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(1951) Kealys Pauson clelii

,,s 1-{. l-23r Ernest Fischer .,rüYl.,/U$llr Wilkinson Geoffery çj*L]. yl .,it+^§lt qll

.4 ù:+él -r {r-ll dJ# thlJll :.'+t olJor-ltKealy: Pauson -l-,l't u'" a-JitJl 4ii--ll eÈ-.r
cal;: 6;^;. ùi J li.-ê. ttl(t)ôur*ll rl nJl' liltî .erll qsJl(,1*+.,8+ dl.),,.il.ii c=6y
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IR (KCl, disc) 1238.2 ; 147 3.5 ; 2399.3 ; 3A12.6 et à 36 1 8.2 cm-r

RMN IIl (300MHz,CDC[)

3.26 (s,gH, H6), 4.26 (s,5H, H3), 4.29 (»2H,H1ou [I2), 4.56 (s, 2H,I12 ou Hl), 4.87 (s,2H, H5)

RMN "C 175 MHz, CDCI3)

52.68 (9C,C6),67.16 (2C,C5\,69.63 (5C, C3),70.71(2C,Cl ouC2),72.29 (2C,C1 ou C2).
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JS-i 6f1 i;;-,ri! L:lJe-l+ ,',1< .1,1à (ll2) el-/J;nl atl^rlf {!-,1} ellll l\J;-,3À i:tc1 .

.%58.31 .+-,1B r3l;,cr3 a"110 o-,11e ' ^il i-=;.: Rp:0.61 +** ç,.1J i

lR(KCl,disc)3384.8; 2925.8;3097.5;1618.2;1245.9;1031.8 ;1569.9;1335.9cm-1

;
RMN Hr (300MHz ,CDCI3) 4.16(d,2H,C\ ; a.B(t,2H, C2);4.29(5,5H,C3); 4.30(d,2H,C1); t
6.g2(d,lH,C7);7.46(t,1H,C8);6.67(t,lH,C9);8.22(d,1H,C10);s.39(S,1H,N).

RMN "C175MEz,CDCI3) 42.72(LC,CS);67.71(2C,C1);68.50 (2C, C2);ï4.92(LC,C4);

I 14.28(6C,C7,C8,C9,C 1 Oou C 1 1 ).
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1:!^ ,..j!êE-ll Lr-À MgSO4 O.----- i10 a-Jl ,-il '' ;: (.!- SO; drirtll cl et-i ,i)3

, ,ts_r,»Àll .*f--+_,ll e-l^llJ Ru:o.19 j: ,,, (-./l çljiil flfjll*Jét -,+L'E ctJl 
-,11-il

â h<i;rXl ,jll.l J!-.--l ,.,1 ,,, (Jâ Jt J,-=l-)l3r;.y ÊJÀ:-,i.Jrilt U r'-Lill3

,., <-.;Jl ro-+,3 I il^-Y ,-,1 ll ,.' <!l l\ «l Cctrzt âl*,1-:r+,J +k rl,.l+. .3tÀJhi^

éllLJ #J,r. jrJ-ljl -3 (ÿ Ljlii' ' i ;1,i1 J) ârL^àyl+ è-il1 rjii-z- üJ ,1,ü" ,J;qi-rJb'r

cl;,-...o= crl-;-r*l+ ,',1( .i1À (112) el*,/1.J:rt:J ) ,l t^tll âÀ-l-:+ A:till lU i;3J.r irtc,! q-,+l

.%44.34c,Uq Jjr;a..r3 ,""118 o;ta-,-ll 4+-rrR": 0.71 !i: i§lr

IR (KCl , disc) 3417 .6 ;2923.9 ;3074.3 ; 1616.2 ; 1247 -9 ; tl07 .l ; l52l ; 1344-3cm-l

RMN Ht (300iUHz,CDCI3) 3.96(d,2H,C5) ; a.09( d,ZH,C3);4.13(S, 5H,C4); 4.16(d,2H,C2);

7.18(s,1H,C7);7.37(t,lH, Cl0); 7.21(S,lH,N));7.ag(t,1H, C9); 6.78(d,lH,C11)

RIVIN "C llSMIIz, CDCI3) 43.706 (1C,C5); 68.659 (4C,C2;C3);69.052 (5C, C4); 85.534(1C,Cl);

107 .099 -l 49.168(6C,C7,C8,C9,C 1 Oou C I 1 ).
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RMN rI1(300MHz,CDCI3) 4.04(d,2H,C5);a.09( t,ZH,C3);4.13(S' 5H'C4);4.18(d' 2H'C2);

8.08(d,2H,C 7,Cl l); 6.5 4(d, 2H,C8.C I 0); 4.68(S, 1 H,N).

RMN,,C 175 tvfftz,,CDcl3) 43.321(lC,C5); 68.707 (4C,C2;C3);69-094 (5C, C4);85.624(1C,C1);

1 1 1.450-153 .211(6C,C7,C8,C9,C1Oou C1 1).
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, d+-,r;.rill .*L+jl e-l^llJ Ro:o.19 ji ,,' (-/l çui-l ef*yt-:él -,el"l-i oLJl -,;13i
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.%44.34 ç-.;8 J3J;l".l3,""1i8 o;la.-il 4+;:R..:0.71 !Âi â§lr

IR (KCl , disc) 3417 .6 ;2923.9 ;3074.3 ; 1616.2 ; 1247 .9 ; ll07 .l ; I52l ; 1344-3cm'1

RMN Ht (300MIIZ,CDC13) 3.96(d,2H,C5); a.09( d,ZH,C3);4.13(S, 5H,C4); 4.16(d,2H,C2);

7.18(s,1H,C7\;7 .37(t,lH, C10); 7.21(S,1H,N));7 -a9(t,1H, C9); 6.78(d,1H,C11)

RMN ,,C 
175 MHz, CDCI3) 43.706 (1C,C5); 68.659 (4C,C2;C3);69.052 (5C, C4); 85.534(1C,C1);

107 .099 -l 49 .I 68(6C,C7,C8,C9,C 1 Oou C I I ).

4

J

ô



r4

f:

û



.H

r@§=
r"",i.

:â.iürll f i^-r-Ë+.itLlél a+êt -1- il

.3lr ,j*À},r k+r ,6t++§y;§ll diJ-:il ô-b A;r-13 .ra â*âtll Çj.;*"itJ"lrill 4!Jt U
\ J\ri-rU,-.^-iJl ,,Ic^qJUl ôJÀe-^n.o,+!l é'^,*llâ!"ilLJ."ril dJ.,, ÈJJJÉ^ll rJJ,^Sll

L-S ,(3bJ -6r-,Si) AL; 4J*,rS" â+-rr +S l§-e ,1§-rlt-, i'r,fYt d"ti: k4s j.+ 
"ill 

!:,df
.:1:,e_.lfSlYl dii q+ tÉl*§ ô)-clii élJi,:,: Lr:ç â.-L: e; r.,*ll so cJsli:ll a+Ji +r+ t § C^;

.â+-"Jl â,Ér+ r<JJ,+Sll dDLcti:lJ â.-*Jl .:+l_ê +-r.i elJ§3 (ECU.ff.fCi§t)

l-€lf ê o+rrYt âJ'+sll Ü ,alü..ilt tl3Jl § ilc â+=Jl ,'l-.ii....*,*ll .ra -.ll1i':Yl â-ÊU "J e+-

.rctJl ,.,rlJ BS]l dt^rj-L

oUr*SJl .9;s "1+l+ )3^ eJl ol! r,+ ,i.rüL ! r q^é+ 4qJul "lÀ .,.à ôtj.l,asll .:y e-* ê
ôi-jJéll é-!e "t+31 ,s e "l»Y c1j^Sll cay érlJSü olrll ,;*S+ ,ôr^.§i Jrl§ jt.s:. lJ 4+r',- ll

(5.Jt ^.tr.+ §vt a:t-:t (1 -II) dis^i,lL e.. 1$tlt ç>^:siul_É!l a!:-:.lJ rtJt dis-,j,ltr .aÈ+€-Jt

.u^J)$\ .j+J\ éi\-S\ "!I"+ es.r.ir^i:s.\j gÇJ À+\"" U+ ù§

.:lç üdl oiÀ cqgrr.o.o o_r- a+! ,+l+e."Jl _:Sll o_É+ -Ë^ ç-,XtlJ .,+J+ill I:f(E) .ri-:,Jl Ul

:(1 -Q d§,^ill .,s â-E^ Jl iJ#JJll ;çrliJtr j*"s

oilsll çÉ,s*itt^lsôtl Li5j4l i1.i-,U ;rLLoll :(1 -II) ds.lt

.çÉJÊlt ,Je d+€-ll J 4+t *-^ll olesSll c,l_,rt+: Ipu,Ip.

.iJ$-Éll ,JÊ 4+t+6all J L.&.- ll crle3pll drUJ.oS: Epu,Ep.

.qiÉ-Élt ,JÊ 4it+6..oll -r!'-. Jl qaleêl r à. i c,rEJ.S iqps2cqp"2

4

à
ô



JE

\@ ;;g.^ll c.,!S-*X fu:1+^"'SJJiSll â*,1-,1r :oJill ùâiJl

Ë' .F* Ei

.sl3 ô-l-É5ll jlÂiJI I:f(E) ,,jlrÂll r1-i.;t*.hLi.: (2 -[) d§.iJl

Çÿs-»it t lrill ,-rilr ,# 4] ;l-L P L+lll :l_eJl3 R AlÇE:^ll rl3Jl ,;§; ;1

..1"-.-Sll ôJr Epu3 Ep.cJ--i.o3 .Â-:f.,:* d.,t-jJ.S é:-r-s r ic c(l -II) cJS-ilL ,r--t ^ll ,.sÂLll

.Jtét .,1c, g,- Jlr 
-À+<-ll

.+ Co !:k R alçG:.ll irlJl ;§j..ré_r ilË_r*s ôrl- â+i éluo .,1"J : g ;3,"Sll é-,;s st
.-ü^-ll !:u oé cl ..eJ+Jl LJ.s p J'li:ll eu ts; ul ,.rrJl À:c, élJ§r J-J--lt

P i :.1111 ârtJl f-i;; ,cJ,-§UÊ;.erJl rrs R 1lË-àrJél i:lJt ù;S: : E0 ;;,"Sll é:ls $'
.:lr;

..1i O+-r é ,.s:,.^" ll tl_»,./ JÉ.:lt $c R alcü:^ll irül ;§; u+e: Ep" çljrSll é-,;s rt

_,1*9+dBâJlii31§l 6rlll éD-ci-li_raU+o r."sjL-5ra:. Co C cj-l_rlp 4+iljll i$Jl j§;r:

.qlul C..*ll ic,! i.+;it crJr".Jl

L!-!1 iJ cj_"-L-tt ,s J.i,:l: 4+itjll ;rlJl ,;Y Jl-i,rYl {i1f, ,rl *, rlr; : Er ùJ,^Sll é} $t
.c:üj*SJl éJÀl eJl orrll er.,$i É,.+E JhL J] 

"+Uq,Ji 
Jl jb§,Jilt Jtü

r i. ô"r:rs-ÿn O:S ./t .ra alËs_e;,§ll p a-:$t ir[Jl 6tâ iltJl ora d t gp. cJj^S]l é-rE rt

ul üÉ- d .JÉ.-Jl Jl l+Âtjl^ crJ.""ll .i. lÀ-§-É u-itll+s éU$-) 6;.Àj çrll ç+3,crJ.".ll

