.n)
K]
9
Es
L
Y

|
2
Y
ay
s
3

dhagio P99 8 59

ET,
S5

L U

MW —‘




D= Giye5 9 s30T @513
o390l &3 ydol g% oylojlw
Wil Sy el g gy (o)

VYV o _abangie pg0 8,90 023l Al - (V) (ol

0398 (53,8l g g sl

5 Alangio y gages guy> slolS il b

Ol oo s Jloz (g 5)hede (21512, (DlslS b il Lo e (S 0o e
(G3y2eby slysd slael) St (B g (gl jgaio ( Il e dloue Jou, (malSs
O 3 (Fe)laS 4l (o)l aesedlts angars pale Lople (B3 e
Sz 751 o (ol Jrulpg) S e (Al 09,8 (slael) IS s
(o Ll yo9)

hisel dlse guei gy oyl S o ol

Lislae age - (G50 pe) (g 6518 wzme - (Slr 5 (35,98l p0) (Fusl LS00
(saolans by 5 Ll dablboss - (Al £1b) S wi - (I)lamio § S35 2l 1)
(3twoslel y5al) (SIS ol s g e Sttgointysipa o) e ez (ST bl
(S350 dted) Gy 5 Gh55el ¥ o5l plazslo s Jlod il pl Ll - ol
VOAEYEVYBA - oy oS AT 0 AYSF IS5 55 AMATVVF_A 5oyl

www.irtextbook.ir s www.chap.sch.ir :l5

PV O - 25 opatis 8ol VY sl S s Gl (o) ool 2255 oy 2500
FYOVOIYA iy oo FFAABNS 0 115555 FFAADNS )0 :0dls o Liskys,lo)

€oals (Hlem? Glpl (guip SLOLS 7255 Gl 25,5
VFof o Sl

:olS ol
ZXGYIETRY

il g (my3 (63230l 32 ko
:idl g g 32 y400 1 009 331 awalivis

(3 (5 3woslol <yt
:‘Sjlwoél.ei 059 381 dusli

oo jls L

BH

by l>

g

ol g 9 Lol Lo

AVAAF oo B TAITLA STLS
ISBN: 378964052812 .9



Iy oslislge 408 byl
gde 50 1) ol g ity
olbogs (Fuijle 5 ok
ol 45 WSS & po
Wigidy wlo g (yuol

ool ol b bo oo
Mb‘ "" As',&“so

o 93 o plol




3901 (532 y400 1 9 3 (ylo b 4 Glaio SUS (9l (s9r0 5 (5Lo G anlS
S ©)ygoa ol 15215 QLS 5l ooliw! 4595 1 9 cunsl )95 3 (3901 ©)l59
o i e Jo o sl (Wl i Led (g 5lme (solGL yo &ilyl g (Sig il g
Ol 31 3970 oS (9 c£95 9 JSb Ay ST g pld At (L (6510 g e

NS (o0 518 (S 8 S e plilie g Conl g g ol



(XXX “Wﬁ XXX

dolo

ol 1y (Saej Sl pu8 5l Jatd

o Gl3E (o )3 19> Juad

22340 0Ll (55l SWigy iy Juad




o )l ool yaro by (St

6913 o o ol sy &5 el o (o 8ol (55050 (soojs 51 S0 2,78 psle
el pj gla Sy L aselys
) ey bl g LY et (g oy Sealienn O
L oyl gl s (612 1y gl oyl g ity sl ol 1y Lol ¢ sxals glin 51 5,105 052 (yans @

SEEST
5055 (sl bl b g ol (S5 b 050 0,0 elaiz 5 (90,8 (S5 50 095 slawisd 5l @
ity 0s5 Jlael 1 ol g U | Wights [l dan 1o 5ol e GH @

0w o Lo Sl (ol o 3ol g g 8590 oyl 59l Sl <ol o oyl lisl 5o
S (oal 5 Jo) (S35 (5Bly Plaws S po 1 psle (ol e 28 psle w35 g, ccmle S o L @
DS G555 Bl J> 5o 1 pele cnl (sla gaieilys g Lo cusgase g i 15
DI ¢ e plvadonl wSleh ()25 ple 5l gpSo e 9 e ool @lie loslitul L @
S g byl i Ly acelas ol y0 g wims 4]yl ale (slocallas 1o &5 Lt gl oot
LS S Lt ol

Ol 3le 2] Pl 5 Sl Lol Bl gL o550 sl ol 330 el 25 e
gyl 09 oo SCBI LYo g anled j90lo L oS Cunl wiglas Jad 5l ol o S Bulo 4y @Blg 0 9 (Siwn
0 JS0i3 595 UsS 5 (M 99,5 glaailelus jlogs oS Cenl b plle (5 s lailob o 25 pgle
148 ooy aLus Ll 5l ailolas 2 el
5,1 oty Slac g lisLo @
I8 o ;0S5 15 Wb, o ea L@
S s et g0k L ol @

Gl b Baiye (polol alie oS Conl oad (ngai 5 (b GlaigS a5 (oyo el g, ol )
05t 4 85 Cel (6500l 59> (ol (512 1930 31 (S (s oy -0 (3590l |y (slS (slaatou
95 27 pole lodild) (gl alawgio 090 090 ;3 o)d (rl 318 e Slge jais 9,18, LSl
P el loz g a0kl )0 Cel dw (eas &L ;0 el dus ey S e poboar Soj8 9 2L,
27 psle (sl gl i tpsle ol bl ol Uy a0 sl (1S L 055 o sl omjlgo B,
091 48ls3 Caelis S 233 AL 10 g el g0 pao Ay o aS Cnloadaid 3 jLas 10 589 ol g

S SRS el d2sgzn ERRBie 40 el Grapd el gy i (I
ol sy ansl 0 idB g 9005 eyl pend 5 ol S ool 1 mozr ailjgmd g aililitis
ole ol 428 Jgol p (e (sond (ool Slgas cnSTL &5 el (g0l Bl o T QLS ol 50 Igiome
lgiome ilejlo ,S0s, (bl (e 2 00i50 Sgue Logrhaw el jo 1) 095 (S5 alilsly )5S
28 g JUb (S0l clgine (D390l 0,509 5 jlaaly drngi s (S5 b LS| g dlga oy il 5
39 lgione 55 aite g oo @511 51U sl 00l o ¢jgmme a8 ;509 ) el sl 085 Conl pggie
s anlg 00l (5igal aly dus 1 )0 uigs) Sl g (6 yRageS il s digad (gl 090 ey s S
sl 5053 b g il 3,10 al 30 lgiona s iS5 coliiil 5o

i sl pites el b e Gl 5 g 55 cond Sl glao Sog, 3o (gl
golesla ) 395 casilo oo Ll ¢ 20l b wigm cumino b g ((S'03) b gy S (9l pniioniicn
ol 0 olitanl el ylae 40




(2lold g Conldz ol 5y 5581 U oS colaiwl  S595LsS sl i 5 Lo jloges o pgas 1 LSl
Olge b sy g0l by (Ll o «oligel ils sloaidly 950 5 (2ledsy] (sl Stum y Wigod
Lol ooy @B g o>l (slo g0 (sl y pad

@uilo oo LD 51 ol ) Lol el (65950 o) mayd5 9 LS glgiome dad (5 S0l a5 sl oS
Syg0 GJLJ-AA’))IB ‘9.»..700 Sgi> uos»a})é uLSiu.wb)o oL o)L.u| Sl ;.\JLJ Jbu&)d | &w
TSRSy

(5 b dlagie g (sages (o) GoOUS AU 330 pgle (Agel g BaioS cargd >y (oo 095
e aililiine piored 09,5 cpl A Lall €8 iy g lre Cole, b Si ada o909 olS/|9
el el ol asalo g sol 5 ], e Lot bas Lo gla s g lnolis! claolpiion

S ya03T 3 (lad 4 yLeo ,o»,<(4.s|aL§SJ,$6JM.\,,s|.>Go L) glgmoo 31 g 1 455y &= yo 1d> g3
Sl E g (§ vl o 39555 9 (2o 6 3905 Soa Lo




; 015 Oligaltdlo b S
5O | 00l g.gL‘> 9 uLJL’ p.&'bb)Lu 2\JL’ 6‘)" d.]a.wa.m 9o 3)5.3 5O ULS u.:‘ ¢ &5‘““"" uLS JLu.b a

25l ulS (1855 Coanl b L 5o 5 00l slizl g0 STom ol )8 5 Lot ol bV (o
3 om0l oo Ak T alol g Sa5; gl p Sl 5L 90 Sl g lga a5 il 51 auas LT Sas;
el (6970 (S5 sl 1) SLigy 5138 85 (s ey alie sl il 90
Sligrgpllo glde (o )3 il | (Gnj (SLle 103 slaglgie b Juad s ) 9 Sy SUS Lol el 5o
2 o OIS g 0del ;02 Ll 4 9o e 9,89, b b 5 sl ot il p3BELL 3L
il g (a5 )0 2,59, il 356 (gl 09 0 08l el (T glaolang, 5 Sl il ol
sl 35 2 4 Ggel 9l B )0 (T G gl o a5 0 eoliul SsSUsS glaplgie 51 ¥ gad
Igiomo ol 50 058 g sloug 428 olas g JUeb slo 29, 42 (g (9l PSS )0 oy s o L @
5oL Bosged walp Jlud g LLis Leoldz 6,50k Lawe o o oM e b (o295 <Jlad 5o
L Sed)byo (od slod)len 5l g mSo e b Waog 5 cnl 51 G 52 50 1098 (ASul g res e
(pohn S 5l oy 3 38 g0 Jelti g 4325 gmi ) O (snle (555 5 S L sl oo oo 2iz
S ol b audd oo pueti g dnwgi |
ol plil L G (ol 33 el o 5531390 sl alesT Ll (oo 8315 1S ShglS' @
odalio (g ygimd Glacs)loe S 4 (oole pogie S Grani b 2SS 0939 2K tslefly Loe
10 e0 )18 8,155 Al g mlis ool
a2 O oot § o5 05 50 (6152 45 g 0 9,4y oy Lo jaie; (S35 501 S0l digw @
3o oo gL (S5 50l gewd (310 oGl g Cored] gun S 3l gsioms (l el 50 conds Slgus
23 o il 381 asl yu gldaisl 3 g olge yo 1) Ll cds 500 sgw
o Sal (632,55 (52,75 ple (BT 5 0y caiio Sk Sl | (SuiCaiuo bdign @
(lsie ol 5 B 1,15 GulS oSyl g Copanl Lol gl 0 Lo STy ¢ Loyl b colge ole ylaie 4,
Gl giaily oy 4 Lo S50 5 )3 (cond (R 5 (e (e slodjgliws g Lot iy (82
el Ol y9 S (o9 g (S
b etle oeP Be e e LA g So i gl b g it Al elliiomn il Ly e O
@) Slerd glaosls g pualio (1o oo 8955 a5 3590l (oo Lok 0 ;503 (g 5l 9 05 (o0 loline
21 Sys o i Olgh B ad walss con 5090 (nl 0,5 (g0l 50 B (5L Ll SeS
ol plol s slacusdge
(gose ooy ol 7yl wiile sSUsS Dlegdge 5 oMbl Julds olsie ol 1l g LT @
o Pl gtaad e ool Gl ety S b )3lds sale glaaidly
ol oy Gl Lot ST ol 331 jplate 4y oS
3 Wil g ol o5 ool _logllad g s sy el 8 ol 42 ol 1kl | 395 @
s (o iy oyl 1 B iloads ooy e yd LS b o leguirge g b 5l Lo gl ool
ol (S0l 0l B gl oY (gloaie; (g3l 0alel 5 (65Tl Groad
8)by0 Sledbl ey ptne pale lia b (S50 Glaoll 4 anzl o b (250 ol o tlad Byl yo @
g0ty |y T 0l oo g denly oo s g Cualo sl ( S5 50 o (510 )8 5 G c g
DS A1 IS (sale (5155 S0

S A daagin § (090 (o yS SLOLS Bl 1185 condi 095




I 1 (o ) LI yu3

al.l-- _-n:.-—-: 5‘
SN A AR A

pEta
= T

(¥l oot bym0) .5 (3 Y1 (8 Lo § Solglondl (o Lo o) S5 A1 511535 I T @ oo :
ob a1y 093 ol 9 1T slaiass 5 00,5 Lo yFene Col (yan g Loy Lam] o 1 azsl wglas auauas U :

UM)MGQ éw)SNWd o»)‘)' UTJOWLQSAJBLQ,UcuM)'AJ ewlo Bl (R

@le\.ma)logmé)lul&,mﬁwl @;bﬁélwbslwdble LQ&M)l)LwJ)M
bl e 4y 2ol 5 51l 525l b sl il LT 51 g 5000 3 L Ly sl o5
g9 Cwd 9o LSL'AB9 AJL: Cowd bwyh&‘g Ls'bb)d dLo.C-‘ (g LJJLo.M: ;».'as)l o) é;
S Lo s a1 .05l ol 055 S5 el )5 g cpd] (elis s B el w0l |
Jw)bd)‘&fo).er’jw.’).u(sal.erj)u)acMSu_:L»LMu‘)L)‘J&u;‘&JQ)LoL»Lu&.SGA

o
i %ﬂ?"
1[=]

g
i



die aile (55UsS mlio a5 (gysbar wylo oo 9 BKS LAE Lo (S35 50 olge
slge il o ShmgeS Lo (03 5l i o 5 Slbls)l o laisbo (Jig Jan «Slig,
Slge cHUl 5 LS 5,550 1) (g0 Ged S 5 ) ST e 3181 als )3
by el paly drangs 45 amd e Lt (y5iST ALBAE 51 L kel (a2 - el g
5095 clajl 1, ol wlaiudlys 4 U . canl 00,55 6,5 diadign ool Bl atallys
iy sl L] s s | L@Tualgé Wlge g, Cawo L L wisS adgi colge cassl>
L Lol a0y o0 04 Comgy g ey (S (S g wiile xnb Slge S 5l Laid
0 a8 2l il i |, ol 5 g adsi |y Jliw dle oolye ditadlys e S
LA 6 ialie olss
il 655l (sl puaie L 0lge olys e alaal ) 43 ol o ¢ 2,285 (Rl S
S s 535, 41 T 0333315 8l 1 0l Lo 5 o8 58,0 e el i1

Lg‘)" oole u.s).’w.uLw o=l 6.’L’|9.’ W LQ,UT (g u.ol L g oo u"l}’ Sgupe 6"%[5 9

g;&)ASOMAJQJBWOOlAL)‘)‘)Q‘d)jwwij)LJO)SJAAAMSLs?‘)bO‘S?(JO
(\hﬁu)wloo;u&ﬁbd)sflowju)@o

e)J.B c&w)’b ‘w )‘ &S Sl G QlBA OFRSe 60[)) Sgui> i 6)5)“ us)\.o.) OWNEYS 9 GQK»J_‘J&»

Olme @ gpld BiS e
Lily cowlin lge dy (g yiuwd
S0 g @lS &S ghebay cul
Sopz sz sole S (ol
Wged (glp Sl (g)9ld A
Ogde 9,995 Sao S
oV¥ed A cwwd g el
Sl (e 2l 2 Soig 5S]
Lblsans ol 4y golge 5l a5

g e L

Milo 0 LT

0 S bl oy 5Ll gl yaes
(S 0y95 du 4y Slge (55
S o )38l g g3
@ 4 ojes ol el )l
JlsVooog¥ho o el VIO

S




Slojluly 095

S9l8

S g8 g aol 8l 6L 0 (A
gl oo disyy 190 (g0lgn cad,290 U g (o¥sd sload g ugi aiul,d o Ll (o

Fabl o a5 255 sloasksd gl BBl ez o CbdS L (o

:%aoéwlﬁuumﬁgjqa.?gb..\.m@ow Iy olge a2 > 51 oles uy JSKBY

. Y

S yo ((‘-\.;:{TGA Cewd Ay (pae ) 3; )‘ Y ‘;OLMJ 9 \‘:'.u.‘o é‘j.o Ao i\lo..?- l.:T (!

\_ Natural Material
Y_ Synthetic Material, Man Made



€z § ile go ol (o) 3,5 50 8lge S o2 sl s LT (o

ol el iy 15485 SG @b 51 6,10 20 42 (liwe 42 ;20 148 W50k Gl (S0 (O
DS Al oIS ol olBus cpl il a8l anwgd (el

23 o0 Gl Blez 5o ) Olge (B (o B pan b ad g Gliae 09l ) sloges T
A

L3 2

LT A PR LV A S AL R A
@odheo Jo

Dloges waxgi b
sl 0 b e s 2] il ez 0 316 5o lalis a5 4 Y0V 8 Lo 4o (Gl
Slge crl 5105 0 ke wizr ggazme 0 o A VoV Jlu 0 a5 098 o (S (@

(gl B pan g gl 5l
S N5 6l sare 9 Wyl GLlaw jl genlas e (e oS alez (nl 55l 50 (¢
IRV I S LV-L g PN

3o 1y 095 5 el Bls .l atusly olond molio 4 Lo &iljg, (Sasy a5 adl o

oud &l awle 9 (2 5l & wlodndyl gladad SICWI L) 35 gl S I
S 005 o sl 5 uledyei 5 el o il iz SB 5 a5 3,5 8wl
Bl o S goVss L canl oals aiB b (305 oYed 5l aS Wles S eolanwl i
&Aj‘opdlkqooloﬁbdlﬁw.QT@mong&jlé_N#&lf
L oS wles 95 |y (ologas 5 il jam tasloadly ) g9, 15 byo g (Kt 5l odel Cows &

L»4\5|) (g c)ig.) 69‘“’)‘ ...\.3‘0.))5 M))|o).a.m_99u)3).~u ‘ML”LQL‘Z’O?SJ ool

318 oybdee Vo 51 s &Yl
(ke slocS g o5 5l b
o) 3l (Slerd @le g 5
Cirogs nl b osd oo gl el
0B 6558 hlas il s B e

el (5 00 0ga> (e 5o



Ol o b paie S lade 5ol

aild 00 LTS

yaie pl (o) lade
W gl [ Y/VYXY
B OlsesT | YIASX)
" £9sS | VIVax) e
o | Ay
a Mo | A/AVx)Y
" SR VAR K
E] o) [ grexy T
L G [ V/FEXY o
' IS | VFYxY e
" Shud | F/AVx) o
e ©29 | V/AAx) o
L oS | V/AAXY o
&8 | A/Faxy e
’ Ol | Y /A«
’ By
o ﬁ-:-"‘)B' YIVox\e
S L f[Foxye

ol b, YL analo )0 ol prbans 5 bl b S Laliasg ) 5 U 10 cionio b g
15 dalz ol 31 e 05yl 45 514355 4 bl il 55 55 UsS sl b yume 150 g,
ol el aien g 58| Llug £lgsl g (oamed g9,995 col yon (yali 1 ool o
[EUOW) ‘QS{S)‘J 9 6))3"“’5 cGALEJ ¢6M uYT)lj.:‘ 9 [EYYEGIRY a‘y‘ Ju..]y o‘;.o.!b 4 LQ)LJ
Qyuﬁélmﬁwcwbwlﬁ|w) Lgl.o‘dd’b)‘ oQLO.w‘Lng L;’LP LgLaLMbw‘od.w
G0y 45 0 55l Wb oyl (nl b 09l oo (619 20 500 (Sliend @olie I (gl pon
05 i o (¥ IS) sl 0 4 Lo dy o g o2 5 o] e )| 153 51 (Ll

Wloads ae8 ey ysbay mulie ol

b R T
oA ol T G
\# ‘ :'i il [
e - ¥ ¥ e 1
X L | =
w ¥
r/" o w
| *‘ '.’ ,(.r \'i ah
b

»>. Do

{ 'he,-t [, -4 ’u s

Ol Gl (Lo Wil oo (mlie iz SSTH LTk o o paie (50 a8 Gales Y SIS
O AR L

ol 53 95Ls5 oloond lie Bran a8l puine (0 lie 4y a2 e b
e )15 WIS a5 9SGl e | Sledlbo!
LI SuSgs oo ooliiw] IS a4 e gblos cpl aS 045 o = plas w0l 955 |
4 (e A o o odi il gl paie a0 1) LT b s oo B pae S0 o 4 Ll
3925 L paie plaS (Hame Siw digad S ;0 a5 ol il g8 oo 498> S0 o0 I8


https://tahsilbama.com/

(linz paie S ad g gloctnl Glaghs, Sowl glinl LB Sl az a5 9l
slge Bpas L €138 o (glop Cengjlaime (59; )BT 4z leord Bole S, 2l 5
a2 p (Faej shlaa 5l 6,10 o 00 Toud (gl B L enlad po s (g 580 o5 & jg0 s
F iz B ol 2 eyl mlio (ol (650 g Lai slooseds So,l (6 il a on
fus,ls )‘dﬁl.g: Arwgs (s é.gL;A ool sl eolaiwl jo (s A Lmolaw& 9 (o f‘s,l.c:
S35 )0 09790 glady; g LagSIl iS50 o (ol Gy (5280 612 ol (oo

A W paie g olge

L puaic g 3150 )L3, y0 audg, g LagXl

S g 580 1) Wl 55 UsS sl aleT ool 5 0lge sl L o lo o
sl Slge ol 5o Sns 5yl )0 5 5B 5 sy el 3L el s 2 1l ek Bk
Protee (o8 aaig) 5 LagSIl (33L uizmen «Oledlbl g baosls (ol ol LLS,1 (g1 3 Lo
2 ol e Ll 5 LagSl oy, ol olsl 1 oo jlacds 4 plle 8y )0 5550
LB, Wlaiadsa g plite Glodan alllas plgs oo |) (oond ple 00 (o (S 515 9 3,
el Ll oo 5 (S5 518, oSl 5 ooy, (8L (sl 0l 5 Lo puaie

ofy alds Sy wislos g 0092 Lo paie Glodaz Sl a3 o (cioled o paie (glo 90 Jgua
5 emoleslo | loosalive 5l gl pa 035 o SoS Lol ) 4 ansle 10 o (61
A gal ) (o y0 alled HICET Lo paie 55 50 (o (slogSII B aiiS loxs g 4320
odiz «2) goil e Jn Ll (Shas e isolen olsl 2 (sloyss Jgaz 50 o paie oS
3 e asliie LT 31 b 15 Y S5l il a8 ol et ¢ g ol 5 ilonds
Ot B0 (rimen Sl 09,5 VA 50,90V Jold Jour (nl 3laid 57 (gl 095 SO
B85 9 ele3 (S e 0 (SLLE S (glo 90 Jguz )0 pate Su(09,5 9 0,99) Coudyn
T 58, ool 21 (loyg0 Jguzr (slo pumie &5 0o oo (Lt o s 0 5 il ]
S ST Lo 318 518, 550 Lol (gl VB s 5 5180 18 Jold s s o ol oo
slogsdl g oy, & o paie (gt atns e (g oo L)L) (ol (o b (V7 USCE)
Ay domiio sla e 55150 ool 51 (B0 Bl Gl 058105 2 T olsS 0 25z ge

s alil

\_ Semimetal (Metalloide)

uj)}g 9w p ulwla

L algl oo oS wiitun  Slaseisle
slooduy g olge 6)ly8 392
Ll 9 laasg, dlagSIl (0g5LsS
Trdss 5 9S8 Sy 1y Ll o
Gl Ll 51 (S adaie i
255 b 1y slosgs Jsiz o

]

VA 05,5 5 ol s

s raic glojys Jgux
g el S awd 51 g paie Lol oo lo
ol b b ¥ g 2501 )]
sl Dol oz s 5 oo



Lol yon (gloy9 Jgao pgms 0,99 (sl paic g 000, lezr 09,5 (slo paie oy Lo S 5o
NEUV-Ju GMLJLQW)J:U LQ.JTGAAJ))JL’L_AMJ IR ul.AAAJ LQJTGLQ‘;).@ ‘5>).>

4 N ) 4 )
_ 5
18 (oS (S Sl sy - el 0,45 o el - (fs 358 a8 (S aSIl Ul -
4 09 2SI ot 5o b (23Sl 5 - @ 09,5 sl Koo b STy o s @ 9,580 sl oo b 1Sy o
20,185 o ST sl A5 e Sl | — 5,138 o Syl
S wpd Al s g Sl ouiSs - g c0 3 b il o ‘S‘; D5 ge 0, S Sl oo
= .
. RN S A . J
>
b —
_J Yy \
Ge <

ol
1 o I I
f N\ aa —_— b
15 T O 5
S e T T
T I S [ DR
| PEEEEEE |
Y (S g (oS s,

-
—
I -o5ls

sl g S gl -
e 1 oS Lol S0 Ly STy oo

a5 g LS g bl - )UB)*SJ SIS 90
oW AR e Cewd
3 09 Sl Lol s b 2Ty 4o A5 (oo i O S5 @8 s
BB o s 205 e 0,5 Ll
(N J - J

VE 05,8 sl pie (I



I (YL (sl eSSl - 3ol ppe s Lo S 9 3 bz -

23 o Cawd 3l s3SIl il Koo b 2aSTg jo - Shxsl 4 e il Ko b iSly jo -
g el 05 (Jg Lm0 K it a0 Sl o S oo bl e
55l Slas s e - g o0 8> 45 Sl s
.MI)ASASJq»o,,jQLb)oLQJTCJaM_

P~ 0593 Lo paie (@

¢ wl Gl.awsdb.: LD)M ‘AL&SE}L:.M: el J.iw)o_\

sla,ld ) Whls ouSK b o ion S i slo Sy b paie slas (@lh JSKo oY
FosSs @ b paie olas )ld,) S asie g duglie po Ll o g (I gla S5 Y

S Cblooly 1) 093 anolie S .05 lo o i Calll

sl paic g S 395 (sloaidl | (abpen So A v dxio Jgaz 035 oS L Y

a0 41,8 18l g 180 Glo aws aw o 1, YL jo cull asiee



o
Jerrer|
TR BRI
i
TR
TR i
TR i
e
IR
S
23
\YY/Q
AV
Fr
el
[YYY]

—
loy9s Jouzr (2llS slajls

5 Syl mle 1S
cleolliws g blus gl ol
bl (gl aiile (S 2SI
Omteoles (ble 5ol yon (3l
posbins yoie UL jaas S

Gl

Ge Pb P Mg CI Sn Al Na S Si C ctbmonnis by S b g5
AIRY 5,ls ‘SSJ).AS."‘stLM’)
3,ls 5,1 Slas ‘SJLo)f‘SJwa)

SilsP s
ool Sl (58 )5 yoloas Jolod
KX Syasl
RIS
¢l od;d)wbéjlﬁulwcu&bCUYb)‘ \\005;)&_&
S gy |y J9az pos 590 10 Tg L 5 V(g 8 Cad si g, P
‘Q)LD S s 6}1.79&1»4}'6“)90 J9A> J?I osﬁ)o)@sﬁlﬂuww_v
S JelS 050 2 50 Cawy0lba5lg oy ax L py o le A
sk

3k 5L
A

Ju)béwé)lﬂbmb Sl 6&:)@3&\Vg\?c\akgl&bos)f)o.ojﬁsnoojjﬂ

Gl G5 5l sl & e 5l lo 50 Jgaz 5l 0,90 4

ro=

g oo 0L i’ib S b YL 5l 5

G Ceouw O ow)#mﬁmo‘fwugﬁ |)L§|°)3‘> JS"\}GLQ)M)"‘“““'
l.c'b).ls A.M.u Lsledlds odu> Jsb LsYL:s wb Comw jO LQILSL: Ll ..M)L))‘)B Jsb ;)As
et Ungls i Lol So5d (ol 3510 )5 g0 a3l s 550 e
sl L5150 alom LT a5, 45 > 0 009
CUYL:)‘ oajfu_i:)oad.:lasnw.&lsg,u»‘)d;u})‘ o)sd&:)os)bulmﬂwduo
P 503 4 99 oo 0aaliie 5 Lo y90 5 oy S 503 50 Wy ol b oo Gl 31 il
lo390 (B & oS 99d o 1SS glojed Sjpon braie plead 9 (Suid olo>

\- Metallic Property
Y- Nonmetallic Property
Y- Elements Periodic Law



S az @ oudll jo b paie Jgoo

3 XY
Sc Ti
PeRtioN] oS
fF.45 FVAV
il ss—
i ¥o
Y Zr
e o555 25
AAAY 4), 7Y
sl ss—
v\ VY
Lu Hf
! eile
\Vo/° o \VAO
el s—
Vot \of
Lr Rf

sl 22,5850
YPV

[Y#A]
—

v
\%
il

XN

Nb
(02292
4y.4)
vy
Ta
Just
VAe4e

Db

ld

($ogs Jlgs

Yo s Yv YA Y4
Mn Fe Co Ni Cu
5% sl el w2
OFAY 80/AD OAAY OA £ £Y.00

 —— el —

Y Yy [ 5 TV
Tc Ru Rh Pd Ag
eSS ) 39, Yl o

- Vel ) VoY 4. \of ¥ \oV.qo

—— —

Vo Vs YY VA V4
Re Os Ir Pt Au

) ool el o N
\APY 190,Yo 14Y.Yo 140,) 14,00

L — s—

Vo VoA yoq Ve 1)
Bh Hs Mt Ds Rg
% sl bl eliselo s,
IARAS| A Ll IAZS) [YA-]

