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Research on the Identification Characteristics of Synthetic and Natural Cinnabar Based on Multispectral

Analyses

Wei Mengjia' , XIN Xueying', DUAN Wenwen', LI Raorao', WANG Qiaochu’, GU Xuezhu', LUO Lu'* (1. Insti-
tute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China; 2. Department of Biochemisiry and
Molecular & Cellular Biology, Georgetown University Medical Center, Washington, D. C. 20007, United States)

ABSTRACT :OBJECTIVE To investigate crystal structure and composition of synthetic and natural cinnaba,compare their spectro-
scopic characteristics and analyze their microscopic characteristics and trace element differences. METHODS  This investigation
endeavors to clarify the crystal configuration and phase composition of synthetic and natural cinnabar on the market and analyze the
differences in trace elements between them. Meanwhile, we used powder X-ray diffraction, Raman spectroscopy, attenuated total
reflection-Fourier transform infrared spectroscopy, electron probe micro-analysis, inductively coupled plasma mass spectrometry, with
traditional microscopic identification ( characteristics; optical polarized light microscopy ), to explore the identification methods of
synthetic and natural cinnabar. RESULTS The results suggest that, both present to share the same characteristics in the crystal forms
of synthetic and natural cinnabar. Common impurities in natural cinnabar are quartz, pyrite, calcite, stibnite, etc., while the
differences among different batches of samples are distinguishable. Synthetic cinnabar contains a small number of calcite impurities,
and the quality is relatively uniform. By using electron probe micro-analysis technology, and powder crystal X-ray diffraction technology
combined with polarized light microscopy, the impurities in synthetic cinnabar and natural cinnabar can be effectively analyzed and
identified ; the mid-infrared spectrum and Raman spectrum characteristics of synthetic and natural cinnabar are similar; the characteris-
tic trace elements between synthetic and natural cinnabar are consistent. CONCLUSION  Three elements including Fe, Mg and Zn
can be quantified to identify these two as reference.

KEY WORDS:: synthetic cinnabar; natural cinnabar; identification; quality control
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Tab.1 Information of synthetic and natural cinnabar samples
No.  Batch No. Sample Name Origin(in Chinese) No.  Batch No. Sample Name Origin(in Chinese)
SI 2022052701  Synthetic cinnabar ~ Anguo,Hebei province (Ji-JL22 [ ) S23 2022061323  Synthetic cinnabar  Baozhou,Anhui province (ZZ#{ZEM] )
S2 2022060102  Synthetic cinnabar  Bozhou, Anhui province ( Z{ZE M ) 24 2022061324  Synthetic cinnabar  Bozhou, Anhui province (‘“ZZ{ZEM )
S3 2022060203  Synthetic cinnabar  Lotus pond,Sichuan province ( PUJI|fif££H1) S25 2022061325  Synthetic cinnabar  Bozhou, Anhui province (‘“ZZEZEM])
4 2022060204  Synthetic cinnabar  Lotus pond,Sichuan province ( PUJ1|fif£Eith ) N1~ 2022061501 Natural cinnabar Beijing (Jb3T0)
S5 2022060305  Synthetic cinnabar  Xiangxi, Hunan province ( #§IR5HIP4) N2 2022061502 Natural cinnabar Hunan provience (1)
S6 2022060406  Synthetic cinnabar  Bozhou City , Anhui province (“Z#ZM ) N3 2022061503 Natural cinnabar Bozhou, Anhui province (‘2B )
S7 2022060607  Synthetic cinnabar  Bozhou City,Anhui province ( ZZ{#{ZM) N4 2022061504 Natural cinnabar Bozhou, Anhui province (‘ZZH{ZEM] )
S8 2022060608  Synthetic cinnabar  Tongren, Guizhou province ( HH{~) N5 2022061505 Natural cinnabar Bozhou, Anhui province ( ZZE M)
SO 2022061109  Synthetic cinnabar  Xiangxi,Hunan province ( {§RgHI74) N6 2022061506 Natural cinnabar Anguo ,Hebei province (i1t 2[F )
SI0 2022061110  Synthetic cinnabar  Jinhua,Zhejiang province (#i{L4:1€) N7 2022052707 Natural cinnabar Anguo,Hebei province (Ji-]t2 [ )
S11 2022061111  Synthetic cinnabar  Jinhua,Zhejiang province ( WiyT.4:%E) N8 2022050808 Natural cinnabar Lotus pond,Sichuan province ( PUJI|fif££1H1)
SI12 2022061112 Synthetic cinnabar  Lianyungang, Jiangsu province (VLIREZ#E) || N9 2022052809 Natural cinnabar Lotus pond,Sichuan province ( JU)I[fif{E1t)
SI13 2022061113 Synthetic cinnabar  Zhengzhou,Henan province (JiJ g AR ) NI10 2022052810 Natural cinnabar Lotus pond,Sichuan province ( PU)I[faffEth)
S14 2022061114  Synthetic cinnabar  Lianyungang, Jiangsu province (VT.7hi%EzsHE) || N11 2022060111  Natural cinnabar Bozhou , Anhui province ( ZZE M)
SI5 2022061215  Synthetic cinnabar  Shangqiu,Henan province (VL5 1T) NI2 2022060612 Natural cinnabar Bozhou,, Anhui province (“ZZ#ZEM)
S16 2022061216  Synthetic cinnabar  Bozhou,Anhui province (‘ZZ#{ZEM] ) NI13 2022060713 Natural cinnabar Bozhou, Anhui province (‘ZZ#{ZEM] )
S17 2022061217 Synthetic cinnabar ~ Suqian, Jiangsu province (VT.73ME1E) N14 2022060814 Natural cinnabar Sugian , Jiangsu province (VLIMEIT)
SI8 2022061218  Synthetic cinnabar  Jining,Shandong province (114 T°) NI15 2022060915 Natural cinnabar Lotus pond,Sichuan province ( JU)I[fif{E1)
SI19 2022061219  Synthetic cinnabar  Bozhou,Anhui province (‘ZZ#{ZEM] ) N16 2022061116 Natural cinnabar Lianyungang , Jiangsu province (VLI &)
S20 2022061320  Synthetic cinnabar  Bozhou, Anhui province (Z-f{ZE M ) N17 2022061117 Natural cinnabar Chengdu,,Sichuan province ( PUJ1|i{#R)
S21 2022052821  Synthetic cinnabar  Lotus pond,Sichuan province (PUJI|faffEits) || N18 2022061218 Natural cinnabar Tongren, Guizhou province ( S Ai{ )
S22 2022061122 Synthetic cinnabar  Xuchang, Henan province (JW[R§i4E) N19 2022061309 Natural cinnabar Shenzhen , Guangdong province (] ZRIEII)
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Fig. 1 Samples of synthetic cinnabar( A) and natural cinnabar(B)
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B16