4

,ur,

ô

.qril§,r)l O-rSJl é-,1e J +r+ ir r:-_r Co cr éJil âJ^ , ,'-'sl p ;JJl j§-É



JE
.'@Ë
çr'.ri.

iJ*-à:-ll d.,l+S-).X aÉ!^§J ÉSi] i-,l;r :(",II1l t,.àtl

éYLll .'-.:r'"' drrÉtYl JlixYl 4-rSr Ll:+ e; a-.,lt-tl çJ-:st-illrÂJl ++-,ttt ul

:(3 -II)alS.'Xil ,sf a-,;:Jl :JilJl t'i^;;4p"i1ÀJ3il1 drlJrsj- .,le J,:=l §]s

+*jSc JÉ {t+ (2) s a*,ss" 11"+ (1) ,:iilrJl or:.3;r"itÀl.eill dit+irjr :(3 -t! çJs",ill

: â.tJlt cI§J àltr,i ot3rlll Ù,rss,,;tgll ô.üJ 4ÉtdJlt ôtlFJt - 3-il

:cËr-+-, ô:ü-l lll .-itst dr- 4-JhJt d s-l:t 'erll: -,t$ll ,r .Jsl 1#àt+Jll ll;tJl
L-'+J,â*rj,-,Jl L-li»lL âÂt-+lore**11 J+î .t elJi;15312t '2rll lRendelsetsevik),'t-roi,,,

ft_§ d..,L+_ÈJI o\ q ., +-iÈrll ai*,1-.Ê LErâi ,',r- [2211pelhay),rk-I., d.,=l+!l o1+ élI1

6 L"JJ*,ll . i ill a--U:'yt J^--iiJ [2r1 
lMatsuda et Ayabe) o'J ',iLJ ,.il-r-l ùü-!il lÂ]jtüi

d;i+}+;.Jl -r-r tz+i§icholson et Shain) ô,ü:..r*l:S+,.t---- ç§ L-<+,tS él d-eYl ü
:6_23:Jl eJl dtc â+till ç+,»:lt ,;-ilI i*-t-YI Àl-iJl gpa: ! À:ll otil-lT

:(g;r.,Jt Êl}jll) e"#Jl çlâ,,&ll dJ.!l ,Jtr-l - 3- U

f

t

Ox + né -'-------L-- Red

rp : 2.6g.105.A.n '.',',.D*',',',.Co.V"', (mA)

Ep : Epl2 + 0.0291n (rnV)

: a;JEJI al),ll+ .é.t+ Jlj',I

: qlt:ll a§J! -À+ 'e rll3

: gt+_tYl:;r-(Yt ,:l+isi^ i»+ '«rtl ,,J .tytt

:

I

à

Epu - Ep": 0.A59/n (V) à25'C

Ipu/ Ip":1 :.ol+e-Jl çrr.-^Jl JI'üII dJ# i.r^,,jll_l



JL

\@a-\
;:":-^ll ,:t+S!l4;i1+ÂS. JJlSll â-,1;r :oA3Jl '!.FiÎ!

t(e^r* ri.âj ÊtÀill) e'l*, *' I .,,iJll disill âJtr -2 - 3-rt

rp : 2;99 .l Os . A.n3 
/2.D*t". C*.Kr.V "' : a;luJl aflJl+.rlâ*, ,tritt

:(crse *l ,rh siJJl dJ.lll iL -S - 3-u

rp:2;99.105.4.n.(un)'''.D*'''.cp.Ks.v1/2 , ê t.5 
"-t': JlJ"ll ar,àt+;Jl a;tJl

. 4r_!*ll aii :K5

.d3-il .J.L^ :cr

.(Cm2ls)i.r-y Jl-i:ûYl g}^t - :Dp

.(mol/Cm') t.=, Alcl§^ll J.-E lt -.:§,» ,C*

.(V/s) eJl âc;l., :v

.(C*') crJ,"^ll e-t-, a-L"^ :A

.(âl_.-l^ll) âlr1-,:^ll crt:jsfSl)J Ct-*yt r:,ll :n

(il i

t,,

.: irntrorrip'

,1e15 .t=l

:J ,rÂlrll ç.j"r-*,,^itJ.tJÀl'l ôl+iâi.:( 4-tI )cls-Llt

pçr}+ fE :(6) ,ussc d..êj d}j :('-,,.) , o*J§e ptEi:(i)

dtiirYl ê+ ,f.:-ll ,;L+^,611 dLr,tiüll ei-* t.' ,î qil.Jl çy^:a.ittlrill 4iJJBtll e-*ü

.l1elt2sl CJt â-:-,+ ,j1,:^ çrIJl çi^:*lU"Jrôll crt^ ùé 1l (gCUt-) ;3;S§l

tf--+-J 4-+I"c r-a jUa^§ dL-ÇlÂl q-jtll cfj^;*it LIrill ,r-i-j^ll e+*( 5-tr ),Js.il Ü!

,iip

I

a
ô

. DMF d CO, gt+-rl ric )L kl=)l..j ilL u+, ,rJ-rJÉJYl q.l-i 4*,JSÇ



lE
.",@ ;;g--Jl ohS-*X 4-É.l+^§JJiSIl â-,1-.1.: :..-TTl .t,.aÀll

E<0
ih-,_j*.r U

Ipr t [p.

. J.}à,(

c{)}

Ed(l

iaary U

lp.7ÈIp"

e,,,rjl 4rJi.,, +tt+ sitrJt «, j..l-r.,-ilLjsltl cj"c :( 5-II )cJs.ill

EC 4+!Yl fut çi ôuJnsll dJiJ

:_,j3.rJl cgJ.,,âll - 4-ll

1-4Jh tljt" él*, 1-+U cj i-:,ü^ JL+! aI-3^ a;r,- ijl_rt-,1 ôr âtb _j3rll 6.$l
; -liill ,o_o U_,11-Jl ;:l-Jl uJ'-§ 1-" l+Jl.c: ,ôtJl JJ,-- ,Je é)JAe u-Jdl el.- k+ ùé
_.113r ll 69 ,-*^ll .,glj, .ù{+ll gr.- u "l: gi ,:.S+ t § ;-,1l_Ël di^-:É 1$hl ârL ,raj (fenon)

il;rr Il ie)*,,;,-: a_rjfill ,r-Â ôl;3' ll »c, :a F OtS l\lÀ r;l_23rlL 4l e^^,,, élJ,s-".,1+_»

cjl r o,Je Jl J''ll e......"^ el*l+{i'JL+ll dpl+il6JhlL JlJil crJ',.,*ll di-.ËJJ . w: 2nF \3ljl

r'L
E

rl_pY r-!t*il
.I+..rit e;l

._j3sll 6r,,,.11 q*É" jl s.i,aj.h!ri. :(6-II ).Js.ill



ÂJ"-à:ilt d-,1+SJ^X aJÂ. lj^§JJ§l â-,1;r :,.u-Ittl t,^Àg

cll'lrr Il c:LÊJ* ,i:l;À-,Yl J--LËS âr-*,tj^ L-§;^14r3Jlo-y 1J ,,r.1 À;-É Jsiq 
'î

;-r5l3 â-ltÀ: éll rl-,,-...^lJ L âÀ 1!r -, JliirYl -:Fçl: e!-Jti aiLi^jl J.l,,ll c.;t-al: æ-*ll
,r

c-l-:.h c-r;il A. ôFlL ulrl; c9J.*,^ll ült_lr JIJÂ-,L 3 6;,--..^.*Jl Cl.- ,sj Jrl-"lt U," 
i

'tzol,; 
'L'jl

._jl3.tJl qe_t,,-qjt 

"t" 
;S. ltt ft Jl j$B4ll :( 7-II )rJS-,lt

J1--,..3.: ,11+,"j<ll sl-9Jl çJJ j+j, ç91.,*Jl û, ô â-âl*, ll .,js eô;l:Jl l,t;-I 4+ ê:j3Vl
.dJ--ll d b§_Êl 6jt "-3

(.! .dr ,élJ Jl .?r,',yl a-irt 6Jt_,'.lËÀ Jffiyl+;.rtJl Jliul 4+ êJ ,qrJ",,^lL éI+J:.,jtïl
: Levich i-§)-c

ô : 0.645.Dn*"'., l/6.N-1/2

(tour/s-t);l;3rll Â-c;*, :N

. (g."*'. s-1; c,J.3.14$Yl 4§» (Lr*.) â+y;J , , "l

.("*'. r-t),J;=^tt .rs _,11.iüYl gl.olr-o :Do*

4-lt-ll -1L--inr:l è3r - o--!-, ur,ÿSc fllài â11^ é -.;l:Jt c9 '.".1.l O-rsll â§+ -,SIl ,.'tst

:ç:VlS ùjs-j ôr.,l3 3f+-J aiJ"+ ac;i" ôrs.l3 6r-5,i â;Lc, l+rs ,.:i élr àIt..i §yl ',



(rd..

,æ,
!.§æ"'r '

; »-a'^ll èl+S-)^X 4"É1+ i<JJfSJJ â-l;r " +rl'

f.i,r+t! :,:i."t :-!t-rtdir!yji

ftr* -s {Ir: r r.*-

iU

{il

k

TJ

{.,
ÊF

.E{

fi

.-ç!

[-r

' - -*-.Èr+Bsd.

#*rlrÉçn l!* t!çrça!

L,{J§e êÉi ai.a qrl JlsJt cr}*Jj ô}§!l Â§.i Jl$ll ÊlrJl rirj.ll :(8-II )ds-.tt

:!t

l-«^ 4fo11 it:S: ÿ. E-r a r ?ar.,_ L I -r*,

I g.,1i 't'r'

.Jl-fij)J dW 'llill : I1;*

.rtlàill 3iill . i' i ,ssÂ: En

.,-u [*]'" crF ai='ir ë-»' cJtii:t &:r' alu .;
.Jllll gJ."^ll ùl-.1:r dr[ty "'Àhil

fiI
'-----=n,t

:6-,1**.cJl rie a+-,+ü.rl ôl+lYl ij! j**dll - 5-II

dl-Ç.lÀll â ;lt"-Jt i ilYlr â -i\-\l çy:-üL--l"lJÀll ôL-iisj.ll u,.:t---^âÀ ,j'--LiÊ

ôr +Â^ ô1-j,- ,€i,l Ip : f(ul/')-: Ep : f (Log D) i+JJ+Jl aL-4:-:^ll A*,lJrÀ db^§J-4Sll

sJ 1- #, 3,ç9_.1,--, ll r i. j-cliil ail3 Urt--LJl Jqdl 6J1;,J Ër.r--ll aLJ,"ll â';$ gc

: â-à1Lo^ §Vt oVUlt ë_,- o-J.

