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KIEBR-RUWKEE SERSERNHI &R
Z 18 6G By B 3%

&R HEE, TART A

2L ELE, ALH, #EF?

(1.4 T k5 $ A RS, T &L 063210;
2.4 Tk MEAFE TSR, T EL 063210)

W E: T 6GaREAMNE R LA RGN ZHE, A% 3 SERS KK 695 3% B F M m 42 & 4]
RHE, % T KRR SERS Rk, RAA PR EA L35 TR R AT A, IR E PSR F2
R4 ab.c AR P SHRELMAIEdZHT LY RBEGTI, FRRELEMEANK, FHEL
SERS ¥ 3% B -F ., FG ) A oA 55 AR 6 &2 KR, FFIR R B R A BAT AL IR =41 Fe AgNO; #93K
JE B b st R 2 M AR M AR 09 % v, AT ] B i 5 2R A A SR AR AL Y S R A 1 0 R A R4/ RALAR R I AR
Jeo BB RAATF I 6GROG) #ATR ZAM, WA Z AR F I BRARABRA LML, RFRER
FO, B E 2V, AR ER Z4h 5 AgNO; iR E Bt % 10 1 (2 mmol/L @ 2 mmol/L) &, 13 3] 45 K
7% TiN-Ag 5.4 SERS AR5 A Ay AW A w4, 24 FA2Z ARG ERE T Tk

10", 5+ F 90 6G 694 IR Ti5 10 "° mol/L., %%

ow AE AR A 6 R A M PR AR R 3AE
KR AEgRE S g, KEALZH;
FESES: 0657.37 WEFRERS: A

0 35l
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FHI, FEAE 308 09 XU, B A5 AR B 35 v
B T HAN AR, & OrEarD, B AERE N T9
21, BEZ . B an ARy I, R AT O A TR A
H RN 2 PR Y 75 12 3 2O S RO 5P W)
AR -ER IR B vk D A5 (X SE )7 B A AR A A
BB, AR SR D, B — Rl R A
W R6G HYHT I ARG W2

22 HE5E A2 HU ST (Surfaced-enhanced Raman sca-
ttering, SERS) REAN b 3 st ML 62 8 (4. 4. 4) &
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2 RAE R R R R BUE B AR, T AR

M F AU 6G

15 R 5, DA 3 i Al i) R AU . A7 22
FOET d R GET (PCF)P 5 SERS H7 A5 & #4748 I
e, e HAF SR 7 X R, PR
SERS F AR R6G, 1l v iR A& Ge e A 1 Jm BRI, 2
R DU P B

WFFE R IR, AR AR IR AT 3R L 3R H R R
P AR RO B AR ) SERS 3 i HAT K B BF
FEM{H. Huang 58 A7 il 48 125 RINIIE TR 4
YOKIWURL, X R6G HEATARN, A IFR 294 3%10™ mol/L,
XA ML AR 245 1 A U B >4 1%107° mol/L.,

SCHUXE R AE R FE I A 1 BB DL K R6G 1Y Fe AIK A 1
By I AT ot et B P R A BROTEE X K A Y
FENRHEAT O B, SR 5 R B AR DB il 2 — Aok
TEHUAR/ R ALERE A SERS FLJKIFXT R6G S TH 24

EETE A0 &0 200 B SR R 5 S5 H (Z2D2015016): WAL A ZE T RFER ARIZEH H (ZD2021332): 40 T K243

F4I0H (SP201502)

EEE T BER, 5, 202, Wid:, FENFOCTRAOCLHEIr I .

BIEE: SRR, &, BUR, 0L, TENFOCLHELROr HRATITE.
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1 SEIR[HEIE

