201730096

?@ (19T 2REFEMER

4 (12)% AR A Z A AR D)2 H%%HK © TW 201730096 A
sy (43)2B B : PHEEE 106 (2017) %09 A 01 B
(Q1)¥ 35 % 3E 1 106104810 Q)98 PERE 106(2017) £ 02 B 14 A
(5D)Int. CL. : B82B1/00  (2006.01) B82B3/00  (2006.01)
B82Y15/00 (2011.01) B82Y20/00 (2011.01)
HOIL33/44 (2010.01) HOIL33/56 (2010.01)
GOIN21/64 (2006.01) GOIN33/52 (2006.01)
GOIN33/53 (2006.01)
(0)E s © 2016/02/24 ES 62299334

(T ®3 A : Bl3LXiE K2 (P # K EH)NATIONAL CHIAO TUNG UNIVERSITY  (TW)
Frar i KE #1001 5%

(72)% A A & B TU, CHANG-CHING (TW) ; [ %48 CHEN, KUANG-PO (TW) ; Z## LI,
YAW-KUEN (TW)

(THRIEA : HBEE

PHERELE  F PHEMEEEKI20E BAHK:S #£228

(54)/@ %

ARy ETEA R FOEE - ERAAAIRERER

MANUFACTURING, UTILIZATION, AND ANTIFOULING COATING OF HYDROXYL-COVERED
SILICON QUANTUM DOT NANOPARTICLE

ST &

BE—HBLACEYETHR AR T > HAAHY - BHED ETHEA B - HHE
& 69 % — 2 AR BB 2 K (Si-OH)Se ML - R BAEE T RPN e R @ay =35 - A
BE 4238 B AR BB Lay 82(Si-C)it 4 2| M BBy & T a8 —% AT HBEIESHNE—FmE
A5 4(C-OH) 3R Lo By TR MM FRAREBREAAEBETEETLOE -

A hydroxyl-covered silicon quantum dot nanoparticle having a silicon core, a plurality of silicon
quantum dots, and a plurality of hydrocarbon chains is illustrated. A first portion of a surface associated
with the silicon core is passivated by a plurality of silicon hydroxyl groups (Si-OH). The silicon quantum
dots are attached to a second portion of the surface associated with the silicon core. The hydrocarbon chains
are bonded to each of the silicon quantum dots through a plurality of silicon carbide bonds (Si-C), wherein
each termination of the hydrocarbon chains has a carbon hydroxyl group (C-OH), such that the hydroxyl-
covered silicon quantum dot nanoparticle is thoroughly covered by the carbon hydroxyl groups (C-OH) and
the silicon hydroxyl groups (Si-OH).
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COATING OF HYDROXYL-COVERED SILICON QUANTUM DOT
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A hydroxyl-covered silicon quantum dot nanoparticle having a silicon core, a
plurality of silicon quantum dots, and a plurality of hydrocarbon chains is illustrated.
A first portion of a surface associated with the silicon core is passivated by a plurality
of silicon hydroxyl groups (Si-OH). The silicon quantum dots are attached to a second
portion of the surface associated with the silicon core. The hydrocarbon chains are
bonded to each of the silicon quantum dots through a plurality of silicon carbide bonds
(Si-C), wherein each termination of the hydrocarbon chains has a ¢ arbon hydroxyl

group (C-OH), such that the hydroxyl-covered silicon quantum dot nanoparticle is
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thoroughly covered by the carbon hydroxyl groups (C-OH) and the silicon hydroxyl
groups (Si-OH).
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[ 77 35 HH 4478 ] MANUFACTURING, UTILIZATION, AND ANTIFOULING

COATING OF HYDROXYL-COVERED SILICON QUANTUM DOT

NANOPARTICLE

[ Fefirigis]
[0001] AZFBIZBERIN—TE AR R EOLEERSE H(immunofluorescence
applications){J & T- B %= K47 T-(quantum dot nanoparticle) » HiFH|E—fEH
NRESRCHEENRECEWE T B 5 KK T (hydroxyl-covered silicon

quantum dot nanoparticle) ~ E 2455 f iR B H 517525 % J& (antifouling coating) »

[Jerisdin]

