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Abstract

Surface plasma resonance of Au nano-rods is closely related to the shape and size of materials and
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the refractive index. The applications in many fields such as drug release, photothermal therapy,
and chemical catalysis can be realized by adjusting the optical properties of Au nano-rods. In this
thesis, the seed growth method with sodium oleate and CTAB was used to prepare Au nano-rods
with uniform size and good stability. The Au nano-rods with different aspect ratios were synthe-
sized by regulating the amount of sodium oleate, silver nitrate and gold seeds during the growth
process. We discussed the influence of different factors on the morphology of Au nano-rods. On
this basis, surface-enhanced resonance Raman scattering (SERRS) effect of the materials was in-
vestigated, and highly sensitive detection of Rhodamine B has been successfully achieved.

Keywords

Au Nano-Rods, Seed Growth Method, Aspect Ratio, Surface-Enhanced Resonance Raman Scattering

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

SRR LG H A B & B AR AR SR M S M . A SR T SR R T, T LR IR 1 T AR
SHACZ A A RIS S VI O[], ERZ &9k R, BRRN RS, & ZHAEIRE
YRR, H 4 90 K e DR ELAG 85 1) S P 119 06 25 M ot AR 5 ) ' i S92 38 11058 BB S50 A9 31 1 B2 AT TG
T REREE T . HATEM R S AR R 2 S Ak O R L BRI S AT .

) S 1) 4 N K A E A N e ARG i) 9 i 242 11 45 B8 A LR S, R PRFUR RhR 3 A R IR ¥ 22
I TP S B TR S, O W TR S A5 B T RIS % R 5 S 9K I KA LU AN (14 ) F o 2
AR[2]e L SR AN AR 1AL L AT S ) 2 11 55 B AR LR U Aor AT WO B 21416 X ) 11
T FAE [ R ST (5 — A7 T 520 nm B3, A28 RIR BEAR A, X Jal LA Joi A P 50 38 A AR AN UG

il % 1R 7 2R Ay B 38 — [ B KR T R S L B A B R . BT, S90KFER)
BINEF L AR B EE L R D B SE (3] [4] [5] [6] [7]. R1E 1989 4, Wiesner
& NRINEJFE &R ] AE /N RGE % BRI A SR £ 90K FE[8]. Martin 55 A0k B4k 2707 V5 S 1R
filGr s I SRR AR FLAR AN R ORI SO SR[9] . Yang 55 NAE XU TH i 1 74772 T i 58
AMNBEHE R SRR R) T RS AT S g K[ 10]. WAL B AR AR Ko A0 #, k)53 Jana
G NFEH[6], I El-Sayed A1 Huang 258 50 /NN CASGEE[11] [12], X LEHFFIESE T RIAE TR AR
BRI 8 SN IR RPN S KA T i B BB E R, (B TR IR N B S S8 AN [R] Bl 70 49K
B AR RE A o

AR CLHEREH AN, CTAB NfsE R Fh A K%, i O men . R FR AN &b+ 1
MR, BIE R T AFKE I B —ME RS9, A% T A KR LS 90K 1 55 5 7 R LR
PEBT,  JFA TG st S OGS FT T S GRRR R IR H s LR B 2 BN RN, SR T geRk gy T Y
B B IR e R RTINS0 45 NS 4 KM L 52 B S A Rt e R 31— e Rk SR TR VE A

2. SCIGERSY
2.1. {F{5IRM
KFVZE Jobin Yvon A F] 1) iHR320 £7 86184, ¥R IR He-Ne HOGLHY, A6 K N 830 nm,
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KPR S0 5Bk, BUAREM ERRRKBOCIIZ N 5 mW: WEARHER A P AL (11D,

AL HAuCl-4H,0) W [ B 254 B i RE IR AR, 75k ds = B LR 8 (hexadecyl trimethyl
ammonium bromide, CTAB). JHFZEA(CisH33NaOy) Iy H g iEFEL F A AR AR, HIRE(AgNO)EH
g R A IR AR, AR A b at

2.2. EMFHIBIE

TERAFREN 0.3645 ¢ CTAB, FAHEL9.9 mL /K, B FIHVETEM 100 mL Hefi, H~ % CTAB 584
Wifk, BFIE 10~15 min. BT 30°CIEIERRL MK S B, BHEGEIA 100 uL 1% (g/mL) HAuCl, /K%
W RIZIBEEE T EMA 1 mL 6 mM NaBH, Ki&#, ##E 2 min, {HiE#H & 30 min.

