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of Amphiphilic SiO, Nanoparticles

Chen Haixiang (Materials Science and Engineering)

Directed by A. Prof. Yan Youguo

Abstract

Recently, the development of low-permeability reservoirs has attracted great attention
because of the dramatically growing energy consumption. However, it is still challenging to
develop low-permeability reservoir because that traditional tertiary oil recovery techniques
cannot work well due to the complexity of reservoir situation. Developing oil recovery
techniques is urgently required, for example, the use of nano-materials. Silica nanoparticle has
attracted great interests because of its promising application in oil recovery and economical
cost.

The recovery efficiency depends on the sweep efficiency and the displacement efficiency
of oil recovery agent. Silica nanoparticles can greatly improve the sweep efficiency by
increasing the viscosity of oil recovery agent. However, pure silica nanoparticle is poor in the
displacement efficiency, which needs to be improved. Fortunately, modifying silica
nanoparticles with alkyl chains may be a promising solution for this problem. In this work,
with molecular dynamics simulation, we gave molecular insight into the oil/water interfacial
activity of silica nanoparticles modified with alkyl chains. With studying the effect of
modification, we aimed to uncover the mechanism of modified silica nanoparticles in
decreasing the oil/water interfacial tension.

To decrease oil/water interfacial tension, silica nanoparticles should stay at the interface.
However, we found that pure silica nanoparticles could not migrate from water to oil/water
interface, which is the reason for the poor interfacial activity. With modification, we found
that silica nanoparticles can easily migrate to the interface owe to the drag of alkyl chains.
Moreover, the modified silica nanoparticles can increase the thickness of the oil/water

interface, which also benefit the decrease of interfacial tension.
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We also studied the effect of the ratio of modified hydrophilic/hydrophobic groups on the
interfacial activity. The dodecane and hydroxyl were adopted in modification. We found that
the interfacial activity reaches the highest point when the difference between nanoparticle/oil
interaction energy and nanoparticle/water interaction energy is minimum. However, only
when the particle/oil interaction energy does not reach a single peak can we get this result.

With setting the ratio of modified hydrophilic/hydrophobic groups as 1:1, and altering
the type of the modified groups, we also obtained the result that “the interfacial activity
reaches the highest point when the difference between nanoparticle/oil interaction energy and
nanoparticle/water interaction energy is minimum”. Furthermore, the effect of nanoparticles
on the thickness of oil/water interface could be higher with bigger particle/oil interaction
energy, which generates stronger ability in decreasing the oil/water interfacial tension.

Keywords: SiO, Nanoparticle, Molecular Dynamic Simulation, Modification, Interfacial
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Figl-4 Schematic representation of strategies of surface modifacation for preparation of JPs
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Fig2-2 Initial configuration of model I and II
2.2.2 HEHLETS

SRR T . BEAT 1000 psf IEN R 25 (NVT) MDA, IR E 298 K, 1 RSt A
BALBAFUARFRE .

17



BE LeREME S N S10, MK ASURL S I i 14 ) 5

SR T . 3347500 ps&&iR 25 5 (NPT) MDA, BEHLIRE 9298 K, [ 77790.1 Mpa,
SRJE FEHEAT1000 psfRIEN R ZE(NVT) MDA, F T FR 15K A5 L R A o i 2
R4 EL

ABSHUL I A v 3 P 4% 1)K FH Andersen!”* 7%, R 545 1R F Berendsen 5925, JE A
HAE R HEwald " 7518, B 57 Velocity Verlet$9%:, #4214 520.95 nm,
I IR F£1.0 fs, AF1000 fsic Fe— AR R LS B