[0002]) FHH&fL B (organic chemical fluorescent dyes)rn] DL RIZE
H#YCERES E A (immunofluorescence imaging application) » 4[] » Z=¥iE4 4R
£2(vitro cell imaging ) ~ {EESAHEEE N EEEZ(vivo cell imaging) ~ fERFAZEEC (tumor cell
tagreting) ~ i = AT IEAMT(flow cytometry )ER [ PS5 | F-fiif(clinical intraoperative
fluorescence guided surgery)<F: - HHEA 2 CEIPIATZE LA HE (proteins) B
Ytk (peptides) » EHEE [ (toxicity) /K. » 2 nlRefEE M - (HEEH BRI
RERRETEILANE S - HUR YEEH (photobleaching) SR 258 4: - (AL - AELER
JERIANE & T TR E] (long term) B#EHRF (time lapse) s & CRAFZ ER -
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[0003) ST EFVOLEHRIRE - BB T(quantum dot particle)
TR AR RER R ERAT - AW IRE AN RER BN E TR T —
IREI-VISUIL-VIRL &5/ - FI20 - $#8il(CdSe) BEB(InP) (L &) +E882
HEFESBHINS  EF—ErREN - 8% AJLESEE T IR T/ E
BEEEVRE AR B LB BAmR(leakage) Bz E £ V=% - (B
HEWEENRFZEDENER - R TR EE TN oS REREE2
A -
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[0004] HH#HL MR ERC R - A8 H AU AR I — R I
EUBWE RSO T ~ HEGE 7 ~ Hytnh v g S H B0y iRy i 20
(time-gated) RIEHILBAT 714 -

[0005] iR{EAZHED —HAY > el RSBV E TR T
HEAW - HEI &1 B EEHE K F# (hydrocarbon chains) » B/ZHIZRIAIRY
5 R B R FEEL(Si-OH )it (passivated) - L ELERY & T BRI 1%
HISREIRYEE &9 - WEUE S HEEAEBIERAY F2(Si-Cft GEHER(ER &1
Ehnvte & - BEREEEREN S RinEARIE(C-OH) » HEREREY
BT RARL T R R AR R B A R R e 2 - -

[0006] MRE\EZAZWPEDL —~HEy > 2 EILEREE > HUEEE
(substantially) 4% (encapsulate) 21 ¥R E AR &F RGN T » HARDESR

{lE 25 58 SR L [HER 2 (polyethylene glycols)FTiHL
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[0007]) fRIFAZIAED—HE  RRE—EESEHEREUEBYETE
AN TR BEE TP o EEEErX (clectrochemically etching) B & (B
(silicon wafer)RZRH » DAREEEERY 2 - @SB ZEERITINEAER
{ERY &8 - SetbZ2EARVbefk(photochemically hydrosilylating) ¥ B {E 7Y &5 -
DR EEE SR e (LAY & T Bh(hydrosilylated silicon quantum dots) - ELFI#EEL
EE MY ETENE—EEERENENERERE - BREGIERER
R B B AR E(C-OH)Kim(termination) - 547 &L [EIFY R EEEI T (release)
EEUET R - DR R BUERR Y 1% (released silicon core) © f=RERKEE(high energy
ball milling)#Z BUERER 4% > DI LAEEUER 1HY 1% (crumbled silicon core) » H
HRRE B ER D Y AR — & RIZR H BB AR B E R R A (Si-ON)#i kA S8 —E 7
B R B S e b &2 BKRIEE " Al o SRR EEEA (selectively etching)
BEUE AR » DIFRIEEEERZhY & (etched silicon core) » HH{EF—(E#)
PRI RZHIZR RIS — S et » A E —EH R RIRERIE S0 yHE
&l ST ey EF BT RE -

[0008] IRIFAFEH R —HKEY > B TEFEER(time-gated) S2IEE L
Mgt HARE A D EEERE B E T BN -

[0009] 7 ARl - ARAZEIAIR L2 IR RIS FE R E R B
BRSNS Hal B —e 2 M@

[0010) (1) BEEBEWE BN F-AEEE/KEHT - BotEELE
T # 3 (photoluminescence quantum yield » PLQY) « R ~J {& %7 o6 5 % Ot

(size-dependent photoluminescence B¢ ~ BXA2R 25 59 5 E (emission linewidth) ~ B
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FEREE% AL (excitation spectrum) 8K R EEHY SEFE TR 75 (Stokes shift) » R LA
AN REECEREER T - §IA0 - IFREEEREE LT 5% -

[o011] (2) BEEBEWETE AN T TNESENE S METHENE
veesbiiiEREs - Bl LIARTEREMER N - BRI R e [F
i -

