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We are Shan-Ni Chen and Hsin-Lan Kao, from the Mathematics and Science
Advanced Class of Taipei First Girls' High School. Because of our passion for science,
we have participated in the National Taiwan University Advanced Physics Program as a
prerequisite for university courses. With the assistance of TFG, we successfully set on
the journey of Science Fair. Thanks for the help of Professor Huan-Cheng Chang and

seniors in the laboratory, so that we have a good environment to explore freely.
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4K S (Fluorescent Nanodiamond, FND) EZEREFI A9 i » Has 81— (B4
I R & 8042 2555 (Nitrogen-Vacancy, NV™)IZE; & 5320m HYE & 55H1 637nm fy8
J » %5 FND FENIRES & [ YR RERES - FHATE (I A i RS A ey B R
M TIRELLE A » RIS EFBR i PND RENIRSE SRS » LB FAE Sl R 3R e T
FAEEERA (1 - ST BLIETIE (T T S0 (Fast Fourier Transformation, FFT){S %]
[ U3 2 IFES - METHERD FND S - R R MR B SR - Bioca
BT WENIRASALEEF FFT B 995 kbR 2% 8 £ (Bovine Serum Albumin, BSA) ~ #(L7
E(Propidium Todide, PT) + 7K ~ A2 SHiESS - H FND 7ESBE T ISR T &Y08  EXIE

78 BSA RIIA] LIRS EE IR &2 - FND RS2 2iEMNH R iEs T E -
Abstract

Fluorescent Nanodiamond(FND) is a carbon based material which exhibits very good
biocompatibility. The negatively charged nitrogen-vacancy(NV™ )center is the embedded defect
center on FND which emits a highly photostable far-red fluorescence emission that can be used to
track for long time. The concentration of FND solution can be calculated by measuring its fluorescent
intensity. However, when the FND solution is extremely dilute, the measurement of fluorescent would
be interfered with background radiation of the solvent. In this case, we designed an experiment
applying a stable-changing magnetic field to dilute FND solution, and this action enables fluorescence
intensity to change in the same frequency. After applying Fast Fourier transformation to the magnetic-
changing frequency, the Fast Fourier transformation value is proportional to the intensity of the
fluorescence, which can effectively exclude background radiation that does not vary with the
magnetic field, even when there are Bovine Serum Albumin, Propidium lodide, or blood in the
solution. In our experiment, we discovered that FND tends to precipitate in high ionic concentration
solutions, and that the fluorescence measurements of FND solution are not susceptible to the
interference of background radiation from blood. The coating of Bovine Serum Albumin on the

surface of the diamond can effectively increase the solubility of Fluorescent nanodiamonds.
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A [E A2~ 0.01 mg/ml /Y FND JAREEH X @il Rk fe(nm) Y il B FEH 58 (mW)

Cursorl  -12.22

Counts Intensity

- 509.88 nm
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Jefe

F

RIS N - B HIR R AR - THR AR - (S HAEH
SEHAE WL S ELSTHYETSY FND - RS2 28350 FND % B fHZ D -
Bigw b FFT SUE BN EE - SEREIBHELT - HEDGHMESHTE =N E R
MLE - REGEIHERK - EEMK - KRERID AN E = ERRFTE
FIRERIHE » ISR S SR eaE D ZRPIE RSB TE - Bt
Eh DA E =X ERHE T 2 R IIZIET - BER R/ MBI
B o T AR S B B A S E R = A TEBERRDL B R RN
EERELE TR - EBEEER - SHAUKAERRS 785 1y 54.3466 mW(2%
B == MIAEAE R T AT BN R EREAR - tHt/E 0.01 mg/ml Y%

» ELAEBRIT 78S Ky 232.0951 mW(5[E =) o QKAEERS 7 FILE BT
Fo TR - BRURLL S » BREFERAVR N EARE - #esR R 0 ARG TR Bl
RIS y BT S TR REETIRE T o H FND BB
FEE Ry E B IEARRR - #EfT U S5 1% > FND JERE 8L FFT $UER
HERERE - A et I B RS G TR — S =X E RIS EAY R
A