üFe â!_ji,.,*ll ,r-a _j-iüYl i.pt-L ,-É-1.11+ -*i 6i1,"." 
L:. 6-c ô-,lL- Ip : (ur/2) Ot < li1 *

.(a$-rxsr.J'ul) erJill cJ'tiill é ùuiJil dii

I

:

I

,.T,

E
à



Ë '-às^Jl ôl+S!J ar,:l+.J<JJisll â-l_r: ' rit t .ill

é ,-lÇJL, U,-tJl J;,-s-ll oL;l o-r -t3;r-.o, Éi^ l,-j:i^ U,c ô-lL+c. ip f(r,rr) ;tS lil *

. jl_!^yl ;_eU+ iiJM éJg,*]l q,Ji.,* ,slc ,é-i cJ:-: .:_rr- êj 4ltJl 
"rÂ

f

e-,-ll i-;,-, J-9_=-o ot-.il qj--l !JJ,-Â-J J-ii.o ,.sl:JÂ Or ;_,rt+r Ip: f(ul/');l.S liJ *

.(.ft+^§-rxS cJtt!:)1*i-^i cj,r* e élJi-T. ,fU.§ cJtl§ r,»-r é ef
:$:*.li rJÊ â-,rl+t Ep : f (Log u) rJlS lr] {<

.ë;l- cr-l,,*ll dJi-, .,lc cJtU t rp3r.r-o cliJlalt.--

**d-*--.:èr - -r-iÀ(llJi.+):30/nFJ!_rl'"o:(JÀ..:ll g.c. àli:.od.r.llil6-

.r;4,ril+4§rJé t.J'l§)

-i r -

ôjÊLL i5tà ('J-Gnl lr-o ;,c âlj-r-.ll i_.pl}ll rJiâ-LJ- ,jls.J t..s .ëJ*, t à , i è.rl -rl d-lijlt
iielqlcGi^ll J"-tj,ll _!Sj 6^ b::t li.,,Lr] r-r-,tr33 Jl+ill Ër^î c-ülS 131 Jt ijjyl

t$",/t+.5 &til
ôuJl"i dilirjl+

t/v"

f,iJll d$JT §j"l".ll Ét+jli.ll :( 9-II ).Js-itl

:s.: éT: Ër.i,^ üJs ù.tiill L§-l'ùF {+q^§ LL;,"1a-rÉ" t+.sJJéll iL-l^ll é.s} L:-rc
.t{.""Ài

: dt+^§ drtj! eJ$. et+^§:xS dieUi AlL' -

Ox+ ne æ ft -r- Y(Ec."r)

e----^,, 
11â-c.J'-, rl.rji Lr-jç (lJJ-!) 0.06luh-i^.rl jl re o Ep t# CIj-4 aJL= #_l

æ d-lô Ipy'p" ' i .,,ill l-l , à-Ç J-^,Jl 6---- J--+:i \ lpl1prt2 L*,jll3 . ô11,- r.ic,

!

fT,
4
à

crur.r,Jl aliijl
jljÉÂYL

.â.-"Jl uE Ël:üü Lr:c r-l3Jl



â t-às-ll ,:!S-rX +St+^§:;Sl â-,1;r :(oïltt r' -ill

:.j!a§y;as Jr\$ Lr+- .#U^§ rlel§ alL=

y: ox ox + rlo =- Redv(c.", E."u)

a-oJ*, rlr,lj l-rjc (lJJr) 0.061n Jlri^.' Çr,--" Ep L---a;s Cl-+ â-lt: o-rJ
Ar--"jll l-1 .A-J-JI rlrj-: [r ie U,-!l r-n \Iplurlz â]-^,,ill3. ôlJ-i .-Xc e-,*Jl

â--r*,r1.:'r,i Lr ie .rlrj-i: sâi*.---all ,.:LÈJ,*JI A-lL .,--r t--rl_!t ç31---;lp"llpu
tzzJtpJaaJl

:i:$lrll É-;".l-*r.iltTJitf si AJ-i.,,{$ ô:g-Jt - 6'II
jL-+ âL-,l-i+ 6 r--asil érl t<J,all :.-J51+4SJ:éll U'^rt ltl â-,lj ,-' U-i
: râl-ll ç_ÿ:_*1t t lrill â-iJJt aJL^'1 *L (POTENTIOSTAT TYPE VOLTALAP 321

:( 6 -II ),JSll ,J C+r ll dJ+ll .r§Jill ,lrri."t,3

oilJl ç..1l,r..111lilllJôll ç! àJ"d,,-ll ô*+tl r*.^»:1. t ,-rs.. jjl :( l0-II ),Js-ill

:â-,rtr. _;tt A+!iJ -1 - 6 -II

,",--lc, çJ-j-J L-r_ltl; _,11r ilf 4-43.:; ++t+-r âJi LJÀlr jl+J" _rtétl él ql-ll â-,1_,p f
L 

",JJl r-+;J.l 4+l-!l: (rcl-,*ll ,,r-';ylt .d[-"'Jl ) çr,;t cj-n+ e..n Aj)3 .uÊ ,.p^i

u,ol :. o,^[-iJlr ,Ljl+Jé L $r ôJé ùi ù-Sa g§l üÉ+*,§Yt t; ,] ,J^+ .;Jl d4jf!

4

ru?.,

t

(D8Â 3X Dirrl ê&ÊrGùitic{ mrr§ )

^dtÈn{rd$.

(z-u) Js$1. ir,"ll a-àL-àL



6J'-à.=^ll l.llsy' a-6.1J+§JJÊil! â-,13: : Ît+tI t rlt

. 1+üt+"rsJJ{sl1 ;çliJl :( 11-[ ).Js-ill

:69_j*,r.c!l -2-6-ll

.(ECS) ê+S^ll JLJlSII r;.ÉSl rÀ :ç.+-yrll 6-.1,.-.tll

ü+itJl ;r-o ,rll '. L)-Ç âJl-lc, ,aj eâ;l-:Jl êô) c*:6:p'9 i'+LJ al :.tçL.,dl 6-2,"411

.3 0.5 " J.§

ü,-c âJl ,,. ;::(, 3r rt)l, i, ..,<Yl dj)-Çli] 4È ë çJl .rj-,)§ilYl I :d.€ll éy
, à .rl^i-, é-J .-l 2 i--rJt§ üE'j)+ll ;,..- ful:t-,l :l & 3 la-.;,tr'§ .J+l+jll ù1r1él ù,. ajl À-,1

âL.ilS ôrL,*lc çJj=J «ECSCILG,p54, o,-l-j' é-,r: cJL-r ,"1+ â-itÇ JJ , *, J'Ji" Yl lrÀ

.«JOSEPH» éJJÉ L-ii+JJ ôJ+-iq É:rilt eljl-r,-iü.+ Lrr*r

:+rU§a§3,.gSll A*.,lJJl çj ,lul-,,"11 groll -3 - 6 -II

ù...-^ â---ca,.-- 4-+ .p3i.ri ',' aJ',!\ Jl tJ çl\-J çJL ir cf:-,rr^ll l-Jl üJS+

: ta:^ J6.J él Uil. rll

.o.JJül ,Jl+^ll ,"J ârJ+ll 4+l§Ull

.c1"rJill ,Jt+-ll .,.à çt+Jé L'Tt J+Ç

.41tü Ë;15 ,rlhor

.ç1+Jé 4.t,üll rlj,"ll ,,U.ç

.-»lL',I ë§ :l ùl!.+lill qr§ rJi .++j

.6J.à--ll crl5J"lJ t-ri-rl_;r ê Lâp.,!5.oS 
"l,JË-ÉiYl 

dt^'3-l |i +:i i;Uyl -,r.r+3 
t^S

4.:

t?,
E



JE

r@8"'
;;*.-Jt c..r!S-rll 4"Él+,^J<JJf$l â-l;r :oJ.ill ,t.âiJl

: .,rçlsll ,-,.tJ.c <I _4 _ 6 -lI ^:

3Ç-r)-l 4!ul 1-or-./3-,i,;',.,(î q.r,*+ i-1-: C)-Î .4Jàl ,cfr;çSlj cJsti t-,-1 .Jt .J..--lf ,J+i .t .'',

0.1M ;gs;l ,it: Tétrabutylammonium pairchlorate(TBAP) EL,:*,l ,'u- .i.13f1 tar;lj*i - 'l

:a,JEll s,il. -ill .rUli ,È Jl;iiYI Ê_r ,l$l_r,xS ;.rlX

.Ë++ 4J1+Jé qlÂU U1^,, a-,JJùll ,-al+r^Jl ,=t' âJ#S ais]:i '

.i.-rJr^ll illÏrJél Jll ;§j ir â-r 100 Jl 50 + -,§i ";S-l ué J qr+i

.â:u!;-1t-,;s â+-.lr e S!é l+l* g§ r,11 ,-J+J

lzs l.;K.Yl 
=p§ L*,lj Oé Cl c;;; rcL,r.oll .'Ul3 xSll 4+lt*âJjÉSJl db-

: 6jlii.lt i;âu. - 7 -I.I

çy:-#lll-Éll i-t-,l:+ ç-rY:^ 10-3 :.,r â-,3;r^Jl ôt§J^ll qrrs-rJéll él J-Jl i-,lJr ,''i

J q-+,3.#r (CnrcN) 4rurq-;Vl 
"i 

J-:j3^Jlr Ç# 
"--i rr--jtll ,t

ùiôI.;ll cn o-y c3y dli_r ç:Y_r 0.1 -ÉJfo Tétrabutylammoniumpairchlorate (feaf)

.(ecs) ê+.i^Jl Jt Jlsll 6)ü cl';:!' 9 
'+ytl 

é.lJlr (cJ.,Jl é'l.,^) ,"âl+jll Osél :i
,-, jl,Jéll:-JLs-,,éll Jl î. \ r\r-r.r ti.oâ t, 6-l.--às^ll grl 5!l a*,lJil â-Éf+ cJ+

,!'- Jl â 
e rll (*-s mVÆCS '1000 ;l 0 ;-,;r .Jl rr - d+*r.J;ill 6- rclJl :

I

:( 8-II ) ,JS:t .J e--r 9 l-SmV/s 100 ç:lj e-- 4-ÇJ*

2.0

1.5

1.0

0.5

É -0.0
Y

-0.5

- 1 .0

-1.5

2ü0 300 400 500 6 700 800
E(mV)

ir#Dl+ll U oy éÉ cJ+.-.Jl .p1."^tl '"'rlJrc<tr ç.É",9*.itEJt$ u..sl.ll :( l2-l[ )ds-.tt

mV/ECS 1000 crJ! Odil+-tJl ç.â mV/s 100 âs.ls+

l'?o

q
à



ak
.æ.
L€,. f

; ).-âs^ll drl+S-)^X +,ri1+,"l<_ljSl â-l__p i, :'ilrt t 'itl

: il*rj.»Àlj /!â+SJ;4SJI CjL,,Jl -l- 7 -Il -:

Al f--r-*t ,Jr-.i=lJl dr r+rrJl LiJÀ ..-po r'r..UJ eiL-ç-»ilI drti:.j,.I ++"§.-,)l âr-<Yl çp13:
.:

-e

;rJt-5 kii-"Si ar---- e43 1-r q*,;r o-lt ot ,<yl a.l;Vl 4|"ér trli ;hlil tt0lMiller_r

:JS.i,ll a-s.*àg l-S.. q-r+f- j;.lÀll

Ol*,s;ill ô.r-.si :( 13-tr )dlsi,ll

--^-\WZ
I

Fe

_t_I
F

Fe

é

*e

x
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A.-+tÊ i+li.+ r--"; çLJlj mV358.4: J:ll \ i. .,-t+{-o jii3 .Jr']i*,JJ,rtiJ} 4eJ,^+. â.-Si Jl

