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[(FE] B0 EA SN X ST (XRD) BlE FIRLS 6 3% 18 SURHE , iz 250 i A s s i it 2% . Ak
S SRR R HORE T R A A SRR AT X SRR AT A AT, B A5 R R AR AR 4y CaF, B &, A OGUR Cu B2
Ko S48, Ni i8¢, X 4 TAEH R 40 KV, I 40 mA S B 3R G & HORSEFI BT RO De 4834 5 1 B2 3 0pe 4% 0.3 mm, 7F HEE
fih b, AT 45 BE L TE 61 ~2 695 em ™' BB ORI AL . SRS BN B & L IR 785 nm, B I A 61 ~2 695 em ', BT K
300 mV, 1.5 m GEF IRk WOLIREE 100% . 58 :XRD 3R 1 ~ 15 SH G N IEME AR, 16 ~20 5 HBHE 21 5 hHh
Ao 1F S ST BERLE I TE 310 ~ 325,720 ~ 1 500,1 700 ~ 1 900 em ™' 4b A5 3 21 i & 45 SURFAE I, 415 1 BE AR 17 b 45 ) 42 E%E’J
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Identification of Fluoritum by X-ray Diffraction and Raman Spectrum CHEN Long, LEI Mi,
HUANG Bi-sheng, LIU Yi-mei, CHEN Ke-li* ( Key Laboratory of Traditional Chinese Medicine Resource and
Compound, Ministry of Education, Hubei University of Chinese Medicine, Wuhan 430065, China)

[ Abstract ] Objective: To analyze X-ray diffraction ( XRD ) and Raman spectrum fingerprint
characteristics of Fluoritum, and to provide a reference for its fast and effective identification. Method; XRD was
used to determine phase composition and the content of CaF, from Fluoritum, Calcite and Quartz with Cu target Ka
radiation as incident light source, filter of Ni, 40 kV as X-ray tube voltage, 40 mA as the current, 1 degree as
divergence slit ( SD) and scattering slit (SS), 0.3 mm as receiving slit. On this basis, Raman spectrum

characteristics of Fluoritum in the range of 61-2 695 c¢m ™'

, with 785 nm as wavelength of excitation light source,
300 mV as laser power, 1.5 m optical fiber probe and laser intensity of 100% . Result: Analysis of XRD
indicated that samples 1-15 were Fluoritum, samples 16-20 were adulterants and sample 21 was counterfeiter.
Fluoritum had 3 groups of characteristic peaks of Raman spectrum in the range of 310-325, 720-1 500, 1 700-
1 900 ¢cm ', which can be used to identify its authenticity. Conclusion; XRD can accurately determine phase
composition of Fluoritum, which provides original sample data to identify Fluoritum by Raman spectrum. As a way

of fast analysis technology, Raman spectroscopy has good specialization, it can identify Fluoritum and its

adulterants, counterfeiters.

[ Key words | Fluoritum; X-ray diffraction; phase; Raman spectrum; fingerprint characteristics; cluster
analysis
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B ELAT IR R R R R R T e
IR, 56 T 28 77 B A0 3 HL 5 30 7 1 b e 1) L B Ak
W) R R A, 2010 AF R E 25 80) SR 2
DY 2R (EDTA ) 5 5 B U R 45 8 T, BRSE Ak
G TR BTG T 85. 0% |, 2 8 47 4 Bty 200 % )
SR T A 00 K ) T B {E Sy SRR A
FEIT, LIRS . X GFZ AT 4T Fourier &3 /) Hr
VT8 W2 v 2 10 e ), EL A R A R R
AT HE 5 SoPE B I AE ST RIS R0RE B 4 2 B A Y
P 07 4P ST T S Y X SR AT B Fourier 45 8K
T, T B UL I 7 S G P ST, Sy R AR G
e ) 4t S R R 9

PSR — Bl e s e AR F R 2
IO JEUBE 3145 7T A 43 T 9% 30 BE gL 48 SOk, B
A5 A W IR AR 40 0 1 S0 oy e RE T SClk AR
i W A FE 310 ~ 325,825 ~945,1 100 ~ 1 500 em ' 4b
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Table 1 Sample informations of Fluoritum, Calcite and Quartz

FLAT 3 AURRHERG AT o A SIB I X SR A7 4 4
RSx4 DL HEAT HE A 5 00 Bl a3 o T, e B A L
S0t 5 P HEAT 7 2 O 18 SURFAE 23 A, LSS B