1.1 SERS Fi#

S TH] 4 5 7 2 B = 20 40 S B Fleischmann
A5 N OV A ABORE i 41 PR I 9 T ARG 00 M W 3 S e )
IR S (55 2o G ik, K 1 SR AR AR 1 fin 2 i AR
BIe S . MRS T RZ EE SR, Wik 7%
T AR R AR AT 5 15 A ME— B A TR R R 3R
TE Bk E 4345 0% 308 7 2 5 T L 8 5 10 56 B T LA 2
B 10°~10°£% . PRIk, K 3 A ML B B¢ 4 J 36 i iz 2
BERAT S M BLG E SCN R TS SR B WO, B,
SERS (%) 35 9 HL B 3= B PR ol 4 3L i R Ak 22 1
SR REURE 19 43 B R T IO BRI, QSRR IO i AR
AN 4 R AR TE A R AR SR - BOF H ok
ARG, X Ah AR I G oo (i 465 s 3 i 1) L 7
ERE NI I W e R ey R TR Y/ N UE DA X ERE AR
B 2 385, 1 IR FR Ol R TH 45 B 1 LR (SPR), X A
B R AL T BERG O Al B 9 A SR R IR
55 WEIN Wy o 2 1) ke A s SR, TR A 1 SR AN
£ SERS 1Y B HIF 57 v B 49y 31484 i AL B AL o 4%
SEMLIR A ST AFAE Y, BFFE N BUAR I PO A AL HE 44
AR PERT, 256 SEBRg oL, BUR R, 25 LT
£ A 1999 4F, KKNEIPP! £54 2 1 H i 14
SRANALAE IR, 415 ) SERS SR EE YT

Isers(v,) = N TOD)IAGOPIAs) oy, (1

K. NACFRTE SERS R i F2 i p7 A= 19 4> F 2 H
A(vy) F A(vs) FRRTE R RE IGO0, W6
HrFE s oG N 3 R N 15 0F s RONTEALFY
SRAGIE LT, W2 AP S 3 R B R
1.2 BRTE

A BRI TT kX T HA 7 32 9 e KR R
SE R 3 S — 2 ] R 138, B A RO, AT AT A
VP s R AU 1 J LD IR, BO7E S8R ) 28 5 A
(PR 0715 50 B A (E Z R A 21 OC R, R BEAG
BCA—AA BRIC . %5 2 0 HA A S G BT
B L RIELL, 8w R 2T, DU R B
F18) e ) ARLEL, L Rl ok i o e 94 I 2k e i M AT
R WP ER A TR TR . T AU A IRIT Ry S
AJ5 R, W TA RIT A+ X5

fg[i(VxW,.)-(VxE)—kgg,m-E]dg -
M
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130 FE s =g ARG T2 585 &, = /ey HARRT A
LB 50 ko'=w’ue A H 2 T8 H B IEEL Zo=o (uo/e)
FAAE BT
1.3 BiZERRE

HL T BURTE KA TR AR KU R B AR R &R v,
HE LT A HLAR I, PR e A= S Ak B 0L R A 4 2 i
J SO 3t AR, R 2R o 4 s B A B AR A 9 A i
B BOE A, HUTRRTFE B im ™,

HL A 2 DURR 3 3 Ak 2 7 s s IR T 0 3805 VA Y
PR BR T, HAT 25 5 B | Tl 4 i ) R0 AT 45 DT AR A
W RN F I

FH T SC T 8 R AR AN IEORE, T 4B AR T ik
M JE, PRI FH R A A ORI R A TAR A K IOR (4 1 45

2 SLIGES

21 BERGE

R T 4 B = A SERS BL R, B 9T LIS 45
o L AR S SR R L B SRR A sE Y, e R
RUAAET, 2T BR o0 06 56 1 388 5 5O 47 0
B e FORAE AR G Kok 1, 3 1 9 77 Horp BR 2
1 r KIEAETE a. b, ¢ LR ODER S TEREEE d 5545
IS4, 195 SERS {5 5 RN S M i 241000,
2.2 (LSRN F

SR HIHOGH 20615 (X (DXR). 3 & SHA 4
T W4T (S-4800), JC/K L FE (AR). N,N- 35 I ik
fiz (AR). PUGALER (AR). VK (AR), & FHHH 6G(95%).
FEEEIR =N (AR). FHIRER (AR). &/ (99.99%). AS
(99.99%).
2.3 SERS EJE#I&
23.1 #RAALFE L TIN H %

B 10 mLTiCl, A1 110 mL JE/K Z B, IRA 15 %]
SALEK 2T W . B 6 mL PO b Bk 2 T v AR v
A 1gPVP, 2.5 mLN,N-—_F L F L AT 10 mL o7k 2,
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figt, 153 TiO, Bidk IR W . H & XS I HLAE A e 3L I TS B N A A5 K, A 2(a). 2(b) P o

