Advances in Analytical Chemistry 43 #T{b2233ER#, 2019, 9(2), 61-70 Hans ;X
Published Online May 2019 in Hans. http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2019.92009

Rapid Determination of Estradiol by
Nano-Gold Surface-Enhanced Raman
Spectroscopy

*

Chongwei Kang, Qifan Song, Chengming Zuo, Gengyi Song, Jiajia Chen, Yahong Zhou

Department of Criminal Science and Technology, Jiangsu Police Institute, Nanjing Jiangsu
Email: 2511482833@qqg.com, 1780723624@qq.com, 1841618216@qq.com, 920911892@qq.com,

952099882@qq.com, zhouyahong@jspi.cn

Received: Apr. 9", 2019; accepted: Apr. 30", 2019; published: May 6", 2019

Abstract

A rapid method for the determination of estradiol was developed by nano-gold surface-enhanced
Raman spectroscopy. The optimal addition amount of nano gold, estradiol and nitric acid solution
as well as the better acquisition time of Raman spectra were determined by single factor analysis
method. Combined with Raman spectra, the characteristic peaks in the surface enhanced Raman
spectra of estradiol were attributed. Thus, a qualitative and quantitative analysis model for the
rapid determination of estradiol was established. The standard curve equation was established
based on the estradiol concentration and the characteristic peak strength at 915.4 cm-1, which
could reach the minimum detection concentration of 0.04 pg-mL-1. The reaction and test time of
this method is only 30 s, and the average recovery is 90%-110%. This method is expected to be
applied to the rapid detection of estradiol residues in the environment.
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1. 518

BLUA>, FREERER CUR A 20 W T HLPE 0T TELE A 5 M N g R — R B ) . NIRRT
(B BG4, MEER BT BOA PR B PE . IRV AN s SRR N2k TR E M, Hod S5
SSEOR BT AT SRR BRI N[L] [2] [3]. H ATE SR A GO S B (GC-MS) [4]
[STFIVRURE 63 B 3 156 FH (LC-MS) [6] [71Z5 7 iEAaiimisa 2. Rk, RRPOE. R, &M
Fiid, BAVABMRAREARR, T E AN EAG BB IEE .

FETH B3R B 1 (surface-enhanced Raman scattering, SERS)H{ AR A& 7E Ml 1y & G ik 3emt £, 45
G R SRR TR R — R bR . TR b OGS RN R A fRE . K526 THh
NG R EREESERE A, B 1970 4 RBLLIOKR[8], H O 4 2 N FHTE DNA FIZH Py 43+ FAG I [9] [10]
[11] [12] FBAEATZ W LA SR S 2 B ARG [13] . A 255 B (141 240, Loy — R 2 i i
Pkl ot TR, PRSP RA mb &, iR ER, S 2MAEM Ry T4diE, H
ANFE LA EVE R, I R, AT AT RO R IR ER . B, IR B T 40K e 1 ks
A I HE 2R I A R L [15]

FET U, ACHI TR F 2 13 s o0k MEER (DAE B2 9 ) FEG K 6 B8 IR 1T 1Y) SERS 47 NHEAT T HF
Fi X SERS MFASKAFAT 104k, UIRZER R H 9K G 3 10 1 i b 8 6 15 g 7 B o il e — ek 7
FR)7E 1 BT, RN FH UG J7 V2 Dy e e v 1 ME T B B AU AR I BOR S

2. M55 %E
2.1 WS

HER. IR, 15 HER. 1%BAER. S%EEMR. 1% AR, 5% ARR: [l E 25 AN =AM A
PRAR]: FEE. MEZRE. BSIRVEM. MR =M. r i), BRI e il g% Bl
TR LI KON = IR BB T K

Milli-Q Intergral 5 l7KHL: Millipore 22 7]
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FALL04N HL7RF:  RiRAs oA A IR 2

KQS500E /i A Vi e : B 1L &7 S8 5 AR AT PR A w5

Fresco2l & x\mnd ¥ % 5L Hl: THERMO FISHER Al

85-2 UM A il R R IR A A

ZF-5 FHREIITG RIEERL I A R A A

Lambda 25-PerkinElmer ¢ 4h ] W3 e BT 2 [E 31545 /R BR 22 7] (Perkin Elmer);

SSR-3010 fi B HE I Z O T B st T AR I A PR A s ARG SO E I T
500 mW IO B WO R ThE, iR 6 em™, BRI 10s, BUMF3 20K, SFIBEEN 1, FHIEM
FHE G B I B A 200 cm~4000 cm Tt HEAT R AT .

FirstDefender RM F-#¢ 57 2 i : K EFEER K /REHE A

HG202A-2 H B AT 1RAE: R Rl G IH AR XA s

Bt b KT & AR AF .