5
d as

Yo
Zn

[}

0.4

YA

Cd

wsls

VY e

Hg

WY
Cn

Ae AY
T| Pb
o5e> oJb (. <
o Yo¥f.Xe YeV.¥e Yo4q
—
VY ARYA)
Nh

s
[Yvv]
——

ailoly S

r:’ p:ilv}
£A.VY \AZad

Sn
,,m
VYFAe

H I He I
Uiy ol
[PERYN Fiooy

Y ¥

Li Be

osd ek

v Vo X Y
8 ¢ N oo Fl Ne| Na| Mg
£ ae; o9 ;»:-=~5 ! % ,h o ,:s \"'\"P;ﬁ Yp;,-‘-:\
\b \9 \Y
Cl
:;,f » u,f)
5 ‘\A r Y YoV v0.%0 14,40
Y Yo
Se I Br
£
V\‘ ‘\v VA a5 V44e

H
Ca
,‘....Ld
4.9
A% YA
Rb Sr
) o]l
A\’ A AA fv AV.£Y
80 OF
Te Cs Ba
\YV? \\’i‘\ \Y‘\\‘ \\"\‘ﬁ \\‘V\"

o:’l:d' (;53') p.--ﬂ"} yﬂ.éb
YYY Yyy YY#

XY
Fl

2,18 i35 s
YAQ YAA Yay
5
P aws

\\A \H \\’
I I I

| S alwo |

(el 00 9l Shgal bawgi g olwlid gloyge Jgaz pare VVA dan o5 als o

979w 45ty oo Hlai 4y (i Gl b S JB Jgaz 0 glal e o5 (g 5k
Selsi g s b paie Jlod oIl L g oae) OLL 4 (b slojais 25 (ol
raie ololid g cole 5,8 oo )55 5w b wls .cwl Sisle & g0 il
L Lo pate olwlid .aubl souicd () 0w g (Slidiss glaolSiolejl )0 VYV LV Ve bl

cL!b).,a.,_c u.,luu.S u)yc)éuwﬂ °Mg5““"L}”"‘"LQj6|)" L&"L> ‘6)9)"" 6‘°)9‘> JS»
05,5 splss ganainb | Ll wlul az 525 458z Sappo ol 8 Jgaz b 50 1, L]
ouds 4Ll oo paie a0 LS LYAYY JLo o gauil )@ olo ol il L0

35S el dae b gl pate ls3 o o olool 2 a5 5,5 ail] sl g5 s 4o

50 &iws gla paie Lo (glo,90 glaniy, ()] S gaiaids 1l 3,b s (]

S B (595 BeS glaaiz 5l Jgaa g 65 50uiS 0O
A2 gaogs TuusS oo olpiing Jeam ax Lol (o

'l & bl g b uasis LS,
Caols (b5 5 (SO oble, O idls Jolds lojls  SG5d sla)ls,

\_ Atomic Radius



lyeen agilsS Jom b (eodlen VAFANAYY) cils L olgiiun Jpor
a5l ez aY oy olaie a0y g ol dude Cans g0y lils

.oyi‘so)ifgdcpcs

J

oy OA 04 $o £\ £Y 2y Al £0 44 v FA 4 Vo
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
oY o gl aess e bl sl redgols (oA (O melss o)l oI5 o
\YAA - VEo e VEqe X152 [\fa] Voo Fo VOY. - \OV.Y e VDA VFY .0 Vverae | asvre | vsAae \VY e e
il il ] — il il — il — —— | —
Al 90 A ay v ¥ 10 17 v A 14 Yoo Vo VoY
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
eS| 5 Sy sl s osisk el 55 ol ol s e palaie o
[YYV] YYY, oo YY) oo YYA oo [YYV] [Y¥f¥f] [YfY] [YfV] [YfV] [Yo\] [YoY] YOV YOA Y04

— -

Cadlad g o,ls g i o8 clas s Caws 5l e iUl 5oLkl e Ll 15y o3l

ol s 1 ot ot
S el medgs BB il 4 atly glocesS Golul p Jouz 5o (25l (slavss,
QD00 LTS il e osilss Jao sullas o aissal oo o jo el (ool glad dansS (ol
QT pyo Slen o 3lSl s O Ls’s)“i'” LSL"M\"Y 0 9 dwd 09"")“"’ L“’uﬂj-&” aS JJ;LSA )L:u 5o L5‘°}§ ole |)
sl Sl Ol ey 8 S oIl g 08 s el o o sl olgse ol pls S > Lo
ot o ol i Lo
bl 555 ol Syl 4z 8 3 e Ly cilizie clagil plad &S ool _gu

ST Ggy 5o leSs @il 50
e (F JS) sl 5555 5 ol o 8511
o ]

S (o0 5 0 il glad ) IS
Haiges sl
YA pm () sl 5 () i) (ol gl s Ao - F IS

Br Br

pp el glad = =\\¥pm ) )
ool plul b 68T S glabaly Lol 6580 L 6518 cdias 5 Lol lads Lo L
\pm=\-""m

W \- Chemical Reactivity



........................................................... me‘vbb- .&plosol%ig

G el 5l K aws gl
«gloy99 Jgoz 3o (B (o 38) ansliy 5 avis coited (gl paic oSl 4 4255 L s e 65031 5 s

9,2 olo algs s 5l 09 51 5wl CSGplaS” glapsl ¢ IS 515U 2aSTy yo 0SS i Fe plad
x ol

slrosls ] Ao oo olid LSS bl 3y 1) IS L lesle ol (2S5 gl Y
Pl g Sare gloske azye  pleial) 08 e 0l ) el e el ol

el 209S VA L ol

- - ad YVYpm

Caws 5l 09,581 5ol sl 3355 518 G o3l glad a o alex LT Loy Jlas 4, Y

QI)D- ¢ wl CLw:)o ((..\.&:064

ar ol gled b 59,8l slaay jlad (ro oo mogi g 0SS 1) 5 Jgax -

S,lo 0929 glalal,

paie (b oled vLi Na K
03 yd g Sl SielT

a0y oA sl

JeSzde S giluslilepgiadss
35 3| (ot 5 g5 g g
295 DA az sl e

o150 SS9, glaay olass
(pm) o3l glads VoY \AS YY)

S 0dd Sjf 55 29,5 Sial
S H8) p93 09,5 (bl 51 SuplaS Wl wsS St i Jour 44z LoD g e Slens 25Ty sl
i 995 g0 Jaded M7 051 @y 5oLl o 86 L (2S5 5 (sloy90 Jgamr (T S1e Solibortaniiflyseon fand
syt o
(2l Sladg o (192 ju0) Mg () Ca (sl yusl) ST
(pm) o3l gl \Fo ARV VO

\ -Alkaline Metals

Y- Alkaline Earth Metals \Y



59 el gloygd Joaz slapaie (ool glad poih aig) ((9lS (slady; 51 Ko (S0
S (S9SN glaaY slasi ) el oo Gl Bl (ool glad ol 4 VL 5l g5 S
(b oo SRS Cunly 4 gl b paie oodl glad 090 SO jo oS I o 0gd o
Wi clp 359, ol a8 Il 10 ile o ol g Sl glaa ol coy30 s 0 1
S)ly g Sl & dis o5 (gladle (69,5 o5y olaad 8l Lol oo il 2]
) 10900) Wb oo lS ol lad ol 5 (o g AL (1l 81 oS (e

Yoo
VA-—H
V-

3

2y S
: <
s

VY- N
\ \\

Ao

Na Mg Al | Si P s Cl

VE Vo V2 v
ol vae

AR

10593 J592 g 8599 )0 (o3l Elad iS2) yl0g0d
3T 0 S 58,5 L s L U 535 el 2515 Lot

Sl 3T (9,501 4 5385 L (L 3shla) VY 05,5 (glaslil Jle gl g oo

g oo oo (oIl yg9) (e )L

dwlojlul)oes
338 JolS 1 5 S (S
e ool Olod F el roBr
05 725 5ig 351 ol |
¥ AT ol
w50 S9SN slaasy olaxs
(pm) o5l glas A a9 VVF
gl cwY adgs .
7SRO e 1ol 58 S5 (590 IS s Ll 5 50 0438 s i (0

ooliil Lniglle 5 dag,og>

el

\_ Halide lon
\Y



4?93@.@‘0&0&‘0 Lw.su)g)..\.& L’Lb)lBLaUJ‘wab.sb.wf)Jsb)o(u

A.Qé‘snwusbu.crud) Yoo C‘_;Lao)o‘_s.,;

A8 o yiiSTy 65|)|@ébl oo jo A5
A2 oo (S ly Voo 'C glos o o
28 o STy Foo'C 5l 5YL gles 5o XY

5yl glabul, az sl gled b B0 clas a0 mpdss (&

s b laslis el el _gnlie oo li3, IS slacls o Lasls dan ax 5]
e 38 (il (gl 810 15 055 By (slaylB) 51 e a5 g ko ol 292y el e
5l s ool oSmo (5318 ol Lol 0 oo 0525 9 3 sy g 00 0y 58l Ly g sl o3
2 by (slop 50 heST b 5 (b 0gd e ooliil (6318 8,2y 5 y0 Ca o gl
Oley 38 oMb oS ol J ol Logds oo JJMQ@T&,) A g u0 g0 STy S
(BJSE) wile oo Bl plas o 9 S5, 93 (lizen § 05 o0 L 1) 095 (318 (O

S sz Gl 55 Ll i lo p g s (slajls ands 6,13, s d s glajls
5 3ls Gl 1SS 2 cplog2rg L ls ok 4855 Sl g W5 )lg3 (1Ss ciian Lo S
TR Ll Lol 5! > baelol o a5 usls slotg sla,lis,

daws gl paie b () (20
&S o (ool o Falnd GloygiS S milio eyl g npdeel SIS0
ohle a4 Blee S, @‘T sladas gbaslo b cuisy0,5 .ol al o glatlu g ailgiiy
S 55 4y e sl S 5 0n S 0l o Sl i 3 95 g Lo
ol 52 51 Lt ool oel sy gl g w50 (clid bl slagigls (b
S g G p grlexe )3 logb 5 (55 slaatad ols 590 sl 0559, 50 o
ol )l sl 5 arlas 15 o5 e oy el Lo f Sim 3 5l sy
S, 5 2ok 5l (G b e T 0 ye3 4 (el 5 Wigd o s Slsl 2 4y

(7 JS) 095 oo Jlanay Lad yo 0aiiSe 5

S oy (Dl (AI-B S
3l 4 lga & jglone )3 o

g 50 338 ol han 999, o0 (e

c@)l.«u‘ ‘_g)Lo.x.a ) (u-A l&w
Sl 5l g leds @wals g 0l

1S5 slaadyg LIy eade

S oo ey b
o Ty
FaE S b
P 8
4 ‘w
- : IJ
@ %

S jloads el a0 ,5 @
03923

\f



AJa.wljgsL&:‘Jﬁda‘dLuoL;Lﬂb]lﬁ [}
Mddu)bds‘sll})») AJlsJ5)M
Sylo s Jol slailsapgs

S8y 5 S T ()t @
3L el sae b glepaie
Cons LS ol Sl 25> VP
o ol 5l Gy 855 2 )b
o3l s sl e Sl sssesl 5o

ool Eghan (1955S) (g pool oo

ilo 0 LTS

Gl 2| paingll o g8l
5l oeS slaw o jlsle jo a8

Cr' by b meiesdl slocyse
Sloy T Ky 5 00 (S0l
sl 03,5 slowl |, g3l

(D98l S 5l dades joi jeee b

s ol Sl lagye Job
e il e S

\O

(h

S0y sloains b 5l 9 g ol Gl pl abus (o 5o 51 (S0 5w Sad| s e (1 -F IS
Ol e caad BB Gl ol (0 aidu oo 4 (ool oo (e plKin 48 a0l

5 0L sla S, Jdowr o sl o slen ) loSiw ey sllae 5l (S
ol 45 3Bl oy 0 Bog3 51l 1 (g5lapmlyz 5 (glos i 1S w393 sl
e e Gt 4 Tl (g0lse az 052y o alid 0 S, Sl g ge
5o Sl o az 09,8 S (lo) SO, Sl Ky a0 0 |z Sl ool "l
Glosls sl 5 (B vszs 5l (Slis by s SS, al & 2iS lgS oo o0l (el
AV S5) sl alassly

4

(@l

(&)
5503 (2 9 & D98l (0 o9 0 (A1 Y JS

)

Jb o Ll w31 d &Y 55 aS aistus glo,g0 Jgao (olo yaie 51 glaitws d dtws glajls
cyls gl Jgoz o lez 8,99 50 a5 Lajls (nl 5l (g s 2y JSG o Sl ud

Cowl ol salo ul***’

|

rd v rd® vd® vd-

Yd' rd vd’ vd ¥

DU el [ ] ]
————~ T NN
_|J s| W V] o w|r]| ] N ] EnJJ_|_|_|_|_|

s BELLT ST Gemen S s 55 USS 4 Canb 4o ajls ol L]

o2l 530l Fe 0L 5 FeO slo Jgo b b (cxnbo snST 90 ol diges (5l aigdh oo Ly

\- Ruby



L 53l ol LS gl ool ol Lo a5 4y $3,15 S92 58] (b ysilS plaS oS
(098 JoSiis ol 4y 5 d aiws slajle Secnl ools caws 3l 1) 055 ol g ,aSd1 plas
Fe™ gFe™ slo g ol i go s 5115 093 4 15 0 5 S sy 55!
g s 505 O jgoa
Fe:[Ar]Yd” fs¥ —5 Fe™:[Ar]Yd
Fe™:[Ar]Yd® —  Fe™:[Ar]Yd
a2 59551 Sl T asilen Fe™ g Fe™ slo yon 59,5801 (ol T ain oo 4 €565 Low
@ 5l JoSad b abanly (slopld el @51 oS ams oo (L o o 2 - S (e 55
u;‘;ﬁljcg el Lol slasls sl Jols 055 oS Jbo j0 0l god Cawd coos 58 &Ij

eLi:[yHe] Ys' —> (Lt [[He]

Al [ Ne]Ys™¥p'  —> | LAI™:[| Ne] @5y O S Gl

v ZN A YA FST — cZnT LAY el s e
s lojluly 095

aiile a5l Loy 15 45 el (gloygs Jgoz 5 dlansly 316 s o5y SC) petilSasl _
)10 0929 ddeds (B g () g2l

g |y )T o3l 59,5831 il )T (]

318 00,88 g UL al Tl St S s (alacaS 5,0 58 cal 538 (o
RUVASPUREE PIRERY Lo

S S5 5 Jgur -

onl ok (Se SISl g 36 oles &9 el
wV [Ar] yd" ¥s" wCr
W | ecssssssssasonnooos cr [Ar] Ydf
VY&, G [ ccccccasesseassosssss

\ - Horseshoe Crab

055655 sl 51 ol
S ool segiie sl S5

(1) g ,s YW (1) U6

Cr Ni™

(1) IS (1) ool
Co™ Fe'™

(1) 55y () o

Mn™ Cu™

S Ol U Sz
sl ondy Juwd loica
&l Ky @ (P d e
ol g oS Jl> o wo)ls
S d9zy S e
O el B Sz
o Ol 0> 5o 5 CUT
5 O oyle o9y FeT
5 @by geop8 pil>

Syl (S Cxien




ails 0 LT

Ohghyy b e Sy
4 Sl Fppm sgus Mo 15
ol SB o5 m s R K
~¢)‘¢ Qj?j%f;?ésb (o
3 Oledol dige (b godzne 5
Mo ¢ ,Soks Yo

09 g0 gl

Sgd> Yl

4 Sidw a4z Cawl SLas M) o
Sl Pello o Ssicwl s
Ol ) (sl oo S Lol sl
~~\-.e-359§3¢>‘.éfdo)5.a)o.q.;5@

FRD VA KEEEINRER v
U;LI; 6&00[.{:....»‘ ‘5‘)4 uLQ}

D9 (o0
g2 9 ¥ )92
o YYAAlY
PPN |44|3.1mg
S\TAIETE YOY/Y
s &beo WO NERY
AN SOV/Y

\Y

51 aS s o glabiwg b p LT cagjlais ol 095 Glbl a4 auiwn oS xS o
asle Y905 JLos 4wl Suil oo solawl b 51 o) sl o b ol Mo i
Oliin 15 Mo 518 LT aps 8 o sl (6090 by (b 0 calind 2t Sil ey 9,8
S e g (g p 0938l 4 Cewllea 0l )5 5w )l (6518 Mo S8, 53 500 ol o
S Zewl o5 9 )l9> 1S glojlasl 4 Mb 55 518 55 (g9 B4 pazie sla Sy clajld
2,5 s e o iz Sl b glamio 4 6,5 1S L gl oo |, o5 05 0ir

Mo slos )87 (& 5 AT

R0l (G2l Ol &) S5U )l slapem 48 g loeS 2l o (raen @0
s 55655 les Ll 33 il ol Bk S YL S5l i
S5 L ol e Ludl 3y 50 09250 lge 5 0 STem 10 09250 (slajlS L o olas (25T
o ol glos )5 0ud o oS Ml ol (gla (g alex 5l gt 93 slagi L)
A US8) by Gal381 59,0055, O (Sl Lol g bl b i
20 0l ke Lol cogd go Bl 55 055 (g paie 5 (518 S @ Caal ;0 Mk Wiz yo
PSSE BRI F JJC P PN B OO SUSRIEIN JC S T T
30 diges (gl 090 co g 60l sl wilang S0 ped 4510 )5 solatnl yoxe S
sl wilawy (5 dw 3gus cwg e Al due S cl ol 3l 050 (Db lade adgs
ey Lol T s glacudled Soo wiilen Mb gl 5wl 5,00l 51095 o0
cnlie ol imgh plol g oSS b i digns 0 &5 ol gl 0,135 o >
by phalS @ oie clia 51610 o o (e o 095 T Lo jld 2 otnl (g1 lovel
Olgy) s Gledol ;o dise (b aizms Bl Il dnwsi b Sialon 5 0ol i lasoee

e ol pl oMbzl sl ol 5l 258 OL%LU@T)Q



D?ss&)|doy9w)od‘j’|‘ﬁ4.3...30;95‘039).:.3.;60}.:#5‘MLALQ}EL’)L?).} )l 052y Tl 0wl
Olee o aldl el oas (5155 G 10 5 D (e 0,85 slaile 5l oladises

it | Sl o 1 5 2

oS Lz 08 oo oolitul (ool Jlms lo3ls 5l (gi9 50l (Sinio g (e Lo 4o

(Vo USCE) cawl 00,95 0,5 0lge (ol B pas g adgi 4y oy giS colaidl ooz > . ‘0
wils 0 L.’.'Q

058 e LB lade aVLs
05 o0 B pan 5 s Lis s
aVlo Brae jlade nj Joux
s e gl 1 5l wis

drﬂ)‘é-ﬂ'-n . .
LK
) e

S50 08U slajlso 5 ay o S

— — . . . . — vaDQOOOO ")_QT
0,18 585668 mlio pm jo 1y AYle OB pae o yitien ez o (o aS Conl (6318 ol

& Gl 5o el ol agls o a8 joboylan sl 0l jlay ool Brme Ji e 085 J0 gl i

| ool 2529 (155 o0 55 45 05 o 2 kae e (0535 05 0 Bl ST IS
sy b lo pands §5 5 2l 2l | QTQ‘S-.’L& 09y 4z 4 g (olwlld Hase S o VWeoomee  pujls
sloiem 51 S il |y b has 5y 365 ol ey b sl oo |, T 3 colge 330
M55 5 gl Al gl ool 5 (95 UsS (sbvol) (8L ¢ oond e golaidl g 0,05 5

el Cans 5l o paie

Aoooooo Pﬁ;Su‘“"

YA



ails o0 LT

ol 5l glaslis Mg i o
=S (o9 il o olulil

Q)L)).a‘_;c osle &: LS‘)‘>| 60»5 9
3l eolaiwl b layloasiod oo

WolKiws (65,5 s gogs iilo
£35S e QU e 5 il
A5 e Jo 1y el 5 o
Sodlw g (A5 S diges 612
G52 6 peSoslail 5 15 agls el
37ml8 1 ol J (95 iy 5,

el i) ol

sleoyz 5l S sphe S0 il
4520 o )lf.ija

S 3en(11D T sy s )55
38 9000 (1) 21y

4

(1) oS g0

S 9810 8 (Ll |y diged S 50 39290 7S (i (o0 39 41650

(A 3,048 o ¢ laiie ST ey IS U cal cau IS (1) ol 2 5LS o g0 Slgwe g Jsluwg
S (S 0 b ¢ tle T gl el S 5T5 00 Jolome
Y e loyl

S 138 6l | Ll g auylo o iolesT Wgd an ()

i OV 8yl GiolejTWg) 1o g uu,le p SEBB L1, 0 IS (1) ool 51 o8 lade (0
l Cewody Blad Jalowe b ages IS ol g i e T aas B T 50 g

(Vo les iolosl @od jo g auyle p SEBB L, anSg joun oo 3l (oS e (o
il Cewody Blad Jolowe b oo IS5 1) T 5 iz T aes B 0T 0958 (s - 32522

Jotome 51 i (oo G090 50 (¥ o)les (toleTals) 5o IS0,k 5l eoliil L (&
i dnS g0 s Jolows o518 0 )b T4 g i 15 IS (1)

g |y 03> slacaalive $usS o cdalive 4> (&

05 o S aplS mass Jlome g anSgpaen (D) ol Cogany (13815 0l 5o (2
S 4590 g dpmngin | 0ol aloul 1S Ty goles slae

fau e oo slamatd az alesl cnl 51 (2
Y owloyl

S GialesT g auyle o S (D ol cau S (D ol sl a0V iolesT jo (il

Aoy |y 095 claosalive (o

Jelme 5 aanSg e () ol Cguy (13STy ol sloos gl 3 aSiol 4 azg5 L (0
S 45350 g dpmngin |y oo aloul oliewd (28T (goled Woles el 0y IS paius

oS o0 slazet az alesl cnl 51 (&
Y owleyl

b1 of o o8l S35 g wplo 1) 035 S35 hal dlamsy S5 035 S5 Gn S ()
S 6yl rez 9 ey bl S SAsB

Jolome oplade ks o wynp halojl gl Sy o 1) e (gyglaen ool 55 (o
225 > ol S5 Bes oS wms aolsl ol B Joe cnldnliie o 4 0l S 1S g 00

a0 dolol Sl U1y Jae cpl el o ded 4 0pnS g 000 madiw Jolowe o ado had (o

\_ Analytical Chemistry




05 JSAS (K55 gy &S

Aoy | 095 closalive (&

?l)_? £5,l0 09> Q.QT 0% ‘ak\s Q.a:T &)' o (&

358 29l8 (sl 5 53 (S lg 38 plush asol b )Ly

e e Ol g (1) (s ¢ 0] a1 slug g Ol

Sl g (1) e (5555 sl G50 i 5 a2 Ol o 2 g U1 (6580 (59,0 -
YOIV SSpp I [YEN LRV TRV SR PRV N P

S o (e g a3lake pdo (9,0 (o e e 90 Y

Sangi |y 093> claosalin Y

Wolre coiil Ol gas (1) ol Jolome g o 38 cons plosil 1S Ty slaos gl 5 S1_F
g [ STy goles

fay S oo sl ez Gtaleil ol 5120

d.acuTc\.)dD-s_sL:;/WJ oMMLMpmbLm)lﬁﬂ womdfwwjlsf)‘_b»)o
RUWV-1) C.«.ul.so..bu C).la.a LgLQLJ‘“"")"
Srd Sty
peels S b

SS9 ‘Q—“T

S,

)r{b‘o).ﬁj o f“""""l""’ S ).brsb

5,15 g 5eS oles 0l (yond oS gl W jls plaS LSS a5 4o (Gl

fans oo 23Sy Sy cogb o slon 5o ) 518 plS (LSS Ll 18 0 (0
Agl:‘ 9 Na|:| ‘ an:'

9 el 5)leb0 o3l alaS” ¢ loass Lyl 15 cuals (o

astine ol bl s 08403 45 9 S St (Ao Alas S0 5,L,0 (&

\_ Inorganic Chemistry

ol les 518 o0 g iy STy

0L (aloond (1S lg plosil (ol 52
PR aSly sl az e ans o
STy plasl gl oof hles iy

aild o LT

R N
el Gl Jle Yoo sg0s
ool o5 I o el osds
JLo VB vgum 4y (9, 38 5
wz Mo g o s5l8 g i

20,5 oy G Lol

ol sl 61451,:;“@.\;.0‘50.@
B8y 5 L Sy a5 Cewl ol
dajls: Lol Saxe glacuS 5
e T slocas 5 ¢ Sane olge
S Sle 4 a8 (oo (o)
oo d (o il 3l e
Sty 9 (elst i o
e bl S5 g o paie

S0 pee S oS S



B 5l eolanwl Ho ludl &ylee
JL..: Yooo )‘L«““"’LSJ‘“‘C‘QRT
3,5 oS (Jl cpl basyls
EDSTERTCRIFR R SUF PO
Iy (P58 093 (slooyeS a5

6,8

@il o¥gd S, b o
o2logd 5 s o¥gb o
O bogle AV (Gl
S 0sUsS sladSs 4 ol
slaailp 5l (S j0 agd o
ool gl Al coal g iaio
O o0 ploxil il 665" 50

¥ JI.I '|'li|..I :",'.I-e
i Mm L

30 &5 glejol> ol Siw axe
a0y (S pol> S
HiS 0 palKiw b mluas
Gzl B 6,3 L el
B s 5 ke TV lade
VAo oy Olpl 655 268
Ol e (B Jlos (5 fasleS

el 00l cﬁ‘s Sy

AR

SRSy g o0 el (b j9bas &S (b iSTg p2 )0 (S Heban
.((Ml)ﬁafl.bomoﬂb}'uoé”bé
A, Na,O(s) + Fo(s)

-2,

I. FeO(s) + YNac(s)

Il. FeO(s) + Cu(s) Fe(s) + CuO(s)

Sy dnlie sl 05 (1S5 58 5 ine oale milio (casy 2 b (390l Sl (&

.@owgl)wuﬂu&s)‘wlooﬁo%mwb&T

. FeO(s) + C(s) A) CO(g) + Fe(s)
I1.Na,O® +C8) 25 ams e LSl

az 2 ool e (1S ol 4 T il oles Glins @y paie o (g dy 23S
2 o8 o sl o led OLaSy Loyl 1 o bl iy (g pmie ol (6 iy 25T
GRS 59 0)ls oS Fobul a g i Jre bl S8 s a4z s ol i oS 5
o gl sl bl it 318 (o iy STy azy0 (S S el (hog3 5 5laly
NI R PR L

Cdl o S K0 @ G jo el aS wliie e blowe a5l L jls
152 bl B i § STl riosll cdotiz s oo a5 Lo 0¥8 Lo 55057 55 igd o
loass Ly sl 2l Sl gl &5 it iaio ol paizme alor |

&lr oS gl FexOr 511y Fe 58 (los oo 93555 0 (o) 2 pedly® (o0 (95
oS Ll 50 0500 1S paie b o 318 L FeOp (2355 51 olgi e 5157 ol o]
o 2ike a5 )Le 0Yg8 0 o lo ¢ iy oolal &ﬁswlﬁou]‘&;@wfwd
IS STy Wolas .09 o colil 1S 51 oyl 2l sl Gl colez o¥s slaeS i

A
YFe Oy (s) + YC(s) —> YFe(s) + YCO(Q)

A Ll oaias oS lg sasein Hlade jlo0,gl,8 Jlade dwlone Jig, b p0d cond jo

‘05)g5‘° )LE.«.:‘ ‘J.QT).L‘B )‘A.QA



GM&MQ&J
‘_,Jls)l«@Suwdlo)sokb»mwlﬁbgwww...flsi\.lol.m@oyb
L Dgu MyumTuqmos)Gn)Lfa.ul (S 5l BEHlase LFeOy 5 SO

&l
°°°kgx\°°°gx\molFeYO\~X ¥molFe y
\ton \kg  \#-gFeyOy YmolFe, Oy
(b?gFe>< \kg « \ton
\molFe \eeoog \eoo-kg

?ton Fe =\ton FeyOy X !

