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Establishment of HPLC Fingerprint and Content Determination of 5 Kinds of Isoflavone Components in
Sojae Semen Nigrum

GUO Qianxiang', LIANG Youling', SHI Xuhua', BAI Junqi', HUANG Juan', HUANG Zhihai', QIU Xiaohui'*(1.
Guangdong Province Hospital of TCM & The Second College of Clinical Medicine, Guangzhou University of
TCM, Guangzhou 510120, China; 2. Guangdong Provincial Key Laboratory of Clinical Research of TCM
Syndrome, Guangzhou 510006, China)

ABSTRACT OBIJECTIVE: To establish the fingerprint of Sojae Semen Nigrum and content determination method of 5 kinds of
isoflavones, so as to provide reference for controlling its quality better. METHODS: HPLC method was adopted to establish the
fingerprint and detect the contents of 5 kinds of isoflavones. The determination was performed on Phenomenex Cis column with
mobile phase consisted of acetonitrile-0.12% formic acid solution (gradient elution) at the flow rate of 1 mL/min. The detection
wavelength was set at 260 nm; the column temperature was 30 °C and sample size was 10 pL. Using daidzin as reference, HPLC
fingerprints of 12 batches of samples were determined. The similarity of 12 batches of samples was evaluated by TCM
Chromatographic Fingerprint Similarity Evaluation System (2012A) to confirm common peak. Cluster analysis and principal
component analysis were performed by using SPSS 20.0 software and SIMCA 13.0 software. RESULTS: There were 19 common
peaks in HPLC fingerprints of 12 batches of samples, the similarity of which was higher than 0.94. Totally 5 components were
identified, such as daidzin, glycitin, genistin, daidzein, genistein. Cluster analysis showed that 12 batches of Sojac Semen Nigrum
were clustered into 2 categories, i.e. S1-S3 clustered into one category, and S4-S12 clustered into the other category. By principal
component analysis, the contribution rates of two principle components were 53.261% and 40.715% ; accumulative contribution
rate was 93.976%. The linear range of above 5 components were 5.97-191.00 ug/mL(=0.999 9), 1.05-33.46 pug/mL(»=0.999 9),
8.93-285.61 pg/mL (r=0.999 5), 0.82-26.33 pg/mL (»=0.999 9), 0.93-29.64 pg/mL (r=0.999 7), respectively. The limits of
quantitation were 0.881 1, 0.611 6, 0.078 6, 0.243 3, 0.511 6 pg/mL, respectively. The limits of detection were 0.264 3, 0.244 7,
0.021 4, 0.124 8, 0.106 7 pg/mL, respectively. RSDs of precision, stability, reproducibility and durability tests were all lower
than 5% . Recoveries were 95.15% -96.56% (RSD=0.51% , n=6) , 98.52% -103.45% (RSD=1.88% ,n=6), 95.37% -97.91%
(RSD=0.95% , n=6), 99.75%-102.00% (RSD=0.78% , n=6), 100.26%-103.65% (RSD=1.21% , n=6). Among 12 batches
of Sojae Semen Nigrum, the contents of above 5 components were 0.178 3-0.265 9,0.021 7-0.096 2, 0.288 5-0.597 2, 0.014 1-
0.058 8,0.012 9-0.082 9 mg/g. CONCLUSIONS: Established HPLC fingerprint and content determination method of 5 kinds of
isoflavones can be used for quality control of Sojea Semen Nigrum. The Isoflavone components are similar, but the contents are
different among Sojae Semen Nigrum from different producing areas.