) 4 2L 2 G T AT 8 B R AT B0 3 P
15 1 o
1 #FHE

XPertPro 7 X 15§24 15 i 55X (5 2 0y 401 24
A1) i-Raman Plus-785H %4 5 H7 8 i [ %
WIKFEBE N A OGP A 785 nm, i A IR A H Ay
G #4 ( charge coupled device, CCD) [ 1 46 1] %5 ,
LA 4 7S S

% f1 3¢ ( Fluoritum ) K H B W i 77 ## A1
(Calcite) , 47 9% ( Quartz) JE31 23 HUKE 5 9 A 22 8%
N TR AN b A & 2 R T g, e
B 2 R AR 2 BT 3 R AR ) AR S, R A PR 5¢
JCHFIEFNW) A0 S 45 R W3R 1 AL ES (AR, [ 24
LE AL 220 A FR 2 AL ik F20110311)

No. BE & PR AR FENCHHAE KA UEER O HKRK
1 Y ok, B iy, 5060, 215 W, AL i ek, 5 Tk 2 [ Y 0.724 4
2 EPaE Lt A SR SR A SRS I BRI e 0.890 1
3 R ok, B ffy g (0, B W], B RS RE O TR i U LR EM Ear s 0.975 4
4 Y otk UM fy 506 R B I B R W h BRI M Y 0.927 0
5 EREE ok, B iy, g (0, 2153 W, B AE e i i SN BREIN EEE 0.984 5
6 ey ok, By g (0, B W], BEBERE % o S BRI M e 0.978 2
7 P otk , B fy, 5 @R A B, BURREOL R WO .5 LM E P 0.902 1
8 EaE S ok, B iy, 460, 21 5B W, B AL e v W e T RN Ears 0.987 2
9 Y ok, By ol FBE, BB U B RL i SN BRI EPaE 0.962 2
10 P Yotk , LB fiy ek, 2B U, ISR i S el EaE 0.956 2
11 Bk ok, B iy, S h A 5 B, BB W B REOL e BRI Y 0.959 0
12 R ok, B iy, 500, 215 W, B A e i WHEE .5 BRIz E PR 0. 866 1
13 P Yok, B fy g 00, E W], BB RE TR i SO el EaE s 0.9813
14 EaES WA K6, FE Y — i BRI T 0.993 3
15 EaE s ok, B iy, G, B W], B RE PR ik S Rz M E ey 0.974 1
16 P i S RN S SURTE ) o LM R 0.633 1
17 AL WK, R, B AR Xk i) e 0.130 1
18 KA b S A B S R U ) 7 B 74 7 % e 0.126 4
19 e EE s ok, B ffy 500, RE W, R B ok % i TR B 0.169 5

20 P Yotk , Jbe fy R0, N B W, BB R X R A iy 0.082 9

21 EaE S Yotk oM f e AR B I, BB REOR EE S T RN i 0.128 6

22 TR ok, JE @, B0, B AL J BRIz TR 0.033 5

23 SR Yok, [, R B I IR G X vy 11 B SpEES 0

<43 .



5521 55 19 b FEXEAFFEHRE Vol.21,No. 19
2015 410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2015
2 HEEER

2.1 X GFZATH (XRD) Fourier [&] 38 v 4 iE

2.1.1 XRD Gl R ¥ 23 HE26 BB e, if 200
FI 0, 76 3 B ok v BIF 20, B 2, FH BB AU 92, O
AR B MRS R, AR Cu 8 Ka 148, Ni
Frug il , X 8 TAEAL R 40 KV, HL 40 mA G R4
KB EE (DS) F 7 S Be 4k (SS) #4101 B2 liUpk
#(RS)0.3 mm, FELHM =, HMWHE 8 E/
min,26 43 HFE 0. 02 B a3 ~65 R H
BEFR I 28

2.1.2 YAHMEMT o CaF, g & il L XRD 4347
{CRAEFE S XRD 3%, 32 H Jade6. 0 B {43 #7 , 1%
23 HEAE & B W AR 2H 8, I 2 ik ) CaF, &
e ' AT, A5 R LK 2,

F2 HERNYHEEAKK CaF, &2

Table 2 Phase composition and content of CaF, from 23 batches of

samples
No. Yy HE 2 CaF, it 7340/ %

1,4~15 4 A 87 ~99

2 WA AW ALK A 96

3 AT 100

16 WA AW TTHA 42

17 WA A Rtk kA 48

18 WA K At 35

19 WA As A 64

20 HA A YEF MoS, 56

21 Uy e 0

22 VN 2 0

23 bog 0

2.1.3 XRD A5 KPR FIH Origing. 5

G o B2 VR E XS 1S 4t CaF, 5765341 > 85%
R 58 A A i 9 XIRD K008 B 47 Ak 3, 2 1) 2 A [ %
FIFR 3, WL 1,2, 76 25 P35 b 4 O A
WL 3o SRR 1Y 25 1F g R R AR (9 1,00 B,
75 0.5% ) , R 0.5% .