23 FR5TS

ARPITE RN, AN R GARRL LA SIS 1, A 9K BRI AT LA B R KA B A
BN FMK S, RS R AR, X S A AR A KR R 3 A 7 AL

2.3.1 SiO, AARBRI Y B F21d 32

P 2-3 A E N NP NM, J50RL [A) i /7K SIS FE i A L . BB B, AH
i) P NP BRI A AE KM GX 5 Ohtani 5 A\ PO 7045 B — 50D 5 1 NM, Btk )
MIKAHZH# B/ /K A ab, AR R b B O im A Btz s gk
VDAL Jo /B 285 451 G T P 20 o P () AR A R 2 30, ARAB R R G AR R AE KRR S AN [ 3
PRFTHIEH, THEE & B K RORRE [m /oK e %, IR R e FE (dnE 2-4
FR) o N TR GRER IE s E A Z R IR B, AT T NP NMy Btk 57K
S FIWIA EAERRE, THEES R 2-1 Fiow.,

— (ENano + EWater ) — ETotal
VNano

AE AR EAE I RE s Erora NAKBRL S/KHE R IEHER: Enano NHIKM
FLHIRER : Ewaer JIKARIBER s Vivano NAAKTURLH] 5 A KR

FHELAE I RE AR/ N RS AH FAE F 3855 . B3R 2-1 Al %0, BRAZARAR b NMy Bk 57K
F B AR T RE/N T NP BURLS ACAH A ELAE FHRE, 2RI NM BUhLAE /K g s 77/ 1
NP B S s 7, R S A OK ST /osts . Bhoh, VRN AE R 48 40K
RS K AR AR E R e Z A s AR B, NP R0RS5 K i fa AR LA
KT NM, Bk 5K # A BAE R, 1 NMy 57K e s 46 1R F B KT NP 0K 57K 1
AR e DUE Y, RIS K e B B T Si0, RESR/AKMFEE, K
R EEHES 1 KRB 5 K EE AR AR, AT EUKS NMy BURL AR ELAE T RE N T
5 NP BORL A B A RE, NMy B0RLSE 2 5 [ K S 3 st .

AE

(2-1)

18



T E AR (AR B2 A0S

ey

B 2-3  GORRURL /7K ST S AR ) B 2 M B 1

Fig2-3 The final snapshot for the model studying the migration of nanoparticles toward the

oil/water interface
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Fig2-4 The z coordinate evolution of the center-of-mass of nanoparticles
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Table2-1 Unit volume interaction energy between nanoparticles and water molecules
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D =—1im1§]vl<\f:- (1)-n (o)) (2-2)
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19



BE LeREME S N S10, MK ASURL S I i 14 ) 5

B HE SRR A B ACKBR A Y BUREUE x p z IR BUEREU 5N
0.565. 0.129. 0.165. 0.271x107 em™s™; KT F (K] NM, FORLE (K4 HUR B AE X
vz BRI BERE BN 1,152, 0.120 0.043, 0.988x107 ecm’s™s

ME 2-5 AR HORERT R W, B R NM, SR AR 5 sotEsefl T
NP kL, xv yv z J7F0¥ MSD HiZEFIH HU R4 D KW : NM, BRLTE x. y J7 I A48
e /N 2 J7 Y R EE, 1 NP BURLAE x. y J7 WY 8us 5 z J7 9 #t
B E AR R SR, 1E xv y 77 NMy SRy #5688 71/ T NP Bk 1
PHURE ST, TAE z J7 TH) b NM, BURL I RS 7 KT NP ORI B RE /). I I Le 4G
REZARTGURBR S A RIER, X TR IR NP RURL, 57K 47 FH 5k
T SMAHER, ik, NP RURATE x. y J7 MAEKA ISR 58 1R TR 2 Hhml i
FHEFERE T XTI NMy Bk, HAZ MG R S AR AR BRI G /E
RItE, NMy BRI z Bl IS8 A8 11K T . y D fEK MR IIE B RE ST .
EIRWEF R, BRGS0 BURE 5 25 5 110 K T R 4

600 I
—{ NP —{ NP
500 '—Q-N]\/[4 60 — —-NM,
~_ 400 T [
< < 40
£ 300 =
aF 2
Z 200 %
= 20 F
100 ]
O A A A A 'l A A 0 A A A A A A A A
0 200 400 600 800 0 200 400 600 800
t/ps t/ps
<
Qz
n
=
0 200 400 600 800 0 200 400 600 800
t/ps t/ ps

