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FhTRCE X8 REUHLHEACTE, W T AR FEBCHAKTEAR T 5 P 2R . S s @R AR R A Y i & i, Al
FAAHETE/ S (GC/MS) 4087 T bt iU Aok RE St ks iosr. [8E8R ] &k 9113
(Bphl5) MEdi, HitEsrsk (AS) <60%; K 9113 (Bphld), R715. 4% 9113 ( Bphl4+Bphl5). %)
% 527 (Bph6) KHr, Pt EUENT 61%-80%Z[H, TNIL, F638. F669. F660 FI NHUR, Hitksn
BUE>80%, K 9113 TR & &N 10.13 pg/mL, BB & EN 74.63 pg/mL, HERSEN 24.35 pg/mL,
¥ TR TN, SPUKRERAEK 9113 Wiy 3-T6%,1,2,6,7- R AHE-3,7- " -2 /Eh . 24-—
FARHEE | 2-HEH-4-ZIRRIEW | 2-FUL TR . 2-IE RIS B T B R715 FIEUE TNT B4~ 7K RS
. [Sie ] WAYREEN ., SEAE RS/ SKEH2 B IR, 3-TF,1,2,6,7- & 3H-3,7-
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Abstract [Objectives] To investigate the mechanism underlying the resistance of rice to Nilaparvata lugens (Stél), identify
resistant rice varieties and provide a theoretical basis for the breeding and propagation of rice varieties resistant to N. lugens.
[Methods] The resistance levels of nine rice varieties to N. lugens were evaluated with the Standard Seedbox Screening
Technique. Secondary substances in rice leaves with different levels of resistance, including flavonoids, total phenols and
oxalic acid, were detected and chemical constituents of rice leaves analyzed by gas chromatography/mass spectrometry

(GC/MS). [Results]  Yuehui 9113 (Bphl5) was highly resistant with a resistance score (AS) of less than 60%, whereas
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Yuehui 9113 (Bph14), R715, Yuehui 9113 (Bph14 + Bphl5) and Shuhui 527 (Bph6) were moderately resistant, with resistance

scores ranging from 61% to 80%. TN1, F638, F669, F660 were susceptible to N. lugens, with resistance scores greater than

80%. The flavonoid and total phenol content of Yuehui 9113 were 10.13 g/mL and 74.63 g/mL, respectively, and the oxalic

acid content (24.35 g/mL) was higher than the sensitive strain TN1 (15.93 g/mL). The contents of 3-Nonanol,1,2,6,7-diepoxy-

3,7-dimethyl-,acetate, Benzaldehyde, 2,4-dimethyl-, 2-Methoxy-4- vinylphenol, 2-Oxopentanedioic acid and Phenol, 2-propyl-

in the high resistant strain of Yuehui 9113 were higher than in the two sensitive strains R715 and TN1. [Conclusion] The

flavonoid, total phenol and oxalic acid content of rice varieties were positively correlated with resistance to N. lugens. In

addition, 3-Nonanol, 1,2,6,7-diepoxy-3,7-dimethyl-, acetate, Benzaldehyde, 2,4-dimethyl- and 2-Methoxy-4-vinylphenol content

may also be correlated with resistance to this pest.

Key words rice; Nilaparvata lugens; insect resistance; secondary substances; GC/MS

# & Nilaparvata lugens (Stal)f& /K 1)
— B PR E L, M R R UK (R 5E, 2011 ),
B A B T R R R I 2R A AU
AR, TR (XFREE, 2011),
FIETE KRR A0 45 A A K 18 O [ R B ) 22 T i
& (MR, 2005), KIALIR, XPZE 1
B EELERE M E (RPLAE, 2013). BT
Kb FG R, F8cE Ryt Lot f
EYITRE | E BRI A TS YA R H £
MR, P AT IR B BRI 2= BIE A RE AR A
ey CEUE FE R (R/NESE, 2016 ), 1M
B TR A I L 2 8 A B A e LY — B
WAV BA . ARG (FRHEFE, 2011),
ARBUHE SR EAS R AR F BRI A R
i CEUKF, W SCiEAE (2016 ) X PU R FIC
VLA = B K R BT R R g AT T A O
e, KBBERT 51, WIFO 103 KGOL 1 SAE I
X8 REVGE B PTYE , MR 103 PEARAL 10
LKA 404, H A 518, Bl 156 JIAMIE 204,
TR N-2 ZE7K AR 43 BE S RTRE SR A R 0 hy i 4 &
m; o, WEEE 103 ZETEIA L A BER R K
PRI T RAFRPIE CEEE ST, X —AfFoE 4%
X e A 2 AR G, FETIZ R
UL T TR,

