D»TND>7DY 790 *N1AY M2 :N»NIN N0 SN NYTN

2015,7"ywnXP 0PN TYIN P1ND TIVND
037202 :)ORWN 790N
71°1°32 DX)YN MXNDN :NAD)
RS ARSF)

T MTN 579 3710 Nnbwn

PN NTAYN DY DTN NN DTOY DXTIONY

N5 MINN

DYDYy :01panavn WX

DOPI9 MY M PORYI :D2WNN NN NIRWA MWD .2

mTP 334 — (333x1) — PWKIPID
mhP 665 —  (33ix2) — MW P19
mTPI 100 — v

(097 W) H910) Pavn) WY1 MmN MY IIN )

DONWIN IN NWID DN NPNIN NIANHD DY sNPNN T8N DY DY :DTNYn IRNa - .7

2IUN P92 DIYYY MIYY

(1791 DN, DP9 YWKRI) QLRI DNDY IPNXIIY I DI, D719 DTINYI 7221 1NN NIANNI 1N
11NN N0 DINS Y10y NPNIAN NIANKD \INHY DT DY JIWHI MLV DY .HLPL TINY DI YRIL "NOYL” DIV

STPND D2IN235) MINAIY M13191DI 953 PYWHA NMINDIN AT PONWI N1PNIND

Innbsna

/972 72yn qwnn/



NI + 037202 'DN ,0"YWN VP, -2-
NIONYDN
SNTN DY 1993 DY DY) DININD DIMD?) DY To7N 120 DY

(MM 33%) PYKI P9
19229573 22K — N3N XY

2-1 mbxwinn nnx Sy my
DNNY DYNIN DPOINN DV NPOIY NORYD.NINN DA MTION A1 .1
2N PRINN 27N DR DNN D270 NN .DPD°0N NN DRI JOIND, Aug,am K
.1336K »on A“(s) S PPN NMVINL .DXTIPI NPIAZN NN INMN DINY
2 PN PIPON DY NYSINND PPN PINNRD Au(s) SyowennPma i
MNTN 7300
NPWN NIR P 80, 1T IR 1,92950 D»90)N DHNND WD IOR VIR i

PPN YN 2N PPN YW D090 23733

1299239 PN 299239 PN
Au( 0 Au(s)
11 I

2NWN Y PWIN NYYONY MO0 N¥MD A0 P ,wnwn, Li(s) 0D 3
(1) mann o 5y paNay, O, (g) 1¥PN DY 2 DYNo

(1) 4Li,, + O — 2Li,0 AH®=—1191.6 kJ

(s) 2(g) (s)

NPODN MNd DY 1IN Li(s) 21 1 WK NVYAIN MININT MO X YN i

QN nxvId . 0, () v
:(2) Nann o %y on oy N Li, O(S) nMNNN il

—— 2Lit 4+ 20H

@) L0 +H,0 (aq) (aq)

()
199y MIYN I NINR TN NLYOI DM DY DXA)IN Li, O(S) W 67.5 gr WNd
.12 9PYy0 NN NAWNY I IIRD MNID

.(2) mann by, AH® ,mipnn mobniNa n»win IR awn
/3 Tmya qunn/ 2N IR VIO



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -3-

JPYYNI DY DPVNNI TR NWNHWN, Pt NPV
JW/IOVITPON I IION i
0, ) AN, NHy (g) /MR PININNI, NO(g) LINNNTTNIPIN DN il
:(3) nannra by Pt(s) mnoa
Pty
(3) 4NH,4 @ T SOZ(g) — 4NO(g) + 6H, O(g) AH® =—-902 kJ

WP NVASTIR DY D7y DM PIodw Y103

N-H 0=0 O-H Wwpn
PN NPOYMIN
391 497 463 KJ
( mof )

VN AR VIS NO(g) MNP DI WP NPOYMINX TN 2WN

DYPPP2NN YORN2 M MNDIDNLA HNPWN NINNY NWPWN, Nb(s) , D2 NONNN
998D YN pa 2332 ko ,(CERN) 1702

.(298K) 770 nMvI91nva Nb(s) v, B A, mmn)T onw inpd 1aw non 17y

.03 50 NP B T S nonim 073 10 An»n A 72037 Yw nonn
.I5Knmvronoa, N, ) POM PN VY 1 DN TR HI3W DYTTAN DD NWINPY
JINR 72037 192397 993 H3Y

293 2191970 YR 517 10 IN D100 DR ONND PI PINIRD AN DY Pronn i
MY 7PN MNDTH PNWA Nb(s) DY PDION MPANRINPWI NPT IWNIDR VAP i

JONYIR

/4 Twyaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -4 -

JMSNINT DR YNND 3T M TIDYD 50 P, wnvn, SOZCQ2 ) SN MM 2
, CL, ) ;222 pananna vapnn, SO,CL, (@) P 293 NI NIND
. SO, (g) APINANTT 1°79) a5
Cy 229 DN9 — 191 MNON2, 80°C Hyn NMOINDA NANNN DX DOYXIN
180, (g) 2170.62 102157 707 1 IN2IW ML 2537 102 117y
2yobno vym CL, @ 5 0.62

0y SOLCL, ) SV 1230 MINWA NN N PIVY 91N

SOZCQ 1979

2(2)

mol
( Qiter )

