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BB R I, A AR B A 208 55 B 1 R L3R (surface
plasmon resonance, SPRYZ , H 3 HL4& S 5. #Uka & fifk
RV AP R AE YA PR AF SF R, BAG 1E R SERS J
JE W B 150 . Wei 7R A AR R ALk 4 T TiN
W, g LHCTE 500 nm B30T HH 30K THD 46 B 7 (R S R i e
TiN X 2 FF ] 6G HE s P 1~ 1.06 X 10, 4 th FR 3K
10 " mol « L', Ak S H4&E 4 A A5 H MG g HmIE
AT A B E K SERS 2. Ha, Guler 5 % 3 TiN A
A5 Au ML TERE, # 90K EF 28 TIN HE AT Au
A )G BB A B2 SR AL R . Ban N HESE TIN 5 Ag
YPIKIRZ A AE 2 Fh R 1 5 8 7 IR LR B, IF R %
SERS 5 Ji% 55 2K 14 Jay #8 B 1% 3 R0, 3 4o 4 R0 AL 2= BL ] P
[E/E FHAR T T SERS i 1 . SEBL T X4 1 5% fUE e 2
P A

ALIEHAAREE S 548 4 WAPKBRE S, F
JHH AL 2= PURR 7 B 7E TN S [ 22 100 TR 42 9 oK Bk, 75 5
TiN-Au W, AR o 4R I 3 A0 %l TiN-Au-Ag 4
SERS i P 5% » TR A HAR 2% ) 40 2 1 37 A 184 5 2500

ISR

L1 XA 5N

WS ARER CTICL) R ek IR . 10 B L RTHhr Tl M N,
N- % H L HE Bk e (DME) B 55, I 13t TR T 3500 ) 5 36
LML BEER (PVP, 43 FHE 2l 130 X 10") B B 0 J (1
TR A RA R SREE; oK ZBE R el TE REHME
Kianfb T0F 98 s A4 MR AR CAgNO ). #7 4 R =
(Na;CsHs O; « 2H, O), S48 WK A ¥ (HAuCL - 4H,0)
R — 8 (KH, PO 43, W A 254 B R
A BRA T 5 AT99. 99 %6) FAR (99, 99 %6) I [ JF 1L T b
KT 3SR AL s R (Co Hs NOD Jg A ki), W9 [ 1 i
FWAYRBEARAR ZRE SR WA M,

1.2 HmE&E
1.2.1 SERS % &4 %

TiN M H & . B 6 mL P ALEk Z BV M. Ao
JKZ B 10 mL, PVP 1 g, DMF 2.5 mL T 58 th 4 15 v i
B3 TiO, BTIRAEH . R A BALAE 1 em>X 1 em 1Y A7 3 A
Fr R, R E R 3500 r e min ', BYECN 20 s, ARG
BEF 80 C T m# 24 h, & F 600 CF Hi4E 30 min, £3 |
TiO, &, 4 TiO, BEHA 1000 CH =y 4R 2 h, FHE#
Y5 °C «min ', A 800 mL + min 'y NH,. %] TiN
WA

Au I TiN-Au 3 B A9 4. 78 20 mL ZE 48K o A
0.007 1 g EA4&HR, 0.195 6 g BERR — A4, fideim. MM E
TR R VR R AL L K TTO B 38 A0 9T 4 19 TIN R
TAEHLAR . Pt F Xt ddl, PORLHL R 10 V., I [E] 5 5 min,
A E] Au FERE AN TIN-Au HiRE .

FR A e A FREUASPRAR 0. 018 g, ¥ T 100 mL X & F
K TR R R A, RV R S S . B A
0.03 mol « L' 10 mL MAr R HH . KB 1 hJ5 . il 445 2 8
SRR, O .

