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Analysis on quality value transmitting of material benchmark of Huanglian
Jiedu Decoction

LI Jun-ge, ZHAO Ying, WANG Yong-chun, MENG Jia-tong, QIU Zhi-dong, TANG Qiu-zhu
Changchun University of Traditional Chinese Medicine, Changchun 130117, China

Abstract: Objective Clarify the key quality attributes of Huanglian Jiedu Decoction (HID, ¥ i%f# &%) material benchmark
(MB), establish the fingerprint of HID MB and determine the content of coptisine chloride, epiberberine, palmatine chloride,
berberine, jatrorrhizine hydrochloride, phellodendrine chloride, baicalin, geniposide components and their transfer rate, and lay the
foundation for the research of compound preparation of HID in the later stage. Methods Fifteen batches of material benchmarks
were prepared according to the ancient technology, the paste rate was determined, the HPLC fingerprint of the material benchmark
was established and the similarity evaluation was conducted, and the common peaks were determined. The content of eight
components in the material benchmark was determined by the same method, and the transfer value of drinking slices to the material
benchmark was analyzed. Results The average paste rate was 16.02%, with 18 common peaks, and the similarity to the control
fingerprint was more than 0.9; The eight peaks were coptisine chloride, epiberberine, palmatine chloride, berberine, jatrorrhizine
hydrochloride, phellodendrine chloride, baicalin, geniposide. The transfer rate of each index component from drinking sheet to
material benchmark was coptisine chloride 0.61%—1.08%, epiberberine 0.14%—0.24%, palmatine chloride 0.93%—1.52%,
berberine 4.09%—6.36%, jatrorrhizine hydrochloride 0.81%—1.07%, phellodendrine chloride 0.78%—1.06%, baicalin 7.45%—
12.26%, and geniposide 0.42%—2.82%. Conclusions By using the combination of ointment yield and multi-index composition
content determination, this method is scientific and reasonable, and provides a scientific basis for the quality control of the material

benchmark and the development of compound preparation.
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HIEM A% (Huanglian Jiedu Decoction, HID)
REARRNAERAL T, FIH A ERIEN2,
BT RS R RES T (M E&E207), EhE
REZE GIEME) iy NEEM P, 5
ICBIETM, A, A, MR IUACEE,
PIAKANTE, BECTF, 4 R, %Ak, Y
YNGR By, GRESEEE. HIEE
Bk, NEY, #EENH, BREZK AR
2. EME TEEZ K, EFBE=MAZ K. HID I
IRIT R, —EHZIRERTZRAH. AR
g, HID BS54SR A I AL 22 i 1],
BAEPL. WE. RyOme. BRI, %z
SRR, HAr, ST HID iS4 6 70 A i
Bk AR AT AR SCHRIROE R D, AR A R
SCHRAHE S B AT AL, W e i S TS
(PR b, @ B NLEGRTE A G 4 15 it HID 9)
JRAEHE, Foo AT R GUEE B FT, 45638 /N EEm
RERZGARIN .. THER TN HFER/NEBEGL. EhEREEAN
B ERRMDYT. T, WA 8 RiiRbR R &
BB RIEH, HERGHE, 700 - E R
BB AL BT BRSBTS HID Ji 245 il A
TR R SR BERH AR
1 UESHR
1.1 &5

LC2030 ZY @Al tileAl, H A Sid A A
2-4 LS-Cplus B FL AT, 48 H Epsilon A 7] ;
KQ-250B AU A il el B L A A AR A PR A
H]; XS105DU + /iy 2 —H R 45E ME204E
Hor 22— RV, BEERE-IER 2 AR W&
RUZGaE, N T 2 X ORI A R s .