=-/YtonFe

dmlojlulyo95

39ys0 HUatl 0,5 B lade LS TN yal 0,5 Fo 2iSTy 5l YL 1Sy 3ol

Saul Cawsay (yal o 5 s

o S g 281y gL

)Lg P 9‘ el ool r:l?u‘ u.o.’l .E.)‘;w 2 )Lg A |) e3) UM.S|9 col.iw_:l.c)T 3 @Wlo
sl 03505 STy 3,1 caslin agl 15 5 03,8 B lae b1y apunST () ool 0 SF e
s o Lt | sl slatalel gl 5 Jgoz

Conl 08 yof Camwddy gxiils a5 glod gl 8 o> Fe O codsds iSlgp > o)l

() () ool
Va/0 ¥ \
Va/s ¥ Y
Vav Yo \

(0] 518) 00,518 a8 YA i, oo el caplne olol 4 a8 ol Jb s oyl
el S LA 300 p 5l 00,5] Camsnds 5zl l 45 oym b Lo Lol Logd a3
P YNGSTy )k lae 51 (ol 51 )5 VA/9) (1S5 las jlade (5w S0 4
D) ol a5 0,5 ol iz lsien calias al gadsd (sl sl 5SzsS (ol 518
ol s Cansl didlgs gzl by ot (2 Ty s 5 o)l e aylis el Ll 5L 0pST
20 oo LS 5 05l Cansd nl 51 o tale3T S 6 jslanz 5 (lolaz | eadal s
5 DB Oliee conins 23Sy olge ool> (liae lo gln (35 Lol serd b oS
s ol ey g 330 |y 55 sl dnslne iilgi B aiiS lag | (2S Ty o 5o3k

Yy



Jolis S 0,5V o0 ymaS Conline ol s s JuSid o 11, SUS eg5 5 o, £0 5]
b | 25 Sl sl st ol 4 azrgi bl Koo 0lsa sl S YD 50,105 50
SIS ol ol wuoyo 1098 o 2l Cuilen Bl & g0 as Cannds 1o ol (1Y

d.uLu olyo uosbdua)d L5|)'? 6‘ d.b.:‘) (&_:

8 )LEJLH 5y0 3.3)51)5 )L).li.a " )| M‘s AS.) )é ol J.»J}’ f:o)sb.é 6:.9‘5 )LA.M i\ml:u 6‘)" leu‘éw (d.” _Y

MEe a9 g,k jlade (ST o SLas |y STy SO D) A SieS) wlS e coliiul Tguuoy0 003l pU 4 ogqie

el n esda Jos 1388 (glos ol 3 Aoz o gl 2 el (aas o

g o e ke
DS Clus |y (ST gao 0 003b ¢y Jeuo glaosls a4 axgi b (o
(p55) 0obo jludo oolo o Lo Slod
fo FevOr
\a/s (el 03,491 Gy gl a5 glos ol 13) FE
YA (0] oty el Uil a5 glos y51,5) Fe

Sl (8o |25 gy ood e 99y 00 il 4zl Bollas e ploard Lo 255
ol i gt bl LS gy STy el Sime b aiil Il Laonims ST,
By ke Chogi (l L 0gd oo plnil (6,500 B3l sla 15Ty (T L oo 5
s 5| ol oo STy gm0 035k @Bly o el a8 UAH] 550 lade 5l 08,51 3
| S
oul o digod

e o i Ao LS Ll 5l ool ¢ i gun g5 clmol, 51 S
Sl rl )o oS Sl (pla 1Sy alea 1S SIS eSS giler o STy el 28
AR50 T)

C,H,.0,aq) —> Y CH,OH(@q) + YCO.(Q)

e S g (5 Mz (B (gladilony ;3 S92 50 SIS 5 VD e 5l asS Gl

S I ooy Aol STy 003l L0gd el si (JUD)

\_ Purity Percent
Yy Y-Percent Yield



el LRG]S yg0 00551 13 5wl gl duwlre WL (S Tg lolas 4 ax g5 L Cnds
\ oo okgx\ o o ogx\m01C9H\Y09
\ton \kg \A°gC;H\\'O9

YmOlCYHAoH f;gCVHQOH \kg \ton
“YmolC,Hy O, \molCyH,0H Neeeg Veorkg

=-/VYY ton CyH,OH

e Sl
Co o odb=—"r T
X
/\°:WX\ ° °—)X=°/?YIOHCYHOOH A.\.@‘;d“);‘)&éb)&)‘)aao)sfa‘ ()

) wpls Shss s (89 aw g
59V 514503 g 5Ty bl S5 sl s STy Bl Y s e ol et s

59090 3 0 ol oo e S, 1S g 00 Jglone (S jlade 101,280 gl Lip SV o
Tz €l o SG plaS sl 00l doliro STP)Q}}JJ‘..JBSO Lwgioadadgs
Fe(s) + YHCl(aq) —> FeCl (ag) + H (9)

\molFe ‘molH, YY/¥ LH 8
9LH, =\ ogF Y Y V O%
Y grex 0sgFe “YmolFe | \molHy ’
\molFe \molH, YY/YLH
?LH, =4/0gFe Y % Y
A g O?gFe YmolFe \molH, \E-T3

Lmomowjlgudb)lmwbdﬁgﬁwléuww)elfﬁwl S yo Yuus)c.wb
285 s o,

dmlojloly 095

S i (1S lg 09 oo 00litul (T 51 (6, Kgzr Cuato y0 & ol 1Sy 51 (S -
|
YAI(s) + Fe O.(s) —> AlLO.(s) + YFe(D)
91, §ornl b puinogT el 5 Jlad 18 plaS oS ascine (]
p¥ dops Ao ols L pinesll 05 iz ool e S YVA s slp oS Sl (o 0
ol g e oslitl yal ol ) Lglas

50 o g Clde ool 5l e

Yf



aild 00 LTS

o S ol 6..\.‘.:‘)3 u’_aYL:oLS
slacl (2 ol plals 51 o
oolaiwl ‘5.& 9 S “57L|a.w
o|fo.s'b4.!YL: u~.\>u)~.\95ww).’
bS8ty 15 39290 slagg S
oo 1 was e o3zl ol &
L.{ Ja.al.u cu~.\> ‘) g.j )o 09}9.0

ol 8L ol s LS a2
S0l o 2V (6l e
O e G fites 9 2 )l 3l
J5 o ca el 0l
= IS 5 o Jiw o dtsnn

-W‘@Y‘-&lﬂf

Y0

eSS Ve STy 5log, oo )5 (LB 0 50 35 lgie 4y 9T (D ol Y
03 sl o0l oty 5l 8 Y+ (5 Wolas b deaSg3g0 (5 518 L ool
..xi)ﬂmoc\_;l) L PP
Fe, O.(s) + YCO(g) —> YFe(s) + YCO.(9)
ol 50 sl lalS 5l oslitl (S VY I 55 HansS o pm slo s, 5l (SeY
S Gl | 518 T il e oS 05,15 e |y el Gl glls S L yms o s,
WSS (o gilulaz 1) L Jole Sl g w0 aBS (oo Bl 1) 0LST

:Ja\g axgi bl oals &3l )1 Jogy pl oL 50 (pleosls () Jgax o

SG 50 38 jlado o o M8 0,59l 1o o

e e R C R Ry Wby e
ofooY of\ Y Yooooo0o00o Au
7 YA AYoooo Ni
o \¥ Y¥Booo Cu
N Yo VOB oo Zn

Cls oS 5 Ve st LS a0 0ol S8 M 2Vl 1345 550 40 (]
9 50 030AS (yg e e (I b 0,5 iz JLSe j2 10 WS Gl to S
83 o S B0 S VD 009, o0 )54 IS VL (6l oS (2L 510,55l S (e
S e 1S B ol o ] S du o
55 955 3590 (nl 3 (a8 10 4 e JS 5 (59, L3 gl il (sl s Rl (o
VLY

Lo Eloel glags
O 3,8 Judo aras ojlacn suied,l sbibl g Ol alem ol a1 Ll g ol il
w5l K555 5 Lo e glaaylg o poTal ol b wilowd (35 L)s yws yo o s
o 1 g8 iy |5 sl 1S3l o0 s Grasly ol Lel S o 0y LB Jo y0 68
o el 03,8 S 1, 5T (536 & sl a5 _msli - ansl 1355655 636 alio 51 8
Lol (oo c0 )5 S )3 b ol (liae 20l 9 (lond ol a2 Lo 093859, 5



o5 Ebls 00 63 51 92 gimz cnl aBL o35 wlie gy gcamz yo bdls o o1,
e bl B 0 w8 cpl ol dlags bl slecl jo pudae 28 olo oo lis
3l S8 ladivg g oadolS &ygoa Koo Gble (55 )0 g dlavly 58 pain wdlsn

VY JS) 09 co bt g e ( JSScyal (LS e sile la s

pm = -
e

e
g TS T b :

Gz o gt (@
L)"‘)‘ LS)“)){O)‘QF? cw)).:bo a ;a...w..: L).uyLa..‘Bl uis)d S9>g0 6)15 LELEAJ;W codale
S 311y Sl el gl il (lag b Lo j9iS (5l (oo 2 b 0jg pal ams o gl olie
6&&5%&%[{@‘%‘.J#Jﬂ@u)ﬂ@b))d)‘&fﬁtsLs%lfé.itm)"Ls;i

D9 Aoy (glola ol alie b 515 Lo 0S¢ 659U g yislo Cugds o oyl yils

keSis s8> «(Seabed Minerals) U)o jiws plB3 5,0l )0 ;e molie 4y axxlyo b
& 3lee> Sledlb| (International Seabed Authority) by i edl iy oylojlo g s
S G55 O 4

dxole> g Cu ) nso (o 38 0 12
Sl ol & 1) ol b e Wglas o8 sl Sleapl 5 sblae gie g Liie colo
a Sglas 5 1y T a5 555 o5 o ablss 51 6re 0, b b ooles] el als
085 UsS sS4 055 slajls (0 S 00,5l sl Llaw nl 5l sl 005" e (g
BYLs o5 0050 el o b,y ol 51 oS ooy s 51 518 ] sl S o oolicia

()

«b")o Juowe u;U.o.Hu,u QLA)‘L..;
St 31610 120 oo g o (138
oAl g 22l sleadlpalis
0)9> 5 (oo il 5 4 Il
C)B;Qujuoﬁlo)ﬁ.«csgb)w
&MLQ)B*J L.A'Q @L@S 0)9_’> )l
o313 (paiz eSL ol
8 b 5l iz 2l
39250 lyB o | o il

| oo)..?“: LQ,:TAJ

PP VTRV ST
o i el 5 1T ugiledl
.wb.uho.\.:ﬂﬁ)@)uz_é)”é

Y#



Slgo g lbug Gl dlasld ol 5l G 098 o0 gl Pl oy S0 51 8 5 0gekee oo

st Loy amlS o, Soe S g 50 b5l Args ol 8 0B gl om0 e ;0 055 o0 405 (S5TUsS
oA Uelle L g sloim golaml slaali>dle g laalse fen clens ad e b oole
OR,5 50 b ane Sl 6l et s alyse ggezme STaS (g ysbar 28,5 A o

-

A S KV PR SO PR UOWOIS R SIS VO I IR W FIRK GO KV-P IS VON S TPV =E Pae]

)I CM..J).) solarwl o &3) U"‘ l.) MQGA U,\..a,lf ‘)LQGE.WM) Lgbé)sd.ss‘sa é)b

A eals 3890 AT ol Ll (610450 5 ey shlan (pl

el 0 03l L5 a4 T iS5 g b 1 51 Vel Al b oy JSCE 5o

b 1) 25 le i sl (0 8y 95 9 iS L

Il drgs sy (lanal> @
bl UgSis o olatdl 45 o
ol Cejlagzme &) J s 0
ol G 4y 350§ 2352 (5 705
DBl Bgpre (lihe> 4 g
SBES 15 S b ol ol
(@ Gl S b Ll
el GlojgdS (sLagS g denie
sl 5 glag o)l i o

9ROl S

9599 .
L 6 gyl

<Lk

348 Jalwg

e S S5 au b 318 caS 5L Sal b 18 21 Sl g G pae Sial LT (il
IVER Y IS R W N IR ¥

1,2 ¢ pdsbasass b oS pdpasass  ule dajls (o

\_ Extraction
Yv



(IR PRC NS PRRP JECS N
Voo g sl (yne Ko ,S5lS Voo
il o gt i ) S
O oo
) oS oo Lo 3o ol sl o

S5 aie 5 o5 5idS YL S8 6)L,0 (@
1 12 Sl s o Ll g o Lo Lt plaS
ol 58 alaz 5l g ajls byl

e oo (Rl 1) wnST g0 S b @
D9 o0 Sk phle S e Sl o @

Spse O 3y s Sy S @
A e SaS )9Sl aregia @

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

20 Semgjdaizme 10055l 3 S U liue gl 0 ) jes a3 2 DL 51l Ky 059l
(2255 e alg cadgl g s Slge 4 9l Al e iy b (glad 2 405 5 oo 0 0 )] yee Jobo

AV Hloged) &35 9B pan

1, IR cf =

adgl g pl> slgo angs

&
8= <In

00)5‘)5 LSJ)A.CDP_T)‘Q}QJ

\ - Life Cycle Assessment YA

SYgh a¥lu Bl wilewy
ROWPCNRS 2

Vg bed caa Sl 5L
&S dghioe op>d (gl il
P Sl Foce¥ G plsi e
g«fd‘é&wﬂj) celw Y(b 05»



aild 00 LTS

oA d)m ‘_,’_i.J..SJl 6))"' )L.\M
Sdlyglagg by yasas 2

Ao oo Ly bsosls pl 51 5

VIY A%

I YIY oS

&8

S bsle sl s L)Y S

el ool 2 3l 3 aalol ¢ 8 e (6551 5 Ol () m €05 151 8 S (61 45 12 (il oy 2 U
op Ao o 50 8 g Jo abie izmes talonn 9 Wb lie adsgl 5 pls sl
S erSosrte b 0SS mlio U wiS (oo S5 (glad 2 Guiz (o) 2 &y 4o 098 o0
Ol drst 4 ol sbiul) 5o Cunjlase b 555l paasd g 18 il
) 3l el g (Seidly aS So gl a3 2 ool Sl slosls diged ) g 59 0

(X ST

GM ﬁl-’; L‘ 4_',)51 ool

Sl (Fauid agas cai - Il

slaws o)lg3 oo = ylaul s

cunlS co o ook

adgloole cuals g, l0ub
)

Ogd o0 B pan 5ok

Oliuu—!) QL'J.})Q O"’f‘.ﬂ L:

Ogb o0 5 5oL oyl

) P15 03le 0l s

Sls Jisal, lea ‘_josﬁ

pl oole Jii g Jo il

9 el slge as

Og o0 a3
DSy g ple s 1YL o gol,g})|¢&944y1;\.éL§A:¢J,S)o
6L 6551 (b (g yenly Slp yae ol dlge (Fy | Cumlaze g9, 53U RO

29 on lgp (Sogll o

9 on lsp (Sogll s

pl ools Jii g Jo il

ey larzme (g9,

S g 22398

Sl o) 50 9 29 el 40325
ile oo Sl (SYsb LILs

255 Sl 15 Lol 33 o o525
ROWEPPREEN PR SRt N

00,5 80

25 o lgm (Sagll

25 o lgn (Sogll

b Gslyg

Gloilony Ji5 5 Joxr
Lol 50,5 98 5 (Seiodly
o g S (o0 B e (55 5]
29 0 l9m (Sogll

&3 lasilons Ji5 g Jox
gbsn lsn (sl

bl

&

BUC | OV L WP PUR V- G-}

slge 4y o) JLd, a5 Wud g 409, gleoks L o )l conds (60 VA S 2191 jo

51 oS oobe ol 0 el Lol cads Ly a5 glosle 05w apes ol o oy sl
U5 5l e 4 slotie (gloged U oS5, olons Larle aule US54y 4 sl Ly slo o gus
(\Y JSAAJ) oﬂ"“"gs‘ owusﬁw)

- \ - Crude Oil



W,lo 0929 6°|9'“‘\%"5‘;) olew boglze Q.;J )QJM‘\)G&; QLO} QT)..» Lceolowi}

NEV-

Slge (Fp (plwlid & 38s0 pEC@ cwypn b ol pands (B p &S w0
ng OJ.E.A.AA).A.Qg u‘d.> L.)L"> cLCb)L\.‘B)5 Lﬁ;fg LJ"‘ JJM LQJT)LAB)ﬁ)LA}LU cuTéd.J)L»
S e iegh ob Glaz ol 10 el el 050 10 o iegh W Sedir Giol Bl o oS . 0
dwils oo Lf o
Ngs 1y (D9 slo p (el 55 S92 ge Slse (gl celio g iz Lo )18 (3L L
2 ok Cd elr s

Clo g 500 55iS 4 (6,545 51 L 500 jed 4 (60l 1 U8 5 Je JSCie S 0l o cdll s ke 1ABA Lo
coloms o (ol i b o 092 Ll Alaz 51 (055U slagsslon 0loys (sln 03l slog)ls elz gl i el bty
U518 oo i s 5018 lasS @ aSL bl a il s Sl slysa 1 oty sdloges )
0S8 g oyl el T b

D5z ogx 4l Gliler den Sl (ole)B8) o g ad e 00l g el 51 ) ol s e
el o ol (oMb 1) s ey Bom (3l 659 el VAN ol s> VYAV Lo o

el g e s (5035 o il asliol A5 90 (3935 5o 5 pl i 50l S (im
&loo )5 a8 Conl DlaVI 5 8lg0 5l (g5l anS (gl 2 addgl B0bo cpg (25 50 g 0992 (55 5] ~
VY USE) 098 e oolitl T 51 55 LsS VORL 5 o el ctiasily o 0

il gloole las’ ai 5l cend oga>
g (et 998 o0 00nS (99
<09 geoolatul andds blug o

Glr ol 5o o phael 25w
3550 S SN (6553 g Lo )5 (mels
950 )84 o 5L

Lis jo Brae pls il as s oo 5l iaS
Slye daoaiigd azly 5 Sl a5 sl
Slge Sy S5y o Eilag 5 ol
9952 )15 & S g0z

| a Lo 50 plo s aSliy Aofooofooo s iy allyg,
sy g hpme S ol I3

oL:.wkg)Uo J)m o)|54-\‘~d.§a;3



sl sl S slegl
0y ol 5 ) sloJsse
oz o a8 Jb o aie
LsJ.»a‘ ).a.,.c M“J"““) ‘od.})').:..é-

] o|9.A cAJ)’L»J

Jolis a5 SlacuS 5 aies o JSCid (95UsS gl Sy 0 | OTéw&l@Jm‘
Quéf@Ls‘)ch‘ u.’;ﬁbu.ﬂaém)uslw|)«a.~cds@i)|Mu.’;su)s)m
b LT )8 o (gl (Sg 9 o)1, bl s ¢ gl 505l 0lge olg5 5 Lo g

o 55 3y g gl (ool 5
)Lgﬁog.&g;%é).la"d.ﬂpQijlja.‘;&loL;L?L;lo”on&q?é)Lo..;’sé\.;L&)oQ_g;)..a.:.c

Jsa> o paie Sos w3l 511 T a5 5,08 (60,84 jamie ool 3l ol 5,15 ys 5
GooS 5 ggemme 5l ) ol 5l oad WSl glacaS 5 aS g yebar 3jle oo pleie

Qwo).ss) )u_o|J.J.> W|W6|0)5¢J9¢>6LQ)M)5_,Q ooy aaslly

il il Al it 24 a4

& FE- EETF
FEEFEEEEEREERE R S
FEEPEEEFEEEEEEEER)
FFEEEEREERERERERT R
R EREEEERERTR R

g |y 25 o1 9,501 ol T ()
S oy 1y 005 ol slabas g iU il T (o

s JSis wiles oo

Oy b9 90,180 STl e )00 slail L) (ale (g 2SN lgS oo (05 @51 o5 000

OVF JS) 09yl obcuie ol Ta

HH J de-dslf o H
H:C:C:H ‘C-+ 4H—> H:C:H
H H H
QL’J‘ H H . H
| o L
H—C—C—H T
[ e® !
oS plad Jow 93] 5Ll oS R lad Jos o el Lo
<

AR -
Ll (aled g5LgS (glmogadd () (Ul 5 (AN e (sl J5Uge 53 028 @31 WIS, (STl (slanign ) F UL



el o 53,555 3200 g5 S0 5, i 0 L5, o
slass Ll M)JL;)[JML}«J)Td\JlJAEQGAJA&mJ‘;‘M‘ Wgas dw (YN (459 505 o]
B ol o0l o (502 42 S o0 Sl Ll Bgaone ol 5l oo ez s glacaS )5
faimo JSid oS 5 Lo Ggaln 0lilsis 025 slaps!

a0 (S18l glonisy JSas (QUlss @l (STl W S5 50 09330 (0,5 o
VO S o5ls Koo sl (> g 0em L aslBan g

O:CZO H-C=N:
J;.wfk_go u—’; Sl (39)00

S seaS 5 (Fp Jeee sl cioled g gyl HLLe L) O IS

slaesl (o Koo w wjlely )5 ladil> g on; LSi5 SUlg uisen ()5
‘_gLaw)-lx\)oG%mesLaﬁgu’jjx}&d,a:ﬁjfﬁ.ssﬁqélpla.;wl.gbulsss.gw;
(VP USKS) Wlas 65 GsS

CH.CH CH.CH CH.CH CH.,CH CH.CH_

|

@boow;ﬂm)(usgbw@;;W(sﬂ‘-\9J&u

U5 ol 9 0V JS0) Gl 15 e 1 50 s ol sl ol i

kit oS slowil e o5l (B o sl s ool Lad o Ssyuen 5l s w2y
SG o b alBan wgw G slhls Ko S oS Iy o)ls 92 S slonign
aS 09, o0yl Loy Sg 00 ol Sglate [LS Lo a4z i b Lo ailfgo Wgwm Wiz b
8y g LS ) 2 b il delsl jo ol andls Sglis pa b i il L,

gd oo LT i oy )5y 0

\- Hydrocarbon



aole 0 L»ig
oS ey 5l (ol (b 518
|)UT3MMUL“°6W| ;.S.H.u
JoweS &S Jbjo om0 JuSis
o8 Jols v jgbas « S 518
ol B g g

Pl CH,CH,CH,CH,CH = CH,

\/ —_— CH, CH,
| |
CH, —CH—CH, —CH—-CH—-CH—CH,
|

o bl slo 53 000 o5 e V IS

Goosed 4 g (9 (eS| (gyee slapaie o1 b Wl oo S il i

oz ool ams S wile Slge 51 ool Hled JsSlge 5 ond Jate (,55LsS
el 515 o s 1S 6l g el 85k |y ooy Lo iy o el o clviipuol el
wilgioe S ol onl 2 09331l sy (6oL sl 5 35UsS oS 5 paie
ol edl S asle Jslite gla JSi 570 5 0l fate (95 UsS (sla by, 4 S0aSu L
LT o] s 5 el Sglite Lplgs 5 Lol los oS Lo JSL 50 ol Ly S ol g

g oo

FHL) 6““9‘:&% L Ls?.LbCﬁ)S9)"‘$'b &’b‘&lﬁi

G A Ngm e b )S WSIJ.QLe‘JT)oASMLaw;”Mjl slaiws b ST
el SUT8015515 e it g (o o3l (CH) (e .l 00 s (6 ,US sl
oo 5 g0 31 Lol 0,5 slo il Lot a5 Canl oo JsSdga ol solgils ol Koo gl
7255 S Ao § o pus iy 055 o Lo ST L3 L yo ()5 gl el it 0 S
@ ool a3l S a4 Ll 5l (S a8 i e (W1 DV AJSE) aiil ol ate oo 4
S il 2y Sl GIUT 5o 50 Chog l b (0 2V AJSCE) Wigds oo e 29
o s by S S loasls GIUT o a8 Il o el hate ;500 08 o 90 b S o
il bate K00 005 @l b

\_Alkane



C

|
(I;_ C-C-C CHV—CHY— CHY— CH\,— CHY— CHY— CHY— CH‘,
¢ ]
GHy Gy
CHY—E}—ICHY—CH—CHY C—?—C—C—C st
r w4 oS ol ¢ Sl e 03 008
Gl Juate K55 00,5

)obu; ulSﬂ Lgos 9O (& 9 ) C«wl) ulS.ﬂ Lgos 9O (WIYA JS.w

oL 1) s e ST g bl Jgm s (JSC0 5o oad ools (Las gl s Lo 51 5 o
0313 Jaled O3s et 5 (S slagdl Jladl (SisSz g sl o o &5 Je 8 s e
Ngm Joa ® opl o Wi pse B Ay b o wisn oo B Fosle (choled jo il ol o
odlo Glad (39 e 9 ()5 lapdl bl wims po (lis oy bas L) 005 slopsl
Higed (gl Mgh ool

CH,~CH,~ CH, ~ CH — CH — CH_— CH — CH,

NN

s lojlulyoes
S ey 000 0310 (2 S g 0 o gl ]y e = Wgn b g LSl Jge 8
; g G
C-C-C-C (= CHY—Q—CH,—CH—CHY(J‘
. CH,

Slass s b oS (g yebas 010 lap Sg,0um JL8, 40 ot (R ()5 glopl e
S UT AL AJL&SA Jeve s u-’;j)m 6L§3J5&J}° £ 9 o)|d..)‘ ‘U")S &SLQP"‘
S b am o cdld ols almil b LaiS o i g Ghe Bla ( JeS9e

g oo ] S g0 sla,lis,

CH, - CH,~ CH,~ CH,

CHy — CHy — CHy

CHy

v

999(1) loasles STl glaiges
Jloaslis (Y) ST oS axg5 (Y
by 0095 yloazLis Lol el o a5y

re



102 Gy B iy 4y Sl 4y az g

UUS o (6 i A el S Lt o Lo o ISUT g s iy S jLacds ol 531 L (il
! VL ST alaS g2 alais S o i (&
C\Hys CyryHey
Sz Sl ,i,058 QlS.IT plas (LSS Lyl 8 o (o
C\°va C?H\f
fasine sl b dad colge ol slo JsS g0
o 2 05 Sl o Gl Sl ogi 4z 5o T 15 J5Sga i (09,03 (&
€503 5l 4z g
faslaon Gl 31 0T (69,015 S s 0 S, Lz (2
?‘ﬁ ol PO oole |a|dS s PRepgve) (C
(€ \Hep s Jgo 8 WS

(CyyHyy o208 J2,2 L) (3l



ol 4 4z g e oo LS | el Glap T ooz Al b 5 25 yloges Y

aoile oo b 8
foo “Cn'c ¥
W b ol o)l ol sl
Yoo — POSaglacn o il byl
W7 .
“C Lmd;bm L)"‘ ol oads ools
PRt el Lilrs g 0aliSpy Hlsica el
~ byl O'.‘J - Lgd 0 solazwl O
O E Ea
= e 2900 i (SaS Gl (S
LQQLQ%LLQDML‘J}‘&)A ,.M' W 4.«.&)
________________________ (YYTy .Qs)kso)l.fd.}u.&,{‘jo‘}as
Ao
_"oo\\\\\\\\\\\\\\\\\\\IIII
Y OF £ A Ve AY AFAF VA Yo YY YF YP
o5 o la

fasiws jI5 cdl> 4 YY°C glos yo Lo SUT plas (]
S o |y o GISIT Jgep 2 5 Gooz Al (o bl (o

slasl (B0 lp B59,00 9 (25 sleesl el g (J9Sdge 50,8 ol 5 Joaz yo
il | ol e JoSUge Jgn s 5 0siS LolS 1, Jgoz sl ois ol o oy SIT eolgils

pln ST F9° Jsl gaceled
- ok by o ol Ol pU
H o
S | S | S CyH, CHy Jge? by 3 (Sud ) CS g

! QM)J)LWB (;oda 00gs

5 olgi B ogd oo cam Sy ool -8l ekl T o g (asl Jdo 4 Loy ST
L &b LchteSJT Jo ails fols 1,8 oS ¢ pgbay .o S colatwl ajls 5l cbla> ¢l LT
5y 0gd ge 518 s & O s 5 le T L (6518 Jilasg 5 lo3ls mhans (0,5 59

2



Wl Vel G b slag ST )
ey Ol (ol )l) ()8
098 oo oslatul bogae Sadloxe
I S PN
S ady 5l ol (b oSy >
5 WS o e 9kr ogas (g9,
S (oo Glp ) ogae J e o
CiyHys 9 CraHy. oo ST )
oolaiwl o ols M gl
sleolastinlcoleaidlogd o
e le 50 9510 5 138 lejl
Wogee Camgy S 5 Lo, ST

D9 o s ] GBS s

Ao 00 LTS

sl s o ST S 5
o e (SYsb il a5 ol
g oo smae Dol o

Yy

2 il 5l 50 o ool (pl o ST a2 5 oo (Sg - 935 (o0 (6 S 5l 518 (50,65
5 Ak 00 e Mol 4 g 00gs ke ;500 o3l oz ar STl wigw sz b oS ol
395 5 s S -3, 105 o (sl STy plomil 4 Sz Bles b 0T g0
aslas Slais b g g laid Ll slaciul g oad S Ll o9 (oo ol U
Glr oBgen (nl 0929 b gd oo 00 (glsn )3 (5T jlade S o 5 g 2L
e e, B | oSS sl Kol oS 31 aSiin b 9,095 STU 51 oy dls
OMS s g 0SS o S el Lo id 0 i glajlE JWm! 5l g oo n i g
&5)46 o Sl ‘)KM cML: QL)) LQW 4 W) o)|9 LSI.Q)L?U U‘)‘*’Q ;‘ 09.».:6.0 )bwé

S Sule) 900,50 a1y ceal SIS Wb slge (pl b 0,5, 5 s il Lo 09l 0 )3

s lojlul,oq

el Shoog0 o oyz ba3 ke lo JsSTge (oalad g0 llaS a5 wmo o LaS 4
1ol 4 azgi

51 bl i b i b | olites oiS o LIS 8 b oS ol 3l |z (]
faligd oo (Lo 2,S g j0un

o9 oo Sl Cawgy ¢ b Caws (it 51 uy |2 a0 i (0

?lﬁ"\’;L“’)G"