0.7 -
0.6 -
0.5 -
0.45
04 A
0.357
0.3 A
0.2

0.1

0 . . i
to t ) t3 e
VIV 2792 ,5PWNTY DY asn Mmiv Ty 0051 NYNINNY NANNN IR NDY - .\
S P30ty 2
Ly A0 G P3P PI93,107Y03 Cﬂz(g) B SOz(g) SV DN IR 2WN i .a
N NN VI

2921 NYNINNY NANNN NLY YPYNn-Imry ap Sy noan kDI i

YN IR VIS DY IR VM

/5 Tmyaqwnn/



NI + 037202 ’010 ,1"YWN NP 11D -5-

Lt PRANIWNALN Y ALK YA i
? t5 1982 YPWNTIPY DY A0 WA TY NOTYIN, NN IR AP ,NINTIDR i

20
JA07 JJPNIMOPRIR TPRIMTIN X NPYWH N2NNN DN yap iii

AV IR NIY DN ORINT NIONAD XN K PYD NNDNIY NN
STV IR AN9Y NOIWNN SW IPOILIND NANNN PPINA DN YIP i

pakilviviniviiain)anisinmiviy)

ATPIRINYY 12200 DY POIVIND NAVNNN PN DR VAP i
IN T1DIYNN DY POIIRI NPWNNI DT 12°2070 DY DOIDIRI PN DR YIP il

203 000 1OP

/6 Twyaqunn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -6-

(MNP 663) 2 PID

NE2)RarPA) 33% — N9RY Y35) MORY MY Dy MYY PHY (16-3 MORY) DRV NYAW M1 9793

% 9993 DYDY NPIYYW DINWIND IN NN DX N1°NAN NIANK DY 28NN T80 Dy DIV

YNNI DI — PYNKRI XWI)

, HBr(g) RApkBiapa NaBrO3(S) L0 JINY DY NE1T 1ONNA NP NHNWN
YR D972 NDINDIN HINKRY NINNN HNR IROYND DTN
. NaOH(aq) STOPITNYIM NN, Br, ()02 DN NaBrO, ) XM 0 IIN

. NaBrO4 ) DY N¥» PYNN S Horphn DwIn 9%

300

NaOH,q) Bra) NHBr) Ny,

o

~

NPIN
2 pRlA 5m iy
APIOPON 11200 I 12N NaBrOj
NPOY noXvLWH

)

wI1»D)

Hy(g)

(1) nann nvninn IHhann Yona

+ - + — -
(1) 3Bry, +6Naf +60H, === 6Naf,, +BrO3,, +5Bry, +3H,0y)

- NaOH ) nonn 5w npoon mmd by Bry ) 0M>p 485 1230 T nann2m3 - K

M NDLYN IR 71PN NaBrO, ) DXNINDP NI VN

22N IR VIS L 90% NN NNNINY NIN
DMNIRY DI DI DYIPIN T Nannvona A
. (1) 12112 52pnnn MxI KD NN PN i

N0 DY PN ANTNIOR M INDI TN 0N il
/7 Tmyaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -7-

.1 200 Y911 NYNINNN RN NN DI BrO@q) Ny
nwnInm, NH 4Br(s) 22172 DYINR KW INLP NN D20 11 12vn Hand
:(2) mann

(2) 2NH,Br +3BrO, ) +20H — SBrj, + Ny, +5H, 0,

.(2) M2nN DX DY TN 1207

12Y NPOILPIR PN 121y NaBrO; (s) Y NTION INRY HAPNNN PIOND

: (3) nann nwnInn

YYSnwn 0N

(3) 2Br+2H,0y — Bry +H

o +20H,

2(g) (aq)

XD 9207 . PYIND HY NN HNR IRDYND DN IPHILPORD 2OW i
D12 NYIRY DY 19D )PnY 121y ,NPI0PYRD 1NN I8N, Hz(g) AVariaTs BERS 11
TP NDYAN 2790 19D JP N

.20 . NaOH ) n0nn X HBr,,) N00n 807 1% 1005 DN yap

W MY1N PN D) WIN WHRWH ,NNO0N 1PN RY, H,y (@) VPRD

(4) nanna vy, HBr(g) RiAN i )alya)

e — (6]
(4) Hy +Bry, = 2HB AH® <0

2(g) Te)

- Y)Y
- Bry () 1 9793 Hy () D710 12000 2o P>
M9DMOK 1 YnoM 500°C NN 120NN Y101 NNVINNDLA
PR DORINA (4) N2V DX DXYNIN VTN IA0N2 IWPIANN DYTNHYN
.DTNON Yy, iii-1,M2wn vidw sk

12123 XD OIN NI R DR dii-i MDWNN 19 DNX DI MY ¥ap

A0V 0 YNINN NaNnnw T 9Tyl H, (@) DM i
J0AR DR PRI NN HNR IR MOYRY>79Twa H, (g) DM il

NN HNR IR MHOYNY ¥T7I DM NHILINNVLI NANVNN DX YN ii

/8 Tmyaqwnin/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -8-

1IY2 359102 NP NORWN

DXIMN YW DP>PYN D200 DIWNN YW DXINK D257 DIDN 29 HYYW ININ DIPNN
,019°9191 17Y2 ¥29¥99 DXANWN O DINN.(INX 997 1I1712919) PBDE 1on ooy
.DX2VNN *P5N DMWY DINY