(0012] (3) BEEBWETEFAN T A IBEYRIEEERR - )
ERHRAYEIMEESE - Hr] DIAREEMEENES - EEECERR
FOUES [Tl

[0013] (4) REFLEZEFIOCREQNFRE - [WIL > FRERNE
TR ESHER Y R R R A -

[0014] (5) REFOLEF FE A DML EIRAER > L BRTER
MfEDUERL AR ZE - NG > AT DIEMRPE MAEET TR - W HE TR mot

R EH -

[ & =fEEEER ]
[0015] SB1EIRRAFRIE RG] FEFEUEY ETRSORR TR RO
[0016] SB2EREBATEIHE RG] AT UERY &R KR T ARE
FRRIE
[0017]) SE3EREAEAE O SSEUEY B TRk IR
JEREEOEIRE ~ R R SR AR fE] -
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[0018] ZRABISAZAERG < REAEBY E TR AR T ERRER
FEAZ T RERES RS EEE LRt L ar ARV R E -

[0019] ZESEISAFHEMAIZAEEDEBYE 7B R AR T ESKOV3
ISR BB RELEZ TR HEEBEZBIDLTHEHEYRER
EIRE AR E -

[Hhi=(]

[0020] A E¥E BRI SOk - N SERL R ATEE
DR > LA RO G I E - AR S A EEIRR AN & - T
RTE A B - B EERRENHEREE ] - ROBABRHE R
AELOEGRERCE - o e AR B F I LE PSR Bl B R R IR AN E
PRE N CRE AR - &5

[0021] REEERUZE > #ER T28—, ~ T8, ~ 15— FMHERAEH
Iz LA TETT I > E5E AR e T R LR E R RE AT IR Y - LB FHREE
MRTE—ETT & o 55— (E7T i - WL - PUNFTRYems " 56— TUIFEFRERES
78 ' & off > M MREEAFEZHCR -

[0022] AFBAEHAIELL TEREABYE TR T HER @
WRZER R & TR B e RIEE —8 0 b RRZRIRIE SH—H 7
AR BT FEF(Si-OMSIAL, - LUK AR & 1 R E @ BBl (R 3 (Si-C) B %
A gase s - SR AEY &7 ROk T ISR B R R B S B (R Gk
FRELEAAT FEEL VAL o
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[0023] B TIEERHEY] - LIETRERCETIER - ARAENIER
H—EREHEE QB EERER Z EATERAT ISR EE - AREE R
KREUBYVETHFRANT - JULMEBNRE MEEEEREIHNTEE
5 LIRS EREZIUR - 74 AERERIERE—ESEaEY
E TR TS TR AR A E TR T Z R EEE R
IR TIE

[0024] FH2MEE1E - FHIERRARAERYEEUEYE TR0
RTHIRHEOREE - 551 ERREUEY B T RSO T uiEw L - ZEWE
TRE1 28848 FE S - AR L RANIEE B R B B TR E R - T
2Ry &R 2ME R AL L REIYSE 8 - HA B A AR hY SR 0
73 o RILERGH - R NTBTERSS AT 05K = 1050K - BIATRTRS 13050k -
TR & EL 1209 B/ NIRRT L0 KRB EAE -

[0025] RYRZ11ZREMISE S E EE R L E (Si-OH) ik - 7£
EFER - R T REHEER > SB1EEEE 1L REE— i —(Eh g —
(ARG - (EASERANE A LUL IR -

[0026] FWVI%11.SRERYEE Ay DREEE &558i12 - & BUE K
HEEA BUE R A (SI-O) S 2IEEE Y B TR 12008 3 > #ES
8 K $ Y — R U BB iR (C-OH) - AL —2K > A EEY & TR0
A7 B AR B xRS B B R B b B e 2 EE - FEIGEREEE - B T EhE
2 SBEIEEL B E R 28R B A AR - (B A LIERIR -
S48 > iR BE JE ¢ A1 45 10-+— % -1-B7(10-Undecen-1-ol) » {HAFER
ANPRBIRBL -
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[0027] REEEWE TR AN FADIANREE LR EAF - (B
INREEE R RSS2 AR FIRERE - BrEM - ATLIRERE4EERE D
TR ISIPRBTISREBECREE LR BN E T ERAN T - EPHiS
MEEEAEFKE - DRRESECEEREE £ REY - — 58
AR NEER - —EREERCE R R S (R E S Bz — » BARZEA
A RERE BN & TR AN FRIRAR