B 2-5 Bk RPGPURBRLAE &ANT7 18 I35 Ao #h £k

Fig2-5 Mean square displacements of NP and NMy4 nanoparticles in different directions
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Fig2-6 Snapshots of the configuration of oil/water and NM,/oil/water systems at the end of the

simulation
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Table2-2 Interfacial thickness of different systems

FZ B /mm
1N
ZLwater tnil ZLtotal
/7K 0.420 0.515 0.555
NM, FORL/H /7K 0.769 1.390 2.250
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10 Avas Awp Ao HEAFEITHKAE R Avas A #5%55T-0.23882 keal-mol™'-A, Tfij
NM, kL /KA B Apas Agy 73935-0.68069 -0.49473 keal-mol - A%, HILA] WL, NM,
SOURLAE V7K S A2 IR S s Apas A BRI IH RIS K, FHE HAE KKK, SEUE

23



BE LeREME S N S10, MK ASURL S I i 14 ) 5

E R IE A RTE A C

ZR EPTIR, NMy BURLAE /7K S A e, 2L Si0, B MR N IKAH,  beke ik
AN, iR EREEOR, FmmAb i K> TECHE BN, A EAE g eR, S A b
i PN TR S A T | 7

molecules

molecules

Apa L™

B 2-9 i(a). ZK(b)PEAR 5 f &
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Fig3-1 The structure of SiO, nanoparticles modified with different dodecyl chains
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Fig3-2 Initial configuration of NM;/oil/water systems

3.3 #R518
3.3.1 REKA

b B RATO LR T B RIS, FIAAR (2-3) IHEAREE AR
WP+ B SAS R A KO VR R I ALK T, HEK BRI T8 3-1 e IR T 5idE
BATAT LA s AN e SEAB 1 (409 A UM ) % 28 1003 7 T 7K 7 /N S Kk 5
Hi3K 7 (51.09 mN-m™) , R BAERRA BT S IR VRN, B 16 5 gk
R H LA AR K FETTK SIBIRE 1o IF FLBE T+ b B VR BERE R, ok 0k
M 7K LTI 5K A7 T RE 14688 K S8 . FESRATFTBE FCHOIR FE TSR Y, S4B f -+ — e 3
BN 8 I, PRR LTI B, AR AR K S ok ) i B ) o

27



FEE SRR B B LL IR S0, Uk 5 i 1) R

R 3-1 NRASERIBURRE AR HK S

Table3-1 Simulation results for different interfacial tension
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Table3-2 The length of the dodecyl chain in different systems

1k Z NM, NMg NMi» NM;s

Kl K E/A 11.869 11.634 12.410 13.027
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Fig3-8 Rotational time correlation function calculated for the dodecyl chains
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Table3-3 The interaction energy between nanoparticles and water or oil/kcal-mol™
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Fig3-9 Interaction ernergy
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4.2 1REMZESIRUAET
4.2.1 tREHE

GURRL T EE AR 55 2 & 2.2.1 AHIE), e PR BRI K M R K R A
BRI 11, SRR F R, Hrb ok RERIE s . 2B, Rt
FISRIE, T S5 1 A= A e Y PR SR 3, o 7 ROUE 282 T J5 oK PR S ik — AR s K P B A
—PAR R MERE A, M as R AR 4-1 Fow.

BRI A K H Materials Studio (MS)# 58, BEALLH % FECOMPASS /)4, A= [H]
P AR AR URLAE /K PR AR IS, ik S sk Ao ae 70, R A e kg 57
T 7E T B RS AR AR R AT AR i A e ] 294,00 nm X 4.00 nm X 3.00 nm K/
K&, BEEEA1605MNK T WA ASS . /7K S AL FRISCE & H4MER I
GORRL T TE I3 2, BRI KRR 2 B T-Ih/ /K S, A6 b B 10— i 30 ) il
FH o A AR A ] 4- 1 R0 E14-2 7
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Table4-1 The structure of SiO, nanoparticles modified with different groups