KRBT AL AR b AR I R IR
YT B BRI, RUFEFE (2011) FRRGE
A % 4B KU S Fh Rathu Heenati, TR64 .
Nabeshi FUgEHL R TN REAE TP & MR A ) o
A, 5 SRR A WA B RN M X4 K
AA W ARG IR, B-58 2 = I 2 A4 1 X 4

TCEUEA I ARG T . 2RSS 4E (2014 )
G KA AP Rathu Heenati A11JEK 1 X5} BR
TN, N RERAEYI G, K9 Kl
i A AR, TEA BRI B
PR RS CEECR FEA A A, X RIKAE &R
Al BB FE— e g 4 & B E A 0 AR PR AR AL
o 2255 (2018 ) R 1 /KRS 54 KEUE] Y
R N 22 W RE i 238 4s UG IR
FPEARIRZ B B A RF 2Lt ], I sm 20 il Kl
MY HCE T 3l , X R WK R0 B 3B i AH G Ak 2 e vk
AU W@ EPOE SN U

Sk HER N T 3ELffE ZKRE R A 0 T 0 4 R LAY
PrACPEDLIRL, A5 R o v 30 A 1A O e v
( SSST ¥ ) XFpu)iAlk KA K Ag bt o5 irde L iy
P BOKFE AP BB IR A T R 48 , TR RE b bk
FIRA AL s X HA Ps2E 5 0K RS S b R4 748 KL
BUAETEE 5 lid GC/MS 4t FoK R )
o, 5T AR B B 5 otk 2 8] (4 A 56
P, WFROKAE AP REVBTEERLE], AR
KA . Prvkm e LE AR AL ISR

1 #MR5HE

1.1 REHE

111 #HKKFE AR RS KR
PR ARG 9 AN /KA Fl, TN F638 . F669 . F660 ,
EAK 9113 ( Bphl14+Bphl5). R715. &K 527
( Bph6 ). &K 9113( Bph14 ). FE4%K 9113( Bphl5 ).
112 #HKBiE % CEUURE R f el
FAEPRAERY , 76 5 8 SR U LLE MUK R
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Bl TN EZm SR, RFRFNRE (26£1) °C,
AHXTIRE N 70%-80%, JGJEIHAM 14L 1 10D .
RIS P R KAk 1-2 3, Rt ok
Eo I BUR AR IF T

113 FEGZHEMME —FHUEFFEKA
I GC-MS-TQ8040 ( /it ); HEA DHG-9023A
( i =B RFAERARRAF ); UV-3000 4£50
AL AR T (i SRS AT PR A A );
D37520 E.0AL (EEBHRIARA ] ); RXZ AU
BN TAMWAE (TR AR ).

1.2 REHE

121 KFMEHEFERIEE  RITbRE R
A VAT 7 16 12 00 41 7RO ot Al R AT 7 S0 B H R
E (XDEARTE, 2002 )0 AR AL AR ARG 0

— 3, A AR OK A Tl LA R S5 0 T R
2, IRl R TRAERW (916 gL 1)
NH4NO5.88.6 g/L 1Y) CaCl,.40.3 g/L ) NaH,PO,
71.4 g/L B9 K,804.324 g/L A MgS0,-7H,0.1.5 g/L
) MnCl,-4H,0 ., 0.074 g/L {J(NH,)¢M0,0,4-4H,0
0.934 g/L i H3BO3. 0.035 g/L 1 ZnSO4-7H,0 .
0.031 g/L ) CuSO4-5H,0.7.7 g/L [ FeCl;-6H,0 .
11.9 g/L MFFBEIR-K G4 ) W BRDE SRR (EH
£5.5 cm, & 11.0 cm ), BR5LFRE 10 B0k 2EFH
¥+, DIBUES AN TN1 XTI, R B P —
OB, 5 8-10 Sk/HTAY LB A 1-2 W35 L, Y4
SR TN 2 HPERT, 2 0 E PRk R
fr (IRRD) HlEHHESEEPRER L (R 1),
X RS Ty KA AP AT 08, LLOL 1. 3. 5,
7 9 HAd IS

F1 KEBRECRALETITFMNIRAE
Tablel Identification and evaluation criteria of rice resistance to brown planthopper