22. IWAR

2.2.1. PREVE MR

FIHFT TR =400 IR S RIE[16] [17] 8 ks, BB FHERRRM =X A5 /KGRI A
AT BH 2 mL 1% A &R 225 100 mL KFIREA IR, et B T RE 1 n#i it b2 ot
I, TR BERE B FI R EGE NN 2 mL 1% R =8N AKIA W, THIAE LA B, 2258 — Bt
FASEE, PGB . BBBE =055, HILEHIEL G, k8migis: 5 o8k, 2 EHAJER
B R RE . AH R R, BRRAZNE L1 90Kk, REFHMEEAE, ¥ 1% &SN &
H115 1.1:1 A1 1.15:1 9K S, H AN 6t xd iR dil45 i = FAS [ C L 1 4K VA 0at 4T R ALE .

2.2.2. NBHIBRMSFHHIL
[ 2 N 400pL 1: 1 92K 4V, 100 pl M —BE(10 pg-mL YA 20uL ()3 [f #5255 (oH = 4, pH = 6.86, pH
=9.18), HH=ZRESTFKERT 2mL, XHER, RAERMEHBN T RVAE, HRFME FRELN.
HRAE b —S286, [ 400 pl 1:1 49K 49« 100 pL #fE —E¥(10 pg-mL ™)1 20 uL MIERIRF, &
NIRRT P (1%EE R, S%EERE, 1% AR, 5%, 1.5 MHiR), MK 5 ARGt s, F{EHE
L2 HTE O IX 5 IR TR, PRAF LR S IO BL 2 0 B AT LT, e BRSO S AR 1k
VRN AR S 56 1) 3R T 14 8 711«

2.2.3. EMEERNSG AR

1) RIMIGHGIK S 2L

[E 2 AN 20 uL 1:5 AR LA A 100 pL #E % (10 pg-mL ™), B8N 1:1 442K VAW &:(50 uL, 100 pL,
150 pL, 200 pL, 250 pL, 300 pL, 350 uL, 400 pL, 500 uL), A =XKEBFKERE 2 mL, 55 HERE R
BITELCGHATRN . B E AR SRR BRI E .

2) I 0 B e

[ 5E I 400 pL 1:1 442K 7AW L K 100 pl M —FE(10 pg-mL ), B0 28 N\ 1:5 Al R Y & (10 uL, 20 pL,
30 pL, 40 L), FH=XKEBFRERE 2 mL, i HEER SOGRECGHE TR . #e 1:5 MR Rk
TN

3) LB [ 1) el

] 400 pL 1:1 Ak &V N 100 pL M —R%(10 pg-mL™Y), 20 pL 1:5 5, 7801k, SRIE205
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& 0s, 30s, 60s, 90s, 120, 240s, HMEAHRL S OGO HEATIE, 15t B . A stk it a] .
4) F G ER 2ok 1% e e BT A T
S BITE =R BT/ R R AN [ e A5 214 S LM B BEAORE S 43909 (0.01 pgmL ™,
0.02 pg'mL™, 0.04 pgmL™%, 0.1 pg-mL™, 0.2 pg-mL™, 0.3 pgmL ™, 0.4 pgmL ™, 1.0 pg-mL ™, 5.0 pg-mL™, 6.0
ugmL™, 7.5 pgemL ™, 10.0 pgemL ™), X AR R EAG I A 1 N REAT 3G Bk Bk AR I, ST S AR I A
BRI, AN EERE S -FAT O] 5 A EAT 20 b, 0 TR HORE

2.24. NRAMRMBINGERIEZEPE "N E

FRELZ) 5 g 25N 50 mL B0, BN 10 mL JoK HEE, 2. #AEH, 3600 r/min B0
10 min, B EJZIEW, £ 0.25 um A HLRFLIE IS U8 5 15 1) 6 2 S BOR 4 HI [ 18]

¥ 400 uL 492K4x. 100 pL & M BE R B R BUGRUR 20 uL 105 SFRVE AR O N B B, 8 2%
F2mL, BHATIRG MR A, 30 s B HBONRE S ith R HEA T B O SR 4R . FFLL 915.4 cm T Ak
SRR EIME, SR (0.04 pngmL~1.0 pg-mL ) IARAERTZR, 5k A ot R R .