Hidk 8 Fedt R

(@) ®) © @
B 4-1 SEmHEEREFINFEN S RPIEEIREE

(a) C1-SH; (b) C1-NH,; (¢) C1-OH; (d) C1-COOH

Fig4-1 Initial configuration of (a) C1-SH, (b) C1-NH,, (¢) C1-OH and (d) C1-COOH
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RIS [ AT TN L SR
PR LI RORN ki Y

(€)) (b) © (d)
B 4-2 SRR B ARE R & RV AR R A
(a) C5-SH; (b) C5-NH,; (¢) C5-OH; (d) C5-COOH
Fig4-2 Initial configuration of (a) C5-SH, (b) C5-NH,, (¢) C5-OH and (d) C5-COOH
422 ST
XA FEAT 500 psEifi % I (NPT) MDA, BEFUE FEN298 K, & /7790.1 Mpa, 28
J5 4T 1000 psffIEN R EX(NVT) MDA, F T~ S 5K A7 vk 55 DA R Ho A 43 B 2 2 1)
SEHL. B RRAEIR )75 9 Andersen, 4%k 75 % Berendsen, & AH H.AE K HlEwald
TiETHE, ARWTEARIEEN0.95 nm, B EPKIESELO fs, 1000 fsid g — k& R HLIE

2N
= A%\G

43 FER5THL
43.1 FEKS

FEERAE S —HRACOEUE I TERR R &M, FIHAR (2-3) HEAHT
B AR E R BUS N 9K BURL I KR R AR 5K 71, BR80T 4-2 . WFEHF
BAERATAT CAE B, [ 2 9K R 26 o e b MR L N FE 3, S KoM 3 F 1) s 7Kk M e e 39
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593 MINFRFES RIS GRS SR AE T AN KR R I il 7K ST 7K 7 (R e 70 e e B 55 43 7
C1-SH > C1-OH > C1-COOH > C1-NHy, H:A~ 2 Fifi 45 235 7K A2 1 35 ] 10 23 /K P A28 e T A
PR TEIARE PR 224 S 1 6 ] 5 Sy R BN, R oK URSE B AER T THT 5K 77 1 R 7 R 5 31 55 99 33l
C5-OH > C5-SH > C5-COOH > C5-NH,, A5 gHKB0RE 2 [14& 1 5 /K P58 [ 1) sk vk
AACFUEEAR L. oK R BB e 2 S5, SRS il M 5 P D TR PR 0 K R B AL
ARG K A (R8T 3R S i il M R D R RE R 4R BN o IR 1 45 SR B 77
A1, FFE AT AR B S A A REAEAS M 5 1R AR oK UL PR R THT 5K S R ) s 2 AT TE
NHEE 4 A R
R 42 SHEIREEMEEB QKRR )4 R ) ST K A

Table4-2 Simulation results for different interfacial tension

NS Cl1-SH CI1-NH, C1-OH CI1-COOH C5-SH C5-NH, C5-OH C5-COOH

Frmik A

N 44.14 51.07 45.55 47.79 43.18 47.95 39.50 45.92
‘m

4.3.2 &I ERIXT R FUAL A T 14 B i A A E R ATLEE

I TSNS ] LGOI ZZ LG = A R S AL, PR 1 B BV T iy
M2 AN [F I oK RORE B AR il K ST 5K AT I RE D AN, 3RATT 0 17 4544 3 rh S W o RO VR 15
oAk, W 4-3 M 4-4 Fron, 53508 T B ER SYIRE AR R TP AL, B
T B R B R, Wk 4-5 s
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Bl 4-3 SRtk B D B ) %4k R IR BE 40 A B 4%

(a) C1-SH; (b) C1-NHj;; (¢) C1-OH; (d) C1-COOH

Fig4-3 Density profiles of (a) C1-SH, (b) C1-NH,, (¢) C1-OH and (d) C1-COOH
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B 4-4 S itk P A TR ) 254k R KOO BE 40 A B 4%

(a) C5-SH; (b) C5-NHj;; (¢) C5-OH; (d) C5-COOH

Figd-4 Density profiles of (a) C5-SH, (b) C5-NH,, (¢) C5-OH and (d) C5-COOH
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Fig4-5 Snapshots of the configuration of (a) C1-SH, (b) C1-NH,, (¢) C1-OH, (d) C1-COOH, (e)

