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Abstract Objective: To identify suspiciously added pigments in 11 batches of cinnabar samples by high
performance liquid chromatography coupled with quadrupole time of flight tandem mass spectrometry ( HPLC~
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Q-TOF/MS ) and to establish the corresponding determination method by TLC and HPLC. Methods: Positive ion
scanning mode was used in TOF-MS. The pigments were identified based on precise molecular weight of the quasi—
molecular ions and their fragment ions, with aid of reference substances and literature review. And the corresponding
determination method was established by TLC and HPLC methods. Results: Three azo pigments, namely 808
scarlet, lake red C and sudan IV were identified. TLC chromatograms showed clear spots with good resolution. HPLC
chromatograms of 808 scarlet, lake red C and sudan IV showed good resolution and durability. 808 scarlet was detected
in all samples, lake red C was detected in 7 samples and sudan IV was detected in 3 samples. Conclusion: The
established TLC and HPLC methods were simple and exclusive, which offered reference for quality control of cinnabar.
HPLC-Q-TOF-MS method could identify the pigments in cinnabar accurately and rapidly.

Keywords: mineral medicine; cinnabar; vermilion; HgS; azo pigment; lake red C; 808 scarlet; sudan IV ; safety

monitoring; HPLC-Q-TOF/MS; TLC; HPLC
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0.4 mL - min~ o AT PRSI ER A

J T 45 . 4 AR SR BSTE, RS 4 45 7S
mlz 100~1 500, T4 2% 1R B 325 °C, T8 AR ik
8 L - min"', 554k#8 77 380 kPa, B ST 350 °C, 44
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134T HPLC-Q-TOF/MS 43 H7, 15 3] 4 A< b 8
R T s (TIC) FiAH 3% & ( HPLC ), #543

x10-3|DAD1 « B:Signal B zsl+1.d
1.2
1
0.8
0.6
0.4
0.2

A/mAU

FE b TS UL 15 S5 AREPBIAAE s 1 (18] 2) A
Ft s ACHPRE S Y TIC 2 HPLC 3% [ v H 90 7 45 5 B i)
A3 9K 14,461, 25.613 . 29.873 min FY (5,3 1, F4¢ 1R I
WKAR A 1.2.3, FE TIC H, 3506 1 25 ) m/z 377.036 0
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HPLC chromatogram( A )and LC-MS total ion chromatogram ( B ) of cinnabar sample 1, HPLC chromatogram ( C )and LC-MS total

1. 8640 C(lake red C ) 2. 808 4L ( 808 scarlet )
1
Fig. 1

ion chromatogram ( D ) of cinnabar sample
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Fig.2 HPLC chromatogram ( A ) and LC-MS total ion chromatogram ( B ) of negative cinnabar sample
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Fig.3 The primary mass spectrogram of lake red C
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Fig. 4 The secondary mass spectrogram of lake red C
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Fig. 5 The primary mass spectrogram of 808 scarlet
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Fig. 6 The secondary mass spectrogram of 808 scarlet
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Fig.7 The primary mass spectrogram of sudan [\
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o i o B
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Fig.8 The secondary mass spectrogram of sudan |V
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221 HEEEAMN

HZHT : RERE G A JRIFH: IR b - LR LT
- TOK T - KR (7:1:2:0.5) 5 sikE: Ik i
TS X IR SR SRR 10 pL; BIF . BATR
TF, I 8~10 em; HOG NAEHL; 01 50 A a3

TR S0 IR SR I OB, RE A SR A1 25 (2 )
B
2.2.2 I

[ “2.1.27 I5075 i 1l e A it T Xk R o i
T IPERE AL

223 KRR

BT IR A ARG 1, 43 3 N, N- —H I H
o e A B, 1 £ 4 IGAT € X IR VAR (536 pg - ml ),
808 JRLL X FA SR (5.600 pg* mL™) FIFHRFHLLIV XF
HE SR VAT (3.038 g - mL ) 5 43 DK 25 Ik 3 Ff
XF BB S IAS 1~10 L, 200l 5 TRl — Rk G )2
LR EREOGE AR JBIT 10 em, HYG AR, 255
MTREER 3 pL LT I BE s T L, 2 R 4
L i 808 JELL PRIV B BE S 0] W, Rtk 4t
(I AS I BRE 2 A 16.08 ng, 808 JRLL JHEJZAG I FR AR
FEN 22,40 ng, HFHT IV ZARGIFRAGE A 12.15 ng,
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Fig. 9 The structural formula of Lake red C
224 LEMEELE

