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Fig. 1 Molecular structures of realgar
(a): a-AsiSi s Reproduced from Ito, Morimoto and Sadanaga, 1952; (b): B-As;Sis Reproduced from E. J. Porter and G. M. Sheldrick,1972;
(e): y-Asy Sy, Reproduced from A. Kutoglu, Z. Anorg. , 1976; (d): pararealgar, Reproduced from A. C. Roberts, H. G. Ansell and M. Bo-

nardi, 1980
Table 1 Descriptions of the samples
Collected time

No. Source or batch
1 WrA AT A RAE @A) 2008. 12
2 A ARENTERE 2009. 1
3 MR T E R AR T2 2009. 1
4 TR A8 T T o B 2009. 1
5 WL R Rk T () 2009. 10
6 FONE By A T /NI C I a D) 2009. 12
7 Al B e TP 2R N E) (R A 091201
8 IR AT T2 R IE AR (0D 2010. 4
9 AR R AT 24578 BR DA 28 | CHE A 2010. 4
10 BRAE RIELIA A& (E iR 091001
11 2 [ sigma-aldrich 23 &) (4 98%) 12581A]

Table 2 Methods to prepare the samples

S ik 24 B RS
HERCT Ry HEEOR B 4k

MES I Dt KW . ARG LIKRRE . ST B

ACHER ot dige. WL, 40°C T

KEEHERE KR ATRY . MUKBERE . 1. 40 C T

R 11000V VO R LR . Ut . ATk

RRUE RS ik, 40 CTHR

HESCATRA 0. INNaOH S 3 K28 e

wps O

gy ERABVIKARB it KDEESAE 10 C T
L

1.2 EHRNF[ETIERNG

T A 65 50 8 W) 22 i XSRPERATT AR, A4S D8 Advance,
Cufll, F#§¥ERE . 10°~70°, £, 0.02°, TAEHE 40 kV,
TAERLIE 40 mA, 3% FRAE SRS R MDI Jade6. 5 K
{f, PDF(the powder diffraction file) | F 4 % F E by ¥y
KT H R HE B A 2 5142”7 (The Joint Committee on Powder

Diffraction Standards, JCPDS) % ffi i) PDF2,

PerkinElmer 23 7] 77 [y £ 6 H 8U F7 2 % 4% RamanMi-
cro300, HEAREHE, — 4 CCD AR &, BRI : 785
nm, FRAEE: 20 F%5 DI 6000, FUAMETE: 2 s, BIIK
B 10 K, R A K AL R T Perkin Elmer 23 ] 4 Spec-
trum v5. 0. 1 #/EHAS: .

1.3 KIgdRE

XRD J3H7: B R b 3 36 BIFER T B 2 & 20 8 A0 3
IR A T T B S BEDLEEER 10 Sem 4 43 B, I
R AARESRCRE G S B PO BRI, MR 4R
JESEENEEAT 5 s N R ER e A, F B WA A S 5T A
M. 6 Al S EM AT S 20 I k. ARAF RO AR X 54
TS . 20 BT A A 1006 BIVAT 25 B0 RE 50 1Y & i =
B R IARE RO R PDE R A5

PLEOCIE /AT . BN A B R o2 i ) L B
AR EY, BRI 5 A5, IRIRE S R BoEH 2
K%, $ & % PerkinElmer /3 &) Spectrum v5. 0. 1 {443
.

2 HR5H

2.1 XSETHITHER

SRVETF I RE A T THERR Y 60 kg B AT, REALINK T 10 Bk
W, Hrp 8 B i XRD BIELK RN —HH . HAF
TEWEE R4 2% s XN PDE K BS540 518 73-2112 1
71-2434, 25 IR A FRA realgar, fb2EH AsS, Z3CHk
BEEKER . KR SCIR A B2 Tto 251 Mullen 25 i ffF 5%
AR, HAGTIA o Asi S, 78 8 AMRESL A, AN (1/1) K
T 5V B FRAE L 32 A4, 8 ANFE i 1 R e 1 1T 11 BE (d
{EOHITE 5. 4 2245 (52 2-Theta 35 B 7E 16. 477 ~ 16. 558) ,
25 IA R AR W 1 £ 57 B R AT, {45 U6 ) 068 58 A 45
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(a) File: 31 10-06-04. raw-Type: 2Th/Th locked-Start: 10. -End: 70-Step: 0. 020 -Step time: 11.2 s-Temp. : 27-Time Started: 6 s-2-Theta

(b): 01-071-2434(C)-Realger-AsS-Y: 37.22%-dx by: 1.-WL. 1. 540 6-Monoclinic-a 9. 325 00-b 13. 571 00-¢ 6. 587 00-alpha 90. 000
-beta-106. 380-gamma 90. 000-Primitive-P2; /n(14)-16-799. 749-1/1,: PDF 1. 6-