C5-SH, (f) C5-NH,, (g) C5-OH and (h) C5-COOH systems at the end of the simulation
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ML 4-3(a) T IRIVR BE 3 AT TR FRATT AT UG S 20 28 i AR 1 2% 8 20 AT il 2R 48 5T
AL E BT, AR R SR 2 RO S M F R AN S0 R A 4 K BURL K 43 A7 7 T 57
T AL AR, R — /N AFAE T KA s QoK ORE R T8I 1) F R B AR b A7 7E T S
Kb AR T AR RO R T R AR R A AR AE Tl A b, S /KAHEE Al )b . AL
4-5(a) P AT DASE B BIXRE 458 . T R IR FF 3 RN &3 10 9K Bk Skt
YUK UKL A AE T /KA 1030 23 K TR AE T A P 30 2 oK BRL R T (1 88 ) LT 447
TET KA, T2 T 1 FF AR 0 A A7 T /KA R, 4R IBORE S A B B e b s Rk R
Hr JH R PR B8 43 AT B 2R/ ST AR B AR (TR 4-3(b)FITR) o A RIS M5 A H
SN2 B 1 K TBURL R 2R, AR RV BE 23 AT I e AME B R T B Vi ik Dy Y AR
e (1Y K UL P A 22 R TR M ARI VA B2 23 AT B 2R ISREAEAE S B, AME S A R IE RN
FFY 5 R S0 2 P M DR SR 14 A 2 o £ ek R A B2 A 1 282 0 B 8 5 T Ak 3 B B e R Cn
4-3(c)FTR) o EAT R B JE [ Ry HE R 5 1) 0 R SR 1) Ak 2R v 1) S AR 3 A il
LRAAFAEIXFE I A ka3 . 72 4-3(2)+ (b)~ ()~ (d)IX DU/ MA R A, #H8 C1-SH > C1-OH >
C1-COOH > C1-NH, FIBUT, K ASURLLE A IR0 SR/, Sl K M R A LE Tk
A F I AR B K

XFELE 4-3(a)s (b)s (o) (d) HHIHAHFZKAH IR BE 43 A i 2R FRAT TR I, 4-3(a) A
GOKTURLIIAETE , JHAH % B 2 A M R AE ST AL RIS By, 39K T kA 5 7K P i
H, SR T A S5 7K Z B ) FRIHE R, T 4-3(b)~ (c)~ () AH A K AH 135 B2 73 AT
R ER LA, WK A R R EE N T 4-3) ik R 2R, Hi 4-3(a) 40
DRATURE AR vl 7K 5T 7K 7 10 8 77 1 DY b 4 K UL o f R Y

ML 4-4(a)HIFIVR BE 3 AT TR FRATTAT UG S 20 28 i AR T 2% 8 20T il 20 48 5L IE
R BN AR, AR ST R RSN 4RO o A7 T AL Ab f AR o, )L
FA AR R, R — /N AEE T KA s 9oRIURL R T 1 [ B A EHRAEAE T
G AR A HAR T R KON R THI ) 350 B B AP E T Al b, S/KAR B R
M 4-5(e)HFBATAT LATE BOWHLAS BIXRE I 4518 . o 3R B4 I AN SR R 4 K Sk
ki, BARIEMBERZ . REEKERK, (HRYPRBURAEE T KM I K F 47
FET- AR TP R0 2 OOKIURL R T (1 2 ) LT A 3B AR AE T KA T, T R T g [ A AR
K= AT /KAR T, PR IURE 5 A (b Asc > o 2 v e AR P 25 B8 20 A it 2R 7E 77
AL BRSO (ANl 4-4(0) 7D o & R IE AL A B A2 5L 1) 4H K FURL 144 %
A AU BE A3 A il R AE ST ALAELE A Y, BB AR I Al T AR AR K (]
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4-4(c)~ 4-5(g)FT7R) 5 GROKIBURL R AR 3E ) LT A e KA o, T e 6 D 4382 T 7K AH
e, S TR R . B RIS ]y T3 R0 R A A K SR (1 28 R AR 22
oA 2R 5 51T 3R THE 0 5 B A R AU 1 9K BRI R 2R 2840, I HLGRIRL I 4
A5 AL 7E 4-4(a). (b)~ (¢)s (DX PYMAEFR T, #%1] C5-SH > C5-OH > C5-COOH >
C5-NHy [P 40 K FTORLLE il A 0 (10350 73 BR R /L , SiE 7K Pk AR AE T 70CHE v 1 Bl 451 ek
K o