A = RIS (AL ~ A25) 5B - J5fi# 41 (B1 ~B25) 5 C - FIE@EWIZRT(CL ~C25)

A - cinnabar( A1 — A25) ; B — Calcite(B1 —B25) ; C — white and transparent impurity (C1 — C25).

2 ARAVHARER L LBFMEGER =50 um)

Fig.2  Orthogonal polarization microscopic characteristics of synthetic cinnabar powder(scale =50 pum)
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A = REPEAIERIT AT (AL ~ A19) 5 B - (BB ZLFT(B1 ~ BIS) .

A - cinnabar and calcite( A1 = A19) ; B — white and transparent impurity (Bl - B15).

3 RAKRDHARER L BFMEER =50 wm)

Fig.3 Orthogonal polarization microscopic characteristics of natural cinnabar powder( scale =50 pum)
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A= JZHF (AL ~A25) ; B —3ESF(B1 ~B25) .
A - reflection( A1 — A25) ; B — transmission( B1 — B25).

B4 &R EFIER L HAFE(FFR =100 pm)

Fig. 4 Orthogonal polarization microscopic characteristics of the thin-selection of synthetic cinnabar(scale =100 pm)
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A - HF(A1 ~A19) ;B ~ C - %4 (B1 ~B19,C1 ~C19) ,,
A —reflection( Al = A19) ; B - C - transmission( B1 - B19,C1 - C19).

B5 R&REE R IERLEMAFE(FR =100 pm)

Fig.5 Orthogonal polarization microscopic characteristics of the thin-selection of natural cinnabar( scale =100 wm)
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A = BRI LA (SL ~S25) 5B = KRR HILLAME1E (N1 ~N19) 5 C = BRIV R 815 (S1 ~ S25) 5D - KIRRIHLE6iE (N1 ~N19) .
A —infrared spectrum of synthetic cinnabar(S1 —S25) ; B — infrared spectrum of natural cinnabar( NI —N19) ; C — Raman spectral characteristics of synthetic cinnabar(S1 —

S25) ; D — Raman spectral characteristics of natural cinnabar( N1 - N19).
B6 RALERKRBMWLI I Z N

Fig. 6 Fourier transform infrared spectrum and Raman spectral characteristics of natural and synthetic cinnabar
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A - average intensity between each Raman spectrum sample of synthetic cinnabar; B — average intensity correlation diagram of synthetic and natural cinnabar; C — average in-
tensity between each Raman spectrum sample of natural cinnabar; D — average intensity bar graph of synthetic and natural cinnabar.
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Fig.7 Average intensity between each Raman spectrum sample of synthetic and natural cinnabar
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A —X-ray of syntheticcinnabar(S1 —S25) ; B — X-ray of natural cinnabar(N1 —N19).

