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Rapid detection of preservatives in cosmetics by surface enhanced Raman
spectroscopy
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ABSTRACT: Objective: To achieve rapid on-site detection of benzoic acid and sorbic acid, two common
preservatives in cosmetics, and improve detection efficiency and on-site detection capabilities. Methods: A portable
Raman spectrometer which used silver nanoparticles as the enhancement substrate for surface enhanced Raman
spectroscopy (SERS) was used to detect benzoic acid and potassium sorbate in cosmetics. Results: Benzoic acid and
sorbic acid had characteristic Raman peaks at 1157 cm™! and 871 cm!, respectively. Further research showed that the
concentrations of benzoic acid and sorbic acid were linearly correlated with the intensity of their characteristic Raman
peaks, making quantitative detection possible. This was confirmed by traditional liquid chromatography, and the
quantitative results were consistent. Conclusion: This SERS method has the advantages of simplicity, speed, and
efficiency, and is expected to achieve rapid on-site detection of preservatives.
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HATBI IR 51 & B i, e R HGERE , THTER
W, W7 JE R AR T S Bt i o Bt A fi v Je 4%
B3SO SR 3, e R ™ T RS | B AL IE ZE B
PEHEE, 1 OGSO 2 B IR AR 101, a8 14l ]
B B8 701 23 77 A — o B R SR s RIAE I, DR 4 R AL
ot it v T ) e A AU R A, R 2l i s B
FRIHE PG SR P AP | (S A S AT BRE . AL
FRISWT I AN FH R | LU AL R RN 7K A B 1 T 58 i 5 v
R X S ORI RN, T EAR BRI, dS e it
TR T SRR, HiE G AR IRALKD . R
E 6 AR S B B 700 0 S R AE T 524 0.5%, HALIR
0.6%, KRN 0.5%, HAHKBIRREESN, AT =
A LN LA™ 5 b

BR, At b o B FE AR 9 32 A I D R s5ORAH (
1% (high performance liquid chromatography, HPLC) . i AH
635 R FE B 19 (liquid chromatography-mass spectrometry,
LC-MS). S AH {0 3% 51 3% % FH 12 (gas chromatography-mass
spectrometry, GC-MS) 357121, 53 $AL 55 1 L 46 5 Kol 7 vk
FrEHER S5 SR Z Ui RO 5, (RSB ER R R . 2%
FawE . R, X B EERET 2, NS R
Gy e i . T, WA KR MR/ gt
By R A A P BRI ROR , SIERARTE L
A, FLESGIEAE R BOGIE B, AT i R AR AR
MM, ATERES N TAESG, R, RE
fATE . PRE, JoBt. WRERD, IFWTHRMLE R R aEs
FE. AL, ARIRYIT R RAE SRR S, AT E
SIMT o TR R TR SO (SERS)WPKE Au, Ag. Cu %55t
4 AOHURE 22 1 S AR AR E LS, 8 i A e 1R
i 75 2l B OGAE 5 R, ALK S R R P R B s
109~1015, BT L 9. SRR o R T G
PURAL . T PRI, SERS DALy R ARk — 20
98 T PO CIEBORTE B PG U HIFE R, 82
MATEMEZS . RN, EAF ., THFETaESERE
IR PRAS: 53 BT U317,

SERS 7E ALl fi v i i P fiR3E , A9 R 2GR
ettt th i — 5 RE LA R T, At O S, S
AR A O B BR Y S e AE0S-221 B ] SERS HORWFFEAL
A it T 70 v R LA ARG o AR SC AR AN KR AR R oK
RSRS8O S T At AR R
VLI Z R P o 577 700 1) AN ik B R
BRVE 8 | FERT LIRSS, 5 BUA R E AT AT A
RS EA G P TR B B DA I, SR Aot R B
FRRGLIN F) R 5 i R 7 SR AR — T SR
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1.1 SEEGKF
RHBR(LEE 99.96%) . IHALFR(LESE 99.50%) . KR

(4% 98.97%), WA Dr.E AW, Ak, TKLEE., Bk
BN ral), WA E2GER AR A BRA R RN
KALF, W E LI CEBE A RAR . S
giyk(a i, HEHAH 18.2 MQ-cm).