XTEEE] 4-4(a)s (b)~ (c)~ (d)H I ABFIACHH R BE 434 I 2R B AFAE ] 4-3(a)s (b) (©)-
(DFIIIER, 4-4(c)HBEAGURBRLIAETE, WARZ B WL G B, 36K T Al
KA AR T AR, KT AR S KA IR B SR R . BAR 4-4(a) il AR TRIVR BE 43 A
M2 WAFE G, (HR R %M R P 9K BRI A KA T TR S, A3 KA i 2R
JRIREERUN, SEUZAE R T BN, PR RURL R K ST 5K ST R TR,
(R Z A 3R T R ORE AR K ST 7K T 1 RE 138 & BT 4-4(b) ()R & R 4K Sk
BEAERIH 7K SR THT 5K 77 1) R

AURITORL T LA 23 (44 35 v i AR R KR 1% B2 A il 2 AR A8 Ak, 2L gk
FOURL (T I N E538 T AR AN KR 2 18] (R AR ELAE o FRATT 23 S SR LT 40K AL 5 K A i A
[AH ELAE B T3 4-2

EL#Z C1-SH. CI1-NH,. C1-OH. C1-COOH SitiAHRIKAH A ELAE I R B, BRI
ST T ORI T W B R B0 DA SR TS (RS P RE 4], L B3 Sk I R 4]
A DA G KRR 5 K AR AR AR R, AT SR oK BURLE K S AL B, DL TR
M R K RTORE 5 Yol A ) e A TR, A 5 e A P R LA R R AR AR AL

R THI A 1 Y R 50 R ) A DR R LR DA 0 25 (1 S AK M AN SR AR B8, R KON 1A 17
AR (il 4-5)FT7R) , RIGRREURL-S A I AE BAE A EEROR, oo Tk R
AR AT, I HLE D F L SR AN SR AR5, BT USSR K 0K 5 e A A K A A BLAE
F I 2485 AR RARECEDN,  GRBURD K I R R (W 4-3) )
AR PRI /K ST 7K JJ IR TR . WA BB IRATAT LUE Y, SRS H 3 A2
5 AN STORE 5 o A R 7K R 22 TRTAH ELAE FH R 10 22 M8 FL AR T M FR B NSRRI B /N, (H
LR A I K S TEIT 5K 7 (18 77/ T 2 TG U F R 30 56 X 4 K B0k o 3 DR R THIAE i
SR 6 1) K JBURE FL SR T U 1 12 6 5 7K AE A AR T BB ELBOR S 49- 40 K TR TE /K A
% CInEl 4-5(c)FTR) » FLE AR AR BEEL/N, 9K IBORE SSCAR 7K 4 A
e 1% (U 4-3()Fm)  GRIBURL AR /K ST 5 7 1) B 77 s AS i 3% & i R
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HE NI B A0 AR

F 42 GRS S 5 KA A AR 6940 B4 F B /kcal - mol”!

