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#ix(surface plasma resonance) s ZR a1 88§ AL R ITR > 551b7K 7 T BIBERCR 7> T BRI R
KRBT 168 FRB R 1215 - WEERIN TR RAORER - DIAOK# kaoR M s/ N1
Ktk - ShHEECIAEEEY) ~ B ARSI E e T -

Abstract

The preparation and application of small water clusters has always been a challenge for the scientific
community. In this experiment, nanoparticles are created with the thermal evaporation method. Metals
were heated into atomic vapor, and then condensed and collected with the help of an argon environment
and liquid nitrogen temperature. The average particle size of gold is 10nm, while silver is 20nm, indium
is 54nm, tin is 70nm, and nickel is 14nm nanometers. Nanoparticles are added into deionized water and
irradiated with green light, so that the surface plasmon resonance of nanoparticles can be successfully
excited. Next, determine the oscillation intensity from the small molecular water cluster and explore the
formation of small nanoparticle pairs by reading their Raman spectrum. We were surprised to find that
nano indium weaken water molecular clusters into macromolecular clusters 16 times more efficient than
nano gold, while nano tin is 12 times the efficiency of nano gold. After adding nano indium and nano tin

to create smaller water molecules, the effect of transporting medicine into cells 1s significantly improved.
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1.

K35 (water cluster) : & HAITKTHINBEESRATTMR K> THEY) > It
BAGREAERIZIE(E - FERKESEE AT - 55 (HO) > n=2~1000 - T4
AR T EZEHZFEN - N APIEREK 78 B NP REREEY) > A2
Z I [EP R YYE o EEETRERKHET 2 S EME - PSR 2 2 E TR
REEHIRES - AN ESHHBEERIVRASEESHE - ZRRPNHREE - 7]
RFHERTEK T ERTAE D B AR BB R -
N TEVKRIES  AEFEE/ N TEPKAVER ARG — » ABERERES S
(S. Acosta-Gutiérrez et al, 2011) » EAEHZATKIN/K oy T BT HrE 2 /Ko T BE fE R iR
e — 2 (Y N<15 Bl R/ N7y B/K - R AHAEAR ERY/KiEE IR SRS & 2nm &
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3. melT= BRI AR T AR S X He4EET (Xoray diffraction ) ~ B4 ME 5% (dielectric
spectroscopy ) ~ 4R PEERIELRMEYEEE (Tinear and nonlinear spectroscopy ) ~ fif €6 (Raman
spectroscopy ) S AZREFLARE 5S4 ( Nuclear Magnetic Resonance Spectroscopy » NMR ) 5%

4. FEEEREE - HPdRAREEEfEE D - R4S - HATREZRL
TN FEVKE AR EFN IR - HIr] SAER Z a f&End -

@ ZiETI58 BRI CE Ty ~ SRR (K -
@ B REHRE AN E RN R T - & S EYYE B E TR (R R asiiE -
PH{E 72~85)  &iEltE ~ S/ARE -

(Z) FE B HIEE (Surface plasmon resonance * SPR) © & S 34/ N Z K BB AN >
CHE I EHEEE RELE  SLENER TR B REDtE R E R
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PREESIR o REEE -~ PR - R/NEORE IR - Mg R A SR
FEEARFERFEARBAE -
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Cellu - Sep T1 ZEAfTHE | 50 FICKFEAR Rt PR
RPMI powder NaHCO: Cisplatin (CDDP) HCT 15 ERG 4R
NaOH HCl MTT reagent DMSO
=~ I EBLEDBR
() BRI AN F B LY B 5TH
1. & chamber fEZZ (AT Ar gas) WEI A REEEFER © (FARA2H E5ae S BLH
T BN A B 2 R E AL E - WHEBIINZE R TBE S EAk, -
2. BEBMEIIEEIER:  FEERERIBIGA - IIEHIEENTEE - EMREAR

TR WUERI b S BRSNS - L R BRI 2 ORI -

()X Jesest i it R e ROt

1.