1.2 RASHMIRA

X 8 SRR /NBERR. (LS 111638-201907, Ji
=L 85.9%) TR BUIEN (5 112026-201802,
RS H 94.0%) . ERRE LT (k5 110723-
201913, JRE % 85.7%) B (L5
110733-201609, Jii & 4341 93.5%) EERF MR (it
5 111895-201805, Sl /74 94.9%). e ¥H it
5 110749-201919, FiE7%L 97.1%) EEHH it
5 110715-201318, i34 93.3%), LA FoxF i
T3 T r ] it 2] et S T A A 5 0 R /N R
ft'5 B20108, &0 %=98%, WTVEMHAEYHA

HIRAT; HEE, £E Fisher AR, i, KA
RRAiK; HARRRI At 15 k. A
TORRINE 710 Y08 T MR A L2 2 I AR 2
Al, HRAR R 2 K 5 2 2 B P 2 A e S M 2t
FEFREHWIH AR ST, EWENEEREEHEY)
BIE Coptis chinensis Franch. [\ T/#MRZE, WS NIE
TERHR RS Scutellaria baicalensis Georgi
)T 1AL, B AR 2= A R BE R ) i
Phellodendron chinense Schneid H)T-E# 57, H6 A
R RGBT Gardenia jasminoides Ellis
(T SR SR 700, HID A & 15 BRI i 2 e
(S1~S15) HAEBERENE 1.

2 HESHR

2.1 HJID #IREES&

CHFEFRED) 0B TS, W, FS
i, MEFH VUM, DOKAST, BT, =R,
FEAR “—P” AR 13.8 g, B “—TF7 A
AR 200 mLU2141, ey 505 HUBIE 41.4 g, %5 27.6
g, B 27.6 g, HEF 15 g, il7K 1200 mL, &k (2200
W) InFAE I, 530K (800 W) FiIZE 40 min,
SLEPAT 2 J2 200 B e ki, 15253 400 mL,
AURTIE 72 h, 13 HID W R HER T4, #%3R 11K
J X R £ 15 4t HID 4o v R T8 (S1~S15).
[F) Y25 i) % % BRLBR 245 00 TR B BV A B ik B Ak
Ji~ BREEEALTT . BREEAIAL T . BT AR T 2R
RIS B AR R TR
T4 o
2.2 HJID ¥ REEIRUEIEENL
22.1 REXTHSERNH S R PRER N EE
Bl ERERZIAGN. HFRTOEM. FRIR/NEEL. IR
TR HRRR ST Mo ARG E,
o FP I A B B BE i N 1.919.84 11,34 11.2,
15.5. 14.7. 19.3. 19.9 pg/mL 7R &% IR SA W .
2.2.2 ARSI R ERRIUA TR 0.2 g,
F B I EE 50 mL, 1€ T &, 8 A AL P 30 min(250
W IiZ, 70 Hz %), FroE s, FH RN R
P&, JRAEE, IEHE 1 mL, MNHEEAT
10 mL &, #25), B s d .

223 k% kA Sepax Bio-Cig £ (250
mmX4.6 mm, 5um), L 0.05%ME /K- BE N
WA, BEEEVEML: 0~25 min, 20%~45% FE;
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#*1 HID RERARBERRYRELEAE
Table 1 Source information and material benchmark combination table in HJD
- I W AT B
Ei s FEHL fit5 g 5 g 5 P
S1 20210724 PUJISRD 20200715 JAldbsREE S 20210427 V)1 ez 20200915 PN NER
S2 20200523  EPRETT 20210507  ddEET 20201023 PR 20201107 PN o
S3 20210614 IAEFIJI 20210628  PUNIIEEIH 20200905  ERETS 20201027  JMEEEGFH
S4 20210415  FEPSFHFE 20210413 iR 20210613 WiEgRER 20210423 VY15 L
S5 20200718  HIJERA 20201003  VAEGSEK 20210405  EKE)I 20200817  JUHEILIL
S6 20210527  BRPUZEE 20200916  BEVEAFH 20201103 HR R 20210526  fEEETE
S7 20200513 PU)IgEE 20200825  HREL 20210329 IALIRIN 20210407  YLPURERE
S8 20200803  PUJIIKE 20210524 ILPEEE 20200804 YIS I 20210321  FEEEAE
S9 20210705  PUJI[ERM 20200926  WhiftiEdk 20210307 AR 20200715 HERTLHE
S10 20210511 PU)IgE#E 20201005  PUJISRIL 20200712 WEHRIE 20201115 RPN 4
S11 20210417  EIFE 20200829  PUJIIERHH 20210322 HMKELWL 20200521 RPN
S12 20210507  PO)IHEAE 20201005  (hiiEdk 20200806 PR 20200724 Panr o
S13 20200913 PUJIERE 20200120  HFEi 20200506 WEHRIE 20201009 WYNERIN
S14 20210512 PUIIEEIH 20201111 (hZ&RIGST 20201011 PY i3 20200921 g EERH
S15 20200403  EJKZETT 20200725  [dbA&fE 20200513 V)i ez 20201121 PN R
25~50 min, 45%~60%HHE; 50~70 min, 60%~  FIATUEFARNS OR B I () AR T TR . 4528, 18

