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6 U2 {si,éll

( iÀii 11 ) et+"rsll
( lii 5 ) .1.^.,gÉ c,lJi$ ôUjpl ô..,p.tr.c :l el4"cg

.rr; eo-9,orl \:s-*:U 
"allJ 

grtYl d;.+l:-ll 4-':l+^Sll J*-tnll rJ* â.c,J,"+.415!l ,slle i....r

.b* 4jliJ ç)Jy'rIJ cilill 1ç .gi'+ él _,,-Li,lt pl Cr. c.,r;Vt ,.éic,

(azote nitrique é>,rlt e3;l uJlS c+* ) é,lJii,:U3..1 cJS,i J' .r-,,ïl os c.,r-,;ït >aie \A
.(azote ammoniacat éVs^Î o3-,11 ) e:+-rïl ,:E-esi ,J$.,1" :l

dl-'i-l +l-É cJi , ,,iJ ll .ô.rtll o\J olJl ô!-1.- ..,.,,- fi{.il crugïl â.,,:- ,-.;Vt ;u*Yl -,;s-il i.l" l.=

,l (... e;Çl sôl-l.+) +p-U..tt o!^ll ..:;À d,1 .i;$ $ ,:rl-.!ll é é )r crlJËill *Uj;i g! ,i.r^-,,ïl ora

.,slle i. sJl â-,- ,sJe i,.*lJ .+l:t al O-É $ crl_;:ll ôUy) e,Ej-rtt -lsJlll rJl3 ,(arÉ. l-ll cLi_ply 4$J+ll

ùt" sisii J*.,
c._e;)t l, 24 %

J-r+ll crj-1)t U tt % o

é>,tte3-1)t A6% .

él+_rYlc,j;Yt U7 % .

J1

dlj'Yl rJ," ailKjl q-Ééll â-r-,ill +.si 9 ÛJ_,,s| dr -irdl

4l+.,*Jl 1^r\Ëll ê" lçlj cj.-Jl^ll 4-$ll ii_,,ti._l d:tl rU-J ,=!jill
crl;i:ll c.,l-,,gi i;L-+ elll j+:: ,qJ:l-, ;r;i rL^.,,I -+lÇ Q.-lJl .,Jo

.i^..J| 4 Ë rtl3ill

,e...,*,,!- j;.-*-ifJli,f;ï;i:t#'t5
.(S ).t:t .ll .J' J+iil .,s d.-Jl -,;L,'Jl Lrll r3.s

V,= 20,0 mL 7;Al Li$^5J (S),j..Lll JJI di.- UVo= 25,0 mL f+Àt é-l-rr."J,JÀ.i
, àr ' i clll .+ ,lFet*f= 0,20 mol.L-l :lajS; II +.t.Jt cr[3ç1.] ç-5Êç ]-r e! cjrt--,1^

el_,,;,iiJf crt"3çi ô,t çJSll cjrtfiJl ùï 
"$! ,jÀ-i .ir,' o= !*Jl (.i'+l o*IJjlJfl e:,.- A S mL 7aÀl

.uJ+ Oé II +lsJl oU3çi3

fJi-,liCl crL:j çlt-l1 d-5t..+;yg +y él 4lÊti3.ll -.,;' n q.sJl el;3aT ,rg I ,\:.\l +] r+

+l":-,.U* -y_l_li d*,J ùÈ G.,ilS dt^'i*l+ _FlS3ll é r-i-,;,.tll ë C , = I.Z.I0-2 mol.L-I.$-,1.r
é-r:.ll C aiLàj $o jilsill -tr ct --: ,ortho-phénanthrolineferreuse çr;r-ll. 1rl. till ùS-l^/djiÀ,. *t=3r;Jl 

"b 
.j,*ll cjJ..ll UV, : 10,0 mL TyJl

' -r,o î,oo,lcrrlî,) r (*o;rr,,l No ,u,) É (rei;,1 rei;r)(c
ô_.;r-1J1" + 4-1lll oil .'.*3j ôÉiilE:. O+-rrjr- ,-!;Jt d1c élli i ôl;iill ot-,,3çi 6-,1'r.l-4 _i+r) .l.l

,"â.r+_jl+
f .tiÀ Jr)tl 6-1llJL oti<!l ûfu Y till

.ù"iir- 1-'ll Cr+*tJl cr Ë;L- cJS cjrliiJ A.+i.i.ll il$Jl ..,'l<i .2.1
.dÉ-,;'r.lJl .=+ 'ci,"Jt ,;;>ill q+SJlll bi .3.1

etj]Jl cJ);il .2
réJrJt d II +slt ct-rjçy 4S+lt r.ç114;^S o,(frt ) 