Fig. 2 Typical XRD spectrum of realgar-ore with Single phase

realgar 1: sample, 2;: PDF of realgar

Table 3 X-ray powder data of 8 realgar-ore 1000 -
samples: common peaks
Peak d Peak d @ 7501
1/1 I/1 =
No. /A /To No. /A /To g
_ QO
1 7.4 5.2~8.9 17 2.75 5.6~10. 1 > 5004
2 6.7 6.0~8.6 18 2.70 31.3~47.3 § MM h Mo
3 6.0 18.1~29. 4 19  2.67 9.5~18.5 =250 4 ¥ T
4 5.7 36.9~74.2 20 2.57 9.7~17.4 ﬁ s
5 5.5 14. 6~27. 1 21 2.50 5.0~9.7 0 C— . , - . :
6 5.4 100.0 22 2.37 5.2~9.4 G 430/(0) U
7 G 8.9~11.4 23 2.38 3. 17~6. 1 Fig. 3 XRD spectra of eight realgar-ore
8 4.0 11.0~15.9 24 2.24 11.9~27.5 .
with Single phase: realgar
9 3.7 6.0~10.2 25 2.17 10. 6~24. 8
10 3.6 5.8~20.1 26 2.14 5.0~6.6
11 3.1 37.7~64. 3 27 2.11 7.1~15.7 1000 1
12 3.0 10. 5~44. 2 28 1.84 7.9~15.4 E 250
13 2.96 17.2~25.8 29 1.80 5.0~13.9 8
14 2.92 15. 9~27.0 30 1.69 7.1~8.8 2 5001 1
15 2.89 33.3~62.3 31 1.68 5.5~11.8 B
- S 2501 2
16 2.83 6.4~12.4 32 1.66 5.7~15.1
3
0 ; " : . . 7
ihlE) 2 RA, X ARAR AT Ik 2 5 DA b, A 15 L 20 30 40 30 60 70

# 3. XRD 5L 2, [ 3.
73 2 Bewr A1 1 R 3

i 25 K 3 ON T H 'ﬁlﬂﬁﬁ(orpiment,
Asy S A, FRAEWEAE O LI 45 55 0 5 — A
A, A MEBE I AR o TE T RDE (d {E)4.7E?E7ﬁﬂl%tljfjb(2—

26/(°)
Fig. 4 XRD spectra of realgar, orpiment
and intergrowth texture
1: Realgar; 2: Orpiment;

3: Intergrowth texture of realgar and orpiment
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B oM CaCO; WTR-EG AR, WHIRER A CaCO; dhik,
e AT BERE RIS AR DL 5. SRR A A A AR 4
BHRRIR RS0 B 73-2112 F0 71-24345 2 SCHRGE B
FR X SCHR 7332 Tro S5 Mullen 4550 fiy F 52 iR »
HAGRH o Asi S o

YER M AT EEF B, X RS A B 2 4b,
B2, S AT A I, VRS RN, HEBORE h iY) X AR
TSR 20 B v AP TG RR AR WA 88 2 5 O, A B 6 B A % >
SIERE S 3SR EZALE, it — 0 5o Uk = 24 F Af

B AR RS . FRATXIRE ST TS OERE AT Gl B
AT RGBT DR 38T BT [ 2 FHME B 1) o0 1250
2.2 fuSstiENERAEKRIE

PLEOETE AT R s . T 10 25 AT A S
T BUEAR R b 4208 12 RO LA g AR R I —
B, WESRAUHEREA B, DLIE] 8 FNIEL 9, Sl X OLig g
WESIHT (e DH L T LU A AR S50 T SR 4 1) B [ A 2
24 PR RO R rh s 2 il 500 o B (o FH B B8R o Asi Sy

9.569
2000 e
2z
=)
3
S 1500
k=
— 15.624
14.854
1000 - 36.294 w.sm;} 47.695 48.757
50.343
500 - Calcite
Calcite Calcite Calcite
’ ‘ alcite
100 [ ‘ |\| m IH\‘ L 'ulu b1y sl pasbis 1 : g
10 20 30 40 50 60 70 80
20(%)
File: 1003-25.raw-Type:2Th/Th locked-Start:10.0-End:80.0-Step:0.020-Step time:16.8s-Temp:24-Time Started: 6s-2-Theta: 10.0- Theta: 5.0
@ 01-073-2112 (C)- Realgar - AsS- Y: 18.35 %- d x by: 1.- WL: 1.5406- Monoclinic- a 9.27000 - b 13.50000- ¢ 6.56000- alpha
90.000- beta 106.620- gamma 90.000- Primitive- P21/n (14) -16 -786.654- I/Ic PDF 0.9-
m 01-072-1650 (C)- Calcite- CaCO3- Y: 25.00 %- d x by: 1.- WL: 1.5406- Rhombo.H.axes- a 4.99300- b 4.99300- ¢ 16.91700- alpha
90.000- beta 90.000- gamma 120.000-Primitive- R-3c (167)- 6- 365.239- I/Ic PDF
Fig. 5 XRD spectrum of realgar and CaCO3 in Fufang Huangdai Pian
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Fig. 6 Raman spectra of Realgar and 10 batches Medicinal Realgar in China