& FAEAR FEHR (%) RSl it

Harmful symptoms Seedling mortality Resistance level Resistance grade
A% Unharmed 0 0 R 1
25— F I & B¢ The first leaf become yellow <10 1 Pt HR
B TR A 11-30 3 LR
The first and second leaves are partially yellow
MR RR B, FRO R A B ST 31-50 5 T MR
Leaves obviously yellow, some seedlings dwarf or dead
53 7 T s A 5170 7 O MS
Most seedlings serious dwarf or dead
2FBEIAFIE All seedlings dead >70 9 & S
122 KERMMECRMNETERUNE KAl fFAEE

K 1 JRARKFELIE 43 A 4 cmx20 cm A 3% 3
AT (FRASHRE ), BT REEHE (28+1)
°C RXZ BIRBEANTAAE . F Ml A 2
e REGT I 5 Sk, M 6 h PR EE Gt
LT 8, R FE B RS, s
4d. B 9 MokREYE, AKRER 3 K
( Sebastin et al., 1996 ),

P8 (AS) HHEARX.

AS = [(A1 ¥ 1)H(Ax2)++++(AaxN)]* 100/

(14+2+++n ),

n: LAUFHIRE, An: 5 n KB REGT R

HRAEST R EL (AS) FIWHT AT, AS
TE 0-60% K FEHLm A, 61%-80% K i i Fi,
81%-100% M2 Uit Rl , AS fEE/)N, Hpi AL
SR, 2

13 KkEREMRESENNE

FTHE CEGERTE 9 FUKRE AP F AR
RPN E SR, WEdT. . Bl
i A A R — P e BACRYE R W AR,
3%H KA, FRIEKEF 24 h 25, TE
ANTAEIRERFRA N 30 CHEZE, B 255 o ARl
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IK RGN T 5 IR A TN $R 2R,
BB = 3 i, sYBOKREMN R, SR Bt
J D R R R R A
131 HRESEMME KRS HE AR
R GBI A TRIAE (2830, 2011 ),
FREL 2 g ZKFER By, JA 40 mL 40% 25T
40 °CKIBSEH IR 45 min, 111)H 7 4 B4R
H 15 min (20 kHz), 285 7 000 r/min &L
5min, HCEERCMRFIRE S

FOT hRAEI G RIAE . RIS T ArdfES: ()i
BYE A YR A RAR] ) 0.109 1 g F 100 mL
FEiT, FH 60% BRI B R B2, 75,
RIGIEEL 10 mL F 50 mL ZEHH, H 30%4
e R B RN RT3 o MERRIER bR 1. 2.
3.4.5 F1 6 mL 235l & T 25 mL =04, FH 30%
CBEABRANEE 10 mL, HKKJINA 1 mL 5% NaNO,
WL, T 60 min, A 1 mL 10% AI(NOs); i
W, F% 6 min, LA 10 mL 1 mol-L™' NaOH ¥
W, MZEBKERZZEL (FE 15 min), P
AIEES IS W, F UV-3000 ££580] ULy
TR HAE R K 510 nm AR E WO

KA R B A  BUKFEFFIUARA, 1 mL
T 25 mL AR, H 30%O B RN E
12.5mL, #KUMMA 0.7 mL NaNO,, [ 5 min,
0.7 mL 10% AI(NO3)s;, W 6 min, 5 mL
1 mol-L™" NaOH &, H 30%ZBEE 4 2 %1%
£k FRHE 10 min J5ZEYE K 510 nm AbINRE R OEEE
Phas i o 2 s
132 EMEEMNE
1.3.1 3R BC AR R

WEFRREMLNHE: S5 0%
(2010) W77, FREBUEE T IRPRMES: (D414
Y w YR A RA ) 443 mg, HZEMK
WIITERE 100 mL, LA 0BC ik T N
8.86. 17.72. 35.44 . 70.88. 88.60 pg/mL AIIAT .
A3 B L RS [V BE VAR 2.5 mL )] 25 mL 25 &
rh, SRIGHRIINA 2.5 mL 28F/K, 1.25mL
O Fi B 2 f%5 ) Folin-Ciocalteu i3, 26.7%
Na,CO; B, )i HZZIB/KELRE 25 mL, =
TN 2 h, 7E 760 nm R & HWOEREE, Il
VEFRUER R