- , +
rJ_eIt â+J+ll o$i ot-,;i:Jl oUgl e^ âletii.lt II +.r.Jt ôUy) r.ç11 4;.S o ̂  (nut. ) 

-

ÉéJrJl d Ëy:+;513i^ll II +.lsJl ,:l.:jaY 6.1;1 !"S o*(frt.) -

._Ft$l r:,c â-àl-:^ll oLj;S .,jLiS ctE3) t.1;1 4..S ,u (CrrOi) -

.II +l.Jt ôuy) o,(frt ) 
^S+' 6.L114;.S,,,."-i .1.2

._tslsl eÀy.2.2

.é-r:Jl d ôy-l+ i5l3ill n*(Frt* )nUt 
i.,16.,,..,-i .3.2
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6 iF 3 A^ii,.ll

.nR(Fe2*): 3,t0-3 mol :.=$ ôl-1illl crUgl e" abLii^ll II +dl ot j;l ;.ç 4,u.S ,t\ æ .4.2

.cJltJl rtJl ,s i.+l:-ll ..^:l_.plt el-rgi 6.ç !"S r+31 e ô'- o r:l;riiJl el-r3ai ûl UJc, .S.2
(slc fuJr^Jl ol3trJl ë l<Jji É JÈ-lJl iJl d é-Ël cr:j)l4iBsllqJi^llar^Jll ,-',0s1 .e.Z

.ii;.-lll

M (N): tl g'mol-[ : 'ol.':

( lij 6 ) rl3AJl ,rp û3l.J$ll .1y"s3i sjtiS :2 rtgg
drli+ oi Jull l*l ùs"i ,ol:elT ui. ûÉ'j ê> u 0,65 % i.^"t, eljdl C crét '1,.<_ll ds o. _*

.CO zrc)a 2HOi"q1 - CO làrt+ H 2O 61 : 
o+Yl âlrlJl cgs HO 

- 
l'"<-r-rr$ ,ruJ|Ji E

lJrJJvall 
'* '(Jl{d git dds. Ë}"lt J J+,àrl

.rlyl .J' çy-: Ë-.r:ttr è YJ J'$À-ll C -lsJrr Y pgr-l-ll 't",S3-1-ç6J 
dt cJj.- -'+:J

,dL .Jj-.,È cJ-.-.tl f ,0,1S CIJ- .sll cr;s i.-ES ,ç-rL-ll pgr.:p-ll rJ,KJ;Jg ûÉ 6JHi,é

.6+.1,- j+.1â3.:r .:Jt dJ.-ll jÉj i-iJn,.l ,0,01 mol.L-lçy:'-iS; ÊJirj,-ll ';.',Sj;qgJ

:JH3iiJl 
"F 

ôJ_e3"ll c!.l. Lr.rllJ L"JÉ.ll el3$l ls:Y

t,o*+tû- ell-p. x

:1 L s 200 mL ,100 mL ,50 mL :âri cr. q_'!* ci\_l- x

ç20 mL s 10 mL ,5 mL ,1mL :âricl.q!'-,3L-l-" *

ç 50 mL s 25 mL ,20 mL :iiÀ cr 4+_.rù ôLil.s-",' *

| 100 mL s 50 mL rl0 mL :+.'i.l.i+:ù;rr1---*
t10 mL s 5 mL ,7 mL :ârà cr4+:ù ot oL x

| 200 mL s ,100 mL , 50 mL :â.i cl. .r:é_l é_,rl_lr *

tgnll;,.-t+l *

10,010 mol.L'l ,0,10 mol.L-l ,1 mol.L't :Lrj$ly4-r+-réll ,Jà"-l++:U"1.,'t-t-- x

.dpl-- llÀ cJ:+ :ô:L d.ôts *

.M(O) = 16 g.mol-l t M(Na) = 23 g.mol'l t M@): I g.mol-1 :!lll disll :,"r-t'j
oj$:: V = 1Z 4i+-r lr:Jl Jj-- -,+:J p1,JiËl +r.Â:+$ ,F il^'i."^ll allsll r+_li .1

.C - 0,01 mol.Z-I ç_rQ
crls.r)lj rl/l âJ"-lJ éÉtJl cJ-J.-oll U,:sl d,É^J .i5 ,ôljy ,+ -.;sé Y JÉÀ-ll gi.L=)J .1.2 .z

1a:llËjl .i_l_,,lJl d1c JlulI s:ri; eo)-el ;yrUt
f o,,3;r"ll cj-J.^ll 9,.100 mL ÊJl-tii -ç;:+, ii(i 1l ,41_p 1I'- rlilJ .!.!