1.2 LI

Waterse2695 1= 55 BAR (i AN (Hr 9 SRS I 45 AR A MG
WES, W H S E KRR AR,

SEED3000 fE #5202 AL ORI KR 785+0.5 nm,
K0 3k K JE LA 200~3100 em™), Hi ¥ Qi YE BB A
RN R
1.3 IWFHE

RESIESS . MORREAR SRR, BAREAYEEE E 3,
PN HIAS , HEEA BORARREAS 1 mL (BARREAFREL 1
g), JIA 3 mL A iHEE, Z¥% 1 min, 4000 r/min B-L> 1 min,
B R Im LA 20%4BE 1 mL, b NRFEEE 20 &,
4000 r/min &0 30 s, T J2TH BN ARRN

P2 i B 0.2 mL ARGKRKRF, A 0.1 mL 7
W, A 0.1 mL 2 mol/L BiBREFA IR A5G SR 2
min {5 SRR, RI%GHE I 400~1800 cm!, SR E
2s, BRRE2 K,

2 HBRSTR

21 Wh@mHPERE. LWRERAKFHE SERS
9 IR 4

1 PR BT v o AN [k B R R ER 1Y SERS TN
BB 1) MIBARREA T 1~5 mg/mL 7K I BR B S Ei%
&l 1(b) H EARREA T 3~7 mg/mL & R AYBLEOEIER,
R B R M B O SRR R SRR s TR, B 1 TR, R
HERAE 838 cm!, 1001 em! Fl 1596 cm! 4k BU(E S A% 42
SR PP RRIE N, 43 S B T AR SE AR I A I C - C
WP AaIR 3N . PRI SRR I F I ik sh . BEE A
H R MR BE 3 i, HCARAF UG st , 1 H e o AR AE
WAE R 85 A | DT B3 A 0 J k24 FP R 5 A ) -9 o
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SERS
Fig.1 (a) SERS spectra of benzoic acid in liquid sample; (b) SERS
spectra of benzoic acid in solid sample

& 2 PR T b A AN R B LA ER 1 SERS A 45
o 2(a) MIBIAREA T 1~6 mg/mL 1 ALER Y FL 2 i ]
& 2(b) M EAFEA 1 3~12 mg/mL 1AL A BL 2 ST 1A
o BRI B A AR AR s IR . DAL LA 4K
SRINPIEES, 1157 cm™. 1387 cm!. 1641 em! Akt #EBH
WP S REIE, H 1157 cm? A1 1387 ecm! H/E T C-H
IS, 1641 cm™ HJE T C=C 4aiizh. HAHh, 75 ik
WG N, AL AV B 5 HAE 1157 em™' . 1641 cm™!
A A e 1) R 2 ) R R AR R . X Rk
B SERS W] T LU IR ) S A

=

— (b) .
F 2 (a) AT ILALER ) SERS F; (b) FEAREAF ILFLAER
f] SERS &

Fig.2 (a) SERS spectra of sorbic acid in liquid sample; (b) SERS
spectra of sorbic acid in solid sample

Bl 3 PR LT SR R B KA ER Y SERS TS
F B 3@y MIBRIARREA T 1~6 mg/mL K GER 4 BOGi% A,
E 3(b) R EARREAS 1 3~12 mg/mL /KGR HL 2 6 IA
ook A7 e He B R 25 B AR SRR R 2 B RE . ZETK IR 1Y
SERS i EH, 7E 871 em!, 1038 em!, 1306 cm! Ab H #LEA
WhIERENE, AN, 7ELRWEETRN, KGR
B 5 HAR b 2 R B R I R A R, X
— 55K SERS P T /KA R 1) s A
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Fig.3 (a) SERS spectra of salicylic acid in liquid sample; (b) SERS
spectra of salicylic acid in solid sample

22 EmPFERE. L. KeERmER
HHTAE
SBCR Y RRARMETR WS AR AL TR AR 12 TRA S

JIIA 0.1 mL 2 mol/L BiFREHA IR A YIS)E, 5152 2 min
FEteEfE, ATRIE OGN, AN R I Y AR F R bR
VWAL Z O A D bR B S AR IR A2 Ak, AR
T2 1) TR B A SR o A b e, PO R B LA AR ARy, ST
L, Wk 1, HA AT 2 A 838 cm ., 1001
em' 1596 emt = Ak S AR REVR B AR AL O I B, T
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838 cm AbAH I R BT, BEBERILAE N IR R E i AT
PRI . BN, B 0FocE A B, 78 LR ETERIN,
EPERAYHEE 5 H: 838 cm™!, 1001 cm™!, 1596 cm! AL AYHL &
FRIE IR B R IR AP R PG R o X R IHZ SERS %[
FHF 25 R 0 2 A