P52 D120 ML 19D N M 2571 PBDE »on 19ya vaovn

.B 7Y A npmNa DMX D) .ADRD DIINN P2 DY SY 120 MXNDI) PIoY

Br Br Br Br Br H H Br
Br o) Br H O H
/ / / /
Br Br Br Br Br Br Br Br
B n9ya 25yn A P9ya25un

.09 1y1>10yn 0N PBDE nonoamn X
2200 ?7D°2°¥9 NP1 220900 DADN NP DYN DMWY NI i
D299 719Y2>20y0 NMIYD DO NIYA 2PN DY TR NI PY i
DINN D°2°37) DO0N 19 Dy 01208 PBDE non o mnn s pbnyym  iii

.20 ?7Davnn by

WYY IYIPY 7 D112 MYIND MDIINND MYITIN MDD YWY i .43
D119 HY NIY2>20VN

.D>1°919 YW HY 2179 MMDIDALY PIP MNOINIL NV PIBY NYILL il

PPONNOINY | PPN NNVIdNY W0190
(°C) (°C)
258 165 122977197019
473 330 N2

DN NPRDY, A 1Iy3 20y0 DIRNND HWY N1HA0IY DI 12 NIHRD

.22 ? B "yaaoyn

/9 Tmyaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -9-

.90 77Y2 2090 DN DY NI 20Y0 D wowh 915> TBNPA 9mnn

: TBNPA Yw nyan nnomn 1ad

CHzBr
BrCH,—C—CH,0OH

CHzBI‘

¥ DNYY MIYIVIY DI NIY 77 2¥9 NIy 10yn wpv) oornn TBNPA

N0 9200 . —COOH ,m»20ma9p msap

:12Nn 9%y TBNPA 5aph wan

CH,OH CH,Br

HOCH,—C—CH;0OH) + 3HBrgy — BrCH,—C—CH,OH, + 3H20q

CH,OH CH,Br

SI0917IN-NVID TBNPA

D>oIPNN HBr(g) DY NPODN MNI DY NOIMPIR-RVIF DM 10 W nanna
TBNPA 51m 7.2

VD IR VI DN NINR IR AWN . 90% NI PYNN NININN HNX

wnwh mhy, AQ2 05-3H, O(S) L0770 YW PPN A, NPNNNTR MO DX

:MANNN 9 Yy, 230°C 1MOINNLA NP It NN DXV NIV XAOYN
Al,0O5- 3H20(S) — AQ203(S) + 3H20(g) AH®>0

DM AW PY 777w 120 oM AL, O 3H, O () N300 T3

/10 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -10 -

D991 — 23 NYI)
.D”»VNYO D200 DNV D27 DININ 5

.D>2>D DINPN DINY DX IYIIN DY Y70 PI1vdw nHava

ORI 1 A 77099900 M0I9N LY NININD DTHPY 120N NNOI =17}
DS TN | Tg o M990
(°C)
JWONDY T2 6 (I)I (|)|
G7INND NYrH —C@C—O—CHz—-CHQ—O-— NPT
170N (Ijl ICI) 5
9] b3}
- 80 ~CCHy); C-N4CH) N~ o
DN | | 6.6
H H
e CH,-CH
MODMNNY 85 Tt | - 299
DN D3 OH 2IMION
I
IWANN NOY T2
135 —N@CH2©—N—C{CH2)6—C— Mop
47INNY DYy IlJI Ill

D20 DXINN DNNY DY MIPORNDI NN YIYW Y N

7NDONT YT YY MY DXINN NYAVIY DI IR i .a

12 PYD NN NYY DI IO TNXR DI HY DIINND M MRNON DWW i

UM T WY N 09, Tg 12310 17019002 i 2
AT MDINNDA IDINA DYNY DMWY DN IND
. Tm ,)nn DMVINNLA DO DONY DNPYN IR IND il

6,6 N5y Tg-nwn ma mnop by Tg -n Iy »TmIaon il

/11 7mya qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -11-

NP TN R PIPT XTIN 210 DIVY DNOD >THa
MIYPI NY1IY DXNHN MNPINN DY P73, PNRD JTINAY NYID DIWIRND PIPT T2
IIPTH IIIWIYD

TN 9200 .9TINNY IYREY DIWINRD DPR MNP T2

.D0N D02 DONN DIMIYN 5911919 W71 7101 i
INPNN I 6,6 NI IO PTOOIN LY NY»I YN i

INPTINAD M) 6,6 11922) MD190 VT 110N

/12 Twya qwnn/

T

o



Nav) + 037202 ’'0N ,0"YWN P ,1°1°

-12 -

AYNN TINN MYXNIN DPYYI THN-NYH MO TN DIV NDITH

9NN NN, D0 DY PT DIN DXV YODINNIN 21D DN NDOTIN MOLIWH NNNI

L1220V INX NADOY M)

DXWNYNN D7D DIXMH DINY DXIMNN DY 1120 MIRNDN NN 1oy 1102

TN N5NA NDHTNA DI NIdNY

DYTNN DIWIIY 19190 DY ¥ M NNON
DYDOTIND DX Sapnnn D999 / 92939979
MNIN>PON 12291719019 CH,= ?H
MPPYP IMIIN PP
| (PP) CH;
DOYINYN 1LY CH,=CH
TIT2 >IN (PS)
NN PN LNIIPIND
D»N197 DY) (PC)

