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Abstract

Surface-Enhanced Raman Scattering (SERS) is a technique that enhances Raman scattering signals
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through local electromagnetic fields generated on metal surfaces. This enhancement effect can be
used to improve the detection sensitivity of molecules, which is of great significance for the detec-
tion and analysis of surface-adsorbed molecules. In optical engineering, aluminum phthalocyanine
is often used in the study of SERS, mainly because it has the appropriate molecular structure and
optical properties, and is able to interact with metal surfaces to enhance the Raman signal. Com-
monly used metal substrates include silver, gold, copper, etc. The adsorption and interaction of
these metal surfaces on aluminum phthalocyanine can cause the enhancement effect of local elec-
tromagnetic fields. In this study, we used two different shapes of gold nanostructured gold nanos-
pheres and gold nanocubes (AuNs, AuCube) to study their performance in SERS signals. The results
showed that the more complex the structure, the stronger the SERS enhancement, and we used two
different shapes of gold nanostructures (AuNs and AuCube) to study their performance in SERS sig-
nals. These nanostructures were simulated by finite time-domain differential simulation (FDTD),
and the simulation results were consistent with the experimental results. SERS technology combined
with aluminum phthalocyanine can significantly improve the detection sensitivity of molecules. This
is of great value for tracking and detecting low concentrations of biomolecules, drugs, chemicals, etc.,
especially in the fields of medical diagnostics and environmental monitoring.
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1. 518

I IR P2 G (SERS) M A M EAIU+£4E, SERS j&— [ IHELHM A eilbiA, BAmR
B EHER L . FREUGHE AR 2K T 0 i, T DUSEELER 2 7 kil . 1928 4F, ENFERL¥ XK
C.V.hrZlid el kB, 2t a B A B, 8  7 BUN D R AP A4y, 13X — IR FR L 2 HiUh
1974 4%, Fleishmen K IAAE Ag HARZ IR IR IE 7 1 o AR BR(E 5 [1]; 1977~1979 4F Van Duyne iR
ZHL AN Creighton R#ZH 7375l Bl 7 s S 36 FNER i FREAT IR AN 4E, R IR A& — I3 TR R 2 T 1) A A A B
B, FERRZ R GRS HUN RN [2]. AR, Moskovits 25 A i SEIGUEN], HURE Ag FEAR 75 21 1)
B SRP 255 HTh T RIS & #oc[3]. HEEAH, SERS il W7, mTHASSMmEEmEE
Sy T S P AR 9, 2022 4F, BRSNS T —FisisE R R IR R B TR SERS A%
IR HLE R 42 Wi [4]. 2023 47, 2K N K T —M 2 8 SERS 15 S8 iR AN R 48 FH Tk s
T B P s R AT R, IR & R 5]

AR, R — R B R R R A LS. BRI A HE
IR, AIEGE R AR N ADG R 2 DT . U HAE B B G 3 iR T IR A R
KK RE, 1995 4F, #7505 NHUH T T AR B (263N J1i6 T FRT oA AR, 20,
AR N — M BDG RO RL, BB M PR 38 n[6]. 2003 4, /R4 A T 5 5k I BB A b
JEA BTGB SR [7], 2010 4, RATHIEE NG AT T Ak SRR (AIPCS n) 5 A MIK# B G 85 1 (LDL)
MOAE EAE R, e s B0 B T A R A B e A A R B . 7E 53 B3I LDL 1, 5 AIPCS n iE & 2 33
BHEE A OEREFEN RN K, AIPCS n i ArE NMKAE R A, JFHAE/S &M LDL H, B LLSAR
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AR B R B AR AR AIPCS n 53 ) LDL SE A AT K B A A S A o gt R ) 6 2 S 2 )
JR[8]- 2020 4, HFEURSE AW TT 1 BRALFRIL RIS 5 S AR BURE R IR 5 ) BENE AT AR R 1 (& R
FFAE SR RE PR B T A IE LI [9] -

