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WOE T YA KR . PRIBCR I T R BRIk RS, g ST T — B Ak T SR T B SR B2 %% (SERS) H AR
BRI %8 . i FH BWS415-785H BUE #5 by S50k AR & T 2ok, B WAy 785 nm, JHi% I &
I 68~2 700 ecm ', SERESFFER/NT 3 em ', BOBIIEN 80 mW, BUSEIT R 5 s, 1 SGIAT % EZ MR
PG X DR I5 S B P GG AT T I S SRR AT X e, xR e HEAT T IR)E . RS DLERIE IRAE S &
AT 18 5 LIS . AR R 85 (MgSO ) K AVE M AR BE R, 2EHL 689 Fl 827 cm ™' &b Wy L 2 W A hy R AE W, X BR K
M HEAT T SERS Bl . FEK TR KA S BRI B R 6 ppg e mL ', 7E 5~40 pg e mLTNREETEEN . fi
A R IE UG ) TR B T R S M K VRO P I R e 7 AR y=188. 182 —743. 05, MK RECH r=0.972, [
W L 98. 2% ~107. 2% , RSD 3t Fil Hy 2. 08% ~3. 25 % . 7E KR W Bk 3% e 2 A K M KR 9 20 pg » mL 1,
TE 20~125 pg « mL 'R B2 B P, iz 2 R AIE 06 10 5 B I DK 3k ek PRV MR BE A R Mk i £ B Ol vy =59, 782 —
640. 71, fHE R KN r=0. 958, MK E R 96. 9% ~107. 9%, RSD JEFEH 4. 45% ~5. 75% . L€ ML o o
KA BRI R 20 pg » mLT', 7E 15~125 pg « mL 'Y BEYE R P, L8 RRAE 0 (0% 5 3E Rl DK 38 e L 35 ok
BER LR M 2 Bl y=230. 812+ 176. 66, FHICEREN r=0. 963, FIPCRILE K 94. 2% ~105.7% . RSD i
Bk 3. 6000 ~4. 41 %, ZJr ik APl . ey JoH0t . BB MR S0, Ak ms S g Pk K 4T~ 7
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1 SEHsy

L1 kF5sE

AR (AgNO, , EZ LA ERF G R AR, FrER
= H1(CeH; NaO; « Hy0, HZE B ERF A RAFD , Rk
W4V S (Cos Hys CIEN, , 2 mL/10 mg/3%, VL35 B4 25
e A RA D N LR R B s e B B a R A "D, A
i F BB (SUB010, HA HILARD , 4R S i L
(BES415-785H., £k & TR BHHAFD .

1.2 SREAKMERNHE

BRI R S SERS A8 I v fo 1 FH A TG PG SR ALK,
BRI ) A 7 9 B 2 1982 4F, i Lee il Meisel 4§ 42
T, T O PR A R A 1R S 3 R X Y R R a2 AT O i
BRI . B FEAE 250 mL KA 45 mg fiFf B2 4R I 0
MEPE . RIFIMA 5 mL B8O 190 8RB R 407
SREFEAHHE, ERFR IR 1 h, MR N RSO, (5
IEfn . BARAH BRI, I HBBHE T 4 CHRET, &
M.

WK 3 IR K VA TBORE I A - R T KRR R R Gk e
ESHBOE ST, I ECE 10, 20, 10, 8 I 6 pg  mL B
B I JEE 1 R 3K P K T VR

D 3% e PROVBORE it 119 1) . 5 BROSCHER L7 I O7 s, Bk
TR T RO AN TR W, MR 40 125, 100,
80, 60, 40 M1 20 pug « mL " B BT & VR B 09 PROBORE . T80
pL ARG VR 0 E] 1.5 mL 0y EP 8 o, o A WK BUSK B Ol
126 A A AL A (NaOHD K 5 W AR pH 115 R )5 im A &4k
9 (NaCD 4, fHE TR B INA 80 pL LR L BR
EEL, W — 2 AT A

WA I L R B A A AR AE — 20 T
KBMTE BT 4 COkMfR, RIG A SR T2 2%, %3
BkCS-10JM ks, HIEREM A LB FARMBREE 10, K5
TR 35 e bR vV, T VR BE A 125, 100, 60, 40, 20 Al
10 pug = mL™" BRI I V5 A O 1R TR