B4 62T C X R i 25 YA L 808 JHE 21 %) JIEL i fik
WL I FHELIV T IR 8 R A 3K V2 T B B
FE M A 10 L, 43 ) T [A) — i G 2 i
L o R S SRR IT 10 em, HOE R AL, Qi &l
10 from. B S W AE 5 4 640 €808 JR 41, 7
FPHELIV () XF BR G V5 00AH 7 o7 1L, A A W) 2362 1)
T BE A, T B AR ol V8 VA 5 25 % Rt Y VA
o B, ¥ JCA [R) 060 1 € 5 BRE A, 1 B A D ]
PERE S X 42 LT CL 808 HALL K i FHAL IV i A i Tt
T

1 2 3 4 5 6 7 8 9 10 11
LRES 1 (sample 1) 2. 885 2 (sample 2) 3. #4f 3 (sample 3) 4. 808 12
£1.( 808 scarlet) 5. 4641 C(lake red C) 6. FRSFZLIV (sudan IV)
7. i 4 (sample 4) 8. [IPEFE N (negative sample ) 9. 4t 5 (sample
5) 10. FEhh 6 (sample 6) 11, KEH: 7 (sample 7)

E 10 MBERRAKUERTLC E

Fig. 10 TLC chromatograms of reference substances and cinnabar

samples

2.2.5 TS

Sy AR RR R (75 S e 4k T4 T, A%
10 em x 20 em; K EEF AR A BRA A, BLA% 10
em x 20 em; [ HIH, B G W T3 53880 w5 Rk
HPRHE BRA AL A 10 em x 20 em ) IURERR G )2

R R

M, AR SR T 2 (TR B BRI A 3SR ), B T
(10,20.30 °C ), 3% “2.2.17 Wi A #4782 28, H
HF R, S5 3 FORERR IR RIS G 2R A
[7] P9 s Ay e Rk B 7 e 78 X 42 D641 C L 808 4T
IV 3 Pt RSB 5 o3 2 B o, HoA45 6%
B oM G, BRI FRRIE AR G #Z MR
SRR R TR 808 LT 4 GLT C RFHALIV A
AR TCR
22.6  FREan AR

B 11 HEREPRE SR AR, BB “2.2.27 TR 7 kil
PR AT, 2 “2.2.17 TR SR T2 2T, il SR
i, S5 1, FBA bR Ko BRI )2
g LA 10,

£1 HINKRIER

Tab.1 Determination results of samples

Fah 808 JH4L HIHLIV g AN
('sample No. ) (808 scarlet ) (sudan IV) (lake red C)
1 + - +
2 + - 4
3 + + -

4 + + +
5 + + -

6 + - +
7 + _ N
3 + - _

9 + - -

10 + - +
11 + - +

1 (note ): “+” Kiili (“+” means detected ); “=" ARA i} (“~” means not
detected )
23 4641 €808 LT JRFHLLIV ) HPLC-DAD &
PEY 5]
231 (S R G E A

KH Welch Ultimate® XB—C,; (4.6 mm x 250 mm,5 pm )

@3 A, AR 35 °C, LA 4B (A ) =005 mol - L it iR
BT (B) N sl A, i 3 2 UE AT R R R, T
1 mL-min™, 5% Ji] Agilent 1200 DAD ¥ T 2§, ¥ I 3
1 520 nm, EAEIRFL10 pL, 7E BRI KHT,
& M VIR B H L A1 1, 25 U3 W BRE BE ARE R
T 2000,

WWW.YWIRZ.
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Tab.2 The gradient elution program