Table4-2 The interaction energy between nanoparticles and water or oil/kcal-mol™

AHE KA 5 AHE KA S
& % LES & & T
1EH BE AHZEE 1EH &E AHZME
T -296.862 242315 T -202.631 440.456
Nano/ Nano/
V  -165.248 371.522 V  -144.281 497.653
water water
E -131.613 129.206 E -58.350 57.197
C1-SH C5-SH
T -539.177 T  -643.087
Nano/ Nano/
V  -536.770 V  -641.934
oil oil
E -2.407 E -1.153
T -2381.908 2111.859 T -2521.378 2103.490
Nano/ Nano/
V  399.750 668.464 V  398.555 815.648
water water
E -2781.658 2780.323 E -2919.933 2919.137
C1-NH, C5-NH,
T  -270.049 T -417.888
Nano/ Nano/
VvV  -268.715 V  -417.093
oil oil
E -1.335 E -0.796
T  -504.526 223.804 T  -483.347 37.084
Nano/ Nano/
A% -60.338 219.310 VvV  -110.556 334.667
water water
E  -444.187 443,114 E -372.791 371.752
C1-OH C5-OH
T -280.722 T -446.263
Nano/ Nano/
VvV  -279.649 V  -445.224
oil oil
E -1.073 E -1.039
T -1544.186 1194.466 T -1738.520 -1307.413
Nano/ Nano/
A% 70.353 417.983 A% 73.396 503.603
water water
E -1614.529 1612.449 E -1811.916 -1811.017
C1-COOH C5-COOH
T -349.710 T -431.107
Nano/ Nano/
V  -347.630 VvV  -430.208
oil oil
E -2.080 E -0.899

R BN PR BURL, OV RS S 7K Bam A AN AR R, (615394
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KAURL 55 7K AH B A BLAE FH RE A X DU AMA R TR s R IR, DR 8 K SBRE K58 23 A7 42 T 7K AH
e, KR 5 A B D (AN 4-5(b)FToR) KSR A PR A AR T R A
/N, SRR S5 2 KR 5 K AR AT A TR AH AR F BRI ZZEABOR, 9KA0RL 7K
FHEIRZI RN (AN 4-3(0)F)  GKBURL AR K St sk I I Re 1= . IR
FE B F R FIFR EE R G oK RIURE 5 2 THIAG M FHY 35 A0 2 22 () 0 K SORE A7 2 R 1) 1) A, ol
SR MBI R HE SR KM K8, DL T 9RO K 73 A7 AE T /KA o (B 4-5(d) ),
55 75 G KU B0 el K T 43 A A BE DA (] 4-3(d)FTon) 5 AR IBURE A1 Tl 7K
THI3K 71 RE ST

bt C5-SH. C5-OH. C5-NH,. C5-COOH FATFIFE &5 R S i i PR H A
L I AR ORI A [R] R 518 o R TRMIB A 25 (41 9 I ISR L R G oK UKL, TR Dy I 1R
PERCIR, TSR SRKYERLSS, BT DAAARBURL S A Tl CanlEl 4-5(e) )
AR ITURE 5 ol R PR AH ELAE FH RE K T -5 7K AR TR AE ELAE T RR AL/, RIS 43 53l 5 el A A
AKAH AR EAE F R IR Z2 (B LUK, A KAORLES 21 11 4038 F T A vr 7K 0 AT () e e g8 (i
4-4@)FTR) , GRISURL AR 7K ST TR 0 B RE IR/ o T THI A 1 LI R 2
VAR, BRI R LG8 () S vk P R R B ) S K MR R AN R AR 55, DRI 4 K S5THE £ 7KCRH AR
FAEAERIRR Ay E % (AN 4-5(2)FT7%) 4K IR 55 /)R R e A 0 RE LA R 25 M 40
AN, I BGRRRL S AR A AR BV E FHRe T, ZMEAR /DN, GRRTRoxT F i ab ik
SRR MO (ANl 4-4(c)Frm)  GKIURL BRI 7K ST 5K 77 (1) 58 1B -

FB KT A N FE R BRI, BRI 1) S it 1 e R R i, (H R [A]
NRIERURIE 5 /KA A ELAR P ARS8, A5 7540 K B0 55 7KAR RN AR B AR ELAF ) B 22 (A
Ko GHARTIORL S Wi 5 18] AL I 7K 53 AT R RE T BLZE » G KRORE B AT /K S 1T 5K 77 IR RE D855 -

L5 LRTR, YRR A (R ELVE P RERR K, I HLAN ORISR 5 7KAR 0 FEAH L
YEFH RE I Z2 B B /N, RO RIORE £ i 7K 7 1T 5082 ikt 7K 3 T 70 A1 (1) e ) i, HL P AIGa
IK S K JJHIRE TR . X 5 IATE S =Fh A 4518 — 3.