KEYWORDS Sojae Semen Nigrum; Isoflavones; HPLC; Fingerprint; Cluster analysis; Principal component analysis; Content

determination
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1200 %I HPLCAY , fU 4% G1322A FRIFELR ELAs i <AL
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M EE T A W) BB R ) 5 R S R B (LS
111738-201603, 4fi i . =93.3% ) YRl ATF X B & (4t
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Tab 1 Information of Sojae Semen Nigrum
e [ s e [ 5
I WRTATM A8 2018040701 || 87 ERITAHEABRAEL 2018040501
2 R R 2018040702 || S8 BEILAGAKLE 2018040502
3 WHLAZM FERKKHE 2018040703 || S9  BRILABAHALH 2018040503
St EHARNT SR 2018040601 || SI0 THRATENHRHER 2018040402
N G 2018040602 || SI1 - VAR Eoprii el Lo 2018040403
6 KRHTKT 2018040603 || S12 LA T B4 2018040404
2 FiEEHR
2.1 IE4lEEHIEL
2.1.1 RAXRSE RS % ke KEAT

JCE BT YURIR R YRR X B A 4 me, K
FRAE , BT 10 mL A7 A ff Hh, 1 70 9% HY il B o o ok
FEFIR 0.4 mg/mL [ BA— X BE LA TR . BOAS-B— X
VST L, BT 10 mLAF G, i 70 9% H REE 25, 1
57, BPAS b 34 5 s BT VR BE 2R 4 ng/mL TR A X
HE S VAW

2.1.2  HELSERE S BOR 2R B R (2 80
H#)2 g AGBFE , BT 20 mLEE @RI, I 70% H
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12 20 mL, # (B 250 W, #2540 kHz) 25 30 min,
2£0.45 pm fALUEREIE LD , BUER ISR, BIASHEah
2.1.3 %M A% 4 : Phenomenex Cis (250 mm x
4.60 mm, 5 pm) ; s A : NG (A)-0.12% H iR K %
(B) , 6 B2 PR MG (BEMEARR ) IL2 2) 5 138 : 1 mL/min; K50
WA £ 260 nm; #1:7f : 30 °C 5 $EAE . 10 ul.

x2 BEXBRER

Tab 2 Gradient elution procedure

{,min A% B,%
0 5 95
7 21 79

10 2 78

12 23 m

13 23 7

15 4 58

25 60 40

2.14 AWK BC2.1.27 0 R AR AE R (S
S8)If fit , #%“2.1.37 Wi I A ik A5 F 4 S bR A 6 1K, LA
REAT A B B (DA T B 2 B8 1 S 45 2 WA A
o {4 B B (R RAF X i 1 A . 4508, 19 4 A AR XA B1
BF ] RSD 4/NF 1% (n=6) , AHXT W TR RSD 241/
F 5% (n=6) , KA IENEHE RIT.

2.15 FAEtEiRE 2,127 T AR AR (S
S8)if i, 43 F &= kG AUE 0.2.4.6.8.10, 12 h B 4%
“2.1.3750 N A ERE N E LR ST A O B8 R
U IR R 23 IR 10 3 45 A 06 P A T 4% A s T R X 0
A S5 5L, 19 A4~ LA 0 AE X O B B8] ) RSD #4378 F
1% (n="7) , XU TR AL RSD ¥/NF 5% (n=T7) , & W
PR T = IR T CE 12 h e R AT

2.1.6 EEMIRE BUBE AL (455 S8) KA 2
g, 6 0y, H 2,127 T 5 vk i A At VA U, PR
“2.1.37 T T i SRR R, AR G A LR B B[] A
VA TRT AR R 23 B 10 it 4% AT DA ) A X (% B BsF (i) LR XoF e
TR, G55, 19 >y W A X O B3 ) ] () RSD ¥/ F
1% (n="6) , HXJ I R LA RSD /N T 5% (n=6) , 2 1]
AL EE M RAT.

2.1.7 HPLCHSSUEIE A i B 12 b2 G 25 B A
T, 412,127 WU 5 i A A VA R, e 2.1.37 T
T SRR A, R P 24 R S RS AR AL
T R4 ) (2012A J) #4753 87 , 15 HPLC $5 8C Bl , 1
LB B 2,

2.1.8 AHBUEPHY  RACH 25 CiEH8 SO R AR P
M RGN (2012A ) , DAEA 525 R FE ) HPLC X BR H8 2L
PR ) B, R PR AR R PR M o 255 B, 1241028
S ZRRE R AR UEE YK T 0.94, HER B G 25 MRE B Y
fl2p A — B R PR 3.
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Fig 1 HPLC superimposed fingerprints of 12 batches
of Sojae Semen Nigrum
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Fig 2 HPLC control fingerprint of Sojae Semen Ni-
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&3 HAUETMER
Tab 3 Results of similarity evaluation