KAEIKAER . 5

FKFEEENE . B 2.5 mL BESLTRT 25 mL
FEMT, WEIMA 2.5 mL 88K, 1.25 mL
Folin-Ciocalteu i3] . 3.75 mL 26.7% Na,CO; I%
W, ARG T ZE K E AR 2 25 mL, 3 F B 2 h,
7E 760 nm | I HAR G . AR OB EEARA
PR, SRAFAKRERE S b B i &

133 HBRSEMNE FRTENE, S
B4 (2007 ) B,

FEMHIA . FRIFIKASRES: 0.5 g, JTA
10 mL KCI-HC1 ZZ ik (pH 2.0), £ sibas
2-3 min J5 [ 10 mL 2518 /K YEA 25 mL & i,
T 75-80 CKIRHA A 30 min, H[H] 7 HH IF
RAHEOK, SR G T ZR K 8 R B2 LI 50
U, VSR RD A R R AR

PR el e : R T PKYOMA 2 mL 0.5 g/L
FeCl 1%, 20 mL ERRR FALHR 22 vk (pH 2.0 ),
1.2 mL 0.5%ff KR, 2 g/L NayCrOs Frifis
W0, 0.1, 0.2, 04108 mLZ5MA 25 mL
HEfh, BMKEEEZEL. B 30 min
J& FH UV-3000 %640 0] WL A3 66 B TH7E 510 nm %
KA T L EiE , LAZRIEKIES L.

IKAERE SO 2« FH R R AR AR RS R A b
WEVR, A SRRl M2 5 VR 5 I Af ]

1.4 KBHRYRERS GC/MS 4b1E

FETE A RAE 9 FhKRE SRR b
PRV ELZE R, WEPL. e, Bl Rih
PEPE— A AR MK RS P iR . B 100 mg
HIKFERES R, 1.4 mL B Fi % - 20 °C)
PEWUR, 7E 11 000 g T 50 10 min, K iEHE:
2 2 mL B.OE T, A 0.75 mL & 45 - 20 °C)
MR, RIGHEMA 1.4 mL Fid XGER K
( -20 °C)FEAHREDP 10,2200 g B0 10 min,
P EIEWEEAE 1.5 mL B0, 7810 000 g
B 5 ming B 10 pL B3 T GC/MS Kl
(Pengetal., 2016 ),

A . GC-MS-TQ8040, RTX-5MS
AEAE (30 mx0.25 mmx0.25 um ), FzhHH: &
A, MR : 1 mL/min, FIURHLFEIRELE 100 °C
FAREE 3 min, SRJFLL 5 °C/min 3 T £
280 °C. fA%F 5 min JFHEFEARFL 1 ul, Bl —
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AS-3000 FI SHURERS , I35 B T RFETC /85 7
S VESHEEE K] 250 CHE, &R TS
70 EV. R EFHMEE 50-650 m/z ( Lisec
etal., 2006 ). k& MR B IFE] (RT ),
K NIST98 MS Htdis e Lxs - il ot sl 43 I 1
SEHA

1.5 #iEahE

FIH SPSS22.0 £dis ib B Z Gt vt S 4 Kl dls i
it b, R 25087 ( One-way
ANOVA ) A[FIZKAE A Z B 5 Sy R
o, UK GC/MS MIE k27 i & 1 2 [ Y
ZSWEM, M2 B EME KA Duncan’s
K5 (P<0.05 ).

2 GREHSH

21 ARAKBHEFREABCALEELR

ARG R GRS e 45 R R (£

2), B S MRHE CEGEBLE YU, B 9113
( Bph15 )& M AP HR ), FH4K 9113( Bphld ),
R715. F% 9113 ( Bph14+Bphl5) 3 f#t Rl R0
bt (R), K 527 (Bph6 ) £ K4t (MR ),

x2 mBEKERMFEEREER
Table2 Identification table of screening results of
ricevarietiesresistant to brown planthopper

fii 3 2 s 45 AR

Screening and identification results

PRGN FEREAR (%) HitkkF

e CRERL)

Varieties
Resistance  Seedling Resistance
grade mortality level
4% 9113 (Bphl5) 1 8.23 Pt HR
% 9113 ( Bphl4) 3 1892  HiR
&k 527 (Bph6) 5 38.35 Hi MR
R715 3 22.38 ¥R
K 9113 3 1562 HiR
( Bphl14+Bph15)
F638 9 85.69 & S
F669 9 88.74 & S
F660 9 9532 &S
TN1 9 90.76 %S

i TN1, F638. F669. F660 iX 4 /31K PN
(S )% 9113( Bphl5 L1 R hie ik, 12 8.23%;
F660 SLH R, A% 95.32%, I U A
TN1 (90.76% ).