4.4 INGS

A R AT 0 TR T IEWT T T ARG K ORI A2 (0 2% 7K /o i S
B LL B E 2 J5, GURRBURLR HZ I3 B ARISE . CRKTERRB 0 HIous . a2k,
FRILANRIL, S B O LA IHE ) S oK UL /K F T BT 5 . a5 Bk
7, AR

=3
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(1) BAREE 1 oK UL T 42 1 2 1] 1) B LU R SR s i 1 b Ve 2k [, (O
AR KVERL [T, AT AR GRORRIORL S5 KA AR LA AT SO 0 oK UL A e 7K S T
(RIAE B, BLA 520 1 GRoKAORE - AR AR Ak re A s 5 ek AR PR A LA Y e 2R 224

(2) ZRIMPESRE € NI 5, AEFATITEFC I PR K RS B o, SR 2 i
P AR5 58 P9 2909 AU 3ot ik 7K 3 T 3o AR AT AR R 0 AT 520 e K I ELAE R BORE 5 il
A EAE F BEBCR RIS T, GUORBIORL S 7Rl A 22 8] AR AR Y BE 10 Z AR,
& BRI K ST 5K 77 1R BE 0 B0k

(3) SR PESRE P € NI 5, AEFAT TR DR SR K PR v, SR 2 1 %
AN JE R A K UKL X i 7K G Tl AR A KR 0 AT R B oK, I HLARRTRL 5 7K A AN
WA Z TR FIA BAF P RE (B e/, B BRI /K ST 5K 71 B BE /T ot o

(4) ERATWTFTHIXT Gefr,  GRBTRL 5 /KR AT AR AR ELAF F e i) Z2 (8l JF B
AR RIURL 55 Yl AH AR ELAE YRGB, oK ORI il /K 5 2 5 P PR SRR, oK Rk
BEEALR I 7 S T 5K 77 1) g T 58
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AR FURL S T 1 B RE I . I TT, A SCHUS R AR AT
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% 2K S AT IR AL o T ek B R R, T Bk B ik 1, 23
WAHRIE S, fE A AR K SIS il 7K SR AL ) NMy 9K BURLIE RS e 1 242
FRBELE R, SR Si0, BRIMRAIKA, BekeBEsm AR, I S AL A M AN,
S T AKARX AR S RE T o (RIS, EROAZAOKRBURL NN, {8 ST Akt 7K 7370 H 1
%, SR EERER, WAHAKAR 7 AT AR G55, S B AR, M SO
T 5K 0 B o XA e AB 1 B R RIORE W] LA A Bt 7K ST 5k 77, 32 i KA X AR
I HE ST -

(2) [l 2 PURBRLR A F DY+ e et I8 o2e+ — hedk B 1Rk
FE, R LSRR BURL (i K S A 1 . v bk R BER SR e, e BB A 1 4N
KURE- 55 ol A AR LA A 5, R R IORE SR i 7K S T A AH 731 AN 7K 73 19 704
BEJJHE5E, SN T AR SRR, &R BRI K A K A RIE R - B9
R I e PR BE B Se A AR AN AR T, S5 A2 R I SE (R 080, BT TE R0 (1 B 2
i RREETCIRAm AN WA T, R AR ARG . M BREE BN B0 8 I, DY RBEHUERL
Z Al MRS Sl AR e, SOA 25T RO B s 1) 02 i i S5 il A 0 B 0T DRl xe
A 2RI 7K ST AR AR 235 KA 73§ I 0 AR M B R, IR AR 2 10 5Tl 2 T3 EE e K
AR IIORE P IR IR T 5K 7T IO BE FT 5o 3 ARKORL 3 5 il ARAR ELA P AA B 2 A, 2R
AL 7 55 il A AH LA REANGRORORL S 7K AHAN ELAE HY R 0 2 (E ey, B A G IR 4K
RLT B A /K ST 5K T T RE T 12 e s K s 17 24 40 KWL 155 AR AR T A Y RE I 048 B
I, XANEERAEAL
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