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Abstract The Raman spectra of 35 stone samples (13 Shoushan stones and 22 Laos stones) are measured by a self-
developed portable Raman spectrometer Hx-Spec, which is excited by a 785 nm diode laser and the spectrum range is

200-2700 cm™ ' with a resolution of 6 cm '

. A multioariate model is established by combining the principal component
analysis (PCA) and the linear discriminant analysis (LDA), a discrimination sensitivity of 86.7 % and a specificity of
100% are achieved in separating Laos stone from Shoushan stone, while the performance of corresponding receiver
operating characteristic (ROC) curve is 0.977. Besides, a discriminant accuracy achieves 87.5% after 8 new samples
are added as a validation. These results demonstrate that the utility of portable Raman spectrometer combined with
chemometrics provides a new strategy to discriminate the Shoushan and Laos stones.
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Peak position/cm ™~ Suggested assignment

264 O—H—O triangle
329 Si— O bending vibration
430 Si— O bending vibration
456 Si— O bending vibration
742 Si—O— Al translation
789 Al—OH translation
910 OH deformation

3.2 FHR R

ML T AN RE BOWL AT s LA 2R a AR B 2R R S Ok ok S B, AT PCA
454 LDA SEATGEit oM . J2nor o0 Hr Je 1) e A 1% SEVAEL 7 £ PR Dt 4 A8 o AT R 22 19 1 B RO i 42 R 8 A2
2% 1) 22 A8 A A A RO LA BB AR 3 T A B3 2 ) 22 e 9 8 o 9 22 U e v O s A DG 4 B T A4S B0
LDA MR 45 [ 41 J5 2 e /NFI2H 18] J5 28 e R0 Jst i Jal 3 2R 26 . DUARR B A3 £ 245 B0 sE — £ 84y PC1 AN
SRy PC2 2l y A 2 BT ARG SR AR N 3 B, o S — A T o ) A R Y

1230001-3



e % Es i1

92.84% . MK 3(a) 0] LA H L 77 1l A3 R B REAS B EL 84 1 43 2% . 4ead PCA 40 #Ja % i L 2 55 Ll A
A WAEIER PCL,PC2 ik —2 LDA, Z53i T LDA #5719 40 #1808 & 1L 2% 1A i A P X
A3 R B R R 86.7 %0 R R 100% .

h T % RE PCA-LDA A5 7Y 5 A B R A2 3R A 19 TR RRAE (ROC) il 28 X BT 44 2 10 3303k UE AT 9F 1
ROC Hh £ ) Bt T 43 Bt J7 125 1) 5 B0 FRE Sk 22 TR0 A O 3R R W B i v M AR 6 s . X PCA-LDA A
TR 2 4 1 5] eR B0ES 23 #EAT ROC BT, I8l 3(b) JiF7n . ROC #I4R F A9 AR 20 X8k 0,977, 3% B S 56 e
i) PCA-LDA Bk BA B R T 5EH: .

8 (a) o Shoushan stone (b)
6| = Laos stone 0.9
: o
-2 Zos]
g0 a -‘50.5.
-2 3 04;
4 ° e °° 0.3:
6 y=—0.57082-6.26 X 10~ 0.2
0.1+
-8 0 " E L "
-4 -3 -2 -1 0 1 2 3 4 0 0.2 0.4 0.6 0.8 1.0
PC2 Specifity

3 (a) LA PC1,PC2 SR gk A b 4 2 58 0 A0 55 L0 A R 1B B 2 B (b) ROC 46
Fig. 3 (a) Dividing line as a diagnostic algorithm separating the two groups; (b) ROC curve
Xf bk PCA-LDA K8 Fir F A4 g L1 28 73 L A7 F 52 4 A 00 010 38 Bl O 4 3 i 2 St A 28 73 10
AT 6 ASZ A AT RE AR B E SR A5 B SCH [ B8 77 06 X6 JRUAG D6 1 R AT T R RS 1 BR L S AR E A —
A5 AL BRSO B0 IR 4R HEAT S0, 25 RN 4 PR . B E Y IE AR RN A8 87,5040 P AR R A PR L (H ) 2D
YA R LA TR A A A