22 AREKBMENBCAERFEENZI

P 4 d JEER 9 /KRB M AL 8 KL 1
AR, 250 Mm% 3 iR, &K 9113
(Bphl5) MHitEsr8UE (AS) h 59.58%, /I
T 60%, AmHianFh, H9% 9113( Bphld ), R715,
A% 9113 ( Bphl4+Bphl5). %% 527 ( Bph6)
PP (AS) (HA T 61%-80%Z[H], Ny
PLin A, F638. F669. F660. TN1 MIHPE%L
(AS) >80%, MU, K 9113 (Bphls)
P APE R, SEURA AP TN 2255 83 ; F600
PR ES, LRGSR TNT, 5 TN1 2
SE . #H 4 dJEEWK 9113 (Bphls) AU
CEA BAENE AL, (U 48.00%, 5 TNI
(87.50% ) tHIL 2R W3 F660 Lyt CEls
MG R RE, K37 87.67%, H5 TNI
(87.50% ) tHILZE A WE .

23 ARMMEKBREVRESE

231 HMW. 2. ERIENE 3 Mok
RFEEH S I E SRR (3R 4), EdUaFEK
9113( Bph15 ) g B 7 & fi s, 188 10.13 pg/mL,
HigLsh Rl R715 B BEER & &0 9.69 pg/mL, IKF
EPUA AR B o, R AP TNT AR, H
A 7.01 pg/mL, =35 W& AF7E B E RS
(P<0.05, F=529.981, df=2), iXxZEHAHMEKF
g B K R A R, B A

3 FhOKFE AL AL L B g R R (3
4), EPUAHF K 9113 ( Bphl5) 4 A & &
T (74.63 pg/mL), HFHLAF R71S /)R
Wz (63.22 pug/mL), JE&d A TN 1)
My SRR (55.08 ug/mL ), =FH MR &
BAATE L 2R (P<0.05, F=606.994, df=
2 )0 AP AT B 0 KRS S A, S
T

3 FhOKFEA B RR B R e A5 R R (R
4), FEYUEAEMK 9113 (Bphls) B R & =
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R
ﬁ@ﬁﬁ% A%, 11 15.93 ug/mL —H M
ﬁ%ﬁfﬁ%@%# ( P<0.05, F=26.588,
=2 ), e BHPTEK T B A oK R S A, REPR B
Eilﬁjo
232 GCIMS kB ERS EHFES5M
AR IFEVCHC R 70% UL i &0t 4T, 34
2| 50 Ak G, Ho HE IR RE AR mcfl%lﬁﬁ 27
P, o5 REERSr. BUBE AP TNT 4153 h S
SRS 5 LR (27.81%), EHLAFIEK 9113
(Bphl5) " 3-T-[%,1,2,6,7- B A FL-3,7-  HI -
CFRERHY G e (11.02% ), 3-T-F,1,2,6,7-—
REH-3,7- - REh | 2,4- W

2-H A F-4-IRFEEFR . 2-FUR R . 2-1IE N3
KMy 5 Mk B B AR RS SRR BT K
EIE, 5 TN1 440, H% 9113 (Bphls)
WY 3- T, 1,2,6,7- R A HE-3,7- -2 Rk
7 HE U R 10.53%, 2,4-— H L TSR
2-HAE B -4- IR R 5 LAl s i 4.81% A1
4.82% , 2-% % R P o B o ORGSR
3.63%, 2-IENEERM I 0.83%, R MK
FEyikE CElBE I T Be S 3-T8E,1,2,6,7-—
RAH-3,7- T H - RER 2-5FR RS 5 PP AR
O3 — S A M o T S Ak AR e SR I T
TN1. R715, &% 9113 ( Bphl5) =Fh7KFE Y

SHRIHIN 50.07%. 53.49%. 48.15%, 2R
K, TRESPUME CEUGK ., 41K 5.

x3 HEEAEREARKERT LNEFEERREERN

Table3 Survival rate and resistance response of brown planthopper nymph on different rice varieties