G
NetieX
CH;

0
|
C
7/ \
Ce Ce

:DXNMIN DINDDNON NLIYWN TNR YD Ny

9091910 YW NIINN 17R°D 1320 DN DIV

ADNT YT DY IMNYHTIN MO T DY NNIDHL INPN 121971 DX YIP

/13 Tmya qwnn/

i

il

N



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -13 -

AP0 5w, M ,ny¥imnin 1119100 1001 1YWY MIYON v Mo nya .a
.DONWN DI PO MYAITY 199190 MNIN DR DIRNNY IWOIN )2
129 NYXINND TPIMN NONN P IYPD DX DASN PIaYY DN

OV IVWP 7200 90119919 DY, Tm ,)3°nn NM0IoHNo

a0 — gr
Tm=114°C , M—ZOOOmOQ IWUND
Tm =180°C , M =300,000-21- uxo
’ ’ mof

JI102 WY NNV JPLDINN 127917197919 :D>IDDID MW 1PN NTIYNI i D
SMY NN DIPDI0N YW DY NYHINND NNV NNIT
203 291 MYMON MIYIVN DP9 IWN PRI
DOYNNYN ,MNIDN MNIN YOYA D9 YAPH >, 7NN NOPNANDATHA i
)2°91719°219-1PLDYND IRIPN MNP NI DN THXR .DINNPA

TP DY XM YLPY 1)1 NNDI DIV

(.37 Tmya NHNWD Junn)

/14 Tymya qwnin/



NI + 037202 ’010 ,1"YWN NP 11D -14 -

M >T> HY MY RN THNNYN MDATHI DXIXIN NYMD NODN DY

112 PO IINN P NDOTHI YNIND NNV .ADND-TILIIN NP NYOWN1
D»51) DX20 2IWN .0IPRIDID HY (MINMN MT N> 10 Ty) MIXP MWW
.22% PN VNP LAPIN

:20X1D1 INIMPN HY YOPY 132N HNDN P

|
i

C=0
C=0
o o
O (IiH———|Cl,—-—O—-—
—o—t—cn
5
|:O

-+ + —CH,—CH—CH—CH— - - -

|
?ZO
7

1YY IWR DNY W DWPINP HAPY YT MIYON PHIN DX MIONY TWIN i
M) DYDY NI MNP DX WP HY MPTNN DX YR .INY MPTNI
3879 Y73 1910) IR
JVN0ND DPVP DY —
DY) DNNYY —

LPVINRA DXPHWNT DHPRDND ,NNIN AN WINNPIN DIV, DONNYN i

TN 300 .DDDNNNA KD IR, D91 DYN DN NN DIVINYN

/15 Tmya qunn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -15-

N3N TINYI PONYD qUNN Y DY

/16 Tmyaqunn/




Nav) + 037202 ’'0N ,0"YWN P ,1°1° -16 -

DP2NIVPONIIPID 1990 NN — MO 119190 — SWIHY NI

:07YN, C,)0N9 MMLR YW NI DYIIVPAD PN DI PINX NLYY Yy D37y 913

. 764nm , 659 nm , 173 nm

I PIIN AWM, AN 121N RO IDY PINIRIY NOIDY DIRNNDD 2370 7R IN2

200, PN IR VIS . (J) 9N T Pa

0N 4.83-1076 9y NI DY NPIP VD PN DIVN
(UV) H15077709% DINNA,IRIIN MIRD DINN 12IPD DIRIN 7T 93 TN DX YIP
203 . (IR) DTR"XI9N DINNI N

WD AR VIS VN 4.83 1076 5 IR NPIPN MPTN IR AWN

i

il

iii

PN HY DYMILRT DPIPYN DINT

o

|
Ol Opg 0%y Tp,” Mpp™ Opy  :PPINIDNILPON MW 1107

20 . C; P>P20N DY RN NNNIN DNILPIND MY DX YIP
(0%) WP RO RIPD HVL>ANRPAY (G) WP RNID HVXINX P2 DTN DX 120N

2m? CJ N Cy I DY PPIN AON

/17 Tmya qwnn/

i

il

1ii

N

v



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -17 -

QPN SY NPYII MNYONY DI DI DY )

.079732) DIPNPA NIDIN YD NMPITY YD DXIRNNIN DXIPN MDY PIvd

NN NN
IN
2N
54eV 2N
IN
IN IN
A B

5w 19911709 NP 09 ININ, B IN A DIPRAIWDAPKYIP i
200 .mor N 99070 007 w1

.9.3-107 197 N0 D00 N Sw MoK PINRA WO YWY i
TTY10 IMINY DIRIN 7T JIY DX ¥IP

200 PN IR VIS

/18 Tmya qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -18 -

L(LED) M D099 1717 SY 72191002 207 windw Duy) MNINRI DIva .8
SNRD OINYD AN PA,NYR MTIT DWNDNYN
.LED S n%yan papy nx 9200 . LED 12 25wny »onwn Divn bw indo oY N

PN iy
N ¢ P
1990 09
__________
n»oIY 09
- +
-

. P ymiromorm, Ga,0v9) mvoxn 2191970, GaP w123 by nooiann 77T nnm
RN MR DINNA NPIP DO NTYTH
. PPt DILRI DMIOPORI MDIWN IR DY i1 .3
Y27 YW DDA NYND PR, As JOINOIMORL, P )niromoxn pon dwnabnn i
WTN 1100 DTYT WHYD

NTYT ONWI DNON PN YYD DI PI9YY 1202 .