BEOSLS2 Sy sk S5 s6 ST S8 sy sl SIoSI2 X
SL1 0999 0999 0963 0.960 0961 0966 0968 0.968 0952 0956 0953 099
§2099 1 0999 0964 0961 0961 0966 0968 0968 0.952 0956 0.953 0.995
$3099 0999 1 0965 0962 0963 0968 0970 0970 0955 0959 0.955 099
S4 0963 0964 0965 1 0999 0999 1 0998 0.998 0944 0946 0944 0998
§5 0960 0961 0962 0.999 1 0999 0999 099% 0997 0944 0.946 0944 0.998
S6 0961 0961 0963 0.999 0.999 1 0.999 0997 0998 0947 0949 0947 0998
ST 0966 0966 0968 0.999 0999 0999 1 0999 0.999 0945 0.947 0945 0.946
$8 0968 0968 0970 0998 099 0997 0.999 1 0999 0944 0946 0.944 0948
S9 0968 0968 0970 0.998 0.997 0998 0.999 099 1 0943 0.945 0943 0.946
SI0 0952 0952 0955 0.944 0.944 0.947 0945 0.944 0943 1 0999 0999 0974
SIT 0956 0956 0959 0946 0946 0949 0.947 0946 0.945 099 1 0999 0974
S12.0953 0953 0955 0.944 0944 0947 0.945 0944 0.943 099 0999 1 0975

2.1.9 SEHEEMTEIN 2B G 2 MRS 19103
A0 38 3 5 TR AT E S R HPLC ] (L E] 3A) L
XL, FEIN 1L S KRG AT . RIS B8 P R 01
KRS, B AL LR B e (] R v R 2 B, 3158 oA
WS PR AFDGT PR B B[] A G D T AR, 25 SR L 4 3% 5.
22 BELHW

DA% A I g e T FER AR R A5 1912 B Bl A
P4 , >R FH SPSS 20.0 #44: LA 8 2205 Flvk (B Ward 725 ) %if
12 1L PR S 25 AR A A T R I b R LI 4. Il 4 0]
AT, 12 1L B S 2 A A TSR R K S4~S12 Ry —
H,S1~S3HH—AK,
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C.BPEXS B
TE LT 5 2 B BT 5 3 YT s 4 R T IT: 5 Qe BR R
Note: 1. daidzin; 2. glycitin; 3. genistin; 4. daidzein; 5. genistein
E3 SREEREE
Fig3 HPLC chromatograms
F4 LHEBSHMERHPLC B HHIENHEX R E
A (8]

Tab 4 Relative retention time of common peaks in

HPLC chromatograms for 12 batches of Sojae
Semen Nigrum

=

Jio

SL2 3 oS4 §ss6 ST S8 89 SIS SI2 RSD,%

0228 0228 0228 0227 0227 0227 0227 0227 0227 0227 0228 0227 0.11
0260 0260 0260 0259 0.260 0259 0259 0.259 0260 0260 0.260 0260 0.12
0267 0267 0267 0265 0266 0265 0265 0.266 0266 0266 0.266 0266 026
0327 0328 0327 0327 0327 0327 0326 0327 0327 0327 0328 0327 (.12
0349 0349 0349 0348 0349 0348 0348 0.348 0349 0348 0.349 0349 010
0561 0.561 0561 0.561 0.561 0561 0.560 0.560 0562 0.561 0.561 0561 008
0.624 0.624 0623 0.624 0.624 0624 0.623 0.624 0624 0.624 0.624 0624 007
0.683 0.684 0682 0.685 0.685 0.684 0.682 0.683 0683 0.682 0.682 0683 016
0729 0729 0728 0729 0.728 0728 0.727 0.728 0729 0.728 0.728 0729 0.9
10 0.963 0.963 0963 0.961 0.961 0961 0.961 0.961 0961 0.962 0.962 0962 007
J1L57::0 100 T A A (D K KNS AN ERND SNRS NNN N S