80%HEE; 70~71 min, 80%~20%F {7, 71~85
min, 20% F s AN 238 nm; 1N 35 C;
PRFRIREN 0.6 mL/min; YR A X HE SHE AL
VRN 5 ple FRIEREL (n) DUMEBE I
B () FIWESE (W) 4% n=16(/ W) it5, &ILH
WEESIAMIE T 5000,

224 REEERLE S S1 YIFUEMERE S, 1%
“22.27 TR & VAR, % “2.2.37 Bl
PRELNE 6 Ik, VARRE/NEERCNZIR (), HEH
5 H A U PR A PR B B TE) AR X I T AR . 4551 18
ANHEAG VARG R BE B[] RSD N 0.05%~0.19%,
FIRHIE AR RSD 4 0.21%~2.07%, 45 RE 1%
TR P R

225 FEtEikie B SI PSR “2.2.27
TR & AU A, 1% “2.2.37 TEIS &1
T 0. 2. 4. 8. 12, 24 h HEFENISE, DAERER/NEERR
RNZH (8D, VRS AT WA O DR B BT B] A G
WETAR . S5, 18 ML WEAINTH R B IS [H] ) RSD
9 0.45%~0.58%, AHXTUETIFR) RSD A 1.17%~
2.29%, RMXMEAE 24 h WERETE R T
22,6 EEMERK  HUS1 Y IEUERE SR “2.227
TR &0 at, L6, % “2237 WiTH
AR, DUERER/NEECA SR (), T

AN WEAH XS 1 BE I TE] P RSD N 0.12%~1.26%,
FHXTIE AR RSD A 0.95%~1.78%, FRIHiZ 5k
HEMRLT.

2.2.7 TS I E B R - A R S
FEREAE IS /RWTFT B 15 it HID 95 FE e
(S1~S15) BLmiE, KM ChaaitfaaE
TRV PR R S5 (2012 RROY Bk, BL ST AXHEE,
A2 B HPLC & Infia 80 Aot B FR o i, LA 1.
FUBAEESE N 0.976~0.999, W3 2, FF&Taar it
BR. 15 4k HID Wi S feas b 18 ML,
55 BARZG I K LB Lk L 2, Herbig 1 CEE A
B NEMELEE, &2, 4 BETH) METEE
W 3. 5. 6 12 CGERER/NEEGD S st f
U W 7. 9 (FR/NEERHD. 10 CERERTEIEMD. 11 (3
FRZGMRAE) . 13 (hER DT AEIEL B IE; 14 8.
g 14 (BEZEF). 15~18 NEELJRIE, i 15
LW o7 v 5 & Bk 24 A W T AR R AR, T
3, Hk 3, 5, 6. 12 FABRZG )T LR HH
Sof UG T AR B AT AT 2 WRZG I TR AR AT . 45 B B
5 LR 24 TP AT U 5 0 o R o R St R A D D T AR
BAFEZE S, HR& BRI £ ZY a5 o %
33 FIW) 5 FEUE . Ui B HID Y0 Rk 45 T2 ki
B EZY TR E R . BT AL HID Y5 S v 3
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1 15 #t HID ¥IREAEH HPLC EINIESEIEFX BIELEE (R)
Fig.1 HPLC superimposed fingerprints of 15 batches of HJD material benchmarks and its control fingerprint (R)
&2 HID YIREEREUEITFNER
Table 2 Similarity evaluation results of HJD material benchmark
FAABLEE
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  S11  S12  S13  S14 SIS R
S1 1.000 0.994 0.999 0.994 0.995 0.984 0.992 0.981 0.994 0.996 0.996 0.996 0.998 0.999 0.991 0.998
S2 0.994 1.000 0.994 0.997 0.997 0.972 0.986 0.969 0.983 0.984 0.985 0.987 0.991 0.994 0976 0.992
S3 0.999 0.994 1.000 0.995 0.995 0.985 0.994 0.981 0.993 0.996 0.995 0.997 0.998 0.999 0.992 0.999
S4 0994 0997 0995 1.000 0.999 0.976 0.990 0.966 0.980 0.986 0.986 0.990 0.989 0.994 0.978 0.992
S5 0995 0.997 0.995 0.999 1.000 0.978 0.992 0.968 0.982 0.988 0.988 0.992 0.989 0.995 0.980 0.994
S6 0984 0972 0.985 0976 0.978 1.000 0.995 0.993 0.981 0.991 0.990 0.992 0.986 0.987 0.989 0.991
S7 0992 0986 0.994 0.990 0.992 0.995 1.000 0.987 0.983 0.993 0.992 0.997 0.990 0.993 0.989 0.996
S8 0981 0.969 0981 0.966 0.968 0.993 0.987 1.000 0.984 0.985 0.988 0.985 0.985 0.981 0.985 0.987
S9 0994 0983 0993 098 0.982 0.981 0.983 0.984 1.000 0.995 0.997 0.991 0.997 0.993 0.994 0.994
S10 0.996 0.984 0.996 0.986 0.988 0.991 0.993 0.985 0.995 1.000 0.999 0.999 0.998 0.997 0.999 0.998
S11  0.996 0.985 0.995 0.986 0.988 0.990 0.992 0.988 0.997 0.999 1.000 0.998 0.997 0.996 0.997 0.998
S12 0.996 0.987 0.997 0.990 0.992 0.992 0.997 0.985 0.991 0.999 0.998 1.000 0.996 0.998 0.996 0.999
S13 0.998 0.991 0.998 0.989 0.989 0.986 0.990 0.985 0.997 0.998 0.997 0.996 1.000 0.998 0.995 0.998
S14 0.999 0.994 0.999 0.994 0.995 0.987 0.993 0.981 0.993 0.997 0.996 0.998 0.998 1.000 0.993 0.999
S15 0991 0976 0.992 0978 0.980 0.989 0.989 0.985 0.994 0.999 0.997 0.996 0.995 0.993 1.000 0.995
R 0.998 0.992 0.999 0.992 0.994 0.991 0.996 0.987 0.994 0.998 0.998 0.999 0.998 0.999 0.995 1.000