1.2.2  #% 0 7E % & H

JHR VA W LR« JBOHE R 0.0123 ¢ T 10 mL E8 7K,
A5 min A, 52 1077 mol « LT AYIE W . R ] 10 {5 Fi
BEY J7 5 ) 4 W YL LA 102 ~10° mol « L1 i 1 iR ¥
i

S DAL . B R g R B T AR, A
FIFE 10 mL, # A 20 min J§, 76 5 000 r » min ' & F & O
5 min Bt FiE W .

g W i IR AV L] . B 10 mL g B i BT W
A 0.012 3 g MHAR . 152 MHRRHRE Jy 107 mol » L' LR
WEBTIR AV W . 2Bl S bV VIR IR T e R B A
W. 10 %, 10 °, 10 *F 10 ° mol =« L',

1.2.3 SERS 1z 5 #m

s RS R SR I 1 1 RRULIR A
P F AP . TIN K& TiIN-Au 2§ b, BT, MK
WA N 633 nm, WA DIR N 5 mW, REREY 10 s, PbE
110X, #47 SERS £l ,

1.3 Wik 5R1E

KA H A2 X 24k D/MAX 2500PC # X 4 26 417 5
ASC 53 A e 1 R G 1 AR AL s SR A AR H S22 W] S-4800 Y
3 6 S 451 A VL SR AR UL A 5 T AR O AT I3 43 AT 5
K HAHF S JEM-2800F % 3% &t B F W 6 5% WL
FESLAORTE SR 3 % 35 [ PerkinElmer 4y & Lambda 7508 %
I3 66T DN E A 1 35 5 A8 (T AR 2 (R) , Fi) T i
FA)=1—T—R, F2) HR YA R % E#HE A A DXR
RURL S OGO AR L85 . WK 633 nm.,

2 #R51HE

2.1 EEHEBEAR. FMREST

B 1 4 TiN #ifE . TiN-Ag. TiN-Au fl TiN-Au-Ag $JiE
19 XRD [l . & 1 Ca) 4y 530 30T % A NaCl B O 57 7
ZEF Y TIN S (LT FTC200) 5 T A 45 A 77 569 068 . 24 4R 04 i
HAHE TiN-Au K B, Ff & XRD EE b 4 08 4 4R
111D B (200) &y 1 77 0 & A T AT . k. X AT A
W EAT 43 W LA . NP 1Cb) . AT DA 076 3804 1 op 4 31 s 3
T Ag ER 2000 L& Au @R (200) (9 R AE AT I 06, R BTE
AR AR Au, Ag K TIN =R HJEAE . 4 900k BURL A
RGN R UL [ B AEAE T OTIN S B R 58 Ah-nT I i
RS AT G RR AT, MRS RN E 1o FiR . M4
YRR TR AE S TIN JERE 1 i, TiN-Au &K 0% U6 %
FE 490 nm T BT R 0 AR T LR R g . S Ak, AR
2 85 Y R A 1% o 7 420 nim Ab H B — LR R 0%, 5 Sk
(1190 — 8. W & BUAR % e JB0RE A 4035 7F TiN-Au ¥ 5
&> TiN-Au-Ag S£JE7E 490 nm B 540 3 51 TiN A1 Au (945
AR Y, 53 AMFE 310 nm B 3T A0 3 AT VR 5 B 4R 44 K kL 1 1Y
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2(b)R W], e TIN WL B 2B ARE PR . A Ak Bk
IR T L BB A A WO, ARBURE o A R 2 R AR AT R B
G MAAT A AR 2 DU ke TIN PO &5 . i 2o
FroR . SR B ST BUR SR IE BT BRE i & 41K

Wiko, RFiAE 90 nm, #F— 7 TiN-Au F 6 B 41840 %
JEEMURL I » kB G T 6 9 T A 00 e T Sy 2 50 O I 491 K T
Hi)Z . JEEEZH 120 nm. 0E 2D iR . WE 2Ce) FE 2D
R E . T A I AR B 4 oK JBURL G L ERTE . RLAR 2 50
nm, % X #LF AT ORI TR £ A, s s gk A
Borb S AR SR BCIBE 1. 22 nm, 5 5 BER R (311D b THT AR AT
N MR EDSCRERD I H#i TP /] LU B E & MR w
srfiE Ti, Au il Ag oz, WK 2(g—D fFiw, i — 2 Bk
T XRD Mk g5, IR T 2 A B fFE AL B
5 4 VAR 40 K R