3. B{RESH
31 PREVEMERIEER

P8 2.2.1 PR T % 9ok 4, BB FITRIR A Gl Wikl 1, FERANT WGk AE 400
nm~700 nm P KT8 B A RAEA RS (101, 1.1, LIS )9k &, g tiaett, B3 2, 1
SRR, EIAZMT, GRICKEER, [ EER =M RHER Y 1:1, KA 520.37
nm, OGN 211 A,

Figure 1. Nanogold prepared with different proportions
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Figure 2. UV spectra of gold nanoparticles with different proportions of chloroauric acid and trisodium citrate
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3.2. BN HT

S FH 9 K 4 3 T 186 SR T 12 Y T v ol e I ) S AR I T S B AR AR AT O % s bR, 541.7 em L,
720.6 cmt. 915.4 cm . 1247.1 cm . 1554.7 cm * AbUA SR A LI 3, BTk E LA B 5 AN E kg
AW TR 915.4 cm b WA A i SEAG T RE By e — A B (1 LR B AR AR [19].
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Figure 3. Selection of SERS spectrum for the characteristic peak of estradiol qualitative detection
3. M FEE MM AV EHIELE AYIE SR SERS SFIEE

3.3. EERMS
331 REEWHE

BT B 9K G R R (M ) P2 A SERS RN A T 4o (R, A B YK A KN
NN SERS 155 5REERIFEIN o 5] 4 JINNSF 40K 41, E 915.4 cm * hi 2 (18401 SERS 553
FEREAK G RN RN ES . A 4 WTRLE L, £ @ HUREZEIKREMARKER, 2
Set R, TEGKE IS 0.04 ngmL ' I8 HU SR A B R m . R, 7B/ 4R gk
SN ARSI AE 0.04 pg-mL ™ (5ERE 34T 247
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Figure 4. Influence of the amount of added nano-gold on SERS signal strength
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3.3.2. REWEFNHERBIIERE
P it P FCOME — W S O AE AT T P oK UKL AR T P2 AR 2 A5 S AR 599, IR T 1
SRAAFAE RIS A RENS A5 2 W] A MY 5, FT RE RS 2R T 18 5 AU 9 K e O A 5 S AE AL RCR, W] el it

it HOME I T S 0 AL R A] (R

RERE, HETSZNT BRI (4G 5, AT S it 231 (1 SERS [20].

IR 2.2.2 Fp ) TR AT L O B R B, 1A 5, RO 2SI AR T SRR 1:5 AR,
ALV W] S, WO I 105 AR foe AR T 1Y 9 7], R B3R oK b 7 IO Bt SRS

RIBBE
Raman Intensity/arb.unit

L___%m
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L}\«_JU o
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Figure 5. Selection of surface enhancer
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] 6 Ay 1:5 B AN IFI KINN BT 915.4 emt AbRRAIE WU 32 (K R T o ARAE 1] 6w B Ak 28 T R B, 2

TEERVA M HOARAR < 20 uL I, 915.4 cm ™ AbffH 2 5 BB TH i o X ]
M T 5 9k & R BEROIR

[ =]
Re e

/b8 PRV TR T 4 8 08 S 4R UK
M3 R WS> FAE 915.4 om AU B S S ORI . 245N

FRVA W IIAAAR >20 pL i, 3 B (RS R AT BE 5 1S 1 G K URL A B8 VT, e iy 4RI 1 i — 1 2> 7-7£ 915.4 cm ™ *
WHIh 25550, FET 20 pL BPRMEIG IR N R 2, KHKES SMESE A B Nm®E, K
1:5 BRI B FE NN 58 N 20 L (LSRR 2 mL).
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Figure 6. Influence of the amount of added nitric acid on SERS signal strength
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3.3.3. KRR K

W T [21] R ILAE R T o B B rh, S I — S geRoh TR AR s (O “3Gl ), BEAEIR BRLE LT
FRIRE B 23 T BUE A B A B B P 75 ) B T ik 108 F5 A i, i AW B B S T, T g S gl K 4
LT P2 A BT, B HOSEE, RS OGRS . N TS RAERCR, XREEAT T . FRA1E R
T ME R SERS HRALIGETE R SN A 12t ik . BN T RERIN AN K & - MR AW, AR AR T
i 1) 3% 4R S5 B ) SERS Yk, X AT RAEREHEAT ALY, T UARL 2188 AL bR, 915.4 cm ' ALBFAE il
SRR R RN . W 7 FoR,  RRHE 0G5 P55 il 5 W P S LI TR 3 KA R B 3, ERAR IR B I R
0 s B RFIEVEE SR A v, (HLERT O s BN ARV B s B I TRD B A R, 5 5 B iR 22, WA 6 Hh S5 i 4
30 s KR 2k

915.4cm"
A
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Figure 7. Influence of reaction time on SERS signal strength