GaP GaAs TVTH
JION 229N VO
2.3 145 (eV)

.GaP v %Y NDDINN NPT D LN NN YA YIP i
200, PN DN VI

MORD PINRD W P22 GaAs NTPT2 NORD PINRD W PADTINY NPON>M i
? GaP n7v7a

W ATPT.OIND DR NONDN NTYT MO DY 1N 2014 MWS NP>Do1 5N 019 ii
. Ga, v moRM, N 17N »mmoxn 1570, GaN w1y Yy novian
, In,DPTYPR MONDY, N 230 508N 2579070, InN w13 Yy nooann 7T
NTN 300 .5INI MR DD DN

/19 Twmya qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -19 -

NDN NNDIN YW NYHI DIILPOD KIN DN THXR I .DINIVPID MDY I
DXTMINNN B2219570 D*IWPN 190N IR XN n NN . CHy~CH = CHy;CH;4

APOMNI
n=3 n=4 n=>5
ny'oa ny'oa ny'Ha
: ,
265 93 9MN 93 9NN 338 5 1M
(nm) (nm) (nm)

790102 MY ,1P2D0PN NYHIN Y ,231 TR 1POYI DR 1101 i

2DINN HY MNPYINT DITXND D919 DIVPN

. CH;~CH = CHygCH; D200 7 5y yo00 MR YA Im yap i
7Y0210132W 2370 TR DR D>TH0 N2PKI1I2 G0N TNINN 519 WP Do NI

200, PN DX V19, 35 nm “1,7PYOPN

/20 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -20-

PNRTPDN PINN 1190 — Y229 KWH)

ARDIZINIZ-2 IV IN 2ON 1AW MNNA DPOIY NORYD
NI IIA-2 HY )2 INDN 7)Y
CH3—CH2—§H—CH3
Br

ARV IMII-2 U DMINPLIRNV Y N

SIVPORI PN DILX 2>2D YANINN MR IR LVLID DIVPVLIN I TOX DI NIY

o N, CH3; COCH; ) posrwnanm. 1 (CHyCOCH) /7?2 BY 22D XD IN11-2

v =k [CH;CH,CHBrCH,[[I"]  :X°N W 12002 MPRINN 28PN IRNWH

OAVDIN PN NIRNDY .3

2070 YW IPOLAIRD MY ¥ DY NANNN PN DX WIAPY IWOR T¥I 1107 1D
NINN S

200 .02NNN P NYIAPY NADN PITYNN i

MIAPYI MNY’ XY IR T2 ,72Y° NANNN AP DX YIP),2 PYyDI DNDOY NANNY ON»HN .7

.7222 iii PYO-NNA PRI . iii-1 DMPWN I TNR DI

.NANDN DX DOYNIAN NAY NI NIRYYN i
CH;—CH,— CH—CH; ,Nvn1 1NDI-2 D IRV IMI-2 NNl
I
Co

.22 .CH3;—CH;— CH,—CH,—Br jxviaymia-1-9 xmama-2nebnn il

. HBr(g) 2021990 P2Y A 129009 P2 N2VNT IRVIIMI-2 DIAPY IWOR D
. A y20Na% MIVOR NH2N NNDN DIV i
. HBr(g) DY A YPNNA YW NINNN IR NDY i

/21 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -21-

, CH;CH, OH(Q) S2NRIN PR TANND RIS DPN-3-1073-3 Dy Manna npow moxrwn 10

HRDIF PNN-3-1993-3 DY NI NN PIDY 0NN NI

o1
CH3—CH2—C|—CH2—CH3
Br

mIpeyn nannn , 1 (CH;CH, OH) STV 031 DY 200 IRDLID DPPN-3-19172-3 IWUNRD
Syl NI NIMNN NIV N NYNINIY

DR TTY PO DMIPYY DININ NIY DYYIPIN

S PN DYNINK NANRNNY 197 INX P1) XN i N

.D»IPOYN DINND YN TNX Y YW Man nNon Divy i

LTTY DXPORN NYARD N2NNN PN X ND) i a4

IR DN TTY DPOX DI DIPIN N NANNA TN 120N i

TTY DPORN NN 72 MAPYL .N0MNA I(_CH3CH20H) NMPNPININ DOV i D

MTNI300 5T DININD NIYNA
IN T ,N2Y NAVNN AP I(CH3 CH,OH) Y N2 DROYN MAPYI DR YAP i

DY RO

, CH;CH, O(CHSCHz OH) /TOPIRNN I DY I INDID DNN-3-0712-3IWNRd T

. E2 PN PNPION NANN RO IYNINHDY NP 12NN

.DNIPYNRD I TINR D3 HY 132D DNDN DIV .DNPYR QYI2YW DXDIARIN

I(_CH3 CH, OH) %)) DY IRDID DXN-3-11712-3 DY PPN NANNI VTN IIDN .0
TPNPDOYR NN NN CH;4 CH2 O(_CH3 CH, OH) 31 DY I2ON) ,NINN NIAND XD