2 SERIE

2.1 RIBEBRHIRLE

i F B8 (SEMD . SHRIFE R MBS AT T
it AN 1Ca) s o 4RI OB R /N1 5, JE S5 Bl Rk UE
B 50 nm, FH 2 AM-1] W43 5t BE T % ARV e 19 i i
FEMEEAT T RAE, QB L) FroR o HRE I B K58 A1 I i 0
FLF 409 nm Ak, HBGXEFR, 2 06 FEACAS . 10 B ARV I UKL
RAFor i 5] o BAT RAF i oy wicrE
2.2 BRIEM PR ESHEERNERE

B el Gaussian view K {4 X Bk 3k w8 19 4 T 45 44 1F
R i 2 iR . SR J5 i 3 Gaussian 09 5441
TR IR RS BB RRAE IR . R A %5 B2 R B3LYP, B4
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Fig. 1 (a) SEM image of silver sol, (b) UV-Vis absorption

spectrum of the silver sol
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(a) Optimized spatial molecular structure of Midazo-
lam, (b) Theoretical and SERS spectra of Midazolam
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H6-31G(d. p), BFIEFEFH 0. 963, FR75 1Y B FR14F 0 5 52 @7 o0 T
) : 689 cm’ : 3 000 counts I
IR AEUE . AnTE 2(b) FT7R o BRA MR 1) BT 15 S 50 R AIF 6 Sk : :
A0 R BRI 5 S 2 A O B RS . IR R Sl 5
SPEAC R S B . 52 B 4 E W 9 445 4E 689, 735, 827. s W
1 045F0 1 167 em™ 'S4, £ 1 7 T HRRAEWE AR S BE L, Z . 7
E Mjﬁi
. . — _ g : : lOmg-mL"
1 BEMCESMIWIRIFR 1 VN S NN N O U
Table 1 Theoretical and experimental vibration * - : - AL
frequencies of Midazolam MW
________ blank
PG H SR H . . . . T T )
Jem ! Jem-! W A1 I 600 700 800 900 1000 1100 1200
: -1
650 649 EHG . C=0 RERD Raman shift/cm
668 667 C—C g, C=0 #3)
- L - 7000 (®)
691 689 FEIP LR . C—H T A X BRI
739 735 FEFR A X B A 4 6 000 -
803 807 CH: HiSMESE . C—C M4 -y
831 827 C—H 1 5h X BRI 45 7;
1010 998 C—=0 %, C—C#23). CH, fsMEe g 4000
1027 1016 C—0 RIS, C H M FHIED = 3000
_ - < - b ~ <
1057 1045 CH; #3280 C—C s £ 20004 y=188.18x-743.05
1123 1133 SR TR AN G = R=0972
1151 1152 C—C MgiEs . C—0 Magme 1000+
1175 1167 C—H X R fib 45 42 422 o4 "
5 10 15 20 25 30 35 40 45

2.3 {REFHEE

TEAf AL 27 30 S0k G R I B 3 2 o AT AR TR AR A
— MR FERER T EREENEM. ARV RV EER
YA K FIURL % T ) AT 168 TR AR £ BHL Lk 757 W00 2 % 4R 499 K JB0RE 1 1%
B B AICAS DU A5, RO T B R I 199 T AVL 6 ok 4T M 5 iR
T4 R 11 PR AR ST A7 BT 8 95 R B AT L Ol T RS OR [ D
JS AR U ) % R 35 e £ SERS 38 5 358 SR (19 5% 1], 552 56 o 3% TG
T 4h (Na, SO, )« B R 55 (MgSO,) . G4k 4l (NaCD) . it b 47
(KD KIS WAE AL EER] , BEAT T X oMy SE B fF 58 . 4 2R 3R
B, TEMFVRE T, MgSO, /K i 3 s sl 2 fe i, B LA
S R MgSO, 7K W W AE e B8 500, RE L HR T IR R A
BRI ATIR A 55 1,
2.4 BRIEME KA KA SERS 1l

o JBE VR B DR 3k MR UK VA VR Y SERS S, an &l 3 (a) i
s A EHIKAE X R S EEAR S 6 pg o mL I, AR
ZEH] 689 em ALMYHL S ARAEVE, HWEMIW NRATET 3
5 55 W LU A R AT G XE 7K I VR DK 3 s g R 0 R T L Sk
B 6 pg - mL ', X HIRE TR G, BRIMATR Y
=188. 18x—743. 05, X ZRE r=0.972, WE 3(W TR,

o T E T AT R F TR 4R 30, 15 AN
7.5 pg e mLo P RYBRGRBRAOK IO AR AL & W E T RRIA R
TRV W RV BE  IT LT R bR v B B LA TH B T Il iR K
M AR AR 22 (RSD) , N3k 2 7R . N3 2 AT, %7 ik
B[] e R AE 98. 2% ~107. 2% Z [A] , RSD 7E 2. 08% ~3.25%
Z I,