M, R E, sigma-aldrich 2 5] H 5 Y arsenic sul-
fide () X SRAT 5 B R P &bk 5 R E A HF G ZFHE
([l 8), arsenic sulfide {4 X T2 A7 5T EE(E 5 A H 755, M

2.3 WMHEBEENILRES
SR T {68 B A O AR S A, IR I SE T 5
sigma-aldrich 2% &) H 5 1Y arsenic sulfide (46 B 98%0) 1E K %
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DA S e LS R4 . S T X W AT 4 50 FRAT TR o e
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sigma-aldrich 2 &) f) i &5 ok Y Asi S, % B F| A8 S, Py in

500~600 CZAF THf realgar S5 RlPITE K ELG ST HHE
I sigma-aldrich 23 7] y FBYRRRE O il Al Al i A o R A AR
ARTIAG . HLAESE A i B rp s A Al A AR RS HE S D0 B TR
He.

Table 4 Raman data of a-As,S,, y-As,S,

()(’AS.; S4 X’AS4 S4
143 em ! As-As-S T iz 3) 144 em ! As-As-S T Esh
166 cm ! As-As-SZ R 3) 164 cm ™! As-As-S Z5 i ¥R 3
172 cm™! As-As 145 9%5h 185 em™! As-As-As 14597 5
182 cm ™! As-S-As & il #3) 217 em™! As-S-As 2 4R )
193 cm ™! As-As H454R 3 232 em ! As-As-As {45438
220 em ! As-As-SZ iRz 342 em ! S-As-S 45 R 3h
342, 354 cm™! As-S Z R0 360 cm ™! As-S 2 dE s
750 -
w V.
g
3
S 5001
£ 2
5
= 250 1
3
F
WMMM\»MMAWMMM z
0 T T T T T T
20 30 40 50 60 70
20(°)

Fig. 7 XRD spectra of 1: o-As;S;, 2: x-As;S,

x1¢°100.0 150 200 250 300 350 400 450.0
Raman shift/cm™

Fig. 8 Raman spectra of 1: a-As;S;s 2: ¥-AsySy

2.4 Ml HIF R EEHEE RN

HER TG LI ML T REA 2 o S 2 I o B2 2 g ]
FVE PSR H LB AR R A 5 2 g | AL A B R AR
FIZEAL 7 ARSI o Bt 1 RN T i A0 e R 24 o 5 o
B AR REEH . SRR . HRLR AR 0 AR A N 2
M R B R RS R ks . LI 5 9.

SEHRAIF R SCHRAFSE R I, IR A T Rt R b
KIHEET, BTk 1 400 434F, LR E M —— 40 ES
BEHMBORGMERT. 1 20 42 80 R0 LI, —EEEN
2 FAMER I ME— TR, R IR e b . e
TRk, Mo E — 5, BRI A R ARSI Y

ooy
NV

x1¢® 100.0 150 200 250 300 350 400 450.0

Raman shift/cm™
Fig. 9 Raman spectra of prepared realgar with

different processing procedures
1: Ore; 2. Powder; 3:
5: Acid washing; 6: Alkaline washing; 7: Vinegar washing

Refine with water; 4. Water washing;

(€] ®)

Fig. 10 Molecular structures of (a). realgar and (b): orpi-
ment. In (b) is shown an As,S, spiral chain (heavy
and light full circles), and an As,S3 layer (full and
broken circles). Reproduced from Ito, Morimoto and
Sadanaga, 1952)
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Validation of the Crystal Structure of Medicinal Realgar in China
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Abstract

copy in the present paper. Ten batches of medicinal realgar were analyzed including realgar ore, medicinal realgar powder, and

The crystal structure of medicated realgar in China was validated as o-As; S, by X-ray diffraction and Raman spectros-
prepared Chinese medicine. Identification of two As, S, polymorphs confirmed that the crystal structure of medicated realgar in
China is o~As; S,. Studies on 18 batches of preparative realgar powder showed that processing of realgar can not change the crys-
tal structure of realgar.

Keywords Medicinal realgar; Crystal structure; o-As,S,; X-ray diffraction; Raman spectrum
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