/22 Tvya qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -22-

Y9 PISPIN DY) D2NADN DY 1199995 — >¥rNn N
.DPINY KD PN I DI MDY HY MO POIWN MWTN DIND XD NP a1
D)7 IX WA MNN IIN7 IWORINNYIY ,IW1 P72 vidw DY NODIAD MLIVD 1D DNX
.DWTN DY KA,
MIVIY P DAIYP DI 71 DTIR NN .INPNDIZIDIIO DN NWYND XN w1 paT7”
, Lys P00 nyenKxn mgminn Y npTasn mKapn 11 DN nOR DIYR DPT0oom

:12NNN 9 Yy, Gln,Ppnvivn

GIn
[ 25N nwav ﬁl
|
0O ((|ZH2)2 —/\—ﬁ—|CH—N—/~
(|3=O O (]CHz)z
NH; C=0
ININVIZIOIIV |
- H_TI‘J + NHs
N Q (GHa)
I1 pavn nvv ﬂ ((EH2)4 —_— C—CH—Il\Iﬁ/\

N C—CH—Il\Iﬁ/v H
H
Lys
NPTV MIYIY MINN DAY NANNN P ONN NANHDPAIMYN N
JIVPNN NNINN
JNINNNONY P TDXR NPT PN 1

NADNNONY PAIONR ST PN i

DOVIRD NIYLIPATINY INILP WA MIDND NIV (PPOD”) INMIIR DY .3
IRPNVIZIDITIV
NNDIND 2NIADN DY ONWIOWN MI200 DY DWNN YO0 TN i
AIWY RO INNIY MITIND NPIONN DPR ININD IONI P i

2P N7V 7300

/23 Tmyaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -23-

SV 21791 1NNTY,0%YNI NYNINN IRPNDDIZIDIIO DXHIRD INYN NIY,NODN 12NN
.1LN PN

. Glu 700123 N8N YW T80 NP2 N9, Gln,PHRoIY) DY T80 N¥IAP 1% 121N2

. Pro—GIn—Pro—GlIn 7°099-y39X X1 D»YN1 10N NIAZN HYW 717297 3IINN TNX
L7.5 N o»yna v pH n

DOTIND DY MY YINR NI TOO9I-YIIRD DY MDD INDONY RON NS» DWW )

.pH= 7.5 “2R»NLIVIDIIW

DP¥MNN MNP YV pKa s>y prad 7
3.6 5NN TYd-yaIRa C n¥p v pKa
8 5 N1 Tva-ya1INa N xp dw pKa
4.25 xn Glu bw 780 n¥ap dw pKa
: pH = 7.5 -2 7099-y2981 YW 551970 Jy0nn NN yap
ARPNODIIDIIL DIVINRD MDY 2D —

ARPNDIZIDITIO DVIND MPYS MINR —

1200 ) DININN PoINIY, mRNA -2 y0pn YY DTPOIRSPNA GINNDIVI 1 .0

ARPNVIZIDITO DIIRD MDY 23D NN TOO"YIIND

5" nsp Xy 3T sp IR N
%) PINYNN PYNNAY, DNA 1 570 yopn SY DTOIRIPND QI IR DWW i
.10 99yo nNa MIwIw mRNA Sv yopn 10N

5" nsp Xy 3T sp IR N

/24 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -24 -

LDHR WY M RNA Sw mmnhon mnphmny wan oapnn 12
(DN TOIRDPINDI DN NDWN) D1 MNP 19X RNA mhipHin

.DTP9N 1NN 71200 DM D2PDNNA DI DN DTN i N

.tRNA »om mRNA »on RNA m%pom by opponn DN invaon i

("Prn”) HOITN MDY RNA m%pHhn XN D2 by m»ys apy .4
A1 LR RNA m5p5m mpronm
TN RNA m2pHhm magy maannn mvpn RNA m%p5mn )amn Iy
A Y MwTNN RNA m%phnn Yw 0vaxn
D>)2Y%N DY2PNN,DNIN MIWY,NNN N )Y, RNA mhphin awrd i
MTN DD D T DN
v 7PN’ >IN 1Y RNA m%p51m onw bw mnsph man mxXNoN mnn - i

APO7TN Mayw RNA nopHmn

21 NH, 0
>
5:
: o
: N X | / N NH
(|) 7 k O=—P—OH ’
| / ! N /
O:T_o o N N o o N NH,
o
OH OH OH

I nywav

OR MNP O NY DY INYPN YW DY NN YOPY 132010 HNDN DX DY)

/25 Tmyaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -25-

D190 PN MRNA NDIPOINI DITOIRIPN I YOP PI0Y )

5" CAAACCUCA 3

%72 DPRINY , tRNA “2 DNTIPPOIND D TOINYPIN DY DX NN DIV i
DN YyoPaY
L5 nsp XY 3T N8P DR PN DINTIPYLIRD PO TNN 933

M MRNA “1 yoPR T DY THIPN IWR NPPNIRD MXMINT Q¥ DX DY) ii

RN M2WAY PYNIR NPHN wownn N XN ATP 7

: ATP 55 m Yw 1)an nnom Paad

NH,

OH OH

TOIRDPN YV D22397 1A% ATP n)pHn0 HY 0223970 P2 Wi i
. RNA m»phmnav
STOR DTN TR PINDT PN