25 L B, W0 S D A 5 A S AR 2 R L AR
T, HAE w7 RS S (d) 0. 314 nm Ab A7
SR IFAEAE 2 A YR I, d 4350 4 0. 192,0. 164 nm,
AN EATHE WA LS HEF R <15%) , HAE
K3 d 53502 0.423,0. 332 nm b A 2 5504 i
415 HEEE A IAE R B S D ARAENE S SOk [ 3 ] i iE
S84 — B, AT SE AT SEIE b o
2.1.4 B0 il SOR WG B XRD 04 ik 2

.44 .
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E1 15 #tZEAREMM XRD 7L
Fig.1 XRD common spectrum of 15 batches of Fluoritum
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2015

B2 15 #ERXFRHP XRD FHif
Fig.2 XRD mean spectrum of 15 batches of Fluoritum

FIEL 1 ~3 AL, XRD J3 A AT LAE ) 45 531 4¢ 4
o B HL Dy, 3 T I G AR R O 2 R, AR B R 1Y
23 LB LA SRS 1 ~ 15 SORIEME A, E
LW E A, Cal, i Jr %0 > 85% ;16 ~20 S Hf
o 5GBS B O dh, Loy A A, CaFy i )
B <85% ;21 ShEMC N E AT, 22 5N IEMTT
fi#£1,23 SORIEG A A3, A AN S8, K
LA YR S 1 AT, XRD A]
YR S E MR (L9 0 O ¥ M L) T 50 0 S R
B o

®3 ISHEMERRK XRD FHEEHEFIERR

Table 3 Common peaks informations of XRD mean spectrum of 15

batches of Fluoritum

WE 20/  d/nm W (1) W 25 ARV BL (1/1) / %o
1 20.94 0.423 213.47 1.2
2 2672 0.332 334.07 1.9
3 28.36  0.314 17 527.80 100. 0
4 47.09 0.192  5304.53 30.3
5 55.85  0.164 1 335.40 7.6

T <1y Ay B i 0 i JEE

2.2 FEpAmALE OGNS
2.2.1 fuSoieRAgE 20 BIHL 23 AR S 200 H
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B3 JERERZH XRD
Fig.3 XRD of unofficial Fluoritum

T B R B CaF, 3, B FRESAR, FRSE, 4E 3k 4%
HAE it 2 100, BE HLIDT T SR 52 R o ORE B 1 iz 2 0l %
FHE SR8 R TR 785 nm, G & 61 ~2 695
em ' BOEDIF 300 mV, 1.5 m Bk O R
100% . 43650 R 100% i, /R O RE Bk R
SRR IR, W E Y BN R E <50%
FAH I [) AR 46 B 5 15 5 0 B R AT R R, — R B
3 s, %3 W

2.2.2 EMEARMBEESHT X XRD 4347
W A IE S 1 1 ~ 15 HE50A JE ke i ) CaF, 1 hr
JETEHEAT HAR T 1 15 L IE S 58 O RE B R
T ILIE 4,5,

ek b o e ek

—HNWANANROO~NWALN

%

2]

2600 2200 1800 1400 1000 600 200 :
N EHH/cm™
1,4,12. %.:3,5,6,8,10,13,14,15. %4,2,7,9,11. o6
B4 15 HL1E RERHE CaF, W 8 KT

Fig.4 Raman spectrum of CaF, and 15 batches of Fluoritum

BFFE R a0 A 1 ASHE 0 1 4 4% 30
ik, FBAE 310 ~ 325 em ' AbEgiE AT CaF,
(7 B AE 318 em ™ AT — BLIE 5 EIR 5B W)
A RS R K RS R R TR, B A
BRI S 15 SCHRR S 1 R SRRSO H A
BRI IR 318 em T ALBR I AR
CaF, BF7 S 457 1F W 4h , 1F 720 ~ 1 500 em ™' 47 X

