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Green innovation—the golden key of the sustainable development of light industry
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Abstract : With Chinese social and economical development entering new normal, the constraints of resources

and energy, the seriousness of environmental pollution, the degradation of ecosystm, the increasing contradic-

tion between development and population, resource and environment became the bottleneck of the sustainable

development of Chinese society and economy. Light industry, as the link between green production mode and

green consumption mode, was required to adhere to the " green" principle and emphasize green innovation.

Chinese government took great efforts on environmental protection. Green production notion changed from the

end control of pollution and emission on standard, pollutant recovery and recycling, "source" governance to "

life cylce" clean production and ecological indusiry. The mode was designed as reference to zones of industries

such as sugar production, paper making and food production. The future light manufacturing industry is per-

sonalized and modularized green top desigh. Green cultivation driving industry development is the main direc-

tion in the future.
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Fig.3 Basic pattern diagram of food industry in developing recycling economy
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Abstract ; Chinese Baijiu won its reputation for the unique material, process, special flavor, long history and

rich cultural connotation. With the rapid development of Chinese food industry, the modernization of Chinese

Baijiu is imperative. The development trend of Chinese Baijiu ;reasonable price, flavor innovation, concept in-

novation, modernization and internationalization were analyzed. Among them, the first thing was to solve a se-

ries of scientific problems in Chinese Baijiu brewage. The possible transformative technology in the moderniza-

tion of Chinese Baijiu, regarding to starter-making, saccharifying fermentation, liquor body design, special

grain of wine, etc were dissected. The focus of future research and development of Baijiu containing ismicrobial

metabolites with strain library, automatic temperature and humidity control technology of fermentation, flavor

analysis and library, regulation of functional and hazardous substances, modernization of Baijiu standards and

so on were indicated.
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Abstract : Using the residues of Chinese meicine Xuebijing as materials, bioactive peptide was prepared by

protease hydrolysis. The hydrolysis residues effect of acid protease, neutral protease and alkaline protease was

investigated. On this basis, the appropriate proportion of compound protease hydrolysis residues was studied ,

and the suitable hydrolysis time of compound protease was confirmed by comparing the index of different hy-

drolysis time, such as protein extraction rate, hydrolysis degree and the antioxidant index DPPH free radical

clearance rate. The results showed that the neutral protease compounded with alkaline protease was selected to

prepare bioactive peptides, appropriate ratio was 3 : 1; the suitable hydrolysis time of complex protease was

4 h, under the condition, the protein extraction rate was 81% , and the antioxidant index DPPH free radical

clearance rate was 39.8% .
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Abstract ; The control storage condition was 4 °C ,and the two ice temperature storage conditions were set up

-0.7 C and -2.4 °C ,respectively,and the indexes of the shear force,hardness,pH,TVB-N,aerobic bacte-

rial counts and coliforms were investigated on a regular way, in order to research the quality change of chicken

breast. With storage time as factor and aerobic bacterial counts as an index, shelf life prediction model under

the conditions of different storage temperature was established. The results showed that the value of shear force,

pH,TVB-N, aerobic bacterial counts increased slowly, the hardness value decreased rapidly, and coliforms
changed slowly during the storage time under —0.7 °C and —2.4 °C ,besides, the shelf life was 13 d and 19 d

respectively. However, the shelf life was 6 d under 4 “C. The ice temperature storage could effectively prolong

the time of storage.
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at different storage temperatures
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Abstract ; Using reducing sugar yield as index, the effect of hydrolysis time, hydrolysis temperature and sulfu-
ric acid concentration on jujube polysaccharide hydrolysis was studied. Based on single factor test, orthogonal
test was used to optimize the jujube polysaccharide hydrolysis conditions. Then the hygroscopicity, moisture
retention of hydrolysis product were studied. And the correlation between the reducing sugar content of hydrol-
ysis product and its hygroscopicity and moisture retention was investigated. The results showed that the optimi-
zation conditions of jujube polysaccharide hydrolysis were as follows: hydrolysis time 120 min, hydrolysis tem-
perature 70 °C | sulfuric acid concentration 0. 15 mol/L. Under this condition, the reducing sugar yield was
97.56% . The jujube polysaccharide hydrolysis products had good hygroscopicity and moisture retention, no
significant difference than that of glycerol in the same conditions. The hygroscopicity and moisture retention of
hydrolysis product had positively linear correlation with reducing sugar content, and the linear correlation coef-

ficient were 0. 905 and 0. 919, respectively. The jujube polysaccharide hydrolysis products had a good applica-

tion prospect in the field of food and cosmetics production.
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Table 1  The factors level table of orthogonal test
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Fig.1 Effect of hydrolysis time on the reducing

sugar yield after jujube polysaccharide hydrolysis
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60 C i} IK E e KAE. IR L 60 °CHf, f%
WA N R, 3% AT BESE TRLBE B I 3 S S A 2
B A28 T & AR T RN TR, K A s s A
60 C 47 MH.
2.1.3 MEBKEXNLIESEKBRZIL
10 g 21 ZHHE TR, InAAS [6] v B2 1 it
PRI (0. 05 ~0.25 mol/L) IEG 5 H T
60 °C 7K 37K f# 120 min, F 0.5 mol/L A
AN W R A, 2 pH =7, 0 i U
TR SR 25 AN 3 fR.

F ] 3 AT Bl A R v B A T3 i 3
JEORRAS 3R 5 ST in 5 90 i R . A R Tk
0. 10 mol/L B, i JiUf 15 28 3k 1] 5 K AH,

95 ¢

40 5I0 6I() 7I0 SI()
i /C
B2 AR AL S B
TR AR B v
Fig.2 Effect of hydrolysis temperature
on the reducing sugar yield after jujube

polysaccharide hydrolysis
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Fig.3 Effect of sulfuric acid concentration on the
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M JEES A %
sl
n
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25

reducing sugar yield after jujube

polysaccharide hydrolysis

LR R A JEE #2572 0. 10 mol/L O,

2.2 AFRSHEKBFEHERERZREAM
IR KR AR IE SR A 45 R I

2% 2.

A2 ARG HEARMBEA R RS R A
Table 2 The orthogonal test optimization results table

of jujube polysaccharide hydrolysis conditions

5 A/min - B/C C/(mol-L7') D ;%EJ}?‘/%
1 1 1 1 1 86.25
2 1 2 2 2 87.49
3 1 3 3 3 90. 88
4 2 1 1 1 86.25
5 2 2 2 2 94.47
6 2 3 3 3 97.49
7 3 1 2 3 88.51
8 3 2 3 1 87.58
9 3 3 1 2 83.41
v, 88.207 87.003 90. 440 88. 043
Y, 92.737 89.847 85.717 91. 163
¥;  86.500 90.593 91. 287 88.237
R 6.237  3.590 5.570 3.120

H12€ 2 AT, 3 AN B3R G218 2 WK it
WA FEIR KR HH A > C > B, R E LN
K Y e B A% 1 A ALBSCy, BRIV K fii i ]
120 min, K f#JELEE 70 °C, R MK 0. 15 mol/
L, FEIZ A N AT 3 OFAT B E i 50, if
JEREAS AT 3K 97.56% .

Xof 45 R 280 I SRR AR SR S A A 7 0 25 4%
Br, G532 3. B 28 3 W] AT, K figk B[] R K i
Rk B T AR DA SR 0 R e 3k B T S KR,
At BRI 2 06F A8 JEFAREA S S 1 5 M) S S 2

K3 FESWERK

Table 3 The table of variance analysis results

WE P A Fi Y
A 62.330 2 1.596 B
B 21.530 2 0.551 ENTE
C 54.052 2 1.384 NTE>
D 18.337 2 0.469 e

% 156.25 8
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Fig.4 The hygroscopicity process of jujube
polysaccharide hydrolysis products
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Fig.5 The moisture retention process of jujube

polysaccharide hydrolysis products
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Fig.6 The effect of reducing sugar content on the
hygroscopicity of jujube polysaccharide
hydrolysis products
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Extraction process of water-soluble non-starch polysaccharides from
Chenopodium quinoa willd bran by enzyme-water method
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Chenopodium  quinoa I Ae BRI A T AR RIR T L &4 Ak (w/v) A 1 016, 54 % ¥l im
willd bran; water-solu- 4 2.0 mg/g,iZIRE A 90 C 240 A A4 100 min. iZ XI5 MH T 3L A K
ble non-starch polysac- VAV NSP 7354 7.55% . 5 H A3 IR Ty kAR L, iZ ik 3R IR M NSP #9413 F 45
chasides ennmenaler % 3 ki AU b o, LA A Ak AR A SR SR A
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Abstract ; Using Cheopodium quinoa willd bran, the extraction process of water-soluble non-starch polysaccha-

rides (NSP) was studied by enzyme-water method. Phenol-sulfate method was used to measure the yield of

NSP. The optimal extraction conditions were determinated through single factor assay and orthogonal assay. The

results showed that the optimal extraction conditions were material-liquid ratio(w/v) 1 : 16,the addition of

viscozyme 2.0 mg/g, extraction temperature 90 °C , extraction time 100 min. Under the experiment conditions

the yield of NSP was 7. 55% . Compared with other extraction methods, the extraction yield of water-soluble

NSP was higher, to the use of Cheopodium quinoa willd bran more fully. And because extraction solvent was

water, there was no strong acid alkali waste liquid generated in extraction process, which would not cause en-

vironmental pollution.

0 515

#i3 ( Chenopodium quinoa willd) J& T o £}
g e, 2 k& PR AR e 2
(FAO) Bk ik — BB 2 NREEA S 7277 5K 1Y)
AR, i UM Dy el H N RN 58 56
“AEFREaT AR N N E RN
ERRTN AR R T W ST A, IR B X R
Y7 2 72 w9 WF 5 38 Ak T R AT 9% L B
B R SRR AR R AN E I Fe B SR
I T RE A B 7= 1, (B LR 2P 4E 5 5 v
ik 40% . HE AR TEN Z M (NSP) J2 24 i fr 4F
AR FZ T, B AR KR A o UK P2
gy Ak Z Ve sh Y iaet, R BF 5T A8
BYER AR 3 K R v 2 W R B
) T T A Bh RE , Wi i 3 ) )8 IR ) B Y
W AH 2Bk B 22 Y I 58 R B, Ko 1 20 A
A TR IEERE T e Ty ORI W RIS
SRR AR R AT R L SRR
4y. L. M. LAMOTHE #1 L. M. C. CORDEIRO
SRR R R ERE AR E T REE
W RSN B i A SR, R I R A R
B Pk IE B T, X SR T A
IR TE.

B BRI AR, B TR e O OB
BTN I B2 Py b i B £ 2 7 o, )RR
27 R TSRS NSP ) AR 1R a4
FEor FIFHEEZE 5k, A SCHL DA RE 22 5k 32 2 kL

R FHRG — FROK IR 3R 1k 1T 3 22 #foK s P NSP
IFEHL, I T A3 A, DU #E A
YRR T RIS %
1 bRk
1.1 #HR5{LEE

FEMR SR B Ak, B L P R R
TEEA BRI, 200 R 22 BRI T B 4T
Y SR 10, 45% 5 55 A Z B ( Viscozyme L) |
F+4% Novo Nordisk 73 F] 7™ 5 U o« — JEN G B
FOR, bRt A R A BRA R D - 4
TR VT BB S (4B =99. 5% ) , 25 [F Sigma 2
Al LBk TJOK O R B AR, B
Mo, K & FHEai b TA BRA B Bk |
IR, ¥R i al, R E Y ik eE R A R A
Gl

FEALR :TU - 1810 B4 AT WA et g
T, db 53 by s A a8 A R 55 AT 2 A
YFS30 x 8 i bR AL E 5ok i , Bt M K BOGH
IUBAG BR 2N 7 72 s HWS26 7 i $AUlE T K VA 65
i —1ERHA A E 7 RE - 52AA AR
7B KA, MR oRAEAALAST 7 ; TDSA - WS #Y
AR BP0, PO ACE B F) 5 FD -
LA - 50 BV RO, AU B R S A a1
R T ™.
1.2 XWHZE
1.2.1 IEZHRE
it Ve F—— K i

JER AL B — 5 5 20
PR AR — 1 I8 —— i}




Was, 0 - PR RERBDEZBRABUEFRR EBETEINR 31

oo - VEM FEVE ] — Kl — M AL 1E
K i—— 2 L R TTIE  REE E 2 8
— H AR —4 IR S —— 2 U
— PR G TR —— ML 2 b
NSP.
1.2.2 #BEES 1) R HAL B 33 500
et 51 B, S BERNRBE (w/v =1 0 7)
W, E IR 7K.

2) BaZWEmEE ] R B NR 2 A2 Bk 5 K%
BHE L (w/v) =1 08 ~1 1 24 By LR, 4
0.5 ~2.5 mg/g W) A Z WG, T 45 °C,pH {H
3.5 B4 T AR HE 30 min.

3) Ky : B4 Z WAL S , T 100 °C454F
K 10 min.

4) POKIRARE KGR 50, AT RN pH A
F7.0 ~11. 0, 7EJLBE 75 ~95 C &4 F, #k
542 60 ~ 140 min.

5) b Y& BOK S B BRSO 8, B
FIHW.

6) M #% o — JERWFAEH] : 5.0 08 ) R
TROMAE B 6 3K o — V23 BB 25 0y, P 3
FRRE DN T A A 75 R 2%, B B R AN A i

7) WEALEEAE - A 100 w/g J5URH 9 BEAL
fit} , £ 60 °C ,pH {E M 4.5 2544 T , 407 30 min.

8) SEHL R UTVE L B 2 e RE A R
JEEEHE A, pH (BN 4.0 F19. 0 BsRBHE I UTHE 2254,

9) V¥ : CEEUTVE B0 IR S, 95% &

PEPE R TTTE 3 K.
1.2.3 ZEZARMENSP SRINE RAXE
My — BRI i NSP 75232, L) 2 W5 b s %
MR, FCH] 10 ~ 60 we/mlL ¥ J32 0 [l 119 ) 45 B A
WETR W, y o WO AL, « i % B Uk R
(pg-m™ '), AR fEMZ ¥y =0.008 7x +
0.009 3(R*=0.997 3).

B2 =t
NSP /2 % = *Eﬂééﬁ;;spj & 100%
JA==Y

1.3 BEERRRK

BHELL PRI 30 ¢ BBk, 20 WAL 3L, DI
RIRH (w/v) 451 08,1 : 12,1 : 16,1 :
20,1 : 24 WIRCEE AR ARG 4R 1. 2.1 T 200
PR B NSP, Hooh &2 & 2 0 e U &= Ok
2.0 mg/g, FOKSEBOL BRI pH H N 7.0,
VELEE 85 °C B [a] 100 min.

S5 Z WG N PRI 30 g B 2K, &
AP, FERHE L (w/v) 12 16, R 45 C,
pH {H4 3.5 2500~ , & 2RI & 73 51 A
0.5 mg/g, 1.0 mg/g, 1.5 mg/g, 2.0 mg/g,
2.5 mg/g, /KM 30 min. SRIEFEIB 1.2.1 T E5%
FRPZH NSP, H v oK 52 BOP B b 3 W pH {EL
7.0, 5 85 °C , Bif[a] 100 min.

FARME pH {H: PRI 30 g A 5k, 28 ad TAk
ARSI 1. 2.1 T2 AR NSP, H ok
Fo(w/v)1 116,52 G Z AR ) 2.0 mg/g, 4
KGR 3 3R pH fH24 7.0,8.0,9.0,
10.0,11.0, &R 85 °C,Hf[E] 100 min.