X tEEH R - X R8RS (X-ray Diffraction, XRD) &5 A T E RS 4EREAT 7774 -
XOURRHEARLE 001 2 10 nm > A[35ASEMSEH - & X U AR » 185
JE A AR R MRS - BT TR EAG R RPNV E A - aILIHIH GUL D 5T &
a1 fEJEE - AEIMAE R SIS E 8 - B d ASEMEE - 0 K85 A - n REERTEEL -
[EF RS « AEERE AR Bruker D8-Advanced HY X JE4EESEE - DL 40kV fIEEE
TEERSAREAT - AR RO R A3 By Ko = 1.54060 A B Ko = 1.5444 A WiZ8 X o -
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2 RURATHIRERL X JoRE

Ef

& 1 : #2% Bragg-Brentano 75302424
3. X NEEHHEIRIELER
(D) BT RIS EE R AR R - Dl— B B EYIE o 208 7 -
(2) FHEE X DAY A ARG b > WIE 8
3

3 B A EREY &

4 FHEEX S AFTAEE
() FIE5%EE (Raman Spectra) * BNIRENEEE (Vibration Spectra) HY—7F ©

1 JFEE : DIEER RS CRME ST EMEHES TER - L FrlRE(r i
HhE G # R R E AL - MK —E P REE IR TR T (BERERS T
—ETEER ) < VARG R - ML LRt RIS (Raman shift) - FHIF
IS HAN G R R TR R I » HE8otal o] DU R T 5y T SAS BLAE RS -

2. [HHEESS + AEEREH JOBIN YVON T64000 Micro-Raman Spectrophotometer * & HIgS

{5 CCD Eti & TF(Charge-coupled Device) » B8 B R £ By 514.5 nm > FHRA{E 4[]

St (holographic grating, 1800 grooves / mm)#E{ T3¢ °
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1.

R - RO R A RIS R BN 1 R i SR & B R A R U R S BALR
REPHRATHERA o FERUOCEEAS - 385 PUESEER (transmittance > 7758 T) B¢
BN ET% (percent transmission * £75%%T ) BAULE (absorbance > 795 A) > 2K
TR AR E
(RS ¢+ HopoeR nl RS S (AT OO RITIECRINE) - =BOEMRIR TR >R s
1# > REUEFILURZELTIMEE BRI E - AEE NN RHEIE 500 ~ 1600 nm @ 5
s R B E PMTa BB 600 V °

KR AT pufi-f m

Y ) B O/ % am
|

%m ’
5 [ . I . Ii""’fﬁH /

6 * DAL AR E

7




3. EFEARGLHVIRULE (Absorbance) * BHIEAGBUARINIB ARG EE (HEHE
S RERE HElIPreE R=E) - FAIHEEEER (Beer' slaw) 2 - STEBSEE -

A =-log() (£4)
0

(72)LL AuNT water 55Ee4HAE (cell culture ) * 22— IR AAEYIERR - KB Y SUFAEY)
AT B AT ZIERIAIRRE T - [EEAER - JMTHEE HCT-15 ERSRAHAERY 12-well AVHSE
M R/ F7K K DI HO BLE medium ~ /N3 F7K kK DI HO ECEEE5 CDDP

(cisplatin) 4538 24 ~ 48 /NEFRAVF/ER (MTT) » F MV TR BB AE i S
AR
ORISR (MTT Assay )
FeHERIB RS LB TR SR BB IE B - MTT &8 f—Em (L
&1 (PUREE > 4244 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide ) » £k 43
S AYERIOEEAR SER(SDI) MM R C B EP R aryHIE (formazan ) 458 - 4
[ o AR 7KHY F R4S i A DA DMSO 7% » PR TR RS YO R SRR ARR a2 - Hi
FA & e 1 A i B B AR CRiréRAe ) 85 H R TR AS BR U R R A (sl -

o SN
- N'- .
s\/e— CH, E:rk \gie— CH,

MTT CH, Formazan CH,
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REBMARMLE0EILEA NI~ Sn ~ Au~ Ag ~ In AfEEE 2 FORTERL - BUAIRIE A
TR REZORYEER=MEH - > SBFERKEERE - R XOtSeaE - HoEisr i
HaefasBEa by  HER RIHERTEL -
(1) BRI ED B T E
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579 fHEZE TREES
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GIREAN G
SRR
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SRR
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SRR
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PlezoR ke R THE R

AR TR o SoRFECL X OERRSTERE o MIRMIARERAYE © ORI
g (R 17 R AR AR R HL e 1 BE B IRAUE) (D& DI water B S s R -
PR R TR NN R s BUKHY G as - 7% AR G M BBl s -
1. f&7T GSAS (General Structure Analysis system) : Fe{FIHIFH EL45 iR EHEAGHBES X OtREs a8

[ - AEAEIEHHES - 15 DUESRHTE I8 _ERR AL A o R > Mt e 7
ARRAEEY) -
(1) syt © O IEREHEA BT AMAAE A ZGETER) - OEaTIRAYIH B3R (e

2)