,+Jl i;.lJ ')cl ;;ri^ll diJ" lJl rJ# rJ o-j"Éil ,:'ÈJ ç$l cJ-J-^ll ,él+l_9; 1!-o c.r.:s .J.!

.JFYI S i-, ç$l cjJ-^ll (S ) . ,"; . '---ll dJJl t: 10 mL

pbiâ-:N JJf r+ ,V g ylSll ,slc d-.,--ll (S)ct:t -ll cJ'"4ieL'bJ ','îJ cg$l ,+Jl ei-,;$Jl jÊ,ji

Ll Cr+:.. _l air.lJl .i-l-,rtll L,^.'d ca-'=l ;:J,- U-;;ji ,dôL J+è lrrJl è çji.ç rjS ç$l cË)l ,11 e,::l
*U3aÎ cjttiiClr AS l- ,Z ÊJl rJ^ JÊ...-i V' g FSJI Jt cj-.--.tt4irL;! ,,'îJc9$l ,+.-tt rJi

.o>.eiÇ:^:.lliliJl ,.rv,- ç![yJS ôUJÊi û-fi3l rlJdl j r:+:Jl C-r+él ''J.,K3i 
eS 6^ +r"S.1l_,rrg

crtiJii lS3 l.r_l-ll i ;rjçjJl qy,,Sj_).r;r ol,igï âfJ'- ;o I ii( sJ JEÀ^ll ùJLll ._i.,ilsl Of i^lç' .S

ôr Çit à.ll ÊJl gL-ii r, r,rur _,;*à e (:sl3 ûy:: , . '..,'i<i) Ë.rotill a;lL-îS ,-iJ.éii él fu-oSi^ll eEj1;S

.yls]l * (S),J:ut
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6 U 4 i-ri,âll

.rl3s dJf a'iJl
.( encre anti-tache ) 'rê!+ll J*à J+s,ff u*$ é-,1-lT Çjl irt i.;i^ll qtt+sll ô)-^ll oÈ+ é JÀJrr

.,33t5: ê:-+ .+ ,jis3 kSl OCt otltj 14 J+ll uil-! âJâ .,lÊ ôrUl orÀ rF 4lil! 4i"S ,, K* $;

."êl J^à J+s,rr -'J,:slQJt é t,J

3.,il.-ill çfu pa a+.-;l 
":ll clrl_tJle rle.ll x

ta;:K :1 mol.L-t ojS> lr_r-ll cjj.- -

9,3 - 10,5 : ô:L G,ils ,thymolphtaléine drJJllilJ.$ -

.cJyËYll elJl ; ô1+:$ ù.8 : K o= 70-10'3 ùJtll çj.,ilSl âiÀlJ,"Jl a+_È! 4|à.*ll &.Ëll-

cj.rlla+jt r'

.OCl ëE cjj.- è cl.-s cqJ_9iLi;)tl3 elJl g. L*l:.l dHlLtilJ.J dJ. ôlJt! 6rà.r , ài.' i -

.ilêl \à ,+.r'r :c3_,rjl i rt ,t_.L-tl .u.ia 6l !1 h_rJl ,JJl=- dJ. ôÉ! r+ ËÊ! , i-r, . i -

..dt ,JJ-. cJL.-i-pl I ,l:.ll ûi -S*j

.A' + ai.çlil yt: e cdl p"rrc1 H + ûJtll G.ôLsll4$à^.ll a4,-lt ;;
.t.;l' dsl li"Jell cJt^. !'f .f .+ .4

.h:Jl dj-- AiLà) ,J+ çl coJi.-âri og3i u*trt1 pH 4!,É-iji ç$l dh-ll ,él+l_n'),- e .r.s .!.{

.lJJrJF-Jl +rÂ-l-rn$ cJi.. 6" æfUif-r+:l| dtliil 4+'' oJt 4liJl , ,,i<l .1.5 .5

.elx-,i 3éi-Jl dc,liill ûjlJ.ll $c' dietiill eJl.=,.,..,-i .2.5
f OrLll çj.,ils! a;rclill 4;_r.-lt ôj t^ .3.5

ôl+*E OEll! dpl-" llilJ.S recristallistion ;-l-ri+;rtcl, .JJ.Sll J+ ùi É-1lil el3-,1_.!l :oiJl eliii,l Cll
.â+l^Jl 'lndi e oi-,13r

f LiËLill é J+Lî o.ltl+tt stiiilCjl disç ôTal,JSa çIt JÊyt d.tJt jo t-o.6

.+rz vd .slc c-e, hi .prc ,)S* l:9,all Jglà" .jJc 
'SâJl r.â .,,,>" Jgl-=.o é9i;rl : 4lJÊL