RS PR 30 ¢ 2L Ak, oo WAL 2,
SRIGHIR 1.2, 1 T A AR NSP, H Aokl
Fo(w/v)1 016,545 ZHMEINE N 2.0 mg/
g, BOK R FE % 73 ) 9 75 °C,80 C,85 C,
90 °C,95 °C, pH fHi 3k 7. 0, #h /K £ B B[]
100 min.

AL E] PRI 30 g B Ak, 20 TAL HE,
SRIGTEIR 1.2, 1 T2 RS2 I NSP, HovokHR
Ho(w/v) 1 216,545 ZERGER N 2.0 mg/
g, MUK D BT W pH {H 4 9. 0, IR
85 C,# K = 4 I5f 18] 43 %1 &y 60 min, 80 min,
100 min, 120 min,140 min.

1.4 EXKEMSL

e R A Lt b, S HURHB EL (A) |
BA 2N INE (B) HOKRSE R (C) (#H
HKREEI T (D)4 A~ F L5 m K 2, LA NSP 15
HR RS, AT IEASIR S (W 1), DA fefE
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TR Z. 75 -
A1 Ly(3") EXRBAEKTEL 7.0 b T~

Table 1  Factors and levels of orthogonal experiment L4
KF A(w/v)  B/(mg-g!) c/C D/min e;_ifﬁo I

1 1:12 1.5 80 80 z

2 1:16 2.0 85 100 ss . . . . .

3 1 : 20 25 90 120 1:8 1:12 1:16 1:20 1:24

1.5 HiEaIE
K Origin 8. 6.0 1 SPASS 17.0 G54 H7
AR R AT 50 HT

2 ZRH5INHE

2.1 FEEIEZHKBE NSP BENZIG
2.1.1 BURIEXIZEZH KA NSP B E1 %
e EEN R L 22 22 Bk i Pk NSP 15
R, S5 RN E 1 R, L AAL R
FHE L3S K, NSP 15 358 T = J5 BR AR, 4 RHK
Eb(w/v) K3 1 1 16 B, NSP 152335 3| e KA
7.31% . 3X 0 fig /2 i FRRE L RCARET , 205
TS BRI (w/v) AT 2 8 3EKFN T 2 16 1Y
AR A2 AEE SR, 26 ST
Gl IESES ATOY A8y N 7 1 o 1 Qi 1 1 1
24 Z R SRR P IR 78 4 RN,
UL T NSP (145 36 2Rl L 4k 22 3 K, Bt
T 2R 8 N AR B X R R, RO NI
IAh e e S s W R it B R R £, (1A
NSP 3R A L, BERHE E (w/v) KPS
BN 12 ~1 :20.

2.1.2 SEEEHEHBEAMENEZHKRNYE
NSP BERMTI  H A E A 2 HEE
TR 3 BhoK v P NSP 15 3R [ B, 45 S
B2 fin. d11E 2 R 5246 Z2 MR S 0 v 22
FHRK P NSP A5 i sl B 3. BiE 2
A RS 0B 3 K, NSP A5 5] L TH i, Y
B 7SNy 2.0 mg/g I, NSP 15 33K 85 5,
7.32% , WCJ5 P38 NG AU i, NSP A3 5% T 1
FEAIG. X2 NSP & T A 20, B 5 20

BHELE (wiv)
CREEGR A E & £ TSI N SRR IEAR
Fig. 1 Effect of solid-liquid ratio on
the yield of NSP

T RE RSN B A2 Sk A 0 B 2T G4 2203 , A5 B T )

FE NSP s . S B S 0 AR, 4 i RE

LV R AN TE 4, B AN i v Tl AR

i, 5 A 2 W26 B 408 Y NSP 4k 2L ) fif

BN TR (A R TUE R A v R JCVA DO i

Wilk2s, 1 A NSP AR ERALS . N, 2 A 2
PEBZS IR A ACEE R E R 1.5 ~2.5 mg/g.

7.5-

7.0+

§ 6.5

6.0

PR

S

Zz 5.5¢+

5.0f E/

45 1 1 1 1 ]
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55 Z BRI I/ (mg.g ™)

B2 56 3R R EHOR G
NSP 73 & 04 % vm
Fig.2 Effect of viscozyme concentration

on the yield of NSP

2.1.3 REMR pH EXEZH KB NSP 5
R HERARNIR IR pH (E X337 £k
VPR NSP 153805, 45 R a8l 3 Ps. Kl 3
ALHLAEIR R pH A 7.0 FH2 11.0 [y
Hr NSP 1558 52 e K5 /N a3, >4 pH {H
299.0 B, NSP 75 #8855 i, {H /& pH {H7E 9.0 ~
11.0 Z [a]Hf NSP 15 2848 Ak BE /0, Ui A 7E 55
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7.5
S }
~ \
a0 { *\}
mf
= E/
D
z
65 1 1 1 1 1
7.0 8.0 9.0 10.0 11.0
e pHIE

B3 =itk pH A3 & KR
NSP 13 %84 %)
Fig.3 Effect of pH value on the yield of NSP

2.1.4 BHKRIREENEEZH KBS NSP 15
RPRIE B EA R POUKR PRI 028 22 3Rk
Vit NSP AR 52 0, 45 RN A 4 iR, | & 4
AR, BRI X B BROK IS I NSP 3 %
ISR Bl ORISR IR 1 T =, NSP 15
RWFEZIE R, R R T = 2] 90 CZ 5,
NSP 15 5 34 35 i) X R A Wt o L /) 7
o5, BHEOS PRI 28 B RE D B , 2R
AR i EE 30, AT 22 B 5 o Bl 4R M K
(B IR AR 28 T Ry ), 220K A /N o3 1
F8 3 R A B 2 1 sy, DT 5 NSP 45 253k
A, L G SR B REREROR. 2R 5 8 B
ORI SR L 1 7K Fi E 7 80 ~ 90 C.

2.1.5 #HKRIZETEIXS EZFH KB E NSP 15
BRI HEA I PUKR P A0 22 kK

7.5

7.0+

o
[}

NSP#43 /%
o)}
>
T

W
n
T

W
=)

75 80 8I5 90 95
AL /°C
B4 FORKIZIIE AT E R E
NSP #f & 69 %7
Fig. 4 Effect of temperature on the yield of NSP

Ve NSP AR IR0 , 25 R 1A S Pis. di &S
AR B IR B I [R] A I , 2 22 K i 1 NSP
GES T DNEES -2 Y eS|
80 min M, NSP #5355 7. 30% ; 4 HAK & $2E i
[G] >4 100 min 5, NSP 1588 7.37% . X £ 0,
— B OL T, IR AR I ) B, S #8058 3, NSP
P s AHR PRI ) <, JUH A g il 2
N NSP 2R A AR, B T S SO R 8D
I, ¥ AROK R 2 ) ] Y K T3 L E O 80 ~
120 min.

7.5
s —t
o 7.0 {
£
w2
z
6.5 1 1 1 |
60 80 100 120 140

{2 12 N [E] / min
A5 HoKiZFEed it A& KoK
NSP 7 #4 %) )
Fig. 5 Effect of hydrolysis time on the yield of NSP

2.2 RENEZFHIKIAME NSP B IERZXIMAL

TE bk PR R e Y S, X A Ak
7 NSP g 4R U AT IE s I B LAk, 45 R
2. N2 MREII A R AT, 4% R 3 X A

A2 ERRBER

Table 2 Results of orthogonal experiment

FE A B c D 125/ %
1 1 1 1 1 5.32
2 1 2 2 2 6. 81
3 1 3 3 3 6.37
4 2 1 2 3 6.22
5 2 2 3 1 7. 46
6 2 3 1 2 6.59
7 3 1 3 2 6.26
8 3 2 1 3 6.57
9 3 3 2 1 5.04
k, 6.17 593 6.22 594
k, 6.76 7.0l 6.02  6.55
ky 6.02 600 6.70  6.45
R 0.74 1.07 0.67 0.6l
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BROR TN NSP 13RI 19 FERIAF ly B > A >
C > D, WS 5 Z BRI I 045 SR A 52 R > k)
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Influence of permeability of the tipping paper on the conventional compositions

and aroma components in mainstream cigarette smoke
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Abstract : The released amount and the gas/particle phase distribution ratio of the conventional components

and 17 aroma components in cigarette mainstream smoke of the cigarettes with tipping paper permeability
(0 CU, 100 CU, 400 CU, 800 CU and 1 200 CU) were investigated and the sensory taste of the samples was

evaluated. The results showed that both the conventional components and the total released amount aroma com-

ponents in mainstream cigarette smoke release amount decreased with increasing of tipping paper permeability ;

the gas/particle phase distribution ratio of almost aroma components raised gradually with the increase of tip-

ping paper permeability ; Therefore the cigarette with tipping paper permeability of 400 CU was more suitable

in the actual production.
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Table 1  List of conventional components from

mainstream cigarette smoke by using

different tipping paper (single cigarette )

IKFAAR I TPM Koy MmR: BB CO Bl
WEE/CU /(mg+ %71 /(mg- % 7") Bt/ mg jiltit/mg  H/mg
0 15.90 2.23 1.03 12.64 14.35
100 14.47 2.03 0.92 11.52 12.79
400 11.91 1.67 0.79 9.45 10. 12
800 9.83 1.38 0.67 7.78 7.7
1200 8.74 1.22 0.61 6.91 6.78

2.2 JREAERIE KU X 4 E R IR S EF RS
BER R

2.2.1 EFRBSHPEEERRSTSERSHE
W/ KBS ECEL UL B B AR i TS R
SRR 0 R AR B ) B A R A0 L
F2. R 2 WM, AR AL SR AEA RO T,



- 38 -

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

it KA 4T JRUJEE 1) 38 0, 26 0 =5 3 A o
FHAI AN RH A9 o el P B AR 8 70 ) 25 2% T8 e
8%, 1 AR BRI 0 BE HE LT #1525
2.2.2 FRBRPFEEFRMS (X)) SE
BRSHEY/REY SRR SN T
T AR R A G v A R Ay
(FRZE) B DL 3. i3k 3 Al 7 A 2R PE A
ARIITEOL T, B KA AR XURE R3S o, 25 00 32
P AFORLAR P AR RS 1 5 B AP
%, AR RLAR D) 3 BE ECIZ A3 .

2.2.3 ERBWEPFEFRES (KRIFE) &
ERSEY/ A SEILE R  SEE
SR AR PR AR P A R A R B
(PRI & ILAR 4. i3k 4 al A, £E HAl 25
ARG DL, Bl KA 2R XURE 3 i, 25 4
WA TR A AR PR Y
AREAR, AR LA o3 BE O 3 0. Xt
PRI kg B /KA 20K XU E B 3880, =28 38 XU
TS AT 25 T A T o Al B 5 4 B A XL
A, PRI A Al O S VR R ) A 220800, BH AR P
THAEII AR 2258 22, BT DA A 5 U P e R i

SR A R I 3R 4 i8R B A ok
B3R P T R A3 (TR 2 L Wk R 28 ) 1) A
Y/ WA 53 T LU Bt 2 K A A58 RURE A 3
T 0. 3 2 PR Ay B AR AR XU A 34
HHA 2838 XUFR BE I , B R B0 SR 0 ROk AH
(R B AR R, (2 P I FRARR AN ], K2
BB R L3 0 SRR B B AR I T R A R
R, NI B ARG , Ak
B B AR R A 43 L LT
2.3 BREmMRTERER

XS AN [i) 8 XU 7R A A T ) A R Y i Jo
AGIT IR S RS AT, BEE KRG X
FE$E =5 (0 ~400 CU ), HH =2 1 A5 s A 1k 3
5, 24D AR IR AR T, 3K R R K R 4
RS RS B FR e 25 i 23 S, DRtk
TR N 2 S RRARG , T o e B A 40 KA 4R
XU R F) 800 CU LU b g, &< B KBk, 4
R IR AR AR 25, M S D/, 24 R TR
FE LTt R PR R K b 46 XUE i m 2 S 8RR
SRR AR EE T R DRI, A 3 XU i 32k %
1L 400 CU JE.

%2 BBMRIRBA T AN/ AR PR ER R S S

Table 2 Alkaline aroma components of vapor phase/particulate matter in the mainstream of cigarette samples mg/ 3%
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0 2,32 2.47 1.06 1.43  0.56 0.39 2.58 1.35 0.52 1.95 0.92 0.47 .9 0.75 0.39

100 2,17 2.37 1.09 1.28 0.50 0.39 2.47 1.27 0.5l 1.81 0.83 0.46 1.74 0.67 0.39

400 1.60 1.93 1.21 0.72  0.36  0.50 .14 0.67 0.59 1.31  0.62 0.47 .71 0.65 0.38

800 1.40 1.83 .31 0.63 0.35 0.56 1.04 0.65 0.63 1.19 0.61 0.51 .13 0.52  0.46

1200 1.29 1.68 1.30 0.30 0.20 0.67 0.43 0.39 091 0.82 0.42 0.51 0.99 0.49 0.49
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Table 3 Neutral aroma constituents ( ketone) of vapor phase/particulate matter
in the mainstream of cigarette samples mg/ 37
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Table 4 Neutral aroma constituents (furan compounds) of vapor

phase/particulate matter in the mainstream of cigarette samples me/ 37
IKANAGE s i 2 - LBk 5 - HILHfmE
WE/CU - iy i /BIE RIARY ORI OBIES ORI U SUOBIH ORI U UKL
0 10.44  8.02 0.77 13.36  2.56 0.19 3.47 1.06 0.31 5.52 0.28 0.05
100 8.03 6.78 0.84 12.86  2.45 0.19 2.43 1.06 0.44 4.53 0.24 0.05
400 5.19 4.73 0.91 8.09 1.76 0.22 1.12 0.78 0.70 3.9 0.23 0.06
800 3.77 3.60 0.95 5.27 1.09 0.21 0.91 0.63 0.69 2.58 0.21 0.08
1200 2.90 3.34 1.15 0.81 0.68 0.84 0.27 0.25 0.93 1.49 0.18 0.12
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Table 5 The sensory evaluation of cigarettes with

different ventilation of tipping paper

IKIALCE

KU/ CU PPIREER

APAOMELLZE K ok, S5k ik, I PP AS I, v
0 Iﬁg;ﬁ%ﬁﬁﬁiﬁlﬁﬁﬁ%,ﬂ%ﬁﬁ%%ﬁ%i?

TR

oo B U R Sk, ETETER I, AR
I, TR RINGE , D A IR A TR

a0 BT CHUBIIG S R ETRPERS T, R0
T AR RIS s REA O B
BRI, SR80 0N, TR PRGN, AR T, A

800 igd\ JRANEW RIS, F I REA TSR B (HI IR
g

T, B3N, RIS/ T

1200 AUk T, 6 I 26 55, T 0B JE 245 ., ELG U
e
3 4hip

A SC3E 0 CU,100 CU,400 CU,800 CU,
1200 CUGX 5 7 id JXUEE i 7K 8 4G i & 465 M
i, 38 2 SE G R GEAIE 9T K A 40 XU X I
TSR R ST RIS BB i T 5 ]
SRR 4518

Bifi 25 7K s 4% XUBE B35 0, 6 4R 32 9 R <
BRI RTINS R 2 B g R AT, AR | £
A CO 3X 3 Fof 3= 30 A <0 BBl o 22 e P i 2>
A, CO BRI A 2 4 X i f 1y , X 16 B K Ay
%38 XU 128 A TSR B R i) K TR AH
Gy B KA AR IXURE (38 A, i 7 R A 3
A PR B (R 2 RG2S ) A8 ~UR ) ADRL

FRA R ) SRR IS i

SE VTR, T 4 A ) A A
22/ TEE P S A T 25, R
SRR S BRI, T 235 A5 A5 AR P Il
SER ARSI 7 PR K P 4 KUK 400 CU
HEL AT 0 o AR AR AR KR R BT
B AR T HOR S

SE k.