B8 &mARAKRD X G EATH EE

Fig.8 Comparison of X-ray patterns between synthetic and natural cinnabar
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13 HEAE i (1) PDF#ARUE R R 35128 99-0031 (i 4% i
B:a =4.149, b = 4.149, ¢ =9.495, o = 90.0,
=90.0,y=120.0),
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S2 15 0. 155% , fz/IME k S12 115 0. 068% , % 224 Ny
0.087% ; RIRAR AP WO JJ 414 0.077% , $5c K
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S5.S7 815 # AR E] Na JTTER . As . Fe Na,
Al3X 4 BT 1135 & 5 B (43902 0. 003% |
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382.22 .331.68,350.26,169.99  1156. 58 . 498. 66 .
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. 343 -

Chin Pharm J, 2025 February, Vol. 60 No.4



R2 eRMAKRDMER LR BAER T RMAR ) 2 4%

Tab.2 Search and match results, grain size and microscopic stress of synthetic and natural cinnabar

Sample PDF standard card XS(A) Strain

N name Phase Chemical formula PDF-# Space group /A /%
S1 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1475 0.115
S2 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 2 470 0. 155
S3 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 956 0.082
S4 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1491 0.130
S5 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1402 0.124
S6 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1495 0. 111
S7 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1403 0.128
S8 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 2112 0. 141
S9 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1336 0.107
S10 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1037 0. 094
S11 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1 632 0. 149
S12 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 679 0. 068
S13 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1 815 0. 120
S14 Synthetic cinnabar Cinnabar, syn HgS 80-2192 P3221(154) 1144 0. 095
S15 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1447 0.113
S16 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1651 0.117
S17 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1 480 0. 120
S18 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1736 0. 121
S19 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1 887 0. 145
S20 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1 440 0.110
S21 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1313 0. 130
S22 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 961 0. 105
S23 Synthetic cinnabar Cinnabar, syn HgS 80-2192 P3221(154) 1 460 0. 143
S24 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1109 0.115
S25 Synthetic cinnabar Cinnabar HgS 99-0031 P3121(152) 1487 0. 140
N1 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 3751 0.131
N2 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 636 0.015
N3 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1057 0.071
N4 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1218 0. 089
N5 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1158 0. 066
N6 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1089 0. 068
N7 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 996 0. 085
N8 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 962 0.070
N9 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1444 0. 093
NI10 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 830 0. 109
N11 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 632 0. 058
NI12 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1839 0.114
N13 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 988 0.053
N14 Natural cinnabar Mercury sulfide, HP HgS 89-0438 P3121(152) 887 0. 095
NI15 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 583 0.014
N16 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1 004 0. 066
N17 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1098 0. 100
N18 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1315 0. 087
NI9 Natural cinnabar Cinnabar HgS 99-0031 P3121(152) 1 059 0.073

(K 11A) o XTI A B, G A 19 SEIRIRIRARE Sl ) 68 il Jo 2R & & i di ik
RIRKAVHY As Cd \Fe Mg Mn . Pb.Sb.Se Sn.Zn #y 47 EM 04T, LI € HAFIE TR o 68 FiiE T R
TUR B PR ZE 5, L Bk 10 FpoTRAEN X B 68 AN alisr, Ui s, B4l P fH 4071 ~ 68
I E R RIRAR DS U35 (R 1Ag 2A1 3As 4Au 5B ,6Ba,7Be 8Bi 9Ca,
iz [f] SPSS Statistics 17. 0 #K 4%} 25 #LA M AHD 10Cd, 11Ce, 12Co, 13Cr, 14Cs, 15Cu, 16Dy, 17Er,
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A - backscattered electron image of synthetic cinnabar S1; B - backscattered electron image of synthetic cinnabar S4; C — backscattered electron image of synthetic cinnabar