(A R HE R A T T BRI BB AR BRI A JE A g KORE A D 25 A% 3 (1 3
LS. EPORBURLEA AV BNE, AN P BT AR (1) BAARJLARARE
EYURBRL, WERIA . B =MIB. NWB. BB L SR ENMEA[L0], CHHRE N Y
AR R AE B 5 NI [1] [12]. (2) FEIR—T5RF, SR i 2 U D6 i 22 (SERS)VE N — Rt b 22 Al
M WA O SR U I U B R, 850 T2 MRE. (3) A KEM T A PITIER AR 27
SERS XN, ANFEFAARKIGUKERL, AFEFE, 4) FreAE S @ 2 EEZS B M ER
(¥) SERS. JF A& AT 5¢ ) 52 B LU XEBr R M BT T SR BETH SRS B i AP e S T 1 AR K S 0 2
VO JCEE (B N KA R G5 £ IR R T ir 2 1 AT 0wt B PR % i

ARHIE SO P AN IR B (R P & 9 KA B R, XHREES 107° mol/L 4R K 75 (i T oz 2 34 5 )
W, KR TR L5125 0.01 mol: 1 pmol, FRIIXANREE N 1R H0 2 1 8B . it
b 9 ol JER O BRI IR 7 (R SRR, R K STy R AP R G s O B 5, IR — 4R, A SCE
if FDTD BAUKEL, G5 B R S ok B T35 R\ A BE G T i R, 15 e [ i3 B i .. RS
SCUGAE AT AR EAE L SERE DI UE AR SAE ORI, 5T, AR ECE IR R TR TR AR A
B S X EM RSP BN & T, Son i 25568 TRKIE S, X EYu R AA
2. SEHy
2.1 {ERHA

BRIEH L REAT, TN CaHisAICIE01,S,, 43 T8N 95.21 g/mol, 7EH2 MK, FEEK
WIE N 107 mol/L. £49KER: Nanoseedz A FIZEF, GUKIHRHEFIIEAN 13 K 19 9K 5L £
BINEYUKER. XS GORERFE MBS A BRI SR K IR SR & = B AR 3. S40KEOKER A
BAMAATE RN £2(0.5 nm) FE B AR E & A0KEK, JF FLAr 7 AT R ER S R T S460CE 0 745 6. 840K
FREAZRAN 13 nm, RN 2, W N 4.482* 107 mol/L. &4k 7 J544: Nanoseedz A& 477, 7
G K ST T PR I SEFE N 60%~70%, 34K 50 nm, RSN 1, KN 3.486 * 107° mol/L. SZHE
Fi/& Thermo Fisher 2444k J5 1) 18.25 MQ * cm [FIE4K .

2.2. {43/

Ac, Wdy S48 & ANDOR A & 4277 ) SR-500i-D2 RIERMI %, TR0 T3 LERE T G K5
BES s 14 (K S 0s 2 LEICA 427~ DM2700M L5845 B, oLt A 532 nm.
H6J6UR 2 LAICA A= [H] 12/100 FLHY; CCD 5 LAICA A=) DFC295 7Y,

3. SKRERE S
3.1 HERE

AHIE 5% SR FH 33 5 H 1 S5 %U8% (Transmission Electron Microscopy, TEM)SEHIF 78 RE i I AMOW 25 K A . 3R
fIMERH T — & & E #H-1/A & (FEI) Tecnai G2 F20 A% §f Hi 1 AN 47 5256 . 2B i 7 s il & 7 —
AN TAETE 200 TR D03 B T 3 S A, RERE 3R AL = B Fe 7 SO EBEATRE S 4 BT o

ASCHRRAL T BS T BB RESE, DSBlE o R idg . (6 AR & 5t R G00) H 1 AT
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e, JADHRET RS, BRIEGURIUN LIRS M. @5 BT RCK (e B 100,000 £
MTHIEWEE, JFt— PO E] 500,000 F52EAT FEAH T o

I LT RGN SR AORE b I R S RS, K BUEREE AT e S i R R
BR TR AL, SRt TR T ARG M R R A S B BT R RS R R 79K R
FERFAL , A SO IR ERHEREAT T 3E— P BRAEAN 04T, Q03] 1 Fos )2 g oKBR AN G g R HE R O 2 1,
FEA RN T RERFEEAHH I, ARAE S AL B AR ity b 2 RE R B A B LA oK 25 ) B S ER AN 20 1L
F LA HY K0 S5 H3E A BA [13]

B2, BT BB TR TR PO E I EEE R B 1 H @) (). (ag) AN FIRLET
ZIEARER, (b)y (b2)s (ba) KT 1A, T LMRIF I A B EA T R E D G DL .