File Options Powder Xtal Graphs Results Calc ImportExport

TR T IR IEEL) - Q&I & T (LR R/ INVA )
BRI ES T ERRE A

expnam ‘ expedt | genles | powpref | powplot I Istview I liveplot I

B figE R - a=b=c

A
LS Controls Phase | Histogram | Scaling | Profile | Constraints | MD Pref Orient | SH Pref Orient . N -
=23 RS
Phaso:lT Replace title:[from C:/gsas/MyWork/CIF/NaFeFe(CN)6.cif B. T%DD@ = JE?%E*Q
Add A [a 10.204704 | b 10.204704  c 10.204704 | g4¢| Refine Cell
Phase | o |90.0000 B 200000 vy s00000 | Celf cenaamping C. [ T-7E (X HimJHES)
B name type ref/damp C fractional coordinates(z*) mltlacupmcy EUi’o
1C1 C 0 00 0.178729 0.000000 0.000000 Q24 0.7930 0.02500 Vv
2 Fel FE 0 00 0.000000 0.000000 0.000000 4 0.7930 0.05750 D- J/?\A%EEEEIT)%EP ﬁé/\jttl__'g_:‘
5 N1 N 0 00 0.281028 0.000000 0.000000 Q24 0.7930 0.03069
6 01 [s] 0 00 0.308883 0.000000 0.000000 Q24 0.2070 0.02500 - - -
. . . . .0767! . JA A} Ay 2 NS
i k| b | S | ol iat] | £ E. Uiso CRIEZIERATERE)
3 Fe2 FE 0 00 0.500000 0.500000 0.500000 4 1.0000 0.01635
— [& 13 : Phase /11
A [ AAS
() PR IR A GLoH B RMER » K (A w8 BLEREIIEAR

ARy X BT o L Rl GREALAMB AN » MRIRZ BALEASHB LA A -
cos O VAL RsZ IR E. (B X @il - STRIF—EE R EROVETR) - FH
EfENF > PTG Rk P RE d ARG 7) - Hep W FordEHE
(FWHM) - M8 K 2R 0.89 » X BRI RAE 1.54 70K -

K2

B(26) = —— (#£2)
d(20) = — (#3)
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@) HrEoAmlE - R T RRSORRORAS oA AIRR - ml 2 R BURS 2 hhi AT RERY
RIS el - 4@ BBy JE R AT A5 B PR S AR TR
2. FMAZEAROEREF SRR BT Y IR E
(1) JFHE SRRSO BRI YR & 500 ~ 600 nm 2 F » B &R {58 FHHVSSIERY G
R FR R EIC & e AT oy B B R - M el R R 4R E] 350~1500 nm > Herfr 350~800
Fo—E% > 750~1500 nm 55 —Ez > PREEHIREZ 50 nm o FORBIRAERI T N —E e
[Els » ERRBOCEEMSMA R @ EER R -
Q) #EH
@ BaaPeny - FILLSnSER BV R DIEnSB4REE RS chamber BRI E -
@ HRFORTE S BRI R - B R WRCORE R - TPTREBEE A 5L A
NUURELREG AR S = 15 sy > PR

E Sl

@ FEAZORTERAIIE A BT F A s R < > 20
SN TR o WE RO ER R 2
PMT {HMEs Z [H - PLESE ROEIR -

14+ A/ AR

15+ ORI SRR
() & HEPCE - R 500~550nm 5 HIRER AR IE(E - itk B H B EUR
SEES b - WO E 2 o] ROt R EE Ryl TRES [ SR AT BRAT IR 23
SOCIR - FTLATRMTEEEE TR PRATHY LED &Rt Rt -
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Relative Quantum Efficiency (RQE)

0.18

o
=
o

Absorbance
o
I
S
Relative value

0.12 -

Scan step : 4 nm
Scan time : 1100 s

010 1 1 1 1 1
400 600 800 1000 1200 1400 1600 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

16 * 7 REEN 2 U s E 17 /] B2 YR E

3. & DI water I S EaEHES & A HYRENIE &

(1) R ARIEESL (B EWE eral, 2016) » FEI - 514 nm BYEESS ~ DI water HYHL S5¢E 5
Ve RN T > BRI 2B T 514 nm ARG {L a kiR -

(2) R FEEERE RHOLIRE ¥ DI water IVHI S A RIS MR E: - TWHIREIEE 6.9
mW PUNE o HrSoEE R LG - PRS2 5w 00T DI water SSRAH R AT HERL
EOtEklE - PTEIEERNTEE 6.9 mW DLER - S Eilias &= RmeE ) - ke
ERGEIEIRE RIS S - RS RS N EH RS T E R R G T - T
HEPRESEE A ZEGTHE > AERE 6.2 mW 1E RISl Z AR -