ê .;ÂIl .,"ir ,,Jc AlàilJl ,- +ll trr-Y Jl+-Jl .,,,ir.+ (ot I. g"^=) i!E:. e.,"^ 4;l^c ol_r+l+
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:.k--*^ll ô1 ,":_Cl ,., <! o-jul ç_y:-#t LIrill g.jt .,i-io f1; â-l!l r.,-r-, é
.J! O; ùJ + Jj=Jés.ll ;-5'JJl cs-;: cjl+- --!(mV/s 100,50.20) LiL.^ e..! drl.c,J! rre

: ç)S^i,ll ..f e:^ g t^S ( mV/ECS650

or*s_)irjt ,,.<l çîôLJ çe.,f.ca4.riLLljijl LiaLJ :(15-II) qjs.itt

. mV/s 20, 50,100e.". ôb.x+ ir:iDu.l tb csy düi,J+.,."11

.ri, o*,s*tl lel<,ï ,rJc ,''r'aL= ta-lr .ir-rr ç-ÿ,:-üu.l-ÉJl crl+isj^l ÊlJl dis,ill ù^ l=\
. ,ll^tll {-JSr .,Jc âlàiul ê^ CJI 4.cJ* C.),.114 or."âti:t 'il,ll _ltrrtl 6g

6t 'i ciJ+x â*,1-;+ 1_i.! cr-,,-..*11 Cl,- ç9 q:-.* ,r--le â-.J.l-+Yl L-JNI +r-: cI+Î rl.
.(l-tt) cj:+ll ê ey 9 l-S aJl â-c;x â§+ drljû]l # ù:^S_r _rtjJl

i,#Dt+Jl ,sy * 6l*,3=sÀll çj.r-,*r.itÀlglt crjÀj.ll ej e+* : (f-U) r!+!t

V( mV/s) Ep" (mV) Ep. (mV) Ip. (mA) LogV ( mV/s) vr/21 mv/s;

100 453.4 3s8.4 - 54.891 2 10

50 453.4 358.4 - 39.248 1.7 7.07

20 453.4 358.4 - 24.6678 0.3 4.47
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6J"à: ll drl+SJ^X aS!^§:jSI â-,1-,1r :,-lIJl ,taill

: i^,..g.ull c,l+6!J slt*4r\SJJ#ll ,jlJLJl -2- 7 -lI
:üijl Jy -2- iri"f .JS cj++*st* -L-2- 7 -ll

Jl î Jl o_s ;*-$t+ll rj r-jSl ,s-le q§J^ll lrd çiLll Ç;»^-r'll+^ilÀl.lill ,rjs-ra g,p;r

smvÆcsll89-3 496.3 r ic ,ilJr.-.aa rJrSE-:É J*-+L lilt .,,i mvÆcs650;l 1400- ar "

L-"âii J;-.JJ l--.as JJ,ill i-ÊJ,"+- âr-"ST .=jtill-, g1-,3;il1 a^e e +- 6r^,SI dJYl ü^J d+-

,,--ÊJ,^+- 
1f---+_:l ü)1*i mVÆCS ttl2 -3a23 Or*"oill r ie ü+-+.t+«. U*3F-iÉ JJ-elà

.i1$-Èll,È O**-r-lXlJ dl+it-rJr'ill

f

lo3x

1(}

5.O

o-o

-o-5

-o-o1

-o-ot5

ixâ.r-r- -2- i,i.i d13" d*-s*rt C.F.s,r+.itLl-*lt .,jii'Jl :(17-II) dts*ill

(mV/8CS1400-d! 650) dl+4ll ,)* * mV/s100 b1a idDLJ. I Lsy L* db{'.ll

L-4;lc. JJ,itll q-eJ^+- J,i"'ll â-À t.o-t ,JS*--l-,+ill 4-cJ'"+- 
"Jt -É-Éll A-,lJJl t* ,;s ê

10-3 j*-=6;31 e mV/s 100 e-"^ â-et-,+-r mVÆCS650 *l) 0 ;r.* dl i Jl ,# li-Àr

423i +ll \ iê ,ç-.t++^ 3i: mY496.3: l;tl r--ic çrr...-..:.o 3'jl L -)tj er-5.ç-;Y-r

(i -18- 1tqJs.ôll).mv

,r--IÈ ilÀtJl ..: 4-i t rl'-Y d 1.ll 
",,rl 

.Jt (otil* .r,^i) 4,+13:. g..^ 1ll..c ,l»l+

J--,4 J-ii YJ ,i:..--"^ Êt-làiJl uf .r-Jr ,J.-+ U hÀJ ç.t+{.^ll éll§J çr*^- ll iüll dl .».1
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.k,
:§:iæ\-gr ret\

!wt.'1,

Fe

Ie
(:)

rr>+ll:-,1,.,- (4 r3)2- ir#l .li^ c!*-_r-1,rs u.-àsl :çJjïl di-âÂlt

: (ahsl-i .$'o çrbtl -,J**s-,+ jrü* .q,rg l+,àrl -3-5 -I

3 Hauser {---+Jt t e "ai c9 '---l. ; \ q o;g-;rsi ü=-& dl-*_,tt e--Ljl
i'71 .org.rbyj Pauson ,-iJÀ 1ia r',--. él t15l'll6llindruy

ICHI

@-cH2NlI tcu, @
I

Fe

I_t_I
(4)

CH2N+(CH:): I-

cH3- I
---...-----.-.-_

MeOH

.rs*Li tJ$,J'bl-,-.1É+..-l*.!3r q.rjp J#àrlJ Êlrll .LLÀill : (7-I) js,..ill

r-Jrê .:'- L-1"S â-àl .' ]i J-Jés+ e;+i J-*L ,J)3 -J++*,rrrs ,J-'i^ ' $jg el
Jis-*ill ,F-, 3_;:. --a t-o a! "," ttsl...;gt-!;^ll 

e-- (:)*--»utt ;s.-'vr &L^ J cr:+lr

.o)-ci

dL+Jll ClJl-+ uÉl-i.Jl GMN.ID..l_r-::-»! tçJJ,ilt d.SJ-lt r à rl

1Ol; â-; a---lÀ.:r_l ppm3.Z6 r-:c ,rJ_ryl ' i- ;1, crl_./-il (05) Âr§:r j+J
o1-l3i-9y (05) Ur,--^Â+ ppm 4.26 t ic i-ri. ËJl (dl-ii^ll i--.c.J^+- ùt-j3r3-11

4.56 s 4.29 \ \- ùt-.l3Si i-..-,l-il1-l ailEll âJl-iYl t--oi .il'',''i .,Jl >+ c1-+rt+ (+L
L-..-1Â; ,-*iït3 .41'ir ,',Jl cj--+lru+,r---ll=l (04) i-rJYt ol-:;r;rll ..)i..-"3j ppm

. ppm 4.87 $c ô:S:: üCrü,.Jl oLcr^- d-rr_l*

(05) Lir--^i '-<l+ GMNC13) âJ--ie ajx ür-+Jsx,* .,!tlJ*Jl .s:Cl d.Fjl , i,Jr

.Lixll ,JL+JI ot---.cr^+- sl:-*:S (09) 4-.---,t &rl-l,.,,y':ppms2.68 rrc Jjvt :drlJr.îl

,69.63: r-je ôl-ll .i,l (06) âi*,J ,orr.-li^ll L.cJ^+. O:+:S c$l-É ppm 67.16 r:c çtïl
. ûL_r_t+"ll c,Egj (09) A*-,:+ a,-E ,y': ppm 72.29 ,70.71

ç--l pr.=*i , L-:È. ,r-J)3 - LL+L diiri-,JJJ, Cl 
"-, 

ùJ--i ,J-+L ,rïl: âsJ +-ll

â--cJ +- :cïi^ ,J-+,J$ ç't+ laJl ri, .J ,JJ^J a--:i .r-:r.+ ,Ë t J1 ô_;rl-i.a L---c.J*+-

!

i

.dt...o-l,-' -Vl éllrs ,cri. J#i3u-.;,S "§lé cGrignard eilôlé ,J+- l;*Jl
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,@a'-\
clj+ll-r-,ü- (4 J3)2- dlJ^i Ji^ ,JIJrJ-JJ*À J+.àsi : j.pYt .l",aâll

: c.r;;j..-l-,;Éj - (+:i 3)2- a^\ .J+.'" cj++-,-9-.;r1À J+.àrl -4-5 -I

;T ,:-S+ os,l+jl e-Jl ç--j li : ais^^ c,l#Flsill sJlri, ..Yl L+q ùi L--^+

t 'f . -rj-,i) a:Xt a--:t§t-+;ç1;:ir;'-:4..' (;,<,r ùJ-i J-+L.,--.r)i i-§.J +* cj'i, .,i

C.rt-;rt"Vt q+J i-*,lJJl r ;ô C.,l-rs;nlt -'*---:-: ,J-o 1 ii( r.r I o l\ à-.1 .(l-lU- -
. cr-j+-r-,;ü - (4r3)2-ôJ^l ,lj- ,-J;+-:;s

: Cr^É.gX - 2 - ,».l.JS. cJ+#SJ*s J"vàll -1-4-5 -I

CH2N+(CH3)2I-

Hzo Noz

4

@
I

Fe

_t_I
(4)

\NH
I

'^,-\r'
P

I

Fe

I_t_I
(s

.cxjfu+ - 2 - ,yi rj;rr ,J+-s* J#àrll ÊlrJt .hLi^lt :(S -t) ds-,$

-2 q+lJ,^.' (+) ,*t-+-,ll CLll ,r--i irj"l .li^ d)5 ier^+^X ol*à J5,,1 dhii-l 4+ll+

â;l> a+-,rr d Jrliill (:'-j,'!- , crl-r+-l-F -2- aÂ cJ+-.1++",r-É -ù -y.'-', c+ oJsJ_l-r.

L;ilJè-Ét-JJS al*,l:+ O:SS 4iü§lJ,"J ü:üo1*, ;r"l clçli:Jl '.o3ui .ççi^S elJl alrl.,,l+_l 3o100

.r:c Ch3 cli+:;ü -2- ,J+Â Ji* ,JJ}-r# -u .-§-*ll cJs,ff 6r-j,., o_.pLi él: â:p_!l 4i+tll

. üE.^lt _.,-9lS.t§ élJ§^ll _,,èlt dRr:0.61

ârLc13 ,ô11+:,ré .flli+ crj+_l} -2- UÂ J+- cl*-_r;çs -ù ur.)Âl-L J'tj3Jl dll o#x #
â-,1:r , L+-»J JIS-:,Î r:li,;3jJt 4* al-,,:l+,J"Êi ceJl ,U/cJ;b.) alLill ,lrri..! .rl;;rJ,tf

:riYls é,tlS td ,_F+lJl ,JCJI

,Jrïü *t*-l-,.-:.J 4pLi ._r+: c.r*j+ :,.ri -2- ælcj+. cj+*_l-»rj nrv0'llH .-it .,.à l.):
,cl+:l.tl.iiJl a-c. a"+-+ 4tÉ_*ll (CHr) üCrü,"J| âeJ,.+- I Ur -Uèa dÊ^"5 ppm 4.17 - 4.15 $e r+lé

6.67 61, r"'il-e .dljip:Jrtôll â-ca,^;.^p i,.-lÀ ol,.- l-x^l A:)j +-ll., ppm4.30 - 4.23 4^;ill sc_,

t-^+tt $t lÉ.ïl Ui.L-3^Yt cp-t ,c.r*i+Jl â.ca,";-r a.-t. ol,.- L;^l Al-1i -6J.i ppm8.25 -

,"?