50 nm
(b, (b,) (b,)
100 nm wm 50 nm

Figure 1. TEM images of golden balls and golden cubes
B 1. SRME A% TEM Bf%

3.2. FIMRASE I RAE

B - B TR IS B (UV-Vis Absorption Spectroscopy)# Fl -5 70 Sl ISR PE . ASCfli il T — &
H AR B A 7 AR 7= (1) UV-2600i U540 - AT LIRS S ASGEEAT SE5G o iZAXHR AL £ 1 —Fh o i e IR B
A, BRRS IR AN [RIB A VG O SR B AT I B . ARSIk 1 K YE Bl 300~1100 nm
AT RS R

FE it ) S i PR AR IR BN RNV TR B AR LU R IA TR, A CRASE W 7 328 W P8 RN A 7 T i A ) o
Ko TESRIEH, (A TAFOKERENTS AL SH, FAER RN AT T RERIE,

W e il DN (1 ST 50 2 A B A P [ (6 AR . B AR . AVGRIGERE T 1 EORIEFE,
H AR A B AT IR, DA ORI 0 BdE e . SEI0 S IR FEAE 25 B IREE FadkT.

TEHAT MR RS, A SCEA R IR RER AR . SAUKRER. 9K 7 R FE I S\ R A
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i, B ARG ACRE . BT e 532 nm K AN AR E , AT T ORI, IO TR
BRI AR . N TIRRHERRI AR, T T 2 RESNE, FHECFEENRAFDEISEEEE, &RExT
Az B Origin EUEAA — A AR R 4 Bl 2(b) TR

Feie g B IR T AR T P K A RE S SRR P [14] 0 FRATILEZBINR IS I A7 B L SR B RAR, I
S5 M SARHERN O A SCHRIEAT LR AN 0 AT [15] [16]. i WIS () 7 B R FE , BRATTRE 85 3RA54 SCRE S 1Ak
SR SRR LA T ERIE (S R . B T LR & 40R AR - 5 S8 BB L e, al AR S b i
R R38R TH S B ot [17].

G JEiggE BT, ARSI B TEREE ARG N BOR T I B IR CRE T, JE Hix st
FRPE S0 H R ORERE U], S Ah - AT RO 3R gt T ot R h B MG R, Nl Mh S8 5T B8

JE 1 HEAl
~o
o/
S
H \\O
H H
1.0 | —— AlPcs
o —— AuNs
N=— =N =
/o\ // H N H S0.8} AuCube
o /S \ ¢ H 2
° Sn AN o Soef
H / / H §
H 2o g
H g 204
N\ / S
202
H H <0
o% H 0.0 1 1 1 1 1 1
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b
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Figure 2. (a) shows the molecular formula of aluminum phthalocyanine; (b) is the absorption spectrum of gold spheres, gold cubes,
and aluminum phthalocyanine

E 2 (a) NBEEMNSTR; (b) HEIk. &35, BEENRILL
3.3. RAEAISE®ES FOTD #&#l

Ptk —F o, PRk, PRSI, BT KRS, AT EER KSR, I
H.AgM 3] 50~4000 AL IX A . anl&] 3 eI PR, S8 U2 —MaEstEmiE, AMOT RS, E&f
RER e, DROARL 2 BN 2 RO R 22, Pt A2 AR AN 5] 1 il 2 082 A 00 21 3 AN B ith 42 38 =2 e
Bk, F7F O 1 2R 1 G 5 47 2 U (Surface-Enhanced Raman Scattering, SERS) & —FhREIS I i 245 5
RPEEMEA, ) Z R T2 Ak R B4 AR SERS BB A KA ke & 7 1 1k
IR B FE 558