B R 1d R 2d R 3d U 4d eI
Varieties 1. day a.fter 2 .days 'f\fter 3 .days gfter 4'days 'f\fter Antibiosis
infecting infecting infecting infecting score
TNI 95.17+0.49a 89.84+0.33b 87.50+1.16b 87.50+1.16a  88.74 +0.74b
F638 90.00+0.58b  84.33+0.33d 84.87+0.44c  82.33+0.33b 84.26 £ 0.33c
F669 89.00 £0.58¢c 84.31+0.47d 82.15+0.09d 80.67+0.67c  82.67+0.31d
F660 95.93+0.18a 91.79+0.21a  90.30+0.33a  87.67+0.33a  90.12 £ 0.04a
£ 9113 (Bphl4) 88.03+0.09d 86.07+0.07c  80.00 +0.00e  76.00 +0.00d  68.92 +0.02¢g
Mk 527 90.40+£0.40b 86.03+0.09c 81.73+0.93d 80.00 +£0.00c  77.34 +0.30e
R715 86.00 £ 0.58¢  82.32+0.34e  77.77+0.28f 72.00+0.00e  74.54 +0.08f
K 9113 ( Bph14+Bphl5) 81.67+0.33f 78.40+0.31f 72.47+0.24g  64.00+0.58f 68.23 +£0.30g
M 9113 (Bphl5) 76.07 £1.21g  70.70+0.36g  62.10+0.10h  48.00 +£0.58g  59.58 £ 0.11h

BlE S E R, [FIPEE S Fr A AR FEE R R 4 Duncan’s 450 5 257 8.3 (P<0.05), % 4 [,

Data in the table are mean + SE, and followed by different letters within a column are significantly different by Duncan’s test

(P<0.05). The same as table 4.

x4 IMKBRMHREYMRSE

Table4 Secondary biomass content of threerice varieties

A HFR (ug/mL) B (ug/mL) A (ug/mL)
Variey Oxalate Polyphenol Flavone
TNI1 15.93 +£0.20c 55.08 = 1.58¢ 7.01 £0.39¢
R715 21.35+0.60b 63.22 +1.63b 9.69 £ 0.07b
% 9113 (Bphl5) 24.35+0.97a 74.63 +2.80a 10.13+0.16a
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Table5 Main chemical constituentsin threerice materials

CWE AR (%)
o5 2 F ¥ st fi] Percentage content
Compound name Molecular (min) ]
P formula min ko113
TN1 R715
RT ( Bph15)
3-(1-WR R 5L)-PN Bt 3-(1-piperazinyl)-Propanamide C;H;5N;0 5.820 0.15 391 042
2,3-&-3,5- 25 5E-6- HI L -4H- ML i -4- CsHgO4 6.026 3.58 0.58  0.38
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-Pyran-4-one
A H R Benzoic acid C;He0, 6.570 0.48 3.08 0.80
13- S U 1,3-— 13- R R T A% C1oH240; 6729 120 097 126
1,3-Diisopropoxy-1,3-dimethyl-1,3-disilacyclobutane
J\H FEER U E RESE Octamethyl-cyclotetrasiloxane CgH,40,Si,4 6.820 131 576 5.71
2,6- AT TR Hr-30,8- % CsH340, 6.865 0.74 7.58  4.75
2,6-Di-t-butyloctahydroazulene-3a,8-diol
J\H EE R PO 4R 7 45¢ Octamethyl-cyclotetrasiloxane CgH,404Si, 7.047 1499 440  7.88
2,4- " W BRI 2,4-dimethyl-Benzaldehyde CoH;,O 7.323 250 5.44 7.31
3,3,5- = L HE-1,1,1,7,7,7-75 H -5 (= W J i AR ) DU 4 ot CisHypO5Sis 7458 2.27 8.04  3.44
3,3,5-Triethoxy-1,1,1,7,7,7-hexamethyl-5-(trimethylsilyloxy)tetrasiloxane
+ DU A 335 Pk E(%E Tetradecamethyl-cycloheptasiloxane C14H4p0-Si;  7.644 120 549 597
S-FH FEMERE 5-Hydroxymethylfurfural C¢Hg05 7.796 2781 550  1.77
U B L0 2 kE ¢ Hexakis(4-methylphenyl)-disilane C1oH4,0,Si 9.288 13.41 3.75 598
2-H B H-4- 275 H KWy 2-Methoxy-4-vinylphenol CoH (0, 9.645 0.82 0.81 564
2-%J% — R 2-Oxopentanedioic acid CsHO5 9.832 035 1.22  3.98
1,2- 30 (= W B ff e 36) 2K 1,2-Bis(trimethylsilyl)benzene C,H,,Si, 10.090 0.25 1.31 1.85
+ — ki 1 Dodecanedioic acid, 2TBDMS derivative CHs5004Si, 10960 0.12 6.35 0.93
15- 725 7- AR L AR CyH3s0481  11.065 024 141  0.77
15-Hydroxy-7-oxodehydroabietic acid, methyl ester, TMS derivative
+ H B H A E b Decamethyl-cyclopentasiloxane, CoH3005Sis  11.207 2.02 0.74  0.53
(R)-(-)-2-AH " - 5- FH 2 H Jis DL-Proline, 5-oxo-, methyl ester C¢HgNO; 11314 241 143  0.68
2-1ENH; 2-propyl-Pheno CoH,,0 11.480 0.71 0.81  1.54
T HH FRIFTLILRE Cyclobutanecarboxylic acid, cyclopentyl ester CioH60, 11.970 034 0.63  0.79
1,7 (41 )-2,2,4,4,6,6-75 1 H-1,3,5,7- P L H-2,4,6- = CioMs0iSi; 12232 744 102 0.90
1,7-Di(4-biphenyl)-2,2,4,4,6,6-hexamethyl-1,3,5,7-tetraoxa-2,4,6-trisilaheptane
+ U B L3R B kik S Bt Cycloheptasiloxane, tetradecamethyl- CsH»0-Si;  13.430 078 127  0.89
3-H 3L BE-3-F R g Formic acid, 3-methylhept-3-ylester CoH;50, 13.605 0.16 645 0.71
3-T-8,1,2,6,7- A HE-3,7-— F HL- 2R 4k C3Hp0, 13.873 049 134 11.02
3-Nonanol, 1,2,6,7-diepoxy-3,7-dimethyl-, acetate
2,4- U T FOK W} 2,4-Di-tert-butylphenol C14H,,0 14494 0.57 045 0.33
+ W I 2 i bE Dodecamethyl-cyclohexasiloxane C,H3606Sis  15.150 148 339 1.54
3,5- " H ALK 2 3',5'-Dimethoxyacetophenone CoH 1,0, 15.695 0.65 1.38 043
MV PP 3 0L -4- (= F e o 3 il PR T Ci3H306P,  15.817  3.37 0.77 050