1 (a)TiN, TiN-Au, TiN-Ag & TiN-Av-Ag 8 & EE# XRD Ei%; (b)TiN-Av-Ag SEAE RS EMEE;

(¢) AN [E SERS £ i 19 £ 5h-7T I R Uiz 1%
Fig. 1

(a) XRD spectra of TiN, TiN-Au, TiN-Ag and TiN-Au-Ag composite substrate; (b) Peak fitting graph of

TiN-Au-Ag composite substrate; (c¢) Absorption spectra of different SERS substrate

B2 (a)—(d)EJK FE-SEM E; (e)—(f)$RAF KM TEM B ; (g)— (i) TiN-Au-Ag BEIRHPTHE S H E

Fig. 2

(a)—(d) FE-SEM image of substrate; (e)— (f) TEM image of Ag colloid solution;

(g)— (i) EDS image of TiN-Au-Ag composite substrate

2.2 EAEEEBESEERN S W
M f GaussViewl6. 0 B F 1155 T 40 B8 A9 BIL I8 RE 9 25 M
5.39 eV, WE 3 iR, SCHRLOTHE Au 44Kk 7 1 254 58

JER 5.55 eV, Ag 4Kk T R 2R T8 M 5. 49 eV, TiN #4
B R SRR 4.87 eV, MHLZ T, HALEk. & . W5 WK

ST Z B PUERER AL, BENTZ %5 kAR,
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B3 @K HOMO-LUMO #i& 5 /8 & #9
HOMO-LUMO [&] Bg
Fig.3 HOMO-LUMO orbital and HOMO-LUMO gap

of nicotinic acid

TG . TiN-Ag, TiN-Au & TiN-Au-Ag LK
JEE B4 oL 37 00 A S L . BRI K R 400~700 nm (6T v A
S R B BR A3 25 B 0 SR AT R, 25 R AR 4 BT
&l 4(a) ‘ﬁ@] ACb) A LB R B RV S ORL 5 TIN I 47
AIEEE . 5 T R RE . X H T AR S R
YK IBURL I &5 B AL . FRTE AR T B B S B OB B AL
B A BT B/ Ah) AT 4 (o) R R A R B
ST . I ACD AT RLE F), 76 TiN-Au M1 o %
SRR . AR IR Y R S b i B R, XPT RE R
Jo Ag GAKTURL S 7E RAE Y Au QK IBURL 22 7] K B8 KA
FER AL A TR Z B b 0 R S 3 T AR A L iR
gl X E Ml =4 RS E,
P25 S R T LGE R CEL/TE, DY 10° 072, 5308 i
T %A A RR R AT SERS HhE
2.3 E5ERMEAERRK SERS &

2.3.1 KRR &t SERS 3% & % vh
FEUREE S 107 mol » L' (1% 08 R W B 75 A [ SFRS%

L, R hu”'ﬁ%'ﬁﬁﬂlg Frs. ATLLE S, B2
P 7E 847, 1033, 1154, 1195, 1390 Al 1 590 cm lguuwm

4 EJE 2D-FDTD # 3l E
(a): 4RI s (b): TiN-Ag; (o) : TiN-Au; (d): TiN-Au-Ag
Fig. 4 2D-FDTD simulation of the substrate

(a): Ag colloid solution; (b): TiN-Ag substrate;
(¢): TiN-Au substrate; (d): TiN-Au-Ag composite substrate