8 o modeling Shoushan stone
[ < & modeling Laos stone
67 dividing line
N
4+ U a
0
2| S :
— o \\\ % e Be,
O 0 s N e "
a9 o ° EYS
=21 o \}\
o oo h
-4+ o
4 .
_6 « validating Laos stone
o validating Shoushan stone
-8

-4 -3 -2 -1 0 1 2 3 4
PC2

B4 A 8 S E A il Br 523 2 45 2R

Fig. 4 Classification result ofter adding eight validation samples

4 4k ®

s 5 5 59 ) — 28 S 0 7 M B 5 B 2 3R P X SR 0T 0 R 3% 0 W 0 L K2 — AT B 40 BT 0, K X
TR 8 96 45 4 PCA-LDA S5V 4 07 8B 06 25 11 77 2655 1L 77 N 5 7 v K43 410 S 1 0 S 15 0 U 4
514 100 % F1 86.7 % . ROC HZE BUM T AN 0.977, 20454 W1, 8 6 45 & PCA-LDA %5 1407 19 7
W T HR ] X 5 L1452 it 1 A0 2 1 e T 1 X 4

Z2 £ x M

1 Huang Zhiming, Tang Deping, Lin Hui, et al/. Near infrared spectroscopy: A new tool to identify different types of
larderite[J]. Journal of Gems and Gemmology, 2014, 16(5): 34-43.
WORW, BN, bk M, &L EAAMDEEE AR LA KR PR ] EA M E AR, 2014, 16(5): 34-43.

2 Liu Weidong, Jiang Guojian, Xu Jiayue, et al. A study of the composition and classification of Shoushan stone by XRD

1230001-4



e % Es i1

10

11

12

13

14

15

16

17

18

19

method[J]. Journal of Shanghai Institute of Technology (Natural Science), 2009, 9(3): 175-178.

XITA, EE, BRI, 5. Flay WA & H 20 XRD 58 [J]. LN AR (AAFRER), 2009,
9(3): 175-178.

Wu Bin, Feng Ansheng. Identification method of X-ray diffractometry in Shoushan stone[J], Conservation and Utilization
of Mineral Resources, 2010(6): 56-57.

RO, R FINA R X LTI ] 0 RS A, 2010¢6) = 56-57.

Tang Deping, Zheng Danwei, Huang Shanshan. Mineral components and identification of Laos stones[J]. Journal of
Gems and Gemmology, 2015, 17(1): 1-9.

VIES, PR, B, AT WA BEE T] . EAAME AR, 2015, 17(1): 1-9.

Wang Han, Zhou Zhengyu, Zhong Qian, et al. Study on petrological and mineralogical characteristics of Laos stone by
EPMA-XRD-SEM[J]. Rock and Mineral Analysis, 2016, 35(1): 56-61.

&, RS, BOf, L BFRURE-X WA A B E R e A S AT WERIED]. AT, 2016, 35
(1): 56-61.

BHES , skT5IR. P ERG LAY (M] . Jeat: M R, 1994 21-22.

Zu Endong, Chen Dapeng, Zhang Pengxiang. Identification of B jade by Raman spectroscopy [J]. Spectroscopy and
Spectral Analysis, 2003, 23(1): 64-66.

MLURAR, BRORME, SRMEA. 358 B ATRYH SOBIEEHI[J]. Stk 5064, 2003, 23(1): 64-66.

Yang Xiaodan, Shi Guanghai, Liu Yan. Vibrational spectra of black species of hetiannephrite (tremolite jade) and its color
genesis[J]. Spectroscopy and Spectral Analysis, 2012, 32(3): 681-685.

BbeFt, MOOGHE, X B B EE R 057 R A BT AR E AR SO AR M e R [T e SO RE Ar BT, 2012, 32(3):
681-685.

Fan Jianliang, Guo Shouguo, Liu Xueliang, et al. Application of Raman spectroscopy in ruby identification[J]. Applied
Laser, 2008, 28(2): 150-154.

WHR, SR, XER, S SRR E A b g R AT T] . BH#OE, 2008, 28(2): 150-154.

Han Xiaozhen, Guo Zhengye, Kang Yan, et al. Application of Raman spectroscopy in certification of chicken-blood stones
[J]. Acta Optica Sinica, 2015, 35(1): 0130003.