L@&&Jl ‘5)|d5'ol.§
o s oo 45 b ylod s LT H,) BT f(CHL) oyl aiile oo SIT oL L

2255 ool y 80T (J5SUgo a8 5 U 5 9oz 058 0 055 1510 Wi 4 Lo ST

Joo 8
T Jsse

Ol eb

C\QHY\‘ CWH\‘e CAH\A CVHW CiH\\‘ CH

O Y

CH, CH, CH, CH

o by syl plee olSe ol by obyn U




Hles ol (BT ool T ol gl Sl aelgd bl 5 Jgaz ollas

oS ol O gulleny
Sz )2 45 0SS Az g sl yin | (D Sgay g 09,5 (o Jolee Sgig L1 005 sl 5
RGO PR uL?Lu‘ LJ’"9) L)"l uuL».al).:
\ O
i selgd Sigal g cnl 51l Jodazmy (o5 Jloasls la ST 5,38 6L Ll
- A AN
5 s=,8 4l ol g e (8L (S0 aeld pl jo .l ooled Lo Lo (ST (ol (61 2 ’
ol o e Lol o) 5 350 lod g ' o
\ So
........................................................... O i o2 b (]
. - o WD Jpup 5Ll
Sk ol ST g pLY () =
CHy —CH,~CH - CH~CHy CHy —CHy~CH, - CH - CHy -CH, e
CH, CHy -CH.CH, Just

ol Jete ¥ ok @R

€ sz 55 LS (1 Sg 008 pb o o5ly o g sas o (Ll o s
QW)O ;&Sﬁjd Q"‘ usl.o.'(u 9° &2
e S5
S sy 1y Gl e Y g 88 e Y LS LY [
)Le? -
5 s a1 LQ.;T;"M&:J.o)Ia 3529 (S o dw (ol e VLS L, oY
S ol ) (Lol s A e
d'dwuajwdsdfov)) ‘_,’J.aa‘)pu)uwwd‘).’ 6“5))”) 6LQOO|Q4Jd.>yLﬁ-f
RV SN RIS PSR- N IR RN
fF oY Y \ \ Y v ¥ o yor o 7
CHy —CH —CHy ~ CH, —CH CHy —CH —CHy ~ CHy ~CH CHy —CH-CHy -CH, —CH,
o CH, CH Y CHy
|
7 CHy CH, \CH,.
6)“3'?{’['3 U"l cob‘i{a J_,_.,q _¥x Lg)ﬁ\f‘nlio.g‘ cQL’i.L.&J.:JLYX Q'}f& J.».w YXv
| w)dl; w‘w).)l.:

YA



6585 8 aclgs L LS oyl o

D5d 0 )N 5 ey O]
Slge ;8 (5 I8 el il o
i)l g 009 (sBigel Sua I

ol Egion Lej 3

Y4

1y 28 s Gl G b Lo ST el sl (g 0 6,135 oL ez L0

CH CH
| r | r \ Y Y ¥ o
CHV—?—CHY—CH—CHV CH, -CH-CH, -CH-CH,
| |
CH, CH,  CH,
TR AR o e o Fe¥
CH,

YRR SR VIR S
CHy —CH,-C — CHy—CH,
|

CH,
Ol Jete (g0 Y'Y

QlSJT el wlal o 1y (ol oy pb cads il Lmdl_iﬂ &6l gl as aﬁb'gj
gt shol 52255 U 51 Gy ST g0 1) 08 85U 01 s diligd yumdy Sl
é\él,;‘s‘au)'Iui%,.;)',g‘cmlMQTQS@;E)QLI)&QBL&M%QMI
DU 1y S ol oy b IS (o ligh i =F ciges sy S asita o2

ROW BSOS ICORPS S PR T U VN B - S UK PP RV RN

\ Y Y ¥ o 7 \% A q

|
CHy  olsi g

Szbojluly 095

g yleasli gla (ST 6,138 6 yo 1 pleaial ) 0 (IS L 5 sl UT-

Lot C-C-C-C-C-C
C=L=6=C (o C C
c C
€—¢C

W(Q L e



(leY_CH*r cH‘.—(le—cH,—CH,—CH—CHr
|
CHy — CHy —(I?H -CHy-CH-CH_ (g CH, CH, (&
I I
CH, CH, CH,

cr
CHy

Wlgd Wigm S b 2o S g 0 o' (ST
Sl 5515 C0=C 1) G508 B30 Wy S 055 5o 1o Lo 55,000
a5 5,5 st oyles L 1) ailS g0 Wigmy Jore L tau0 )13 ((Q/‘»&MQTLSL?‘\?5

VAU aasS asin (il ate 4890 Wi 4
¥ Y Y \

CH=CH, CH,-CH =CH, CHy — CH, — CH = CH,
& O9R g =)
Fo0  f Y Y ) vy vy

CHy —CHy-CHy-CHy-CH=CHy  CcH._CH=CH-CH,
O}i‘”_\ e Y

)w)wl)uﬁTm)LoLusfob-\‘\J&

9 )9A .Q)L) 09.>9 ULQLS ).».w.u ).) oole U"‘ WLQUSJT 2.)‘9.’[} B,A.C UM LJ"‘
@ ol (39,8 455 b ja0 S oMolecsl.mdoleyljlfow)L;})édq;
S 3l ee,oliS 50 Judo uad 41058 oo o, U (slogan Sty ) g 993 g

AV USS) KW oolawl «o.A.S)gTJ,o.c» Oloreds 51
. P}

\_Alkene

SE UL ol 8 ands s e
IERY PESPN N



55 oS 90 SIS e Sl

Jo o s ;24045 ol 38
e 3 S IS gl ogt o0
A o oS Sl Saio gl D>
S il g bl g loolge
gl bon o Jpll 5l 109500

oolaiul 0ailS Jededs (lgie 4y
D9
A
H_IC_(I:_H
H OH

Ele 5l (Sa ooy 1y Cunio
oo ol ol Gl mie
il s UsS Slge 9 eSS
S Wil oo Cesoty (x5 L
'y iy sloesglyd
g b yedS 0 e Bg,me
SP U oy slosS
ol e aiee s s g
o bosbe a¥lo bos,s
Shigel aile olewd Slge
A9 Sl SGy9al gan 531 Ly
99 o0

A

LQQSJT O 43[.?3& &3& S9=>g el M‘s LQJT)LA}LM) a Q‘SA Ao 3ol LQ‘JSJT)LB)
LQuSJT aS 6‘4.:95 FRLY ‘-.\.u ‘_gol.o) usLO.’ L@u&ﬂ L LQ,J )Ld) U ol ool cow
Ji{awjlmgw;pljo LQJT)bL»)oc\Sle,,Jo wl@uQﬂhlﬁjéﬁ;@&sb
ol fled (12,8 @3l a8 Conl (o ol taiiiusd 0ol e gy 0l 5l g 0090 Jato
FoSid Al g Hle g WS colainl Al slowisy JuSid gl 0gs Sl iSTas
w5l o3l b aulio el 55 1) e sondy s golio gl Ko 031 515 o
sl § Sl gloee ;0 3158 (0,570, l5  diged (g 095 o0 A5 155 UsS lga 51 gl
.MQLSA uLW |) IR W) rbL?u‘
H_SO

<&
CH=CH, + HOH —/—F> CH_CH OH
.

50 Sl e i | S s o e 5oL S5l J3S sl

& Cuwloads Jale OHog,S ¢ o, 50 au g HpSI‘LQJUu_iﬁc\ggomwQﬂJﬁy)o

o@i@sﬁ‘sloﬁwﬁo)ﬁ}sowoaﬂﬂdjlfsadd%w;dbwﬂdqudsﬂyo:}wﬁo
el

31515 oS 10 8 g ko 2y el il 2 ] b o515 (sl 25Ty s

plmil LS ¢S5, unts cnl 0550 w3l Jokome 70 3 55 oS 015 00 51 (Jskoee 5o 1,

CH, =CH,(g) + Br() —> (IJHY _(I:Hr(l)

Br Br

ublyo).: 6J_Y‘\
(395 50009331 51 J9Sd 90 )0 (2 5= S B g0 Mg ar o J9Sd g9 b 2SS T 0l 5o
6‘@;4: J.«J@ J]Al) wjls UJ‘)‘B LELJQTM | OJ.OTJJ;XJOMJ.&.M L5‘°°)9|)55
el 00 o g 1S5 0 51 sl Lol gla by, 5 (S (iSTy cnl oS

\_ Petrochemical Products



dwlojluly e

Ol 4 azg bams o ylid 1y py ,Bu b G yz ulisS olasS 28Ty 51 oles iy JSG
¢|).> QOM)M Lwa‘ OM).A.MJ wgf u.o' 90 0990 (2> J9SJ9A ..L.S (5"“’0’“‘“’
(23 oo STy p 0 )P0 b SbsS 0 09290 (22)2 S (25T (ol yo 1 plesal)

|

" .

2UsS Dol s

Elsil Glsiioe of 5l ool b a5 canla o SIT 23S Ts 51 (6,500 &iws 0d (g yanly
Y s 5o b STy ol 0,5 a1 dedges sl yaly 5 LI cln Stuodly ln ¥

MJ&‘?G.«..J)).’

Lo s 51 35 00y el ST

p3Y lod ol S (5 gms 5l (6, Shez cnl 50 Sagloasid 1) (a5 (b= B3l L
395 5L 50 45 Sl (255,000 il 055 o el (318 slaaskad olo ez ol
B0 S oo, Al aw Wigw SO

09 g0 4 SIS - )8 WIS s Wiy o b o e slo i Sg )0 o
10555 5 518 10 Wiy 05 o2 ST 50 00T gy (sl il (1556 1
Pl 31 el o o SIT801535 e (raag (s 9 (oS UT (fo0lis CLHL JsSUs0 Jge 3 L
S 90 Olee Al Wigy SG g LBlo ()8 ds (T U585 52 o5 Wl oo iz s

-

S,lo 0929 ]
CHV— C=CH

S o LSy ciliste  oleands Slge b g 35,10 g0l (g i Sy s b ST

\_Alkyne

ajls )85 g @B oo
Ol 5B oiliem b

SE AL LI sl 55 asds o

Saily3 e bl

fy



G¥gdey (CYClO) ol @
ST slocsS 5 (S p 6,156t
950,54 ol

fy

\ . .
Sl a5 g 0un
S x5k oS slaps! Wl o & ool sud il (g5l JT slocaS 5
b ol sl alaz )1 51 58Kl Sl T 929 4y gl g, s a5 Wiloads Jaite
318 oS @il it 5l glails oS el gload w98 g 0um cosle (ol 45 dms o Lt

H H
H \/ H
\ C
NN
l | Ol e gl
H ¢ C\H

/ \C/ \
H / \ H
H  H
W (025 95008 5l (oot 8019515 09,5 oo ¢ 25 (6,5 L S B Lol o (20,5 9y ) 3
A lgie b JUa CeslaaS 5 Gl Bles 5 5 s ol " SKlog f o

RO U3 ISV Lo N P S DD RV SR I

O—I

— H
~c?Z oo

i)
H/\/\H

dlojluly 095

g | YU gl gla 1 Sg 000 51 SO e JeSge Jge 8 (2
S ey LT 5 SG yo glpe |y b - g Jge,8 (0

\- Cyclic Hydrocarbons
Y_ Aromatic



Sl 485 ol e slaidlas gloolo ceds
el g Ol il da Sl (B (055U slo i Sgyien 5l Sbglie pls i
Lo ST (51,2 el paicie 55 LgS ol 50 5 0092 6 A s 10 ol g S ko 42|
GRSy Joo dr g aims oo LSAS ) plBCdi 50 9250 (glo (2 S g ) Bies L5
Sro pleidi woys Aol Gl & gpebar gy o0 )4 CS g (lgear Clel oS
S5 39 smrby iz Sy plgiedr T 51 (oS jlaie Lo g 09b o0 (6551 el gyl gm0
Pl 5lealS oo onmlin g a9, JS5 50 85 b les 39, o0 B & (oleendig iy 0l

az baiws ol ;o 0s> g0 Lng’,..,SJS.a.J@ Caws 4 oy g a5l Solate glaatws

€395 oo ploml i az by ol az a1 Ll g5lulos Su5)ls ole S5

T azgi by ailond duglio 0l gl5a) oy bl s ol i £93 ,lom a5 S5 o

a2 fely o s p 42

()

by dipcd

srlagts OAOSLEE e lagrs s
eSS g ini
| A

)
0092 )18 siels

- T <

fa,l0 Ls_,5Ln.,=\> o boyeS i ola oS g0 o3lasl (I

£,10 0529 St i 1 iy (xS S 0 3lge 3l aiws plaS (o

e Cd Ceed Lol plin brews S0 5l Jlad gbyo Cop el cwd | > (o

ooy iy STem

Pl A5 5 3 s

R Aalsid) il S e Bl
Ly e 0 3ol
M‘y@sw‘o)ﬁwuws
Jled jo 1y 095 55 8550 CSgun
PYYSELI IR EX I VA K BRYCS P
ol iS pla Sl ,cden
5 6l slraae) (nypee
CoamBaodrazgil o)l pl el Al
o> 5o ok (bl
Iy &8le ol 51 g0L5 o Sl oo

£¥



soliil b @bly)s oS oo ' Gia WL |, sl ol g ool b Seas (50,8 o 5l

J"L"))"S"‘WLSL"’)B‘*SW |) UT9 MOGA Lo)f uj)).’ 6‘4.&:.0.7:@ O9y° |) ‘abun.: ¢)L§ U"‘ 6‘)" MLSA |J> P.mc\_v
el b a ez S

A oo Ghals Lo Vb &y oaly 51 0l 50 o (2 08 e Colae bl 4,
oz 5l 55138 9 pSew Glodsige 09h oo 3l5 T2 Gl S @ £l plbcds oS
0l o Eayias LS oo I8 o i (YL (s 4 g 00l (9 e 1 e iy iy ol
sloalold ;0 a8 olo S ;0 g Wigd oo Jodd o drgoud s ey (o0 VL e J9Sd g0
bt b plabolse ool i (i digd o0 )5 @ 5l g oad o)l wijle 58 @ 0 55 UeS
Wgd oo gilulaz pls Cii l padr Soo 3 Soe>
Caio ;0 S (J975 obml o e el VL (65518 9 Gils 4 (pltws
crbin g G5l SS9 (g 5 pl Sl 2V 0D lis K03 5 ey i (S o
Srogd ) (S SIN (6551 a8 e 500 (g9 3l g 0lo o ) B mlio LS 0
2 Bogd das 9, 4 59, olew (Mo Cunal g (35,1 B ol o gy (ol Ao 0B 0
saw ,0 ol wae ool ol s ST, (S05) s oo i el g ool oS
glpal bl og Glex haw )0 (gobaily (cwbow (seloin| DV goti g a2 g3 (S 558
AV loged) ally (Ll as gy a3 9ol 1l Boald o (gololas aie ol Glus o8 pan g

A
Ve
Ye¥Yv
. s
£ Yovy
(8 g
(2
? ¥ Yevz
;(, Y.
v
\ .
Y2ee VAYA Y90 YAVH  Yeeo YoV Yede YoV  Yiee YIVO
mGlhe (oS ol o G g 30,8 ol (gladas) 0us 59 1 g (olow La3) oucs 0y als s jladie =Y logws
L IO 25905t eSSben 0,8l g 1 iy S o>

"
s s olb‘-w;l‘futzwﬁ.

o ks S guw g plicai glalax) O3 as www.worldmeters.info/fa olKg 4 as>l 0 L@

GOgrm Gl S samlie |y s
B e onod O Ll

s 355 0

\- Refining



55 ae b S wmose 5Lt oo ygl s el pnd glaci gus 5l o Ko JE;

Rl (S plged WIS oo Sow JI85 9500l 1wy (oo Sl B0 4 S L

2 oai VT elgil 51 (g i 5o 39 o S JU5 L i (3ol Lol 09 s
Sy () Jguz) 05 oo laSlS Sl asaiis g oad o, Slen

SEhoJE3 L 5 alio ) Jpuir

ofof0 CO,«CO«H.O

o[\oF SO, ¢ CO,+NO,«CO«H.O Yo S J&;

el 25 9)lge aiile S J185 ()8 S5m0 slovely JLis s b ool e

S glo callbl g0 565 B jglaiedy Sw J5 godigiunise

sz 95 Gl Houe L laolSg i jlond )5 anST (909555 515 (izlulpls a0
S | ol (9

SO,(g) + CaO(s) —> CaSO, (s)

ol oy a5 laigSar el o gl Bl g bl 1 o Ko JLey M 51 (ST
losls Caws 3l 095 )l ame (155 59,8 Ly lexail 31 o laa e jo Ja5 Qe e e 3 G
Ole a2 s 7y e jo S JLeg 5l syl ol 58 a2 Jdoay el o jlxas!
GM).:M)Qaﬂwdaumdbﬂ)dui)'d.MGK)ﬁ:Bw‘ &)@sy@‘&maé)lf
el Lo iz ¢ e ke 15 () lis oy oal 331 L il s s gy lomil J Lo
B30 jeb 4y e ;o Sl Jgeol g Lo laslinl ol (g5 0 ol ol culils dalgs 3929
sol, 5l Seandlogh [, 5 (658 ojlwil gy ame (slg 5o (L 515 jladke g cls,

| 6535 cowlw “-’9-&-’) oolawl Oydxe 6‘9’“ ) uLo.o ‘_,,.@IS

5 slmoslz a5 pue aile o sLlie g 039 Ji5 5 o Sl (i o 9 S5 5 e
Caws y90 bl jo s o) asl glge yo wg S, leas ¢yl & bluse )] &l o

A4

g |y S L5 (IS Jge 8

..\.A..Skga é)jlj.v C\Y‘AH‘WOﬁNS

(sl g 5 98 | K 185
““‘”)*‘L%)BP)bQLQ?)N‘;Mﬁ
bl o5z 0 oo 2L Lo jgiS
el S Kl susile
|)QTM)QA°)’luLﬁJd)9J44J.
S ey s po JoSis S
055 LS slocaS 55l (bogloe s
sty JBlade a4 a5 ol
0,58 wile 6,50 slejaice
ol ls 10 S T g (59
sloyls 5l o5 pelie S JLe;
riansll e JS il 5558

0929 ...9 0ga> u_i;.l.w)—‘ (o
N
Sow JLC) ) 0gu> )l.\.m

«arogs ol b.cwl Bo_Y - ppm
S Jiy a5 leolSy
0922 0,5 )1y &l 0l g o0

AL e 0)lg0,S g 4

Sade il g Jlesl oll 6l
S ey polee glan jo e 38
R NPT PRV R
el e gl 5B e S
B R FIRVEIYA R ISVON SR
& ol Loyds ail a0\ V
Lols anlgss

S sail Al arsi paizes
O olie 3 og Saaw Judoas
oobee (YL alilb o bues 38
05 eSS e



SlrSore g slo ;0 (SUsS (plomlsn (ot 15 o (g0l o, g Cunl (2205
Ao o Gl | belge Cogu Caeal wigy cpl 8 )10 0529 Loslga

ARTIIE A SB35 o0 235 o K2 il o o ol i 2V 5l Loy g

CS g S g3 039 50l 090 o A CM:LQQKJT 5 el &5 adw c& 3l odes joboay
gyl olosle Zlial i YL J8 Lisle 4y oS cl )ST)')I 9 e Zoboo 51 SG Lelge
olaidl gl jo g 00,5 ‘_5_;.3)_'9@[5 ao e cpl 09,9 b ailed oo ol Juilo slaes b
W10 1y 6550 slapad j5as
30 a5 Conl T solitnl § x93 10 4 o S g uol 50 rie Sl 51 (ST

hug g5 glaosysld Jll o B ‘ i . _

bylas faglS 500, lez Gyl AV JSC) 0g o plol i gla aS
24 5yobar 25 oo plol )
ok ety ITA0 L
5 gleodygl B i o)Lle VYo
oo ools JUES! j9iS ol pus
@ S5 Lonlya Egu oS Con
1y Hlade ool 51 5t o) Llee VIV

el ools (plaislogs

.&u»‘(ﬁ;oo}i;t{oob

C g JWl bglas 51 Sles Y Y S

Olpl cts Ol e g dlgd bghas o8 4 6 ) ool ¢ pine ol 4y asxl o b
JESl b s oy Jasean) Pluo (ol OlS M 0,0 Sledlb|
S 18 oM |y (T g 4 (iS5 sladlg) (50593 g (iS5 slwon gl 3

fv



............................................................................................ ‘5|o)3.> ‘Sl.bo.g‘).os ::

f"")l" ﬁ)f Y/ A9 oo; 6)Lwld> cp.a)l.i 09.»)| oolazw! b |) ‘SOLMQ o55 6‘“9’“”)‘ AN g 0 09>90 uLng.w 05"'\
\A—MSULAA}ULDJ}M us.’w)al) gLMQgSuoP M)\)WQ‘ oMTwé‘buLﬁJW
e 308 5 22 5 5T e Sl CID) e Jobomo L s 8+ sl U tanl 315 1, AN STy 51
o9 oo o5
VAI(s) + YCuSO,(aq) —> YCu(s) + Al (SOy).(aq)
B S el g5 glb sl 55l Lol juaie sl ¥
O9b o0 s 25 S 5|

SiO(s) + YC (s) —2 > Sidl) + YCO (@)

S dolie pncdw L1y (0,5 (6 p3g (RSl (A

Blo )0 (Srac prdw 25 Voo o LalBlluds (o
Mub&‘)ungbM)ow‘ r:)f of oo u.io.!j).&”

s o lis 1y gleygs Jguz pgo 6,98 (gla yate (5 pdy ESTly puad S &g ) Jloges ¥

6| o FpH S
X
X

?w‘)ﬁmdjb)d \A°9;6L‘°)'4'-‘:L5)’4’w5‘9‘1>(d‘

B o gi |y gy (S Ty s gy (o

fA



S (6,186 “SL&%’.T Doy ly i s ,Se e il G 20

- ()
| e n
CHy —CH-CHy ~CH, ~CH-CH, CH,—CH—CH, - CH—CH—CH - CH,
CH,CH, CH,CH, . .
CHy ~CH-CHy ~CH-CH,_ (= CHy — CH,~ CH— CH,— CH, ~CH,~CH, (s
I
Cle\' CHy CIHY

(CH,),CH CH, CH (CH,),

423 Gl oz shae gla s p 4 ) sla 1S Ty 4 az g L-F

. A .
HTICl, + Mg —> Ti + MgCl

Y)Fe,O, + Ti 25 Fe + TiO,

S 5lge 1 Ll 51 G e (L
35S e |, TigFe (Mg glo paie (6 03y STy w5 (o
0395545 3 O3S S8 0929 ol plomil (68 T35 g 501, (1) 0 leds (23S T 03l cpoasilid 518 anad 12 (o

(Sl Bgyro Sl 2 52 4 (3955 5 142 95) €398 oo (1S Tg plol 3l le (ASTg auome o

A >90 Ay o colaiul QTLSLmoﬁ)lS)‘lgii.wl S5 w50 pglis 9 05 (IS L oo (6518 il (&
033 gl Cewsods el 38 0,5 VIAN x Vo7 (I8 (IV) auilid o, YIOF X Vo' G 51 gl 15,0 31 .ol

fa



S 55 (0 PSS9 0950 sleba e (S (S gbapaizme (05 S 5l (S ple S Aedar s e ine Y
98 s plonl 5 STy T Gone S 51 a5 e 45 (61 el e

CUYS + O‘, —Cu + SOT (o ai;lge)

oS ol

93,00 (5,b3ls il sy b (69, GESTlg ol 1z (o

nd k.iJ)LSJ é.ALo 99 (C’;H\‘,) u)i“-\ 9 (CiH\\‘) U‘)iQ‘A

S slpidon ol 90 (ol s gl (S, (A
Sy STy ye 1y JB sl (o

Ni(s)
CH. . +..... ——>C.H. .1

£y Y
(I G50 Jsloms 51 a8 lade ay ()51 0,k8 iz (309381 sl 00 ol CiHy S 3 4 (20,55 e -9
D9 oo Jolore (08 S5 (ot s
S Sl STl L L ST el ST g5 5,9y 2] ()
Sl 0 (9850 o8 el 0,5 VEIY Ll o (se 529 7 L sl 0T 5 039590 4 008 (5002 S (0
S St b S e (nl (Sajed S VP amio jloged 4y asxl e b (o



0\

(YF T guns 090 - dolas I LASYI yaicls @ ooveoe :

0 S (TG 81 ) s (sl by Ll

Olis (22,78 sleadly .alls oo (65l g oole |y g0l ez golin sl laieisls

a5y LS S b T el oL asle b (3s5UsS sliel, 51 (65,31 5" s e
a5k 5K g 3l S e 0l 1) (6550 4y ool oo 63,3l idul e Lo lgie
)l oo )T 5S35 (65,5 aie G 0925 (Kl o b cudlad yo alaxil gl (655
31655 el 395 o0 plowl lsandd (gl 20Ty 050 41 5 S8 (5L yeasS (T j3 oS asie
Ly el gl el Lo 1l 20158 lsice |y 30 R 1o 55 5 Logas 3l g
99 51 canlin g Cns o Bolial o gl plosil e pus 5 liarlo I slo STy S o 5 o) 2



OLES L (g 2 el &LAIS Ll (S35 (S jail ey 53 (5 970 (i 0 )lge T3S
08 iz ) €030 ,5 o lié clrones aug o | 095 g ity Lo LS o amo e
g 4 il sy (SThes slaails gylanz 5 158 (gozgiunz ;0 el jg; Jsb o
15 OB s 45 sl B .0 5,0 1, Laes gl g 05yl |, Lol a5 aizs 5 ol
Lol S 0y gols) e ar 1) ooy e (ligem b lusl s el 5 o5 (s5y5LaS
S (520l 0350l 45 g5kt it 5 0092 oS (prand ole Glez Cumez il
s G Pl g1t el 1555 0y St sy 6,5 5 5 3,ulan VIO 350
Adgi ) logad ogd adsi g S y dlge «Dlga> (e 51 gl poe> Sl YL
Ao oo olis palass S ol odle Sl Bracg

-t
-
‘f‘

Yauffay Yeohfed ¥alaf1y  FaA¥AY YO¥AL YaOF

Thes

pe— .A.J’ﬁ - s)léﬁom
1 (5loges ol y Coouws (wbidlo)o o pusd

sl a2s ;o OMe Sl B ras g adeia) Hloges

I8 el 050 1 Cudgne (5l WS 5 0 et | (So & Wy oo S
sl S e 1 0S5 cla e 5| S0 oS gt - ansl dnslz ol 3

(g Jor cadgi il SUsS (Saio glac Il 4 ogsil o )0 138 w5 6l
15 g e odel lié gulis 45 lnojes degazme tonl 5L g oysl3 e, e
9 2L glo o) 3l (g gl (o)l (Dot @l @lio Koo aiiles 15 Cio ()
WS (o0 a5 W3l 398 o B e (53,9185 5 o3litnl LB sla T 31 sarlac o>
analz o131 5l s (253 o glo il (5 5K W 5 e Sl (o oS
Sl 5 ejg el g ad oo g 138 Sz g (B L 4338 (o oS gt ol
0950 sled 4y 0alS I S5

\-Food

o 00 LTS

JLe 5o plpl paiS adss ol5e
ook VY i 4 A4

M)

s 55 Sl it g8 oliee
O Oseee VIV sgu> 4 49

».\.».w)

Czge 5 slid g puils é iy @
rod,el 8 adgs a5 ol ons

9 b Gl (s g (5559laS
9 a5 i s, 4 32
Slge oluwd Judo @ coguil adgs yo

Al )19e%5 (s)lsbo 5 lis

oY



Vo YO ol
YooY i
WOy Elly e
Voo o AVe Sl
ST 7Y o9ue
1TV e
q 14 ol
q vY By
qo Yoo s

14 \ Y

)‘J.E.n “sald.c SOOLA s_‘é).oa.a 3.)‘1...» [ )
25 52 gl ol b pas Sl
LS e o3 858 S 3

.MQ‘SA

Sl o0 b78
6338 5 ,b)ls> Sl plesles
aop YU b, o (FAO)Y
B85 AT Sgate 9 (S
S oo Sled Gl o (ls
Ll ey e 5o plejle
Sl L Wkl jeas
ool olojle cnl slald

oY

Slojluly 095

Gl aazglhans o plas |y (SThes slse B a¥le B pas &l 1w o954, Joi
a2 Fowly 00 sl gla e