Concentration/(mg-mL™)

B3 (a)BEREEMESKAEBKE SERS SEi&, (b)H1E
W 35 FEF BB DK 35 B £ 7K A ROR B B9 K il 2k
Fig.3 (a) SERS spectra of Midazolam in aqueous solution
with different concentration. (b) the relationship be-
tween the Raman signal intensity and Midazolam con-
centration in aqueous solution
R2 ZERCKBREKER HEXIRERE
Table 2 The recovery rate and RSD of
Midazolam aqueous solution
AR YA T [1] i 4 RSD
/(pg s mL™D) /(pg + mL™H) /% /%
1 31.73 105. 8
2 30. 89 102.9
30 2.08
3 32. 14 107. 2
- 14 31.59 105. 3
1 15.58 103. 8
2 14.74 98. 2
15 3.25
3 15.62 104. 1
Sy 15.31 102. 1
1 7.81 104. 2
2 7.61 101. 5
7.5 2.18
3 7.49 99. 8
-4 7. 64 101. 9
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2.5 R KGE S E) R

o BE R B WK Ik e IR W 1) SERS Dk, N &l 4 () TR
2 B IRWAE A B SRR E 20 peg » mL "W 2R
ZF) 689 cm AL S RFAENE . H R TR TEHT 3
55 W LAY ZESR . PR I BR AT LIS 2 20 pg » mL ' 5@ 3
X B BEAT LA LS . AR B LA B y=59. 782 — 640. 71,
KRB r=0.958, E 4(D PR,
! 689 cnr |

: H [ 125 mg'mL"!
: | 100 mgmL"
1

oA | 80 mg'mL"'
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T A VN
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R T NSRS A,
20 mgmL"!
s  m  aaor P DA, UV
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Fig. 4 (a) SERS spectra of Midazolam in urine with different
concentration, (b) the relationship between the Raman

signal intensity and Midazolam concentration in urine

T B UEIR T R RE M RO T vk B 4 ) D 120, 70
FI 30 g o mL A BKIA M FRIBOMBRAE S, U5 T BRIA e
PRUUR B » I 5 & FUINAR R B2 09 LA V30 0 T Tl i 38 T 3L
RSD, WN13& 3 fr 4. 1% 7 ik 09 [ g 26 4E 96. 9% ~107. 94 Z
[d] , RSD 7E 4. 45% ~5. 75 % 2 |d] .
2.6 I A BK IR B2 B G

o B Ve FE DK A e 1M Y (9 SERS J6ii% . WA 5 (a) iR,

F 28 B M VR S %k B, 28 FIMYVE 7E 689 em ! IR A AR/

FPL W, Sk T HEBR LT 6 AR I G T, IR T 827 em !
AE W R AE W EAT TV R R e S R A, R IR R 20
pg e mLTU AR, P3RS B 827 em T AL Hr B ARAE I . LW
SRR T RR TS T 3 A E M a2k, R A KR w] 2Lk
F 20 pg e mL ", E X EIEHAT LS, 5 & 7R
y=30. 81x+176. 66, F3¢Z % r=0. 963, WE 5(b) iR,