Slit: 1-3-3 mm . ; o

- Scan time: 500 s -
~ “ ~L
‘f g
| g|
g | zL Jie 4 Slit 1-3-3mm 7} ': —_—
> g © % Scantime: 1000 s ¥ .. - "
= 77 mW =1 1.1 mW :

6.9 mW
0.6 mW
28 3.0 32 3.4 3.6 38 28 30 32 34 35 33
Raman shift (103 cm’l) Raman shift (103 cm'l)

18 * A1 £ DI water BEFIHRAE 6.9 mW LA b GAEEIRE) B S GHLTE
#2180 DI water (R 0.6mW (6.9 mW AT ST B2t 8 k2
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4. HEENTIEE S B ISR B R
(1) BEATFEE BRI ING TR+ B — TR « FA 5T & B = R B
ERIE - K EATHRAS BN S 0 R/ NEEEMERIEMT IR G - BIRE T E 3R -
HA RSy TR R B AERS R - /N F RS ER - SRS A T BRI BT IS
M HEOR R BEAEMESIRAV BT b - T S8R I bR SR KAl E S H
(2) BHTHERISE ¢ Cellu - Sep T1/ Nominal MWCO : 3,500 (NO. 5015-46) » 401

fiél 19 ¢ Cellu - Sep T1 *ﬁﬁ% &l 20 : AEGOR T AE & B AR B TR

(3) B4 E ST & (Molecular Weight Cut Off » MWCO) J& I AEHE B THETLIF
R/NHIERAL » HEF R 17 /NEFEMTRAEIRETHY 00%LL EHY > T-EAVN - A
ERNE T ERRENRE MWCO RNE=RRESTFHIMW (OF&)3,° N
BMSE—REFERATOREHL A E] NanoparTz BI4E5E - Hifd MWCO £ 3500 HY%E
TR RE PR 2 R HIZRORIRRL - GTRITET -

Surface area = 4mr?

Volume = (4/3)

Wt of one gnp = Vol (nm®) x 19.32 (g/cm?®) x 102! (cm3/nmd)

MW (kDa) = Wt of one gnp x 6 x10%

% 1 st EAORBERHER &Y AR

R (nm) SF&EkDa) | FEMEOm) B (nm’) B
1.8 354 10.2 3.05 5.9x10™

%2 RS Fs 1.8 nm BYBKIR B AR R E T EAE R
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ESAORBERNTHE R - BEDAVZORRBRORELY R 10 nm - AR A=

MW (kDa) o« r* oc d*(nm) » Hrtr Bt 7418 > d B (R EK)
WL — 2R A I (S B R A S R BRI FOR SRR T B4

(10 = 1.8)® x 35.4 ~ 6070(kDa)

IMAZENTHARFLIE R/ INEy 3.5 kDa » AREREE 73R/ 6070 + 3 = 2023 » {J5EEIE RS
FTREANFLIF AN » m] R FERE A RUENT TR E/K - B TR Z S M — B R 2 <&
BASHIER T » HASBEBEOREHI B8RS RAFE 3 0 Bk 7 ZoREERVR
TEE/N - HERFORREN & e A @@ E iU - sE A R0EE LR -

SIBERETR E (g/em’) KR (nm) S FE(KDa)
Ag 10.5 20 26391
In 54 10216
7.3
Sn 71 23189
Ni 8.9 14 217

R 3 HERSBEORENE TR

\
i
:

y

RER [ o ‘ o> KA ¥

(@) [[/;)) — > fLiF
................. b & (3.5kDa)
N.. o0,

“im—> EHTIR

3 W Zs e
* (E/_\a] ] (6070kDa)
» 7

21+ sk A AR AT R UE R B (Created with BioRender.com)

4) THEBDE

@ BN — U AAHARAEAP L1 - T ATOREIK TR S — Uit 4 S E R R
YRR - A R H SRR I 2R AT

Q@ —ZCEIEFRER 2 K RN ENEINSRER - & 12 /NGRS —X -
(5 17 Hpraf - HPER & EE =R FiAIEH 6~7 REIEETEN <)