SERS 5V 1) A% J5 35 32 BN g ) BB 588 (3% T 45 9 1A ABE 28 ) A, 2 30 5 (HL Ay A R ABE 28 ) T P A ol o
VBRI SR R 1 42 8 R T 52 BGRB8 UR 58 B 5 4 1 e A6 B AL B HLI P 7 GE L,
Jit DA AT AR R 398 5 U8 B 2 T PRV ARSI 23 = AR B2 B (0 L6, 4 B 4RI 9 55 85 1 Re UK B v 1Y)
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Figure 3. (a) shows the scattering energy level diagram; (b) is a schematic diagram of AlPcs-AuCube and AlPcs-AuNs
coupling compounds
& 3. (a) FEasTaeRE; (b) J9 AlPcs-AuCube F1 AlPcs-AuNs {BEx4R~ =

¢, MSEBIHEIGIEG, AR, 48RRI BRI, 5 EY A2 5 E 5 1R
[18] [19]. HhZ=HRENLHIN N, FE RN B4 00 2 [AIAFAE s e, B2 BT IR PR 7ERDRE R T (1 5 711
WAk 2R AR 17 51 S G 7 B 5 5 o . AN SERS IS SRATLA 2 — b 4 AR B 43 22 T 1) L A
IIRERIT « o0 TR B B & @ SRR TN, TR T HT I AT R MR S (B R R S R & a2 1
BT AT R B R TR R), FEREE FTHOR SWIER T H iR lig . T IES B AR B R AT
ILPRERIT, ML 190+ BA SlAeEe, (24 7 SERS ®(N[20]. £ H FixtT- SERS HLEE 1B 7T iL 2
RZ T I NIRIEA FR ISR RIS BANF], ASCHI4 T — &%) SERS R, @i 4%
SN Z AT FIR THAB M 7 T I, SCBL T = nT i PR /3R T« 7ESE58H, {1 T 532 nm 10 s
EAERORR, UL AT SN AR TE SERS R o 195 180 5 152 B D08 1 B (R A3 [ 1 D) LASRAS =
J B TSR . AR SCIESR T 2 IREE RIS, s e AR e Wi (R BUICE A SR IR R A
SERS M§5mf 2 ik &t , il 3 in. SERS MYsmALR A0 7 HEEKE 1 FL 245 59 . £ SERS
LR 4SO P20 ik o B R A0S SR, 5N YR B IRALERECE AL, (EhE e
BT BFEMIRR, XZRN SERS BK &gkl re A Hlg, 7F FDTD IS FafLLEMR S|, %
T L33 5 2 A ARG I 23 7 AR P B 2 B L e 3 i, X 2 SERS B s 1 R B . AF QKX SERS
BRI 2] TR SRR, B TR, S9PKBREEERENE 1S SR e, TS 9K At
FRPAH M) SERS M HRIR KFLNE Bl T &40KER, 1Ry A RIS I S ARk E ) e e A —
Ffo

NGRS TR 1Y) SERS S AU kT 48Kk, AW T FDTD (Finite-Difference Time-Domain)
TPEAT AT B, DSR2 e 8 S5 M B & B REAT v FDTD & —F) 32 B B SR fF 7
e, I B HAL S IR RIS, K FRESA ) Maxwell J5 FEALEEAL 22 03X, S5 R A A a5 3k 5 3208k 4T
BUERMR[21] [22]-

FDTD J7iE3ET Maxwell 724, G145 #1171 Faraday SEAE. W7 Ampere & HERT HEREIRR R G 4
XL T PRI T A R 76 25 (R RIS R) b s A R0 o S8 I 2 (AL HEAT XA AL, o 2 TR B At A /N 1Y)
WRFREATG, FEXTIFRIEAT BRI, KR ) 2 B BB (2D K, BT AR RRAN I )25 P TH 5 L 3 RO
W EEAR[23] [24]-