( ili: Zq ) 3 eh.jsiJl
(!$ +,S) iÉ"i l- ôJiii" â3ilrrft irsil :l rtrsi

i.-r^+-l o.o#L,* lk cF: J# ai.à,Jj. l+{ N 6JÀL ùiX
g^ i5l-rtl F t :0 s gJJl_ri['>.-ltaii:: â!-l r.,r ,ij.l.Ë v*

C+J.X ùtlllJ (Oxy) eLàill C,* ,J--ï û,r.l.Lll N, e^àll
Vy .,Jâi.i 4j:^ .,lÊ s.g I -rrÉré q$y 3,^,r_,;J,''r- .ç_,,iYl âi,à,ll & p

t';Él ,ûs.i l.^ J#s.,,l^j -*h f C+dl ù. él ,-+ ôf 44-É gSl ei5l-r.lLr él^ilyl ,'-:..l11 .rl;l

P A -.ill: û$i"àll ,jJ, ,s^lit"ll y a\slj ct-É":,o..j&,* q$-rllast+ c;$l JlJl .é)LiYl4Jil
q$-rll Jl-ill âJ..J 1_, ,-Sil ,yt 4aô ;* ;,.-1 kr^,rô yr aiii a.eJ* is-*ll .o)-ci jS.ill 

C.-a-.; 1-S I/., :

.étÂilYl CÊ_r N z JËJilrl. 1+

.(Oû sJl é élJ,ri^ cJSl4$^jll eYJJI ,.,i<i .1

f d,É.i U ;3ii:^ e-Ë),tr iïl ùJS" é b_1l;:il , ,,iJ .r.i!l a\sl jl d t^ .2

f:l t*r> sils,s1,gp"-9 u,.r9)toJl r5r'tlj*iJl ,l'+oIJ u9S; .;a:io qJU-! *s.rt{j*g rl,ao à*ul;> lc ô.rl,ii}tJ : -)$S
.iio r.gio )+etÂlJ A.-J! *jL)."J| Jl$.ojl qô:i..iio r:;5
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6 i," 5 Â^.i,olt

( !$ 7 ) 4rci3ls.;r z2 *V)$
liJÀô^eSélEa./Jl ,.51'i+,âll$ll .j*.,"'s4jjjYJ e--i),.'1, l^"+âSJS,r'o+.!âSJs,

â-c_1"+3,"'iÀïl cr.lf,,*ll lr,nl\+ p\st}\ d,3l- g;:i.-. A O i-tii.+T ù" 4rJ$ ûltr3 6U,.J"-À11+ elJell
I'e+1" f+ ç$l @d.fi-ll éi..*ll ./ âSlll p]j .éïl caJi."^ll ea dq_rtj 1.6.t$t OÉ u-r+++
:,tii / a-tiill OSJ .ùUt .gJi."^Jl ,,lc !.r^' ùél dtitJl éJi..*ll );^ JSïl Lrll l.gr 4j+ll Ac'_*Jl

.4!rill-tJË-
* t  \  r, f (S, ,g n ) :.,l'j .(Oxy) |Jl ,"+ 4!.ill aSJÊJ 1$^jll ôY.rtJl r;:i .1

4+.ill .tJÉ- Aliij é)LjYl aËr dJ# iL-lill 2l â-llJt ;*yl J+ji .2
x y-04#+ll A-!ll..êj^ ù^ dS ç$loj âl)r:., cJilll crli."^ll .=lc

. E aiiill d+- :,êi"J

vîlstn(za - p)- sinff
:û i  c l * .3

O 
- g.cos'p

!:l-ll i i. ',oLell+l 
,-!.U+v-a1$+â.c_l-+4fu.ill ûl.t$ô1 ,,'iJ,s"-âYl .E-Jl ,ÈcjJ,-.llti .t+.4

g.cost

O a-Uiitt cl^ -)tJl ,'-.ijl L:.11, )J^ JSïl Lrtl l.r r-; .rill

(.bii 8,5 ) iJt Jl^LlJôlf :3 et+*l
,J-.-.ll ,Uil di.'i*i ç,rllq $-ll ÉlJr)l rJ# rJ.4-iilS. \J*J-tl ,i.tlJÂll iq i;giYl ù"liJl .=.i

-r.él 
"+l+ 

y jk+.ll l.ra rJl JÀ 4-tj )t L é .j-ijl u,l+il di.,i*i jkâll 11À ui"t +* C,jJ ,1$#till