o oo -1 O L B Lo b — R

12 1029 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030  0.02
13 1287 1288 1286 1.287 1287 1287 1.288 1287 1288 1.288 1287 1287 0.0
14 1358 1358 1357 1355 1356 1356 1358 1357 1332 1359 1358 1357 033
15 1497 1497 1496 1495 1496 1495 1495 1495 1496 1497 1497 14%  0.06
16 1541 1540 1540 1.539 1539 1538 1.537 1538 1539 1.540 1.540 1.540  0.06
17 1573 1573 1573 1572 1572 L1571 1570 1571 1572 1573 LS73 1572 0.07
18 1.605 1.606 1605 1.605 1.605 1.604 1.603 1.604 1604 1.605 1.605 1.605  0.05
19 1760 1761 1761 1761 1761 1.761 1758 1759 1.760 1.760 1761 1.760  0.06
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F5 12# RS A MR HPLC BliE £ 51 5948 331
R
Tab 5 Relative peak area of common peaks in HPLC
chromatograms for 12 batches of Sojae Semen
Nigrum

k5 SIS2 83 oS4 S5 Ss6 ST S8 s9 Sl SHSI2 RSD,%
1 0297 0313 0312 0400 0441 0414 0374 0359 0361 0256 0258 0236 20.10
2 0.154 0.161 0.161 0.110 0.112 0.109 0.115 0.120 0.118 0.113 0.113 0.110 16.70
3 0.07 0.130 0.117 0.068 0.076 0.071 0.075 0.094 0.086 0.079 0.077 0.076 22.61
4 0235 0265 0275 0293 0305 0285 0291 0293 0290 0299 0300 0297 6.80
5 0.142 0.159 0.165 0227 0237 0228 0213 0259 0261 0.196 0.199 0.195 1846
6
7
8
9

0.121 0.133 0.135 0.119 0.132 0.115 0.124 0.124 0.128 0.104 0.103 0.101 9.9
0532 0554 0574 0413 0384 0433 0409 0407 0412 0367 0365 0353 17.62
0416 0428 0388 0250 0260 0283 0243 0232 0203 0914 0.906 0.884 62.50
0243 0252 0254 0288 0298 0285 0269 0240 0246 0312 0310 0312 1029
10 0.106 0.099 0.115 0.187 0.197 0.193 0.181 0.168 0.166 0.158 0.154 0.152 2142
nowe) 111111111 110
12 0.194 0.184 0.195 0.091 0.093 0.095 0.106 0.122 0.107 0324 0321 0328 52.93
13 1913 1936 1938 2024 2050 2015 2070 2009 2054 2800 2788 2727 16.06
14 3643 3667 3.604 1749 1739 1719 1752 1741 1754 L1138 L1148 1133 4757
15 0.145 0.136 0.134 0.115 0.112 0.109 0.110 0.108 0.103 0.075 0.073 0.072 22.63
16 5905 6.013 5850 3.566 3.634 3491 3.616 3456 3552 2616 2.648 2541 32.83
17 0781 0775 0748 0484 0491 0470 0471 0457 0465 0372 0376 0360 29.94
18 0.062 0.067 0.066 0407 0452 0417 0328 0242 0250 0262 0261 0257 5296
19 0.085 0.088 0.085 0517 0.603 0536 0419 0277 0295 0515 0516 0.501 52.95