Slge plaS g, 2 B pas Lol Gl pl 5o @l sla g)len 51 (S0 (S Zubs ()
0,10 il (g lam ol 0y 5o

el T Faro lgo 5 Timaling £l9sl (g9ime ¢ g 1 09381 (oo 5 708 udgS (o
Tau,lo 095 colgils olde aoliy yo L@‘j ONbuS ol oleolpiing a>

sl fonelS 0550 5 o (ol ln one e ol sloedygl g b (o
2510 08T lgeinl (S e 5 (655 (512 T sl s 40385 Ll )1
il 8 yas Gl Bl 510 (2lo) Kol 4z carsl ;a8 )3 005 1S poal e S Lk ST
fasS oo 4l

i Ay 0 g ede clugd e abile Slige (b aiis lelid S (&
w055 oolgls e Aslyy olul i sdie Slge 51 L L5 5l oS

ol 4 el ) 51,3 g 1 LT 6 ez (30 )0 WA 15 & uloctgdl (g5 G

38 9550 (65,3l e B pan oS wims o (LS (25 sladldly g Lo iyl Tl (S S
28,090 51l J8d50 5 Loy ol cras slaply Jlo )l doazale &5 > gl
Muddngfbsfsu&éqa&” ol gl padglolge yiomen > L‘)\.é.JSLSAM"L:‘) Vel

o) 8 ol . oS copal bl glags pldpazualecgecang ool ( Sg3 sla Jgl

\_Protein

Y- Vitamin

Y_Minerals

¥_Food and Agriculture Organization




oS ol 1Sy 65 ls glotng Kial Gy oS situd oliowd gla 2iSTy plosil 4 4ty
WSS (o i g J S ) g sled

sdes idu Sl (595UsS (glo)d (gotme ((lrend Slge 5l (Semmae Dl a 1as
L ogd o0 el g3 o0 o5 (08 5 Lad (3 )0 89290 slaig 5 Lo JsSI5e Lol
oo 3 £lsil 51 nlie bglivo a5 sl il slodey ol oy 4dil cipogd oy
E5 SgeeS b (e (glaoneg a5 A5 o (pleddgs (slim 4diS cgm 9 0 1S (so p0 |,
o2l (6 5lom Ll 2 g o0 Chiand g ya5ey oy edaal 1 ol j0 adl ol e LT 51 ol
lié clroacs 1o s s 1o JsSge B canlizol Liol3l o Cansl gy .0 dnles
b welys b g lew ;500 9 (555 Gl e

Sl el jadz (5569 (lde Slge (655 (lgione &5 095 oo g yhae w1y 0l (55T
Oley Gl gl 2 )l 0929 slade ax 4y g wltnn o gi a4z sl e (ST 95 50 99290 (e
Ly Shss olse oo 550 Olsi o0 455z T0,5 b ax o STy oldé (b))l 5 6,50k
3,13 3929 (ool ax (I3 Slge g g o ad o gl p Tl d9a L olo s
ol LSy (2lae olge ;0 09290 (65,51 ]

Seibamw 5 'ooblo S o)1y (ol by cnl 51 S e lp oot oo
21y S 3l e Gy Gl Glgi o0 8 St (o ple 5l loas Ll T oo
5,8 g2y Ll

‘153).3‘ goolo e
L (5300l dyg e ds e 4y Ailmo (3095 (y99s 45 ALy ouel g o0 Lo g1 L
oS grsbarand oo Caws el Jo (o9 (Ko )F b (2208 S 5l G TaiS )9
Jcnl s cusls aumlezi |y (2459 glacoIld alamil g (9,5 58 Syl (6l 2 S (Ulys
al 03,8 S (65 3 Lo (a0 o dlsS Sl pao ¢ Lo (glaST LIRS (05 (59,55 L
&lr -2, 5k 6550 g oole ar (595 UsS (0] e 5 (o3Il glacled plamil (ol o Lo o
s g goaldl 1 00053 s s 9,95 L Ol g0 0L ol (095 03 oS ol g
Sl 1) G (e g gldnsl (3055 b g oo 0l (s 050aS )z (0 o slSn g
Ol 52 315 2 )50 (5531 3 030 (nals 58 2132 g 53] 45 S arg5 il T3 oalo

\ - Thermochemistry
Y- Chemical Kinetics
Y- Energy

sslo o0 b78
Glasgezme 4y olie mlio g pgle
4 45 29 oo AUS (1938 g pole
9 (sbandh ((Supd CohsS )y

6})5L¢56Lmoo)3l)éd.'l>'udm.\i)‘
B Jom95 e g9l BeJons
L pls slge 5las glaisS auoils o oo
a3 oo iy 8 pasoolel gldé

ot oo LSt slagdl e

3505 35 o S5hS Ve o S,

.é}.i:‘sno)si).g Y/ox e

S35 o5y & gl 039, pln @
5 oS elesl CLelUadl

loo Bojlo 65,50 g ook ay 5L
Sl 5| oy 35 S 1, 055
S2lyS (mds (08 ol
5 e olge 655l 1y adls

ol o ol J

oY



Ao 0o LTS

u.mT )‘l ‘5& e (wis g CL&.‘LJ
e Ll L@JTQo)pjm
WSS oo cdadle S S

Conlaiwl gual glgil 51 LS 1§y
A oSS

te

Vo &l sls Jdo 4y oole S
5 ool 9> JoylS Shals oo
.MQGA

00

S35 9950

DS S5 0T 5530 ool sladie g g5 il o)l

e by cminles «F )5 (el Ay e b ASII €Lz 155 0590 S0 g Jalug
1995 7o g P98 ke il co S

Caley s £z LIS plSin | eyl IS5 5 o0ges eolitul eyl Sise 31 £yluiand

S Jogabue g ab oS L1 S5 GlaleT Wyl )

o w Sl Bl arganS S eslail ]y (T gles 5 i ST £ oML G (0 Y
(bl 428105 bt 4y &5 iy b isloo

alads g9, G galad U S50 aleo b 5l L1y o g auls s%f}iﬁ% LesS oY
3 JolS 5B 51 30,0085 Glalejl W) 525 Sl (i 1y T alolodly oy 5055
S ool |y o Ll les calads o hesls

J992 9,155 59,50 0,5 90 b (izren 9 995 e % LesS g0 balilax, siolesl-¥
e gl oud 7 lae (gla Sy & e 055 ST 25

<. ) >
pS5 et lieS S ‘
- ‘l, > v
90;5;*0;..?;90
B lepS 9 v

).o.».a.s |)_‘> o QL.».S.: O)gw (50 FLY u;‘ool.o &5.’ Y 9 \ U»ULA)T)Q diu‘ 4 d>gl L’ (!
g5 ls ool sleo

e | ol LS 890 o0 457 gloole Jladie ¥ g ¥ ioles] jo aSiul b g5 L (0
0,10 Lglas ol sl

VAP RCF TS ui\.’“La)'T ool ol 0es slaasl (o

‘t.‘;)'ef*’ )lf oole ‘:mes.w WLQJT u;\.abg.w cé‘e.c t.';))"‘ uwolj 6L°’°|) )l ‘554
W 50,5 0,5 Gl 6351 Gl 9 8S (oo ST (6551 g G e 5 JSUT i

aile (olde Slge (riomen L0gd o Bran lagyo93 (059]y0 CS > g g Cou



3,10 (6551 2lie Bole o @dly 50 S o oliT (65 5l it i i 905 5 g,
Loy ey ilgi oo oS (16351 e300 00 &5 3,10 (S (o0, 42 O (6551 (ol 9
o )l glablyax 655l Lgaes oo Lis 1) g ax oole S (gloo aSl Ll Lol

5 aalys Lo aslol o aS ol

Tapd o0 s ax jloole SO glos
58 el GBS0 05 (glgm 5 0 om0 i 4 SGE T g Els glr acdys
gl 5l glailad dlga (oo)S' L (63 w00 5 1 Saadys (S b (£l aildgs Lo 295
yo a8 Ll ) A2 oo LES 1) dlgs (60w 9 (0,5 Gl &S LS el oo oyl
Candss 03,10 glotag oKl g Caodl (gl 0,3 o8 aus 5l laaul 3 5 olge JLislu ) cond
s a |y 5 e ol Solel Sho gl caugd Ll oBass ol 5l "o popde b il

Lo J5Sse e (5l 2 o 121 S5

Gl 31 sleo )05 4 09 om0l Lo S Ul gitome B by 8 alSim ) JSU8 3allas
Ailo oo Ll ogd o gd 525 (T (VL 50 09250 g Aigz o ol ploil oo S By e
plas yo Lo Jsdge (hgzgia TuiS (oo (gl 4z 02l 8 (0l 5o Lo J9Sdge (b9 gix

Flwl pagads Sopd edl>
ey S I s 0 o0le (S bl slovoyd Ayl b amo o Lt | IS sy
(el FGaSs 5 Dglite bao)d Giaiz liee Lol wiies lgzgia )0 divgn 5 035
Sl 51 S w2 ol g gle 51 Faad I8 o o Lao,d plaiels (sla iz o5 (5 sk
ol s o sl phaital ol iz el 5YL Les dz o aizman -l dal>

\_Temperature

Ol s sla S 5 55 @
gl (65l S gl o by
L oS> iz o (ol
Cwd o Loy IS 03 o o
odd wgd S Gl e eSS
S 4 gy 5 et >
A T (gles 15 o5, o
e el slood iz 5 4l

D9 go Sidadds
Lo prolia was by So5d yo
5 S5 50 bl oS 5 LS s
25 i sal | Lo g5l 5l (S
P LS g L porie Jad ol
o slaiiSly g Lawil 3
S 0Ly lacasdye o

S oo

Sy polel e S slic so @

(¢1,2)

0f



doilo o0 b78
S o W S LS My p > o

Sl (— mvY)

qu 4.?)0 LLAQ C”l) LQLS" ()
«Sh o les (G aS Jb> 50 «(C)

el (K) poelS

AUAW o> oo éLoJ.
(el s Lo sled 5 (O

el (T

oy

Sl o L olge S de (g SG e sled )3 45 Wl oo Sl S Gl (o) b
sl VL sole glos az o sl Lol 8l cloo s piial lo iz 3929 ¢ Sopd
LgLod u:}w)iub L w‘w UT E».L:)L.u GLQ°)’5 Y‘s.wuu.} 6))"‘ JSJL’AS “SM J&L..o
el QTS..\.:)LM: Lngo)QLS‘“ng))"‘ u-*i’L““S LS"\'“"U'“i’L“'A Mﬁ-’&‘)—’ G)LM cosle S&

g o e L5 L 2 b1 L 8 Blio glo 5| aigad 50 25 JS5 )
S el |)Q)L¢c‘w)obéjl9do}blga)yo).m)oj

@ . -
S
- '.-

2 -}
‘l <

A B
,..J?‘. . . A - .
.MJGA QLMJ_‘.')J |) ‘s_fb )| 6‘449.0..;4 J.iw(;n.”
il B s
A3 oo lis ———— 59, S5y, e 5l slaiges B S (¢
Sl

ATl ,5 (6591 5l conle aigas S35 gloeyd (i (655l ggazme ST (o

<l Lo . A & il
sedsse 005 e 5= (le)S (6551 el

© Lcho

2wl ooz e glo s p 4y oy gla S 4 axgi LY
ADC

S dlie L g0 o 1) T slaJ9Sge (505 (5 Sile (]

\_ Speed
Y_Kinetic Energy
Y_Thermal Energy




d)f‘JMyTwMMQSAPUTow)LM 6ue)owd)f|wiu96q~
5l (K oole oy o g Lod 4y 0 oS sl (e 00lo diges SG ilo,S

"o ,5 g los Coglid s poui ¢ 1y Of (5100 g

00950 -l € o3 (15 aloz 31 IAE g leay 88 (sl o g 00l (i) 50,5 ]
e 518 ¢ 1o 035 S o 0938 e iz YO'C sl b O (glade (o318 )L S,
Bl alad gg, 1, B,k aSST Ko 05 oo Led (ol 10 &y (ylej b3S L a8 ol oo
e & oS aSol L sl ol 58l LAO@)JSQ@‘)&Q,{‘)D.»\,@QLoﬁdid.}sod‘o)‘)é)'lf
cquLﬁéélg)a.Mo@QuugTslﬁ Iy Loo ol s e S g5 YO'C cayy2 ol o
a3 oo 4 0 5 e Ul 33 12 5 1o 55 el 51 T 5 oo
bw‘y‘yd»‘ﬁu_s‘)-buo).u.u .AJL»)V&oCc\.glngLnganga.:,gl)é‘wwb

AO=0,—0,=YdC-Yd'C =0-"C

By 50 039,50 ) 4 9l B SG hrogl (gl Les dS 8 w0 OLAS s 0l 51 (9950
g Led pasd Caelh Wlgl oo oS el w18 ool

Lo,S wiwgols poew ;500 4 el a8l iol38) Lo Cas L ooole glod ayyms ol o
Rl 9 S 00l diged G (glo (S 51 Lo )5 a5 05 az i 39h Lo s Sl Wlgd o0
39,8 4 ol chogi ol

P Voo gime (B, 0uS jpai.on oS gles Gleealaly 4 g o0 b sl oK
NOCLO Ca ) slos ialidl gl Ul Laglo ,Lasl ,o YO'C s LTy (9 oy,
oo pile; (gl &5 a2 oo (LS ol @ (e Gy Tl LS SLSG sl S
25 B pae 6yt slo,S WL VO C oy s

S Voo gsiome (o5 K 5 50 (YO'C) 361 slos 55 Sy (o318 28,15 50 S
Al VO C 1) G 5 slodepololo ST ST sl (1905 (589,055 Voo (s5ime (6,500 9
b alss 5 argy (Al S b anlin S oy sl T ) (£ 50058 Sligis o o2 5
(Y S

\_Heat

ALl (VO sles (i3l @
aS ‘_;:Lmu\u‘)ﬁ 5o ‘3)Q_1‘ )l |
a2ls3 (AO=AT) (S oo pnss oo

-Og0

slocS palex 5l 2y 5 059, @
Sels o 4 o5 s ]
5 S sl Glsle o
Gl ailo Folite lrens
sz bl oogs mle (So5é cIl>
(tbonds o8 5l Lol sl
ey sledsdse JLle 0
397y Gy wles (glavigy
35 G G du Sy g 4l

N

Oz g oole hnogi g (o)
2 ol (loord 5 (So5d) poeis
o 1o (glog yald (o Srotes |
sor 3l o 8 Gosba il
Ol cog gl ools aiged S
(D Lo aile oS
H) ALl dn) Jgo V) o>
S ol ogd o solaal g
S gail g s eole Shas el
&lr 0 lord b (S5d i
eS| wl S oy
.. s AH An AV AT sl
So Jle glp ogd oo oolail
T=YaAKL 35Ul cles o o Jso
GAT L o s LIV = Y AML

D9 g0 pogi AV

0A



wos o plis Qo L)L S e

Jg5¢Sh yo ol g 5ol S
VI=Vkgm's™.caol

Sl 0)lge (Fp j0 90w
bo,5 Jlade olo gl (cab )8
Veal =¥/ AJ.ogds oo oolizul

h 7 '-! b
(o (I
VO'C sloa L (2) i) 95 5 (WD Ol 99,0 & oY Sl
ABlg55 cwgtme ydS 905 (€9, (19,0 Ll 0gd e By Ol (49,0 Led (pl )0 € peeS
§ oz opy ol cde Aﬁslo@ lJ D,5

V- C.wb);) duwﬁ@ codd oalo gla K& 4y axg5 b

T
(YO'C) 5y sk, Yoo g —d 5 (VA'C) y9i; 59, Yoo @ (YO'C) LYoo g —2d 5 (VAC) Y- g

04

TS (oo (cmogmne okl (9225 (295 30 bl 33 (o0 0T )3 50058 127 90 ags (|
Bl e o o a3l sl Y (sle,S L 5l oole ) cplo o5 coad oL oS il oo (o
L g dmlone | 555 9y 5 2l (le)S Cadyb ipogs (nl b el ugpnls 820 S
S gl S0y

So 00 (S olss az 4y oole e )5 s B (o

51055 L 523 e, o conle 5 Sy e b o gl o o5 5 (0
ol s ol (0505 5295 9 o sl |y CanS al sl camo o Lad 1 e0le (O Yo g
ey o5l S o sl 5 e S o o lan slalad (5

o9 5 Lo (e 55 (5005 (89, b dunlie )0 VO'C Ol jo € 0058 (35 (155 o0 STl
@Mﬁ&@#dﬁ‘d&léd—)gib‘ mlﬁlﬁ&uj@ba@ugo)@ﬁﬁc&gll.g.ola

\_ Heat Capacity
Y_ Specific Heat



Sl Gl )S e g Cewl 00,5 Cdz (g slo)S cles il (e ol (gl i
O Ul S (ol S Cad )b b gy (8, By 5 Sl oad € eSS i o
Lods lo,5 0,5 Clua gl ciils aaless loj pued ;0 lod s ol L) € o 050
2,5 oolitwl Q = meAf aaly 5| g5 o olooisl B i yo oo o5

Hado as 0ol £g8 1 9380 (U HLid g Lo jo ole )8 o b oS v oo lid 4 2
] wlisly ool g95 4y Loyl 1 (ol jo 059 slo,S &S I o .a)loL;;:.w.g}:.}oT
o3 oo Lis 3BT LS g Les o 1y alls slge (B 059 b5 ¢V Jguz

\atmsva GC)OUAJBJBA gffzfﬁksu)f‘\ JBJ?

A pores]] \AYN g
YYS o0 “IAD 2 s
VYA Mo /Y Jsils
S/qY o ST o[AYe SeSTigd (2,5

dmlojlul, 095
oo S L alo )13 YO C gleo by (LT g)0 A2°C oloo by gl o)l 52
€z S8 oo o mesd 4z o ale )5 (6550 g Leo

S oSy g ile 0050 12 50 Cawyoliosly oy s LY

L& o] LS ¢l -
ST gl s a8 els T s ey S
Lo oo

B9 o0 o)l
S i3 5 C sl 3 s 5 7 s e 514553 ol g145Y
Lo Laswe b 5395 SoplaS mups 41,8 Yo C slos b (dame o lojen |, LT 31

S ey Jie 0 1y 093 el (S yo Togd

by &5l i gl
SN (gl 2 el (alles 2 o Sliue) o 53, S5 0 0 )5 il (10,95 4 5

CanB5 ¢330 43 3959 51 g 2L £ 0 Coga 1005 1 los S0y oo 655 s aS

fo



P :"QCAMJSQ ‘5;‘)9}& ;@

5 @ Slge I L 5 S
o o3 e oo 4l el
& J o @iyl iz b o
o oI L ol sl g g 5 GlsS

sl ol yoso 55,31

£

S50 gl o conds 05l Lo (s LU ams o cuvs 31 Le,S US4 (65,51 (6)l0de
o g ailobs 15 0,8 1o cws ol 5l plaail 3 50 oleF (6551 o o)l oLl
ailobis 31 (65,31 i 6l Lol Bl 5 o ol L i 25 g 5135 50 (9l Vo
ng °‘>9‘3 Q <o dS A.QQGA UL‘“" L;).:j u.:‘ (AO <°) J.)L)LSA u.,.mlf d.JLoLMJ le.oo ‘-b..a‘.?bc a“
el 23 50 ar il 8 Cnl (6,858 (6951l S5 e Toslo )57 gl 3
Sl GLas Y logai b led so (65,50 oE oo 51T ol 3 ol sl
A
(§°°C) yo

&5

Q<

(FV°C) o

O 50 s i Ledee Al BT logod

Wy o0 O Ay jlegC g g 0,195 wul 3 s 1l 10 920 (65 Bdes oy Lol
plril (s K00 4 el ol e S55UsS oliard sla Sy plil L &S olaaiyl 8
aisl jlugidgum 5hi 990 adsl slge 5 (555 Wgi 4 e oSy (nl acgene
23 oo LaS ) la STy (ol de ez 4y diusly (65 51 etV Jlogas .ol aalgs
A
(¥V°C) o

&5

Q<e

(*V°C) leos 9l 13

O el e g S g 5 )155 018 50 (6551 ok ST Yyl gad

(3ol Lo 9 Alels ylis w2 5 Lol PV ")l ol oo iyl b Lo (ST ol 5o

\_ System
Y_Surroundings
Y_ Exothermic



(goilo 5) (2 lsonds (L S g yo Lo )5
.la..,ml.gLo)fm5¢|oLQJTm)oLgoL¢.;.3§jis&u|MQo|]w|M5)yoL79|9
9 R ML)).A.?[A;L’OJLQ;W|us.o,c‘s:wwjb)bs)u)‘)‘w‘u}c‘).u
51 1L s (ablo 5) andige 5 il 4 e clo STy ;5 Sg ol alllne
38 5 O e loond Glo 1Sy GloF (S 5 (oS oz 4 &S oo ple
e 6)[-!»\.\&.’ LS_:L\M LsmeAS‘s 4.3‘}5) aS L?uT )| Q)‘J)JGA co)L) oole &> > aS

€01 (o2 eoige g peld Canwg 4 (g5 e s oy Lo i (g0 (S g L B b
oo o i | Ll 5l sladigesY JSsLo,le

ails 0 LT

e 51 (lalind G b condds
7 ple Gl & Cel el
5 S el Gl )
G S g ooles Ly 2ok ol
|y o e 4L ol 0 o
Gogb 4 uiS (oo b e KouSo 4
Olsiss Of oole Jsol b &S
20,5 Sy lyeole s g Ll
Corlis aloz 51 . 5 pondiy 2SI

S e el oy yo |y e il jlogidgm gl p3Y (55 (03155 5 e (2l Slge (I ¥ S
WS ool B 1) 595 UsS sladare ale S 55 9 i g Joo sl p3Y (5551 et gu i gm (0
| u....Slj r:L’>u| ‘_5‘)4 'a)y 6))”‘ o.\....fu.uobj u,&:‘ C‘)M‘ ) C"“) G‘OMOU,.HSB S JLC) (g.)

03555 aliand (sl (ST ol 1 g (O (5,51 457 (e -l 138 (g0 50 (6531 e
05l Lo S L osle S wilgs o b (23S T cal 51 Sy 2 45 Cansl gy -y oo ok &
JK 1 RSURTIRVET U O FENCP VRS S SRV TRV P N SO S PO AT

=,
G | G HyyOs(s) +70x(2)
—YA-AKkJ

#COy(g) +#H,O()

O o 558 6l SIS luS 1L ¥ jloged
g i G gles SIS Al (Sl 5o (6551 s seg L asil I

\_Physical Chemistry

£Y



'Jeiliy 5505 be (>0 0 @
Al L conle diged S5 0 S52g0

05 503k o ool 6551

O3 (695 32 5 3l o (0L
lailis gogy (1S (g9 s Az
5 Sal (G315 Jenniliy S92 5
Jobore (SoSl (Ul &5 >
Olao a3l (g9 55 420 Ll 25l
9 095 plisal glacdad 5 Loy
S Jemiliy 0529 51 glailas
oz loJonily als 5o ol
S (455 UsS Lo S o2 5 5]

41

OLL 5T 005l 3 olse sloo b (ST SLET 51 iy oo (25T oo (gloo |25 00l cod
3925 b iz Lol cogh o plowl ol los yo aiSTy gdly o «(AB=2) a5l LiiSTy
file s ol Lo ¢ ygnl g Laome 5 LS Ty Blales e Lo aaugols
oS 5o s 1 o5l 99 s JeNge Gl STy Su Gy il @ el 6l
S 5 )0 YO'C gleo L1 IS 518 Joo So g (595000 55 oo S s5me slailolus
09 ge s 55 60l slo)S )l 500 55 g8l Ll e (2STy el
sloyS oy o YO C e STy plosil 51 L ilolis glos a5 ol a0 (yLiS il

(f J.i.w) ol \Afk\]b).:‘).: MASU)B)M)KJsﬁsoMy)‘womdﬁfo)lw‘

Q
%% M» OOO +YAYFKJ
8 00O
QL ©

s glos y o0le )T STy S plosl 5 gl - F S

wle)S 5l sl 3 b snialil slo,S ke ol oS dmo e Lis L iagy
ol gloo jo 15 Tuns 00,903 g oaims (1iSTy slge jo (o )d i (55,5 Egemxo)
00soliT ol (slo 5 Lo ylo andd 0,105 0525 Ll e ) (65,31 lae (6 iy gl
o023 LS9 Slge Jemsly (65 51 Gloe gl & daslg odas jsb ar ) olen (2359 52 50
e ol 5 abatigg (553l coolo digad S omilly (65 5l ccpog il L il e 00,513 5
sl T 555 s o 13 55,10aK5 clog i 51 50 &S g 50

odol (RS )0 0aiiS &S 1 slge (5 slaJege )Lt e d pgrdo (nl S yo 12
H-H (g) + CI-CI (g) — YH-CI (g) S a3

Lol el e S0 4 (STl sy SO Ll 50 LS olse gl 51 JsSdse 50 50
Gl (P ;00 sl (6500 5l Sglite JoSge o 50 w2 @ Juate slapsl g9
g dlgS Dglite KOSl lasign plSoctul 4zl )3 9 JoSdge 2 50 o5l 60,5

@ ol JLail 090l 3 ;i 5 (loond (2S5 G planil L 6 wms oo L o8I0 (1
oS 55! gl togd co ol Ll 4y dasly Jemiliy (5351 5o (ST gl K08,
Dgb oo 2l LS JSS 4 la STy 5o

\_ Potential Energy
Y_ Chemical Energy
Y_ Diatomic Molecules



& o 3 ﬂo
........................................................... Owwp@b. -’-t-"%s-ﬂl-.’.'o

Wed oo ol il (NyHy

e ol Gl ATy Az L) L s s leske

YO'C .op@oowkﬁy
N, (9) + ¥Hy(9) ———> YNH,.(g) +4 YkJ
N¢H (@) + Hy (9) 255 YNH, () +) ATk

_ Lol a5 aisgal V conds j0 @
a2 s gl Tl Dglate (iiSTg g0 jo ouls o3l glo 51,2 (L & iyl oo b al s

Wz Sl 5,)lagly oo STy olge STy plaS jo (0 -ipdse a2, o
95855 n aB S s lags]
Al oS (g (23Sl B0 51,3 o5 s () 99l T 90 (ulall g bl SV A
sl dpnS| 530305315
C(sicudl 5) +0y(g) ——> COw@) + YaY/o KJ
C(s/uled) + Oy(g) ———> CO(@) + FAB/FK]
el bl Jgo S5l Dglite Cdl S oo SG i3s3l Jolo (sle 512 (]
1z Sadl 5 L ol 5y olal (0

{ U QUPSEN PR K YN [
?09’36” ol L°)§ «.JS)}'L‘S Sz ‘W9|)§ VIY g J,clj RCESW (o o Iy 9

oSy gle S ausS i YHy (@ + 0@ — YHO(@) + FATK] jiiSTg 4y azg5 LY
CHFYY KI = FYY KI+OVY kI =BV Y KJ) el plas YH((@) + Oy(@) — YH,O)

[
............................................................................................ A
£ cloodims (ST jlake 5 £o 4 culi HLid g Los yo 1iSTy 4 lo ) oS ablyys A F L
- 9 )
6oL 569, 5 slo (S g 51 (e aS (SeS 0)lo (Ko Ll (558 Cdl g laos 1 )8
B9y e 4y STy, i j3
™ . W
ASG&EL;A.J\.;.;SGA‘;&jpdbs@L}Lﬁ.}‘&}‘&h)&dﬁ%)ﬁﬁdf}‘6)[.‘»‘.»4.«)' Ll
ol

b b by plee Ll ol dammo ol 5980 )T g)loeSS Ll lgins LosT jo 102 dgs
oS w05 &l ) oasy )l Seds 5)5iS 8050 4y )l g ool aKiws Calu g
s e sl 5 S 1 1 ¢Sl (550 4 5 gy Ul 5 s

Cewl ol o 655l s b

#f



0355 5| S 5 1S ol 0s5L U @
05 ol s 3,05 o355 Safonsgd
G gl 2 90 laatddS 5l Ll
uo)fu_o oolaiul UT )‘ u.h.\.ml..j uT

3950 4t o) S5 3l 55 i (o
)13 (3 s slodifg; 395 W )3 9
& ol il O gl 058 & alKin
Sl 5 os,8 35k o B less @ SL
Slad 565 1y of So g > &
5 sj oviar dal il cpl jo S e
oS 5 ol el 03sS (g g
0355 Slgizme 5l alld ol (slp Y
il sl oS guiyl B 0gd o (el

IRV FESE ERVIE CESN IR

£0

(BJSE) )l ods

4’

N g o)

e Jlosy L le b IS

09,0, (Lo, S load aisle) Jlaw B b g colSiws (pl el (gl ol O S 3olao

5 (g asgazma (pl (9238 08 5 e b b LT e gLad g 0l 13 Kouss

tawl ) O g0 o 0l B ol plol Wolae 09 o s ol T ar g 0o,
H.OW) + ¥¥/\ ki — H O(9)

S el 5L L ,S o5k TN @ Ol Jgo SO e (gl p oS oo o Lt dlolas oy

;i:.&l)oTal,@:ngolMoli;.‘»o@s)odwjomuoc;‘él&&Lg..x.l,gl)éo.gl)ol,o)f

ol i 5 Vs e ay 138 10l0g S b (gl A _Lagl 15 €0lS o

Sl (65 531 (glgizmo ylod ' ALST

lao,d ool ol 0033l sloo,d o0l Hloams Lot jl (laegarme oli ools digel o
S 55l sl cadly 13 0,18 35 5 0 S0 b ol sl iz 2 55
Wged S a5 Wls oo e 5 il (5 sllo i (6551 2 98l eole diges
Ladglos jo ST S Yoo a5 (g psboay cogd oo gl (rana ;L8 g Lo 1o o ke L ools
Wgad pl (ggizme a5 0,50 s o |y Bl SCol sl sole diged S les oo 1, 38U
09,50 slebas Sbile S glacgemme (yim (bl oole

\_ Enthalpy



5l e UTGJLJbG))J Glgie b jylea | glasblu i IS (65 50 o )l o g Lo o b ygel iy Olse Ao @
L oolge 4 1S (IS (65,5 lgizme b dlge cailolis G yo 1uS1o )5  oolios 1S
(8,15503) Wi oo o i (AN (5551
— A
_{D C; H, 0, (s) +70y(g)

+YA°AKJ

£#COy(g) +FH,O()

Sgid 50 STy LTI yloges

i 9315 48 Ll 51 ol ol a2 (65,51 i b 557518 i8] GB35 53 (2 Ty ool plal i sole qolic 31 sl 5 0

w7 s . . _ . . . cst’.l‘)fdlsi’“ ‘aLI b LS“JL“’T |

5 Al i o o el gl oo ol Lo,S S 4y odes jabay o 1Sy jo 65 ,] .05.4136‘00)[.:
RO (o0 UL.MJ Qpl.ngT

L as ‘5..»&5 tanl oo «(AH)y cGJLuTM Sles 45(51L> 40 Sl (Hy ¢(5.JLJ ol LSL?d:.‘s.«J-él U‘L.:Sb&tglﬁ °
. b é_‘?JL‘;JZjle (ST LSJL.JIM
et Ol ) 4l 950, 4 1Sy

AH(uwSls) = H(od)j‘)é oly)_H(oMou&SIs Q‘yo) = Qp

dlojluly e

WSS astie 9,50 42 50 | AH) Cadle o 00,5 5 lg dloles 2 01, Q oles )

CH(@) + YO(g) = COx(g) + YH,O(g) (& COy(s) = COy(g) (]

44



Al G aAH) goue Hlaie @
g;b)ommo@ouﬂ)dl;)ﬁ
Oogr ook, g 18 e S snias s

Lasigey 5 ALY Jgur
YYY CI-Cl
\ay Br-Br
VO 1-1
N H-F
) H-Cl
Fa0 0-0
10 N=N

4l

HyO) — H,O(s) (& NyO(Q)  —— YNOw@) (u

ety Gl BVFY KD 6510l 4y BT 508151551 09351 515 Jge S a5 (612 ,S1-Y
S Ol S g2 j0 528y Sz 50 1, YOL(9) T=2Y0 (9) STy (A

&8l ko 9 Wigy (I LST
S A a8 Sl Fo0SG 4 o o3l Jlail 690l jo 5 1 glailis oliend (1STg S plo]
e leead gl 23Sy y0 &5 coles I (S 05 oe e Slse oo g LSl o
O g (il ((oign Caeal ( STy 5l rogs (nl el Blge (6551 (glgime (S oo
0195 o0 B 6351 S50 sl - oo LS GiSTy S5 slo)F 50 1) Lol dnly (551
1o delol sl o Seslw le wigm L1, Eoxy

229009 (55190 slo JoSd 9o (0L Jlom Hlod 5l (glacgammo (5,000 I diges SO
Ol i (sl 09, o0 STl (STR5N g SO L (9,000 ol 90 Jold J9Sdge
G318 wes oo (LS ()25 waled 09h Bro (5l e il ez lapdl 4 la J9SUse
H@ Jgo 90 4 o Lo s Hr (@) 5o S0 50 25290 (S8 (gloiney (Sl sl 1 p3Y
(5 J1og05) Sl FYFKI 090>

Hy(@ + fY# kI — YH(Q)
A
%ﬁ H (g + H(

+FY5kJ

H-H (8)

H-H wgn JLT_8 jlog0s



655 5o ol s e 51 oo 55 53 S e )55 5 crmss CH, 5 HLONH, uiile
s o i o225 cloatbly el e STl gladign b oLaSy oS il iz

ged gl el Famlio Bgn AT b 02,5 4 oo JsSge iz (gl &5 Y A
\ar 0-H
CH¢ (@) +\$5- k] — C(Q)+fH (@) VA
S\F c=C
O S0 4 (81 2) eals 7,0 ¥V OKIMOI clo Jgu 0 «C-H) .\.:g.uu’.JLuTu.ist AYAQ C=C
o Lty e ises 5y T (aSls oV Jga . cansl AH(C-H) =¥ & kI mol” AR €=0
\SY N-N
VY5 0-0

dmlojluly o9

de G""’U’““" |) 2 L.;Lc'buu.s‘s )l s_i.a).(b GAJLAJT Y JS» L.;Lc'boab )l oolawl L:
NH (@) + H(@) —> NH«(Q@) (& H,O () —> 0(g) + YH(@) (!