[0028] MAAFBIER A - FLUEEE & @ HY 1 E 147 LR A (bovine
serum albumin) - MEHEH » HARVADHEIR - YUbii B EEHE
14275 E FE R SV 1 3R & T B R T - SHEE AL
B2 g £ 1 3T R R i & (p-Toluenesulfonyl chloride) ~ 2,2°-(1,2-
7 T HENE )N ZHEEE (2,2 -(Ethylenedioxy)-diethanethiol ) B 1-(2- £
& £ Z B )-1H- IEE i -2,5- - i
(1-(2-Isothiocyanatoethyl)-1H-pyrrole-2,5-dione) » F 7 % 85 < I I 55
fR o 534% > L ZBEE Y13 TR Ry R 2EEER & v] DS F 2R S & T Bh 12 R A
FRELEITTRSHAL -

[0029] %R Z “FRISHY& — & B A AL F H Ry i Ay & B 52 S L BS

(isothiocyanate » -N=C=S)Kif - L 151 —imism E i & BE S -

=

I B & (isothiocyanate-amine coupling);#HBE 'E 14 » BR L _FE15H]
2 T 3% ot SR T SR e - B B S B DU 16 0 LA N RIE RO EH
EEAETIRE 168IPUR - BBAIZRER - DU 16 R iEE 2 — A Nk AR R
T~z (Human Epidermal Growth Factor Receptor 2 > HER2 ) 7 iz HER2

(anti-HER2) §iflg - EHTER 168 FEAEEFDIRGIASEN - AR EERRE

7 H 312 HEEVREE)



201730096

TEMCER - #ERFE I EEE B E TR 28 E 5B 1458 Ik—(EEH
B 14EETES 1688 - (EAFAANALULRIR -

[0030] FAAZERAEGEHIF - EEEIMIREEA  RELBYE T
R RN T FEIRE L6005/ BT - SR RENEYRAEEEEA MRS
T - ot T3S TR R ZERIOERIEEE T UREIE A — BB IKED U R
1) REEBEWE TR THBREREN LS - BEEHRE
B SEEEOLE T EEREAS-55 % » DRI EENA R ATES-10 % -

[0031] ZAMERIERER BB AR E T - HiUEL6E
JE Fyanti-HER2GUES - AR W EY & TR AN T RN A ERR
HER2FJSKOV3JREL Al AR IR R AR 8T - RRIR BB AR ISR HER2[Y
RS EIIE (CHO) Ml nl RRSIFRF R MRS - DY ERRE T~ - &
EROLERNAERET AR EY &7 B R AN T — R BRSO R

(FITC) RINHTE -

[0032] 2% > FHBMEEE2E - B2EFRRARHEGLICEELEBEYE
TR RAL T WBEE F R NEE - Bt PRS2 > AL 2R R L 1E]
20095 m - DU ITE BE R %21 » B BHERY 1221 B KM HAYE R
Ry &1 Hh22 - A7 &L [E20R] AR FO6 e E AR PAURY Sh(E] - (EAGERAA DAL RS
PR o 4% PRS2 H o — B IR U R S w b S R B > LUE
TE Y & B 2009 SR i ETT A S e o (EARFERHIL A DI RS PR -

[0033) 2t% > FEPERS225 » DAL R G be fh B B vy & T- %622 - DA
e EEE SR b & 15622 A EEE S b b & T 822 By
—HHAREONEAEBE SR - # o EREERNE & B RS E
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(C-OH)Rim - EEEEL#EUFELO-+—F-1-E2 - DERS22MEF—TEER
FRERAE—EESRET  ZBEACESY  HEBEYETE22ET 6L
Za kel - BEXRFBHLALUILRER -

[0034] Zt& » TEX5ERS237 > BBV & BI20 89 % R AU R BUE 7Y 7%
21 DR EEEERA 21 - FESHIER T A ZHEE20#1T%
LR e RS - LIRS ER20.Z SRS kR - (EASERRI A LI RIR -

[0035] PRtk > fEPERS24 > ERERRIE R BUERR IR 21 » LIS itiE
FE %21 » K EEBER W% e —FEN—RE B A HE
S {E 1Y FEEL (Si-OH) P 55 — A oo B 47 48 B @9 bt iy B 7352274
PRI ES 8y « FEBLERTEE - TP ERS24 » IR B4 2 17 Al LA S R 2
WEER - FEITERREREE - (EAZEHAILA UL R -

