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Abstract

In this paper, gold nanoscale double-cone photothermal agent was prepared by seed-mediated
method and its photothermal conversion performance was evaluated. The absorption peak of the
prepared gold nano double-cone diagnostic agent was 808 nm. Under the irradiation of 808 nm la-
ser of 2 W/cm?, the temperature rise value is 33.3°C, and the temperature rise amplitude of 5 con-
secutive irradiation is basically unchanged. The photothermal conversion efficiency is 44.28%. It
has excellent photothermal properties and photothermal stability.
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1. 51§

IR FENFGEC N EEN R —. BEGHA I ANBEAE AL JiE ™ =g E N A
iz 4az[2]. fEGRYT RS FEAREFARYIBR. (7. BUTERIT B AR IR R YT SRS A A — L
AR . Je#IARTT (Photothermal Therapy, PTT) B FADEHYT L. 2 —MIAERANEMIRIAIT ik, HARE
SerEE . RN R E R 3 [3] . @i e AL 471 (Photothermal Transduction Agents, PTAs) ¥
JERERA NTARE, BRI A, JE T SCHR ST I RCR[4]. BT, AU EIEREE Y PTAs, 3E
T JBAUKAELS]. BEAWI6]. TRIIUKIIEHT]o ARG R B8 3 A A e MR HAE PTT A i S H
WAREE . 9Kk T B R %5 5 1 444k (Local Surface Plasmon Resonance, LSPR)FF 14, A& —
PRSI 4R, FIRTIC A s R v, TER R R R I BRI JI[8]. LI &gk
MG SA0KIR[9] S99K 7 [10]. AR FESE o A ST I T/ T2 4 HELA T A 2 i P 40 R DK XU
(AuNBPs), FIFH &K BRI G 58 LSPR Fritk, &M BRI . Hil% (¥ AUNBPs JE313)
—. RE, HEBEILLIMCHEERE. £ 20 min FIIRS FBIKN, 808 nm OGRS NI T et N
33.3°C, JuINEHALE Ty 44.28%.

2. SCIOERSY
2.1 RIS EE

A& MR (HAUCI4H20, 99.99%, [EZ54E1H). + o/ kidk = H B &AL (CTAC, 97%, aladdin). 42 (HNOs,
REACEERF) . FHEALS(NaBH,, 98%, Alfa Aesar). A ALHI(NaOH, Kb lH =), HER=
£H(CeHsNasO7, 99%, aladdin). +75kidk = H HEIRILAZ(CTAB, 90%, [EZ54ER]). MERHH(NaOL, 98%,
TCI). FHERH (AgNOs, 99.99%, Alfa Aesar). £hER(HCI, 43#r4l, 37 REIRFA PR A F) 5T 2K 3 (CeHeOo,
99%, Sigma-Aldrich).

2.2. EMRHEICHFIRH & LR RAE

KAFFA ST — e . BEBREILLIMEREHE R AuNBPs, i BIi% 5 BT 2 1
BE(TEM). AT WA FE T RT X S AT 0 AT A (XRD) & R AEF B AUNBPs AT RAE, B FANF]
il % 200t AUNBPs (W25 16 5T 2 md . BRI £ 07 R

(1) EFhFm o H %

BicE 8 mL ¥k N 66 mmol/L ¥ CTAC ¥, A HAUCI, (25 mmol/L)#5 i 80 uL 1 74 L ] HNO;
(25 mmol/L)iEW, HiHE: 15 min, TERIZIHEHE 254 RN 100 pL B FL ) NaOH-NaBH,4 VR &7, 100
uL IR R E(L mol/L)iA R, HEHE 2 min, 80°CI/K¥E Lh, HEIEHM FIFR.

(2) AuNBPs 1] %

Y 1.82 g f¥] CTAB.58 mg 1) NaOL A 35 mL {25 & 7K i, 48 H 78 73 ¥ - Bl 5 i\ 0.5 mLHAUCH,
(25 mmol/L). 2.25 mLAgNO; (4 mmol/L), ¥t RNTENE, MA 0.5 mL K HCI (1 mol/L)i+i pH
B, FIIA 10 mL X 2K (0.1 mol/L). f/s A& 1K 200 uL, $ii+E 30 s. 152IVEH T 25 Cif &
24 ho BIEMEREE L&D, 7800 rpm B0 10 min, EBE TKIELE 3K, ZHdENREEHEN . &
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Figure 1. X-ray diffraction analysis of AUNBPs
1. AUNBPs B9 X Y5115 o A EE

FATR I () Au URAENEEAT T X SFERATH 708, FHEH 20 9 10~90° . FI VAR 2 IR 4k s
AT T EE L) a1 TR, Au 9KAT RN XRD 745 K1 5 JCPDS itk A (04-002-1170)%F LE 44T,
PR TEAbT B B0 T Au FOSFAERT Shi%, Fodr, 20 47T 35.20°. 44.39°. 64.59°. 77.58°F1 81.74° kb4 il %}
Au ff1(111) (200). (220). (311)FH(222)fmTHIFTS, UESE T Au GOKBPAREI R & -