Rz 0 0, 50 S A AR R 1) R AE 0 . Hrp 847 em ! [ RRAE U
B AN AERIESE, 1033 f1 1 590 em AL ES X T4
TR 45 48 T B ML BE SR AP IR AR Bl A28 1 154 cm ' WU & F 3R AT
e C—H B I4ES, 1195 em ' Ab R 8 0 IH 8 T 3R IR 30
A C—H 4930, 1 390 em ™' Xt i —COOH 3 % Fr ;.
L, BU1 033 em ™ b @ I AEAEAR AL, AN 5(b)
MR RBLUAR S B TiN-Au B & W RRAE Oy g i, MR 43
TSRS, MAE TiN RiH B HBERBERF TG, #
m R ES WA B TR, Y TIN-Au BLK F 41 R
AT JE XA ER B B A I {F S R B R i K AE, O 6 832
cps. XRH T TIN-Au-Ag 54 B R X 40 R A W] W 1Y SERS
WRRVE . X2 ONTE TiN. Au 5 Ag BoA 5 B 7 iR SL 4R i
[FIRON, T H =3 Z A A T 8 2/ SERS“ A L7, 5l
JEE 11 JR SR G 3 SR B R, R BT SR Z M 2 5 KA He
TR . IIMIESE T R HE .

B 5 (a)/BER7EFRREENK LA SERS E;

(a) SERS spectra of nicotinic acid on different substrate; (b) Histogram of nicotinic acid on different substrate

Fig. 5

2.3.2 pH&s+ SERS 3% & %

F A HCL fl NaOH ¥ 10 % mol « L™ " AER 1Y pH 184> 31
WA 1, 3,5, 7,9, 11 & 13, BWURIE pH {E B M0 ER 5 4R %
B BB S 1 IR G N A TiN-Au JLE B, R

(b) HERFE R R E K EH R E

[l pH KR T MMM B 2 F 5. WE 6 fix. IWE PR L
ERFERMERMT, Y4 pH (HZEH RN, 78 1 642 cm ' 5%
b (R PR B2 T O L SO i Tk e AT A o N T AT
ARSI s B pH (R — AP 3 K, YAk BRI b IR BRI, AR
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FIMTF 1390 em™ i B 4b COO— 3% 1 f B 2 {5 5 1 58 JiF 1%
Wi, DRI, A B pH AT L& B A R VA R Rl P RS
CIORRBIWHE D ZHEF (DB 8B, 7
BPESR B, IR L B AE S SR . XS TN 4 TR
Wt 7E 4 T i = RS O X, — R R 4 O 1 HE
B, RARF RS A R R, SRR R R
M EHES] . ARG SERS s £ M. A M+ SERS K #
T Y o AR S AR A AR AR R A AR I P AT TR

T B R i 20 SR R AR /N B & P AT HE B B R
THEAETRES. 7O, HERAEREFB T, N
FRPMTFEUHE T N HCI) B AELE: i 78 58tk 2R 58
N W EE YR T COO (DR, T4 mEm
5 EUR T Z I 0 HE R AR Y S B R 7 B PR BT b
SFSME S, I, WREN COO™ KM 1
W B 7E TiN-Au-Ag K.

B 6 (a)BEE7EAE pHETH SERS E; (b)IHEZEMME pH ZUREE;
(c)MERFERE pH fE T8 SERS H X E

(a) SERS spectra of nicotinic acid at different pH value; (b) The structure charge of nicotinic acid with variation of pH;

Fig. 6

(¢) SERS histogram of nicotinic acid at different pH value

2.3.3 JABRAFEE R SERS £ & oM

Sl TiN-Auw-Ag B 5 X5 0 B2 04 f AR A 00 ok B2 . 43 9
Bl mL ¥k BEH 1072, 107°, 107", 107°F1 10~ ° mol » L™' [
MRS 1 mL A BRI A, REHMA TiIN-Au B8 - 3517
P S, AR WE 7 Fron. B #H O R A AR,
SERS ZEJC I (1 R 43 F {5 5 58 Bt 3B T AR, Mk ol
107° mol « L71, Kz il AS 2 M R R 4E h 2 e [ 0L I 7 () ],
FENH R W B 1072 ~ 10 ° mol « L'yl [l N B, Xf1 033
em R A5 50 R R VR B SR XK. A3l A SR A A A N
BEAAR . E 7R, afLER AR E - CLEXLR,
JLE PR Y=5.0840. 63X, L R*=0.969, XM UHRR A K
Wk 107° mol « L™'B}F, KRBT 1 033 em ' v B8 4k 4 45
TERLZ A5 S9N 72 cps, Ui B ZE TiN-Au JEJIE & 048 K
Ja s MR I B ARKL D e BE R 3R %] 107° mol « L1,
2.3.4 ARMERRER PRGN TS