[FIFE, A3 BIBCLELER . KA BR AR T TR 5 AR A AL
FeAFR I 12 1R S, A 0.1 mL 2 mol/L BiEREEIA IR &
YI5)iG, MR 2 min (5 SRS )E, TR R,
ANTRI v B2 14 LU B TR R /K A% BR R T VA TR P 2 S il o W1
WA 25, HAPILAMRER SN 1157 cm! . 1641 cm'!
P A7 2 U 5 2 v AR A R I W, KA R A 2 (N RS
871 em'. 1038 cm™, 1306 cm! AL 2 I8 FF Bl vk J&F A8 4k
BONWR, MRAEFSCRE /R 1157 cm Fl 871 em!
B R LI B R R K A7 2 1) 2 5t 43 WIT PR R AL 0

* 1 HESHFEEEENEMFREREEHEXARK
Table 1 Linear equations and linearly dependent coefficient of
Raman intensity

&Y R fiEfi#/em! LRt e R
R WEREA 838 3=0.4867x+537.46  0.998
1001 3=1.5351x+1399.4 0.9827

1596 y=0.548x+490.49  0.9893

[EAFEA 838 y=1.7206x-598.72  0.9628

1001 y=4.1954x-1331.8  0.9586

1596 y=1.8422x-578.85  0.958

TR E YN =N 1157 $=3.2527x+18256  0.9953
1641 y=2.544x+14237  0.937

[ AFEA 1157 y=2.5264x+2646.6 0.9736

1641 y=1.943x+1357.9  0.9918

Kigie  WRFEA 871 y=8591.4x+1562  0.9602
1038 y=16306x+7270.1  0.9706

1306 y=12157x+3264.7  0.976

[ AFEA 871 y=7399.9x+1506.7 0.9927

1038 y=11866x+7303.9  0.9162

1306 y=9317x+3769.7  0.9255

2.3 MEHmRNSNERNS G IEBIEIIIE

R BTy TR R E MERERPE | 4R 10 Fh s
T R B R . LSRR K R A Aot iR i, R
FHEE ST L SR kAT E , Of R (it
GARFARBAL) (2015 AFRROKI 7 752047 60 3% 54 5 E
BEARE R R IR R MR P2 O RE, SRR 2,
#3, F£4

*2 WEHAPERRHNE0=3)

Table 2 Determination of benzoicacid in commercial samples (n=3)

e P SO E R TR i
i []
W2 B/ % RSD/% MEE/%  RSD/%

BEd 1 0.426 7.63 0.449 436
R 2 0.474 8.29 0.416 4.17
Fehh 3 ND - 0.000615 7.38
T 4 0.892 527 0.897 3.76
T 0.209 10.22 0.208 423
FEdL 6 3.40 432 3.15 2.41
BEdh 7 0.964 4.98 0.908 3.33
Fhh 8 ND - 0.0240 5.55
e 9 ND - 0.0856 4.59
FeEfh 10 0.419 6.57 0.399 3.99

*3 WEHEPLRBRINE0=3)

Table 3 Determination of sorbic acid in commercial samples (n=3)

e P 2O E R TR i
218}
I /% RSD/% MEE/%  RSD/%

FEAh 11 0.600 4.69 0.574 426
FEfL 12 0.0971 8.46 0.0889 5.36
FEAh 13 0.456 5.11 0.470 3.71
FEAh 14 0.398 5.36 0.375 3.26
FEAH 15 0.421 7.22 0.439 4.02
Fedh 16 0.258 7.63 0.216 5.20
FEf 17 ND - ND -
FEAL 18 0.0776 9.83 0.0641 6.54
FEfh 19 ND - 0.00541 6.77
FEfh 20 ND - ND -

F 4 WEHRPKHENE0=3)

Table 4 Determination of salicylic acid in commercial samples

(n=3)
. PSR e P €L RN RS
M TWWEM%  RsD%  WEM/%  RSDI%
FEf 21 0.389 0.246
FEdh 22 0.546 0.494
FEA 23 0.389 0.388
FEfh 24 0.405 0.390
FEM 25 0.251 0.249
FEf 26 0.269 0.249
FEah 27 0.377 0.362
FEf 28 0.254 0.198
FEf 29 0.403 0.397
FEdh 30 0.577 0.483
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L PRI AL IR ST E A R T IR A B AT,
WA, E AT A B 5 X T 4 2R 2 O A R B A A
1k, AT AT S R A . LAR YA
KoRLFAE S 3% 1 B 5 BT = 5 i (surface enhanced raman
spectroscopy, SERS) G ILIIK, 454 X H2 bkl
SEEE T AR R 5 Ll AR AN R DL B R 7R Y B R A
S5 R R FRAN AR 73 H7E 1157 em™ H1 871 em’!
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