Figure 2. (a) TEM (scale 50 nm) of AuNBPs; (b) HRTEM of AuNBPs (scale 10 nm)
2. (8) AUNBPs B TEM(EEf5IR 50 nm); (b) AuNBPs B HRTEM (EE 3R 10 nm)

T S H T R AT & 1 A 9K RERIEIT T TEM RAE, Wil 2() 28T 50 nm JUE TR Au
TEM FRAE. ZEUG T LUE M RN —, BAMA R, EBIRA1RIH & 7 AuNBPs. 5] 2(b) K
X AUNBPs HEAT i 20 B i P A BE(HRTEM) 204, 823 7 AuNBPs J/5 7 . 35 (1 di b 25 80, IX—
RPUEI T AuNBPs MOEHELAT BAUF (045 5 ik — D@l R a1 sl R, Bl 7 L Ak TR 0.24
nm, X —HUH 5 4 (Au)FI(L1L) 0L 7 S5 FRHE S AR TR EEAH I &, T HE— B30 T 3RA1Thfil & 7 &
45 enE AUNBPs £
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Figure 3. TEM photos of AUNBPs prepared with different amounts of seed liquid. (a) The amount of seed liquid is 300 pL;
(b) The amount of seed liquid is 250 uL; (¢) The amount of seed liquid is 200 pL; (d) Absorption spectra of AUNBPs prepared
with different amounts of seed liquid

3. TEMFREFIEH AUNBPs B TEM B R . (a) MFiREHR 300uL; (b) FIFREN 250L; (c) FMFRER
200 uL; (d) FEIFMFREHIEE AuNBPs BIIRIE T

WE AR, BT AUNBPs [RUHE AR, 78ISO L BT WA AN [ 0 P AN 0 o 3 2 BT AUNBPs
FERE 1) AN 5] b A 9 3 10 25 8 1A LR (LSPR) R UG . 7T DA H 5 4 M TV (19982, AUNBPs (1)
WA R LIRS . AL 3(a)~(c)f1 TEM R mT DUE H, BESE &M FIREMRD, AuNBPs IIHEIRTE
RAFE T K H S, 7EA 3(d)H AuNBPs HIZhIA) LSPR W 3% 7 I\ 790 nm ZL#£ %) 808 nm. i Fikse
IGEE R, BATATLASH, &R T RTE AuNBPs Fl & fE P o & CBIE ] - B &R0 TR kb,
AUNBPs #2813 K B4R, ixX /& T8 LSPR MURZT AL F IR IK . AUNBPs £ 808 nm B KB H 5 1
i, AHHAE 808 nm BOGIRGT N G HIAIT AR A R

3. SRRIES RTINS AN BE R IR IR

TR RE ) R AT B RHE S AR YT R AR B OCBEFRFR[11]. N T REHAfiTE AuNBPs % #uiE42
2, 4§ 808 nm BOGLASITIFL T AUuNBPs HIDGHWERE . 10 iR B - R AR 1k B 2%

Xt AUNBPs [ #: BEHEAT T P4, W1l 4 R, b AUNBPS 5440 K #s (AUNR) FI 2 851 /K I %
PR . SR EHEROE RS 5 FHR I 2 5 g ik 2 A BRI S5 R I 2 3 r A5 . X M it e (1)
MRIRTE TS A0KMEHE LSPR i ZAFMEMS S9UR M RMER B K HE IR T, B s Aotk e e
AL N ERE, WRTINGE IS TR R, IR 7 TREIA BIIREE IR, 5 AuNRs #HEL, AuNBPs
BA IR, I T 5 AR 2 R BRI
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Figure 4. Temperature-time curves of AUNBPs, AuNRs and de-
ionized water

[ 4. AUNBPs, AuNRs #1F&BEFKHIEE - BfEphsk

FATHS AuNBPs [ RATHIR SL 560 S E0ET T A4k, 515 JB7R T AuNBPs 7E/ [F] T2 % FE ] 808 nm
JEARIRAS R, IR ERAR RIS T 2R . SRR, BEEBOLTIRIIES, AuNBPs EILH T TN R E M
FeAPERE . HESCERIRIE, 2.0 Wiem? [0 T2 5 FETE A e R 7 B R R O & 2 4 HA 20, e RE
W AEASE EMHLIRIIE T, SCIRIT B br HA 20 A idis lan [ 12] . AT S85d, HEohDh
RAEFEILF] 2.0 Wiem? i), {E 20 min (&5 I, AuNBPs ¥R FE e 05 10 GE 728 60°C A AT, &

ToLaIaIT .
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Figure 5. Temperature variation of AUNBPs sample over time
under 808 nm laser irradiation with different power densities (1.0
W/cm?, 1.5 W/cm? and 2.0 W/cm?)