H T BRI Ty B AT R, B TR 43 B 125, 60

£3 MEMCREFEROOWERREBTRERE
Table 3 The Recovery rate and RSD of

Midazolam in urine

s v B - TR ENES RSD
1 U\ﬁ 1 0, 0
/(pg'mL ) /(,lg°mL ) /A /A
129. 57 107.9
2 116. 38 96. 9
120 5.75
3 118. 91 99.1
S 121. 62 101. 3
1 74.68 106. 7
2 74.92 107. 3
70 5. 63
3 67.89 96.9
¥y 72.49 104. 1
1 31.94 106. 5
2 29. 26 97.5
30 4. 45
3 30. 99 103. 3
S 30.72 102. 4
(a) I 5000 counts
827 cm’! - =
mg-m
3 A/\/_m/vx/\/-«,f\_,
<
> J\JM 100 mg'mL"!
37
g WA
£ 60 mg'mL"!
g ./\/\/\J\;JL/WV\/M
g .,-/\/\-/k/\\_,_ 40mg‘mL-l
& PN N A
\J\/\/\J\—_—\/\J—W\,\/\,J—’\ZBE&EEI
A 10 mg'mL"!
o A Blank
T T 1
600 800 1 000 1200
Raman shift/cm™
b
4000 ®

7=30.81x+176.66
R*=0.963

Raman intensity/a.u.
S8}
=
(=3
S
1

0 20 4IO 6|0 SIO l(I)O léO 1;10
Concentration/(mg-mL™")
5 (a)BEREKIEMSIFER SERS ik, (b)4fFiELE
3R P A A M 2 I T R FE B0 TR L B 2%
Fig. 5 (a) SERS spectra of Midazolam in serum with different
concentration, (b) the relationship between the Raman

signal intensity and Midazolam concentration in serum

120 pg o mL T DRI FE LT HOIARAE S I E T K s e
LT AR BE L IT 5 TR R v BE B LA T T R K
H RSD, W% 4 Figl. &7 m EEEAE 94. 2% ~105. 7%
Z[a], RSD7E 3. 60 % ~4. 41 % Z |A] .,
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Table 4 The recovery rate and RSD of Midazolam in serum

b e 2 W TR BN RSD
/(ug+ mL™1) /(g + mL™1) /% /%
1 127.57 102. 1
2 117.72 94. 2
125 1.12
3 120. 82 96. 6
S 122. 04 97. 6
1 62.59 104. 3
2 58. 35 97.3
60 4.41
3 63. 41 105. 7
1y 61. 45 102. 4
1 19.19 96. 0
2 20. 62 103. 1
20 3. 60
3 19. 84 99. 2
S 19. 88 99. 4
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Research on the Rapid Detection of Midazolam in Aqueous Solution,
Urine and Serum by SERS
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Abstract Midazolam in aqueous solution, urine and serum were rapidly detected on site, based on surface-enhanced Raman
spectroscopy (SERS) technology in this paper. 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 cm™'.

The output power was maintained 80 mW in the experiment
with 5 s of integration time. First, the Raman spectra of Midazolam were calculated by density functional theory and compared
with the experimental values. The possible characteristic peaks were identified. Then. using silver nanoparticles as active sub-

' was selected as the characteris-

strate, MgSQ, aqueous solution as neutral salt coagulants, the Raman peak at 689 and 827 cm™
tic peak on detection, the SERS detection of Midazolam was conducted. The limit of detection of Midazolam in aqueous solution
samples is 6 pg » mL ™ '. In the range of concentrations of 5~40 pg * mL ™', the relationship of Raman peak intensity and con-
centration of Midazolam in aqueous solution can be expressed by a linear equation that was y=188. 18x+743. 05. The correla-
tion coefficient was r=0. 972, the recovery was 98.2% ~107. 2%, and the relative standard deviation (RSD) was 2. 08 % ~
3.25%. The limit of detection of Midazolam in urine samples is 20 pg * mL ™', In the range of concentrations of 15~125 pg *
~!, the relationship of Raman peak intensity and concentration of Midazolam in urine can be expressed by a linear equation:
y=159. 782 —640. 71. The correlation coefficient was r=0. 958, the recovery was 96. 9% ~107. 9%, and the RSD was 4. 45% ~

5.75%. The limit of detection of Midazolam in serum samples is 20 pg + mL ', In the range of concentrations of 15~125 pg *

ml

', the relationship of Raman peak intensity and concentration of Midazolam in serum can be expressed by a linear equation:

y=130.81x+176.66. The correlation coefficient was r=0. 963, the recovery was 94. 2% ~105. 7% , and the RSD was 3. 60 % ~

mlL~

4.41%. This method is rapid, accurate, non-destructive and easy to operate, and it lays a good foundation for Midazolam detec-

tion in the field.

Keywords Surface enhanced Raman spectroscopy; Silver sol; Midazolam; Aqueous solution; Urine; Serum; Rapid identifica-

tion
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