I D 2 T 3% T 7 2 o AR 7 P R 24 S IR R A R A
WUAR R IR MR . 8 1 mL K S RE RS 1 mL R KHE
WOR MBS )G . W% TiN-Au & 430 F, i#47 SERS #
. WE 8w, 7E 731 J 1026 em "AMHEL T IH)E T &
IR T YR )R I G W A TD R B ) 0 R 8 4 B R
WA, ERKB4E R 10 2~10 * mol - L', AT
1033 cm " Ab 7 E 08 TT B 8 2 48 TA . 2 W ORI % T 49 5
P R H AR W] LA 25 148 2 it AT e A I . 3 Ah .
8Ca) M R B, WA HTR VA B 1 A . Hi i 2 (5 5 0 B B M %
ik, MR H 107" mol « L1, 1033 em™ ' Y HRAEFL 2 15 5
VR A E] , TAE 1 026 em™ B4R YR T B T4 K B
VW05 2% B 0] 0 R 19 duc I A U MR Sl 100 mol - LY
761072 ~10"° mol « L™ ¥R EJLE N, X1 033 ecm ' &b 11 %5

W i B SROGE R, VR N AL 5 X B 2% B AR TR AR R SR W B
PR B AR, ST T I 6 R R AR R Ak B 1 ) 4
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B 7 (a)FERERER KM KA SERS E;

Fig. 7 (a) SERS spectra of diffesent concentration of nicotinic acid adsorbed on the substrate;

(b)MEER IR EXTE S 1 033 em™' AbHL £ 58 FE T 418 B9 X R # £

the logarithm of nicotinic acid concentration and logarithm of Raman intensity at 1 033 cm™'

(b) Relationship between

B8 (a)fEREMBALRIESEIRAZ DA SERS Eifk; (b)BEREMES 1033 em™ &5 8B E X EER X R L&

Fig. 8 (a) SERS spectra of different concentration of nicotinic acid in gypenoside solution; (b) Relationship between the logarithm

of nicotinic acid concentration and logarithm of Raman intensity at 1 033 cm

-1

PSS AR R B MR R, FRE My AR SERS LK. MHHER A WGIEAT R 2 I . i F TiN, Au Ml Ag
Y=4.06+0. 41X, MK RE r K 0. 942, WE 8(b)Fi/R, = R 1R) 220 45 B T AR 5 R A R B G R, DL RO
FERSALNT . 43 TiN-Au W E 41255 . 76 1 033 cm !
A2b ot A B 1 L 2 A 1 5 5 EE (B AA B 6 832 cps, IR E T
TiN-Ag, TiN-Au FURBEE K, M ER 09 s AR R I ve i oy 10°°

KA HRALFTIRL M A4 AW, Bl& T4 mol. L', 54 RIIMMRE R pH {EHFTHKMMT?
&/ BALEKE 435K, ] XRD, SEM & TEM Xt & 4 3 i T, HFbE 5T T 4R T AR M h 2 15 5 omE ,
FAER I, TiN, Aufl Ag =FP LA, H Ao F1 Ag UK ﬁt T YRS UL R R S e AR T MR B 107 mool -
Y5y oA fe TiN I Ra . P 5t &)l / AAL sk B Gy L0, RIS B T AR IR I K 1

3 45 i

References

[ 1] Lopez M, Olivares ] M, Berrios G E. Alcohol and Alcoholism, 2014, 49(1):

[ 2] SUN Liang, ZHANG Rong, WU Guo-qing, et al(f)
F4R) . 2016, 7(8): 3098.

zLoak o 2%, BREPE, %5). Journal of Food Safety & Quality (£ 524 it

[ 3] Hu Qin, Zhou Tianshu, Zhang Lan, et al. Hong L. Analytica Chimica Acta, 2001, 437(1): 123.