RE
EipEHIBE

HE RV IURE BRI AR R AR TR » AR
0.0000625 ~ 0.000125 ~ 0.0001875 ~ 0.00025 ~ 0.0003125 ~ 0.000375
0.0004375 ~ 0.0005 ~ 0.0005625 ~ 0.000625 mg/ml HYZK o (& HIAEHE 550

HAETTPRER I SR -
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0.9 ~ 0.95 mg/ml FJ FND /& - #fiH, FND JRE 77 A5 0.609375

0.65625 ~ 0.703125 ~ 0.75 ~ 0.796875 ~ 0.84375 ~ 0.890625 ~ 0.9375 mg/ml H. PI
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EEAEHIBRE

R E B = 55— W E RO & AR 73 A Fy 0.609375 ~ 0.65625 ~
0.703125 ~ 0.75 ~ 0.796875 ~ 0.84375 ~ 0.890625 ~ 0.9375 mg /ml H PI JEJE
0.0625 mg/ml HY/7K » AEHEEVE IR 5 mg/ml ) BSA % 0.2 ml -
FND JERHGEE S E A% - —EIA BSA AR @ B LB THENES
B R A T S AR SRRY FND B BSA 48R -
HhtER

A A/~ FND JURE IR A

i FND JEIREE I R AU - (57RRE S HHEERYER 225 FND JYJEED
B0 = AIA BSA DU HIERE T8 T HY FND BRI HE - (2%
B =1/
e Sk

A BSA #{d FND {E B E RIS S /KR P HARRETR S - EERR
NEIFFHEEE - A e REE R T SRR A 5974 > FND
R ARTE R BSA PR - 98E KRB IERE T IR HRE - 5k
FND S8 BSA PG 2 B BRERESHACER - RIFE—Fi4G BSA
A FHEBANT Y FND REIAVEET - FND 1 BSA PSS SEE S i A

(=) BXER

1.

B IR

AL E R £ 0.01 ~ 0.02 ~ 0.03 ~ 0.04 ~ 0.05 ~ 0.06 ~ 0.07 ~ 0.08 ~ 0.09 -
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0.1 mg/ml 1 FND 2% & 2 ml » AR & 1mg/ml Y BSA 200ul » HEEF
NS Ky 5 mg/ml 7Y PL 200pl - (EEEEIRASHR R 24000l - H BSA JREE Fy
0.83333 mg/ml » PI JEEEY B 0.41667 mg/ml - DL FETA AR B S TR S HE
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R?=0.3312

- o e St
2 ], @
6040 |

6020

HRIHTRE (MW)

0 0.02 0.04 0.06 0.08 0.1
FND; % (mg/ml)

A B AL A BSA R PLERES SE = X E b

UH K\BSA}{_PI’{j [ ..'J” lj} ‘ 'ﬁ(r—iiﬁfﬁ
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A El=-+— - FND J[BELIEE

(7277 By = BEBR L FND IR 0.1 me/ml FRECE NI - 575 B85 — K ETBRLIAH F
FERY) FND S50 B A » FiE 2 R —H SR By A BSA B PIA95E1%IEFF)

FH & — - U B =R e S S A RE S AR I LR e A RS
BT R IHR B FND JRERELES - JUEGEUEZE 0.41 » THE
=+ 425 FND Sefii A BSA FEAILA PI AE#iE o2 FND Jjf -

3. GERETER
TEE RS ARG R S B EIELTN T 6040~6180 mW - [iFESLHTHY
T = UE SR T - FND 5 0.01 ~ 0.02 ~ 0.03 ~ 0.04 ~ 0.05 ~ 0.06 ~
0.07 ~ 0.08 ~ 0.09 ~ 0.1 mg/ml {J FND 25 4SEEET R 4T/ 72 200 ~ 1600 mW -
HEHI PUA B EI R BES 8 KA E - A4 R R R S BIE 1R S -
A B AT 5 FH A E RA RS A =R FE AR SRR N BURY - TR 7 e
i#% 6000 mW TRA AT RE A HET R R8T EIR - R EERRCR AR
(W) BE=RER
1. EEEHEIERE
EHECE 0.01 ~ 0.02 ~ 0.03 ~ 0.04 ~ 0.05 ~ 0.06 ~ 0.07 ~ 0.08 ~ 0.09 ~ 0.1
mg/ml 1Y FND 5% » HIAGERE B 1mg/ml (Y BSA 200pl » BEZ I AGERE & 5
mg/ml 1y PI 10pl » (#4575 e & 2210ul - H BSA JEEFES 5 0.09050
mg/ml > PLEMEE £y 0.02262 mg/ml = DAEFA AR B T8 B E A+
HETT - T (P R E N B R A P 8 (AR ANRA © By
T HEE BRSO S A B E BN Rt e — P BRE A T
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B ERY FND /3R ARS8 B FND RS 2 IELL - JUEGER
0.9915 » KINE RIS ER K(&FE=12) ; JILA BSA &) FND /A 4E#E
S35 FND JRIE 2 1EEL - AHEARECR 0.9784 - JIA BSA BE/I T &5 5AVAE
AEEEEE A REEE=12)  FIIA P& ARG 5R B R
FND JREARZIELL - REGEIER 0.0723(2%E =) ; mi&IAKS » 54
EHHSHEER T PL~ BSA ~ /K SHRST » TRE HES2E 0.9935(25E =+
#) o P EAVEEREH - I ARSSRESREE BERR T Rt -