I W -D T B e B AR i, HIAJER ORI KBOR, T, IER .

i

ZRIR IS, SR R =m/ W
23 1ISHHIDYREELEXRREEEBERER n AETERE, WHSUTIEE
15 it HID ¥ vk T e id x i E, 1HHESE TN 41.40 g, TN 27.60 g, N

PriE R, BU1S A B TE. 5. WM. BB 27.60 g, HEFON15.00g, 473t 111.60 g. 4751
TR, #2107 TUR 4 Al 1S AL HID % BRI HUE RPN Fsk 243 500, BIES HE R =
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Fig.2 Comparison of medicinal drinking slices and negative and material benchmark
#*3 HID YIREESE AR PHEEIEERLE
Table 3 HJD material benchmark and each pill characteristic absorption band area ratio
. e T HIX UL
HIE W A U L/ s B HIRZG L7 s
1 - - 250 994 - 61 820 0.11 0.22
2 - - - 172 800 42390 0.18 0.19
3 237518 - 88 833 - 60 976 0.05 0.05
4 - - - 951243 219772 1.00 1.00
5 83 181 - 163 421 - 55 803 0.04 0.05
6 80 486 - 628 574 - 111 340 0.12 0.10
7 98 033 - - - 42152 0.27 0.04
8 - 43 420 - - 44 948 0.05 0.06
9 951 202 - - - 283 687 0.26 0.24
10 539 067 - - - 156 852 0.15 0.13
11 512 156 - - - 165 521 0.14 0.14
12 3 625 620 - 2330254 - 1166419 1.00 1.00
13 828 762 - - - 222 781 0.23 0.19
14 - 941975 - - 695 477 1.00 1.00
15 - 45369 - - 38 454 0.05 0.06
16 - 34205 - - 26012 0.04 0.04
17 - 104 891 - - 63 840 0.11 0.09
18 - 202 736 - - 116 622 0.22 0.17