£ FDTD #E4ir, 856 ST B X JURTTIR A S 26 o BT B AR BRI G 9K 3277 7R 1 R
SPEBEIRR, AN R N RI s, FRATTHE PR S AR A RHSE S ELAR 100 nm 72 A5 X,
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SR AR AP X IR B 0.2 um * 0.2 pm * 1.6 pm R/NRISLIT RS R, AR DX Ssia 7 e 1B 52 ) RS o 2l
i, B RITEE ARSI R PR G 9OR R AR X IR R, 5 A
A RTT RT3 IR B AR AR AR . 28 =20 1 B DX B EL A R K 532 nm (ARG IRAE S0k
MELETT, BRESHG 0.6 pm, BJE RGP IS IS AT IX AL, AR RE A, E
I TSR (B 0 A, DT SO A A AT U S BRI T AR o 500N RIS TR) 25K A 5 e (1 22 [R] 7 7
A UASR O AE R SR, (BN R R AT (8] [25] [26]. 488, R RE RS EEANI 2
121K mash, 33 EHEERWE 4 Fi. 2T 0~1 1 bar, 7] LAE G 9KIRFI G 9K 5277 14 [
(KIS I AT GG KRS T R A R AE SO L IRUN T R DL AR S ) FE RS RN, T < KBRS N B
TR, FEBLALSS RN T AE SERS MY Ah, AR R ESE T a9k Ek, HOTHAGR 552
MAFEER 2

1300 —
(=)
(a) —— AlPcs (b) o = — AlPcs
1200 | —— AlPcs-AuNs
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< 3
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Figure 4. (a) shows the Raman spectra of aluminum phthalocyanine, (b) shows the Raman spectra of two gold materials
combined with aluminum phthalocyanine, and (c) shows the simulation results of gold spheres and gold cubes

E 4. (a) BMERNE, (b) AMMEMBIGERBESHRE, () SHKMEILHFNNELER

4. Z5ig

LA LIRS KA, ATLASHi 4518 SERS 3R BORRE B 218 mhL 26 (015 5 R B REUE,
RIS 73 B AN A B2 1 o I TR JF EARSEIG I — UG E T SERS JRERHER (9 IERATE,
X T B PR EREL S 5 SR LT IR R T B, I YR 7 A 1 HL S 0 R, 7 2 55 OB iR o
SERS j& — Ml K #7715 5 1 T H, SERS fEAEMIEE . MBI AU B A R AR T AT 5. ARk
Bk 77 A R] DAL EEE — A SERS R % T i MR a5 it BBy SERS ZCRANN )
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ZRE. BBECEE N —FEZE AN T, ERAREAE TN AT DUR &z ok
PERRAIS AT 56 (1) JBER . SaRGE B A RIFRCEBIER, RERIRIAT W SR 44, FHFERIOE
T RIS, TR B ER 1 B SRR IR © e 7263 1Ry 7 (PDT) H R R80T, it 574 HAF
FSRAFEREANMI[27] [28] (2) IetEi: HEBKE & A BRI ZOLMER, JHBA nT R 5O0 Kk ik
K, ATUUH TSRS TTTH[29]. (3) ST #fF: BB v LLAE S T 288 AR OCEEARL, B anfa AL
e A% (OLED). A HUKPFHAEHHL(OPV) A HLIAHRN AT (OFET) S . & ARRIR 45 M AT i PE BB A
FHERTR A AR X Se 2R R R I AL S O B, A SR Dl e e . KRR RIS, A BT R s It s AT
AR T2 (4) MRS BT HERERA RGBT, E 7R 2 U8R A 78 £ 1) S H AT
0 W PUBIRIT: MEROBEIGIIHE 6 71iaIT . JeiayTs Jeeisk: HFKAHE. FHLE RS,
ARG T ARG R G . B2, BRI RS GeR B 45 A AT LB T B AR R
MG 2E It B B F A3, R AR IR AR R A B, SRy T ROR, DLARER BB AL B . i
NG A R A S5 U R I RN S FH B A T B B VA0 T

&E 3k
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