(1] ¥HZE,KEE FLF £FEREREXATRAR
[J]. 48 & #4,2003(11) 8.

[2] BRANDY F. Reducing Risk[J]. Tobacco, 2000(6) :56.

(3] EX, W Kt aBFUEIRBEELITZHBEY
#a[J]. B A ,2000,19(3) :277.

[4] WIERNIK A, CHRISTAKOPOULOS A, JOHANSSON 1.
Effects of air-curing on the chemical composition of tobac-
co[J]. Res Adv Tob Sci,1995(21) :39.

(5] ZHH, THEE FRENEHENBZABEET R
[J]JEE A, 1997 (4) 27,

[6] DWYER R,IHRIG A M,IRELAND M S et al. The effect
of tip dilution on the filtration efficiency of upstream and
downstream segments of cigarette filter[ J] . Beitr Tabak-
forsch Int,1984(12) :178.

[7] BAKER R R.The effect of ventilation on cigarette combus-
tion mechanism[J]. Rec Adv Tob Sci, 1984(10) :88.

[8] PARRISH M E,HARWARD C N, VILCINS G. Simultneous
monitoring of filter ventilation and a gaseous component in
whole cigarette smoke using tunable diode laser infrared

spectroscopy| J]. Beitr Tabakforsch Int,1986(13) :169.
(TF4% 60 1)



BT 2016481 F 553146 5 1
- 40 JOURNAL OF LIGHT INDUSTRY Vol.31 No. 1 Jan. 2016
51 A& BEFIR , 257 7 L 55, 55T Tmpinger 5 box i 8277 209 T WK pH {EI &
T[] 8 T2 ,2016 ,31 (1) 40 —45.
MESEES . TS5  CEFRIDAD:A
DOI; 10.3969/j. issn. 2096 — 1553.2016. 1. 008
NEHS 2096 - 1553(2016)01 —0040 - 06

3T Impinger S box fifi 42 Jj XMy 1 MH <
pH {E 5 J5 74

Determination of mainstream cigarette smoke pH value based on Impinger 5 box
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trapping method

>, 1 N ol 2 ~32 2 o 2
AR REIR L FAA LR, BAR, B R
LI Wen-wei', ZHAO Hai-juan', LI Qing-qing’, YANG Jing’, WANG Jian-min®,
CHENG Chuan-ling’

LTe Tk A RSTHEA T ZEEE,TH %M 455004;
2AMB T e HERFE TRZ M, M A 450001
1. Anyang Cigarette Factory, China Tobacco He'nan Industrial Co. , Lid. , Anyang 455004,

China;

2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou
%4897 - 450001, China
A 3R s pH
] 72 ; Impinger 5 box BE. ARSGEMEAMA pH AEeG 0 A EE #2387 —FP LT Impinger 5 box
EHIE SN 4R 7 KR RKRCSR IR A AR 4 o A AR 09 270 A, pH AT o ik, SR 2l &

FAHEAT T HRAL. AL F 4 A BB 10 3, B 4K AR 90 mlL, 45 35 B
Key words. A 30 min. 3% Ak T A5 AR BUM5 B AR A 5 24T G i 0o, 25 R KV, RSD
mainstream cigarette

F£0.302% ~0.562% 2 Jd] , £ A&, pH 4469 F 34 £ 15 =0.030 894 52 8] &
BT BEEFM. A R AR E BRI R AL LT AT A AR
F A E MEFERLE 52, ME L RETERS, T L AR

smoke ; pH value deter-
mination ; Iminger 5 box

trapping method

s B #7:2015 - 08 21

EETE 7 P+ 8 T kAR FTAA 8 A3 %R B (HNZY052014005)

EBERN : FXAH(1970—) , F , ThERMmTA, ZMEB) SR IRF, L EME T AR TE.
BEEE: ZERKR(1963—), 5, TH A EETAFMNBELEFRBR, LELZMAAFTOAEBLL.



UM, % 2T Impinger 5 box 4 & 77 R 8y £ 8 A pH &M 2 07 % <41 -

Abstract :In order to improve the measurement results precision of cigarette mainstream smoke pH, a method

which based on Impinger 5 box trapping method of the pH value of particulate matter and vapor phase matter of

cigarette mainstream smoke was established , and the measurement conditions were optimized. The best meas-

urement conditions were: the cigarette number was 10, extraction solvent volume was 90 mL and the shaking

extraction time was 30 min. Under the condition, the pH value of 5 different kinds verification of cigarette sam-
ples was tested with the method and the result indicated that the RSD of the method was 0.302% ~0.562% ,

the average difference of the mainstream smoke pH value which was greater than or equal to 0. 030 showed a

significant difference. This method could be used without changing the smoking machine pumping parameters

and it was simple, convenient and the determination results had high precision and better repeatability.
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1 b5k

1.1 #Rfnss

POBE: 2D (B 4 21) 4, ¥ Fg A
T TAEA BR W 7 55 B[] -5 [ 7 5 5
@44 mm SIFFIE F, 12 E Borgwaldt KC A ] j7;
pH FRIEZZ #7724 0. 05 mol/L 484 — H iR & 4
KR (pH =4.00) ,0. 025 mol/L Bk — A 40
MR R G (pH =6.86) , L
BIERAEU TR A R AT R EE(AR) , Kt
T A2 A B W .

1545 : RM20H 4% £ X0 R AL, 75 [ Borg-
waldt KC 2\ w] 7 ; KBF240 {8 i 15 48 46, 12
Binder /A w] ™ ; THZ — C BU4E 5 e PR 7 4 , 11
PR HHEEEALE) 77 PHS - 3C BRI %
pH i1, S wEAAS) ™.

1.2 Hk

1.2.1 HREE MHRERE22+1) C,H
XHRJE (60 +3) % WM EE T V-5 48 h, ST Ik
Fr o AE A R BRBE Ao 12 h DL 2R
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TR A 118 PRE M R P 5 2 42 B v W

AT
1.2.2 EHRIES pH EMEHE k4

RM20H #% £ 50 MHHL Impinger 5 box [ 4E J7
2, BRI 45 12 A R s MR L SR R B
Prik i AR, T2 Wl 50% S5 DY s
VA VR P R LSO S A 3 ok ST 8 R SR .
WesE e e a3 S H . B UE R CA 150 mL HETE
S, PR S Ie R4, T AHETE I
o5 O RSO W SO A5 I T 31 150 mL P
L fE R S5 S 10 min, F pH 3 25 L
W pH H.
1.2.3 Rk A*E
1.2.3.1 BREFRRE /5l e S 8.
OB (S PIEE ) (AR RN 35 B 1) A i R 2R
RAH R LR 4 AD7KF, DU R g 45 1L 17
BHEFNAR XS bR E O 25 (RSD ) Sh 46 AR, WF5E 4% A
FOoF E S pH (B D A2 45 R FRE %
AU
1.2.3.2 EXRE 7EHHE R IR R
B Ly (47) IR R AT =& =K FIERS
G, 73 HE RSD F 4 %) 152 22 M ik B 8 b,
i — 2SRRI A5

Horp iR 25 2RI E 25 R S I HZ %
A XA BT J07 0 204 & = 3 < pH E
() L SR, A1 FH B R R0 48 M g i 1)
A (5.996) 1y B R A THA.
2 AR50
2.1 BERARBERESN
2.1.1 HMREZHNERES pH ENEL
RN ARIES TR 15 ] D0 E &4, I/
Fi R NEEAFR (90 mL) Fi4fR 37 B[] (30 min ) A
A5 25 G [ 4l W S RO 3 I A A< pHL (B
SESTRBF M, 45 R W R 1. R 1 a] g0, flik
S IO - B A A S = 52, il S

5 S YA Sy, S OB 10 3215 32
120 SEF AP 35E 25 AN 0 32 S IR el W 0 =2
BRI 22 25 5L 1% RSD 7E 0.285% ~0.351% =
B 3l , HICHH @ A .

ZR B TR, BERR R AN S 10 3215 37
20 33X 3 AIKFEHEATIE SIS, 3 — 2B ik
5 %A

A1 REGEIA I ERIMA pH A6 % vh
Table 1

Effect of different numbers of cigareties on

the pH value of mainstream smoke

FWMER pH E RSD
1 2 3 4 0

5 6.03 6.06 6.02 6.02 (6.033+0.030)* 0.315
10  6.00 5.98 5.97 5.95 (5.975+0.033)" 0.351
15 5.98 5.95 5.99 5.98 (5.975+0.028)" 0.285
200 5.99 6.01 5.96 5.98 (5.985+0.033)" 0.351

R 1,2,3,4 FORFEATIINE 4 WIRIRZE R, TR A
F KBS F R FERTE P<0.01 AP LS E% TRH.

2.1.2 BREEBGRMERES pH ENELE
KRR RIS SCER LS I 40, Ok
R S0 (10 32) A4 35 B 18] (30 min) A
A 5 FEAN [A) S5 TN BEE A RO 3 3 A A<, pHL {ELT
EARI N, G5 R WK 2. hER 2 /I, RN
AR AR 90 mL 1 100 mL [8] 2% 5 552 bl %
SEPIBEARFR S A, W 25 5L/ RSD 7£ 0. 351%
~0.483% Z [A]72 4k, SR T i .

22 TR, 2 FE 80 mL,90 mL, 100 mL 3%
3 IR TIE SRS, i — DA R e A5

K2 FREBARBR ZAMEA pH L0 h

Table 2 Effect of isopropanol volume on

the pH value of mainstream smoke

SR FHAH T pH (H R RSD
B/mL 2 3 4 $' /%

80 596 5.9 598 6.01
90 6.00 598 597 595
100 59 6.4 6.01 6.03
110 6.02 59% 602 59

(5.985 £0.033)™ 0.351
(5.975£0.033)" 0.351
(6.018 £0.035)" 0.366
(5.998 £0.046)™ 0.483

SR RNG O TR ORTE P <0.05 KT 1% R 0%,
I
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2.1.3 #RFHEENERES pH ENEER

IR AR 22 SBR[ 15 ] B9 S5 PR
A S K (10 32) FL P EE AR (90 mL) A
A 25 BN TR 4R 3% st 18] % 32 3 00 <0 pH (E I 5
S5, 25 R R 3. 3R 3 AT, PRV
[ 27 20 min 55 30 min [H] %925 5 0 2 (K — 2
R I A o BB 25 min ) . BER 37 16 A]
FERK N 22 25 521 RSD 7£ 0. 166% ~0.484% =
[ AR 4k, A 2 e RIS T v 3.

£ 3 RREVR G A 208 A pH AL F R
Table 3 Effect of different oscillation time on

the pH value of mainstream smoke

gy EIHAT pH i1 . RSD

[B)/min 4 2 3 4 /%
15 6.01 6.03 6.03 5.98 (6.013+0.038)" 0.399
20 6.03 6.02 6.03 6.01 (6.023+0.015)" 0.166
30 6.00 5.98 5.97 5.96 (5.978£0.027)"  0.284
40  6.00 6.03 5.96 5.99 (5.995+0.046)" 0.484

22 A, %4 20 min,25 min,30 min X 3
DI AT IEAS IS , 2P0 25 .

2.2 EXREWERRSW

2.2.1 RKIEHEEXT RSD WM BIECAK
PRI AW S8 A/ 3, SR B AR B/ mL, @
i) C/min, 2531 D. 1F A3 56 45 e M % RSD
BT 22 R0 7 22 00T, B R L 4. & 4 7]
13 AKX RSD [FE A B3 (Wakrp P
1B s ¥t 22 K/ANHEF 2 € > A > B, BRI 3 5 [R]
X RSD sz e K. & R WK FAGH
A B, Cy, RISl W A S B0 3 S P AR AR
B2 90 mL, #7355 B E]HL 30 min B RSD £2/)M.
2.2.2 KEEEMAEFIRENTE R
¢ A0 Ah T A iR 22 B A A, 25 R
5. R 5 WA, 3 AR ZO6 450 1R 25 1 5
IR (W PAA) s & 22 KO/NEF
B>C=A, R 5 BEEAAR RO 266 XoF 158 2 1) 5% TiR) e
K. EAHEERBIKFEHEG R AB,C,, B Yl ik
HHSEE 20 32, 5 N EE AR R 90 mL, 4ig 355 A
I 20 min B ) 246 %) 152 25 e/

2.2.3 HMIREEGHE HTHRERSD 1Y

k4 ERKIL R F RSD 9 £ M B £H5WER

Table 4 Results of orthogonal test and analysis results of RSD range and variance

EUAE A pH fE

KI5 A/ B/mL C/min D 1 5 3 4 RSD/ %
1 1(10) 1(80) 1(20) 1 5.96 5.94 5.92 5.98 0. 434
2 1(10) 2(90) 2(25) 2 5.91 5.94 5.93 5.88 0.447
3 1(10) 3(100) 3(30) 3 5.92 5.91 5.91 5.93 0.162
4 2(15) 1(80) 3(30) 2 5.89 5.86 5.88 5.83 0.451
5 2(15) 2(90) 1(20) 3 5.96 5.98 5.94 5.95 0.287
6 2(15) 3(100) 2(25) 1 5.99 6.00 6.03 5.99 0.315
7 3(20) 1(80) 2(25) 3 5.93 5.92 5.95 5.97 0.373
8 3(20) 2(90) 3(30) 1 5.97 6.00 6.01 6.01 0.316
9 3(20) 3(100) 1(20) 2 5.93 5.91 5.96 5.99 0. 588
K;; 1. 043 1.258 1. 309
K, 1. 053 1. 050 1. 136
K, 1.277 1. 066 0. 928
ek 4, B, Gy
R, 0.078 0.070 0. 127
P{H 0. 866 0. 853 0.757
FE Wiy C>A>B
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FOR 54 MR R 2 B/ NI ESR 5 235 15 2 Y
HERKPHEATE 2B, FERAER N
SRR 3 5 18] AN PR L, DR 7 20 1o 25
B VB RE S A0 2% P Ik 1 5 18] X5 P S48 A 1Y
SOMA PN  (ERR 22 73 M 45 2R 3 R 35 5[]
JERCIE RSD [ H 2R, T R % 8, WL G,
IGO0 PR 4 R B 52 T 27 A
W, HI RIS UCEE A 3R [ 25 A I T A
AR AR TE AR SRR 4% A, ALK

25 BITIR B A, B, Cy 4G A A 45 M 3 It KA
S pH (EINE M Fe LA F , %28 1F 5 4R IR RSD
e/ NITIAAS 2 1 25— 2

gL RIEE S Al S HEAE Y = RS pH
HIHAT T 6 IRERME, 45 W3R 6. HFE 6 7]
M 1) EWRAEA pH {9 RSD 7£ 0. 302% ~
0.562% JEE AL, BRLL & th AR HAy 4
i 1 RSD 4/NT0.5% . 2)5 A IY-F-3 pH
{HTE 5.96 ~6.05 Z[A]481k, B AR 22 HA0.09
(6.05-5.96=0.09) ,{H77 224 #7 J% LSD £
PLACZE SRR, S A FE AL 1Y) pH (BLAFEFE 10 35 2%
SFORBUONLIE I > mM > R BB A
) AR M. ZEAR 22 B/ NS B0 T A i [R) 4TS
RER IS 35 22 SJ ke, 3K U HH A 0 12 KRG 3

RN

2.3 WiFdH i, AR 0 054 MR A
PR PR SR AT A X RS O E a0, pH{HMZERE. 3) LSDEZH HARSS R KW, 41
A5 ERRBERMBARENG T ENSWBEMESATER
Table 5 Results of orthogonal test and absolute error of range and variance
20 % 1%
R A/ B/ml C/min D 1 ; e TH‘%3 ; St
1 1(10) 1(80) 1(20) 1 0.036 0.056 0.076 0.016 0. 046
2 1(10) 2(90) 2(25) 2 0.086 0.056 0. 066 0.116 0.081
3 1(10) 3(100) 3(30) 3 0.076 0.086 0.086 0. 066 0.078
4 2(15) 1(80) 3(30) 2 0. 106 0.136 0.116 0.166 0.131
5 2(15) 2(90) 1(20) 3 0.036 0.016 0.056 0.046 0.038
6 2(15) 3(100) 2(25) 1 0. 006 0.004 0.034 0. 006 0.012
7 3(20) 1(80) 2(25) 3 0. 066 0.076 0.046 0.026 0. 054
8 3(20) 2(90) 3(30) 1 0.026 0. 004 0.014 0.014 0.014
9 3(20) 3(100) 1(20) 2 0. 066 0.086 0.036 0. 006 0.048
K 0.206 0.230 0.133
K, 0.182 0. 134 0. 147
K;; 0.117 0.139 0.224
K- Ay B, o
R 0.030 0.032 0.030
P{H 0. 125 0. 061 0. 098
FEWF B>C=4
%6 REMSEMIAMA N pH L
Table 6 Mainstream smoke pH value of different brands of cigarette
EWAH pH {H
=) A RSD/ %
Feh 1 2 3 4 5 6 It ’
LTHE N 5.98 6.07 6.06 6.07 6.06 6.05 (6.05 +0.035) 0.562
pyE=A 5.98 5.96 6.01 5.97 5.93 5.99 (5.97 £0.029) ™ 0.452
= HH 6.00 6.01 6.03 6.02 5.97 5.99 (6.00 +0.023)"™ 0.366
R 5.95 5.98 5.94 5.98 5.95 5.99 (5.96 +0.022) ™ 0.352
TR 5.94 5.98 5.96 5.99 5.96 5.97 (5.97+0.018)™ 0.302
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FZAEH =0. 045, X =5 =0 2 M -5 0 3 A0 2 Y
PEIAIR 3 8% 22 57, P 2516 =0. 030, ;X 7E—
EFRRE L RAE T 7R R B , )£ pH
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RENS A S X 43

3 4hig
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pH BN A2 J7 %, FEXH e 45 64T T 4k, 1%
W E58.