0.37 X %F A R B B B e +0.25 XX Mtk
U ZS R B HY B 2 4-0.25 X0 REF VR B ARAR T )
HE 4013 XX MALTAE TR B R

B A R = S B B B R

SR NEK 4, THHEAFR] 15 #k HID P E
BN 1532%~17.01%, FHHEZRN 16.02%, %
L B RARAE T AR 70%~130%, AR H
BRETEGRHER, PR E RN 75.77%.
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F 4 HID BRAGFYIREEHEEREBERER
Table 4 Results of benchmark paste yield rate and transfer rate of HJID

L/l HE %% A | PR HEE% A/
BAME BE OWE OEM T ER sty % FME HE OEE WM feT Bk bR %
S1 2943 2057 16.68 7.78 2121 1626 76.65 S9 28.60 18.77 17.86 8.28 20.82 1548 7437
S2 2996 1943 16.04 7.66 2095 1594 76.09 S10 29.40 19.88 16.64 7.76 21.02 1532 72.88
S3 2885 21.07 16.77 795 21.17 15.68 74.07 S11  27.15 20.57 18.68 7.98 2090 16.05 76.81
S4  29.05 2057 19.82 1035 22.19 17.01 76.65 S12 2994 1985 18.08 7.55 2154 15.64 72.60
S5 30.11 1993 1627 815 2125 1622 7633 S13 2857 2094 17.11 6.92 2098 1595 76.01
S6 2854 1921 1794 971 21.11 1587 75.18 S14 2799 2021 16.88 7.56 20.61 1624 78.79
S7 2642 21.75 16.51 8.18 2040 1575 77.19 S15 28.88 21.03 16.42 7.80 21.06 16.15 76.68
S8  30.41 20.66 1720 898 21.89 16.68 76.21
2.4 15 #it HID ) FRE S 8 FRFR S & ENE 3067
REBEBHR A £, |
241 ISIE [ “22.37 T [ s
242 REXMEMSEREE [ “22.17 I
243 PraliiEmsle  F “2.227 T,
244 RGEMATERE  ICERIE SR ISR 6
BRI BAMEX IR SRR, $% ©2.2.37 (il ?
PEEATIE, Il G 85 % B B Y > s 8
1.5, 754 ChEZ) 2020 ERRESR, WETRELT, 12 4s [
BEREEAA (n) LARBAITIE] () FIUETE (W) 4% . —————
n=16(te/W)* T+ HLIALT 15 000, B SHBIEE BT — — — %
T, kB E 3. t/min
245 it REE FEERE 6 NFEREIRE A-REXIRA  B-HID #£5 C-HID £ BIVE  1-2RER HCAIA

TRANHIR AW, % “2.2.37 TR ik Sk RE
T, LRIEMA . DLEREENRALAR (o). I
RPN (), efilbrdEhde, 2R E S.

246 FEHERK B “2.2.17 TiREAX G
W, 3% “2.2.37 TR AR SR ARSI E 6 X,
LSRG . 25 R BRI BER. R/NEEm. EhIRE
YT ERPR/NBEG. SRIRZARAN. EMFRTUEM.
ZAF AT 8 PR IE AR [ RSD 43714 0.33%-
0.24%- 0.65%- 0.21%- 0.49%- 0.12%- 0.36%- 0.45%,
S5 RIS RE 5 P R o

247 BEEMRLE HSI SRR “2.2.27
TN AL TR 6 1, H% “2.2.37 TR A%
PEERENE, DRI 2. SRR
HEB. RANEEGL. EEERETLYT. hER/NEERN. Hhig
ZiMRN. EREREIERR. A, T 8 MiiRAR Ak
IR BN 8.56. 2.104 10.66+ 50.62. 9.77.
8.99.105.19.27.86 mg/g, RSD 734 1.47%.1.69%.

2-METH 3-RANEER 4-FRREGER  S-HRRARM  6-HR
NGB T-ERRETIT 8T

B-HID sample
1-flavalin hydrochloride

A-mixed reference substances C-HJD sample

negative 2-gardenia  3-berberine

4-ephedrine hydrochloride 5-berberine hydrochloride 7-berberine
hydrochloride 8-baicalin hydrochlorides