Phosphonic acid, methylenebis-, tetrakis(trimethylsilyl) ester
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£E3 5 (Table 5 continued)

o ASEE (%)
AW 4 F o i B ] Percentage content
=} N
Compound name Molecular  ( min) K 9113
formula RT  TNI R715
(Bph15)
N- (41525 F ) F /R £, B Ethyl N-(o-anisyl)formimidate CoH5NO, 16.401 073 042  0.45

3-F Rk -4- (= P o i ) S A Y R
3-methyl-4-[(trimethylsilyl)oxy]benzoate

T+ keI itk S bt Hexadecamethyl-cyclooctasiloxane

3- k-4 (= P o i ) S A Y R
3-methyl-4-[(trimethylsilyl)oxy]benzoate

5-5 T Wk -2-H FLMENE 5-Isobutyramido-2-methyl pyrimidine
= RS b

7,7,9,9,11,11-75 H %£-3,6,8,10,12,15-7548.-7,9,11-

C4H40;5S81,  17.035  0.18 0.64 0.69

17.234 0.41 0.49 0.39
18.713  0.25 0.51 0.93

C6H4305Sig
C14H240551,

18.875 0.62 0.65 0.47
20.411  0.27 0.43 0.73

C9H13N3O
C14H3606Si3

7,7,9,9,11,11-Hexamethyl-3,6,8,10,12,15-hexaoxa-7,9,1 1 -trisilaheptadecane

TN LA JUREE St Cyclononasiloxane, octadecamethyl-
JFFB2 sobenzofuran-1(3H)-one, 3,6,7-trimethoxy-

TS LA FEREESE Cyclooctasiloxane, hexadecamethyl-
ZH R TR LS Cyclodecasiloxane, eicosamethyl-
FAHE R n-Hexadecanoic acid

TN LA REE St Cyclooctasiloxane, hexadecamethy!l-
TN EIAT-REE St Cyclononasiloxane, octadecamethyl-
B IEF TR LS Cyclodecasiloxane, eicosamethyl-

T BT EEELE Cyclodecasiloxane, eicosamethyl-
TN A T-HEESE Cyclononasiloxane, octadecamethyl-