5. FEITHERZE (1.0 Wiem?, 1.5 W/em? & 2.0 W/icm?)iY
808 nm EFtERET T, AuNBPs EEERERTE)ZE 1L Ay phL: R

BT FRRI, AT DRIy 808 nm. DIFE L 2 Wiem? (0t As, W 2 i@ i1
T %) AUNBPs JEAT TOEAERENN, RRAFG S %M T AuNBPs IDGIEEIEE S, R T3
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I FZREIN (AR AL, BRI A 6 MfhZk. SKIRgs RRW], My EBIEN 200 uL i, Pl
AUNBPs H A B0 1990, FHT LSPR 20N AE 808 nm MGG T, A 8 my 7 3ok 20 0 B s 11 e 4
IR, BIEA S AR ACR .
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Figure 6. Temperature-time curves of AuNBPs prepared with
200, 250 and 300 pL seed liquid, respectively
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Figure 7. Temperature-time curves of AuNBPs with different
concentrations

& 7. IN[ERE AuNBPs BIREE - B ghik

FEARTY AUNBPs W O IEBOE A RERIRE I, 18] 7 BoR, B AuNBPs WRFEZRIERTE, AUAE R
Thilid g LR A, i ELT ek B i B R L ETHE S . BAATT S, 2 AuNBPs VKL E] 100
ng/mL I, VERAEBOCIR S T REM Rk HAR E M THE 2 60°C o X — i B2 Vi B8 47 F1) 17 98 400 0 oo i 2
ARAY D v R RBURR A, AR IR B 50°C X — SC BRI L BB, PR 4 D A0 A0 K R B

DOI: 10.12677/app.2024.149068 645 N


https://doi.org/10.12677/app.2024.149068

70

#=— AuNBPs 600 F
60 F
500
_ s £ 5 5 f
Q .. n n n L]
< 50F an [ | I [ I | LI | 400
1] [ ] [ ] ] [ ] —
2 | e " e " e " . %
g wl L I o o " o & 300
) a ®m " g ®E g ®Eg, @ =
& r r . [ r
200
b \ \ ! \
] 100
20F
1 1 1 1 1 1 O " M M M M M i 2 —
0 20 40 60 80 100 02 04 06 08 10 12 14 16 138
Time(min) -Ln@
(a) (b)

Figure 8. Evaluation of photothermal performance of AUNBPs. (a) AuUNBPs photothermal stability test. (b) The characteristic
thermal time constant of AUNBPs. (The red line is the fitting line R? = 0.99)

[l 8. AUNBPs B9 MERETTME . (a) AUNBPs BISEHFREMMIX. (b) AUNBPs FIFFHEARTEIEH . (AL AINEEL
R2=0.99)

N THRDT AuNBPs 1297 A vRsE M, FRATH DI % RE 2 Wiem? (1) 808 nm B384 Fh 1l &=
200 pL 1) AuNBPs 4TI, X 2 mL 3B 211 100 pg/mL ) AuNBPs ¥ REAT iU, OB HEST 10
min, EARAH 10 min, FEHEAT 57K, iC3 AUNBPs VAR I AL 1k, 2HiR R - W ph2 . Hr a5t
FEAMIE I JE S P9 VP R 38 1) B il 2 5 v 2 i R B IR B, a0 B/ i e SRR B2 A, AT R
IR T MBI E . &, BT USSR, FRA1SH] T FE iz, AEWERT
AUNBPs 7 2 G HEER 1Rl B2 i S AF 1 o AT 8(a) T A HE . AUNBPs 7 2 (G A2 H R I (1 7 %
TR 5, HEATREIA B R R A W B A8k, U8 AuNBPs 762 O B IR IS5 K A 4
TR, VRS . R & 8(a) h BRIRIE 2, MRAEAKQ)THE L 6, DR EEAMNALSR, —Ing 1F
AR, RIEUS K, RIS, A EL R2 =099, ILELRIAIRARE T ARG IE R 8] H 5
s = 354.78, ¥ o RAFIAXQFIHH H R MR TR G R MR hS. FEBRE 5 125 3RS i
Qo = 0.03. %, b AN SEES S5 A4 LA K NI FE AR Ak il 28 h S U AR S H RN B A K@) . tHEH
AUNBPs [f 6 E R [13]. TR AW

T-T

0= sur_ 1
TMax _TSurr ( )
M,C
L ®
n= hS (TMax _TSurr ) - QO (3)
I (1-10"%)

Hor Tvax: BOE RS RE SRR PP AR B S IS s Toun: SEIRE R IABERE ;s o RGMRFIE NS
(8% % Mp: BRMIFiE; Cp: BIRMELIAE,: h: REERRE; S BEREANARNRZEIMA; Qo
B 2 RIS IR s 1 OB THER s Agos: 808 nm Ak MR O 1 55 EE AR . 4N KR 1 (A 5 R T B AN,
X EREHER 2 mL KK & . fea it 5 AuNBPs HI GRS H R 5 v 44.28%. & T 6 IR .
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