0 5 10 15 20 25
= * * : * :
S9
S4
=
S5 (—
=

11|+
S12
s10 -
S1
S3
s2 i

4 12t BEAEMERBIRRSTROIKE

Fig 4 Dendrogram of cluster analysis of 12 batches of

Sojae Semen Nigrum from different producing
areas
2.3 PCASHT
K JH SIMCA 13.0 H ' #E 17 PCA 73 #7 , 45 2R WL K]
5. P50 %1, S4~S12 7E PCA 340 I (4 Z24l], S1~83
TEPCATG o I i 45 R 5 TR Hr 45 R—F
Xif 12 L2 K 2GR S A 19 AN LA I iy e v R R A T
PREARAL RS | R SPSS 20.0 #4317 PCA 43hHr , 1155
TR T R R 7 22 DTHRARAE R IR 6. thk
6 AT, A5 2 2 4> F2 oy BT, O 28 BTRR A A0 Ok
53.261% 40.715% , R AR5 25 STRR A 93.976 % , #&75
TR - 1.2 Al AR g RS2 A O ITEAN FE AR L 8 T
PCA 3T o WA TR 7 1.2 g hnxs 1241 I 2 2Y
MFE ST R T PP, 25 R R 7, R TR,
SA~S12 5B FE L BT AL, 5 S1~S3 25 B F i BT it A7
TERR =S
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Tab 6 Eigen value and variance contribution rate of 2

principle component factors

FHH T AL AR, % FRETHE, %
I 10120 53261 53261
2 1.736 40715 93976

RT ERSRAFES

Tab 7 Scores of principal component factors

&5 ERHOHEF 1 EHART2 || 5% ERAETL ERAET2
sl 1527 0285 || 7 =007 =057
$2 1767 —0082 || S8 =021 —0.434
$3 1593 0038 || 99 =0319 —0479
$4 =072 —0841 || SI0 -0435 1599
$5 —0851 —0985 || sl ~0469 1475
$6 ~0.830 —0937 || si2 —0480 1.665

24 AENE

241 RWAIH A IRAXT HR S TR A A TR 2,117
I b3 it v R TR ] 2. 1.27 95 L 70 9% PR R Ay B
Xof VAT

2.4.2 (B [W42.1.37,

2.4.3  RGUERMERE  BU2.4.17 T FIRA N IR LA
W (T0% H AR RS ) Ml i A (G5 - S8) L B X i
VRO, F0 2,427 T (O AR A | e SRR
TEULIE 3. Hr 3 n] T, it 5 VR A X B v A5 A
J 3 C G 1) P B B TR RS — B0, LA I o 26 X6 0 43
BIC TR, 7 25 min N 08 Sy B B R T 1.5,
PR A AR AP IETT KT 10 000, BHEXT BEIE T4
244 KVEXRRFZLE SRR HRIC2.1.17HF K5
7T KT JURR 2B IR S 955
167.30,131.65,148.20 uL, & F 2 mL A7 @ 5 5 55 B
YRR T B — X HE SR 1 428.05 uL, B T 2 mL AR A
SR 450 BN 70 9% R E 2% 5 AR KT B G
BT KRG AT 0 YRR 2 T 8 43510 191.00,33.46
26.33.29.64 pg/mL B IR A X B8 A A B YRR F
SERIE K 285.61 pg/mL Y X BE SRR . 5 R A 4
FTEE A5 Xof RS VA TR S G AR T B — o} MR TR VS T, L 70 %
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HIREE MR 2.4.8 .16 32 7%, 15 RAVRM R TAER
542,427 N ARG AP RE I E i g TR A . A
A AREM B4 T AR BE (o, pg/L) R A A U TET R () Sy
AARFRIFA LN, 25 R WK 8,

#8 [MEIFFRE LMEEMUKRESR LR
Tab 8 Regression equation, linear range and limits of

quantification and detection

TElR El=ygi r SR pgml EER g/l RIR, ug/mL
KEF  y=0073c407165 0999 597~191.00 08811 02643
BEET  )=38418ct0092 09999 1.05~3346 06116 02447
PRAT  p=5133r+45864 09995 893~28561 00786 0021 4
REHL  y=5747%—06831 0999  082~2633 02433 0.1248
PHAZ  y=696050+11423 0997 093~29.64 05116 01067

245 EREMRSKMREL R 2.44"0F K
GAT VT RS AT YRR IR A BRSO
PRI T B — X BRI VG o, FH 70 9% HH A LA
Fi2.4.27 WUT A% S5 HEFEIN 2, LUEME L 10:1.3 21
A3 B R PR KRR, 455 L 8

2.4.6 FEEERE K EIC24470 N KRG HE
BT K ETFIC YR AR TR 0 IR S A ekl AR 3
PN A SR ROE B, F2.4.27 T T i A SR
DZE 6 YK, I g A . 25 0L , KRG IT 8 O 8T ekt
AN R EHIC YRR R IE T A RSD 43714 1.33%
1.31% .1.33% .1.36% .1.34% (n=6) , 3 WL #8525 Jir
KA.