à

:,-J**iill-r .:lli e;39 CUlt ,Jrr=tlJ .üc^Yl 4.cJ +^r u-lÀ 1;çÀ ppm 8.39



cfj+ll:-Ë- (4 J3)2- dJ+^l .J*.,^ ,J"l+i-J-,11s -U^às: :fuYl ç!.aÂll

cr-rJ+ -p- -2- æi c!.* cj**s;*t Rt\mIrH : (1-r) .J-l+Jt

u,-t-:i.Yl )eh,''r-1, cJ--l--j.ol ai*,4+ cl-rr:-r,, -2- æi diJL di*!-,J:rl nrl,rNct3 .j+t
r i- ç!l{lJl, il.ill d"-1*-3^Yl xh: (CH, ü+L':^ll i-J^+- C ._* ppm42.72 a+Élt s' cj:yl

(Cr) ,lLjll_r (Cr) dr-ll3ll O":+él ÇIJill ,j1,, ù)1"J La: ppm 68.50 : ppm 67 .71 ùü+rrlt

J-+ill L+iLJl cl*.EiJl aeJ*+- ,Jts Jà eljl cJ,-I.-]^Yl ü . (C5H4) cJ'i,,-Jl c,slJt i.J+.Ei+ll

6Ji JJ flppm 84.92 â+ill $c,-'".olJl_rppm 69.20 â+ill r:c J+LJi (CrHs) 4l'i,,oo

ppm 145.5 -114.6t..1t .Jl $c;çL,eu*rLJl Ü,4l,i'..J1 a,$Lll ,J+l.t+llJ_rVt ..t_r+;Éll

.a;.1tll liLi J ,J+rJilt a-Ç.^+- JJ ._e

4

î
à

c.rLl"i:Yl »c U-t i^Yli=t ,* cL3i3!l »c ôppm 4§JÉ+^ll

(5JtLt

l1

2H 4.17 - 4.15 CH2

(.5JfJ 2H 4.24 -4.23 P'
.9rt.i 5H 4.29 @
(JJtJ.r 2H 4.30

ë-'
(-5JLU I 1H 6.93-6.91 arÇ

GJlti I 1H 7.52 -7.46 "Q
,ix I IH 6.73 * 6.67 \_

"{Q}
LsJtlt 1 IH 8.25-8.22 ',Q

ggrl-=l 1 1H 8.39 N-H

NOz: 51 : âl.-).



U}+ll-l-»r- (4 J3)2- iJ"T ,!L rt*r.i-JJ+à J*^às3 illptut t.^Âll

cr^* -l* -2- æ1,J**,JJ*,ryt RMNC" , àiL : (2-I) c1s§t

J,§

ôr+,:§Il
ôppm ÂsJ.+.ll

1C 42.72 CHz

2C 67.71 ë.

2C 68.50 P'
5C 69-2{' a
1C 84.92 O'
6C 145.33 -t14.28 srlQ-

: c»j+S-,rii -3- C»"i .l1i.c cl++.O* ;:',àrl -2-4-5 -l

cH2N*(CH:)z I-

f

t

--^\NH

Hzo
ô__*o,

..r-*r+- 3 - C»..i d;r.c .J1l;*sJit J#à.lJ Êlrlt .hLirlt :(9 -t) jS.ill

,.fL+jl C-tll e-" ùJJtirJ,-iô ùr.lô",1 crj-g:-ü -3- üJ^i d;- i.J+**r;;e 3tü.-t ,*
Âs.L*'72 dLrti:ll JÉ*9.c4r-§ pL----^ll alr:.i.,rL3,"o70;;l- Â+;r d Jrlsll ç!r-r,àu-

ùF§sJ!- Js--i: ,',- uàri çll3 ccM âj;ijl L-i+tJt L+tJè-Él-JÉ d'ti:Jl âaE ,-+_r

.r[*rrrlS çJtl: élJÉ^ll tèll ,J n*:0.t9 3 R1:0.71 r.iÊ élli3

6rt----cly ,ddè11-+ clj43-ts -3 - O*.-i d[1" jJ+-JJJi Ljn)lÂt*! cjrti:lt et] {rtr itu,

el, , ùL,i ,.-lc üFXl i.--lr crl:.-! ,."Jrl éill "l-/Jll5J dlilll ,lrii..,l-r e- i_,r:IJt

@
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âr"às^ll,.:1{S-r^}l q3$!l Â-,1_pll:&Il,!l d.4ill

:ir:r,^,Jt âr,iïl dt.rl-,t+ i ,-,J,.!!ül 4J+ll tl" Jl â*..1',.1- 1- 5 -11I

: 6t_d+ll Jl+iil i

éll it-.lr e g3 *r.q 600-100 er++ i-t-,:I.,Jl i Jrill +r.3 d+i ;o Lr:.','"Jt i-;rUl rt+i æS

:La3 L$tcl-,,1.o,,,iJ ü»^1lÈ

.dt:lJl ..;xi etlcy j-,syt ,Jb- o! o:$ oi ,,,iJ 6;3J.rll -

A.-.i,ïl 4..-j'.1 ..1;-p-,:ll ,l' J- ,J!-o o-H asl é.JlSJl J.ilt+ âJhü1,.â c»§ i-,r:lrJl -
.:l+"lt

k-"àÀJ é-l CÉ -.--elài qFjjl cit-,1J+113,.,1,'i', ,.0 e3».:e plrii,,ol ,,'iJ j14;ll J$,.i1 ùI

.+.ü ,',.,.r!, Ë.lrri. l+Y

;irtirl ôrr3 .lr,-.1, ôJJill .Lrt.a O

-.[-...". cill:l rj-l^ll l\ q . goniométrique â...-oâ J.iÇ ;JF--à]l -ÉJJl ,.+ ât:lrl.l C--É

jJy I r " é-J âJslll ,,-.r' i-l Search e^U:,lrri"'l-r .l(r'l' LI'oJl O:lll çlUYt 3t 'Lll

,.l.-S4J La.uro . Bragg ù3lt-§ eI\ i é-Â.iJ r-r+.Jl q:lj e -t ü-Jl agl-1 .931.,,'r' ù1 -,;.Ll:tll

.+rI et:,lrriuL lra: a++él â-àJÂ.- J h, 1,kcù-lJl3 fu§l ,"ll_ri +r-r

:Orl5r§l Él.t^i dJ+.,,!- 2- 5 -m

: Lsi.""I ôj{âJl 0

ditil. i--+-ri Ji j--^,.SiYl jL-ê :À*,1yç 1+.Ü i-r-rl.r ,jJc AU.,*ll a,jyt rr+,:. ô.r.i J+.n

: ir ü & ç-ü13 Enraf - Nonius MACH3

.crl-iL i.-,.j Jl Goniométrique

.X ar.,tY e

.("Àits) , i.r.<ll 
aU.r

t:tl 64p-4 ft-tü fhÀ3-tr liaj o!-t Jl ê.+ e13i -,f,":(:Yl jk+ q+lJi-, r,iJÉ JÊJ#"S j1{+

:

q
à



A-é-r-+ i.--.-ti J-rVt âi):ll 2}t\ttùt{p L<+ls d-lti d.rl-2j: 6.+Ji J-l^t 61Ël- ejyt
.,-jl§lSJq â.,.-1À {+l_,,11: i_,r:l+ll

ËÉl 4îÉlJi*,Yl â--iI:Jl Éj.l* # 4S+-i.ll H ôrit JS -l+: t<.* -ildl X,o.Q c.rl;3rJl

rJ--+Î ,:.---- jVt çj-Jt (# -13+ ,;l .-;Sl ùfu .ôJi+ll $e ôjSJ,"^ 20 âiLJlr Ewald

.âsLJl a,iyr ê^+r Èl-bl

:ôlr.ill Cf+J db+si I

r JtsSj {+ê iÂJl--^ ,r-le ,-iJF-üll !-,r: ü l.ejsl \{3+Jr.,.- ir Êt-iq ËJts.Jl 4itÀ

Qmin dl---+-ll cI--:,1.1 dnr.-= çll o1*,15,:Yl f.i§ cJ',t+Ë JÀ 4Jl^rll zrita ir.i+ll_l .irLll d+l-Ê

el-Étt c!-+Ê r'' -r3 â_; ç-l+ll â.+ê ,j-lü (,J1.:tt tn.i' Ê+ é qrtllt dr)O** â-o,â . e**

cJ_;Ll-rJlJ i.-+lill ôr-s.3 ÊJe.* Â-qé,jJe uâÉ crl;t*,Â:Yl »r .,1i 1-S,eJ^+3Jl lJl^+

.cj.l:r ôrr C a-àLàYL â.:jr;ecJl

Enraf- crl-iL 4+:l 3i ,ilYl J1-,,SYI jt{,+ âl-ly 4L,r--ll 6Jl!l 4+;i e otll-Jl ê-+

(L:0.71073 )M,Kcr r:trcL,.i,l alrri,rl-r cllr_e « Cad4.dat » g.l.:_.pll âl*l_* NoniusMACH3

x 0.07x 0.1) rt-,!t clliËrsl:âJJ+l"30:'3.4 é20 rf-rl-!l Jt+^lt ,ëra.l 20g,",el$3

13- o.os

:ô$ull tt+j-,t -3- 5 -III

:a+-rft+It sll .hfl-,J e+Irr -1-3- 5 -III

,sl li: Enraf - Nonius MACH3 çlYl Jl--"Sill jL-++ .j-. ê+ ü!J,-.siYl cllr .,r' L Â-

,a-,êlJÉlt 'ôJ,-jJl râ-rul ôr.-à,J ,"' itj)L-4,Jr dL----Jl eiljlll3 .MeKu ôLeL..iJ alrri..,Lr

.dat r-ü or üf ((nU)rt "Sl dlsl 4-,tLll Êùi,llr 4r+êl asri,.-

lIJl L+li ILJ ,i-;-,rêl 1-+!ll drYt--^isl i.us ,r--t+ i-4Âi e"rlJ lilJsiYl â$ cr$
:â;lEll Ai)JI i er" g t-S dJiJ-ll 4++ll di»-t -+

I 1,1r = lFourr,nl2 (8)

{

I

fT".
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ÉJFàs-ll drléJ^U qj$rJl â-,1;J1:trltll ,Laôll

,j-lr+te .'q o-'r *-*Yt u,- J-+S+,-ilJ.iYl cJr,i,l 4-,1il1 ëÉI iEo o#J*rll crJÊ-,*Jl ,Jc'

*+ r--*+ .tl' itl ,i--l e+-*,i ù!r hJ rË;j$l â++h :.l: (tor"ntz 1#I'§) '-ilJr-jYl q,eli

q-,êll â-riJl +r-i

qrL-,S+ îJ-+ .ful Cad4.dat el4u: driS*,l é-+ .rlYl Jt "s)l jk+ .J cih..i'll LÀ- r,u

:Utill a§Jl éÈr Jt ,§il .yil a;iill ;r-il|

(e)

§

I

f

:

:
,:l

:

:ggi

.r:+é;-.rtl Àf .r" 15.16 rr:L+: e$-Éll 4+-lt éJ'i 6dljilYl cr'rLi:ATN

2 \r U L ârl-ca eJl irj ,R .4+l5ll .,s ôt-ù^ll .:.:c :C

.ôJr3-"^ll drl{klll .»c :B

:Lorenfz LtLâ e+r,ât '2-3- 5 -III

.eJl â-c-.1,-:NPI

:a.iÿl â$LJ ,.,,,- 161sff2 4§tü lG-- 
" L., â-riill ôr':'I

Io : In.r/ LP (10)

:trlEll âfl-lq 4:^r'§,+'3J Lorentz i#.ljJ rr.rsi ;o :LP

LP : ll2.(cos'2e* + cos220rl 1+ cos220*) + ll2.(l+cos20* + cos2 2e.1. 1/sin 20" .... (1 1)

:gÏ e.;-

.MoKcrôl.,cul 1.J-J ûêoI2.2:20^,ull crrÜ 1Ul Bragg ,-il:,:jYl Lrl; :0*

.Bragg J eit;=J qjl; § : 0,

âi),ll é-i: al.)Jl 1-+l+Il , .l! J) ,J:-:r Jl."SYl ôh,i,l Lorcntz +*t! e+.-; d-)+J

:eraYl

lFol 
:^llIol .t (r2)

:irlEJl aÂ).al+ r..,l,"s'J Ê!f,I i'.+e if 6.r3."ill .rr'=

o(I): ATN {ez+f= / NPI .P (13)



âJ"às-11 .:1-,6-t^lJ !J$*ll â*,1;:11:ÊS5l, r.,aqll

: 9 i):,r)-Jl t$l ia$ Cl" el-rJt r§- ù1

c{4i : r,i.Fo)t + otli -F"*,... i.1a;

..1,..-^ o(Fo) ,sin 0. , Lp , Foo*-+ A--Urll ,rt+ ,flll REFL. FOA üL BEGIN e^ti,* d^.j.J

,., <!l :.r+-- o-! iq--+.J^ll JLt_ü!| gi-à; é-J i--L;tsll 4iLÀ ,ri-, çilJÈsjl r.JSr.J+i

.PAINT .-jL, j éllj LÀ- ..lr AÉl-rill ôl.,ÈJ,"+-Jl_,

:Uêt ei.Yl e*r.âI- 4-5 -III

a+-r., ,Je lpt-.-! li à-r i-UêJ I ,rill 1i+-- +l=., ,/ âJ#S 1r^ni crlr Al=-./l ou -;1i'3

.k*lt di.-.--ll d1xll

,', is lilrl:zt iJ--*,rtLi*JJBS â-*i1 JS-i, cs-Je u§ 6r1lt ,-iJt dr 4JjJ-Jl a,jyt u,âl--i^l

:ü]i L a{,,* ;c :àLiJl Zl..i,ll âr,i, ,y' I r flJil fl.'-i,ll ôr--i, q,l I0

[/Io: êxp 
-uL

.çÀÀll l'ot:3.oYl rJ.l.- :!"t

(.r .,1\ u-l-.-i^Yl â.r-,r_l ,-il-,1,-sj)l ôl-i ü*-+ â-U-ll â-!J,'- üSë 4ôlJl Ê-j-u-ll ÊhÀi*t+

:irlEJl 6_.r$il

(1 s)

. , -l:Jl d,- d-§i l-3r ctyé: âJlill -* âi-Âtll âù'xll i.+\s rsà*,; jêt .t^t-- cf + :T

.4-,til1 fJlù,ill iêl d^t - â.â.râ .Jv.\ üéJ oél*âl^Yt 6;.; üE CSl+-l I

È?,
q
a

(16)T : Iexp- p( Ir - Iz) dv

Ê ç-r,-ilJF-.:jYl r-'.rj J-+ rj+;_.Jl 1L'-l,ll I (-l ô él a-àtJl ,Jt;tt ,rlc L"aI2,I1

. dv;çi*-



;J"-âr^ll d.,1+SJ^X a;JS+Il i-,1'1rll:&l[ui' r+ær*''\l

drlJ,.-- 'or-c r-.r---,si j itï ajto) j g.-ü11 cj*t'- itp +t': ./ ars drUJ'^- â:c éJlrl

MOLEN.iÉ,-r- 1 ç lJÉl fj cJL-liJJt d"J;Jl l\y',r:'i"'r-r,(alj,*^tl 4^$ll rr r--' ç)'râ

iis'i .'.,-..-,. .rr.-:i'Vf ,Je L^Àl' -) alr:'i 'J JL--àÂ;J 1i+JJ* r i' i c#Uill-' ++t'"À J-ryt :

.i_,1:lJ

:U+-tiJ+ 6'lrii,.L iri3 dl.tS3ll uL"- 4!Jt I

c1-4\_, t::J Lery-r Busing cJ-fS J,"ri-,i3 :(gr.t--;Ul C+-----1) ABSCOR e'U: -1

.âi,+JJl 6-;rt^Jt drli ôlJJJl .,-lÈ

;rsjVr drli diJr-Iill ,Jo ,j+l+ e-uJCt tu :(ç:él cJ,-L-i^Yl e*...-.,) SAC g'E-p -2

.q:él

p,',.r-.pR<10ë-!,J..-.l.lg,rl lir(090.,J) 0dr-) 0^r-!,,,',,:1'-i:3ill J^t^l+Le

.(.*) i::l+ll & ut " "tt f t-ill ,-\ J.Ri ,(cm-1),=J.i:l Oi-l--i^Yl J^t'

,:,1-§ # cj-l' r o-! Ë.1*-,::. y':,l+J!c ers.3r pR 
r.J+t ,l T prÉ a'':'""* SAC e'U'»

.t:11 X-Ray crystallography Vol II, Tableau 5-3.68

:;J+,-ü-.Pr iixj tdi:, gts Le o ÉlJJ+ll LEI ,\':'i"'1 4-l a+U*ll ü.-j 4lJtll f

:Psi-Scan g-E: -1

tr:l T j:tull J^1-- +r.i J+i o q eJlJ LilJâjYl Ës ,*3 ;g*rJt Êr-.,, â;il-lrlll é-ùJl ir iS
.1361 Fumas ltJt ei-;'t ALy JJY 4!jJl ora d.r,ori3*,lj

Lrl; iJY+ j3iilt .;--r^ ü ,Bragg 4;-r 'iËâ+ .ri' -,r:'^ cJ:';-,1:l+ll +;J!q f+ q !:t-,rll e'"*

.di+t -Jl eis,i ;!^.:,; a:ls eJl

: Difabs eB»-2

C*--tf ô)-t - ü# é-).ll !r-r dÀJ ÿ. Fourier âl*L ; a!4tt i:Éjll di[.L-o ,riiv'r 4iJJÀll 431Â

. âr.J,,".-ll3 als)-ll q3;'l+ll

*or.,

6
à



l03x

r 200

r 000

800 '

600

400

? 2oo

x 0.0

-200

-400

,600

-800

-100 0 lm 200 300 400 500 600 700

wtl

ËJ.-à:^ll d.§-)^U +jt++§_l§I 4-,1;.1 :,s"Tttr t,aÀll

1000

800

600

4m

200

- 100 0 100 200 300 400 5m 600 700

E (mV)

I

crJ,,*. CiJi d+.r.ll cx4gj: -2- A.l rJ+" tl+l-,gp ,;,<t.l çilrll çj.SârJlÀl3.$ ,riÂ.rÂ$ :(1S-II) iS-$

clltlÀ 5 :(r-r.) , 61113;itr :(î) . mV/s 100e..e bla O*Ot+tt clr.

.r-.c Ali--.*113,,. (-,/.1 !'-iLJt ç-y:-§l I l:Âtl drL-+i:j. e-: â-,l-dl d.,*-ü Ê

â-:-*, .,-.L-i+ g,oâ1 r',', '"ijlj -.ll ;1ll ;r; ;i ôrrf:à (mV/s 100.25.50 .10) âi§i- e-.. drleJ,-

. Êtl'ill !-,é' .,.Ic ,J+ L eJl

rmû

E00

600

400

200'

- 100 0 100 ZOO 300 400 500 600 70Û

E (mV)

c»r* r*-2- i».l de d**.up ,!.<J J sl§I çJi".r-'"+itHCI cr,rJ.Jt :(19 -II)6Js-tt

. mV/s l0 ,25.501 100esr drte.xr+ iËlrJJ U at* eti d+s.ll

-.ll ;1I âr-i ciljE+x â*,1_l+ t-i.§ deuill e+li: i.lJll r.Jtii:l ctr âl-yjr.*ll ;_.,plàll A!J'.IJ

q
I

:(Z-U) .J3sll ,,s g-:" I lJ eJl 4eJ'.,4IYq *l3iilt e^g O-rS"r



.ù#DtiJl éy cP c».,;a s-.;*l -Z- Ot^i cli" cj*-r.»rt ,JJi.sgit!üJtll cjri4jl c+tsi e+* : (2-II) cjr§l

V( mV/s) Ep" (mV) Ep"(mV) Ip"(mA) LogV ( mV/s) vr/21 mv/s;

100 496.3 423 - 5.177 2 10

50 496.3 423 - 4.0596 1.7 7.07

25 496.3 423 - 2.8046 1.4 5

10 496.3 423 - 1.8198 1 3.16

.JJYU.I,:(V"t),Ep:f(logV)ôL-+:i._-;;I io§.Jrr -tt q'-ifuJr^1 d6l rJ l-â)il"il

,,.rtJl t-..*i fu--,$J ë-1*, cI r,,t è3r - ,r--lÈ .J.-+ L JÀ_l 63.1*.o 4!t^ #L* tl .rr ;_,,t+t

.Jl..,ijjYl 6'Ê1l. rr' f.i-.ltt cji., c,,r il:i,.^*ll ;_,ptlll û!s oJUq-, Èe.,* Li Or ;:t+t

+^Ê si: -z- Ui cJÉ. dr+pgJid Eo=f(Iog Y) olp =f(V'') ôSlldJ sit#tl f*,jl :( 20 -II) qls.lll

J

,"'""
,n
à

rm

/f50

m
ifï)

ô
É4æ

410

4X)

3n

3fl)

.ô*Dt+ll ay'*



J!-
,,@ ;;'^à--ll ôl+S-)"X e$!+§:él) â-,1;s : ,rt!t ? ':ti

OlcJ*, l--:c ;-5*.-Slt a-lY+ JL+ll 1l3r Il crJ.---^,*lL à-.--*-lJl ôl+i=j-ll tbEvz.rL"-i eé 
^:

ià*tja d+.".J| cgrt r-r--2- iri"l ,l;i. .l#*s-llg ,,.1t J çilrlt çj"* rilÀl$l ,JlLS :( 21 -II)is lt

. mV/ECS650 -0 dl+iJt dJL ,Je iiÉSt *p ir,l, 1400 .1200 .1000 .700 c,bl*l -j3.rll 6.;"rll
;;

.ajs..üll ëy cJlii:t è::- a*''t, .',iti gl-,l3:ll crl.c;*, ,-jrhi-l 3r1rll . ;. ^r O:^S OT L): f

j3rll çe.;.elt cJ" +^;l s§-2- iË"| dS d**r*tt çt*s*itLtsiJl ôt+üJ. éEr, # (5-tr) rJs+lt

. mVÆCS650 -0 dl+ll dJL rJ" ir+sr op 6rr. 1400 ,1200 .1000 .700 ob.xl

456 4s9 4s7 458 Erp

1400 t200 1000 700 (a:SSt ,J ËJr.) ,:lt:Jl â.c_.1*

o\ t ,Üllj UJ-L+ JJEjj -2- U-,,l ,J-Jt ùji*,JJi', ,.' <!l ,éJe ,', ü i'*,lJJl Ul,,ü 
* 

,

*{ OSO,3i...* dt----ll *r C+ ,læ.1--+ l\ q: ç+L--+jll ôr+él 13 p§l dl"^'i*,l+ 6!l "t

ar n +. i', ."<i+ gpt-i cjjYf O*rr..*-" r;l'c--ii r.:r---+3 g-,-251ç1-JlmVÆCS 1400-

. .Jt33Jlt -Ic La.c1+j f+ crrll: JJill AcJ,.+.6i^,SL g'otÀ d§l3 d!+l-3lill

?