Slge 55l Slyme el A e pleerd 5 (Seied sloanlp bl o5 sl
L a5 el ol o LS 0l s 51 L i b LT 51 Sy plonil 0l 095 o0
525095 (5 031l LB olard glo 1S T 10 00 B rme b o g5 Lo 5 45 a0 o

oS 1g AH puzi (5l o o2 ) (g (ILGT
Se P e sl 09, 1 O eSle 5 Wisms (ST o 54 o ls pand
‘5»L.~.:L>u u’bg)gi.i)'l L&S@&SJOS&M?—U&L@GJLUTW)QOQ ...Lulosa u”;..’Sls
s 3l 6yl 595 go j5a3 ] j0 a5 ool 550,40 o (1S ly S AH (el 6l
M%&&Md)wWoqj;w‘omauiﬁljolydlmgjﬂy)oélﬁl
S35 Glee (RST5 4 0)lgo ciogs (nl L il sy 00,518 slaJsSUse b 09 e
SoXign (ol AL b oS jgad cpl b L el (Y loged) oS axgd IS g )59 000
;LJ}: ,W.S " ‘9 d‘ 500)9‘)9 Le.u Wode> LSLQ‘»}” L&w 3 V-1 ,W.S |9 O‘yo O Lfﬂf“”"

90 (54

A



ailo 0 LTS

£ Gl Ol oy lea o
ol ows  rbledsS
ool o5 eolaul kS sleans
e oleond Slge gyl banS
OSTg RaSo b g bgloe S ps a8
0 05 Sl Lo,S 5wl oo
o2l GialuST STy 5l awaS ol !

gl o ooliwl LS adsy ol

YFe(s) + YOy(g) — YFeyOx(s)

sl 25Ty

hé e
Al 5l e aneS ©ligixe sloo

ot (23STg

s Sl ol e
455 (il )3 (5 ool sl (505
©ebs Jso b il b i
gk oold salS S b olge

L
H M Y

=]
£

DD

G,;Jl;:sl)

Y

HCI ‘.\Jyg CIY L HY L)“"S|5 6‘)" b.tﬂ‘-V)‘éw

5O |) CI-Cl 9 H-H g;‘)"'“" Lgl.b..b?.u u—w&u) 6‘)‘»’ r;)‘}! 6))"' % )|09.o.3 yoa CaS
T e ] o0 (5511 ] 45 5 ot oo L5 T S 05 Jgo o
a =(\Ymol x ¥Y¢ kJmol) + (\mol x Y ¥Y kJmol-") = # VA kJ

Jse 89,5 1, H=Cl ST 2] slaaige 1Si5 5 Lols g5, ¢ loged ol yo b oS

e Cadle L Lol AJMQ,{Iﬁt&iﬁlﬁjobj)lwﬁbw”a\}l W oo lis ol
b=-(Ymol x fY\ kJmol -') =-A#Y kJ §

AH (251 =a+b=$VAKI+ (-ASY k) =~V AF KJ

o sS04z o iiSTy iz 53 5518 Sl e L o 0diS 8 b olge e o
Slgten 225 cloosls Ly od dpwlone (aiSTy T (aibly ool sailS S 15 olge

AIDJ‘SA uw)&mT@aut‘;)ﬂdlﬁoobbmm)& uk‘fomdbdsﬂ%bé)lf

dlojluly 095

(el 08,8 ool a5l 38 (23S Ty SO (T s gl gyl Ll )
S gy bl Gl (oo

g o)Ll gomo g oLl gocmo
AH(U.:“S‘S) = |: o S Tgolge 1o :|_ |: 03,91,8 olge 4o :|



oo 5 gl 281y 51 G o AH daasgn ST 1S5k Jgoz 5l eolawl LY
S dslie 00l 00l AH L g 00500 Gl 1y 15

N=N (@) + YH((@ ——> H,N - NH\(@) AH=+9\kJ (&l
YCH¢ (@ ———> CyH; (@) + Hy (@) AH=+50k] (o
YH, (@ + Oy (@ —> YH,0 (®) AH=-¥ATKJ (o

slalae (oo Gdl oje 59145 (g9 wslo lacde 7o, U g ol jo Al ik laaggol
09381 ool ool il s (glofog sloagol (53931 Jodo 4 el ez (sl 52 50 oo
0)9)A|ASUL.>UTA;)|.>)~6_>9)IQ d)..a.a cmosalxaafémuy o}oj}gc&;)ﬁ
3l St (LAl S ol Glugtdgu (il 31 S 55l (655 sl (g2 Slge

gy )5 o 68, b ogar (2 5 ol s
(S 9 Ojasden sl 938l 03 JliSLe 10 a5 lacaS 5 sl Ll o 9290 T
Oglay a5 wes oo L 2, waled a5 ls 55 0,565 5 (g, (o2 (ST L]
9O 9990 G’T obA s o] LﬁJT J‘gA U"‘ )L».>Lw B ugLCU J.Jdc\_v me\.:sd‘ uob} B
sloaisS s nii ! Jole 0g )8 oU & sl 1 glodug il 0929 a8 RO % LT
Ll oylee Wgm b ;005 @ Ladl Jlasl gl ooy ,S ol 51 S5 2 j0 .0)ls Ll el o

N _ -

(_C-O0) ailSg0 Wgm L (y5uS T g (20,5 slaps! ol )l aigad (glyn . 5 10 (slofg Cuonl
Pl oS 5 Lol 4 45 g, el ThuignS ol ey lole 05,5 S 0525 L

\_Functional Group
Y_ Carbonyl

5 salite Gl elole 09,5 @
1o JTUs8 g0 0 aS sl ol
slord 5 Supd oleE o

S (0 (508 4 paie



(5 JS.»)M > ) t5|°37’~3

H O H
L1
-
H H
plsb " ,
Sradlly (o opten -V (I

3l 5 gilin =Y 5o Jis S lale 05,8 haled o S
€0,00 0525 S55 5 saemall Lole 05, oo Salid az g Dyl ez
Ll yo a8 2oy )3 0,00 0524 5 (6,500 hle sloog I laasgel > LSl jo Ll
4 Jele sloog )3 ol il aite S5 e b 2,5 o3l 90 b SOy (5| 051
5 S s 5 b gl (gl )0 pU (F07) (51 05,5 5 (- O-H) T fonS g yo
(v J.i.u) Cewl GLALC dLﬂbos)f U"' Og>g A M‘s 0des )9b 4 AJL’)U

AL315 (0) g S () j0 09390 JT sloeuS 55 glaiges 2V IS

dlojluly 095

Shole sloog )T amo oo LS 1) aggol o 5o 05250 (TS 5 S 5 55l o )
g | Ll o1 5 S asetie | J5SU5e 1 50 39250

Q95

\_ Hydroxyl

Y\



a2 gl oud e (gla ey 4 ) ST glacuS 5 Sl 4 az s LY

0
/\/\/U\H NS o

S dulie ;KouSG b 1 LT ous 3l slapsl 45 5Les (I
9,2 Sl LSS el sleond 9 (Sopd (olys LT (0

023 b5 C S oo S eS|y il (531 (slime T (o

551 ool (51 2 (BB AT (55 g (AT

g Uil o35 41 ooy 3 51 alss 5 (60,25 (glaigad euisgS elsil 0 S LS
e 38 L Loy (S gm s ail 2 ol )0 SleS i (gl Y (655 el (S5 59
O glocdlad ool gl a3 (6550 9 0lge «OLS (59,95 ;500 (g9m 5l 9 398 oo ool 2
S o el
STy T G 5 S0 1 (9381 b A8 eSS 102 A5 p0 leend o5g0
9 azgs 1 Lo Shos eleil (olde (1)) & eolge (59
Qo ol aume S Lol dlge ol S o il S65UsS olge did i Le oo
12 45! 0lge (520l 2 (39381 emi 00la s 45 0393 Sikna Slgo g Lo (yralizg el el iy
Lol a9 5 o5 oo il 53 it 55 il (6551 (5o sl 2 sl otz Loy g
Rl 95 05 0 > 95 50 il ol 5515 5 0 4STE 55518 ) a0 o Wit
Moy 1o LalaST plSim ool il g (Gl (ya50id 35 618) il e Loy a1, oolo
i ol IS 0 0520l |y Loy 5L 3590 (5551 (Sl &2 g 0l 4035’ (o0 g5 (35
SUS o 0, s | oty Lo 2 45 sl )

b iy g g Lo lyae90 S 51 (6 yudn (S gm0 (8))] (2207 & w00 o0 (L Lo gy

Ji;osalx.ool,oso 'W@)’P}f&’ww| (IS ™ S P C WK SR T o)loﬁ;

L_SJ‘..\.C sole dw L5.~.’>5.w u»)) _?Jsv\b

(ng V) g 33

| sy oo s 136 5 51 e lie 8 pme Ly a8 gl 65,51 oo g3 oo 551 el L

JsepaS golyealals cont @
Soliie LSlolel (LS J9Sge

Mﬁf@ ()L.o.fb)fsfl c_k.;)‘o

U9 3 udsS (o SOLS a0
Ly (oondigey Cowal o (A5 G

o 00 LTS

2 by (e (S
50 LT LiolusT sy LolKiolel
Lo (g |y el glie
iSga 3l aS 1o 59 75 lolge
5 HYO (COy ;4581 Ll als
Dgb oo a5 Ny 518 ¢,
(s 5o LT bS5l as Il s
0580 S5 4y odas y9bo 4y (459,00
wTd)é

)o Ls'“>9‘“’ (.}"))‘ Lol ¢l ooLo)f
sl 0 5158 ik

. 70

S ls ol L.’.‘ o)

8 0eSle j5bar o3l ol 5o
50,8k 50 (655l JosskeS Vo
Aol o 1y 09 by Bolo
5 55 (6551 e Sia oS
S lad olKin o SelSV e
399> ggpeoly L (Slel aiile
3992 (yohugs pla 5 Jg3elS Ao

W|M;L»).m)okj9)gl.5\'° o0
\Al



G S )l -0 Jeus
(g S gizme o o Sy
Ak (W90 9 27

V)10 o
Yelo s
e e
VAl BN
Yo o

S 2y glnos gl 351 520
5wl HyO (301 gloo jo g_,,.ﬂob,o
Syl alecdl>

il 0 LT

iy sleyS 3280 g S o3l gl
W@mu;)lu|y@oou&
29,5 oolawl

e oole ol ;0 850 Jouzr wibes pla Jgux Sl 0lgs oo ,8 cnl gl 05 Sl
(039402 52 58 0590 (651 Olime &5 Sebls Az gl b 0 S eslitul (sl 09290
518l (6550 g olge 51 BLAI Jlade 120 ls (S 5l Bl s, sloadled (e g
Dgb e Slr Sebigoad o p>d ujo oz S e jsbay plde olse
STy 5l odas 1o o (5ls5 5l 0yl 5L (6551 4 (0,8 (S1AE s & el ISCT
e Liow a5 Gl i s g ol 5 (S0 09 (oo (aols hoand olo CS g 35 gan
09580 9935 o0 JolS jsbo 4y SIS ()5S jauam 13 00le (pl Lams o JuSCiS ) (6 000l 51
O g o STy 3o ( Sy (nl S oo wg8 (65,3 (gL lade (HYO(@) 3 COK(Q)
S5 5§59l ario 50 (6551 el g (BEAST (nd GlociS g oS 00 e,
sl adlyg,

mejggumj)lwm) oou@&w&uhu&mg&l bl il ylo o
s‘JL"" F Jgaz 2j5m c0 Jol5 ol 4 (SIS )5S jo eole Joo SG l,0a5 Ssls oo
a3 o (L YOC o) JTglocaS 5 (5 0 i gm

=\Yoo CyHv(@) CH¢(9)
-14YA CyHe(@) -\OF- CyH;s(9)
_VY’; CHvOH(I) _\ f\ © CYHf(g)
-\Y2A CyH,OH() -YOA CyH: (@)
o lojlulyoes

S ey |y 093 (S e (S o piae cole plio anzl o b w00 )5

gl oadzylae gla i as Joilil g (U1 JolS (259 (23S Tg Wolae @y azgs LY

BV

YO°C
YCyH; (g)+ VO, (g) —— ¥CO,(g) +# H,O(1) + ¥\ ¥ - kJ

CH OH (1) + 70y (g) 255 YCO, (g) + *HO(I) +) 54 kJ

S dglie SGaSo L g arle |) Supe (g (33,1 (G



S el S L g sl | S0 5l 05 S 55 5] ol OOy 2 (o

?os)s,o)l.wib QO \).a.wws.w J9JL’5| lﬁ dud @wy(u

ST 5 (SlostB slo s 50 159,03 L5300 olse 51 (28135 ine oole lie ay dazl o L
S A1 WO g A o T Lo

"o 0B (W 4y slo S (5 Sy 202

6550311 (A JS5) 2285 9 4 Ol oo |y oo 12 25T 31 (5 lmms ()T
Sl a0 (S g aies snuzy STy Sl lal e TSI (S ) oS
el g8 s Ll plsl gl p e bl 1 el a5 ol KT 098 cod plil
OPB wles (6,503 335 sla by, 5l (ple STy iz AH s (gl Lo oo
Nt 0k v

i 5 ol o ST bol3ils ge (pshaass 5 (55 e (ool ol o gl oo
&le o Lo s S L Aliwga lalS 4525 5151 ol aes (oo S5 (ol 51 Sukee
Woleo ullas s e | Lo IS o5 05 j50m5 L (4 JSCE). 055 oo w35 T 135 49 5
18,5 angd oliulo3l 15 39,0 515 g udl S ls (23S 51 05

C(s« bl $)+ YH(g) —> CHy(@) AH =7

ol el (sl i bl b (el o aims e Lt 028 slaaBly 5 Lo ol
OlFss STy (rl AH (sd gl IS (e @ el a5 0 9 1980 Jlons (ST
s STy cpl el onds psd ol 5l WL@;TAH aS 0, 040 (55500 gla iS5l
Jse Sas 039,08 55 Jse o ecdl S Jgo S (5855 (1S Tg Sl oo (lendion 5
ol ) D90 YO'C o il 5l SO, dolas a5 anisl e 518

1)C (s, 2l,5) + Oy (g) —>COx(9) AH, = —Y4Y/ 0k J

Y)HY(g)+%Oy(g)—>HYO(I) AH, = —YA$K]

¥)CH¢ (g) + YOy (g) ——> COx (g) + YH,O(l) AHy = —A4 k]

\_ Green Fuel
Y_Hess's Law
Y'_Thermochemical Reaction

o5 LSl 40w srcSsw @

OS5 5 O399 2 0958
SlS claaslony 5l asls 10

sladils oo g i by wiile

. les

. -

- syl 5 oL A S
olsse ol SeS @ as &
ol jlas o 1) sty gle,S
IS e 2 )
losialp AH s gl p inslo S
Il o &S e STy 5 sl
sl emslio i o ol gl

AH L Jles 21y Sle
ﬂngT@ao}&QLHQT@MIS
g o ez o 5

\Al



@ 5y00 5l 0 5 glaaz acls o

il oo LT

@ bl (50,5 55k wlie 5l (S
ol 38 ader s, U
RV PUGINL STIRTTIN PO IOt
Polo )93 0 1) 09z 0>
slge Fpr d )15 51 e O
Sediee s ol abex
Vo sl Gios a¥le o, ol
S (oo st Lo 0 (ygelee

Yo

& JuB o Slandge 5 1S ly dw oz 51 ol sos (Sl 2 88 sy g y0 25 (ST
D0y (sorige 3 gl aeled Slaol Ll bl jo o Hlais a0 20STg
VU ple g regS gl oo b Cudl S saims A3STy (s lais 00 ASTg )
35 o JiiSTg raego L9 oo 00 b Sy led U ju s Woles o oS Cal
L Lol osias 1Sy 5 pgo Wolee jo a5 Sl VL pl (50005 il po b (39,902

095 000 ¥ 50 (Sleendiga g dslas nlabgy ol Sl VL plp (g %05 gl 02

) YH((9) + Oy(g) ——> YH, O AH¢ = -0VY kJ

&S ol a8 L 00 51,8 5 oS 009y CH () ¢jlass 50 (23STlg )5 o0le (nages
L.S)"‘A}‘SW‘ o o L)L""Q L omoﬂb cadolae Opeg O aS Ls‘ooLo el Lgﬁ‘ﬁ

S o el | Lo B alslae ol 3,5 diglg . Cal

) COW@) + YHyO() ——> CH(@) + YO(g)  AH, = +AdkJ

i iy 5135 3,50 oolsonbon 5 Aolee 4 lgin B3 F o) cladolas gaz 5l Syl
209 AQ‘?AHQSAH\“AH\GJOWL’f‘)JQTAH“SMQ@QL’“"L’ﬁ)

1) C(s, bl ,5)+0y(g) —> COy(g) AH, = -Y4Y/0k]J
) YH. (@) + Oy(g) —> YH,O() AHy = -0V YkJ
8) CO(@) + YH,O(l) ——— CHy(@) + YO(Q) AH, = +AQ -kJ

C(s,zw8l,5) + YHy(g) —> CH¢(g) , AH = AH, + AH¢ + AH,,
= (-YaY/0k) + (-OVYk) + AQ-k]=-VO/dK]

O plail 51,2 85 bl 2 cane 5y S (gle 45 Cls e (60l
S0 GisS Ty s> bgs AH jleslatnl b yoew ;500 45 oot dlulg 09l o a8 5 o 4o
Grhgez 4 &5 SPB gb oo ok e (98 U L amiS (nl 5l ojg el Ladl LSS
WD gl Cawd 4y 0 STy w90 Wolzo gz jl ylgma |y (oS lg doles (51
(0T o0 Cawd s 1 S 19 Lo AH (6 ju 2oz 3l 3 (TAH



dwlojluly e

M)GA wsjﬁ L d_slp.ms‘ k.)Td)L?UrBLJ L: dfw‘ leocLe(HvOY) M‘JJU)S)M_\
I, Hy(@) + Ox(@) — HOy () Sy LT 5 sla 28Ty 51 oolaiwl b (Ll

S Ol
Hy (g)+ %ov(g)—mvom AH= -YA$ kJ
YH,0,(1) ——> YH,O() + 0.(9) AH = -\ 45kJ
OSoe ST 039,008 55 paiitas (2Sy Sl ooke (nl a5 12w el (0
¢ s

0, 19m 4y og 095 59351 51 CO 9 NO aiile 0aioNT glajl5 aS aisgal Vo yo ¥
2 o cnl o lp 1 5 GiSTs plamil o819 (slaglo pard g oo o5
iles S b S SaYTl g 5wl olaslS

YCO(g) + YNO(g) —> YCOWQ) + Ny(Q) AH=?
DS Gl ) bt 5 b ST 5l eslisl L1 YL STy I

CO(g)+% 0, (@)——> CO\(@) AH = -YAY k]

N,(g) + O (g) —> YNO(g) AH = +\AVKJ

Gilae (25002 Sy 99 5 glasgerme (s oo 1) SBS S5 (g (23S T

NGV KL RPN

_ A
%ﬁ C(s)
\
+0y(g) + ;OY(g) ¢ AH, =?
CO(g)
AH = —Ya¥d kJ \
+ ;O*(g) ¢ AHy = —YAY KJ
COy(g)

S 2525 gy 4 le8 a3 |, CO(Q) ad g5 iiSTg AH aS s o o Lis awlgs (&)
AS S gcaS lade 5,0 10,5

Sl ST 58 o el S 5111, CO@) o gs LSy AH (L

Joloee S ai50nS1 3.8, Jslons
Copols aS ol 0SS Jgacas

D) 5 gy K,

D

\bd



5 059 syl 5l e iy 4 Sligel dgs a5 wims o i oy amled ¥

el gl o 50 S T9 SO 3 logad Ballas g 0

-

<l

NyH¢(g)
+YHy(g) AH=? +Hy(®

N
it AH, = —\AYKJ

+YHy(g) AHy=-4YKJ

YNH(g)

€z S Ligel b el 55l 3l pa Ly Lol 50 (]
S Ol 1 cpslhaue ad g 1Sy JLST (o

Lo 25Ty 50 ol olge g L gus aloz 5l 00iiS o8 15 slge (6551 (glsiome yoais b Lol b
x5 55 45 _ipaS tenl o plowil Kial 25Ty oSy ngee (sl Sing L5 51 Lol Lagords LT
51 608 s 5 (golS 25 Wl i Sl 6,05

ol glid
az Sl 05 e o, a8 oot (yeSBLT51s 08 e g B Lalil 5 Ln ST o5 an

‘_gl).' |) ‘5'|..LC sole ..b‘s.udSoés.: ‘_;’L"bu*’j) G gem jO @)L’J}.‘o)o o)|9.o.® uL«.MJ‘ el
‘) Le‘j LQ)“‘\'QKi’ 6“&9) L5>)"\ OJS"” &S 0>y ‘>)|‘> a5 WJL"“’ LQ)"Ls"y?b LQLQ“"M

o A (o

vy 13 olge (5, B wle (b il 31 glo by (=Y o S



30 Lo g 555 (ST cCugb, aiile e Jelge @Bly 0 .canl aym0 ol 5 gl
SS9 0y 9,5 oy S cogb e Lasmme 50 a5 138 ()1 o) 5 (o5
el (Kt L o Lol 058 oo dusld ol pas g 003 S i hole &5yl b oogel
Sde A g ).'QLJ I Les glss oo 950l 5l eo)las g2g (famoyd ollaile ol o)
331, ogne 31 6yl ool oo e IS 55 (51055 Laone (3 5 s
Mo;«?dﬁddu‘}@ﬁ)odwé‘ﬁbLQ.;TL:A;J;LSAMwb)JJ»aB

Pl (sl 0L hled 5 el iy STy (6515 ()5S o5 0B gal o pord 50
u'o).’.a ).) 9 $|)T Lg‘}tb )J Ls.:‘d..c o‘g.a céfs U"‘ u,oLml)J .o)lo o‘g.a ).igd l.: M‘s
b Jole SO LSS 5 laogas (idign g Cowgy 99279 - digid (o0 wld S (G|
090 & (0,8 Blle 5 5T 3959 31 @ile |y el g, ke oy Gal33l (s
Gl ailo oo LT ol aalss Ll i 050 5 (5503l (o) Gl 1 o Lo STy55
£5,5 0yl s Lagomo oyl 51 (ypenST 30>

dlojluly e

A grdgs tams oo Gl STy e 3 1) (ole az (B ) 95l50 5 S 50

dozeie o | Ll e (2ig g (S (slmos jgl 2 e V5bo (610055 g1 (A1
LS s 0,5

G B Nke ploj cilond gaiaing ;oS 5 Sl S5 )5 o5 mle sla s, (o
IRERNRS

ligas ] sl s g A o, BT in 5] o g 5 oo 20,5 gls (o

9 oo dwld Lo STye5 ol 53e 5l Sog5 ol ,S

CodS Sgute 9 (2138 Slge (B Wke Loy Bl (gl p Boad o (o2 pgle S8 0
g o )lagSS (509381 g okt S g wile (ISUsS sla s, 5l T
Al ol eulsS eSS g ailss pu ( gio gla oy Lisly ol jo ogd oolatu]

2108 Blge (6,100 jo el (iSlo LEE A 01wl ew s l 4 ol 9 STT Lol

ails 0 LTS

NESEPSIPWE ISR
29750 (SILICu) 5 oliord
e tole.0gl o L0U Sl ool
P9 oS Jold Cunl (e
o Slsesgzg il _allBl
pyoslo Sy tonln £S5l
3l ) (955 slag Lo il o0
20,0 Il 3925 yuioren LS
500 e bolo slud o WilgS oo
(Wloglae.os g lansloulas o0
et S padol5 a8 ol i

~°)‘-\3)PQ-\€6‘)€ e Ldcunm)s

Frole @RS Gl e
$199 008 JB UL a5
(81)2)AisS o giindinnn 8l g 0
YA



aild 00 LTS

S 9 Oy Gb.o;bo 5 f"’"’f ).ﬂ
CaisS Lo YO b oy o)l
‘JJLA@WJL»)?J—S@JQ.D‘)OP
b St g 0,5 bagmo 05 oo

taile el JLus
2 e eliie )5 pulS oyl
S g S Sy ol lSe
5 () 390 5 51K gl £
oyoo)..o).efj)ﬁ)‘&\‘pwyufa?