247 FUEMIREE  BC2.4.1750 F ALK AR (G
S8) ., 4l FE W HE 0.2.4.6.8.10, 12 h i #2.4.27 15
TSR EREIN A SR A, A5, KRGAT K
B YRR R0 R AR R IR RSD 43931
9 2.66% .2.47% .2.48% .2.90% .1.20% (n=17) , Wit
IRATE S PR 12 h R ENE R AT

248 HEMWIKE BURGZMAEETHAR (45 :88) 3k
617, Y2 | g, #i2“2.4.17 T Jrids il £ (A i VAV L 1
FE“2.4.27 T AT SRR AE |, 10 SR T BT He b v
BRI TR R S RS i B . 4550, KEH S
BT YRR R I0 YRR R 1 B a5k
0.212 4.0.040 6.0.330 7.0.040 1.,0.038 4 mg/g, RSD 4}
4 0.67% ,0.87% .0.78% .1.13% .1.82% (n=6) , 1
Tk EEYERAT .

2.4.9 fIoREEICERIALE AR 5 =R G2
FERRIR (G5 : S8) , He 64y, TR 29 | g, KB FRAE A
TEAEC2. IR A% B — X B SRV, F 2.4 IR ik
il 5 P A VA, PR <2.4.27 T ik SRR 5
SR TR TR IR T3, 45 1 W3R 9.

2.4.10 AR BUR T Z5MAEN R (455 :S8)

HHEEZG 2020455 31 4

RO MEELIKRIKELER (n=06)

Tab 9 Results of recovery tests(n==06)
G CHIAE, AR, WAL MEREGCE,  FHMERLE, RSD,
o mg mg mg % % %
KEH 0.188 6 02124 03907 95.15 95.12 051
01891 02124 03918 9543
0.1895 02124 03927 95.67
0.1902 02124 03940 95.95
0.1893 02124 03922 95.53
01913 02124 03964 96.56
HH AT 0.0402 0.040 6 0.0813 101.23 101.03 1.88
0.0407 0.040 6 0.0822 102.22
00405 00406 00818 10172
0.0394 0.040 6 0.0796 99.01
0.0393 0.040 6 00793 98.52
0.0411 0.040 6 0.083 1 103.45
BRATE 03154 03307 06308 95.37 96.87 095
03231 03307 0.6462 97.70
03238 03307 0.6476 9791
03205 03307 0.6411 96.95
03203 03307 0.6407 96.89
03187 03307 0.6375 96.40
Y GAI 0.056 5 0.0401 0.096 6 100.00 100.50 0.78
0.056 6 0.040 1 0.096 8 100.25
0.0569 0.040 1 0.0972 100.50
0.0574 0.0401 0.098 3 102.00
0.0564 0.0401 0.096 4 99.75
0.0567 0.040 1 0.0970 100.50
PHAZ 0.0398 0.0384 0.0796 103.65 101.26 121
0.0389 0.0384 00778 101.30
0.0387 0.0384 00774 100.78
0.0383 00384 00769 100.52
0.0387 0.0384 00775 101.04
0.0384 0.0384 0.0769 100.26

ST (/S W [ N 7 [ L W O O R R L
“2.4.27 WU 035 45 8 [ B U 3 A (B) AN [A] 5 R i
(0.7% .0.12% .0.17% ) ARl (0.9.1.0, 1.1 mL/min) ,
ANTFIATE IR (20,25 .30 CO)THERENNE |, 10 s 0 TR R 4% R
HEMZIET AR S b 5 Ao it 5 R LR 10, 45
SRR 207 i Retg i 2 ek, M R AT
x10 WHAMERIEER
Tab 10 Results of durability tests