2-FH-4-(2,5- - TR 2-methyl-4-(2,5-xylyl)-butyric acid

75 LI ££ 4747 Cyclononasiloxane, octadecamethyl-
T H Rkt Cyclodecasiloxane, eicosamethyl-
B IEF T EEE LS Cyclodecasiloxane, eicosamethyl-

=(2,4- T BUT BRI BEIR TR Tris(2,4-di-tert-butylphenyl) phosphate

CigHs400S1y  20.564 0.53 0.76 0.50
C11H 1205

Ci6HagOsSis
CyHgpO10Si;p  23.527 0.48 0.48 0.92
24256 093 0.58 0.60

26.244 034 1.38 0.60

20.815 0.16 1.59 0.64
21.947 0.13 0.93 2.88

Ci6H320,

CisHs404Sig
CisHs404Sig
CyoHgoO10Si;p  30.985 0.25 0.59 0.39
CyoHgoO10S1;9p  33.135 0.40 0.77 0.76
35.140 0.50 1.08 0.56
36.925 0.28 0.56 0.43
37.041 0.28 0.47 0.41

28.706 0.22 0.84 0.73

CisHs404Sig
Ci3Hi50;

CisHs5404Sig
CyoHggO10S1;9  38.805 0.17 0.56 0.73
CyoHgoO10Si;p  40.626  0.15 0.63 0.54

CyoHe;04P 42.044 0.88 0.46 0.45

3 GRS

IKREHTHE AP SE e Tk 2R 2 0E, FRifE i
SEAITRE T . B TS | RN ek . AP
T S 7 I 9 5 A AR [] v G 0 7K et o e
W REPIE (2%, 2014), FRAETE 4R
B 1 9 A 3 o K R A R 2 R AR T T B R
AT LR 0 S R KRG X 4 LA R kD
oAbk, FEAHIWGAE CEBTEKT (308
S, 2016 ) ASHIFSE 8 I bR v I AR 1A 0 2 1 0t
ey CELEATHUAE IS , 2580 9 /K R At kL

W, e RECRBLEUR AR 4 0y, RBBTHE:
PR sy, Hodh RIS EEK 9113
( Bph15). Huang %5 (2001 ) & ¥ @K FEbie
WEKIE A H S Bphis, X EIE T HiE L E S
AT REME

ARG AEAEPURZE T/ 3 7K Fabt
R TR A R . B . R SR A E
RIS, HL . UM KRR R 3 Rk A
FiEmESRE, SR 9113 rhEER | S,
TR Er e A, MUR P TN P R
TR T AR . X SEEREE (2012) IHRIK
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FEHT AR 48 C B BTE S Rk b R 7
MR EEE—3, 54%% (2014) B RIRY
S T R R i S KRR P A I IE A e 2
RWE, BKAEA RS . Sl R
L RO A RE B . KRS 2 F O
o CEU Y B TR R s B A AR B B R R
T REATS , 5 H & 8 D 10 DO s P % ) 38 o i 42
K (CREEAE, 2012), X UL AEY) BTAE K s
o G AR R A P ) AR . RS 0
ISR ARSI 3 FhASFHTHEACT B fb 22k,
SR EKWIHEIK 9113 (Bphls) Hify 2-FH 4 -4
CIHEEIRT | 2-1IE TSR 1Y) 7 5 B S 55 T TN
M R715, X5 HWIE (2001) BN RIFE
TEDTIREZZ 5 1Y AR ity Fofr v YA 0 o R 1y 5 o 22
SHE, TR SYiE CElE — ML i —
o ARFMUAERI Y BT 2 . RS 3
T YRR A R A E T (SRR,
2016 ), 4% 9113 ( Bphl5) () 3-F-FE, 1,2,6,7-
TIREH3, - RER L 2R TR 2.4-
TR B A v TR R TN, WIS
Yokl CEVE — @ e, (B — 5
1M F LA R SR R B fE TN R715 54K 9113
(Bph15) 3 FKAE AP a] 5 LI 5 Pk 25 5
PN 50.07% . 53.49%. 48.15%, WIRESHUE
REUE X,
ABFFEALRT 3 4T P e KRS L AN AT T
FNHILEE, KX R T s, #
SR AR BOR ST B A, JF 2D T KA
A PR AE Y B S PR R OC R, I BT H [A]
ARG E ST, TRIES, X KRG A E
AT RE , PAZEA PR KRG S A B
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