3 HID ARG AMIKEEEE
Fig. 3 Trial chromatogram of HJD system

1.31%. 1.24%. 1.02%- 0.98%. 1.42%. 1.25%, &
HiZ VR R M R AT

248 FamMEiRLE B S1 PR EEAEALR AR,
% “22.37 BIBFKMS AT 00 20 4. 8. 12, 24h
BEREDE, iCSEWETAR . 25 ARSI . R /NEE
Bl ERERIIYT. EhRR/NEERR. ERERZAMRGA. R
TR B MG P 8 R I THIFR Y RSD 43
9 1.39%. 1.57%- 1.21%- 1.08%- 1.17%- 1.09%.
1.88%- 1.12%, 25 H R ML TIETRAE 24 h WHRsE
PER TS
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F5 HID 4 8 Mg oirErZk. E)IFEFEE
Table 5 Standard curve, regression equation and range of

eight components in HJD

LN Wi EPEpy ro Mg
ERR TR IERN y=5 848 129.70 x+12 029.55 0.9993 0.01~0.34
/NBER  y=43 002 564.04 x+19 482.45 0.999 7 0.02~0.76
BRI T YT y=7282 531.21 x—19 606.56 0.9993 0.02~0.11
FiR/NEER y=8 167 656.04 x—46 442.02  0.999 3 0.05~0.34

JGHRTN y=>5 499 245.55 x—2 005.65  0.999 6 0.02~0.39
FRECHABR y=2 403 258.82 x—11 317.46  0.999 4 0.02~0.62
SEFF p=2281938.23x—13534.19 0.9996 0.09~0.45
WEFH  y=2741308.65x—6993.99 0.9993 0.01~0.39

;B

B

B B B¥
B

EE

2.4.9 JNFEEMEERRLE 6 4 ELIE ) HID ¥ R
FWERESY (S5 S1) £450.15g, FEEME, 28N
A 50 mL VA0 BRI (SRR BEERH, 2.6 pg/mL.
F/NEBER 0.7 pg/mL. #HERE DT 3.2 pg/mL. #hE
/NBERH 15.3 pg/mL. EHFRZGH 3.0 pg/mL. #HFEE#E
Bk 2.6 pg/mL. #E4F 31.4 pg/mL. Ha 1 8.2
pg/mL), 4% “2.2.27 WU il & Al i Iw R, 1242.2.3”
TR B S A SRR 52, T SR U TR AR I SR [l
R, ERERRRIEEN . KN HRE DT
ERER/INBETR. SRIRZGRW. ERFRTTAOIBL. T
B+ B-F- 3 IIRE IR 23301 97.80% - 98.88%
97.92%198.68%199.75%198.90%+99.46%+ 101.29%,
RSD 4354 1.17%- 2.33%- 1.23%- 1.23%- 1.87%-
1.75%. 2.43%. 1.16%.
2410 FENE&KEEAEIERCRIR  RrhiE
PR & (P EZGH) 2020 R EIE .

Y-S HE TR AR RS 2 = wi
w BRI TR EEAE AR PR RO () B, W ORI bR
FRAY ) £

15 it HID )i 2 A FE b P 1 20 SRR B0 4
9 0.61%~1.08%, “FHIEFEN 44.42%, FK/NBE
BCA 0.14%~0.24%, PR EN 16.22%, iR
BTN 0.93%~1.52%, FHEBEEN 69.54%,
R NEERRCN 4.09% ~ 6.36%, TR RN
40.91%, EHFEZGHAN 0.81%~1.07%, PR ZH
N 47.58%, THERTAAIIN 0.78%~1.06%, P54
FEZH N 80.88%; AN 7.45%~12.26%, V5%
FEFN 62.04%; HETFH N 0.42%~2.82%, “Fiykk
T2 H 44.19% . MRIEAH TSI E , AN AL o7 Bk i
(I bm I F o o0 7 0 e % 2 48 1 E L3 (L 1Y)

70%~130%7, £ UK 6. 15 it HID YLk
BRI T4, HRMA R S 8 R R
BIEM) 70%~130%, [Flbk, MERERFEEm . R/ NEE
Bl ERERIYT. EhE/NEERR. ERERZAMRGA. R
TOEGL. WS M T E R RIT o, HID
VIR AE ) & T 2800, AR o S v ) 26
FRUEIERN . F/NBERR. MR DYT . EhER/NEERH.
SRR ZGIRM. FHESFERL. I, TR
FFEER, USRI E . 5. MR E
P B R AER 2% T 2T LASEE HID A bR 3%
Hb. RANBERL. HRBRESYT. ERER/NEE. hIR
oM. SRR FRIEL. WEH . T HESEMNEE
&1 . HID 45 H o oG 11 1R i 2 43 BOR AE L)
BT 70%~130%, 7] REA FIHLIRFEARPERL > & B 2%
FRRNTEEJFEH, T Be G 70 e,
G, RS, SEEEERK, RIERTE
4 Ja AT HID W) e £ B, 25 R B 2 O TR
B R ARV, DARR R o S 0 i = R
3 g
3.1 HID Y REEHELZHR