SR AT
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HRBRT T - AL & DU T SR A RE SR i oy AR
& -

h~ EHEBlY

(—) TEMHHELSE
RSN AR 2 BIMURAVEES T8 - AEEAMER - R Ee
BRI FND JEFEARRAMEAR o ARG, B TH s T S8 % » FFT
JEEH1 FND S 2 EEAHRE » FRERIUIR TSR E Sk -
(=) F—XER
1. EEEHEE
FC'E FND 275 5 0.01 ~ 0.02 ~ 0.03 ~ 0.04 ~ 0.05 ~ 0.06 ~ 0.07 ~ 0.08 ~

0.09 ~ 0.1 mg/ml #J FND 5% 2 ml - BC% FND JEEMZER 0.000625 mg/ml
PUE > DIBECRAESBEST5R BT FND B 2 1 MR (% - (EI1 AR 2 B ELIE
BERATUE R HIBHEE > H AEHHE E ARG LR N B R LAY SR R Ry MUY
B FHRG THE A2 FND AR A GIERAZFTIER « S AR 0.02 ml = fIA
IR 1% S TR FND SRS 53 BII4Y B 0.00990099 ~ 0.01980198

0.02970297 ~ 0.03960396 ~ 0.04950495 ~ 0.059405941 ~ 0.069306931 -
0.079207921 ~ 0.089108911 ~ 0.099009901 mg/ml H {15 FE 100 fz(fBkERE

3.576x10® {E/ml)A500% ©
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5004
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= 08 !
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3 : Wavelength/nm
900 1000 1500 2000 2500
Wavelength (nm)
A B =)0 MRHIR oS A BI=A1 ~ MU est 45

IR % H SR EE RS TR AR RN Ay (R AT BR R & AT
YVE R FND Ffrd tHE RO SR - 58 5 AR 2 SEHRaT R D - fdd
TR « BE RN IR SRS S SRR H AR T RS e -
FND 2555000 » U2 B33 FND FERi s - AGEaEaTssE T
B o EERRGS R IR A YR T35 FND AYE LS - (ARSI
1 FND JRERGIEEL - BIEER R o MR P FND Btk T
B HER R R By MR RIS s (2 =+ VTR & 500~700 nm AR By 4%
PG - BIf FND Ay 46 F R &2 SR Ui 2 - BiRryEss Yl
(BEE =+ IVIER & 637 nm 7E A5 HIHEE 78 R F] 100 mW - i AE G o AT A
FfE FND S 0.01 mg/ml AZRAE AR MR 2 FiH AR v Bl e