B b UEAT B RE, B B 3500 rpm., B[] 3K B R
20 s, BEREZEREHCE T 80 °C LT 24 h, Z 5
FiBE 2 600 °C, {51 30 min, 53] TiO, W, K 4
A E Kb /A, B E TR R 5 °C/min, SR B
6] 2 h, FZEEEEF 1000 °C. W6 A 800 mL/min
F1 400 mL/min () NH;, e 245 2 B AL skH R
232 ARHMRFALGH S

R AR SURL A ) £, R TR R B4R SR 3k S 500, hn
7 1Y) AgNO; I T 2 Wh 19 5 PRI — 7 £ 1
FERERENVE T, BiFE 1 h 5, TE R 9 oK ks . i ik
5 AgNO; 5 FF R I L LL, A5 AS [FE 28 i 4R 40
233 KRILA4R/RALAK (TIN-Ag) £ 4 SERS H & 44

K FH H AR 2 DR L, LA TN 8 AR R T 7 A
Pt Jy R X B, B TARR A e 85, fE L
KAV 2V RV ENTR, 45 A TR, DR
B8] 5 min, 7 PUFR S o5 HUE, #E 25 S B AR BT, il
BARFIE S KK AER! TIN-Ag & A 45 SERS AR,
Xif e 5 FRAR AL B 1230 B A5 A A SERS FE MY,
24 FI2R

WOk B k7 10°~107" mol/L 1 R6G # i & 43 1l i
T E K A6 7 TiN-Ag & A SERS 2 i€ I, H &= T
FHBOEHL IS SO kAT hr 0, RO
Bl IS E WK 633 nm, BLUMAA] 10 s,

3 GRS

3.1 KA SERS BERFE

WAt TORAERVR G TORAE M5 T 1R IR, %
T A 1 FrR . BRARMEOL T, 35T A R IT X
FEIR VAT B, FLHS hr B 1A PR 7] R i,

4
E (rw)

Einc(w)
K B, WHER S ISR Eoen AT ISR

3 A S (P EREAR e KR IE AR
Ma. b, c LKA ER S EIFRIEE d) 193] SERS {55
$8 5 SN B A I Bt S B

IR a. b, c SHLERFLE r A
ARG ER 5 AE R 1] d Xt SERS U (4 5 1)
SRIGAR TR K AL AL IS a. b, ¢ 5O BR 5 48 3 ) PR
d RS, BRGE UL ER AR - %) SERS A% B9 5 . il

G(r,w) =

3

H P 2(a), 2(b) AT 45, 24 A6 B @=0.14 nm,
OERER =3 nm B}, 35 N T E

HRAFF D BREAR ) TR d AR, FRITK
TEAEMESH @, b, ¢ XF SERS RN A 520, 3 3k 115 4l

(b)
Bl 1 (a) ZHEARAESEH; (b) = HEAIRAESS
Fig.l (a) Two-dimensional rice flower configuration; (b) Three-

dimensional rice flower configuration

logG
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r/nm
[ 2 (a) HESRH TRAMIER o 1221 (b) SESR T RETFL DR AR r IR IE
Fig.2 (a) Variation of the enhancement factor with the spacing d;
(b) Variation of the enhancement factor with the radius of the

central sphere »
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3 B BEAR AL AE T2 A B9 3G 5 7. 4n[&] 3(a). 3(b). a=36.8 nm, b=8.9 nm. ¢=9.6 nm I, B8 K T 5 .
3(c) flim o 25 LT, ORI L SECR d=0.14 nm., =3 nm,
a=36.8 nm. »b=8.9 nm. ¢=9.6 nm, i i B 5 BT A
T B 0 K ORE i 37 43 A B LI 40 B 5 (3) TR,
3 385 [N 7 0T DL E] 15 A F0RE 2, e B 4
AL Wk B B U SERS {5 51 ik R

14 |

i & 3(a). 3(b). 3(c) FI 15, YK AL 48 MGl KN

logG

(@)
12—

30 32 34 36 38 40 42 44 46 48 50 52 54

Rice flower petal axis a

A 4 KA TSR A ISUR L 1553 15 Pl
Fig.4 Electric field distribution of rice flower type silver nanoparticles
3.2 TiN-Ag IR R BEXE R EMm