23. EgREREK

HERAFREL 0.9 ¢ CTAB FUAIE F 2 AIMER SN, [FIRAZH 25 mL 7K, B TS5 100 mL FHH,
7 A R e AV R BT 30 CAEIR R I B K B R B, N 4 mM AgNO; KR, §# & 15 min.
7 700 r/min FIEE T I 1.03 mL 1) 1% HAuCly /K&, PRFFIZEEFREAHE 90 mins A 150 pL ik
ThIR, PAEEELE A 400 r/min 2REEHEPE. BN 125 pL 0.064 mol/L Hi3R M ER /KW, il Z45 ¥ 5 F
AN AR M1V, RIZAHE 30 s J5## E 12 he

3. BR 51118
3.1. RN EER AR

3 5 AR Y R FH B (73 M 0.1152 g+ 0.1251 g+ 0.1356 g+ 0.1400 g. 0.1465 g)if 71 &gk R,
HARWRAA ., SLiHl & T KB 4.5~6.2 MEGRBELZE 1), WEL T TBURIL, JHEREN I FH =7
TGN, @grKkiEabig MR HER RN, RV, BI—@EfEE W, i te) s
N, TS AR ER R AT A . S EREN I I RETE S 9K A KO FE 2 52 CTAB IR IMZE 1, 1X
FOTERE = A B m KA L A K A, I HIM BRI N B8 008 S 90K #1935 — 1, WD ERIR & 40K
A %

H 2 W AR AT P R AE RO A, ROIR I K AE 520 nm A2 A O ) 45 B8 1 AL AR
(Transverse surface plasmon resonance, TSPR)W It &1 840 nm B i1 i) 9\ 7] 25 2 F H:3F (Longitude sur-
face plasmon resonance, LSPR)W iU . LSPR W it Il 5 FR AN & I I K AR E e, &9k K
FELCIR AN s RIS, TR A P 384 e 2 1) IR WS e (Y W T2 SN 2, S 7 T ) 4% 1) e 0 oK e RS 3

Table 1. Statistical data of Au nano-rods prepared by changing the amount of sodium oleate

F 1. MBI B S S PRE ST R

FE i THER /g K - &/nm KAzt LSPR/nm
a 0.1152 80-13 6.2 861.0
b 0.1251 73-13 5.6 853.5
c 0.1356 67-13 52 846.0
d 0.1400 67-14 4.8 838.5
e 0.1465 67-15 4.5 834.0
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Figure 1. TEM images of Au nano-rods prepared with different amounts of sodium oleate
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Figure 2. UV-vis spectra of Au nano-rods prepared by adjusting sodium oleate

2. HERSIEIE PRI RN E

3.2. FHERERAVZRMW

©

BB E )8 1.6 mLy 1.7 mL. 1.8 mL. 1.9mL. 2.0 mL, #|&75% 7 KA N 4.3~6.4 (1)
SR 2), B3 ATRURIL, FHIRRERM A BAELLTEE N, S90KE b A mRE S R, &
PO EKAR I, I AR R AN AT L& S48 S SRR =5, & 4 T, S99 KEE AR
TEM Wi B {2 . TSPR WRUSCIEAK IHORFFAE 520 nm Pz, LSPR WS b & IR AR & B G kA 0%,
FEAR I i A 4 858 nmo MAHIRIR & A MmN T RBC N —, P REE .

Jin 5 AWFFC I Br 851 IAZLEXS SR AR KR B EZME R, 0 mT DA BRI (1 9 K Sk
HEAG PR B TR, R L R SR I AR A R TR e R R AL AR (111)RI(100) 58
(13 1M Ag BT HIMANF S Br 3 TR AgBr SEMUTRTE &40k be R m, AT R fil R fh 7 17 A K.