1146.27

1242.66

13421

1 873.65 1443.12

989.67 317.81 183.18
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Fig.5 Raman mean spectrum of Fluoritum
HA 6 MEEWE, b 1 146 cm ' Fil 1 243 em ™' 4b
h 2 AR ANTRIRE Y IX 2 A iR IR T AF
TEZES 55K 1, 2GR O 58 0 HOR B R i, 1 I8
BTE W i LR 1 1 T IS 2h B O S (8 B A
W28 .1 146 em "IEWE B F 1 243 om I
Al I3]0 11 5 €00 FRO A o, 8 2050 2 € A0 0 A
14 50 148 853 R AT il (9 9L 20638 5 I 2 61 O 4 £
BROR B R it 6T 4 AR AR AL, AR I 320k AR R B
B SR A POR . e Ah, T A 58 A0 SR i 35 17 A A
4 AN (1 443 ,1 342,990,721 em '), ik 4 4~ 1Y I
TEWE % A7 3 I 25 44 B0 68 B9 O[] T A7 AE 2 v o TE
1.700 ~ 1900 em ™" X 45, i ff 25 47 3 55 o 28 1 0 %
MUEEAT 1 874 em T Ab By PR G W TR AR
2.2.3 FEauB O L OhE I 2Otk IE BR
16 SHEGh AL, oAb B 0 5 A S ke i T AH &2 2%,
AT AR, 12O IE Y DO W] B AR, DL 6,
R BRI P T 21 S FE B =2 O IE L AE
100 ~ 500 om ™' AbA 2 A% /N W T A I e £
£ R B TR AR

2500 2000 1500 1000 500
2%/ /cm™?

El6 #ml7-~21 SHHSNRE

Fig.6 Raman spectrum of samples 17-21
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=HEERE G FLTE 1 8741 342,1 243,1 147,318
em AR AR SR R BE SR A SRR AR W, EL TR A D5 1
1 086,712,278 ,153 em " 4b e H 7 fit 15 64 4 AN 4%
HEW 5 7F 463,198,126 cm ' gb R ELH A LAY 3 A4
FRAF I

355.04

278.85
1242.66 114827 317381 153.45
1086.18 198]10
1873.651 34219 /K,f; 462.9% 1\1p5.64
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Bl7 #Mm16,22,23 SHASAIESERERTRFHEELI L
Fig.7 Comparison among Raman spectrum from samples 16,22 ,23

and mean spectrum of Fluoritum

2.2.5 FrEOGIEAHMUE LB N OPUS SGiE o)
B, R FAR OC R B0 18R 23 HIERE i & CaF, 1Y)
OGS S IE 5 A S BOGIE R MR . T BR
oA e H A A28 X6 D6 1% B 52 W), e TE A OC &R
BORT, 75 0 45 0 1% k47 AR B SR — B 3 RO
K2, 9 SO B AL BT B, S5 OR BoR
sl 58 A7 SRR i RH 06 R B W R T HA AR IE A 5
AT, B0 5 A1 S b O R B A (> 0.95)
FALEE R K o CaF, BYAHC Z %L 0. 105 8,
2.2.6 FrEOLIERESN R ARG AL B
D7 kR 23 HibRE L K CaF, B9 S35 dE 17 40 HE, 75
61 ~2 695 cm "B, UL Ward’ s algorithm ( 47
BN AT R A 8, SR R BRI
P 8 OGS A AL RE X 5 40 S 1 5Dy AT 4800, 8 AT IX
I3 AN TR A 1Y 55 A0 e

AN~ — Mo 0 "N O N
S =70 S22 ]TXR2IR

0
1
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B8 (ARRHERERNNESRXIERESH
Fig.8 Cluster analysis of Raman spectrum of Fluoritum and its

adulterants, counterfeiters

2.2.7 BURE AL M AR N2 OGS b

BLIS 5 Bl B9 BOIR 58 A0 5 2500 2 B, 4 55 51,

5-2 o VIR BE A THT , DG T 1 Sk IR 2 T (4% 44

W AR 4 2. 2.1 T F 5 R SR RLE LTS,
. 46 -

VL9, BEREIR S5-1,5-2 5 ke bl R T 47200 %
5515 St IE SR R B 2 6T 243 AR DR B, A
Fe R K5 R 0.735 9,0.816 3, > 1 SRSk R
JEIE 5 IE AP T8 A AR OC R 8. U B Bk
JE 2GR 0 B DT AR AT T 5 A S B M e
Sh, i T B S B9 AN ), BOPRAE S i 57 80615 A7 1
25,01 146 om "4y BN R, 4R TE IR 5
DG, R PRI ) B A R — B

5-2
5-1
IE&F
i
2600 2200 1800 1400 1000 _ 600 200
P EAr#/em™?