AT I SEIG A 5T OO0 BB 2R EL . B KA 5 [R]
Pt ok UE 20 B S L2 kAT R gR0s ),
AT E HID il & T 20NTEE 41.40 g, 0% 27.60
g, A 27.60g, T 15.00 g TFa&rizsseH,
/K 1200 mL, 3k (2200 W) ZEJEE, J5 30K (800
W) R 40 min, SZRIA] 2 /2 200 H 20 Aiie #had g,
359 400 mL, ¥RTHEIF. TE#HI#& HID Y52 ik
Ferb, SRS, HIUKEDUE, RERERE SR
FIPTiE p A E T, B SR A WTE AN T 2
2%, SRTIMPTVE o 5 Zh LR /INBERR AN 2 254 R
gy, B RGBSR, PRI T B A
32 HiAmHIRAEER

7 18 A 25 A R X ) 78 o AN B R K
PR R, B S I At b TR il A5 AT T
FEFEECTvE (RIAEE =D $EEU (A (204 30, 50
min), FRBUEF (50%. 70%-. 100%FFEE), BHkK
Bt (1:100. 1:200) &1FE0EL, ffa e R AT
FEEREL 30 min, HEASREUAF], BRELL 11200
IpIE S FEER
33 Bk

R AR H DAD Fl 2855 HID 34K (345, 277,
238 nm) HEATHRIL. #i5E 238 nm PR T A REIER
2, B EMEEL . BT HID Y5k b L
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Table 6 Results of index composition content and transfer rate in material benchmark of HJD