[ 4] HAN Li-gang(ii4LWI). Journal of Luoyang Normal University (3% BH 75 2% BE 2% 4R ), 2009, 28(2): 44.

[ 5] Barthelmes J, Pofahl G, Plieth W. Berichte der Bunsengesellschaft Fiir Physikalische Chemie, 1992, 96(8): 1055.
[ 6] Kaisar N, Huang Y T, Jou S, et al. Surface and Coatings Technology, 2018, 337 434.

HX [y

g el



2098 S 5 6 M Al %

[7] WeiHY, WuM M, Dong Z L, et al. Journal of Raman Spectroscopy, 2017, 48(4) . 578.

[ 8] Guler U, Kildishev A V, Boltasseva A, et al. Faraday Discussions, 2015, 178; 71.

[9] BanRC, YuY]J, Zhang M. Applied Materials & Interfaces, 2017, 9(15): 13564.

[10] Chen X, Liu X, Huang K. Chinese Chemical Letters, 2019, 30(3); 285.

[11] WANG Wen, TAO Xia-fang, WU Yun-yan, et al(E &, Iy, ZB R, 5. Chemical Journal of Chinese Universities (& % 22 K 4L,
24, 2019, 40(4): 667.

[12] Camden J P, Dieringer ] A, Wang Y, et al. Journal of the American Chemical Society, 2008, 130(38); 12616.

[13] CHANG Da-hu, WANG Bo, ZHANG Zhen-long, et alC# KE. £ ¥, &, %), Journal of Instrumental Analysis (43 #7 iz 2
). 2008, 27(8): 804.

[14] TAN Yun-yun, TAN Ming (B3, ## 4%). Journal of Yunyang Teachers College (il PH T i3 5 25 & Bl A 244D » 2008, (3): 37.

Preparation of Gold/Silver/Titanium Nitride Suface-Enhanced Raman
Substrate and Its Effect on Nicotinic Acid Quantitative Detection
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Abstract The surface-enhanced Raman spectroscopy technology has specific recognition of molecules and rapid non-destructive
detection capabilities, making it great potential in drug detection. In this study, drug detection research based on novel metal/
titanium nitride composite substrate as SERS active substrate was carried out. Due to the synergy between the novel metal and
titanium nitride, the composite substrate has high SERS performance, providing a drug detection method based on SERS
technology. Electrochemical deposition and self-assembly methods were used to prepare novel metal/titanium nitride composite
film. There are three kinds of phases: face-centered cubic crystal TiN, metal Au and Ag in the composite film. The electron
microscopy showed that metal Au and Ag particles with a mean particle size of 90 and 50 nm were evenly distributed on TIN
film” s surface. For this reason, the characteristic plasmon resonance absorption peaks of the novel metal gold and silver
nanoparticles and TiN thin film appeared in the ultraviolet-visible absorption spectra of the thin film. Using the composite film as
the SERS substrate, Raman detection was performed on the nicotinic acid solution. The results show that the novel metal/
titanium nitride composite film has a significant SERS effect. The logarithm of the Raman signal intensity and nicotinic acid

concentration at 1 033 cm™ !

indicated a certain linear relationship between the two, the linear correlation coefficient was 0. 969,
and the minimum detection concentration of nicotinic acid was 10~ ° mol « L', This is due to the effect of charge transfer and the
enhancement of the electromagnetic field caused by the surface plasmon resonance between the particles of TiN, Au and Ag. It
was also found that nicotinic acid was vertically adsorbed on the novel metal/titanium nitride substrate’s surface through the
COO™ group. When in an acidic environment, the protonation of nicotinic acid N atom mainly existed in cation N" H( [ ). In an
alkaline environment, it mainly existed in the form of anion COO™ ([l ). In addition, for the illegal addition of nicotinic acid in

the gypenoside solution, the lowest Raman detection concentration of the composite substrate is 10”° mol « L™', which provides

a new way for the rapid detection of illegally added drugs on site.
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