9 BREFRFEAMTANLERIESERFEH L
Fig. 9 Comparison of Raman spectrum from face of original

medicine and mean spectrum
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B AR A2 1 0 5 2 %, i TR LT E
BT H Ca™ I R TR AR, R LLE 30 8
BB AP Ca® A A7 AR L 8N B i
A T BN, KEIFE T BT R KRR
FI7E 720 ~1 500 em ™" AAETE 2 ZLRFAE A, 3% 2 41
A BN TR R T RO . R AR
DTG T L Y R P ) 2 e S W T 5 A % v s 2 AR



A

521 B4 19 1) HESSEAFFERE Vol. 21, No. 19
2015 4210 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2015
TEMESR 36(18) :2498-2502.

W KA+ e K B —E MY, W+
I i R il F e N A 2 PN LN 32 A RN AW
FEAEOR RJE S B D RE H AT O e
B+ X M — & BURAE L, s 1k & 9 2
— LAY (T I 7, L B i S R P R
BESEFUVE A T MR B £y, KA
WARINNIER O NN —. Wik, %
AV o0 R B R IS B B AT B A H Y .
LR B RELE 720 ~ 1 500 em ' ARIE 5 %
L2 BB 0 HL AT KOG T B S R R 2
HEAR G R A G, UG BB R B R B A K
2yl Lo ERE S .

B A5 b O SRR A R B SO AR LR A
HHAEAEE SRR R ERE AR, BE A%
PO I i 10 3% 0 e 7 KL X B IE 8 4 R R R
Btk 245 48 2 10 00 B 2 33 4% U 1 e 57 — SO LA
P2 T 5 51 5 4 B 2 b L AR A 1 & JE o BB U
B PR b X 58 e K B O A O TR VA AR
CaF,, BFFELFE v BUER 43 4 U % 0 1 26 vh 245
e DL 2 3 Sk A AR AT B A RRAE I O 3 dn
17,1819 S FE 5l %6 3t dd W %38 () hr 8y
T AR ) AR, B 2 2 O T A
PO BB AR, R AR R T SR
BOLIEH AR A LIRS T I R U

[ &% 30Hk]

[1] MEB.THABMERSFREER[M]. b5 #
22 1 iR At , 2013 :503.

[2] HERZHUEL & PEARIEMELH. —F[S]. 4t
5 BE 2GR G S it ,2010:316-317.

[3] BT, 2%, s, 5. 2% 4 % XAiT i Fourier
fea RS IR SE [ T]. 2590 73 BT 4 7 ,2011,31(8) :
1589-1592.

(4] XNF4&, RIEHE, AREE, 5. 0 WR P2 H A M
XRD Fourier 8 8BS W5 [J] . i E A 254455 ,2011,

[9]

[10]

[11]

[12]

[20]

AT FEIE TR SRR S, AFL RO Bk R B HAE B
G E PR [T ], B e 2 2 R, 2012,29
(1):3173-3176.

W5, A BeH , AR0k 45 b BUOP R R A I A
FRAEWEFE (] 07 7= & T, 2007,2(1) :26-31.
TREOF R E W SE . R A 02 G AR
e (1] 0774, 1996,16 (4) :394-402.
PR B AR EEAR . = X 2 W A0 G k43 BT 5 vk T e
W5 (] B4k ,2010,33(2) :88-91.

T DR A A A B AR S TR
ARSI A EEZS,2008,28(5) :83-84.

JR SR AR DT B XM 58 R R W A 2
SLT]. PAMEYF ,2009,31(11) -85,

Srivastava R, Lauer Jr H V, Bron W E. Raman
frequencies of fluorite crystal[ J]. Physics Letter, 1971,
36(4) :333-334.

X TE, TAR B R MR S e A Bl B A 59 R
SRS (1], A SR B B 50, 2008, 27 (3):

370-377.
X SCHME WRARE T, R WV, A5 T 2T A1 18 I S O B vk
B IPR [T]. EAR B R —h

B2 AL, 2013 ,15(7) :1538-1543.
BN, R TR A, 2. 20 Ah R 4T AN B N B
ookt B D S ) [T ] = 3R 2, 2013, 15
(12) :1046-1049.
sk, B G Jm A (ML B Il K
2 WAL, 1989 .80-89.
WP ICP-MS i) L 43 M s 2 A B i IR [T ]
i ER B 22 3 ,2012,27(S1) 1517,
SR A ML CE L S TR L OT R M H R
i [T]. &5 & R ,2010,46(5) :65-69.
T A W TR AR RO R HALEI[T]. W B
2 fE I Ak 1988 ,4(5) :268-273.
SR A N G I TSR E o= AL 5 T A 7S
25547 ,2013,32(12) :1641-1465.
i R BRI, 2K 1, A5 A S R 36 T B SR L2
RE[J]. dE %6 ,2010,37 (1) :121-125.

[=EHE XEX]

.47 .