A

eS| €35 o il slge il o) File ey Lol copes Led Lol Lz Sunpn
e il 51500 9 S,U (oo ;o bl Slde olge > S0 jlo plde olge b (6,L8 ) a>
Jelse 319 SuSu b olge ;Ui 10 g oo |y o sy cnl d Foly Sl ass aed 95 550
e 5l glasls Glsie ar oloond St @8ly 55 15,5 s LT )15, 59, 0,65 LsS
5 1y Sl cnl  55e Jolgs o 2iSTy 10 oliend jandS Bl ) 2 (938 (oo
oIl (6510055 (15555 slo g, (s o0 sortlin iz S p0 5 (LeST LS o (a2

ol by | Lol g il 1) I olge

& .s‘s s’. T

Ole) 5 CeksS » (L (p9)ls (St 83,518 oSS L S s s as
olyc LS)L?JJLO ULO) le).: LS)L"M “ ’M.AS " |3 K T.o)lo Ls‘oduu.s S s QT LS‘)L?JJLO
Ao oo 7y loj 5l le S ax jo Slierd o po das oo LS AS S (el
).:é.:).w U.M.ﬂg 9 ol ).n.\...: ﬁL?u‘ u_i».:bT cd..wl.; ).:«_i>95 LQ.:T 'aLz_J QL") fgj_mf 4>,
L UKD a9 s plox

JPESUERVH JLIRTENE ST W F S B B )

Ll dolie 9 0oy 1T Ll ploxil Kl cglas a5 s oo oyLis | ool b S 0yl
pL L oles 5l dume 0,53 o 1) 1Sl Kial laylo conds el Ll S & g0
sl pas s 5l o 1Sy plosil oyl b S a5 S axg . aiS o o lo LS Ty s yan

.(\Yﬂ)o;@ﬁ)ol)owwb

\_Reaction Rate



u'ruo]mledemJwaMJﬂmudjjﬁ‘(u w‘suﬁ)ws:wdjb“)w}‘(;ﬂﬂ
S 0,8 K jashe gy g JuSiS Gl dele Cdl ao0igd e bale oS lade 5l ol 0 a8
g oo 05 co ddgi gl layl5 5l ol e e

Oley 35 50 (8 ol 5l g ks (& Koy oS 4 osb e slen yo el bl (&
oS Q2o oo Hlid ety pl L0gd ce 0dawgs 935 owsogﬂlgwlpom@y}&;)’.&}@
AR5 o0 75 &Sl 32l ol &5 ST D0 958 9 Sl

0P LS slace b olwrd glaiiSly (S p plsil VY S

&S 4wl dinly (S95UsS Jelge au o 1S lg ploxil ylej aS amo oo lis e oy o
lge goi cdale oo wiile  Lalge lg5 o ba STy ploeil cae oo il 381G ralS™ ol oS
D10 s | oaias (1iSTy yuled zdaw g 550G oains (iiSTy

e u’fésb"

S B9l (S Ty St s 12 g0 Jolgn 6150
sl ez e Dl ¢ plSe olid (g8 ol Lisgz o8 ¢ ol SCas 103Y 54l g Slgo
ol g melbed (S
355 5l ammslio Alols 1o 1) Liglel o olSe ol g oy by o a1 ] IS
20 alsl b oM v g

Y swloy

\- Explosion

Sild 0 b78
S blele landolge axi]

Tt n J}w ‘o\.\.&\)lj 6L¢)l§ o3
Veeorooe sl ladl g68 o

0ol Baazme pulipw )0 shues]
3 G (e L 8 005 pitie
Saped g el Qe e oms

gl oo laly




)l 15 OF s ek o5me | (T (g0 Aol 5 sl i Ly 03 % ol (o
20 )18 (e ()

Js92 599 Sl meploy sleslitul LIy ((bod (b oby ol p3¥ ol (o
A cblool saboslo

S sBloob ) ple 9,185 Oldgzr (03 % L 1) Gtales] aen (&

95 (o0 (glazis 4z 095 (slaonalis |

Y owloyl
upp YO'C gl Lol OML _wlse old Logd (9,0 ,b ol (L

. T . 1 & A . & - \ T
@)l 1) O G dadi 5000 1) (] G0 Al 5 sl o Lis 0,8 2 ola (e

20 5158 e (59,
WSS cllooly Jgaz o g oS oslaslly (dogd ol by e (o
g Jgaz o |y a9 1,85 .'C sl yo b&gbﬂkﬁl (&

TS o0 glamel ax 095 slaoualive 3l

@l

Ao 00 LTS

oo

2 09l Qldgzsla e )B el o
.o)‘.) S9>9...9 Ml &)b)bcm|

@Iy

AN



¥ owlol

b Saz 3o 0 s a ] o8 5l e (A

aLolodl 5 anliin 2 C sloo b T OML ggizme cwlSe ol (g3 09,0 4 1) o (o
a3 13 e 95 Agslg 1) o G dasicy @S | o g5

DS Eeblooly i axio Jouz jo 9 (g S0l (b ok S ol (o
fou S (o0 glamel 4z 355 glrovaliv

gy s iz 59 9 9415 abaar lagtaleil nl 11 095 glaaidly

Sil38l g loaias iiSTy lade Lol des Lol 331 L aS sls Lis YU ol ioles] plxl
313 gn ey 5| i 318 G Lo GRSy alail et ol oled o
S5 amel, S 0 1y el Sagyw amély S5 @ atiél wid (s gu L3Sy a5
L 55 oS onimn juiSTg olge aS culilo axgi ol aldl o)l 5929 iiSTy ol (gl ol
o308 gl (5 wig STy L gl ) 4555 o 8 15 2355 3 gl sl

(agaus Ll

dlojluly e

S zenoel |y (iiSTg Cas s jo B Cle (S @y az g b 5 0l80 51 SO o 0

g o0 Ol (B gas s calads g9) 0 o0l 8,5 (50,8 A g il

Y

LY

desldigw o8 o > b
boles b o3l SLasy jlade o
o o lod 3Bl g5 o ecglita
) Jese ey lis 1, iaSTg
ol 5l oae SO el J> ol

olis Sglase glod aww o1y (0,8

..\.békga

VA Wy
¥y vy

Yy A

AY



STy a8 & 5B slos 50 (Tl S5 b LK ol S5, i Jolons (0

D9 o8 S5 2 Sy Jolome (ool 05 L el s o

k\&\ L
cnils OMWSie a5 Sl @

Gk gylsl byl b yo asyls

510 )5S JguS 5l mdS g £l ool BUI lade ;yles oS S )0 g e lg 0 00l F o g £l ool B

39w o0 eS|l 1 S 0 00l 7

S oo 935 (5mS 1 518 g 0 4255 (SIS 4y BT (sle 50 Sy 5900 Jploe (&
ORIl 6 Sz job ) (S Ty s o oy ey 5lme Slo a8 90 (409331 a8 > 5o

.MJLSA

ot 080 1 g e i s
s 05 oS |, g TS Wi
WY

AY



el sy el ¢ o 6l 985 50 oages (el o 2 00 Sl S e 00,8 5T L
($55 Bl K0 (i gy 4 138 w5 5 4es Wil p0 oS ol eed ad 55 e ed
2,5 sleiogs o Sais pleie alde Ol jolo g gilwo 38 Jal (0 i 0 090 LS
eg 3lezml (g ilwg puiS ¢ g dlinn adlox 51 (595 UsS (slo (6558 5l (g S 0 L &S (Sxo
Sl b olie plio (a5 5eia Ll . 2db (5 S Gl il pw 50 So o 4
(2o olge jl ool da 6 )5l (o (938 a9 ,49, 138 (6, 5ke g (5,10455 50
138 Slge iS5 ) B wle loj Gl Bl o bo (35381 (lgs 4y o5 sla Sy L
a5 Al g 0@k 0l KT 0l eSS alle  oliends Slge o Sog38l L0l
ey (2005, 10055 Aigad (gl 0 . Wigds g0 009380 Lalde b STj95 Slge dy diadin & jgo
ol 31 oS s e lS | 39 e i bole ol a4 yxie &S _lsesd clo STy

VY USE) o 10 3925 50,595 5 Sciia 0 45 ansl el Sy 32 <150

ol e cp 5Ll Lsls 84>9( “=COOH) LuSgr,S el 09,5 wi b &G o guae
- ol CHLCOOH Jgo,8 L sl (Sitn]) Soagilil

U5 455 (ol om0, 125 50 ¥ OM 6l J5bo b e IS5 s s JU65 455 55
(82) ol YR MY L ol o] JS ol a5 J> o cAemY L ol

g sl Al Ly JIe5 4SS -l uled o o(JS Corlinn by o) CaS plas )

WA TP RN %

JlFo9Rlolge sl SMae golio 50
205 goosliiwl Esacsliay soles
olisly S0g58l eole £454S gone
EY\YLJMM&A.g EY\-

Yem

AY



AD

(g it Jukax .Sgoéggo)gﬁquﬁﬁ&é’&hwﬁﬂ%‘&w‘)ﬂ‘v
S oo (gt 4 Ol el w5 J185 o2 045 Gl

\cm
Yem
Yem
—_— +
Yem

e s |y ol 05 L JE;
@91&.‘.@ ‘5L®g,&)mboli~wu)15;/mcgw)d @wéuudlja.fuﬁw@ Sl
oo )98 ol g Log )l Al i ¢ (5,198 aiile o 1iSTg ol 51 (5 g o0 Lol
Q))4L§bcd.u¥Td.J9_stwﬂTJauj‘;d)?MLo)iﬁdffulwé)grogmwm
@L‘bob UJLG’)Og.wgSJ)‘ LQU‘OW wlwlybj)bub) ‘ULS-.LCLTUM 09l 9
6‘)’ LY J.Jy L_snbta.d‘ sc\Bfo L Ls_:gfbsf L5Lﬁ°‘>)5|)'é M‘}u a5 Sl @L!bwjls L
el 5 oot s 5Ty ool KigSr 3 25,00 i Slanl et it
o 4 el o 51 1AL ) Lo Sciomns bl bl _alST LT e e

.o)lh&fs,ol.o)gbl)ol)smlﬁ

(a5 o155 51 GRS Ty 58 0SS S s Sl B yutn by el koo
s @l sleos sl adel i lag0ld pele sla gy jo STy S s
G980 Anlie (o ;500 .05 (0,155 9 oS ojlasl cdo b aul a5 olo Cosnl QL:;J
oS IS 4 oSl jlo 3 oode jliel 5 oo ) (oS Lo 23Sy s e e
gl ol
oo, 5 5 8y Lnosins (1S Ts cleg i b loands LS Ty Sy 4o oS a5

ol 5l losl yo 1y aos ygl 18 a5 g lnoaias (iiSly & uae il )lg5 o gl oo 0o

\_Chemical Kinetics



OVE USE) 0,8 oS o3l

(&) (&) ()
L.\.C&)GLQJJQA°/°aboAJWJ9lmw.5|5-\fJ&w

Wy oo o 4 Loy ) lade g il oo talS e

dlojluly o9

(Mol MiN-) aids p Jgo conmp 1) 138 S5y B pae Kol N F IS8 olal o2

ol Gialesl ol 5o 1, CUSOr@a) L ZN(S) 2iSly & i 5y IS .l 00l 51,8 g,

RV éml.&Lib&wﬁAgQT:\gd?gngcMosn

S dlie e L (g5, 58 (6 pdy STy (A
91 )z TaiS oo (g i 4z CU(S) 9 CU™ @Y e Loy cisdS L (o

g_é).«a.o g.a.c).u)i.oLu QLO) »ls)o o».\.ubbwuflsfb)‘ ol &_9).«40 ‘_gLQJ}c)Lo.w)f‘ (u
S Glae Mol MINT cows 1, CUT@Y) B pas Cae o L ]

f:oLa;iJAbed).mus}w.
b S o Sy yo 0aiiS &S
sy |y 5ol LB Sl
|)UT5M9§L5A‘:QLQUT.L:M9M
L odsd bwgle copw R(A)

a2 oo Gladly Abole B pac

AF



b ol a1, 008 S 15 olge adsi b 8 puan Lasgio s s 45 a0 3Lt 4,25

Q;U.MJUSJLM.Q > sl @Lﬁwasdﬂfo)lw|

JS8 Ballas LT LA g Leo 5o sl SG 1S g jaue Jolore L) Ol )57 anndS” (25Tl -
S Sl 50 9,40,

g L OB (50 uL““ u‘“"L")T CJ'.’.‘ LS‘ﬁ QL"} e |) ﬂ'ﬁ ‘bﬁl"“’ £ 4R n.JBd?

UV C”’"’L’ o0l C).Ia.a (_ngw).:é\.a ‘Js..\.? ‘_chaoola e

.’.~|b -
SHIa. PYHIae YOO FESF FYAA FONY FOAA U0 9{"“’??

(#5)
KUUWL1 XS

.......................... AR Side ) ‘584;,,,.?
(py5)

$ogd oo alwls STy gl oy 51 e CodS L | (A
25 Jo5T ) Jgux (o
> Q&f@éwbamﬂjﬂf‘ayub)wﬁb(u

12 Sy ol 0 G355 (Lo 4z 53 (0

(YmMOI COy = ¥¥Q) .S JulS' |, dw amio Jgas Y

AY



Ve X ) VX )
VeoX \ T Voox yorp MooX e
YiaeX VT

<—|: Y/o o X o

.................................. A e |
---------------------------------- L IR &

NG

S oy 2 (G ke 38l (695 2 COy 58 ol 1) le - Jge Hloges Y

Uy SIS o (6 els 42 o S L COy algs Lagia e oo -

STy 5o 00y5l8 aw 5o (sl loj - Jse Jloged & wms e LS aleil -0
O sl Sy Bl 2 51 sl 15 000 Jaloms b LS S

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Ol.o)’-ds.o )‘05.0.3 wg Ja.wg.w Sl

AJMLW‘LS:WUMSb )oao)alﬁﬂyhﬁuwv&ﬂmwgéa}i}b
L Slie ol 5Ty 13 0 55 02,15 sl (5l 1y o 3o logas A g
A0 oo L sl SIS g o ol

L1, oole 5 claJse Lot 51 @
SeSAN=Ny Ny (a0 Gioles N
ol 1 eole o glage slass
St il AN> . s s
RlS AN<e g 039052 (slaJge
1y eaims iiSly slage Lot

s e ot S s

QSL‘M O Rate o)|5 J;' J),’> R

AA



A

L O T S e S S —
TN o/eYVe L
3
il
o
< /o L
3 Yo
)
N

An=-°/°\° mol

\o Yo Yo fo O Fo Ve
(a5 oL

03912 sl Oley - Joo Jlogei-A Hloges

b ol 9l mendS ol Jgo oty =1 08 (Lo 40 48 amo o Lis A Blaii (A Lloges 4o
L il oole ol slo Jge ety = Y o8 Lo 4o 4w e (,La B akais o Ny = o/ ) dmol
taycel 3l cwl Ny = o/ Y Omol
ACaCly) =ny-n,=-</-YOmol - /- \dmol = </-\ -mol
asls Vo Ve Slej o, o1y o) S oS (sl oo i ladin (1
Joges 1o AB s o ¢ Aft‘ s a3 o L5 (At =ti—t, = Yo5 = Y o5 = ) o5)
3L 30 1) 0, lS rndS a5 Jangile e s g 010 Cdie Caodle S (el o J 9

S e it adli Yo ) o il

1053 e 05 0 503 ol Gl RISy o a0 o (LA rizeen A logas
9 o0 gyl 3l 0gd oo o bl dmy a4y B0 &S0 51 aSCl B onds pasS ey — Joe
6‘00)3‘)5)1’00‘[)‘@“9“"“" om)ubbc\amb&t’ wﬁbwﬁs‘sw‘ HB;AM

Slojlul;y 09>

g 1y alaly sl $5,00 0929 00le



Sl 555 3,595 55 05 oo (gmil )b Ay el oS Iy laoai¥T 51 (S, Y

YSO, () + 04(g) — YSOW()

> 5 1) R(SOy) 5 R(SOy) «3L R(Oy)=¢/-Ymols™ cwre Ll y5 ;0 51
.98 ol mol min-

DS s Jslome S L (S Tg 10138 (5, o5 sl o i dS ) ,log0i s amg3 LY

A MO@»DOMCJEAGLQW)JmcMQGAUMU

(J9A) cQLo )|A§.c

Y

(asb) e

‘.'lj_g- ?u@‘sﬂ@'d_aouj CHdS L (lae 3.3)) o..x.:.:wL;..Sls sl Jgo (!
D9 g0 dlly Al jo ale Zedle |z aums sy (o

At

R (eacms 1S lg)=—

S Wb

P50 g dado (Boud 183l (10 ) (b s S92
6L37>°9¢“° 9 uL?U)M» Ry e @‘&_é sd.,ol.lﬁ PLY KUY Q[MJ e, aaled o baisly

oatdly cpl -5l 3095 s 9 Lol 2l 55 (50 (S)l03k G (55 LsS

*o



; 7O
aoils o0 L?.'o
3o &L w0 b b K,

L ], glls035)T clgn digas
eass) szl L NO, s NO

N:O

1\

-

Wogas § Slmpams 10 (golye dz oS sy B cadls ol 1 |y Loyls cawd 5 oloiadils
G b Shies ol &8 olo plis cele (glo gy s (0510 oge 4 1) s 00
Cdls Li> 50 85 oo 5 ciiies o gdie ) ol 4 gloaiti s JT slocaS 5
e 5285 jabds i olge ol Lol i alx e (S yls cde bealwl 5 Ledly
Jdows aialss U 5 wollasl 1S Ty alowl 51 o)l olge 4 e 51 5 Lol Consloni
WSS (o0 g S ol Lo JUSGol) 9l

&8l 53 0,10 0uis Cude (59 xSl g LSl jo a5 Cunl (g lalil s JLd 4355 (IS,
Lo IS0, &5 sl (_guds S b gy o2l 50l 51 S el ol ggime
wle (Vb (g pdo 1S

ST il oo 0250 2l SIS0l oz 5 530 sl (1STs plol el oas Lo s 5o
el (3 Lo Bl 4y o (o 1S g alosil L ailgs o cigdd iz Lol 5l aliwg 4y
Lo US04 s a3 s oo )13 g0 6l ST,55 0B mo Cirpuos oysl b il

VD US8) 998 arlS atwlgsl gla 28Ty e s 5l Ll oo (2alS LB aiting pls 4

| %
,fl.-ﬁ,r'*m-'|-'*a,-m,f-*:%,--'*ﬂe.:’x\.]r"‘*esﬂjf’%--‘”’“’ﬁr '

1

PN

ERPPR LR P EI [ CCR PRI [PL L PN GURPIVE DI SJCFESL S H PRVE FA T LW

™

WSeigod aile sleows;lojl isi g JLSLo o)L 0 jixe cole mols 4 axxl o b

3 Golenz SeMbl Ll (sgime Slomzns 5 Wosee 1o o g (g, ¢orailmg]
S 1] oSS

dlojluly 095

OS g y0 00 51,8 010 31 SO sl Jgo perioasms Lis A o codl ool Hlogad o
plas g oasjlasl jagi8l baias Lis (CLB) fovs plaS 0SS aseie Jdo bl 58
] (S Tg wlolus 4y 55 JULS 04380 buims (Lis S



Joe

\

JJS‘B el o
L cnslie e 2Ty o lodiiS 8 1 51 syl ol o g 1o gad conds a5 aszbly o
Ol l2oailS &5 1 (6 055 sl g 515 (6550 4y sl (5 oS ol 5

.m@oo&lwl M‘jwﬁﬁbmdoﬁ)gﬁ%&)l ¢L‘JLo)'v\>|5)¢

ROWI R 53 o™ mOIS—\ L:).:|).: GJ-AM LS’LA) zj.mj
Ny(9) + YH(9) — YNH.(Q)

S Gl (Sloj b1 el 50 1y HU(@) g NY(@) Byt Lamsgia e oo (|

el O (5 720508 gl 0 2 1, 0025 0 18y By Ly i Lasge s (0
955 (o0 ol 4z L (ol Jol> 5l 0S

Sloolitl b (23815l gl 20,1 b (2iS Ty s pos e Caond 55 ol ol (0
o g |) ui‘-S‘S e é*'E-f‘) ‘°m¢"‘5ﬁi‘ °|9*° ‘—érM L “"’-]9’ ‘L’-M’9;'° s

A0 gdes Akl L 1S Ty o a5lge  saliewd Aolae LU (&

M&C.uoyle);‘fwusbv&)mbcourﬂds“aﬂawusﬂ(u

An(NH,)  An(Hy)  An(Ny)
] _ Y - _ Y - _ Y
RSl )=+ —7 YA At

1y



0gb oo i 35 4 5 STy Gallas (5idle) pai dilgz )0 Sg2ge B Y
C,¢Hyy0,,(aq) + H,O() - YC;H,,0,(aq)

L ol s @loosls y Jgaz g o0l oy cwre Laul 5 5 ol glos 5o Sy (il

W20 Fewly e e 4y coal o0lo jlogad g QT@ axgi bhawo oo ol

0/0? Olov OIOY
SE 56 o kessS oS b gl e

Lagio ey o5 oo ¢ Jglone g ofoh  ofoAd  ofeq  o[oqd  of\o [CyyH\O\,]
G 2 9P wdgi b B ras
25 2 dee bl 2 Jse

S5 G ol Y

g o datd piS ailg 5148 sonn®
thoz 31 (S5 UgS (Slde Slgn gione
NPT

offe ° [CsH\+O5]

iy oole Sy Jge calé @
g8 Su 09,0 Ol sloond Jgo 8
[A]= A Jge clile

(mol L) Jgo clale
- 4 -t 6 & v < > .o

Y ¥ 4 A \e \Y \Y \ 5
(min) Lo

S Clus Mol L) 8 cas 1, RGedle) § R(GS 918 e diBs aw o (I
SG PSS Glus pgo 4l Cuin g et Alds s o ) wSTly Sy (0

MQM&)QWJ OJ\MSA_AS)M}OQLO‘Q|A54JLBJ)Ab5aL5LQ6AM)‘k.i’).@(k_)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ol by g wilouny s
iy g 13€ (Ol ey alile (65950 (SLo3ls els 4 (e (59, 2 ol Balal 5 Lo (S

Wbl @glas cpl Jdo s LSS ded (gl malio 0l 51 (gaien 500 5 300 ol Lol L]

Y



53 Folite Lol 53 yee Job jo Gludl ja 1) 0 8 g 98 0 (S0 S o
)Li;ij oz 9o &S olabo, osal ] QTS AT g0 01,5 ho,y b e cond o

UL"“” QT)Lin So).@r> el 1ae Lgl.)»)) Cowd U"| )‘ Lg)f.sd so).e,> 9o 2..\.:..\4 .Jj)b ULQAJB
A g duuy b B ae 4 06 o w8 lex o a5 Jlac Yo sga> aVle a5 DS o
il as aas o olis la Lol a8 sl S0 ol g, o0 w3 L g 09 oo hias ally;
0 iy U 5Ll 5110 A5 y0 oS ol =be don ol Loy ol Lo 5 e Lol Losle oo
(5291 13 5 adsl Slge el 5 355 ol Sl (530 clin g ppe N ALELS s
g 2l b e e (6551 5 ST g Jom sk L 050 (soelSiws 5 15l
4 85 i il 1S 355 90 SIS (ol I8 w5 s, o ez

g LA IS lag 095 j0 el g (g 5l Glw COlped 138 by jo 58 (ol wdgs
lag gl p Lolds ccanl al8l dy gy g 0B elas ¢ golaidl A,y o les Cures aS il ;|

g oud S Cengjlanzs (59,138 (613, g, (nl LS Sl oy adb oo ) (6 i

(A loges) b aalss i (S5 55,0 P81 (52al (512 315 3 y90 JS b

/0 SR
P S rae g5
i Y/ sk drgs 555!
o)

% \/0
8
9
3§, V/e
’;\
3
e o /O

14Ve  V4Ac 149c Yeeo Yoo YoYo o YoFe  Yofe  Yode  Yofo

(CEXY)

5 b b Sl anly plpae 095 o0 )N 138 Brae g adgs o8l @ a>g b
e cuol g adgs Jolie jo 1) g)g0 0 cSidlon g canlio ol 2] glo ool ) Ll

Ao 00 LTS

o|9.a Z\‘° Ny .\.56;: Q)siﬁ 95[5
Sgi> ‘514.: o0d J.J}J LS"J'C
o 3 Jbe 5o o5 o Ll VY

3 on el o 4,

1f



10

9,5 50 asl pl 51 oo gl 2l a8 ol T .00l LialS QTLSl{.o)Uma ol 53

dmlojluly 095

2 ams o L 1) 138 sbo, ielS gl p o501 )z p) Jeua 5o Cunly Caow (g
P35 L oo 5 55 s s ol 51 it 2 5 e SsS, 5SS
31 (o i (Sletren oI

&35 S ras Gals SLe blail 4 o,
Selle pleard lood 5l 8 5 8lge (> )b Sl g CbgS S pae alS
oy g Ay adgs alS b g agr (glali 5l eolil

WM)MAJM|9.’>'LI Ls"LM b‘}n 39,9 u:..a:lf o0l 6)5‘)5 L;LM..\.: ‘Jra.c u...mlS



o w; 00
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 6‘0)3& ‘Slb‘x)&d ..

JLQa)‘ |) Lo)f C.).C-).w 4 de..MSGA oolaiwl Ls_:leéLA.w..’ )| ‘)9? 6LQ£J¢OMT ul.o)o 6|)J U‘)&“’))ﬁ g»J..C‘ 2

HUWE- 1) C.wl.: ol C)JQA Lnguu.w).:

UT S
NH,NO:(s) + Y7 kJ —— NH,*(aqg) + NO_-(aq)

uT S
CaCl.(s) — Ca'*(aq) + YCI(aq) + AY'kJ

€35 n ol Lo T ol i T3 (S5 IS sl YIYY g elS J5lonil 51 (o

s 5231 3l (oLl gl 239 (5591 515 090 T 2 59381 el o155 S5 3 00 05 7 Y
YC,H,, O,(s)+ \#YO,(g) — \ ) ¥CO() + \ \ H.O(1) « AH = ~YY - kJ

Fa55 oo o3l (5351 Jo3shes Wiz oyz 2,55k 2 GllaST 5l S Gl

6“*‘*"‘)3 cd.'\SGA Cgm L!bj) 2)|9%o)d uTéL\é‘)‘MAdSM‘ 6)9’L> le.b‘;xé)o S9>g0 6_110|9.4)|6§u‘_b).m..15_\“
.@a@gomC@Guwﬁgdi)wu@aggp.og@msuf)ﬁ;qﬂmas

Faiilo om0 yaas SIS0 1y T Loyl candd |y dusd gy (il
S Sl JgialS sl 50 a8 (STl sladign plaS LSy Ll 1o ¢ ¥ 5)led Jouz & azgs Lo

if



YAI(s) + Fe O (s) = Al.O(s) + YFe(l)

Fumo o il 33l mgades )0 iz |y eIl T o Suts oo oo, lade ol (Ll

l, H (g) + 1.(g) — YHI (g) iSTs il H_ (g) + 1,(s) + OYk] — YHI(g) : (olorige 5 (S lgarazoi L0
(s a5 50 EYIBITMOL | & (awend) U351,3  JLT 2 oplosdl ) S Gl

Ao o plas ume gloo jo 1y 00 SO, el jBu g (59,008 55 Gl (2STg 03 ISG P

fo \o £0 \0 £0 V0

(C)C\.O.d&f")wg(b)é\wov")|Uw.:bw;bu:-).wcwbéﬂﬁjjohuusodu)‘gjy"/\ L:))‘Mo)d).(b)f‘

151 ooliial L1, CyHe (9) + Hy (9) — 2> CLH,(g) _sisTs AH_Y

WS Cles Vg ¥ o (Ll

las sl Jgo 2 Js5 kS VA 5=V 0F 2 VPV L pln i a8 (5,00 5 U el i3 g HT (G
e pengd $0S o il el 155 Sy gl | o oS 51 o0 dpaslone AH (s

Yy



T N
ova oY Y¥Y A2 Fwly

FaA oY 1) 75 551 el &2 559,78 9. 698 515 (59,8 oy ST ()

_ _ _ (o5 oe) s yindlS 91,2 $uS oo olpidon | (STes plaS cadl ardls
YORe  YEIYe  VAIV: (S olaes s S gl dlp ) (Sl elsS B rae (o
Y\/Yo N’ AR (p,5) 9 als (oo wlin (gl oo plonil (g 5 Yok Do 0 a8

e
P (59500l il Soe az ()T 51 Jeolo (65,51 8 e (sl bl 00 )55 ploly )5 YO ¢ 0SS Vo 0,8 S Sl (o
S ks e Y ackeal h' 1) g 00l 50 (655! G pas Sl
S Ol 1y oy G2STly IUST conds ool ledlbl 4y axg5 LA
FeO(s) + CO(g) — Fe(s) + COy(g) AH=7?