1) PP 2GR 25 R e T, il S B A
WO (S5 P ) BRI 35 B[] % S Y4 < pH
(RN 7 25 R34 A W I 35 B8 3 R )5 Bt AR
WARTRIG K, RSD F+ 157, B R 3 B (W] RE 4, RSD
JeREARE T . LR g5 Ui 3 A~ B R e
5k R B RO %% B X4 A F

2) 5 5ILL RSD it iR 2= R 4845 , 18 H 1E
SR BRI S A AT U0 AL, 5 R R Y
TR AR SR 10 32, S EEA T R 90 mL, 4
¥ 26 U] A 30 min B, 0 5 45 SR 1 ORG % i
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R, KE TR B ARSI E RS R A
woHEHW P[] AMNBET L FRFHR(EKBF
%) ,2008,23(4) :70.
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Abstract : The research progresses on cembranoids, such as separation, identification, qualitative and quanti-
tative analysis, bio-synthesis and bio-degradation as well as chemical synthesis, have been reviewed. Based
on the current available separation and analysis methods as well as studies on the formation and degradation of
cembranoids in tobacco, column chromatography and HPLC methods have shown good performance on separa-
ting and analyzing cembranoids both qualitatively and quantitatively whereas the procedures based on GC and
GC-MS methods showed a relatively lower sensitivity to this kind of semi-volatile chemicals. The formation and
degradation of cembranoids in tobacco were generally considered to be related to illumination, oxidation and
biocatalysis. Many research works done on this aspect, however, no final conclusion has been made. Future
research is expected to focus on the following directions; development of more straightforward, accurate and

faster analysis methods; in-depth methodological research on biological degradation of cembranoids in tobacco

to flavor components; mechanism studies on the formation and degradation of cembranoids.

0 55

PAAE A (cembranoids ) 2165 W) PR 2 TR
FAKE ( thunbergen ) 55 #1125 4 ( duvatriene ) 1k &
Y A E S50 JR T R 2E. %28 Igﬁ
FETFHAM v, A7 A TR A7 A s e A
W FLE SRR AR

R Kty > b SEAR G SCRRARGE " M o
FEAEIPIA R AL A P i SO 1% I E BB

PEFT o2 VAR A S W0 T LAY N PE AR I v
FAREEZE PR PR AL G W 55 HARRYEY) ot
)0 -5 A0 ILIA 1.

S
a) b) c) d) e)

a) Pt -2,7,11 - =4 b) P41 -2,4,7,11 - P4ss
T -2,7,11 - =K —4 — i
P -2,7,11 - =K -4 ,6 - "
e) FIR =45 —4,6 - — MY 7,8 - FRA ALY
A1 A Ak RS e T 450
Fig. 1 Molecule structures of typical

cembranoid compounds
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PSR, IR A AR A 00 I i 1. M S AF 9 3R
W, A o DY R ISP 0 e A 7 1 1 A IR
B Wit 60 Fh'™ AR 35 e A AR 81 8
IR | e 7ot ] 25 1/ 22 T B A R S 0 A 2 P A
WAL S YRR ). h T 0L, 2L &1
WA e e AR A e e R 1477 R BT 0 B B4
F- PR, FE MR R R Al SO Tad 7 v, 5k
A PU ARG IS G R e i A LA A A e B R
V55073 N3 i 11 PARC N = B DO e Sy T
J R A AN I A0 T S A M KU
RIS R A 22 2 HAT T 2 . A ST
RVURIRIAC AP 7 B U E S & B R
P15 IS A PR A G T T BRI
YRR S I B R A T 7
[ S AT FEEAL , N4 T M0 A R o i A 2
HNAR BT FEAR S

| Y (e PR ARt N )
o
1.1 AHGEULEYHNIBETE
VORI B P NI FE N AL .
HAAGEN-SMIT % % 3L 4 KA 445 FF 16 19, Al A1
TN TE R AR R PR B v 23 2 A5 3 PO A
Wi, B i 22 DU AR W S Ak B 1 34 T D TR S 38
HiB g % BE. B $) 1962 4F, D. L. ROBERTS
ST OARGE TS, AN IE O b
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TR AR LA U R i A 3 T R R 0 ), A
Bz ds ERE g AT LR g AT 2 B A
GERVAEIETR BT o -2,7,11 - PHII =0 -
4.6 - “FEMB-2,7,11 - Pikg =4 -4,6 - —
Fit; JFH NMR, IR FiZ8 8 A MLAL = 2 B BeR
X PRI IEAT T AR, H B 4G SR B R WA
& W53 9 5 e 8 R 0.010%  Fi 0.
005% ,iZKY) B ABAEAE T B, o HLAE
P IR RHE T W AR AE. B JS R. L. ROWLAND
26O SRR R ) 94 512 S 4 6 A R R A
HERIBUT B TR AR B B Y, 2%
FERIN o - PRI =M —4,8 — BRI B - PHAA
=5 - 4,8 - . 1963 4F, R. L. ROWLAND
A5 STOMHE B A A R 40 S TR A P
B GY) , 58 VU = -4 - BRI
a9

SR, BT AT BRI R R, A0 B 48
RN AR B S W R 2t NMR KA AL
ST HOR IS E , (H 2 AR BE A% % 4 %k 4 7Y
TLLE B, 5 £ 1975 47, ]. P. SPRINGER 25"
I A. J. AASEN 2 230 5isR T X — S 8 5 A7 55
Tk ST R AR IR PERRE SR S
e XA 7 AR IE. BU)5 A X - SEAT Sk
SEZIY) LA R — AP, 0, D. BEHR
SEU I\ S R 40 S T R T A4 3R
FALEY), B85 S8 AT 4 - SAOLIRFEAE R
RUFN S RS AYIARN) 8,11 - A4 -2,6 - P —
Wi —4,6 — — L. 1. WAHLBERG 25" 75 i
BHE B T 3 R R G, R
X - T B 1 3 FAk G W 4548 5 il h
(1S,2E,4S,6R,7E,118) -2,7,12(20) - P4
=M -4,6,11 - = (1S,2E,4S,6R,7E,10E,
128) —=2,7,10 — PG4 =45 —4,6,12 — =[EFI
(1S,2E,4S,6R,7E ,115,12S) — 11,12 — 354, -
PO -4,6 — . A. M. EKLUND 2"/
A E TR AL T B T — A aS H R IR 1Y

VORI S YD , 8 d X - S S AARAT I i,
Wik R (1S,3R,4S,6R,7R,8R,11Z) -4,6,8 —
POk =45 —2,10 — .

KTV =M e ny o s ik, B A O
W58 A Bt T J st 20 T 4. 2007 48, T
P T w2 W o i B BT 2 R e A P 2
AR GERIE ) EZRIRe s - VAR
B B (GPC) (A3 A E 7 B3 I, 75w 48 A 5
RN B o —2,7,11 - PRI =0 - 4,6 -
TEEMB-2,7,11 - VYA R - 4,6 - AR
Ja o M IE R I, - 15 CR BT . b
SCFEAENS N 2010 AER YT KT REKE - AP 3R
B A aifh o -2,7,11 — P =0 - 4,6 -
TEERIB -2,7,11 - PRI = - 4,6 - ZE
BT, B aE o = AOR A i (HPLC) 325,30
LSRR B AR 22 SRR R 25 TR 4 R

— WA , P28 ek € 35 A N U BE T A
BIBRAR, meJaiEal IOAH C18 (At 43 B 4l Ak 15
Fla-2,7,11 - =M -4,6 - _FFEMHB-2,
7,11 - POk =M - 4,6 - L.

1.2 EAMBEEULEVWESENNE

VE R ZR B IR B 43 W W PE A A &
Yy, HAE R B B I 2 A AR 2 4ikiE. 1976
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M - 4,6 - EEARX SRR, L A Y
0.7% , 5 MM 1 2 Ns Iy 50% . R. F. SE-
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BT LS UG 28 f C25—C36 4% F S BE AR
5 IRAL 50, 3 26 B A0 240 5 066 AR 2% T i 4 <A
A B 95% . V. A. COURT 2V 5y 32
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Abstract : Using the DNA strand displacement technology that the reaction progress was programmable and the

DNA strand dynamics was predictable, two logic computational models (logic NAND gate and NOR gate) with

circular DNA as a basic work unit were designed based on DNA strand displacement reaction. In these mod-

els, single-stranded DNA was regarded as the system input. Using many DNA recognition domains and toehold

domains which were contained in circular DNA molecule, the output signal was accurately identified by detec-

ting specific fluorescent signal to ensure the correctness and extensive applicability of these DNA logic gate

models.
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Abstract : In order to reduce the biological operation of mass DNA cryptography algorithm, an information hid-

ing sequence was proposed based on DNA sequence operation. Using DNA sequence database as a natural

DNA password, combining with the DNA digital encoding rules, the information to be encrypted and reference

sequences was converted to DNA sequence by an XOR operation. Then, by mixing with redundant sequences

information hiding was achieved. The performance and security analysis of the scheme results showed that the

sequence did not need the biological operation, had the character of low cost,was easy to transport and had

strong security.
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FZ, DNA 52 F DNA (A4 Wik,
{8 B T A A B A 552 B B 1 T 5 i %, ik
FLZ VAN T 550 R (), B — S
TER SRR RAFRPE. (H2 , BUA 1 DNA i
Ti RGBT A Y B A S0 = S, A
e AR s I J5 i 15 B b e vk ot B 1Y
DL AT A R00% i, 0E & 7E— 2L Re ik



$ZE, % —METDNA FRZHNELRET F

- 63 -

T LS. i, AR ST DNA i % rp oK
(1 DNA P31 ik, 850 F HI DNA B3 4 o
P8 A F R BT B BT 58, LA IR
R LA, W RET I DB R ARNAS.
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BRI CERRRIER I SUE S W B
N ) ASCIT 5 — i 45 £f B,

T]2 WEHEHK=(R, p, r, q).

|3 MRE p FERNSFH DNA JP5, FF
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AR B R R A 745 2 BROp 0 B 2 , DA% Bl 5 T
TR B 5 %% S 510 A8 TR A~ 5500 5%, 2
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p:M90100;



$ZE, % —METDNA FRZHNELRET F

- 65 -

r:1029;

q: 773145 -TCATGCTCAGCATTGGTCGTAT-
GG3", & 3] 4 5 -CCCACGGTTGATAGGTTGAT-
GCTC-3’

K1 EpF A REK

Table 1  Generation of cipher text
A% B s B B AN
Z 01011010 ATGA 00011000 01000010 TCAC
h 01101000 GCAG 10110010 11011010 ATGG
e 01100101 TTGT 01011001 00111100 GCCG
n 01101110 TCCA 01111100 00010010 CGGG
g 01100111 GACA 10001100 11101011 CCAC
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o 01101111 AATA 00000100 01101011 TCTA
u 01110101 CTGA 11011000 10101101 TACT
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BEBL B 72 12 e 5] Hh R 4 o803 o2 B B0
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R A T4 52 T S5 . AT 13 8 A 0
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3 F g ke AR LA
Table 2 Comparisons among three schemes in

the literature[ 14 ] and the proposed scheme
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Fig.3 Probability curve of sequence attack
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security technology ¥R RGBT 6.
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Abstract : As a new encryption method, DNA cryptography was based on DNA molecule as the information car-

rier. Using the ultra-high storage density, ultra-low energy consumption and very large scale parallel compu-

ting ability of DNA molecule, encryption, authentication and signature and other cryptographic functions could

be achieved. At present, the information security technology was developed from various aspects, such as the

encryption method based on DNA |, the authentication technology, and the decipher analysis of the traditional

cryptography based on DNA computing. However, the research in DNA cryptography was still in infancy.

Breaking the limit of existing experimental conditions and building a relatively complete theoretical system

based on DNA molecular information security technology, breaking through the data complexity and computa-

tional complexity of the analysis would be the future research direction.
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Abstract: AFM/STM techniques are very important in the surface/interfacial properties and structures of ILs.

At present , the research of using AFM/STM techniques to directly observe the structures and properties of ILs

membrane , [Ls mixtures,load Ils,and the structures and properties of Ils in the reaction process by in situ ob-

servation was made. Especially in the changes of surface/interfacial properties and structures of ILs by in situ

observation , AFM/STM techniques got very good application. In the future,the research on ILs with different

anion and cation structures, the effects of properties for ILs and gases,ILs and solid interface should be mainly

strengthened , and then a system of chemical theory is to be formed which provides theory support for the appli-

cation of ILs absorbing gas and catalytic reaction,and further the model is to be built to guide the design of ILs.
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Fig. 1  The test principle schematic of ILs based on AFM technique

[11-12]



- 78

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

R ) L, A5 B 1 Pl T, A PR A R R 4
PARIRC N0

AT FE A B, LA BF, ™ D9 B 1, BHES 1
Gr 1 = T3k -3 - LDk (L-B104) (2 5%
ZAETHRBE(I-P) N - THEmLnE (I-N) Yy ILs
TFPEREWE T, B -2 L-B104 f it JE 4 fix
U AR T AR RO Y B4 1 B T3
Fol A A A R, AR ROK U L, Ts
R 0] 14 WP BRPR A5 A4 RIS PR 45 Ay 1 e 2
YRR FE R AE 7 350 58 B B 1 X LLs 97 1 551
FESEPERE R Wi i & B, L L-B104 Jy 3 [H] BH B
¥, 49 Lh PF,”,BF, " ,ClO,  ,NO, HFHE T
[ JLA ILs , #RAESY — PR A e/ ik A b (L
Bl 3) A L] Bmim | PFo (41 J5 4 5 4, Ui
TLLs 20 500 P 8 BEL  BIC RS i i P ot 1 B 55 o 1
WA BIB T 45 B VIR O TR K KU I TLs
(Y BE S RE 5 LR e RE S AR G, 1T A Dok
BELRATR PR 0] 3= B e T LB s

B IO T RE - W2 AR S e 3

10007

900
800+
700
600
nm 500
400
300+
200
100~

0 y '
0 100 200 300400 500 600 700 800 900 1000
nm

a) Zdol-3800

1000

000 1A 500-

0 ' ' ' y
0 100 200 300400 500 600 700 800 900 1000
nm

¢) BMIM-BF,

0000 M 500

0 .
0 100 200 300400 500 600 700 800 900 1000

d) BMIM-CIO,

T 25 % o % Y) A 5. A. ELBOURNE 25 Jj
AFM i 75 — %k i - PAN ( Propyl-ammonium
nitrate) — 2B} [A] 3% 1] 7 26, £ 43 A & 9
ILs 75 S8 A fik 2 18T 1T 2 18T 52 A 119 85 7 J2 4
Pk % PAN HIAREESEVERE , 5740 70t ity

100
44— Trace

E —» Retrace
= 50f
£ C

’
c A e—
< o}

.