7. RZBtERT SERS 15558 B B840

3.3.4. BEFSEMEL R

Xof 5 AN R 9 S5 M — 1% (0.04 pg-mL Y, 0.1 pgemL ™, 0.2 pg-mL ™", 0.3 pg-mL ™, 0.4 pg-mL %, 1.0 pgmL 2, 5.0
pgmL™, 6.0 pgmL™, 7.5 pgmL ™, 10.0 pg-mL ) FEA) SERS Yl AT 52 BT, LA 915.4 cm BB AR
RE PR HE U SR BE AR, i R RE A T 4% M VR FETE 915.4 em ™ ACRRAE UG ISR RRAE I 2k, REARAR N
PEAHME ZBEAIREE, HABHRA 915.4 cm i AR AL AR HEIGSESE . 15 511K] 8(a), RINFEAE M B
I8 n, 915.4 cm ' Fi S A7 B AL R AE I I S th i 2 3, 2 5 BN RS, T EIKEEE 0.04
ngmL™~1.0 pgmL ™ i, RI RIS R, LM TN y =9720.1x+11266 , ¥ Z%(R%) N 0.9337,
W 8(b)Fas. 45 CPATIRE, FHAHXAR#Ew 22 (RSD) A 4.3%.

TEIE T AR AT T K AR SR — R B FE IR M 3R (ME ) 1B AT IR B S 82 30's, a8 B1)~F- 168 J 45 21
RYN SERS Yl WLEE 8(c). FHIE 8(c) AT WL, 4l — BRI K Z 4 % 0.04 pg-mL "B, 541.7 cm™,
720.6 cm™. 915.4 cm'. 1247.1 cm'. 1554.7 cm ' SEUE{REE A SERS YSRGS LA, TR T 910
6 HFR(LOD) M 0.04 pgmL 2,
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Figure 8. (a) Equilibrium adsorption curve of characteristic peak strength and concentration; (b) Linear relation curve; (c)
Determination of detection limit

& 8. (a) HHEIFIERSRENFERMEEL; (b) KMXRHL; (o) KNROBFHE

NHE B IR % 7 VR R R SR, 6 AN R M (M ) K J¥(0.05 pgmL, 0.25 pg-mLh, 0.45
ug:mL™, 0.65 ug-mL ™, 0.85 pg-mL ) R A AT 2B G -5 T ) LA 06 . 141 O 44 H 7 TOUMU S R A v e
PR (M ) A B S B S U 2 IRV 56 2, B AT 2 1AL ) e i R B(R?) M 0.9866, 1 75 4 1% 2 (RMSEP)
N 0.3244 pgmL™ e SHFEABEAT IR LN, BEA RN 90%~110%. SL3bst LKW, HETAMAKNA
I3 SR I 1) SERS H AR B T PRus A A b pof R O —B) 2 rTAT Y, ik R AT, 7EILAA I
RO B R HE) A AN

1
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R?=0.9866
0.8

0.6 *

FmE

Predictive values/(ug/mL)

0.4 -

0.2

0 +— T T T T !
0 0.2 0.4 0.6 0.8 1
SERRME
Acrual values/(ug/mL)

Figure 9. Prediction of set sample relation
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3.35. FEMNA

H4 400 pL #oK4: . 100 pL 5 0 B (0 2 R BORURT 20 L 1:5 THBRVA AR KM BIA S, 8 %
) 2 mL, ARG AR A, 30 s e HLBONEE Shith vR HEA T B O R SR 4R . 3515 10, 3 9154 cm™
Ab (3L 2 5 P P 2401 A 13819, HH y = 9720.1x +11266 11575 2 25 v e — I I9R 5 4 0.26 pg-mL s

70

60 |

915.4

50 +
40 +
30 +

20 +

10 +
0 M ¥ P S

0 1000 2000 3000 4000 5000
S

Raman shift/cm

R8EE (109

Raman Intensity(10%)/arb.unit

Figure 10. Results of sensitized Raman detection in honey

& 10 4= B SMEER

4, gig

AW FAID RN T — TP T ORGSR A PR B M W20 SERS PRIED MRl Jridc. SLifsh
fE: R L1 APBRIR =ANIE RER BIP0K & B B OB R . 9ke. MBRIEWBIIA 2 5
790.04 pgmbLt, 20 pL (ABUAAAR 2 mL), WK ) 30 s B, H7 @b MBS R i bk o 7E BRI 7
fit b, fER ARy 915.4 om ™t AbFAE IR I B 5 Uk J8E R ST A bR b 2 AR I RAFIZRMESC R, R i
BRIZF] 0.04 pg-mb o AR 7712 (FIREAR T AL EE (] SR, 7T ABESe AT LR AN AH IR 5 5. 1T Re T4, SERS
PGSR O AR A B ) ELAE T4, — @R R 7 A R M A B AR B R, E TR
ERLYRERZA S Yl R C RS SRt N B =

EHEWmHE

VLA @ SRR A G IR E (B AT H): TiH %5 : 201810329010Z; /3 % R IR AL I
H (2016LLYJISST025);: VL7344 % H JT HAAFF ¥ H KT H (18KJA620001); VL 75 B 2 B BHIF A1 41 BA
(2018SJYTDO3); ILHE “+—=H"” —H¥FRIHEE SRR FRIEETE .
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