E(mY)



LK

\ÆH 
ËJ*à-^ll ,:1éJ^Xair+^§:iKl) â*l-.p:,.,ilt! ! ';t!

456.3 i--:ô\ r ie g\ .,rr;illt;:,Kt ù-s ù\ mYIECS 650 J) 0 ct^ dtl\ *tc a*,\;:\\ ;S; 
^:

cji tiL=Y dt+^!l .,1"ô è cliL ,J".rJ e*.* el +.t+3 mVÆCS388.6 â^+ll r:s f b*,r)l-r mVÆCS
.:

_;ri:r.r Y3 JÂ:-,,. pU;:ll ui .È ,J+ L lrÀJ çl+e."ll éIl§_r ç9rr.^^ll fl 1,tËll .,"il ,rI" âJ.stJl a:

.]r I [..-- eJl 4§] ü.rllt+ u!.ôUû3 :-l! ttsll ;r; 6l ôrr!à (mVis 100.25,50,10) Ai§i. e,".
.(O.l"tt :XÎ.e ,,,,,7 -22-$J<*lt atl'ill {-rs' .J'

Jl--nl. lôr .i ûlJl=J,ûA*J-,p, 1---i^Âi9 l-^ll el.-.9-4,.* .,Jc qll-+yl i,Yl +r-: J+i cl._l

.(: -U)rJ:+ll ol g.^-_5," 1la t S aJl ec;- :JY+ crl3Ull # .l:l_r

crji r* -Z* U,i d& cj++1.s,rs :cJ çj".l-Jg+nilÀlJiJt ,riil.Jt c+tsl e-Jr : (3 -II) cjsrJr

çât+ill ôJ..Jr$ éy (*

V( mV/s) Ep" (mV) Ep, (mV) Ip"(mA) LogV ( mV/s) vtz 1mv/s;

456.3 388.6 -7,38 100 2 10

456.3 388.6 -5,16 50 1.7 7.07

456.3 388.6 -3,434 25 1.4 5

456.3 388.6 -2,334 10 I 3.16

,

3l-l 1-"S1, :f(Vl/'), Ep :f(log9 ôL+.isj^ p*,j t roli .!_rr..ll s-i 4jJül Ait-iill gr- t-.ilLt :.

.(éâul -N zz-rt) ds-,]l d eÈ-r
.ê

' O1 .JiS.l,tt cDi. ct -Es)ji :

. ÊJrr.l 411a ÊPL"" li. ge Ë-,lLo Ep:f(log V) t

. ËlL,* J.i gc ô-rb Ip :f(V1/2) f



JE

tr@
t' "'ri

ËJ"às-ll ô1+S/l 4rril+n§J-rûSl1 â.-l-,p :.,iL:!l ,bâi!l

ô,rLL .o-ô A.j,!-i,Jl Jjr ü,§ al,j.-"^ll â;allll ùi Jaj--il ëp Jitjiil ci3r - A+U4--.r.J

.JltiiYl

:ôÉJi+ JJü -3- ig"l ,lS ,J*+r*s-l+g ^2-2- 7 'll .

ü*l}.rlJ u,.* rjJ--:sl ,Jc ,., <!l l\ e 
I o,--it-:t çy:-§1 I lrÀll .r--jri,o c».lr

-J 461.9 r 're ù#rrJ.â"§ LJÉJ|.ji JJ+L lil. ',i mVÆCS 650;l 0 Cl* Jl 1 Jl (J-À

LrJ^+- i. ."<i çtjll3 ;1-,3;il1 i..-e-r+* i'' ."<i dJYl LJ-I^J ,r, .r- ,mVÆCS1176

mVÆCS1106_r 384.1 ù+l^$Jl \ îe ù+-+t+eé ui'q--ji J.-ê t---àJi L--..-\ t-"S JJ'jill

-24 -il) dls-ill .,,' J',-,;iJl cs--le .,;ç3-r-:ill-l cJ++-,JJrüI ar3^;^ 1t r.J) LJ-j"3 ç#-l
(éÈul _,$:i.ç,1

Êi 4.ji I rL-Y dt-..-.^Jl L',-ji,Je (crtJL ,.*-.^-) a-.Jiû^ e."^ i-+te ,l»!--+

el--làill 6i ,r-tr .1.-J t- l\ a: ç-t+e^ll cll\ <_t çi,-- ll :.Sll Ëjll .),$ è a-LÂtJl

a*,lJJl ,', =i -l .(û'-.-tll J'-làlÎ.e -24-Il) ds'ill ir^-iJl J- ++ -'-++ Y3:O..---"

-..* ôLcJ-, r ie âl+-"^ll3,., <!l ,r-itll çÿr:-*\t t lrill dit---iisi^ H-li
i.c, -*,, rr..âL--T+ ü.§l----Jü 

,.-ii§ JL-+ll â r .'" ù1 ü:.- +:À (mV/s 100, 25.50 ,10) Libi-

.(,jJll ;Ji:i.r -24-lI) d6*Tll . dJ;;Jl a;-rs'.,Jc ,J+ 1". eJl
â r .i. ôlJ-+X â-,1J+ 1-i^§ éJ,.-" Jl el*, qg:i-*o ,Jt iJ. L-Yl 4-+lYt +"., .Jti .-*,

.(+ -If)cJ:+ll os g;-5n ;ll L5 eJt âeJ- alY+ dJ-Éill # ct-rS-r -ltill

iJ#Dt+Il ay & cr^}ir .r}l] -3- i,fl d*- d"t+*J}lt ç"É.s-U*.itÀl-dt ,rlài.lt c,.Ji eÊ$ : (a -Q dJ+Jt

V( mV/s) Ep" (mV) Ep, (mV) Ip"(mA) LogV ( mV/s) v1/21mv/s;

100 46L.9 384.1, - 2.8735 2 10

50 46L.9 384.L - 2.26L9 1.7 7.07

25 46L.9 384.L - 2.O69L t.4 5

10 46L.9 384.1 - 1.339 1 3.16

I



(u

!@- 
ËJ*-à-*ll d.,!s-)"x 4"ril+4§JJÊsll a-,ly :,§itr t "-i!!

-U) ds-ijl Ip :f(Vr/2) r Er:f(log V ) ôL-+isj. Ê-,-» 1.-q cj,++il j furr^ll dtlll ,,p l-ilJ.rl ':

e--;*, ç!ii:l &3r- *lr ,J+ L:a-l l3r* 4h Ëi1,""-tâ ;c e;ç ,JrV1s..(,iJJl ;t:i.---,0-2a
:.

ô;ll-L ,y' âjs-ill cJ.ô O- alJJL,.*ll â;otlll Ol-l ,rJt--:tt : .;s,,-.*. -k ;c ;_j+r dBl Ü i.i..l,ll

tr i i.r_.ltôa l.ejt .LJ (,j"-LIl JÀtl. r -24 -lr) dis-T]l ai$il o.à 6-;3.1 14001 1200 ,1000 ,700

:lt:ll cj:r+ll a-s-^àjg t S âjill ë-r- cl!Ét ô_Ê- .rir r.J+ L hÀJ

-j3rll çe-1,..r11 ,Je Cr^R g.,,ii -3- ipl ,r'û.o d+l*s*it çi.c*itll.*ll ,:J+L!. éEp FÉ (5-II) .b+ll

. mY/ECS650 -0 dtêrll dJL ,Je if$S *É 6rg. 1400 ,1200 ,1000 .700 értc.r,rl

431 431 429 429 (mV) Era

1400 t20a 1000 700 (ai$.Jl d â_l:r) ..rt_ls,lt b;*'

:i,i* JJü -4- i,J"l .rS rj+*,g* -3-2- 7 -ll
titî ,,.À ù+-$qll r3-:.-:slJ r -Ir,.i <y'l li-d l-iLll çÿ:-§1 t tCl .,,1..Lo upJr

â--c.o+-;'' .'§i cj-9yt ,:f-:.r,à, J- ,mVÆCS1187;476.3 r ie i.;uJr-.an &-ÉJ:l-È

ù*-:"Jôll üc, ô+-++<. .g"ç-jù JJ-<là t-"àrj -LJÀ+ t-oS :>Xl i-cj,^a^ il^,,Si ,1tïl3 ;l*.i;ill

-25 -II) .,,, J",;ill ,r-lt UÉ+3J'illlJ tlfil-,,J-L\ôJl i----oJ*+- tt+-i mVil 120 3 399.7

.(,jâLJl J"LJ.ç,1
$

,r--lÊ i.--LÂtJl ri +--li I r\:-Y rl1- +.-ll 
","i1 

.Jr (oUl. u,*À) 4+Uü. e-,* t*Lt ol»! :

J*-:1,+ J-îF4 YJ ,,ii-"^ 
Êl--lâill J 

",.Jc 
,Jl; 1- lrÀJ çl+e^ll élJ§J car'. Jl êt 3;slt "*U 

r

.;.,1.l^_r*11 Llrill çtL-+iâi. H'; â-",l:Jl ,', ,*fi ;j .(,iâtlt Èl.e -25 -II) cl§-r,ll ü^jJl 
;

ôr .t 6i ,14.;ls (mV/s 100,25,50,10) a-jhÂ^ É.* cLrtc r-, .l--ic ,J----.all3,,. (-./J dlJl 'i

Jr-!üi..r -25-II) dis.l,ll . ê1-àll q*,,ér ,Je ,Jr+ L^ eJl 1ÊJ',, r1o.l4 rÉt-xû -iltll _lt$lt

(éÊul



6J"à--Jl d.,I-..'SJ^X +$t+§:jKll â-,1;.r :(.-TX!t f ,-àlt

6r ,i, crlJ-+ii L*,1;+ L-r^ï dJ,-, .l1 CÀ- ç9 ü.-". è qll*+yl i§l +s: cj+i cl.-l

.(s -u)iJ:+ll os g*.r^ -5ra 
l-S aJl ac;», â§+ ril3i:.ll # o: S: :SJl

êHDl+ll ay .P cx.jq si; -4- &,Â cËr. 4r:**r*lt çrs*JtÀljct ,rirul c+tj e.ae : (5 -tr) .Js+I

V( mV/s) Ep" (mV) Ep, (mV) Ip"(mA) LogV ( mV/s) vtz1mv/s;