4_,r_lr r3t4i,',Èi ic.l-','Ie -.î.tl3Àll ç;É.; .impulsio4s rLà.r.ill Ua ù+'- rre r'j ù JôL. dis,fu

.ilJl ,-i-.;t ,l^ æ-Ési''r -,-i,- T, bt-1.

r+3; ++t+té i;h Ll*,I É o.!t -'LtlJô 4-t-lf J l,,* -p-É cr$ i+ ee g ùJ.ill ô^.i\ll

J+à) À ai.:li. -ri 1L--5l"-, (ds^Ill .+ d3"",Hc) .tl.ur I l:.l," ê-l-l^ â3).3 Lei K-r$ll EtL! r*r ,:

.(cJs,ill .=lÊ éll.tS cJi..
. ii(Jl tt$ t o: 0 s gl-llê 1,-i to-+*: *,,: 

.
.reJrl^

rrc' L6j,cr!3 iUl ,-iJÀ ct â;-l_rÀ" ,t1fr t ,;.u cDi .1

C-É- .t ,: fl0.T0 Çl (?', i.cl-ll -,1-9.11 g;-- ' à'l*;1a

C a:-,,'. iT(o iilr-,.ls.j+,(1) 
C+J ll ê K _,,Sll êË

.,',.r- q;,rlLJl U *i."^ll -É-Éll g,o éF,ill JS Ë$ r-.r^uLrii e j, Cd.3 !!

.To s no, (J , R :âl)+ tr âlà.-lll rre , ii< ûll {r ij..i'll J*y.i -tc'i

.t2 â.Llll $e 4its,j, eu:: OI JJ , àK Jl LA rlZT C+r^ll JJ _,SJt att-l g+:q (tI ) Ër^ll orÀ r+ .2

Jl+ll cl-'i-l aJ-:' çs 2,000 V>L') U ,at #y jy 6^ i2 4;jiJl 7S 
i* t-u.,1-rii aL-rll ora cDÀ

âc'tJl r*t$.-;ll 2 drl:Jll .:.rs .rl.ull (# (t, Jtl ) ûHiL-lll dÉ- tÀ ê .i, =U! ;s,r t(2V
R

ùi ' l l l l  ûUlLl l l  c*- l  , t3=!1,k+-rL:âl=lù^iolrr r l  . r - , i lË: .â i t l l  o.u;Si i . t , - t r=n[o: , ' '+-

.Grf,,. ii<Jl é eF (S) C+_rtt JJ f :Sll ClË Êrti râ Oé t, s t ,L e ;.;_.rtj

t : to= 0 s Le;.UE ûHit-Il gru,-ir3s^Jl 
"J+-, 

ê u, JIê dr..ll ,.sj.j^ll qJS -;l .1.2

n-00 ^, 'r)

,U
. 1 , :  -'R
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6 6, 6i-i.att

.ToJns(I,rsR :âl)+ t ,strô$LIl  ; ; ; .  i i (Jf  iL, i 'JJ- l+;Lcl .2.2
.n0 J n t U ,ar :iJY+ U -f Al Ji+'r Alr'r,,1 .3.2

.noJn cs,s lÂ.4.2
I .l^_!l o*L! Llj^i $ jk+l hë -Éél cr$ r-+ lill .5.2

19 J L;-,-;y ç3G 'p.-ttl -tl;iil ,:'î-e |.il ,U >él 6^ .:l.r'Jl la;ll J+i,; êl oeng c-r^,,ls: .3
u ,éf

.u*till U .r,l-llll [p' Gt.' o 4"+ll ora û-9S: é
, 1,760V j$l cr$ $' SMHZ Lr.r.r_.! â-l*, le 1r.$ 

é13 l,o.rc é él 2 crL:rJl rr' 3o L .1.3
r oo 2.103 e 2V Jl+ll dit-'i*L't

f Ji^tlCl Ul.ô,+ cJ+J o.rttLStt oa L: .20V Jl+.X Al"ill+ dl_ill ,-'.* .2.3
1i^#ll oia ,rlc ,sliJlri l-J ,JiÀLôll l5n âL,l-:* -rry crç Ër.l cl;.ri3 L.3.3

( lij 9 ) cp"l,&ll cJS. sS. JS iS.p :4 plr,j$

cjs,ill) a+-rf crr.J ,S ,J^Tll 5-r" .!+ et$t ot i-,11;r 'J,""^Tll cj_n:Sé _11.u;i J! JilS cj.-3l

( r :
oQ - 

" ')  . ,
r9Âsl S ,Jt,^,j'll 5y: M é;Sél 5-p cl+ a-àlJl Cl Cx+ .(ali-'l: ++)l a!)r.ll Jisi S
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