Table 2. Statistical data of Au nano-rods prepared by changing the amount of silver nitrate

2. METHERIR A EFIZ NSRBI HUIE

A THER#R/mL £ - F/nm Kz LSPR/nm
a 1.6 60-14 43 825
b 1.7 73-14 52 840
c 1.8 73-13 56 849
d 1.9 75-13 5.8 854
e 2.0 80-13 6.4 858
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Figure 3. TEM images of Au nano-rods prepared with different amounts of silver nitrate
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Figure 4. UV-vis spectra of Au nano-rods prepared by adjusting silver nitrate

4. IEHERIRFI G KRB RINLEE

3.3. &MFRORM

A S BG5OSR I L T AR AR DGR, SRR IR = R 48
pL. 40 pL. 32 uL. 24 pL. 16 pL, #l4&H T KA N 5.6~6.4 IE&9kEBELE 5). S90KkEBEE &F T
FHE R/, B A5 170 0k /I8 AR e K, AT R BN KA BB K o 72 3 AT AL, b7l B4 LSPR
WA B B KA AR LU i R R . DR T TR B AR R IR B T AOR AR, BT LA 7 F g &
SR T fE ST AR, MRS SRR/, FF BRI & 9K g7 A% 4 b
AIAICILE] 6), LSPR WU 2B SF T INMiER, X MIGIE T HAAR IZ TR/ .

Table 3. Statistical data of Au nano-rods prepared by changing the amount of Au seeds

3. HEEMTRESZNEMARERITHIE

e SFPF/uL £ - &/nm K& LSPR/nm
a 48 84-15 5.6 842.5
b 40 82-14 5.8 846.0
c 32 77-13 59 849.5
d 24 73-12 6.1 853.0
e 16 77-12 6.4 862.0
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Figure 5. TEM images of Au nano-rods prepared with different amounts of Au seeds

5. NEEHFHERHIHNEHKE TEM

1.4 ]
1.2 j
1.0 ]
0.8 ‘

0.6

Absorbance/a.u.

0.4

0.2

0.0 T T T T T T T T T T 1
400 500 600 700 800 900

Wavelength/nm

Figure 6. UV-vis spectra of Au nano-rods prepared by adjusting Au seeds
6. FIEEMFHIGENKRERRINLEE

3.4. SHRERHEEILRN SBHTHR

PATE 6T REE, B S AR R R R, R A 2R 170 38 S b 2 iU (SERS) Wt 78 HLAE 6 5 A%
AW AR RS T TV S B R AT S . @I LSPR A7 547 & BURBUR B K R & v it —25
P SERS Al (1) RGPS 14]

LI HEE T AFKAR L T S KR (14 3 T3 58 SR h7 8 BUR BN (UK K 830 nm, FRid T
AT IR FER), DA AR RRER 2 1(1.6~2.0 mL)fF B S 40K N ZR R, Wl 7 fios, Bl KAzt
N 4.3, LSPR AT 825 nm (440K SERS {55 L H A& 9 K1 SERS 155 Hik, X &M TH
LSPR W WA TR i K BT (830 nm), AT 12 5% A1 T S48 K 1) LSPR 5 UK i K g S LB 1) 3
P, FIA RO S ) R BUE

TEUESEA Lt — DR FH M S RV E B B PHE B 96 FHE4T T SERS Kl 78 . 43 Al FE Y
1x10°mol/L. 1x10°mol/L. 1x 107 mol/L. 1 x 10°® mol/L %5 4 Fhik FZ i) J1 8 B ¥ B T &9 K ke
HEF, ARC S TS5 S 9K 780 45 A J5 K G R ST 5 A 9N KM i B # S Rk _EHEAT SERS K.

f 1 8 T, 7EREEVE RN 10°~107 mol/L i}, 7F 630 cm ' 1207 cm ™' 1286 cm ™'\ 1365 cm ™' 1514
cm 'y 1530 cm 'y 1652 em ' (2B LT IEMWT 2 FF B RHEVE[15]. BEE D FH B IREERIIN, &9k
P SERS {5 53 MWiil58 . 2IREEA 1 x 107 mol/L I, &4 KHE SERS 155 CABONMES, BRI L
MEEEN D FHH B AL T 1650 em™ (1155 B B GEIRBIFAEIE . (H4IRBEIRE 1 x 107" mol/L i, e i3 & oy
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Figure 7. Enhanced resonance Raman scattering effect of Au Nano-rods with
different aspect ratios
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Figure 8. SERR spectra of different concentrations of Rhodamine B
8. TEIREZFIEA B Bk mEIB R IR BIEE

KA BT AR BRI il 2% 7 RT3 — KAREEN 4.3~6.4 I 20KHEE, Il & MG 9K TR
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