(5]

2
=

Z-s0f B T
(&)

_100 1 1 1 1 1 1

100 200 300 400 500 600 700

Z—-position/nm

M2 ILs APy )y - 36 B EAK
WA R RER
Fig.2 A typical force-distance plot and schematic
illustration for adhesion force calculation in the

study of TLs'" "

1000

900

800 0.40nm
700

600

400
300

200
100

0 '
0 100 200 300400 500 600 700 800 900 1000

nm
b) BMIM-PF,

0
0 100 200 300400 500 600 700 800 900 1000
nm

e) BMIM-NO,

B3 A L-Bl04 % 3 FI M & F 8 R B A & 569 JUAP 112 9 2D AFM A 4%
Fig.3 2D AFM images several different anion ILs with L.-B104 as common cationic



e AT AFM/STM SR W & F iR o/ o 1 fUR B 1 2 8t & =79 -

232 W] L THE M Pk B A B 2 ORI 1) S5 4 17
AR T AR

VAR R %) ) Y e S 2 B ) S
FIF AFM B AR i Fr 208 1Ls HEREIE 5 1Y =
fiE(WLIE 4, 3H a) F1 b) 2 TL-OH JE;c) Fil d)
760 C Ay IL-OH fif;e) F £) 7 120 C F
IL-OH J ;) il h) Sy PR ph ik 2 T 1) 120 C
A TL-OH JE) FURE R i 2 ( DLIEL 5) 25 SR 3
B:1,3 - 23k — DR oS SR IR £h 7F R 3L Ak
Fef P 2 T 1 PR 48 7 IR 88 v it b, (HLBR 2%
KT BA Tls 19728 AR R 22 10 I BE 45 7, i B

.
0.00 025 0.50

0.00 025 0.50

000 025 050 075 100 Pm

08 0.2
1.00 um

B4 RF ILs #Rte 2D & 3D AFM E 4%
Fig.4 2D and 3D AFM images of film of
IL-OH(a, b) ,film IL-OH-60(c, d),film

IL-OH-120(e, f) ,film IL-OH-120-clean(g, h)

with the same Z-scale (0 ~3 nm) '

220

200

180

160

Adhesive force/nN

140

120

100

Sample name

B5 RE ILs ERegsm e

Fig.5 Adhesion force curves of the different ILs films'"”

TR S S0 TLs FOEE SRR

AMMEﬂEﬁ%Hﬁ@%%@%ﬁ%H%
Hhds AN T, B2 8 VA R ot A A SR R S
RECICE T TR AR L A T 1 AR R PR SRR A
it P

/KA 2 B - VR A R ) — >
PSR Hat ks 0 1 - R -
3 — FHAEBR AL (L AMIM ] CL) 1 — 5 N 2
=3 = TR AL ([ ABIM ] Cl) S g Ak
SORELIRE ALY CATPP-CL) 3 F i 1 VAR AE
PAPARTERE R T A5 X R SR A . AFM
R RE B PRI RIS N AE A
¥ AR R TR 4 | TR BRI A BRI 40N R 58
B, S TR S 10 I 2R G B TR A B B b A
kB T REICER A, A YR B RGRE B A
BONIS], HA GG FRRS B (LR 6) . JE iR
A FRA S, # S KAE 3 Fheg Fil ik
W A AR 43 ) D 53°,73°H01 52. 8, R
KR 4 NH,PF, 43515 3 Fhgs + i
Ry Cl B4k PR, B, K MR T &
106.4°,107.9°F1 100. 2° , 4 W\ 5 7K 35 T 452 3]
B /K.



- 80 -

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

[ ABIM | Cl
B6 345 TR HER AFM B!
Fig.6  AFM images of 3 kinds of ionic liquid polymer films

5T ILs 75 45 PR 3 1R BME s 1 LR 1
FE BT AFM 507 WLEEH AR 15 LUTT . F.
H. RIETZLER 25" {fi Ff iy 155 55 8 7 (L DT B ok
(ESID) 15 UK AE = BF S HE 9 Au(111) i B T
SR CCyIm J [ TEN [ FI[ CoC,Im ] CI (155
TR B T PVD Bt FEep ILs 72
O 5 B [ CoCyIm | [ TEN | 3 52 i
iR E AU I R, T [ CoCyIm ] CLIE K
SR A KR HEMI AT RE R T €L L TEN £
R G B R RE, CLT By IR B IR 45 4.
S. BOVIO 2§ iy #ff 5%t % B, 5 [ C,C,Im ]
[TE,N ] A 985 7 #4 [ Bmim ] [ TEN ] 7E Si
(110) 8 Jo TG 7 70— 48 Ak 22 T W 110 74
MR AR Z5 4. I Ah, AFM 35825 5 1 2 1
FEHE R B ) b A Y G [ R T,
JE¥)—, 5 Ballone BBl AR5 AR 25 K =
giiizz]‘

YR AR T TS ) R AT v R 1 4%
1. X. GONG 25 Fi| i} AFM Bj 5 32 10 A 7] JE
F£(0.39 ~1.01 nm) Y DMPIIm/Si & 17§ 14
RESEHY , A REARE( <0. 62 nm) B, T 1 —Fh
) B T TOU 3 14 J22 R ' g e o 5 2 i e
0.70 ~0.86 nm, & A RIS, T BB 4R
TEAR , it — 2014 Y B 2 AR 254G . 1 X — A%
A H 5 PR AT REE T - Bl 5 B R A, 85 73 R
BB 7 18] 9 5 3R g 72 AR LR 5| . X

ATPP-CI

[19-20]

Vi BA Bt R B 3, oh T RRAIR A B 351w A h
R T 8 S AF X e R DR 2, R4 1) 1T A
ML RINS R R Py AP NS Y= et (A
22 BFREBREBRERESYMAR

FEBS TR SR L FE v il S 5h
PLIAF S IR BRI G, 308 PRl L
A e A B R A B PR AR IR AL T
PE T AW B 45 N T AR 58 B T A TR A W 1
P AR HE, R IR AW R
HL SR Rk AR B S R AT A TEAL
TR A R R R L

FEB TR A PR 7 B 5| CE BB, B
T RLE T e 1L TLs. ILs T RE A 25 % i ILs
TE K 7T R A AL . R. KAMBOJ 261241 4551
$ [ C, AMim ] [ C1], [ C,, AMorph | [ Cl ],
[C,APip][Cl] J [ C\, APyrr ] [ C1]3X 4 Fhig+
WA B B e BE B AT 2 b, A AL 1
TR K PR REAR , FAERE PR ARG, K VA TR
ARV P AR 3 ~ 4 A5, B R AP T
PE,EE AFM UL 2] T4 £ A1 B A AE (DL
B 7) , EDWEIE T 80 GHEH (DLS ) (A IiR45 4.

ILs PR A SR 4 e X R M O RLRE 1, O 1L
PEOE A . G. H. TAKAOKA %57 ki 37
R J5 %, I [ BMIM | PRy &5 A AE
IE BR8] T [ BMIM | PR 35 F IR R £
fE R B 7 (UL 8) . R A X 4 7



a7 #ET AFM/STM SOR W & TR/ Fol R RS Mo R 2 3tk - 81-

HRFIK 5 000 7547, AFM 758 -0 1A 3 1AL
RERE R, B | A R TH 5 T3 K, 51 R
6 kV Bt R, =0.53 nm, (5 T B HEILE A 0. 4 nm.
AT RE R TR R TR, A5 B G R B TR
T3 T T AROHLRE T2 . I LIRS A5 B B
FHZE 25 AR 422 il A 4 591 o S0°Fn 40°, 5 85+
A AR 1 i £ R A R

o T AL ORI 5 30 A 59 3 1 5
T2 W0 R B A P, T 76 B 1 9 M ol it 5
PRBETR, ok JC ML I 25 77 A — B 7 1 45 4
FIFLA. Y. C. FU %57 ) T FE 50X KME5T, 51 A

18. 1F:Height

05 05

00
[ C,AMim |[ C1 ] [ C,,AMorph || CI |

STM H AR J5 A WL %% 2| 7 [ BMIM | BF, 41 [ 7,
SbCl, (BiCly) 5 Au HL B 3 18 8] J5y 5 HL ff 7% 7%
i+ — S AR BAER, o W B R L
T UK Sy, sk STM X s 2 2% 1 il i A ]
JE.,SbCl, (BiCly ) 257E Au HLAK R B BAS [F] 1Y
O TFRELS (LK 9—/ 11, g K
0.01 mol/L ShCl, fij BMIBF, %#).
2.3 AHBFREMR
BRSSP o 4R 22 A
TR AR AR AR AL S H AR 1 & J 41t
THBEE. BT I RG] R T A

121 1EHe000

0 35 4045

05 1.0 15 20 :

<
=
©
o
o
®
S
°
S
-
S
S
°

0 02 04 06 08 10 12 14 16 1820

(N}

0
L C,ZAP‘;p Iear [ C,APyrr ][ Cl ]

B 7 298.15 K F 4 # & Fithed AFM 04323 @ E 5 3D AFM E4g >
Fig.7 AFM height profile of 4 kinds ILs as well as corresponding 3D
AFM images of these 4 kinds of ILs at 298. 15 K'**/

Unirradiated Si

R =0.16 nm

a) i L

BMIM-PF, positive ion
8 kV, 1x10" ions/cm?

b) [ BMIM ] PF B TR IE B 73R

BMIM-PF negative ion
8 kV, 1x10" ions/cm?

R =0.70 nm
¢) [ BMIM ] PF B Fii IR 7 8 1 3H

B8 [BMIMIPE, % Fifhfe Si 4 AT 605 % F 60 AFM BIE
Fig.8 AFM images of the cluster ions of[ BMIM ] PF, ILs on the surface of the silicon'® =%/



- 82

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

B9 £ Au(11l) k& mA F 8
# 5F ¢ #84 ShCl,
Fig.9 Ordered array of supramolecular

structures of SbCl; on Au(111) [27]

B 10 4 Au(111) & & SbCl, & & A%
B e e
Fig. 10 Snapshots of the formation and dissociation

of SbCl, cluster embryos on Au(111)"*"

i, T T B VMR 3 T DX e 4 K
RN o FHEA 5 B TR A R B R
[F] 3 (A 75 3 F /K R B PR R /A
T JOC N B2, RO & B TR Z AR R Y
R L B T AR X BT AR
Tt B GRLA A | Ak AT R A5 T 1T L FH
137 KEWSE. 7EX S8 f fh 2 1k R A 5 2
SV B TR 4 TR A ST G , A TR
JEISEH St A

G. B. PAN 2 S ] STM fE BLZS 4144 T WL
ST MR -0.2 V(P S HHER)
i, [ Bmim ][ PF, 1/Au(111) A6 | PF, BHES

W B J2 A 1 2D AHZE R e AR, B i 7R 6
SEHB AR N T = A sCIRE % (LA 12) . fi
H, B PR F 3R A5 B A, ORI 1) R o )22 25
Pt 2 Wik A, 76 - 0.45 V BT V3 x V3
FICULEL13) 5 -2 1 b6 B 2548, (5 = 4 s
H—HE A . 3B 2 2548 A TE B
A RES PF, BH B F1E K VA B S —F AR Hh 7 i
[EAENEEEE S

[

B 11 SbCl, &3/ Au(111) k@ ey
kB B mE

Escape and recapture of SbCl; clusters

Fig. 11

from the assembly on Au(111) "

a) ML F) R I STM P 5 5 53 HESTMIE]
B 12 PF, £ Au(111) & @ e 450412
Fig. 12 Patterns of PF, on Au(111) (28]

R. ATKIN 2™ F] AFM [ Si,N, ¥4 &4
F53IT T, 42/ 3] TLs B2 o i, it & B
ZERT BRI AT R A2 TS 1 RN 7]
(DL 14, Horp S RIZT A 3R AFM 4108
T JICES S A EMIm ] TFSA Fi1[ BMP ] TFSA rh
Au(111) 3R . X T2 3 21 A4 [ EMIm ] TFSA
TE Au(111) RIS )2 2 B3GR SR
WA 0.5 nN 2] 1.3 nN F3|5H N2 5.5 nN



e AT AFM/STM SR W & F iR o/ o 1 fUR B 1 2 8t &

- 83 -

S, 30 WA 2 e e, R 23K Au ST,
UEREHART I, S e AR5 2260 g, 50 3 f
HMZE (5 4 2) MAFAE. BN a1 A 2807 1 8/
FEHA 2 TS B IR J2 A P e T R, B
IR s ARTRFLRREE. R & B, S PH 25
FHER SIS S A, IR AT 75 R )
SRR T I P J2 T

AN, R ATKIN 2520 58 Y STM JEL {37 Wi £
T ILs/Au HAR (1 5 TR S0 7 I 6 35T,
STM ) JE #i Be 5 AFM 19 JE % X . X F
[ BMP ] TFSA ] F ¥ {4, 24 STM iy o 3422 3 5
P =0.4 ~ -1.0 V) & iR R 0 ABOK I K
HL AL IR AE 2 BT B 1 [ B 45 48, T2 T
AR F ) b HUIRE 28 (WL 15 FEl 16) . i E
HE AR 7 % HUIR S5 A B T O, B8 -2.2 V

S T,

a) S KA FISTMIE (%

-
o

8
. 0.65
I
o
g ; 14 205 28
(Y R SN -~ %-ﬁmwmm
2 .
-4 : " -
-1 0 1 2 3 4

separation/nm

a) [EMIm|TFSAHAu (1)

b) B PESTME %
B 13 PF, &F4 Au(111) 2@ £ (V3 xV3) 424
Fig. 13

force/nN

10 =S T W e A B A S R B2 L A SR e A T ]
[ EMIm | TFSA & -3 /4 W B A7 28 95 40 st 5 &
(45 7 B 20, 4R 20 ) BRI RS54,
AFM [ 25 500, A s ™= A ik 22 7
() RAE T H B[ BMP] " [ [ EMIm ] " BA
T (AR B .

BRUILZ A1, 2R i FARIRN ) AFM/STM
TrBEWEsE 78 AR Pyl ,4 JFAP 5 Au(111)
R T, WA B TR R RS
(WL 17)

J.J. SEGURA %5 "' SRHL AFM 4% i XA
5% T W 7E == B 2 11 B+ 24 EAN ( & RS R
) (UL 18, Hir,a) oy AFM 4248 3T IR 7E
EAN B TR = B3R 0 W S i 4 &5 b) A
B d) o i 3k 358 40 19 s BE ST I 5 ) S EAN

e

B B o s
*ub A '3

81 neal eul’

(ORGP GO )
OIG* nmal euls “realc* o)

) HED Y S AL ALY

(V3 xV/3) structure of PF, on Au(111)

24 -
0.6

==
L.
L

L]
-t
-

0+-----}F--——-------- ‘*W
-
r .
=} 4 T
1 0 1 2 3 4 5

separation/nm

b) [BMP|TFSAHAu ( 1) i

B 14 Si;N, 354t fik ILs 5He4 A — 36 5 vy &>
Fig. 14  Force versus distance profile for an AFM tip approaching (blue) and retracting from (red)
Au(111) surface in[ EMIm ] TFSA and[ BMP]TFSA when Si;N, probe contacts ILs'?!



Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

E=-20V E—— E=-22V
500 x 500 nm* 0

E——
LA 500 %500 nm 0 A4

B 15 FREWEFMHT, %5 T &R BMP]TFSA
£ Au(111) & @y STM BAZ (L b) B F a4
HAAZEHN@E)

Fig. 15 STM images in pure[ BMP]TFSA on a
Au(111) surface at different potentials( The inset of

the STM image in part b shows a height profile) "

E=D0EV
500 x 500 nm* ]

E=286Y
500 x 500 nm a 4nA

B 16 RFIWE 4T, 4 % F k[ EMIm] TFSA
£ Au(111) % @45 STM 4>
Fig. 16 STM images in pure[ EMIm ] TFSA on a

Au(111) surface at different potentialsm]

250 nm x 250 nm
b)-0.7 V

250 nm x 250 nm
0)-0.2V

120 nm x 120 nm
0)-1.2V

B17 AEFRE®BREALEFET, [Pyl ,4]FAP &-F
AR Au(111) A o R STM B (5
Fig. 17 In situ STM images of the Au(111) surface

in[ Pyl ,4 |FAP at different electrode potentials' ™’

BRI MTE =B Rl AFM (815 5d) 2K
AFM B2 N 5 TR 2 2l 31 #2230 32 )2 B 1) A 3
filt AFM [ 45) F19E BT F 74 [ Emim | TFST ( I,
P19 ) PRI S - IR 1 3R TET 45 . WL 45 SR 3=
B JB 2 EAN B AR D) B U AR 45 A 1) 4
KA, HJR) B A I SR 2544 5 1 % T [ Emim ] TFSI
BT, BH B T = B3R 2 A HER 21
YEZ W R, B3 EAN BT R A2 [E AR 3= TR
ST HUR A, T2 R O A e A 4L
BRAE.

Y. Z. SU &2 H R fr STM FBEAF 5T
T BRI R BH B b SR KX Ths/Au (100 ) B¢
TET b RUH, 2 (8 A R 5 . R 5 B e SRR/
THATIR —FE W R 7E Au AR T8, 14T B9 R/
I T A G R I O, ELHE 23 A1 249 3L
SPATHEAR R RRAE. X TAE Au FLAR R Y OMIT



e AT AFM/STM SR W & F iR o/ o 1 fUR B 1 2 8t & -85

20 -
18 {1 a) .
16 4

3§,

14 ¥
—~12 % H

Z 10 %

Force
00

Separation (nm)

180 7
b)
1.60 1

1.40 4

1.20 1

Apparant Hieght (nm)

1.00 4

0.80

T T T d
0.10 0.20 0.30 0.40 0.50

Distance (nm)

8 o8
3nm

B 18 AW = AEMTE EAN
CERECNE SoE R
Fig. 18 The structure of EAN ionic liquid adsorbed

on the surface of mica surface"’

PRSI B2 FERr 22 iy O #AE R, ATJE AR
ATy - ZELGE Z 18] A B 4, X T R
PR 7 A A M EE & 5 Au (100 ) BEJE B 5 i AH
HAERG R AR B 2 b 308 XY
WF5ER A STM 3 Hr B 23 32 FR , {HAE B AFM ]
BT AT

F. BUCHNER ™4 STM 3 Ff #1631
FARLE A, MESBIAE [ BMP ] [ TFSA J/Ag(111)
T o 1IN AT Sy 3 O W W Ol R 17 1 o
1 Ag R ( 5IIBTHE —30) . 1EA A iR 2
AT AT LU BAS R 2, e iR T 2 5
AR 2D AH, 7E 100 KR, A LA B 2D

Topography Phase

B 19 & A4k &AM 49 EMIm TFSI %
RAKE R A 69 Wb B A An g Y

Fig. 19 Imaging of an outer EMIm TFSI transition

zone layer using a particularly soft cantilever'*"’

UL 20, Hod a) R AE W AR T 24 4 4
Ag BYBR 16K Ag Bk b I BUA ) 2D Sk
AL TE/NEY Ag Birds (FEEEZ9 2 10 nm) HBLCF
1) 2D BEIEAH. I b) BAEHRE b, KA Ag Bidh
EAAIFR 2D SRR, NG Ag BB A TG
J¥ 1 2D B ) . i 20 AT LLFE £ 100 K
BF, B 4 J2 BS54, 2 58 2D @A AE 2D
WA 2D A R B AR AR A A, DA% 2D
PEREAH.

2.4 BRI

TE AFM 5 72 pofl P 2 B8, B R g
KA 7 22 18] ) 5 AR . M EHR SR Z
[6] 7% A AR AR R, TR 2 T AR TR 004 fi
B R A IS Aot SRR G I A e 1) R /N AT
DAASFIRE 5L 2 T 19 % L. K. KAISET 287 )37
JET B IVE ABATRF AFM B2 BT 4N
KOWE AT ED (WK 21), B T W IR
[ BMIM | BF, .5 4 nm JE 1 Pt 35 L, Pt i
el ISR AL O5 (0001 ) & 1521 9.

3 3 4 Jpk e I, T A7 R ] S AR T
A5 ILs 00 (LI 22) , i AFM B Tk
WIS 2 B, BK ot (] 7E 0.2 ~ 1.0 s 22 [H]
B, ok B ) 8, VTR R S 5 DK o s ] AR
0.2 ~0.5 s Z AW}, BIH I IITE 2.5 nm /£



- 86 -

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

- 20 cfystalling phase

e N o
- = > =
- -

- -

BT T T " .

B20 f£~100 K:RET, 5Ttk
[BMP][TFSA ] Ag(111) & @ a4ta i STM 4%
Fig.20  Constant-current STM images of
[BMP][TFSA] on Ag(111) recorded at ~100 K'**

Cantilever

Meta coating

Conductive substrate

B 21 AR AFM & #4724 R R
W EATI kR )

Schematic of nanoscale inkjet

Fig. 21

printing method by AFM cantilever'*’

A AER G KIS A E R 2 1.0 s I, 0 Y J5
JERT Ik 4.0 nm. p TR0 8] BB AR O, IR AR
BTy AR NI X A K TSR 3T B H AR B] LAY
FHTFAEBE DX I8k A il 25 T s V52 8 118 5 AR i
R, AR AE K RUBE BB B - IR 45 F P o
BN AT HE.

ea,,.&c"‘
TIALLYL L TY
MY T L]
siqletist

500nm

c)t=0.5s d)z=1.0s

B 22 frAxdamiod mh i ILs i il AR Bt
%@ AFM @14
Fig.22 Topographic AFM images of the droplets

deposited with shorter pulse durations'™’

3 HieHEH

AT I 20 1 2 0 B AR — TR
ST JAIE 169 2 SRR PR bR A2 BILAE 25t
(% AL TR (TR A2 S U
T (OB, A 5% 6 {2 A T Bt
BRAE TR TR, BT I F T T 5 21
SRS TR S R/ 4 B 1 i TR S B
NI, AT A LR B S 4  ae
PRIMCR. A SCERR 3, AFM/STM HARAE
FHATE B TR A S T b5
o B e T AR A 0 R R AE
AFM/STM SIS B WP/ TP R S5 245
Fae (T AFLAZ , H G AFM/STM B AR T
WY BESE 0 T W B, VP DR
FRURATFIEE VL 3 B A5 B 0P [ B
FLEH P T 8 WA SR WA
5 A S5 1 585 5 P 5, DA T 152 5 4 2
B S TR AR B AR ) 9L FH 42



a7 #ET AFM/STM SOR W & TR/ Fol R RS Mo R 2 3tk - 87 -

BEFIE SRS , Jflt— AR B 46 S TR
it

S 3Lk

(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

RE#, B BRA TRETRE: —LH AR
A~ AR Tl e AR T ). B 5 4R ,2004,49(6) 1515,
NANDA R,RAI G,KUMAR A. Interesting viscosity chan-
ges in the aqueous urea-ionic liquid system: effect of alkyl
chain length attached to the cationic ring of an ionic lig-
uid[ J].J Solution Chem,2015,44(3) .742.

ZHANG X C, HUO F, LIU X M, et al. Influence of mi-
crostructure and interaction on viscosity of ionic liquids

[7].1Ind Eng Chem Res,2015,54(13) :3505.

DUPONT J,DE SOUZA R F,SUAREZ P A Z. lonic lig-
uid ( molten salt) phase organometallic catalysis [ J].
Chem Rev,2002,102(10) :3667.

ZAKRZEWSKA M E, BOGEL-LUKASIK E, BOGEL-
LUKASIK R. Ionic liquid-mediated formation of 5-
hydroxymethylfurfurals-A  promising  biomass-derived
building block[ J]. Chem Rev,2011,111(2) :397.
ZHANG Q H, SHREEVE ] M. Energetic lonic liquids as
explosives and propellant fuels: A new journey of ionic
liquid chemistry[ J]. Chem Rev,2014,114(20) :10527.
PARVULESCU V I, HARDACRE C. Catalysis in ionic
liquids[ J]. Chem Rev,2007,107(6) :2615.

HALLETT J P, WELTON T. Room-temperature ionic lig-
uids; solvents for synthesis and catalysis. 2 [ J]. Chem
Rev,2011,111(5) :3508.

LOVELOCK K R J, VILLAR-GARCIA I J, FLORIAN
M, et al. Photoelectron spectroscopy of ionic liquid-based
interfaces[ J]. Chem Rev,2010, 110(9) :5158.

YE C F, LIU W M, CHEN Y X, et al. Room-tempera-
ture ionic liquids: a novel versatile lubricant[J]. Chem
Commun, 2001 (21) :2244.

PALACIO M, BHUSHAN B. A review of lonic liquids for
green molecular lubrication in nanotechnology[ J ]. Tribol
Lett,2010, 40(2) :247.

BHUSHAN B, PALACIO M, KINZIG B. AFM-based
nanotribological and electrical characterization of ultrathin
wear-resistant ionic liquid films[ J].J Colloid Interf Sci,

2008,317(1) :275.

(13]

[14]

[15]

ZHAO W J, MO Y, PU J B, et al. Effect of cation on
micro/nano-tribological properties of ultra-thin ionic lig-
uid films[ J]. Tribol Int,2009,42(6) :828.

ZHAO W J, ZHU M, MO Y F, et al. Effect of anion on
micro/nano-tribological properties of ultra-thin imidazoli-
um ionic liquid films on silicon wafer[ J ]. Colloids and
Surfaces A: Physicochem Eng Aspects, 2009, 332 (2/
3).78.

ELBOURNE A, SWEENEY J, WEBBER G B, et al. Ad-
sorbed and near-surface structure of ionic liquids deter-
mines nanoscale friction[ J]. Chem Commun, 2013,49:
6797.

ZHAO W J, WANG Y, WANG L P, et al. Influence of
heat treatment on the micro/nano-tribological properties
of ultra-thin ionic liquid films on silicon[ J]. Colloids and
Surfaces A :Physicochem Eng Aspects, 2010, 361 (1/3)
:118.

ZHAO W J, HUANG D M, PU ] B, et al. Effect of heat
treatment on the nano-tribological properties of ionic lig-
uid films [ C] // Technical Sessions—Proceedings of
CIST2008 & ITS-IFToMM2008, Berlin: Springer Berlin
Heidelberg, 2008 ;505 —506.

PU J B, HUANG D M, WANG L P, et al. Tribology
study of dual-layer ultrathin ionic liquid films with bond-
ed phase: Influences of the self-assembled underlayer
[J]. Colloids and Surfaces A :Physicochem Eng Aspects,
2010, 372(1/3), 155.

R, Kk, BR, 5 xEOHHEEES RN H &
HEETEREETREEELT]. EALTEARFF
WCEAFZFR) , 2010, 46(5) :50.

KiE UHEHEMETERGE T REEENH &5 %
FELD]. 2 M 56k 2 ,2011.

RIETZLER F H, PIERMAIER M, DEYKO A, et al.
Electrospray ionization deposition of ultrathin ionic liquid
films: [ C4C,Im] Cl and[ CgC,Im] [ T,N] on Au(111)
[J]. Langmuir, 2014, 30(4) :1063.

BOVIO S, PODESTa A, LENARDI C, et al. Evidence of
extended solidlike layering in[ Bmim ] [ NTf, ] ionic liquid
thin films at room-temperature[ J]. J Phys Chem B,2009,
113(19) :6600.

GONG X, FRANKERT S, WANG Y J, et al. Thickness-



- 88 -

Bl 2016 451 7 5531 4% 45 1 1Y)

JOURNAL OF LIGHT INDUSTRY Vol. 31 No. 1 Jan. 2016

[24]

[25]

[26]

[27]

[28]

(29]

[30]

dependent molecular arrangement and topography of ultra-
thin ionic liquid films on a silica surface[ J]. Chem Com-
mun,2013,49(71) :7803.

KAMBOJ R, BHARMORIA P, CHAUHAN V, et al.
Effect of cationic head group on micellization behavior of
new amide-functionalized surface active ionic liquids[ J].
Phys Chem Chem Phys,2014,16(47) :26040.
TAKAOKA G H, TAKEUCHI M, RYUTO H, et al. Pro-
duction and irradiation of ionic liquid cluster ions[J].
Nuel Instrum Meth B, 2013, 307.257.

TAKAOKA G H, HAMAGUCHI T, TAKEUCHI M, et
al. Surface modification using ionic liquid ion beams[J].
Nucl Instrum Meth B,2014,341.32.

FUYC,SUYZ, WUD Y, et al. Supramolecular aggre-
gation of inorganic molecules at Au(111) electrodes un-
der a strong ionic atmosphere[ J].J Am Chem Soc,2009,
131(41) :14728.

PAN G B, FREYLAND W. 2D phase transition of PF
adlayers at the electrified ionic liquid/Au(111) interface
[J]. Chem Phys Lett,2006,427:96.

ATKIN R, ABEDIN S Z E, HAYES R, et al. AFM and
STM studies on the surface interaction of [ BMP | TFSA
and[ EMIm ] TFSA ionic liquids with Au(111) [J].]
Phys Chem C,2009,113(30) :13266.

ATKIN R, BORISENKO N, DRaSCHLER M, et al. An

in situ STM/AFM and impedance spectroscopy study of

[33]

the extremely pure 1-butyl-1-methylpyrrolidinium tris
( pentafluoroethyl) trifluorophosphate/Au(111) interface:
potential dependent solvation layers and the herringbone
reconstruction[ J ]. Phys Chem Chem Phys, 2011 (13):
6849.

SEGURA J J,ELBOURNE A, WANLESS E J, et al. Ad-
sorbed and near surface structure of ionic liquids at a sol-
id interface [ J ]. Phys Chem Chem Phys,2013,15(9):
3320.

SUY Z,FU Y C,YAN J W, et al. Double layer of Au
(100) /ionic liquid interface and its stability in imidazoli-
um-based ionic liquids [ J ]. Angew Chem, 2009, 48
(28):5148.

SUY Z, YAN]J W, LI M G, et al. Electric double layer
of Au (100 )/imidazolium-based ionic liquids interface:
effect of cationsize[ J]. J Phys Chem C,2013, 117(1):
205.

BUCHNER F, FORSTER-TONIGOLD K, UHL B, et al.
Toward the microscopic identification of anions and cat-
ions at the ionic liquid | Ag(111) interface:a combined
experimental and theoretical investigation[ J ]. ACS Nano,
2013,7(9) :7773.