KERTEHL RN K AE B TiN-Ag & 4 SERS KL JiE 4%
Fa 045 00, PR e DRSS () 5 0B v B RS, R T 0L

FRHESMIN 1 V. 2 V 13V, HlE = FORRISS LI

K 5(a)~5(c) M HIHEHE R 1V, 2V I 3V &4
2T o F TiN-Ag & & SERS JLJE /) SEM &,

14 |

logG

2 4 6

8 10
Rice flower petal axis b
15
14
O
g
—_— 13 L
12 ¢
(©)
11
0 5

10 15
Rice flower petal axis ¢

Pl 3 (a) 3950 LT BEOK AL AR RN o (972845 (b) 3855 L7 BEOK AEAE
i b BB (o) BRI T REK AR AN ¢ 1Al
Fig.3 (a) Variation of enhancement factor with rice flower petal axis a;

(b) Variation of enhancement factor with rice flower petal axis b;

(c) Variation of enhancement factor with rice flower petal axis ¢
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# 5 FESEM K., @) 1V;(b)2V;(c)3V

Fig.5 SEM image of the substrate. (a) 1 V;(b)2V; (c)3 V

WntEl 5(c) iz, AL 3 VI, B 44 K UKL 4]

1 um, WNE 5(0b) Fros, MUTEBHEE R 2V, B 48K
KL B ALK IR I 2] 434, B4R F-14 80 nm, T HY,
FEI/INA 1V B, TR 5(a) 7R, TiN 2 1 B4R ks B
AR T AR, RIRIR, RiAR 2 30 nm. M HL R
2V IRF, TiN 2 T Y AR MURL T IR 5 AR A B 4 00T
M, 7E 1 TiN-Ag & 4 SERS ik iy # i, Ui
HLEERE 2 V.

[ 6 A SERS {5 535K XRD &, & 6 %, 24
P50 36.9°H1 42.9°mF, 4351t 3L T B A NaCl 24 i
U0 ST 7 45 R TIN(LLL), (210) & 1 B AT G010 2491
UL E R 1V B, AT 55/ R 38.2°, 64.6° 5% 77.4°43 J
S AR AR T B (111), (220) 1 (311) F4 1, X 2 1A
T Ag Fl TIN PRI AR LA, AR GKIB0R 2 DTRRTE

RN — %k —F B AE TIN Fim, BRI KA R TiN 4K FES)
(111) = * TiN 1) a = TiN
(2:)0) AAg (111) 4 A Ag
a1, = Ti,N = Ti,N
*Ti e Ti
(103) *
= (111 % o
k| £
() ‘ ‘ ‘ ‘ ‘ ‘
30 40 50 60 70 80 30 40 50 60 70 80
26/(°) 20/(°)
103) T A A
= Ti,N
*Ti
111y
2
g (101) (210)
(111)A (200) =
10y @1 (220)
L, ,(200) (220) 311
A "1 00w X ( *)(31})
LTI N
(0) . .
30 40 50 60 70 80
20/(°)
% 6 XRD &l
Fig.6 XRD map

202303675



i E ok A2

%28

www.irla.cn % 53 %

33 IS AgNO, iR E B tL E X} TiN-Ag &
I 545 19 %2 T
TRFFTURURHE] S T 2 V AR, 2 B H] AgNO,
PR R = 8M ¥k LM 1: 1 (1 mmol/L : 1 mmol/L,

(2) 1:1(1 mM:1 mM)

-l'* n

2mmol/L : 2mmol/L), 1:2 (1 mmol/L : 2 mmol/L,
0.5mmol/L : 1mmol/)y LLL & 1:4 (0.5mmol/L :

2 mmol/L) TR, 15 2K A E & MR /AL sk 2 &
SERS FEJiE, X H AT SEM M, 25584151 7 B

& 7 ANF] AgNO; SHFPIETR = 8MVR B LUAE ] % TiN-Ag & A FEIERY SEM

Fig.7 SEM images of TiN-Ag composite substrates prepared by different concentration ratios of AgNOj to trisodium citrate