© fER =R AR ERIH SOt P RO A AR BRIAVERS - DIMECRIEAT 52K -
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=~ AXOEBE Ao KRR
® R - KERIRBARAY X JeseirstE - ] R ofmlE - i - Bffirl A
GSAS Bt i E Y 1~2 (Bl (SRR S HIR IS RS (tte S A P
SRR -
® (@ETH ¢ FFEIEHERC csv 15 (Excel RIBHRY) MEARZZ Origin 2020 - {HIA R A e
ARG = BL Nonlinear Curve 5 I e/ N (I IHERAVIE(FF 8k > 220 o IR 2
AR R (5% AFVEEZ PR - WECEMBERTE (e > 250 - &
G 1% BARL Simulate Curve » F Lognormal J72xX » B R[S ERR /3 1A lE]
® HAEERE
(1) SKREHEEL (kD) © AL RERS SREE T - EFEET AR R LR - Az
Foh k1IN x ~y o~z BREYSADER B P ERAIESTEE AR - AR
ST L E ()™ AR AAGE] -
(2) ZEfEEE: FIZRCHEAICEE A AR TP Ay = TR M > BRECiPaURy Apar  IEJ5 & 2 par 73
BUFEHLIT a ~ atb+c ~ a+b JT[AI_EAVEENE o HFIRVEEREEIECH Fm-3m > Hh F &R
/Lot - m FORFEESAT 3 TR e -
() ZoR R
WSS foc Au HUSESTIE » mIMESRERALIRAL - JRAHMME - SA0RBRLAILTT &
(Cubic)» Z=REBE Fy Fm3mo> 200 T S8 HEH a = 4.05 Ao RIS AR E T RSP €47 B 10 nm -

—
L AuNP 2

4 o ~2.0 <d>~10 nm|
300 K * -
@ 4 9; 15 o=0.15(3)
[ty = ide 4555 2N
E = 2 <« HESHE
S = Zos
© i = 0.0 ="Lognormal fit
—
~2 i 6 8 10 12 14 16
" i — Particle diameter (nm)
h—] b Cubic Fm3m
= 8 o a~4.054 1 = 0995
< B - -
= d < S @ ]
- g 3y 8
X 45 5 [ | & o <

30 40 50 60 70 80 90
Scattering angle 20 (deg.

22 ¢ eHORPERIRY X SCEEGT i B R AT
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) FORSRFEHL

£ X

SRACKIEHL Y RARAERS T2 Cubic - ZZRRERs Fm3m » HERT

%

SEO [ h— R A SR HAEE > SPII RIS 20 nm

=) oK
B

ORFERLAY BG4S Ry [T i £ (Tetragonal) > 55

[y
(=]
T

th
T

Intensity (103counts)

L

{111}

7

¥ = 0.99(5)

Distribution (%) 7
—

Lognormal fit

le 1

b}

0 22 24

Particle diameter (nm)

5 50 55
Scattering angle 26 (deg.)

60 65

70 75 80 8

23+ SRR X SCEEs B SR o Af

/J]]l

sy a = 4.08 A >

TS HEE s a=b=32584) A c=
4.944(5)A > ZE[ETEE By 14nmm - 7E X CGEsf i - B T =S(L AV - (54E

= 32.81% > H&

S4EHE Ry Cubic » SEASEBUR a=10.123(1) A » ZERIEEEs 1a3 < 73 RiHHE TERY

EFIEVERIIS S > WS T R B e G ST A et & o B ERAAVIE(E > FEH P FERYIE
BEERLAL 3T > §0 Ry 54 nm > =EAE 285 12 nm > KR ARA0E] -

10

=]

=)

4

Intensity (10 counts)

<

=

~

| 300K

T

v = 8.852
R = 4.89%
R = 358%

In,0, 32.81% Cubic la3

a=10.123(1) A

X-ray |

In 67.18% Tetragonal I4/mmm |

a=Db=3258(4)A
c=4.944(5) A

1 [N NE NN "'|'|""|"'|'|' IlIlIIIIIIIIIILII'"IIIIIJII }.IIIIIII

40

60

80

100

Scattering angle 20 (deg.)

& 24 © $HZ

FORIERLE = F AL A X LGB () &

10

=]
T T

=
T

[ ]
T 4

Intensity (10°counts)
-

[}

Fraction (%)

S W 4

52 5S4 56 58
Particle diameter (nm) 12

g
£
=
s
3
L
=

'y

Particle size
distribu tion

f<d>~ 12 nm’
o=10.02(2)

12
Particle diameter (nm)

29

16

3I0 . 31
Scattering angle 20 (deg.)

L n 1 L
32 33 34

BRI AT 8 (7)



(PO Z=oRk $7 sk
Aok RENL By S 45T Tetragonal» Z00 A8 H 8B a=b=5.842(1) A>c=3.787(4) A >

ZE[EIBE Ry [41/amd » 75 X eSS E P > s8R/ D E S b HHse s - (G4
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