0.05 mol - L™ R A
(0.05 mol * L 'ammonium

I fi) LNk

(time ) /min (acetonitrile ) /%

acelate ) /%

0 30 70
10 95 5
30 95 5

232 P&

2 PR B4 621 ¢ X BR L 808 JR 41 X FE i
T PHLL IV R BRI N, N— R I e R
1 mL &S pg TR A X BV W FRIBUR D 24
MZ0.5 g, WEFRE, BEHEIE T, K% A N, N-
T EL R B 20 mL, FREE, B (500 W, 40 kHz)
Ak B 20 min, FC%, FERR &, N, N- Z B 5L HT it
JHe b ek 2R B L BT, IR, BRZZ 8, B AR AL
i W O BUAR D B PR AL A, [R] s A% B PR A
AN
233 LlmtEL

25 W IBUIR A5 X ot VR, AR 3 i TR B B
FEMIAS 10 pL, 76 B EGE AT, 5liE A
TEASL, A5 A P, LI 11, e S 808 Ji
21, & M6LT C KPR IV S R SRR L A 47 B L, A A
[vi] £ £ BsF (] F € 335 068 i BF A 7R 5 808 4T, 4=
b AN O SR EAN ORI i VR VAW S v iy 13
BRI 6T 808 JR4T, 4 4T C B AL IV i ks
BT,
234 R

X “2.3.27 TR IR A X RE S BE R, i “2.3.17
TR g SR E T 2 , 45 ) 808 AT RS IV I
42 GET C BRI BR ( S/N=3:1) 43 %1 7 0.047.0.039
F10.035 mg * kg ™'
23.5 Tt bEE R

41974 WelchUltimate® XB—Cg (4.6 mm x 250 mm,
5 wm; RN R e I RE e A RE A H B AT RLR
b A PR 2 A, DIKMA PLATISIL™ODS (4.6
mm x 250 mm, 5 pm; FOBL: A/ \GESERERE G RN ;
At mtal B SR A BR A F] ), Agilent Eclipse plus Cig
(4.6 mm x 250 mm, 5 wms; R N\ Rk e S
RENZ ; Agilent 227] ) 3 Fh e AT, (s AR (30 5)
°C, K 1 (520 + 10 ) nm, Wi s AHR# (1.0£0.2)

mL * min~' X3 ShAHED L A5 4k 5 % , M 5E [A)— 4
VTR, 255 3 FPISA (O A K (e A IR AU
TRSIAH L) TR ShAH R TSR BC LA /N AR SR
XFF4 LT C 808 LT LA K i FHL IV B A6 45 3 TC
ITES A
23.6  FRan I E

WUARHPRE S, 11 41k, 3 “2.3.27 T T J7 sl sifit
T2 TR 5 G 2 W BT 5 X R R A o v
%10 pl, e “2.3.17 T T @3S S TR I, A 45
UL 1,3 s L 11,
3 iFig
3.0 REBUAI R

3 I B Sk R AL C PR E , Y R
PEZ ARSI VERE T HBE TOK OB G HBE - &
HE (12 1) AR PO Sk L N, N— T T gt frg
7 R F], XA 6LT €L 808 FRLT IR PILL IV A HE B
FIHEAT T %58 Z5 R, WL TOK OB O JE B
B — NG (1), H IR PO Mg %) 4 64 C 1Y
PEBCRIEAE, M N, N— — B L B0 4640 14
R, R RN, N— — 3 Bt e X 808 12
21 B FHELIV B SRR & T A 6 FREZEBGA R ; i
LAEPE N, N- I H B ol 45 5641 €L 808 JR 4L,
IFHELIV PO )
32 KB e R

A3 AR 4 64T C L 808 FRLL K IR FHLL IV X} HE iy
AT AN R A, & BE 808 JRLT ¥ 484 nm Ab
LA e KW, T 45 62T C R P21 IV AE 520 nm 4k
B S R, 2 B 2l 24 it B A LS R 2
AT M5B b FE RS 36 5k TR IR PRIV RN 808 FRETAG N I
K LA BRI 520 nm S RIGE K
3.3 RADEE ST

ARSI FF HPLC-MS B A9 7 i AE IS S A B o
TN I 28 B B PRSI S AR e 8,25 40641 C,
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1. 4641 C(lakered C) 2. 808 JR4L ( 808 scarlet ) 3. FJ LIV (sudan IV )
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Fig. 11 HPLC chromatograms of reference substances, negative sample and cinnabar sample
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