S5; D — backscattered electron image of synthetic cinnabar S7; E - backscattered electron image of synthetic cinnabar S15; F — backscattered electron image of synthetic

cinnabar S18.
B9 &aADEHSAETHE

Fig.9 Backscattered electron image of synthetic cinnabar

A~ B = RIRRAD NI TFEUSTHE T8 C ~ D = RIRRED N3 TFEUT T E ~ F - KIRRE NS TP U T8 G ~ H - RIRRED N9 HUR T E

A - B - backscattered electron images of natural cinnabar N1; C - D — backscattered electron images of natural cinnabar N3 ; E — F — backscattered electron images of natural

cinnabar N5; G — H - backscattered electron images of natural cinnabar N9.
10 RAXDEHAELTH

Fig. 10 Backscattered electron image of natural cinnabar
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Tab.3 The average content of trace elements in synthetic and natural cinnabar. pg - g~

1

Trace The average content of The average content of Trace The average content of The average content of
element synthetic cinnabar/ % natural cinnabar/% element synthetic cinnabar/ % natural cinnabar/%
Ag 0. 36 5.04 Nb 0.18 0.22
Al 4.19 22.61 Nd 0.34 1.18
As 0.97 102. 74 Ni 0.37 2.14
Au 18.87 22.77 Os 0.15 0.19
B 0.53 0.47 P 1.62 5.18
Ba 0.58 20. 06 Pb 0.57 96. 34
Be 0.01 0.02 Pd 0.96 0.69
Bi 0.91 1.19 Pr 0.21 0.94
Ca 50. 85 2 070. 07 Pt 1.55 9.84
Cd 0.11 49.51 Rb 1.95 3.19
Ce 0.38 3.13 Re 0.50 0.53
Co 0.16 1.23 Rh 0.53 48.39
Cr 0.51 9.79 Ru 0.54 0.98
Cs 0.16 1.23 Sh 3.33 3 851.57
Cu 29.55 28.13 Sc 0.22 1.85
Dy 0.08 0.15 Se 1.35 670.91
Er 0. 06 0.10 Si 28.33 77.31
Eu 0.02 0.04 Sm 0.21 0.36
Fe 6. 06 2 314.16 Sn 1.84 724.20
Ga 1.02 2.18 Sr 0.18 2.04
Gd 0.10 0.15 Ta 0.45 0.68
Ge 2.22 1.91 Th 0.15 0.19
Hf 0.23 0.97 Te 2.76 22.23
Ho 0.10 0. 56 Th 1.02 3.76
In 0.43 2.48 Ti 0.09 0. 66
Ir 0. 60 0.87 Tl 1.58 1.15
K 3.65 16.24 Tm 0.07 0.37
La 0.04 1.33 0.56 0.91
Li 0.08 0.11 v 0.08 0.17
Lu 0.05 0.11 0.62 0.78
Mg 2.43 805. 04 0.05 0.20
Mn 0.24 85.29 Yb 0.02 0.03
Mo 1.15 3.07 Zn 1.53 492.88
Na 10. 07 23.91 Zr 0.22 0.13

ARG, BT 4 A4S T 55 RS 22 STk R ol
50% , T An] PLihK Cd Fe Pt . Rh . Sn Tm Ce . In,
La Nd .Y, Co,Cs Ni Al J& 45 A K AR AR AP B FF AL
RITR (K 11B)

SR T T G 6 R A 22 TR ) 22 S ([T 1
C~D) SH—MINEW KT ITR AEAT- 1
DL, O AR AR A S (B 2Z 1) A BE X ¢ A6 36 A1
Wilcoxon fH5 kA . 45 — My kil S 3k THES Y
T, LA E RS R AR 1Y P E2 5 288/,
UETHENLU A o 6 —FhIrik, it RS A AT
TR AP 5 R T AR DG BRHIEW] , R R Z 4L
FEAR I BEAH G . B ou R P & i 22 31 Sha-
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piro-Wilk [P EAT H B P =0. 201, G 3 AC 0} 22
SR RS AT R AR 4 . PR, AF SO ¢
B, ZBLFTS P <0.000 1,38 N 2H )5
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A —line chart comparing the average content of trace elements in synthetic and natural cinnabar; B — dot — line chart comparing the average content of trace elements in syn-

thetic and natural cinnabar; C — average intensity of trace elements in synthetic cinnabar; D — average intensity of trace elements in natural cinnabar; E — average content of

trace elements; F — P value of trace element ¢ test; G — measured values of each group of elements with 10 minimum P values.
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Fig. 11 Comparative analysis of the average content of trace elements in synthetic and natural cinnabar
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