KEf HUEE RRAT KET RRAR
H&, RSD, {7, RSD, i, RSD, @i, RSD, i, RSD,
mg/g % mglg % mglg % mglg % myg %

i ais

WAMBEIRE, % 07 0239 127 0042 367 0354 237 0041 324 0035 321

12 0233 0.040 0342 0.044 0.037
17 0236 0.043 0358 0.042 0.037
i mL/min 09 0223 264 0042 140 0340 231 0042 376 0036 428
10 0.233 0.041 0342 0.041 0.034
110234 0.041 0355 0.039 0.037
fHR,C 20 0234 043 0042 136 0341 045 0042 244 0037 407
250232 0.043 0339 0.041 0.035
30 0233 0.042 0342 0.040 0.034

2411 FESNEENGE 12 HEE T 2 ARE NS
“QANTIR il g A AT, B C2.4.27 TR (A
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FAFTERENRE , A TERAE 3 YR, 10 s 1T R 2 b v phh 2
P FRERES P 5 R e S5 R LR 11,
F11 HREENELER (n=3,mg/g)

Tab 11 Results of content determination of samples

(n=3,mg/g)

e KEH HEHT IERAT KA L IHAZ
Sl 0.2402 0.055 8 0.3693 0.0123 0.0129
2 0.2479 0.0574 0.388 8 00148 0.0165
S3 0.2418 0.056 0 0.376 6 00141 0.0159
4 0.1929 0.0221 0.308 7 0.058 1 0.0597
S5 0.1783 0.0217 0.288 5 0.058 8 0.065 1
S6 0.1863 0.0238 0.2957 0.056 5 0.0599
7 0.2035 0.0293 03341 0.0517 0.054 6
S8 02144 0.041 6 03426 0.0395 0.0358
9 02117 0.0282 0.344 8 0.0337 0.0375
S10 0.2643 0.094 4 0.5972 0.050 9 0.0825
SI1 0.2603 0.093 0 0.5854 0.050 4 0.0829
S12 0.2659 0.096 2 0.5842 0.0502 0.0810
3 itig

T H W P 3 v, 2B E i 5 T 30% . 50% .
70% .90 % HF it Ay B JBCH 70 B A S BROAICR R BRLA 70 %
P TS B2 BRI, 5 55 0, ) 1 0 i 7 A X6 e 95 , a2
$E709% B EE R PR ) o 2838 NCHRER T R TR ARSI O 4
(210,254 ,260.,280,360 nm) T £ (a3 1 () 43 2508, &
USRI K Ry 260 nm B, - (g A R i, B
Oy B AT BOE BRI I 1K R 260 nm. Rl ZE A
HEL T LNE-0.10% UK LRI . L NE-0.12 % W IR K7
WA SAH R G 3 B ASOR , R BLLA 2 E-0.12% H i
TRV TR R Tt B A AT A6 B R B0 BT, 45 €0 15 068 A 8 B
U, B B S A S 2 -0.12 % W R 7K 5 W A 7 46 8
e

F& ST BRI b 2 10 AR R AR A5 T 24 o o
PEHT A RE A0 AR TCTL B 2 48 S0 B rh &5 A I T A 3R
(R I S L i, DR A48 S0 B 0 Sty 2R 7 22 14y
SEAIT, AT TE—E AR LR AR RO AT
Wb B s, 12 4t 2 S 2GR S AR ARLRE 34K T 0.94,
TSR T 2R S I A2 A — B A s 23R AY
19N 6 | AT P B s E] Y RSD R 0~0.53 % , AN
T AR RSD A 0~62.50 % , & BHAS ] 7™ b B 5 25 B4 B iy
] AR EA AR A2 o AR S AP 22 . RS
BT PCA 4> BT 45 34 7R, 12 41 28 0 2 b RS b 7T 258 R
25:84~S12 BN —25,S1~S3 W H—2;S4~S12 Z5#f
FEA TR AIT , 5 S1~S3 AR R 2R S REL;
JWR, [Fl—28 13 7= i 2A S 2GR A S K ST LGB
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T YRR CREH T R R SRR E 25 1

ANTR)AE 1 7 1l S 2 A A ot ) 5 22 e R X T RE
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