[0036] 2 - 7E0ERS25Hh - SEF LA ZIEEER W21 - LUE
R E e L 121 > HivEE - E o2 rRmEr S oW
%l > B —EmEy 221 1R E RS o wE B E e R &1
Fh22° AT ORAE - DERS25H] LUSTEMR R Bl (L S AU KW T - B B R i
W21 TR MR (EAZEIANA LU R IR - 2L - 2P ERS25A] LA
PE A RDTE R E g S IR R B A @AY & T B oK kL 7-SiQD-NP -

[0037] 2t% > A RES2691 » R ITVERLEE > PUihBhEfg kK EE
FEEEKREAEN E T EEOLR 1-SiQD-NP - HiRHH& HE248R 2 — =
25FTAIAK - EEEAUEFMFHEAEH > HEBMERGY2IERAEN
B E T B AN T-SiQD-NP - R Z 2385 F B AN H MR E

S E B S EERE (-N=C=S)KIf - B’Z "E25E 450 B G EBEE- %
F9H - H 12 HEERRHEE)
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BifEEEENE24 0 ARZCESSHE IndBERSF
PLEE26 -

[0038] = - FF2HEIE > FIEREABHERIICKELBYE
TR OKRL T Z IERAMOE B EEE ~ B s TIERAT R E - A SERE
EiifH - REEEYE FERAN FRIERMOLEZ SR g - B
JEE B AR B R T R A 3 B R AR C3 1~ C33 > FEEARC3 1~ C33 R IB IR E
B & T RO T AT AR #3505 Kl F= LR AR EDL - AL AR
% > A LLE A K600 7% 2K 2 700 Z2 K By O B3 OF i 1§ (photoluminescence

B2 Be - e Bt Al S 2

gl

peak) -

[0039] =4t - sE2MEEE4E - BB BABRHEI K ELEBY &
BRI T R E A 2O TN ER R PRI R BB E SO EF O£

A R AR E - RERBEYE TR AN FIEfEER  XEEBWE

TBLZORAL & A E AT E600 K ET00F K EEIRI ZEDE T AR
B Ot F IR AR B TR TP R OE R O A an E B E 26 . 49547 - R L AT DIER BA
KT BB BCEEE O 4 e B -

[0040] FE22MREBSE HESEIRARIE A SEEUBY ET BN
Fi T B SKOV3 IR ARG AR B R A A 2 T1% - HEFEHEPRAPL T
B BB B BRI A dh SR - EESE R LB A - 7EKH92045 kR A 10*E St
T WHAFESOEMR > THEEEADE THEEEMEFI0ME > Al
TEFEE S0P 2 1% -

[0041] 2L RFEHBEROIFRECLEY E TSN T W LIAER
IF ]38l TR OGRS AR o Pl S ) 2 R R B LR T R B mEY

5510 H - 3t 12 HEEHHRHE)
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ETHY R R AT A R IR E A A RGRITIR - EHTEESOR ES0H
MR ERBEEAETREGE: HERERGREENEDETHEEETR
1B DESESEAREBYE THRAN TR IIE RN -

[0042] #rELAEFTIL - AEAEHOREZLELBYETERS
KT BEEENE - BKEE - JUEEE - SRV ESE-GEIDLERRE
FER > WA AN RES BT EAT -

(0043 DI _LATal (& RARGIME > mIERIRFBIMEE - LR #EA S
ke Bl > M HET SRS WEE E - HEMER R H

A S A SR E -

CSpi LD

[0044) 11 - 21 : WE%
12~ 22 : B9 & 7B
13 ~ 23 . (LG EY)
1424 BHE
1525 R FE
16 ~ 26 : HiE=
20 : BYEL(E]
217 B
2177 ¥R A%
2177 AR #Z

227 | = TR
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KT e
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[55918]) WIHFENEHESE S EH2PubiEEE  EHEE
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EEUER 2 —EREBUE I 2 0 T & e B - P2 W A
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(a) BEEehZ W& ER —FE - UREEEEYZ > Hf
RZ BB A 12 B AR R L E A B B &1L

(b) AL GRY e BT B T2 » DU B SR b
B TE: R B Ao L BT ReE & B aR
SRNEMEBAMICE LR RE BT
IR FEIEL(C-OH) Kix
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