KAISEI K,KOBAYASHI K,MATSUSHIGE K, et al. Fab-
rication of ionic liquid thin film by nano-inkjet printing
method using atomic force microscope cantilever tip[ J].

Ultramicroscopy,2010,110:733.

(L5 66 1)

(12]

[13]

(14]

[15]

(16]

TANAKA K, OKAMOTO A, SAITO 1. Public-key system
using DNA as a one-way function for key distribution[ J].
Biosystems,2005,81 (1) :25.

BEOUR,RAIG, EHEE, % T DNA SR M m i 07
Z[J]HENTA 5 B F ,2009,45(8) :104.

SHIU H J,NG K L,FANG ] F,et al. Data hiding methods
based upon DNA sequences[ J]. Information of science,
2010,180(11) :2196.

GUO C, CHANG C C,WANG Z H. A new data hiding
scheme based on DNA sequence[ J]. International journal
of innovative computing information & control, 2012, 8
(1):1.

GOFF G C L,BLUM L J, MARQUETTE C A. Shrinking
hydrogel-DNA spots generates 3D microdots arrays [ J].
Macromolecular bioscience ,2013,13(2) :227.

[21]

[22]

KA, 55, T8, % —MHET RNA Z R4 M
FRBERFTE[I]. MNET L¥EFEHR(E KM F
AR ,2014,29(1) 1.

FANG XW, LAI X]J. DNA-chip-based information hiding
scheme[ J]. Communications in computer and information
science 2014 ,472 .123.

ATTWOOD T K,PARRY-SMITH D J. & 4 1z & = # it
[M]. 2 #An%. Joad: b A % i AE,2002:83.
PEWRIE. — AT E 4 DNA AW HA 7 £[J]. &
F#4R,2004,32(7) :1216.

il B, PR SE. o 4% 5 A0 DNA FF 71 o4 75 4 2 1 %
Fha )], £ 4 % 4] ,2000,16(4) :760.

AMOS M,PAUN G,ROZENBERG G, et al. Topics in the
theory of DNA computing[ J ]. Theoretical computer sci-
ence,2002,287(1) :3.



BT 2016481 F 53145 5 1

JOURNAL OF LIGHT INDUSTRY  Vol. 31 No. 1 Jan. 2016 - 89 -
IR AR, KB, 2, 4. 2R B A1 CO, & BBk iR 3 s TR LR 1) %%
FEiz e[ T]. $2 24,2016 ,31 (1) :89 - 96.

FE 4K S:0643. 12 XHEfFRIRAG A

DOI:10. 3969/j. issn. 2096 — 1553.2016.1.014

NEHS 2096 - 1553(2016)01 —0089 - 07

WAL T-iEP AL CO, £ IRRRAE Pk
BLEILI) 5 5 12 W PTE 5

Density functional theory studies on the mechanism of the synthesis propylene

carbonate by CO, catalyzed proline ionic liquids

SEH KRR, GRM, AW AR, FA, ZER
XU Lian-cai,ZHANG Zhi-giang ,PENG Qiong-yang, MAO Ming,SHAO Chen,
JIANG Ling, WANG Guo-qing

FOMNEE T F e Mor G o TS, M A8 450001
College of Material and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou

. 450001, China
*ﬁ?lﬁ] H

T B IR A ~ - ‘ .
B B T CO, fiE WE R F S BRI BT T R B TR AREAL CO, & BBk BR 7 i B 49 T Ak

1t s B T AR T B3GR A2 M06/6 =31 + G(d) B3RP EARACR AR 7 8 7 & Awid 7 49

JUATL M) BT IR R AT IR - T4 A A B A0 M B i 1 Z AR5 47 Bk
Key words: ABEELPHSWEEL LG, EM06/6 -311 + +G(2d,p) i KF LI AT
density functional theo- BB BREN, MR R BT T AR A AT R 2,4 - R ER, A
rys proline omic liq- -y x pp w69 K F R RBEA BT, R CO, AR IR AT 2,4 -
uids; CO, catalyticspro- oy — g 4 s 2 kT ok CO, BAML, RAACH 2,4 — B BT

pylene carbonate

3B AR B AR M RA 6T AR

%5 H #A.2015 - 11 -20
HEeWMBE:- BRAXHAFZEAELRTHAHESLAL7R A (U1204209)
EFERAN LEH(1976—) , %, R FIEFTA,FRMNBEL L FRNHIZ, W, T2HEF @A+ L.



- 90 -

Fe oAk 2016 4F 1 H 5531 % 55 10
JOURNAL OF LIGHT INDUSTRY _ Vol. 31 No. 1 Jan. 2016

Abstract ; The possible reaction paths of synthesis of propylene carbonate catalyzed by proline ionic liquid were

studied by density functional theory ( DFT). The geometries of reactants, transition states and products were

optimized at M06/6-31 + G(d) theoretical level. All stationary point and transition states were verified accord-

ing to the number of imaginary frequency through harmonic vibrational analysis, transition states were also con-

firmed by intrinsic reaction coordinate analysis. Single point energy for each species was recalculated at MO6/

6-311 + + G(2d,p) theoretical level. The results indicated that 2 ,4-pentanedione was activated by proline an-

ion through a proton transfer reaction to yield 2,4-pentanedione anion which contained a carbon anion. The

synthesis of propylene carbonate was catalyzed by the 2 ,4-pentanedione anion. Alternatively, the 2 ,4-pentane-

dione anion was able to be carboxylated by CO,. The carboxylated 2 ,4-pentanedione anion showed a higher

catalytic activity, however, the carboxylation reaction was a thermodynamic unfavorable process.
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Research on Cu’" trace detection of electrochemical biosensor based on

composites of gold nanoparticles/reduced graphene oxide
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KHER:
AuNPs/rC:‘O 2 a8 FEE . % FRABL S 2238 R ik 4] & AuNPs/rGO 5444, &4 A XRD 4= SEM
PRI R o R R4 £ A, 3 XPS *E3EE R DNA 6 89 165 20 Rk 47
##; Cu R AT R AL SR LA R A R T Cu T AR M AR P A A M A T AL
AFMIK. 45 R R, BT &89 AuNPs/1GO & #HH 25 B R I, 5 AL & K

fjnyp:z(::s anpy  (GO) 8 E @ AT, ANPYIGO e R @ 2 HLE AR @G
1GO;  electrochemical ETH 5 2MARBA. XPS 547 &9 DNA T R 2 3 B & £ AuNPs/rGO 5 &-#F
biosensor; Cu’® trace H & @, T AuNPs/1GO B Ak b AL 5 4 Wy 45 B B b Cu®' o9 AR A ) [
detection #0.02 nmol/L, )b Aol F X Fm B, HAAK B aBERlT L H

I F5 B E7:2015 - 11 -20

EE&WHE:BE 8 AAFEEMA (S1173172) 5 77 d A AT 2410 B (132106000076 5 77 d 4 & F 5 & & LA
B (15A610024 )

VEER A B2E(1986—) , %, L 5 P2 BA F M s T L P MR A, ThH AR TEHFRIKL, TBHAF 0N ik
o F AT
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Abstract ; The composites of gold nanoparticles/reduced graphene oxide ( AuNPs/rGO) was synthesized by

liquid phase one-step co-reduction method. The crystal structure and the surface morphology were character-

ized by XRD and SEM. XPS was employed to characterize the chemical components before and after DNA ab-

sorbed on AuNPs/rGO composites. Additionally, electrochemical impedance spectroscopy (EIS) was used to

measure the electrochemical property changes of Cu®* detection. The results showed that the AuNPs/rGO com-

posites had good crystal structure. Comparing with graphene oxide, there were wrinkles and gold nanoparticles
on the AuNPs/tGO composites surface. The XPS spectra showed that DNA was immobilized on the AuNPs/

rGO composites surface successfully. And the developed electrochemical biosensor exhibited high sensitivity

toward the determination Cu®*

lectivity and reusability.

0 515

ST (Cu™ ™) A g — i e AL I i 0 PR
FEW I, R A= W) PR Y R A 3 AR - O
T ORI W S Y Cu® " S A s R A
R I FRAE A 1A P 2 X JEF U 60 A 3 s At
FLHAT, Cu R Y A R TR
RIS BRI S SR T B kgD
SR T7 ik B A A B 5, B AR AR
BRI T E TR DR, 1 A — b R A PR
A5 PR ELF Y Cu® " A A% k2 7 22
UTAFER , DNA AR % e T T 2 4 s s 1 s U
BTG T AT 2 e

A8 M B R B AL VERE , A T
T e HE AR I BRI ) 2 A R A, I S
SR RE AT A1 850 15 7 R0 Al AR | U A% Ik
for LG P g AR ) A TRt A R 2 M
LT A B AT KRB A LY 2D 4
Ay, A 8 [ WA W 3 4 B AR R
DNA e 280 2 11 1Y) [ 7€ T AR Z e oK, fil
PSR IE o (0 A 22 25 & R A S804
T A BRI A5 AR AT DL S A AR I BUOC AR IC Y
DNA. BRI Z A, £1 8805/ F S A W1 St A
TE T 4 R I 5 T B AS B 1) B S TE.
B, Y. Q. WEN 25 SR FH A7 S8 iV fif ik
T2, il 25 AN Ag ™ 1 DNA A4 ¢ fLdkas , Hok

with a low detection limit of 0. 02 nmol/L. This biosensor aslo showed high se-

B HH A v ) 0 SR R kR . S. WANG
SR AL E TUROE ) 45 40 B/ Sk
G RE, JF SR B AR % AR 28 35 R A
Cu’ ", FL A4S I R 7T 34 0. 028 nmol/L. J. M.
GONG % il % T —Fh L T4 306/ S 9k 2
AR He I AL I , Xt He® ™ Bk Bk
T 6x107".

Ti—J7 M, WK E— TR K L,
AR T, H a9 K0h 15 & A AR
FEY R+ RATAHIE, A BT Z [T 5
TAYRA R BB E T Al Tk, 4
KT Z W T A AL BRAs A5, 2% O T
T4 BRI, 0, Y. KIM 20 F
11— Fide - —FR B 1 14 4 2 KA I T 4 5
I, Herp PO SR AAS I BR AT 35 25 umol/ L. Z.
WANG 257 Fi| ] DNA g4 44 K460 Pb
AR 3 nmol/L. B. C. YE 2" F 444
K/ W F s A A ARG TN He |, d AT A6 T
BRATIK 0.2 x107°. R TR E &40k 1 RENE,
WG WK 5 HAB G A B S5 A R AT
A BN, B, Kim % DR RO AE 5 4 a0k
B, IEXT H 45 #1477 R AE. R. J. TSENG
SO O W A K LT YR S Ak B A T
T (BT 28, W. J. HONG 252 4 iy ok
5 s 2 A TR0 R B2 0 A ) 4% I8 s b
BhOAR T, kT & oK/ R G E A MR
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(AuNPs/rGO) {2k DNA A= P& s Akt IF 1
TR Cu®* IFTE ENE A HR . AR SCHIR FIR
FHA 2 E AR Ik il 55 AuNPs/vGO &2 541 8L,
FIH AL R b P BE RN AuNPs ({559
RAET AR Ha A2 A A% R U A R,
FEBEFKH Cu® IR R,
1 bR Tri%
1.1 KFI 5L

F B A 2 (S A al) |, R EET KU AL
PR R A A 7 f AR (4 drdl) , B
g =0 RO A PR A ™5 FriEmRen (o dr
afi) R E A R S A PR A R ™5 &
IR . £ MU LR (EDTA) , ¥ 8 4 Ar 2k,
KEE A 210 =) 7 DNA (AE 4k ) L b
AR A BRI B AR HFN T .

Cu’*-DNA: 5’ -SH-TTCTAATACGATTTAGA-
ATAAATCTGGGCCTCTTTTTAAGAAC-3’

F AL A . KQ — 100E RBUEE S 5 Ve, BB
LTI 8 75 A A B2 W) 77 5 H2050 R 7 sy i 37
BE B OHL, IR HACE B Fl P2 InVia AU
P2 6%, Renishaw 2 &) 77 ; D8 Advance %l
X — B A SHY, 75 & Bruker 77 ; AXISULTRA
AIX - PG H FREIE AL (XPS) |, 3 [ Kratos
NFIFE S ISM - 64901V B 4 7 B 3, H
AR A F7 CHIG00D B Ak 2% T AR, , Fi
JRAEA A PR F]
1.2 X%
1.2.1 SHAEH(GO)MHI&E RHNEL
AR 2 GO IR R 55 1 g, WAHIR
#4 (NaNO,) 0.5 g, 8 30 mL 98% (J5i & /)
B WBREA A 250 mL =FUli P, vkisHeEE. #r
B3 g MR BRAT, 218 A BN IR & W, i
$£, 76 35 CHh#A 30 min; fif A 50 mL £ &1
JKPERE 15 min, FEAIA 40 mL 60 C f7K,8 mL
H,O, #if# 2 h J5 i &, B EIE W, &5 0K s

#) GO, T4 WHE , %5 H.
1.2.2 AuNPs/rGO E§#MBHHE I
4 mL GO JRAF B (1 mg/mL) , LA 25 mL &
BRI (0.2 mg/mL) BT HEFE A B
FE1 b J5, BN A 940 L 19 A7 5 R BN
(0.2 mol/L) ; SRJ5 K5 1R 5 WA 80 C /KA
JNF 2 by B0 73 B (553 10 000 +/min) , 1 Z
W25 B T /KIEE 3 ~ 5 ORI HTE 25 8 7K
H, E R T EAS TTR, BTG 3] AuNPs/rGO 7 i
1.2.3 ERMES 144 g NaHPO,,
0.24 ¢ KH,PO,,8 ¢ NaCl #1 0.2 g KCl ¥ F
800 mLZ & F 7Kk w1, Al HCI 5 7 ) pH A
Z7.4 RGN EETKER 2 1 000 mL, B il
th 0.01 mol/L AYBERERELZE whi W (PBS) . F50
A FREC 1. 65 ¢ K,Fe (CN), £1 2. 11 ¢
K,Fe(CN), - H,0, %k )5 f## T 1 000 mL PBS
Z P, BE ) S S mmol /L ) £k AR B H
IR
1.2.4 AuNPs/rGO E&MBIAESER LK
BEIER Cu’ 8 K AuNPs/rGO 54 ki
B G A AR, B IR, AR5 TN
e Pk B, TE ) AS [7] e % 1) Cu® " -DNA % )
(0.01 nmol/L,0. 1 nmol/L,1 nmol/L,10 nmol/L,
100 nmol/L #1200 nmol/L) ,¥; [ i€ A & & #
(14 AR Cu® " -DNA 300 12 h 52 &
PR Cu® -DNA 854, SR 5 7E30 p mol/ L 41
DI R, AR I E 1) i e B AU ARG N
1.3 MRERMES MK

KT CIE AR GO #4743 Hr, FHTE
FE1 200 ~3 000 ¢m ™" ] ] XRD %} AuNPs/rGO
SEARPRH d BL AT 3, Cu 38 Koo S 2k 5 1%
F XPS X AuNPs/tGO 525 B4} 127 21 F
JGER P PEAT 375 3l i SEM X AuNPs/rGO
KA PR 2 T 30 #4775 %€ R ] CHI600D
R A2 T ARG X DNA [ 58 F1 Cu® 460 i A2
PEAT R A IR A AR S BT (EIS) A
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AR (CV) MR =R & |, Ag/ AgCl
HIE o 2 L AR, Pe R Sy 4 Bl LI, 4 FRLERAE
FHTAEH K, S mmol - L' K, [ Fe (CN), ]/
K,[Fe(CN) ] (%4 0.1 mol - L™" KCI) ¥k
L5 EIS MAYE 21 mHz ~ 1 MHz, EIS
EERH] Zview 2 A FEAT AL, CV I 6
7100 mV/s.

