To reduce variable,
the gold colloid was produced by SANSS, the physical way. As you can see,
gold bar are the electrodes. When the electrodes are close enough, gold bar will
be vaporized by arc. The vaporized gold will be quenched by water rapidly.
Thus colloidal gold nucleated and formed. Because the range of size will be
from 1 nm to 1000 nm, filtering methods are necessary.

The zeta potential of colloidal gold was controlled successfully through
Capacitor Ultrasonic Zeta Potential Controller. The peak value shifted form
-29.5 mV to -59 mV. Also, the longer the changing time, the higher zeta
potential will be. The saturation of average zeta potential is about -50 mV,
which is 10 mV higher than the conventional pH changing way.

In this device, A, are tubes. B, the 1.65MHz ultrasonic atomizer, which is
to nebulize the gold colloid; C, the blower, which is to blow the colloidal gold
into the tubes;

In order to observe the diameter of the gold colloid after filtering and
before filtering, the reacted product were examined with the transmission
electron microscope (TEM) and it were identified and analyzed by the particle
size analyzer with the laser diffraction methods.

The structure schematic diagram of Continual-filtering Centrifuge (Coce.)
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is shown in Fig. . According to the experience and theory analyze, the first
generation has been developed. It is mainly composed of a rotor, an acrylic
shaft and a motor. In order to make the filtering time longer for increasing the
efficiency, the PU tube is coiled around the rotor so that the gold colloid can
flow in it and be filtered by the centrifugal force. The shaft was driven by the
motor and the highest rotational speed can be up to 6000rpm.

When colloidal gold was filtered by centrifugal force, the movement of
particles is as fig . If the displacement of colloidal gold is bigger than the
inside diameter of the tube, the particle will attach to the inner wall of it.

But due to the weight of the first generation is too heavy, it is difficult to
assemble in the afterwards experiment. Thus, the second generation of Coce.
was design and set up and is shown in Fig. . The body of the devise is
composed of a slab of acrylic and rest on a base of vice. It can be easily
disassembled to two parts and take with one. In addition, the rotational speed
can be controlled with the step pulley.

It is found that in the afterward experiment, the shape of acrylic shaft
were changed due to the overheating caused by the bearings. Therefore, the
final generation was designed in Fig. . The bearings were changed to smaller
ones so that the shaft will not be melt by the overheating caused by the
bearings.

Nowadays, By using anyone Internet Search Engine to find the “http://”
about Ultrasonic, capacitor or Zeta potential, Search Results are always over
thousand thousands Web site, that come to us in ms. From this information, we
can feel that this three nouns are so popular and important in our life and
industry. What’s new can we do? This question is easy, but the job is difficult. If

we can do what a little new is, it’s surely an innovation.
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The little new is:1. Capacitor Zeta Potential Control System of colloidal gold, 2.
Ultrasonic Atomizer for colloidal gold.

How important is Zeta Potential for a colloid? We can understand as
follows:

1. Zeta Potential is a measure of the electrical force that exists between atoms,
molecules, particles, suspensoids, cells, etc., ina fluid [1] .

2. Hundreds of industries work with Zeta Potential to control their chemical
reactions [2] . — Tommy Cichanowski —

3. The Science of "Zeta Potential" is used by Hundreds of different industries.
This knowledge is used to improve many things and processes; from concrete
to beer, and much much more [3] ... Dr. T.C. McDaniel

4. Zeta Potential represents a basic law of Nature, and it plays a vital role in all
forms of plant and animal life. And Control of Colloid Stability through Zeta
Potential. [4]

... Thomas M. Riddick

Practice work of industries with Zeta Potential is a natural law in following
[5]):

1. The zeta potential is the overall charge a particle acquires in a specific

medium.

2. The magnitude of the zeta potential gives an indication of the potential

stability of a colloid.

3. [If all the particles have a large negative or positive zeta potential they will

repel each other and there is dispersion stability.

4. If the particles have low zeta potential values then there is no force to
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prevent the particles coming together and there is dispersion instability

5. A dividing line between stable and unstable aqueous dispersions is
generally taken at either +30 or -30mV

6. Particles with zeta potentials more positive than +30mV are normally
considered stable.

7. Particles with zeta potentials more negative than -30mV are normally

considered stable.
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Fig. 15 shows that the colloidal gold being filtered by Coce.. In these two
samples, the black curve is a sample, which wasn’t being filtered. The peak
number was appeared in ca. 80 nm. The red curve was filtered by Coce. at 6000
rpm. The peak number was shifted to left and was appeared in 30 nm. In order
to observe and characterize the result of the filtered colloidal gold, the TEM
images were displayed to correspond with the laser diffraction result. The
quantity of aggregated colloidal gold, which was filtered by Coce. is fewer than
without being filtered, is confirmed by TEM observation.

It means that the aggregated colloidal gold were filtered by Coce.. So, the
laser diffraction result shows that the peak number of colloidal gold is larger

than without being filtered due to the aggregated colloidal gold is in majority.
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The relations between average zeta potential and charging time, the peak
value was shifted form -29.5 mV to -59 mV, which means the zeta potential of
colloidal gold was raised successfully through Capacitor Ultra-sonic Zeta
Potential Controller. The longer the changing time, the higher peak volume will

be. The saturation is about -59 mV.
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The relation between charging time and conjugated protein quantity on

colloidal gold, the absorption was analyzed with SDS PAGE, the typical protein

molecular weight assay. The quantities were counted trough software Biotech

by comparing the band’s area with standard. The curve trend is similar to Fig 1.

The result shows that through controlling zeta Potential, The conjugated protein

quantity will be controlled as well.

Conflicting Goal Current Model Innovation

Cantrol zeta potential Through pH value Utilize capacitor electrostatic
Vs, Eleciro field influence |—— inducted
Physical method charge
Reflection 1 -
Novel capacitor ultrasonic zeta potential EIE"P'[ ﬁ[ml?i:'lwm;m
control system with colloidal gold filtering |* 20 mV higher
and zela potential controlling. Protein abortions i ,
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Conclusions

According to the protein binding experimental result, zeta potential plays
an important role in the property of colloid. Our conclusion is:

The capacitor ultrasonic zeta potential control Controller were successfully
designed and produced. The zeta potential peak volume of gold colloid can be
raised from -30 mV to -59 mV. The saturation of average zeta potential is -50
mV.

Tube Well Mass spectrum (TW-MS), Continual-filtering Centrifuge (CoCe.)
and settling system.

The results shows that colloidal gold can be filtered to 100 nm through
settling. By using CoCe. and TW-MS, the mean size can be filtered to 30 nm.
The peak volume zeta potential of gold colloid can be raised from -30 mV to
-59 mV. Which is -20 mV higher than the saturation of the conventional
pH-changing way (-40 mV).

The protein conjugated experimental result shows that  colloidal with higher
zeta potential conjugate more protein.

The filtering techniques of colloidal gold have been developed with the
physical method. Three main results show that by using Settling System,
colloidal gold can be filtered to 100 nm. Then with Continual-filtering
Centrifuge and Tube Well Mass Spectrometer, colloidal gold could be filtered to
30 nm. The results demonstrate these techniques could separate the different

diameters of the colloidal gold successfully.
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