232.0951 mW -~ HIl FND HYEEERSR5RE A &Ry R SRS &3 -

R EE

Bt

EHCE FND JEFE A 0.01 ~ 0.02 ~ 0.03 ~ 0.04 ~ 0.05 ~ 0.06 ~ 0.07 ~ 0.08 ~
0.09 ~ 0.1 mg/ml [y FND 5% 0.99 ml = & HIALL 0.01 ml > FIECE 4RI
R HEVE RYIIR S 100 fE(MBRRE 3.576x107 {E/ml) « SN ALK
0.0102 ml - FECELFHYE R E&ml/E IR B iiE 50 fE(MERRE 7.152x107
{E/ml) - FEHIALLR 0.0052 ml » HIFCELFHYER T &alE NIIR Bk 40 &
(MERIRAE 8.94x 107 {E/ml) - FEHIALLE 0.0087 ml » HIFCEAFHEIR T &5lE
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R? =0.,9201 e AMTE30ME
&0 .,_...'--'-_'_9-'-"‘6' 9
0t g® o FIAFNDEM
150 o o ®T 2185014 29.567
. . R?=0.9843 ‘ _
io |—o o | T ] e (AR
. 30f5HIMT)
»
50 | g coovesees SVE(FUAFND
B
(¢]
0 0002 0004 0006 0008 001 0012
FND;FE (mg/ml)
A B+ = s AR ERE S S R E BRI 30 £%)
1 R e e L] AS e —afy slle -
300
250 o ® o [ FiTE30(%
® TGRS 3
$ 2w . © o g0 ® [ FHTRA0fE
£ o @ e @ ® (1 FFESOfE
B 150 e 8 ® o o
= & 5 o ® ([ F$100(
£ 10 e 8 ¢ q-¢ : ® FNDZ
g s .
5 50 ' . )
0
0 0002 0004 0006 0008 001 0012
FND;FE (mg/ml)

A [E PO~ A0 A MRS 5 X E R IR

32



1 1 i ~TE Sl LB A - —fr i O 7Y |
11 "\_.][].:5!\1,1.”};1;;’.'.’.}’UJ s—-KB8 ‘-#I'z’l‘l_l"ﬂ].'.[‘l”ll

A by Fedr 2
(S HEEAL)
300 ] 30

i FEq0(

. 250 ® ‘_.'KI;-:i.’;.‘BO‘.':-

E 20 oS e o 100

& - 0o @ ® FNDZEI

# 150 o 87 .‘ ’. P ——
= 100 © ‘:2#::;‘“ ® ° covenenns SRME(MLERGFRA0(E)
* - ‘::"-‘". ,,,,,,,,, LV (dn i i FE50(%)
......... LRV FE100(E)

0 veeereees ZAME(FNDIZTR)

0 0.005 0.01 0.015
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A VU7~ DO AR 5555 — R E S I E (S 545

A& % SEIEHY FND JREAE T ERA(EE - MURHEE 100 £ 5 50
A BHER B EHARIEOR » RS o (%@ - 1o+ MR 40 £ 5 30
SV BAE R B » RV o (2@t -« 1+ =) 100 £% 52 50
EAVEUERELLE A FND SR AEREIR 5REHE /N - FFE 40 5 K 30 fSHYEHEEE
LL{EA FND ZRAVARRST I8 SIS K - DL SR FND JRE B RI4AEaT 84 2
IROHEIE FRR (% (2B R+ - u+-5)
SR TER

N B AR A2 IS B EHERE MRS E - SEEIT T - E7RRESE
PN RGN & RS 48 FND & eafak o MR Ry AR Y ae o B REAL
MR - RA AT RE R B R M A A e I e - 55— REBIM T
B =R ANE—REREFEAERIMRAER - B0 —REBNS
FHIRR S HRER MG - NS —NEREASFEE - BT
IFREIEIHERS SRRV )N » TEMURAYER ED R S/ NI - FTRE S B R 7 fe
BB TS E R -

N Ry THTEERRREE o T TRUTRE

(—) FAMERE T HEITIR(E > HEENR R 532 nm EH5RE R 20 mW -

(=)

R ORRREREL > [RE A RERE -
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(U)  EHBEER  BOKR - EEERRTEERGR -
(F)  IADUAEMR K % % FEE (paraformaldehyde) LARH LE &€ e [ R i - A AR LA
MR TR ZERNE -

B~ GEEmidfEH

+ FND S&HECHI R R REPS RS - BesRfE RS g inmise ] -
* JRIEAE 0.1 mg/ml DLEHERZEDEAU AR E » (R SRS IR A

e

+ [EFEIRTE S AR B EORIT - 2R BT S A SRR (5 R R B A

(FHIVEE B IRRE S IRABIELL » I HRESFE R AR B KO SRS -

* REAE 0.000625 mg/ml DU HYZATR SR FR ARHR S 7 A HH EAROIR LY IEAHRE - (]
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