SRESFAIN Y% R/ e TH /% i/ RNEEW/Y% BB HRBREEY% HR/

.
o o R % Bt WEE % G WOEE % GO WROEE %
S1 1.36 0.90 66.18 542 2.79 51.48 1.71 0.21 12.28 1.82 0.86 47.25
S2 1.10 1.00 9091 243 0.73 30.04 1.28 0.21 16.41 2.09 0.80 38.28
S3 1.04 1.06 101.92 2.05 0.54 26.34 1.17 0.24 20.51 2.13 1.07 50.23
S4 1.12 0.96 85.71 5.61 2.74 48.84 1.16 0.17 14.66 2.07 0.83 40.10
S5 1.14 0.86 7544 5.72 2.82 49.30 1.05 0.22 20.95 1.77 0.93 52.54
S6 0.98 0.78 79.59 4.12 1.99 48.30 0.97 0.14 14.43 1.66 0.61 36.75
S7 1.08 0.86 79.63 4.55 2.02 44.40 0.94 0.18 19.15 2.06 0.70 33.98
S8 1.16 0.88 75.86 4.71 2.19 46.50 1.73 0.20 11.56 1.80 0.79 43.89
S9 1.24 0.80 64.52 490 2.18 44.49 1.45 0.18 12.41 1.66 0.64 38.55
S10 0.96 1.00 104.17 1091 0.42 21.99 1.20 0.24 20.00 2.09 1.08 51.67
S11 1.12 1.00 89.29 4095 2.11 42.63 1.16 0.15 12.93 2.08 091 43.75
S12 1.06 0.92 86.79 2.01 1.06 52.74 1.01 0.21 20.79 2.11 1.05 49.76
S13 1.26 0.88 69.84 3.87 2.01 51.94 0.99 0.16 16.16 1.92 0.84 4375
S14 1.10 0.80 7273 4.22 2.03 48.10 0.98 0.15 15.31 2.01 0.92 45.77
S15 1.16 0.82 70.69 3.55 1.98 55.77 1.53 0.24 15.69 1.98 0.99 50.00
FHE 113 0.90 80.88 4.00 1.84 44.19 1.22 0.19 16.22 1.95 0.87 44.42
Je 0.96~ 0.78~ 64.52~ 191~ 042~ 2199~ 0.94~ 0.14~ 11.56~ 1.66~ 0.61~ 3398~
1.36 1.06 104.17 5.72 2.82 55.77 1.53 0.24 20.95 2.13 1.08 52.54
L EERZINEBL%  HRsks  EEDEERIY%  HeBE  BRESIT% HBE/ % HeRs®/
B oot mEE % BUT MUOEE % BT DR % BUT WEE %
S1 1.89 0.98 51.85 13.11 5.06 38.60 1.60 1.07 66.88 15.26 10.52 68.94
S2 2.15 1.02 47.44 13.88 6.36 45.82 1.72 1.31 76.16 16.83 11.23 66.73
S3 2.22 1.07 48.20 12.42 4.80 38.65 2.61 1.51 57.85 16.43 9.32 56.73
S4 2.08 0.85 40.87 13.40 4.12 30.75 1.59 1.07 67.30 13.99 6.95 49.68
S5 2.19 1.03 47.03 13.32 5.89 44.22 1.58 1.19 75.32 16.04 11.07 69.01
S6 1.99 0.83 41.71 11.05 4.09 37.01 1.56 1.02 65.38 14.88 7.45 50.07
S7 1.65 0.97 58.79 11.21 5.66 50.49 1.57 1.13 71.97 15.89 10.41 65.51
S8 2.16 0.82 37.96 13.66 4.64 33.97 1.43 0.93 65.03 12.55 7.47 59.52
S9 1.90 0.89 46.84 12.54 521 41.55 1.45 0.97 66.90 13.12 8.30 63.26
S10 2.13 1.02 47.89 11.21 6.03 53.79 1.70 1.52 89.41 16.91 12.26 72.50
S11 2.11 1.01 47.87 12.55 4.82 38.41 1.48 0.99 66.89 14.98 8.21 54.81
S12 1.68 0.98 58.33 12.67 4.96 39.15 2.38 1.46 61.34 15.55 9.98 64.18
S13 1.88 1.00 53.19 13.08 4.99 38.15 2.01 1.36 67.66 16.11 11.09 68.84
S14 2.03 0.90 44 .33 11.32 543 4797 1.88 1.33 70.74 15.56 10.33 66.39
S15 1.96 0.81 41.33 12.98 4.56 35.13 1.90 1.41 74.21 14.45 7.87 54.46
“FHME 2.00 0.95 47.58 12.56 5.11 40.91 1.76 1.22 69.54 15.24 9.50 62.04
VO H 1.65~ 0.81~ 37.96~ 11.05~ 4.09~ 30.75~ 143~ 0.93~ 5785~ 12.55~ 745~ 49.68~

2.22 1.07 58.79 13.88 6.36 53.79 2.6l 1.52 89.41 16.91 1226  72.50
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%, MORABLEEGEM, SR (-
K FEE-0.05% MR K V0, 45 5K F 1 iE-0.05%
TR K W 9 BN AR 1) Ea il P v Eh R /N BEBR S5 A2 )
R B A e, WEIRELF, [R5 54
(30. 35 C) AR E (0.6, 0.8, 1.0 mL/min)
o U6 43 B8 B s, 45 SRARIR 35 °C, AR
= 0.6 mL/min O3 2t .
34 YIREEMEERBEST

R IR B, ARSERUIHE R, 15
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WS S B AH S ME S oG T 2 B M AL e . &5
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AIE BT T AR TR - o v AR e AL 3

15 eV e R/ NBERR . SRER PR SRR
ANEEBR. IR O], MEEH SRR, SRR
Bl ERERBCAOBN. AR EH S EAHRRUIC, &t
FEm R &y B G 2SR, lReS Rk Mix oy
B BB K. AR T A AR 3 W2 &
A, HERFEOR S, BORERF iR %, fEftR
[HHUEEANI 5], BB B A —, T L%
FEH & L E IR T i — b B, Al 2e o Fa
FEAEIS . BRI T IO RS, b Hix
(BB 22 5, B T4l & IR Va A1
AT DLE 30 AS [F AR R VR Ja BB = I
1RO, DUARAEAS [ IR A7 o7 2 1 1 o3 B A R o
Ja AR A I 220 HID il T IR ABE T, R4
MHERR T - YR Ew M E A, 2R
iE HID IWPRIT 20 Eig 42, X HID il 554 7t B
HHEZE X
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