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WE BM: 23 &R REmO A BIgEs 2 ob#% (SERS) #ml k. Fik: #1& T REKREFHRIAR, IF
FAET F AT A 5 2T B BRT A 4 B AT T 2 B A5 IA, IR xRk P 69 AR SR 24T T SERS Al ; 4k
Jl BWS415-785H A% # X 45 F AR E T 42 F 038, L AR R 4 785 nm, #0278 B A 68~2 700
em ', KIESHEEN T 3em B ASEA SO MW, R A A S5s, R AL T BB AREBER T O
M FMEA 25 pg-mL™, W& 5 42 4 ¥=89.9X""(°=0.992 ), F 3 w1 i F & RSD % % 4 99.7% #= 6.2%.
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Research on the detection of ephedrine hydrochloride
using surface enhanced Raman spectroscopy

LI Shu-zhi', HAN Si—qin-gao—wa'*>", ZHANG Chen’, ZHAO Hang’, HASI Wu-li—ji’

(1. Affiliated Hospital Inner Mongolia University for the Nationalities, Tongliao 028007, China; 2. National Key Laboratory
of Science and Technology on Tunable Laser, Harbin Institute of Technology, Harbin 150080, China )

Abstract Objective: To establish a method for the surface enhanced Raman spectroscopy ( SERS ) detection of
ephedrine hydrochlorid. Methods: The active substrate of silver sol was prepared, and characterized by microscopic
morphology. The Raman peaks of ephedrine hydrochloride were assigned, and the samples in urine were respectively
detected by SERS. The Raman spectra were recorded by a portable laser Raman spectrometer BWS415-785H with a
wavelength of 785 nm. The spectrometer provided that the spectral measurement range would be 68—2 700 cm™" and spectral
resolution would be better than 3 em™". The output power was maintained 80 mW in the experiment with 5 s of integration
time. Results: The detection limit of urine of ephedrine hydrochloride was 25 wg*mL ™", and the curve equation were
Y=89.9X"7%°(17=0.992 ). The average recovery rate and its RSD were 99.7% and 6.2%), respectively. Meanwhile, the
SERS detection of the sample in urine verified the applicability of the method for detecting ephedrine hydrochloride.
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Conclusion: The method is fast, accurate,, non—destructive and easy to operate, and it lays a good foundation for

on—site rapid detection of ephedrine hydrochloride.

Keywords: surface enhanced Raman spectroscopy ( SERS ) ; controlled drugs; ephedrine hydrochloride; silver

colloid; rapid detection
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23] IR ( CeHgOg ) W TRy (s ) fb2=h
PR TRARER (NaBr ) I TR TR KA AR AT
PR GfkAh (NaCl) AL AEER (KD T PP ik TRk
ARRA ] FRCHE (CH,, ) T BT T AR
RO AT BR Al 5 Nk PR T it i A= B AR A B
oAl A, g A 182 MQ B4tiK .
1.3 A
131 RYBREKEB BRI S (R
30 mg - mlL™" ) dE R, R B FOKACHIREE R 1 mg - mL™!
(AR IE ATV 5 25 8 /K bR /K V8 L, T i 5t
R 50514 500,400,300, 250, 125,100, 50,25, 10
pg - ml™ ARSI R AR KA
132 ZEX HEEFARIERZ PR,
133 ARUESRAE 2% Han 251" 4 SR TAL 317
21307 R 1 mg - mL™ BARAKIARCE T 1.5
mL B0 A T, PN G bR T S v 43 R 500,
300,250, 125.,100,50,25 fl 10 pg-mL™" [ & 51 bx
THEPRFE A SR Ab A AR A TR 5 VR A A, 5 fin 34
2 % 100 wL, 784318 A )5, LA 10 000 -+ min™' &5 .0
2 min, B EWEH, RIS
1.4 ARl 85 S FRAE

FESCHRL 12 ] A AR I . BRI R I
T B AS B T RAE, P AR IR (SEM) an &l 1
FiRe BRSO URIE A3 BRI, Uk b A2 45 o
IYAGAE 45~70 nm 2[4,

B 1 $RIEKE SEM
Fig. 1 SEM image of silver colloid
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T A5 AN 2 s .

Q.

Pc I @
B2 S#BREWMS FEETEE
Fig. 2 Molecular structure diagram of ephedrine hydrochloride
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1 mg - mL™ 7K PV 4 SERS S35 Al 25 11X DG X
FERE IR SERS S nT & Y, AR 4> SERS DGk RE
ARSI AL A i, BRSO R AL U T P A
), I KO L B 9K R Y 73 TR S A 15 A 3L
WESRAZ AN, TR S AR A OK BORL A

YEHT, 2 SERS 63tk /= A= — 2 WS RS, R SERS Y6
T PR G A HL A S SRS . 761 £ SERS D6
T 06 v, A A AR 7 T 7511 001 FIT T 028 em™,
AR SCHEH 1001 em™ Ab FA 72 WA R REAF I R 17 58
AT, ERFRIRR B 6 BEIE AL IR SR, A0Sk 1
81

Hi 258 F (Raman intensity)/(a.u.)