2 51

2.1 GO W BHRILHT

P AT AR rh (TR A 85 4
AR BRI 2RSS R B A8k
B sp” 2RI sp” ZR Ak, B R 2R SR IAE
PGS T T REH A 25 B MR YRR,
A D, G M 2D W7 E 4 A AEL 350 em ™
1580 cm ™" F12 700 cm ™" BT, MK EEHRAE I AT
AT 0 A SR 10 250 N AR RN B 4%t R R
REANEREG. 76 1 580 em ™' BT G WEREIN  sp®
BUBR TR RN AR SRR, D g B
JE T A IR R R AL B AR G300 A
A ATERS. 12 GO BRI Al Al 1
A[H1,GO 7E 1 590 em ™' (G U4) Fil 349 em ™' (D
W ) A AT B 8 )R WU L 1,/ 1 SR EE LA R 0. 935,
X UL BB LIS, 2R R A3 sp” Ak
JRFHEARE sp® A4Ab2sH.
2.2 AuNPsy/1GO EEMBIHRE ST

GO F1 AuNPs/rGO & & 1K AY XRD [E I
K2, 7 26 = 11° Ah A A7 452 GO (001 ) T
e, 2o i Ak R B Ja AR R GO Ry TG S
ARG 5 RIS , BARH GO M2 MIBEAR K, £
S A WS F IR, O 1 IR B s 25 Ak
Hh 87 R URL N < 9 K JUORL , % AuNPs/rGO &
BRI T XRD . fy &1 2 Hhl ki) wT
DA 5 A B 5 8RR A A 559 e 43 J91 6 B F 4
f(111),(200),(220),(311),(222) 516, 3%
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2500 |
52000 F
E
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P /em™
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Fig. 1 The Raman spectrum of GO

(111)

(200)
220) (311
ii)AuNPs /rGO (322)
)GO
TR EUVIO S WYY el h "
WA AL st o) )
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20/°

B2 GO #= AuNPs/rGO 5&##H45 XRD B
Fig.2 The XRD spectrum of GO and
AuNPs/GO composites

WIS 9 2 6 MR R S A g R B0k, Hoik
P A HA ) 5T A R AR WA T, 3K 18 B T ol
AuNPs/tGO A MBI & 900K & 5, 1
BAEL, 45 i g Ol R 4T
2.3 GO #1 AuNPs/1GO YRR IR

GO 1 AuNPs/rGO % 4 b1y SEM & I
K 3. i & 3a) Af LA, GO B2 —4Emy /2
a5ty , BAE R )2 EAVF 2R BB 3 b) AT
Fili, 5 GO MRMTEHAH L, AuNPs/1GO H 5
MR A SRR R R 4, H R
HLEE TV 2 QAR BkL , Kk F KN —,
BiA%29 (30 £5) nm.
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a)GO b)AuNPs/rGOE A 1K

B3 GO F= AuNPs/rGO & 44464 SEM B
Fig.3 The SEM images of GO and
AuNPs/rGO composites

2.4 AuNPs/rGO S &##IEE DNA HiFHZE
LB 5 HT

Kl 4 3 AuNPs/vGO 5 EHH) C 1s Al
Au 4f [#) XPS &, fE 4 a) TTLIBEH,C 1s &
HILTE 284.6 eV &b, XF 1 F C 1s () C—C F
KGRI T GO Had i e, Ho Ak A i i 2
WSR2, & 4 b) AT LUE i, AuNPs/rGO &
GAEHE Au 4f 115 XPS B3 H B S04, 79 5]
7 84.0 eV AbfY 4L, , F187.6 eV AbfY 4f,,. f1 &l
4 XPS FHl AL R P S AT R MEITER,
N BRI —FH A,

K5 Syl A DNA 1) AuNPs/rGO &5 b4
BHI XPS 35 (&, 5 & 4a) HHEL, B S a) HY
C 1sAf LAy R 5 04, 7F 284. 6 eV 4l C—C
FiM1,285.7 eV kbl C—N J[4],286.2 eV Ab Ky
C—O0 3[4, 287. 7 eV by C =0 3,
288.8 eV fib J—N—C =0 FL[F. DNA [&5E 1E
HatEbE, BT BB N TREM P LR
5. HIES b) AIHLN 1s AT LAy 3 M,
B[1 399. 14 eV 4bl—NH JL[F,400. 14 eV AbH
N—C =0 L[ F1401.2 eV Lbi—N*— FLH.
[Fl), P SR AAAE (LB S ¢)) iEB] T DNA
JSCE b [86] 7 7R 55 AR T
2.5 DNA 7 AuNPs/1GO EEHMEI B ERE
Cu®* KBRS

K16 ST AuNPs/rGO &5 1R i 4k

S AR AR X Cu® T K AR R CV LR
EIS &, Hp,a R a i, b LR Au-
AuNPs/tGO Hi 2, ¢ &7/~ Au-AuNPs/rGO-DNA
HUR, d RGN Cu®™ J5 i i 2, Irliat i) Cu®”
W 50 nmol/Ls [ b)) Hh iy 4 P S 4R 4 HEL IR
PTCRE. Bl 6a) AT LUA Y, 4 LAY CV il
2 A IR A 2 BT T AR R, 156
S HURCA AR SR 09 FL AL 22 T 14 5 >R T AuNPs/rGO
SEFRE BR G AR AT 2R e, H CV 46
JIv 6 R ) TR AR ), 3X BB AuNPs/rGO 525 41
BHEEAR T 4 FUAR ) A 2235 4 5 177 24 DNA [ 3
1t AuNPs/rGO B & # K 5, CV il 42 Y i A1
dE—2 /N, BX Cu® " TR IS, CV iR
ALY T ARA 22080, iX ] DNA 43 FH 5
Cu®* L G824 T BHAY )2, BHLAS T A far 14
H sl (A5 H A A Ak 2 TG R A 22

N T HE—F R DNA 7 AuNPs/rGO & &
AR _E A [ S B AR Cu®* ) b2t e, B
SR ETS Y0 A= YA S T 1 i v 1) B
FL A 4 RS F B A 2B AR EAT T 20 M, IF R Zview
BATG B , 45 R an & 6b) firzw. & 6b) Hrid
[ 9B e 1 F Aip 5 7% 1 e i [ 9IS 1) il 2 e
W TR TR AR R AR /N R s B T
HLAT AL RS FRLRHL R, , LR/ ISR H £ £ 328 F) X )
FREE. t &l 6b) i LUE MY, BR4 H Al Y FL PR RE TR
Phggem, L R, =0. 095 kQO. 1M 24 AuNPs/
rGO A RHERR G A AT 2O I, R [ 3
JNZE 0.93 kQ; 3%, ¥4 DNA ££ AuNPs/rGO
EAMER R B E S, R, 54k 2258 K3
1. 42 kO TEHUIR LR AFAE T, R ] Bk Rt
JEARRT Cu® " (MR 50 nmol/ L) K & , i B 19
R {H X W B R E 4.4 kQ. 53X — 3 F2 156 0
Cu’ "5 DNA FFIE M4 A WHE AuNPs/rGO &
GMRLERI TS Y T4 )R, FHLAT 1 HL e 1 AR
JO Y WRORT HL B % T 22 8] 1) 5% 4%, it ARG K T H
R .
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ZEATE el HiAHE eV
a)C s b) Au 4f
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Fig.4 The XPS spectrum core level of C 1s and Au 4f on the surface of AuNPs/rGO composites
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Fig.5 The XPS spectrum core level of C 1s, N 1s and P 2p after DNA immobilized
on the surface of AuNPs/tGO composites
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Fig.6 The CV and EIS graph of the process based on AuNPs/tGO composites
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2.6 EHTF AuNPs/1GO EGMBIHIBHUFEEY
& B8 RO gl 4 BRIt

SR il 25 1) R A2 A A% e X AN [ e
(g Cu® " FEA TG , ] Aty 1 5 450 A A ARG A
FiR. 81 7 a) Jy DNA 7E AuNPs/rGO &5 1k} I
[ 502 5 R Cu® " S [ e B A6 B 1) SIS L. iy [
Ta) nJ 1, il 4 23% Cu® " M BE A3 K, EIS [
P AR AN W K, BIEXS I /Y R, ABLAAS W 3
K.ETb) N AR (G Cu®" ¥ B X B 2k
KRB BILL AR, AL FRXT Cu® ™ e B Xt 5/
B, AR YV =1993.8 +1 141 logX ( H
X Sk Cu® " YWRBE,Y S AR, R 2 0.97) , AT
15 B F ARA I FR 240, 02 nmol /L. 38 1 2 & Fill
RFBTIAFAY Cu® " SRR, MZE 1 v &
5 X S T B A b, A SR A T
AuNPs/vGO I 5 #4 ) L Ak 27 2 ) 1% T XoF
Cu® " ARG B o 8 4

200 nmol/L

2"/ kQ

0F 0.01 nmol/L

7'/ kQ
) EISK

5

4

AR, /kQ
— (3] (98]

(=]

2.7 ETF AuNPs/1GO EEWMBIRIBLEEY
fERLEERT Cu’* B MR EE MR
K 8 a) iy DNA £ AuNPs/rGO & &8k I
[#] 7 J 1 FRL A 2 A W A% SRS X T 0B - (i
Co*" ,Fe’ ™ ,Pb** ,Zn>* ,Fe* " Fil Mg’ ™ ) 1 Cu’ " £
DAY R, AT EE L Hod, 40 8 1 1 W B2 R
10 wmol/L, fif i Cu®* ¥ i 24 50 pmol/L. (1 &
8a) F I, 1% B Ak~ A ) A5 AR X Cu® ™ F
R 5, 3 R, B AR A T8 76 768 HR S T HE Al 4
BT AR AL, 3K 18 3% H A 2 A ) 15 TR X
Cu® " Ay P AR 9. e X Cu " R , R
EDTA B FL A2 A A% SR A8 04T A 4
HLZRULIEI 8b). K 8 b) ATLIE y, JLT
T ONOE i IINPA R st/ i Sl o e
HLAL = E G AR AR R AR 10 IRZ 5 I
AR R AR ZAR AL B OB EREAR AT I O, Ul
WA R R

/4

Y=1993.8+1 141 logX
B R=0.97
| i
i L]
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| 0=

1 1 1 1 1 l
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B 7 DNA £ AuNPs/rGO £ &4 L B 2 &) cu“ R EA Y
EIS A= AR 1815 Cu®* 8 F iR B3 2089 bk % 2

Fig.7 The EIS image for the detection of Cu®*

linear relationship between AR, and the logarithm of Cu’”

based on DNA immobilized on AuNPs/rGO composites and

concentration

K1 & m Tt Cu®* ARAR I 3 H R
Table 1 The contrast table of all kinds of detection methods for the minimum detection limit of Cu**
TR B K EE A LEPEVEIE/ (nmol - L") FARKGI R/ (nmol - L™") E =P YN
Si0, 4K ik DS, % i 100 ~ 800 10 [23]
Ag KA T 10 ~ 200 8 [24]
Aw/Ag B/ Fe K EVACING 0 ~200 5 [25]
GO PG 100 ~ 101 000 58 [26]
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The R, change contrast figure of interference ions and Cu’

R, kQ
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b)) PEFRIRELAR
B FHEF A Cu® Henleg R, KA
89 PE IR R A
* detected by Au-AuNPs/rGO-DNA electrode

and the cycle numbers of Au-AuNPs/rGO-DNA electrode before and after regenerated with EDTA solution

3 inb

AR W AH A 2 3 d Rk A T
AuNPs/rGO E A M B, LUZE G # RME A fL Ak
S A IR USE AT RL B FRLAE DNA [8] 6 7E
AuNPs/rGO &4 R 10, T SZ BN Cu’®* 1Y
AR, Al A SR W], BT AuNPs/
GO &4 R L L2 A A5 SR AR AT Cu® Y
AR FRARE 2 0. 02 nmol/L, He Ak I = S
TR, HEA R R ks s 2 vk X it
1, Bl 1% AuNPs/vGO &G R18EAT HI T HL Ak
S WA I U E A ), HA EE T KRR A
PREERE S Cu® " AR

S S0k
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Abstract : The influence of different stress factors such as temperature, vacuum and vibration on room tempera-

ture electrochemical sensor life was analyzed by constant stress accelerated test. The results showed that the

temperature was the maximum stress, and when the temperature raised from 40 °C to 50 “C, the life of sensors

shortened from 6 months to 3 months. Influence of low environment pressure on the life reliability of the sensor

was weaker than the temperature stress. And when the absolute pressure decreased from 50 kPa to 10 kPa, life

expectancy was shortened by 1/3. The results also showed that vibration stress had little effect on the reliabili-

ty of sensor life. Research and development of new type of low volatile and high stability electrolyte material

wich could resist high temperature and low environment pressure was the main direction of the development of

room — temperature electrochemical oxygen sensor.
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Table 1  Test results with 40 °C of sensor life
01H 1/MH 21 H 31A 41 H 54H 61 H TMH
FEA
s JELMET L AR JEL kA e[ L B[S 34 32 JELR PR JEL A
ﬁ?1®%mhﬂ F/%ES TS koS TS Ears ™ bars ™ ars ™ kars TS kars T
09 29 1.0 3 1.0 34 L0 %2 1.2 33 1.4 3 15 35 20 78
209 32 09 33 1.0 3 1.l 3 1.3 33 1.3 3 1.5 39 16 60
309 30 09 32 09 33 1.2 34 1.2 29 L5 33 14 39 1.6 44
4 10 25 L1 2 1.2 29 1.1 29 1.4 3 1.2 35 14 3 1.8 66
s 09 29 08 3 1.0 3 1.2 29 L5 33 15 3 1.5 6 1.6 85
6 1.0 20 1.2 2 1.2 25 1.1 30 12 28 14 35 1.6 4 16 9
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Table 2 Test results with 50 kPa atmospheric pressure of sensor life
01 2] 417 6 M 8 M 10 M 124M] 14 ]
A
gee JEERMERR 0 ARARMEE 0 JREMER 0 ARRMEE 0 JREeME | RERMHR . R . R&MR
F/%Es S aEs S Rars T s Y e 0 Gpers ™S jpars ™S pars ™
13* 1.1 30 1.2 32 1.2 32 1.4 33 1.5 38 1.7 42 2.0 55 2.1 71
14* 1.2 30 1.2 30 1.1 33 1.3 35 1.6 35 1.5 44 1.6 51 1.6 69
15* 1.1 29 1.0 33 1.2 34 1.1 29 1.3 33 1.5 39 1.6 44 1.5 76
16* 1.0 28 1.1 29 1.3 29 1.2 30 1.3 35 1.4 49 1.8 55 2.0 88
17* 1.2 30 1.1 28 1.2 25 1.3 33 1.3 40 1.5 42 1.6 44 1.6 58
18* 0.9 26 1.1 33 1.3 31 1.3 38 1.5 39 1.7 44 1.6 44 1.6 90
A3 HRBMARS) R RYE.
Table 3 Random vibration condition of sensor
ﬂ: N
3 4ie

GPRIRER, DNFIEHIE, SR Sty

B Be (g et 1) (g - Hoo ) BMEAE(E SRR
10 ~250 6 —
250 ~1 000 — 0.12 12.04 grms 120 s
1 000 ~2 000 -9 —

A4 AERBHMANIRE LR

Table 4 Test results with random vibration of sensor
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25" 1.0 28 1.0 30
26" 0.9 33 1.0 31
27" 1.1 30 1.0 31
28" 1.2 25 1.1 28
29* 1.0 27 1.1 28
30* 0.9 35 1.0 32
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