4 AgNO;: FPERR =8 BE LA 1 0 1 (1 mmol/L -
1 mmol/L, 2 mmol/L : 2 mmol/L) B, 48 44 K ks & Bk
R ERLAR BN, $95] 0 i 4 TIN R 00 . 55 B3
AgNO; 5 F IR = 1 % (2 mmol/L : 2 mmol/L), £
YR URLECR W B30 2, A A B NRBE I A . 2
AgNO;: 7 45 R = B W Lk o4 102 (1 mmol/L :
2 mmol/L, 0.5 mmol/L : 1 mmol/L) i, 44 K 42 i ks %%
w0, W R AR AT IS 250 nm, JER AN — o Y
AgNOy: FFIE R — W BE L 1 : 4 (0.5 mmol/L :
2 mmol/L) i, FRAN KL T85> AR I G B I, HORE A%
Z4TTEA 1.5 pm, HAMEREAR AT, Sk #: AgNO; I
BEIR = #0 ¥R B ¥ R 2 mmol/L 1}, i /E TiN-Ag B &
SERS %55

i 13 R T VOB R L R AT R R — A 5 T R AR vk
JEE AR A, S TR TR 2V, R R =l S A ARAR
W WA A 1:1 (2 mmol/L : 2 mmol/L) i i 15 Ay
TiN-Ag 545 SERS FEJIT (1 4544 Ry K AL AR G4 K ks, B

Yy PR AR ADE S il . SERS R IE 4 SEM
REERANE 8 Fron . PRI, 2 FH I 21 F il 45 i) BE e
PEATHL S A

P 8 KAERIELNE SEM [4]
Fig.8 SEM image of rice flower type substrate

34 HREEMEEE

N TR KAER TiN-Ag & 4 SERS i (1 1 551
ROR, 48 R6G AE NP2 TRET 731, F ] 48 19 K A Y
TiN-Ag & £ SERS FEE 53 HIAEH B4 107°~107" mol/L
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1 R6G V& T 2 9 5 min, =905 BUH B, B0
&SGR A TR S A, 153 h 2 5 5 EiEanE 9
Fon o 383 X5 3 i SERS {55 Bl 3G 4T 0 B b 3

—R6G10™
—R6G1071

R6G10™"
—R6G1072
R6G10°"

Intensity/arb. units

1800 1600 1400 1200 1000 800 600
Raman shift/cm™!

9 AR R6G WLHITEAK LR TiN-Ag FEIE SERS &7
Fig.9 SERS patterns of different concentrations of R6G adsorbed on

rice flower type TiN-Ag substrates

i & 9 ml LA H, R6G Y 45 1iF % £ 628 cm ™',
780cm™. 1180 cm™. 1360 cm™, 1505 cm™, 1577 cm™
1650 cm™ 2R8I, 527 SCHR [20] HHRIE 1Y
R6G FHFIEARRT, Hor, 628 cm ™, 780 cm™ #1180 cm™
Ab U6 SR ROG S 44 U (Y THI PN | T 125l AT C-C 4k
() Fr i 3R B 0 5 1360 em™, 1505cm™, 1577 cm’™
1650 cm™! Kb (14 A R6G ZE3F | C-C A 45 1R 5
WP, T SERS JEIEAYRHIEIETE 628 cm™' 1780 cm™!
AAFFAE T, PRI e 1180~1650 em ™' i Bl A 4 E I
%F R6G #EAT43HT, L 1650 em™ 4k} 45, 1% SERS LK
FEVR B Ry 1077 mol/L B {7 fig WL ¢ 2 R6G A I {E, I
WK AE R TiN-Ag & 4 SERS £iEXF R6G B Hi BR AE
L% 107" mol/L,

i 35 5 BT A R AT L, SO RIS B R
AP, X LS5 RNk 1 PR .

# 1 SERS EKERELL B

Tab.1 SERS substrate performance comparison

SERS method SERS probe ~ LOD/mol-L™ Ref.

Au/Ag NPs R6G 107 [22]

Ag NPs R6G 10°® [23]

Au NPs R6G 107 [14]

Au FBG/Au NPs R6G 10° [24]
Rice flower Ag-TiN R6G 107" This work

3.5 FREMRENK

T W UE K AE B! TiN-Ag & 4 SERS JEJiE #: fiE,
PR CE = K5, MR 107 /9 R6G = il
5 min, B 5 X HAATRLS A S0, SRR S
3k, e 10 Frs o

12000 |
10000 |

S 8000 |

£

S 6000 |

g

E 4000 f
2000 /) L

0 C 1 1 1 1 1 1

1800 1600 1400 1200 1000 800 600
Raman shift/cm™

10 & 55

Fig.10 Raman signal mapping

A 10 AT, ROG 47 AF W b4 SR 18 5 AR 5 51 i)
{55, UL KRAERY TiN-Ag &4 SERS L A RE M.