T T T T
700 800 900 1000 1 100

H & A7 (Raman shift)/cm

a. B 3 Ol 3¥% (theoretical spectrum ) b. SERS ¢ i¥% ( SERS spectrum )
c. 55 FIXF ARG ( blank contrast spectrum )
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Fig.3 Spectra of ephedrine hydrochloride
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Tab.1 Theoretical and experimental vibration frequencies of ephedrine hydrochloride

SERS i 2 fi#
( SERS Ramen shift ) /em™

A

( theoretical calculation ) /em™

RS I

( adscription )

618 632
751 751
826 828
906 910
1001 1014
1028 1050
1180 1183

RIS [ HR 3N . C-C 4 30 ( benzene ring bending and C—C bending )
C—C 4543l . C—H &30 ( C—C stretching and C—H bending )

C—C 4543l . C-N 2 {h IR 3l RIS #1423 ( C—C stretching, C-N bending

and benzene ring bending )
C-N %430 . C-H ik 3 ( C-N stretching and C~H bending )
IRIRIFIN AR 3l ( benzene ring respiratory vibration )
ARIHY C=C 4i#%3) ( C=C stretching of benzene ring )
C—O 45 4% 8l . 5 9 £ A JE 4 8l ( C-O stretching and isopropyl deformation

vibration )
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220 KT TR H<1.3.17 b FC i B AS TR
VR FE SRR PR BB R MK I VAT SERS D, 45 R A
K4 Fis, JREWRELE 10 wg - mL™ B A5RBEMSAS
ME] 1001 em™ ALAFLEAFS, H FLIH AT BRI
T4 T 3455 M EL A9 U], BRI sz BR o] 35 %1 10
2015 A RUFI FH fe 5V €2 38 10k A 01 5 T2 R 8k ) A
TFER (30 pg e ml™ )7, PRIHC AT LS B ER R R 25
PR e R U ARSI

I 6 000 counts
500 pg °mL?!

}\ A 300 pg oL
” 250 pg * mL!
’ 125 pg* mL!

A A 100 pg * oLt

o ml-!
/\_/\ 50 ug ully

) 10 pg * mL?!

Z*H (blank)

P2 7F (Raman intensity)/ (AU)

e

T T T T
1000 1125 1250 1 375
Hr &% (Raman shift)/cm?

B4 BREEIR B SRR AR TRH) SERS Sti%E
Fig. 4 SERS spectra of ephedrine hydrochloride with gradient
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222 JREERGINRFR X “1.3.3” TR AS ] e B
W R T 2R B BT PR RS SERS 6k, 25 5L hnfEl 5
oo BEFE TR EERIREAIG, A2 F 1001 em™ Lb A 4
TEVESRBEQRE I N YRR R 10 wg- mL™ I, 4%
TIFIAE JLT- 2 5 T Fe i E S 25 g - m™ B, 473 A R
FLRIRET 1001 em™ ALBARAEIG, I ELWE A R IR

TEET 3 HMEMRILAEOR . PRIt PER VT ERRR R 2
ARSI T BR AT A 25 wg s mL

:[5 000 counts
500 pg e mL!

‘l N 300 pgemL!
‘ H 250 pg e ml?!

A 15 gt
A N 100 g mL!

A A 50 pg = mlt
‘ 25 ug - mL!
A 10 pg* mL!
ZZH (blank)

P @I (Raman intensity)/(a. u.)

T T
500 600 700 800 900 1 000 1 100 1 200 1 300 1 400
P& I Raman shift)/cm™

B 5 FEPRik P HE R B EL R R BT A Y SERS ik E
Fig. 5 SERS spectra of ephedrine hydrochloride with gradient

concentration in artificial urine

223 MEXRFR EE1 001 em™ 4b 1 P72 RRAE
WA g 23 BT 4, B “1.3.37 T 22 50 s v R R A
SERS, £z Hi 7 PRI HH 48 TR JRR BB A7 22 R 0 52 3 i
JE R FE B AR AR IR IE XX 2 BRI TR ML A
TEHE N 10~500 g - mL JEREIZ NSRRI Z .
Y=89.9X-0.7436 r°=0.992

223 [CRIRL  H“1.3.17 U RAY 1 mg - mL™ Y
FRUETK SR, PN PRI B, il BT 2 V4 B 4 3l Ay
25,100,300 g - ml " AYERERIFR EE R INAR IR EE , 1
FEAIE W iR B 1158 o e ViR 5 2 A s Jo vk 32
P EGAEL, THE R T IR K OH RSD, angk 2 i, ol
W 92.8%~107.4% , RSD N 5.4%~7.4%., [l 3
FFE RN ELR .

®2 AR EKERE RSD(n=3)
Tab.2 The Recovery rate and RSD of ephedrine hydrochloride

A e i [ SeclEliEs RSDY
(added )/ (found )/ (recovery )/ (‘average %
(g mL™") (pgemL™") % recovery ) /%
25 26.8 107.4 99.4 7.4
232 92.8
24.5 98.0
100 98.74 98.7 100.6 54
106.7 106.7
96.2 96.2
300 317.2 105.7 99.1 58
289.5 96.5
285.3 95.1
iR i
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ARSCHENT T 5T SERS FAKG I ER PR R E 0% Y T
oo ERBRMREGRT) SERS YEilk £ EAFEIE MG TE 751,
1001 FT 1028 em™ 454k, BEEARA MG PERLIRE, TR
AEN AR EE ), ZEAE S IR AN 5 AR AR R L
H5:1:5 BBAETER AT, 260 1001 em™ ZRFAAFAE
WEHEAT T B BT ARAS I PRI R ARG I R BR 25
pegeml; 7E 10~500 g - mL™" JEHIP, PRI AR
WA B ke B AT I R A BRI T 1,
AR FHEAT R B BHIRCRE Fl 92.89%~107.36%,
RSD Yu [ 5.4%~7.4%. F|F SERS $5 ARG ER 2 J6K 15
B ARSI FRAL T e A BT 24 8 ) 0 53
RGN BR , I HAS e, (a8
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