100 476.3 399.7 - 3.062 2 t0

50 476.3 399.7 - 2.595 t.7 7.07

25 476.3 399.7 - 1.736 1.4 5

10 476.3 399.7 - 1.001 I 3.16

Ir:rn;'tt', , Eo:f(og V ) ,,-:t-+lrj^ .*r;ç I ioi.)rr ill ç-Àa-l,1,oll 6l -,rll O,- t,1i;1J.:l

U-i a:--:,tt ë-r.*, Jl--iûil ,33r -.,rJc ,J.-l L JÀ,r pjr'- at* #t"" -ti UÊ ôJl+e J.5}Là
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ôJ-+él rj;'-:Sl,! ,s--IÈ e-^ll , r. _,1--,Sl O:S3 -rSIl ;-r,i cll§, ü*D[Jl éy *Jc, kj.,jsl

(zt -u) dls,ill . dtDLJt rle l.^ câl+jt
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:6juill d*là3 -9 -II
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,i t-iti c1:1-§: ,crL-:v-;sJyr Ji- L-!u-rr qjt," c-srj+ 6rLJr , i. ô u^ a;q$r i.*,.t'yt .l:ü_r
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, +ôl§t 63>:Sl)J rT or:ê i-l*litt i-§ull rr,l (4+!t) çJt ür"sll ôs-p ,-t cJs ol

élli-l U-t-.-:^Yl i-ils Ê-l I (JI. é-l.t93 .ô-,1\ tl ,.l-- ôC'---ll ç9.i.,^ll 4, ;j-,lfSIYt eyt
drl.;J^S cij_Fslr c 4-t ;î t Sôr&i.o cJâ1. iil ,-:tÀL j,Â3ç. cJSJ Ol .ü#^Jl -'.-l,llç9ü."-ll

. M çl 4.".ÀJ L i aU: ,K i ir=l-e e6;é

:qilJl abtJl éer éÈt ll C-:éll .e-.;s; AiÉ li dlsl i;ç" Jl i.r.üll ;l

I: Ki (V - Vo)' (4)

f".
q
à

UJ-SI| éJ-r â.-+r'§J ,j-+t^Jl cr*JJt éJ-! i1rr Ar,"ill p r;rr', (Z-t ,* ç_rl-r,r_l) n â.* cri:

.4 Vo,-r" .Jtj



ôJ"às-Jl ùt§-r^X q*ll â*,1;.:ll:*Jt31l t,*Àll

:iiii"Jl Âr,.iïl elJ*jt - 4 -III

eJJ ill ü'^ 6r:tJ ô-.13L alr--,..L {-,ir-Jl a,jyt rq.:: si,lr-Jl Â,jyl r3g= LlLi rJ,. rJtc.J,i éltjÀ

e+Bll-9 .iÉljll i+,.-ll +rs33 ,-§-r! t't:l+lt ,=+S-Éll 5r-i.r lr3g= jY çrll g1*Àll u IUL,J3

.ei,r.3Jt éjà..* al 
rii. 

"1-r

'='+r^r 'rèr çr.i:,ïr1 ;;jiffi,ilfi'ffi
.! .r rt
{Àl'# {r#r

J1!t;pt p

.ôJUJCI drLrJis..AÀ..tg l,r,:p,tt âa..iTl .tf* :(4 -m) d$Jl

ù.---c. rjlJl 1l--*iJl e}i;, dtr;tt .,le r5lJlrÀ§tJl g;cl:.tll 6. Uh.l,i.CD. AD gllrlf

J t .ttl"_r .pl JjYl 6.:-".1t ô.-. rjlJl 31,, .r,ll dF" J.,Si ABC âjtJf (;Uf) p2 cr;ri,,.lt

:ùF e .:3,J.113 ÀéJl é:l_i ôt:g;t*: gli51;. BDC3 ADB Lrtjl

AIi:dsin0 (5)

ABC :2dsinO (6)

,"r+J Il t.Jltll .it,jy UUi JL,.* ABC üé l..r:r: cô-;3JJl ôl+ ü..,. rJ# asl.,,^ll : d gi .'u-

:e+.â: (5) alrtJl Olr )" -tôtJl 3t-.ill

nI:2dsinO (7)

ù!.! 1:1 .", ',1S.1§ .l:r---sll 4--!-r JJ n ,.,;i ,', ,,,-3 .Bragg OytÂ e-1+ iJ"llJl ora uilÉ3

Pz

I

tT"
r
à

.rI: i-r,àll rJtà ù*=ll 4g;a érrhjl Ll<: JrVt 4$-*ll dr 6é Liyt l:p



âJ"às-ll drt§-)^X ;l .i+ll â*,1-pll:,àtLtir t."*Âtl

.( A U»--. ,r*" ;s;) â*ti 0 â+:tj 3-;e L 6À ii5- À ôli âiÀ,, LiY 'q*= cl'-J_r

-t.i*il L+l:: â---::tL r.'--+-ll L+l-rj Lrr-ic u"lj:r ;t:!il ;ç3r: d»Â dr 0 # ù*É üfuJ
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(Goodness of fit) GOF J*tJt â-t-,1-:*,., ',(r !_ô+i.lt eiJ'-lJlJ r-r0......,.-ll ei3^rll iJ# é-.,;sll

: â§)-Jl cp-r

T[,,/r]
GûF:§:ÀL(u\rôù-

{

F'l \1l J

- t'- . t- I i' r'iil -/ J.J

[ {r, - F)1,"':
(lç)

i-r âÉlJrll a;+.-lt âjlÀ â^âr ,y §UIt ;S^;

.ËJl!l a+l -r$ $e alill 6rs3 c-çljË LI,rl+ drt$
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-Fel -.u 
I

-Fel -", 
I

-Fel -C8 I

-Fel -C, I

I

-Fel -c10 

I

-Fel -", 
I-Fel -c4 
I

-Fel -c5 
]

-Fel -C6

-Fel -C7

-FeI -C8

-FeI -C9

-Fel -C10

-Fel -C4

-Fe1 -Cs

(15)2.0568= Fel -C1

(fO2.0635=Fe1-C2

(1,6)2.0741=f,'e1-C3

(06\2.A829=FeL-C4

(16)2.0542=Fe1-C5

(17)2.0662=Fe1-C6

(16)2.0455 =Fel-C7

(16)2.0766=Fe1-C8

$T2.A706 =Fel-C9

(16)2.0767=Fe1-Cl0

(2)r.458:C1-C5

(2)1.536 =C1-C11

(2)1.459=C2-C3

(2)1.438=C3-C4

(2)1.446:C4-C5

(3)1.449 =C6-C7

Q)1.432 =C6-C8

3)1.447=C7-C9

3)1.453=C8 -C10

I

,t'c"
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7)68.35 = C7 -Fe1 -C10

7)68.91 = C8 -Fe1 -C9

7)40.94: C8 -Fel -C10

6)40.51 = C9 -Fe1 -C10

(14)108.01 = Cl -C2 -C3

(8)69.17: Fel -C2 -Cl

(9)69.74 = Fe1 -C2 -C3

(9)70.09 = Fel -C3 -C4

(14)108.83: C2 -C3 -C4

(9)70.61 : Fel -C5 -C4

(9)69.32 = Fel -C5 -Cl

(10)68.60 = Fel -C6 -C7

(9)70.16 = Fel -C6 -C8

(9)70.34 = Fel -C7 -C9

(9)69.54 = Fel -C8 -C10

(9)69.39 = X'el -C8 -C6

(15)108.66 = C8 -C10 -C9

(9)69.51 = Fel -C10 -C9

(9)69.53 = Fel -C10 -C8

(7)132.86 = C3 -Fel -C6

(6)108.72 = C3 -Fel -C7

(7)172.28 = C3 -Fel -C8

9)69.13 = Fel -Cl -C5

13)106.70 = C2 -Cl -Cs

(9)69.67 = Fel -Cl -C2

(9)68.96 = Fel -C3 -C2

(9)69.43 = Fel -C4 -C3

(15)106.99 = C3 -C4 -C5

(9)68.48 = Fel -C4 -C5

(l3)iOg.Ct = Ct -C5 -C4

(16)107.30 = C7 -C6 -C8

(9)70.13 = Fel -C7 -C6

(14)109.01 = C6 -C7 -C9

(14)108.15 = C6 -C8 -C10

(9)69.99 = Fel -C9 -C10

(10)68.50 = FeI" -C9 -C7

(16)106.89 = C7 -C9 -C10

2)1.436=C9 -C10
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&§ll dl,.a,ill , êa-to

d!ü*iJl+ 4.h+ull crl..;ill C11,r hfoll ty$s hls-;ll dlJLl -4 * ttl rjsr+ll

cxÉs* -z-ü,l.lS. ,l5+*s*t çÉ
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14)121.37: Nl -C12 -Cl7

14)122.23 = Cl2 -C13-C14

14\121.66 = N2 -C13 -C12

14)116.09 = N2 -C13-C14

15)120.98 = C13 -C14-C15

16)118.26 = C14 -C15 -C16

15)121.43 = Cl5 -Cl6 -Cl7

15\122.40 = Cl2 -Cl7-Cl6

14)123.98 = Nl -C12 -C13

14)125.41=ClL -Nl -C12

14)121.78 = Ol -N2 -O2

14)118.84 = 01 -N2 -C13

13)119.37 = 02 -N2 -C13

10)125.31 = Fel -Cl -C11

14)126.98= C2 -Cl -Cll

13)126.31= C5 -Cl -C11

13)113.26: Nl -C11 -Cl

14)114.65 = C13 -Clz -Cl7

(19)1.2426 = Ol -N2

(19)1.2548 = ()2 -N2

(2)1.478 = Nl -Cl1

(2)1.370 = Nl -Cl2

Q)1.447 =N2 -C13

(2)1.536 = Cl -C11

2)1.392=Cl6 -Cl7

2)1.411= C15 -C16

2)1.379 = Cl4 -C15

3)1.419 = C13 -Cl4

2)1.435 = ClZ -C13

2)1.430 = Cl2 -Cl7
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Résume

Dans ce travail trios amines ferrocenique ont été synthétises par la réaction du sel

quatemaire de I'iodure de ferrocenylmethyltrimethylammonium avec nitroaniline . Ces amines

recristallisent dans un mélange eau i éthanol en produisant des monocristaux plus ou moins

stable.une étude spec.troscopique par RMN 13C et lH a confirme la structure de ces composes.

Une étude électrochimique par la voltametrie cyclique des ces composes à mener de comprendre

le comportement électrochimies de ces dérivés ;et connaître le mécanisme réactionnel au niveau

d électrode. I-'étude cristallographique ie cette amines s'effectues comme suit:

Un monôcristal menu a une analyse par RX La collection des donnes a été réalisée à

température ambiante sur un diffractomètre à 4 cercles Enraf - Nonius MACH3 - La structure à

été déterminée à I'aide de la chaîne de programmes WinGX

Abstract

Reaction of ferrocenylmethyltrimethylammonium iodide with nitroaniline afforded a three

ferrocenic amines which were characterised by lH and 13C NMR and X-ray crystallography .

The electrochemical behavior of the synthesized derivatives was studied by cyclic voltammetry,

so as to assess the electronic influence of the substifuents on the ferrocene and to understand the

mechanism reaction on the electrode

An groan crystal of was then mounted on a glass fibre and transferred to an Enraf * Nonius

MACH3 difractometre.
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