. ATP 15w 5w nyann nnona @ B @ DOINDNN DIWPAND IR PN i

/26 Tmya qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -26-

135300 YY 1090 — KUY W)
LDMPN DY DYHWN) 191702 DN DTHR DIPINPOW ORwD 13

(aq) HCO;(aq) N DY DYIN TI2N

Nagg » Meqg « Cagy + CL,
7DUP DN MII NI DRI DONMN DA IR 1 N
D991 DP1) AW 1PN . IINNA AR NIILNN WP DN DWNNWN IWNRI i
JPIAR MI0NIN
N1 PIX DI PONN DX YIAP .DWYP DO 1277 5T DY PYNNI DWNNWN il

L2031 .DIPIXR PONN IR DIVOP PINN

140 ppm N> D70 NPWPY RN DN NPYP 1PT1) INID INPOIW DR 71 A

. CaCOy ) v

. PPM T, ININ P D0 T2, CaZh JT0 P v N12I0 NN 2wN

(aq) )
YN DX VIS

. Fe(s) 2172 NI VY IPOYN 23I0YW NTI9 MNPNI DN DN

NN 22 5y PNMP 1Y NN DIYMN DN DY ¥ana N1 Feg) TwNd

+
Fey +2H;00) — Felh + Hy ) +2H, 0,

(s) (aq) 2(g)

2+
YO O 9935
Fe(aq) D DI Fe(aq) b)) ,Oz(g) 80N MNONA

DN DYY) DMDN Fe )1 MNoN1

(aq)
( ) 3 MDYy NYOWN DN NPNMINA MYy T¥I 93100 )

/27 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -27 -

.D¥NOYY DN PAIY 192 90 DY MINANT WYY IPTA DX TNYN

:(3)-(1) M%IWon Libwn NNR YN DN NDTH P2 DNX D2

2w DNOA DMN PYO (1)

DYV POIN T DA NN (2)

DOIR PONN T DN NIV (3)

. Fe?+ Y PANR 127 MPITAY IYIAP DY THNIOND MP>TIN MIRYIN %9 DY

aq)
2DON WIDWN NNN DI INRY D TNONN YW N1OXNN ¥ N

2+

JPI0NIVIMILPAD DLV DPYY) DD v MnnTa Fe(aq)

)Y DY 1IN Ny ap

24 o 34 ey ,
- Feag) w> Feq) 207 IR D00 ORI 25wa

2+

(aq) )Y DY NP WIN DD NIWN 2DYWA

DYTX (DPYaMP) T8N Fe

213 97 D291 7P NN

N0 IV NN DTTNIV NYDIN TIVY IR 17250 DY NOITHIPTA D TNIONN
DY 9952 Y9Y NI NN

)T Fe(zatl) 21 112> IR TPYRWNTTN NP NIWIRD IPR W IRON i

TN 30N

2% NATa Fe(zag) )9 DY 11D IR TPYNRWN-TH MAPY IWOR TN i

/28 Ty qwnin/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -28-

.D»PY 519701 INTIN TN I P, WNvn, NZO(g) MPINYT I8N 14
DN%YI 1AW T IR, TN PRI NIDDINOLRIIZY NI .71DNHN 1 NI NZO(g)
MY 170 75 — 7NN PIR (D1NN PN JIT) 17 1NN TPXNN
NNNN LPOAR NIVNY NI NN TIII0N 1 N
R DTN NZO(g) 0 NN TPXNN NNOYI 1AW PIRD PRI VTN II0N i

DNND DPOAR NIV DY IINN

: Nzo(g) W N0 DILPADN YOP P> A

nyHa

|

45 7.7 19 17 5) 9N
(MpPn)

IPIOMINILPID NL'WI PNND NHO ) SWNPMNINNIPY WoN i
200 NTTHRN YIS TN ¥ 93 TN PRI YR NN DITOPID [N

.12 9PYD NN NINAY KON TR YO2IW POI DY MINRI IN WD il

2PN IX VIS

179D OLNI Nzo(g) 11272 70y DTN MNINNRD DIWH DYIINI >
7> DY ,DIWTI MINYOIN APIN MDD PP S NRNIN INVD PaNoan oy
LDODPIRD YPIP DPTOND

.179DMLNRA Nzo(g) W 110 IR TNNY DYDID DTR M2 NAY JIT Y8

/29 Ty qwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -29 -

.190moNa N zo(g) 5 NPn wnwd Ddyy, NO3 »» D291 D29 DIVT

2P 9721950, 7PIDMNNILPOD 10w DN NOZ (0 20 HW NI AN 1IPS T

.220 nm ) 7Ix3 DY DM NO;(aq) 331 M0 MONHN YW Nyoa0 IR ITTN

JNTTHN MRID I oy nHava

220 nm 9 9783 Ny’da ( QTi) NO3(aq) 15
04
0.8 8
1.6 16
2.2 24
23 28
2.3 32

P25 1Y P2 WP DR 1NN DI 973 LLID,NYIVIY MRHN >3 DY
.DWITIN DDI9N DY LILIDI TOPN DN NOg(aq) 2 HY 112N

.10 ppm N3 DPROPN DY NN DD >NDRNI Nog(aq) 231 DY AN NN
NO3 (g MV SW 11270 NN RY¥N L 0.9 NYH52 NTTNI TAR DD IRNDND 71192372