R, SPIE, B, 4. RrEORREIENS A K PR L] e, 2015, 35(1): 0130003.

Sun Zhenhua, Huang Meizhen, Yu Zhengang, et al. Portable Raman spectrometer and its application in Shoushan stone
detection[J]. Journal of Optoelectronics * Laser, 2015, 26(6): 1152-1156.

IR, HABE, REK, 5. RIS OE IS WAk s R D] s - WOk, 2015, 26¢6): 1152-1156.
Feng Shangyuan, Pan Jianji, Wu Yan'an, et a/. Study on gastric cancer blood plasma based on surface-enhanced Raman
spectroscopy combined with multivariate analysis[J]. Scientia Sinica Vitae, 2011, 41(7): 550-557.

R, WA, (I, . LT SERS HIRG G AR RS T B 8B E K A 80k [T] . T E R A Bl
2011, 41(7): 550-557.

Chen I, Wang Y, Liu Nenrong, et al. Near-infrared confocal micro-Raman spectroscopy combined with PCA-LDA
multivariate analysis for detection of esophageal cancer[]J]. Laser Physics, 2013, 23(6): 065601.

Guo Li, Zhang Yi, Lii Jinyan, et al. Multivariate statistical analysis of serum from breast cancer patients using surface
enhanced Raman spectrum[]J]. Spectroscopy and Spectral Analysis, 2013, 33(6): 1553-1556.

W, sk B, BaME, 4. HZIua o ik FURE L 19 R R R AL 2Ok [T i 5ok, 2013, 33
(6): 1553-1556.

Janior P H R, Oliveira K D S, de Almeida C E, ez a/. FT-Raman and chemometric tools for rapid determination of quality
parameters in milk powder: Classification of samples for the presence of lactose and fraud detection by addition of
maltodextrin[J]. Food Chemistry, 2016, 196: 584-588.

Almeida M R, Oliveira K D S, Stephani R, et al. Fourier-transform Raman analysis of milk powder: A potential method
for rapid quality screening[J]. Journal of Raman Spectroscopy, 2011, 42(7): 1548-1552.

Rubayiza A B, Meurens M. Chemical discrimination of arabica and robusta coffees by Fourier transform Raman
spectroscopy[J]. Journal of Agricultural & Food Chemistry, 2005, 53(12): 4654-4659.

Sun Zhenhua, Yu Zhengang, Huang Meizhen, e al. Optimal design of a portable Raman spectrometer and the
prediminary applications[J]. Journal of Optoelectronics * Laser, 2015, 26(6): 1132-1137.

IMRAE, RHEUX, B2, & MR SRR i it X L] . StsF - BOk, 2015, 26(6): 1132-1137.

Yu Z G, Huang M Z, Wang Y, et al. Fast wavelength calibration method for spectrometers based on waveguide comb

1230001-5



e % Es i1

20

21

22

23

24

optical filter[J]. Review of Scientific Instruments, 2015, 86(4): 043103.

Mokrane A, Friant-Michel P, Cartier A, et al. Scaled semiempirical method for the calculation of vibrational spectra
molecular vibrational frequencies of monosaccharides and disaccharides by PM3 method [J]. Journal of Molecular
Structure, 1997, 395: 71-80.

Frost R L. Fourier transform Raman spectroscopy of kaolinite, dickite and halloysite[J]. Clays and Clay Minerals, 1995,
43(2): 191-195.

Frost R L, Tran T H, Rintoul L, et a/. Raman microscopy of dickite, kaolinite and their intercalates[J]. Analyst, 1998,
123(4): 611-616.

Johnston C T, Helsen J, Schoonheydt R A, et al. Single-crystal Raman spectroscopic study of dickite[J]. American
Mineralogist, 1998, 83(1): 75-84.

Haaland D M, Thomas E V. Partial least-squares methods for spectral analyses. 1. Relation to other quantitative
calibration methods and the extraction of qualitative information[J]. Analytical Chemistry, 1988, 60(11): 1193-1202.
Holmes E, Nicholson J K, Nicholls A W, et al. The identification of novel biomarkers of renal toxicity using automatic
data reduction techniques and PCA of proton NMR spectra of urine [J]. Chemometrics and Intelligent Laboratory
Systems, 1998, 44(1): 245-255.

1230001-6