4 & it

SCHR I I A R OT I B A B K A R 6 R
JEAEAR TR L BREAR | ORAEAEIN DL K otk S A0
) 4% 1F T 0 S A8 Ak, 15 31K A6 R /410 R g
TR I HE R SR K o0 10, il % K AE B TiN-Ag B
4 SERS JLJiK, A H AL 2# DT R, 30 3 X L S, 2
DUREE R 2V, PR =415 AgNO, HJE Lt A
1:1(2mmol/L : 2 mmol/L) i, 15 % A K £ TiN-Ag
4 SERS FLJiK 5 07 BURBE Y A iR 3 0, HLRR e 1k
588, X R6G 114 Fe fEAG I 3¢ 24 107" mol/L.
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Study on SERS substrate preparation of rice flower type

silver/titanium nitride thin films and detection of Rhodamine 6G

Di Zhigang', Gao Jianxin', Jia Chunrong'’, Zhou Hao', Li Jinxin', Liu Huaju', Wei Hengyong’

(1. College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China;
2. College of Materials Science and Engineering, North China University of Science and Technology, Tangshan 063210, China)

Abstract:

Objective Rhodamine 6G (R6G), also known as Rose Red 6G, is a fluorescent dye with water solubility and is
often used in optics, laser optics, dyes and other fields. It is very toxic to humans, and there is a risk of cancer
from long-term exposure or use of rhodamine, so it is included in illegal additives. However, due to its low price
and good coloring properties, it is often used by unscrupulous businessmen in textiles, medicine, food, etc. The
current methods for detecting rhodamine are mainly high performance liquid chromatography and liquid
chromatography-tandem mass spectrometry. However, the operation process is tedious and the cost is high.
Therefore, it is necessary to design a new method for the rapid detection of thodamine 6G.

Methods The performance of the substrate and the minimum detection limit of rhodamine 6G were
investigated. The finite element method was used to simulate the milky substrate, and a milky silver/titanium
nitride composite SERS substrate was designed and Raman detected for rhodamine 6G using electrochemical
deposition method.

Results and Discussions  In order to obtain the SERS enhancement effect of silver nanosubstrates with
different morphological rice flower type structures and thus optimize the SERS substrate design, the electric field
intensity simulation experiments were performed by the finite element method to simulate the changes of field
intensity under different central sphere radius r, rice flower petal axes a, b, ¢, and central sphere and petal spacing
d. The SERS enhancement factor was calculated. Subsequently, the substrates were prepared by electrochemical
deposition and the effects of voltage value and the concentration ratios of trisodium citrate and AgNO; on the
substrate structure and properties were investigated, so as to prepare the rice flower type silver/titanium nitride
thin film substrate with the closest morphology to the idealized physical model. It was then used for trace
detection of rthodamine 6G (R6G) to investigate the Raman enhancement effect of this substrate as well as its
stability. The experimental results show that the obtained rice flower type TiN-Ag composite SERS substrate is
closest to the idealized model simulation morphology when the deposition voltage is 2 V and the concentration
ratio of trisodium citrate to AgNO; is 1 ¢ 1. The optimal enhancement factor of this substrate was calculated to be
10", and the detection limit of rhodamine 6G was up to 10™"* mol/L.

Conclusions Based on the finite element method simulation, the field strength of the rice flower structure
substrate was compared under the conditions of different radius of the central sphere, rice flower petal axis and
spacing between the central sphere and petal, and the best enhancement factor of the rice flower silver/titanium
nitride thin film substrate was obtained as 10". The rice flower TiN-Ag composite SERS substrate was obtained
with the closest morphology to the rationalization model simulation and the lowest detection concentration of
thodamine 6G of 10" mol/L by comparative experiments when the deposition voltage was 2 V and the
concentration ratio of AgNO; was 1 1.

Key words: surface-enhanced Raman spectroscopy;  rice flower structure;  titanium nitride film;
trace detection;  Rhodamine 6G
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