29) W wH DM NF RN DN DX YA T I0D0T

il

NDMMNA DAYY HMINW NO3_( 9 31 YW NYHIN T TNN MIRNIN 29 Dy

mg
%919 amy 9T —

ST R¥DN PI0NY WY (2 ) (1),73950 DTNN P IOR YIP

220 NOIO 53 HY 3 RN NN NO5 () 00 2w I HTan>1a (1)
DY AT

Y DYY) ,NDMN VD DY AN YW HII TN PO Y2 NO3 » 5y (2)
DN,

A7 PYD NN INRD TN IR NYDI TN 1107

/30 Tmya qunn/

)

ii

o



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -30-

Y aby P22 THNIND DXPID — YA KW
NP nyawna, 0, (g) ISP IR, 03(g) NN ,NIODMORD DY NIYOYN Madwa 15
,N2T2T°0 NI9DNLR PHIRD NADY I IR DMIPNN 1Y N2 DY INRD .AYND-MIONIN
2T PHRD DAY I DONHD 2014 720VODA

200 2P AT, ST,mpn M PMIOIN, O ) N Oy ) DINNNMAPNS K

.C,B,A Mmoo nvdvonm A
) ) ) ) 1
.03(g) DM 1 Do1n By, Oz(g) DN 1 Dom A i
N2 MR DY NI IMR DD WD
201 .91 N HN DHVINY, BINX A D930 11 NN Yap
. 60°C nMvI9NLa PN XM, O D1 0.08 Do CoYy i
2(g)

2D IR VIS DI NI IR AWN . TNIDDNLR 0.76 NI >931 1 YNY

(1) nanvn pwninn . O, (@) 102517, 298 K 1m119001 2imnn , Mo oad )

> o
(1) 30, == 205, AH°>0

TPYAND TPITIND NPYN DR P ONNID G DOLID NP MANNI NIY i
. T,nMoI19000 S 1¥pned, AG® ,mpnn
K Opwn-mvdw yiap by ooy nwdw b i
58:10 ., 10 , 17-107%
.298 K 17179101 3% N2Iynh DRNND YPwnn-ry yiap S 1Iyn nn yap

20

/31 7myaqwnn/



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -31-

2(2) NANRNO9LY PINR DY DI PR T

> 0— _
(2) 2NHy,) +405 NH,NO;  +40,, +H,0  AU°=—1124k]

3

203 .IDWN NPRIR DTV ,N9Y NIIYNN DY POYIVIND NINNN PINI DR YIP
AP DMLIVNLI WP YN MDODI (2) NIND DR DYNIND i

OTI2Y DNN XN I2YN Y NN 2NN DN YIP

.I2YNN PP DX PN — )9 DR

MTN 1100 — KD DR

. 298K nMv1900a (2) nann Nay, AH® mipnn modmxa »»wi N avn il

222N IR VIS

/32 Tmyaqwnin/



Nav) + 037202 ’'0N ,0"YWN P ,1°1°

(1) H, ,+CL 2HCL

2() 2(9) ®

(2) COCly, —= €Oy, +Clyy,

(3) 2C)+ 2Hy(q Collay

-32 -

£ (3)-(1), Mann vbw Mnm

AS gy I TIPIN POILINDMPY Y DWW NDW PiY N

-537-K ! , +207-k7! |, +137]-K"!

.7292 (3) nann May pra .(3)-(1) Mmannn  nNx Y25 AS©

Ry 7Y 7Y DRNN

PINRDPY DX MIRDIND ¢, b, a MMPY vidY MOLLNON PIAYY T 9ma .3

. (3)-(1) mannn May, T, 1MoI19000 YW 18pned , AG® ,mipnn mwoinn

AG®
(KJ)

827 (K)

.(3)-(1) Mannn wvibwn NNR Y% ¢, b, a MMIPYN 1 NNX YD DRNN

/33 Ty qwnn/

.72%3 (1) D3N May prd

16



Nav) + 037202 ’'0N ,0"YWN P ,1°1° -33-

OY2AP 93 P1) P23 XY IR NI R DON YIAP PIgdY ii-1 DTN M TIRDINIY D
PO 1PRYTININ 1NN NY PR C, H4(g) NIND,NPLIML Y i
- Y
~H2(g) 1V C) MO 5

DY N300 DY POILIRD (2) NANNN PN il

NPWHY PIYN TN AWM 17 R DY DY PMIWN DY Janon i 9
22PN IR VIS Y PRI b IMPYY NIRNN YW, AH® ,13pn0 mabmrD

2298 K -1, AGP,53p1in 1Pwoni i NINA MDY SW I DN 1NN Ny awn i

YN DIX VIS

Sw ¥PN9I, G, WONN MINNA NN DIxNNN TV, 1T, 11,007 nudw 7195 .0

N9 PRIN b IPYY 1NN MY NIIWHN 2370

IV 9 I 9, I 97

G ,Pvon MmN G ,Pwan MmN G ,7Puon MIX
(kJ) (k) (kJ)

D210 D3N [nitp)al D3N D20 D3N

7351 7253 7151 7253 7253 7253
157 1590 1590

bpgiVan] N5IYNN NN
.29 . 298K 17119101 navnd oornn 1V, 1T, 1T 029930 10 R vap i

. 827K nmvr9nva noynd oxmn 1V, 1T, I pawn R yap i

1nbsna

YN NPTNHY NNNY DXINPH MY
TIPNN TIVN MY RXOXR DDA IR PPNYnY PR