Fe,O.(s) + YCO(g) — YFe(s) + YCO(g)  AH=-YYkJ
YFe,0(s) + CO(g) — YFe.Oy(s) + COy(g) AH =-¥4kJ
Fe,Oy(s) + CO(g) — YFeO(s) + COy(g)  AH=\Ak]
BUT gled ;o sl S 55000 51 (B e b gie lgd 0,5 o0 (S lg ar bsaye € (Somie ) logad jo -\
s gnly Ut 41 Lol &y g Ly sl glite Lol 30 Lol STy (ovats s Loguyo S0 (gl pioeia.uns

S Gl cel 5 21
o1 &yl yo a8 ol (23Sl 4y bogs o  Szio plaS (&
Sl ol solaiwl w..:).wo )Iy LSL>4J‘-°JJ.M 999 ‘a;
I, 0g Judo (ool 00,50 juxd STy oyl o ady)

N N e

(o o) 355 o

a0 B les ;o vl SIS0 51 B jlade b

A



PO GLL il Sy REE

(V9 a1l elb o) .. Ly § osilim 5,150 Lold oSCe LI 08 31k o @ voeeeee :
g Comlasd iy ko g Wiligy co |y Lo a8 maoliw 8 9,8 Lo gl ol ol )53 3 o :

el oy BTy udd s e aile ol iign by oyl ¢ s 500,81 LSS aSglas

35 093 (g (itnsts Cedlyh Conpls 5l 43S o (sloas ;25 g (hgo 5l (gadeo o b L]
9> oy gl 55 (LS slacl il Loy ST L gl oS aned (gl Cemgy 9 50 ey
b 9 S8ty 98l e Ll Aoy (650 sler JSAS L ple )85 3 10,5 eolitul
Lo 5 Sy 03,01 €5 (g gl 5SS 5 655 a5 S s sinio &y
ax 5l Sligy aCol Lol o jlo Kis asel> ;2 0.9yl cpguny g yloT‘;i‘..m)é (slon g ol

Ok = o)b‘soui).t|)LoQMJL»}:;M)os)sij‘éwmemsmsﬁWbﬁgsobn

Eﬁ-ﬁ% Mbwouﬂ)‘@way&»abﬁbdm)OcJaﬁwbowwb)'6ﬁfo}p‘abb



B u5)9| cSng.s w.o‘ 005.3 WL«A sSLwy 2“'?:-’ JL_;.) L o)|94.(b ‘C")L’ J}b )o uL.w‘ M‘é‘:o big
w8 20 SLagy 95 85 pliz ol Sl Bl (S BB by o2 oM M
Ol gy 3 2lo] 55 9 (659U « 1o (6,5 gl o ¢ (Jhwd O)loe g ollgi dalaoplid ) sl aa o sas e
95 598 clayS 5 Loy wiile (155 UsS amme Jalge pl e 53 1) oy oSyl gt 25l LU (St

g c o< Jbe ol 4 GBS g g ool
D50 9 o ldad OO Jle (gl S (oo cdadlre g DA WF WSSO GLL L S 4 008 ep Ll

(Sl ol el o 2aS audey s g (Siaw Sl 5 il s> 5 el ply o |y e mlio ionS 5l 2l

() ]S )J..SGA . iL?mu.m) Gébjd‘))“"" . Lgl.u.u'c <. dﬁlis“ﬁ)éjbfﬁobdswlcﬁfb.
oldS paelbans o

q T g 1 i ¥ °i .
B AL -
e N - digﬂ'—-
I8 I o ai

Lt ma® i e e B e

sheme Jolse pl o o Bl ol o idgy (5 -V S

&9 BgS Slig ol g slasliolnl g wlis 1o 5 ,9lid g il (b ns gu, b |
245 e gy 0 g g ceg) St e g0 Vb domiy LS ¢ iasl oIS g5l il
Ol 8l e el ool oS opgas SU oz g lado gl 15 50 ) oy (S5 (Joal plaS
Sligy 51 slo3U glgsl ol atuslsl o5 slo g )5lid g (23ls 2 4SS Lyl (Sib ey oo o0
bagle 5 com slo) B cpgas dbaapul wile (Dliond Slge 2l jo oy 5l aS S adgs

(Y JSCi) S o cldabloe g olS 2T ¢ Sghe gla Sogll lags ’ o

w ')
Sgaz (Jead b (glo) oS
e 1) SC gl JLo Yoo
225 oo LS oy Jb 50 )
595 0k Jb o 6l Kiens a5

: (i

g anelz slajls (655l Koo Slisy wss (s o by, &5 (jek 4 (dly




CoS oy bas ool sy gia el g o IS5 4y 2 ld Cieo 0 e
9l o L1 9 3550 BN (0l 9,5 50 Corio l Sl Lal s 5y SLivgy 0 g5 4y 5 sl 5,518 5|

(o) _
L;me)mekAJédeJl (5>L“° GL.@ )Lu 695’7:‘“[" W) J..Jy du‘ (dgy dgdxe GJ.».».IQ éJLUO aS L>u| )l .09 )Lu

Sl o, (ol 55 15 o
s b @8lg 5o ol e s 4 ol adgi g ool e il p SSLo BUII 1 Se5UeS glgil cams aix Jobo jo g 0lo

WS g ) Sl laca Lo, Lol oo oo JuSis 1) SLivgs oo (w059 el g od _oaas BUII 03501 a5 3L
ol 5o B glgil (5 el o 4y S0 (goMe YoV T JLlu jo a8 wias oo yLis

255 U 10 o (5 oy eSS Ly oS 2l sla S 5 ol g 005wl g i

.\ )|¢9.<>.z) el 00 dj.aa.ojuy

A

G Sl

< € yva

S G,

e

T &

YO
PSS AW I AR U AUV SOV ‘ >

R LT T A B 2
Ol 50 sl (kg (5 onita ST ad g5 a3, )yl gad

Sl oo LT3 Setlojlatly 095

\ W (508l 9 539158 (S 399 BN TED slaesly 5l S B bl 5 Sy 0

IRVEX SN U I

e Cato (B S 0925 L @
wloosylp wdy (Sldg
Sguzme ulai o Jolo 4 (Swo
Blr 5 Cumnl 05 P> g
55l e ldl (Sasy 50 slodus
Ol S bl gl 25,5 S
390w oS LnaS el olee
gy ol ol olles g 005
oSomn 5 S pgeillanl oy
slslse glrals el g el
G a1 e ol 9 555

oolaiwl coLoT Sc\.'>)b

\_ Fibers

- Y_Thread



SRl plgdl Sligy (S lo Sy 9 pU 5)Lys pine (B0l b 4 asxlpe b
S 18 O 4 g (s sl ez Sledlbl

Slge oy GESTy 5l Al 99 as il Caaab 50 &5 Wit B ¢ SaLo LI
lrorby iy (sloos ol 3 cdel @Bly )0 gl oo wg oy o (S ES 1A jo (et
0938 Bl 5189, (o0 ) g okl il aiile SLIT 0,95 UsS elgil adss (ol
S s By b o iy Elgil ang )0 (glod i b 4 «SLigy g a4z s
D9 o0 ooliiwl g 03 (B3 ¢ Sty g B pas

G Ll ax fuiin (golge ax (Sl SIS W9d oo koo Lo oy (0l (65T
ohgds g oole sla Thg oLl LT €010 092 LT |8, g sl oo glabaly ax §05 1o
63,5 4 BUI e LT S99 e wur SUIudgs 4 wlgs oo JT glacas 3
faigd oo plnil Sl a0 BLIIadss olerd slaiiSly Sul e (i 5o
g Lgtwn ol Bl 0Bl slp Tl pla Shy ar SUI buiile sla oS s

.Aﬁﬁolﬁ.ﬁul{mawbl&u&mﬁ

' J a5 g0 i 48 g BLJI
olis b, LT Lols amss LB mpes Sy s 40 4 ol oapebs BUIL 51 S5 4y
098] a5l 09d oo a4y 5 Ol )0 e sl el Sl oe Sgu &S weo o
055 g0 0ol g byl I (6 Samle 555 co0 ¢ Jue gy w95 jo SLigy gl 5
sl sleed JLasl a8 wily )lons (e connd S ol 5l any BLIT S ails oo
lopl jlad ogs (nl b (Y JSK8) 098 oo aizle K00S0 0 S9lS J5S5e o0k

el S 550 T JgSIg0 531031 g 0892 05 sl ¢k J9SUge 52 5550

55
¢

s, p—

e S G T T

D B T
-~ i el -u.h/ ‘\-,‘f }.C_;‘I\_
L T T T T e S
@%)ojéx}wqugﬁyspgm;ﬁ&}houLﬁunVJX&

\- Macromolecules

Ao 00 LTS

Vooo ogas Jlasl 5 Jele
JSas 0SS 4 S9lS J9SUge
950 Jgoy8 9,00l 3l 058 o
Coo He (O o @ ol

YAeoo
oo 02 oy 2l bl
£ FAVeee sgam 0 sl
JsUse 2 008 axg ol
Sl Ss8 80 e sk
s s Ll s



ails 0 LT

0AlS el (50,98 ¢yl gund]
O Ty Ggeyee nl HlSLe )

...\_mosa

5 ol slo S350 oijls 35515 @
sl slis s s Lol el sl

Ply sk 5 aulis slaJsSdge
ol gliie LS

dusld o0 b!o

VA0

120 Jsii
DAYVISD  odsnd]
Vof—yof Rt
Voroyed ol L

WS S Jgus ()

ol sl
obax
e awlis
% #* #* O g
Foke

RT3 IY)

S oo 1 porde Gal iusS oo JoS g0 Sl yo (Jgux glaceS 5 slates 4 (o



g Llald 4 0sS anlie po L 1) (g dio Jouz glaeSge cbyo (o
)l e cslis

€ sl 00 1,55 Js5 g0yl s 45 48 Gt ilp i3 Lo S5 g0 olaS 1 (&

S a5 | yealy LT )Ll 4y 4295 b el (Glon) yonly el g sk (&

€z Sl Fgsd slge sl atws plaS )0 J9ge (o (9900 95 S (2

G o b JsSUs0 T 553l slooyd a5 casl glosle ¢ S50 bols a5 wils oo
3,555 «(NHp) SLgel «(HyO) ST «(CHy) ) bio «(Br) g (COp) ST g8 (0,5 e
o JsSso cyal - iind e 3 ol 5l lodigas ooy oy Ss 000 (SO apuST 65
el Lo oS il (Jge py2 amiis )0 o8 Ll 035l slapil e 5 Wil S-S
i ey )0 99250 (g 1 9 Wl sl wiile oS 5 (B 0 J9S)ge oS >0
2 5500l 51 a0 e oo 4 Ll slagil Jlad o5 (gy5b & sl S5 sl g
5009 O sl il (y wle (6,500 (sla JoSdge o js il B9 a0 S5 ge oo
o (6ol 25T 31 Slge al s S L g o Sy Cangels 40 45 515 S92

gl oo anS (8L

(9 3kand) T od (5 pouedy

S 4 sl bl 1 0SS gla JsSUse ()] jo o8 el (L85 ly (0 (6 pesdy
digad (gl S (oo adgi ol (dge pr2 g il (glo i b (ol JoSd g0 9 598 o0 Juae
olis b gy .a.JGA Cawd dy S5 0ubw del> (eaao L S YL jLas ol 5l 515 oS,
oo pr7 o5 ok Sl Jse e )5 l5e laos el ios 51,8 (al (Jgo 02 a5 900 s
Waleo.3,10 3929 ()59,008 5 025 o1 0152 T SS9 50 )Ll ;0 a8 ol 1l Sl
S (oo ol |y 0al ploxil pliends STy 52

Lads b S
nCHy = CHy(g) ————> ~CHy —CHy - ()

ol
22 15 Gl odlds w2059 0 a5 aul o0 (0051 3) o5l Ly LS Lw jo céo L

Sy a8 I s el e ,Su5 o3l oz 4 6185 STl Wy bz b o )5 8 o]
S Sy ol (b 53 oy l b el e 500 il a4 () 651 5 (5T 985

\_ Organic Chemistry Y_ Polymerization

polys s, 8515 51 yeuls 515 @
4 Meros g buwn glas a
] 00l 428 )5 (0, gle

o 00 LTS

gles 55 ol sle J5SUse
4o g Veeo atm Jlaé g 00-°C
S b calie S5IUL 5
Jess Al @ 5 ool ST

g s

ilo 0 4T
QLo Adlhe & " JT cowis
5 ity decus s (ols>
Slopen olocnyS dlse a
L Somee Jold s & o5
ol bl e Al sed e
ale (6,550 sle paie 13l lge
Hnd (3 (39 (eS|
alo ol ol 092g 10,565 o
@ dgume LT o o ple 5l
by eadady glacaS s
oygpel Lol 0 only log>ge
elyl ailen iy sls olge
RETRNCYOR SR NE )

|



Yoo,000,000000 505 sasYlw
sles, i o sl o85S
sy Los w‘r» D9 75
O &l a5 ghob 4 gl oo
P kS V0 d9a 85 5o ol 4
9 (0 °)9Tﬂ

JowN £ Foooo Squ> OeS
el o adgs Sl

RS (1) el o 51 T sle JsSd g0 5 oal Sl (31 0 AilEg0 (claaigy 5
5 o 039381 0SS 4 Sl sla Jsse 51 (gL jled e (nl Aaldl b gl o Juate
(T JS8) wigd oo sloml wily (£0)S pe2s bl S5 g

Wgd 1,55 aslg

HrH H H H
N C/HH\ /HXH\CC/H écccc‘ccccc
_ _ _ . . o _ | S S S N
v M #H M H' M B/ MM H MH T T e T O e

HHHXHHHH

O b Jaets STl 51 oled ¥ S

Lo 235yl )3 - 9ias¥ (50 GLSO) ¥ pogigo (o (6 youly (ST o Loosims 2iSTg 4,
VS @lhe ailo oo ) jody 5 o oo 25Ty 5000 b o jesise 51 g0k sled
Sl o 2o bl e a0y |y ol 5 Wigd g 009381 K0S @ (1 (sle egige
a1y b (3g,0e0 5 525 Glaedl sl slacgeme 1,855l S 5 cnl oS anlioe po Sk
30 0SS S L ole yogige (3480 olued i aS WS dx gl el ol Ay 0 1,85
Lo o390 slod Jlail (gl sloasld o (925U 5 Canad (San D (6 oy ATy S
55 (J5s0 Jgo,8 Olgood Lo yenly sl o Gred el 00llS 11 S00ss
)N &g 5 5 adrgs SSLaS 19,0 15 0 51 S5 amly el Giolas (gl bl s . uidgs
(o5 A0 JSC8) w00 ol o5l

39359,
038%3 — P éo%—
oy SO LS5 g6 (1 2O S

Plo 5 LEle b (greedy egise it L YL (ooNUl bl & el taen
(o =0 JS8) 85 ans ()lg¥ oo glite

P ey SO S5 o8N (G B

\- Monomer



( :C=C: )ir2yS =S WlEgs wigw 095 sl yo a5 JTeuS 5 0 il ails ol &
O 2 WS ES 3 (s (5 el (Sl £99 l 50 Wl o0 Bl By (oS o o
oo ;o Wlgion (oS 25 )0 GV G (91> 9 0l e SlacaS 5 bl
IS a5 S55UsT (gl pealy g o0lo (Sl cmlin Ll 1 (el L oy
Slojlulyoes

RV S P P S RS VRV S PRE R

ooy Sl g el

youdy 0,8

yogig0 JUSLw 9ol

ails 0 LTS

oS el (g youls Sl Jing L
0950, 4 Ll £lgilangs yo

duslo oo L] 8

S8 Jeog bl slay gols )l 3
5 Bl laded axio 90
A ol glees,s o2, g3
gl 5 &2 S




BT e
(o] 00kl (gl 123 4L (s
lesy g3 g Dy a1y SN (o (BT LS 8 Canl (5 poaly (5,125 U (ool
illlan 5 ooy S 5 5l gy o9, 5 iS00l oll 5Lt oMo VAT ans o |2 Ls
S VIRV PP I L S PR ER I SR SO Ll as o355l G weg boaisS s s glgl
2505 5l 098 i )l 5 S wl azgie 0 S 5L 1 5 JgunS el SO o5 (el
95 o g Lol (iS5 5L 1) sane B0 )5 (A g, 00l 5 el a8 29,5 ane o5 5,5
OBL (gl p SO S (658K i | E9dge Wb o (59 (9SS 38 e gl
JgasS 2 -0 5,409, (slo,kiiin o i b g 05 (6,5 031l |y JgasS 02 (ol el
L) JomaS sl B o el calbins > (g1 (65 65L230 1092 2l 5151 0 JomaST L Sa5 9550
Y gy, slojlie kate b g oyl m gl 035 oamliie |y T 3o g amo iy
bole ol 45 0l LiS 5350 asy r 091 0 LSS S 45 dalz B0le S5 51 53U
ol o0l s s (y3lg,959l81 5 0 g peuds 5l ol

F F F F

| |
nC=C @ —— c—C ©)
|| ||
F F F Fl,
oo )5 2lsS Daw jo (alai |5 09y 00l SOy comad S0 3395 ob’Tos}U

(F J&m) u.el.»u_fo..,)9m)o 6‘°‘>):;’“5

09k glos )5 (B F JS

Al @load a3 51 ey ol sl pglio Lo )57 pl 50 99,10 (YL 095 Alads (9l
Ol el oz g 095 i S T (o IO 55 cand ad (ST (alians lge b g Cuns
el oyl apg 9528 e Lo (S

T35l b e & iy j0 03l0dl ax U LT g (il Lol ylas &y




4 OT 3o ogdee a¥le o5 canl SSle gl pands (et 5 SO o8l b
(V J.iw) J}M:LSA oolawl Q;L’; J-’L“’S ol &5‘)"50‘)““ MFWS)*’LSLQJ)*“

Ok glos )5 (S -Y JSb
S sl Sy Pk 5l ead el VI S o saliv &5 Hebles
oS 5 009 Blad ollig 3 g ojlis Ho dgzge Sitwdly aueS wile S ud)ylo
35 ok b ol gloass ( Suzodl sloalg) aile Sus 5 45 Il o 5 ppiycdlla]
U el I 55 gl T s S0 15T i Sy i ipoSome 5 yieiions « pud
Lol caigd addes Lasy (slo pogige b youls 95 S5 5l 0l Gl ol (Sioe 598 il o
YIS () 553 s ol s gm Lo LT Sl ails olisze _al8 5 cglizie slo S

¢l LSy

O goaly G5 Ty plosl b (98 UsS Ll yo (il a5 ol plis o glaadly
Bl g ablo 5558 (I o5l b (o9 39l o0 oy glite Sl b olmos ol 3
8 i (J TS (31 g 8 > 55 ol B me ) S 31 s 29,0005 ans
a3 o L 1 it sl IS Ll A S5 .l oS 5 ails

SRS A &)ge 90 4 wile oo Sl sle J9Sge ot (oo A USS j0 a5 sk Lo
el ee Il 20 50 3l gl JoSge . aliS Sloml Dglitie 50,591,890 5 Wigds 00938
5 Lol ogd o oloml a2l ooy 5 Wil (gla ey 5 oad Jate [S0uSe 4 o
Loy 5 0ol 009381 Soasy 4 oo LS 51 Sl sla JsSdge (B S (il 20
g g0 dlgi Hloasls

\- Low Density Poly Ethene (LDPE)
Y_ High Density Poly Ethene (HDPE)

ot bl 5 5 ceslio by, 28L
st Gla 28Ty plxl ol 2
Ot Folio 4 oS ol gge 08
elatl by opl> ey,
&l clin o9, (8L i o0
(a2L5 (599 e 3l Sl s
99 Zoles 50 9 9.iS Job o Jle
@ QW Sl plo et
KarlZiegler) ,I5; )15 slapls
LG s 5 (VARA-VAVY
(Y4:¥-14Vv4 Giulio Natta)
Lol oy conds g ol 505 5
S sl 6,550 s 3bse
O9 ) Ol (b (el 1S

s ol ol o5l Le
S50 a8, g yaues Jes b



: O

‘-\-.‘.‘"5:_;" L (o)

O (6 yody 1 Senw 05
Y Y°°°C6ua)o o
Jgia> 0 g Yeooatm jLis
O3S 5 (6 5e2 byl
s Jb e .AJGA Cwddy
Sl 5l e il b
£.°C cled jo (pl1 8 ok
ypa> 40 g Yeoatm ,Lis g
Sl 5l S lade
g oo i LU - 1555

; 1O

*&"’gs“’ L 0o

JONAR S ETIRE
Slows a oS AR oo uL"“-’
02l jegige slaJoSdge
yok o JsSIgegonls 25Ty
il |,

)| 6&‘&43 6‘)‘3 n )IJ.EA
DL 25 s 35 o ey
owl ol sols

n oy oU
Y\ F S il
R e S
\ESR ol Gk
VIOXY Tl g L

- - - - - B - -

== L

a>Ls e ol b Sleasls o5l
Sk £55 39 ,E5Lo oA S

dlojluly 095

L e A S8 50 0 oolo i cla eyl oy Iz 45 o o Lt o225 glaoolo
el e yia il 0,5 <JAY 5 </AV

2 €, s ol Ly plaS 4y ISz olas (il

€ sl (S 1S 5 S 51 Ly plaS (o

F iz Bl 5o (9890 e 59 (

§ ] i Sl S 31 Ly p a2 (&

RS =0t W90 Wisy (51,10 sl pegige (1STy 51 oS wpad LT ol ey b (55

o0 a3 Lo b (6,500 (Lo el ctuaiio ,0 Ll 1 (9331 0 oo s &y (S 2 50
5 sl (s, 5 oS Gl p sl T LSl j0 o aleserly ol
Lol o ands (0,0, 5 g LS L caups L dalol jo .05 lo 0929 .o ()59 5 ¢ hmnS | aiile

gl oo

1 sl
Gl yosky (3L gl R ) Lo plo (gond ¢ Fo0 1S (los o) S b g piien SLagy i 5L
oyl Lo g 4 a4 B3ge o I olso lgil 8y sy b el 0,5 oo Bagtd oz
laiws o il L il 8429 w0 o595 g eS| glo sl Ll jlislo o a5 sus
5 25 BLI1 g3 oo b pordy ol 51 lons 1250 g H C gladl 51 a5 aien LT 5|



DL 13 ol e S o 1 olas & U3 5,5 055 5l o sloe by ol s

; 7O

o v el 5 oot o
! ).I.M:| SEP 9929

O O O O
I I I I
—-c{/—-Cc—0o0+{ }-o0—c{{/{—-Cc—-0—-{_}-0—

Lo il oy sl 51 68012 IS

JoenS 9008 (loleog S 0 (1938l ein s ot g3lgeaz | (o oy i Sl aSil (6 2
g Ul iy ol 1) (50 el ol 0,8 59 g LS 55 ol og ST Ll

52 5 5yl o IS loadsSii (b3 (590 Liie a5 aiten T olge 51 glatass b il

QT)Q ulyby J.u‘ S9>4 J.:Jo ¥ ual.oL’T U‘"5’> (“"‘1999'3 (g0 6‘)—’ REGWOW-3 L@os.yo (‘7-‘-‘9 9

() o US) Cansl

Slgiligy il o5 Lad Jaa g 5,5l Jga3-) o S5

7255 99 b a9 o lele 09,5 4 a8 wuly oo 5o siwl J9SUge JLile yo cds L
55 S0 53 5 DS il 41 (0,5 550 09,8 (ol (ggme S 50 sl hae (10 S5 e
ST 51 sl Lol 03,5 a5 s dal aalal o sl Lo 05,8 ol 0525 il 4 ]
V) USE) 09 oo bl sl SbiaS 52,5 S5 b SIS,
o slale 05,5

?
i
590 b (0,8 g 05,5 L (S 9oy S

ol ol 05,5 Ltalai o) ) U8 e




ild 0 LTS

Sl sl el Sl
S VSV Ju)oﬁwlsﬂ
T Az ge phalli 5l (g2 g 0
Sl S 98 o sl o Cunsoa
3 sl oy az 90 e b
Baesd azype 4 oY 0l
S o0

L un! 3 Lo S|
(—OH)MS)Mosﬁwb&LQJT)L&u)QAYM@LQWSJMLQJS”wsﬁT

Sl S solgils gae g Joilil 5 Jgilie .ol Ll 8 ol 4 STndl gy 5 b

OV U8 wien Lele S
% H- C OH b':%-‘ H- c c OH
Joyte Jestsl

Jsibls Jplie (gl p aloo - alslS' 9 5 LA Jow ¢, lizlo Jga 820 Y S0

s SR ] 55 45 ol ol ROH s L plsiose 1, ol 5o sla IS0
el (oS g 0

Slole 05,8 & witen I slacaS 5 5l Kas (glatws b laal SoleSs S
eRogee (5505045 sk a a5yl i 5650 ewS 5l .5 )lo (-COOH) JouS e S
el 5 o J5Sge (i 3975 5 U s 455 5 27 e 55l il
245 Caslb sl SlinS g S 013l gise gl tHCOOH cpusl (Sipo y53) Sfilie
098 o0 (SN Joe )0 )1 5 (i Saelh g 0ad o 3,5 £ A3 50 535S

Lol (239,525 53 5l (S0 85 Sl (055 99 sl S (sl Stsl) Sl S35
VY USKE) ceol ailyg, (Sasy o

O 31808 5 sl Sl (gLl Jga 82 ¥ IS

@)

I
SLis R=C—OH LRCOOH 5,8 L oylg5 oo |, lole S5 gloaml SlinS s S

Cal (59,000 b (0,5 9 0 ey SGR (T o aSls



1220 Zewly b lw p ds oal ools jLis s go s axgi b
CH, —CH,—OH

03,10 9929 ISl g0 (ol 5o (V90 o log 5 £93 a4z S (Som i (A

ha8gs 1aliS aSl 4y azgi by s lo (a8l g dad s g0 o ISUT (ol J9Sdse (o
S aseieo YU oS ge 12 40l (i 90 (pl el ao g0 oy STy 0

Sl fts o 3 JSU1 IS 5 g Sl s L5 55 5 ot i o

DS gy ) Jonz gresls gz L) 053 o o (&

°/° f; CH\"CHYCH\'CHYCHVCH\‘CHVCHYOH

AS 985S alen s 8L, (&
add (S92 dleyply e Ul 4o (SuySg s iy Job Gl L

by o0 Gl 31 SN (aali (Sg g 43S (o0
s o Las Ol jo by Sg,00m b anglie o 1 b JSU1 (g pdy Sl 25 loges (2

4 .aﬁmo@wgl)wlmﬁwb
CH, —CH, - CH, - CHy —OH

<\/B)

-
1

“
1

CH, — CH, - CHy, — CH, — CH, —OH

|2 %S (O*HB-

—
1

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

G (S 9,08 ) )1 (Bl g (lad A 90 La JSTT J9Sdge a5 a3l)s
Gl b e (oo oSy J5S0ge (ahaB (i ¢ JomnS g 00 (ole 09,55 S5 g0 ka8



ilo 0 LTS

@l Jso b b (IS s
g 9 £ (g50 &5 Sl
3 Joie 5l el QT 5ot
sl do ualsl 55 ags

09 oo oolaiul g lo

OH

sy ol b st s
WwHlae 85 5l as agloads
3,0 g dbas slos s ;0,68
slooley 5l 055 550 yialS 4l
M@oowlgﬁbﬁwy
it JToole iz gllo a8
2 0szge I glocas 551 (S

338 ook o)l sy (cdlgyoply g (Si9,en (J99e (g9 £ 90 L SSIL o
ol Jalomo o jo JSI g 01 ade Bl ohad s 08 iy U g S8 sl JSUI
490392 (59,08 £ 51 ()5 g BladSIN o e (JoSdge G (g9 0P S0 4
83U e 0058 Lol jled Gl BI L Ll sigd o Jo O o (o934 o (ren
45 095 o0 o Ny (| dliee Rl S50 Sudad (liee g 00l S5 J5Sse
S99 27 SR8 95 ol ) Sgd U 05z 50 il wisds > Ol ys 555 la JSUI
lopl lad 4z 2 s ole 4wl oo GRIBT (S Glaps] Ll Gl L Le S

b oo Gl il (50,8 T (S cogds it Lo USU1 (0 S

dlojluly 095

Uz S0 oo Jo s2,7 50 WplaS s Ol jo j (sl craling plas )
(AT cpaaling (il

O,

O,
CHCH,OH
HO' OH
OH

(D) o melig (&

"




o K5 ymoling (& Slge siloond Jgo,8 y,S Lais

Slasl gz el eyl s T

et lopgesl ol g Cens LS

Syge Syl 13555 5 Sl
255 )18 b))

FAS o ool old JSCiie 40y (g o W el T atws plaS 551000 51 o B s Y

{Je
S st |y YU glacaS 351 S5 o 40 Sgge ol slaog 5 Y

S el 0 50 12 50 Caw,ob 851y oy s Ll o le Y

a3l g had i5u g0 4 ol SilwS g5 5 o JSI1 ale T slacaS 5 50

. . we . kst .. .
JsSlse Conlad waghigo 55,5 2 a1 ey Jsb Gl L el

g oo >, S R PP SOy D ES PRV Fpgt

]

b 5 il Sy
eledl Blae 1S Ts el JSIl g L) S5 (6325 5 e (o (Ss 51
g e b el 4 el ol Cews I L g wims so 2Ty coslin Lail 15 5 lge ol Sils 0 ‘9.78
WS o o |y 0als ploeil plends (1S Ty i adoles LS jlegee g (DA B0le S el
ol Jled o585 )18 e

g solml oliond slacaS

(||) ,  HSO, ? , &y Yo L5|)L> JLAJ).) ‘JL,..a g_Q')-:‘
R-C-OH + H- OR" —/—» R-C-OR" + HO b o L o sl _loanss ok

ol St I o .

Slge 31 o yiwl wizlo oo 1)

. BRVRY 29 b bl Lol
Cansd a4y bl Ll 5 Woles b ¢ Joill L sl Sl ST Sl b ST TSR
S & Jil oy #slae Bl Jl b sl Sl STy Sl rogi AL e

-

oo (65UsS slapab bjle gl
o o 9 4t Sao g °@%}T »h LGHT
I H,S0, I LS o el
CH,C-OH + HOCH,CH, —%  CH,C-OCH,CH, + H,0
Sl S5 93051 Jetl Olgll ol



oaigd adlgs sl T 515 s saio Gulide jo 1, Slgsliy Ll (155 oo w5 e 4
5,5 oolil LobUT g5 L

) o)
I Il
CH,CH,CH, - C- OH + HO—CH,CH, > » CH,CH,CH, —C-O-CH,CH, + H,0
Sl S 9ilig Jgibl Slgiligr il
S bojlulyoes
DS JolST 5 Jouz il 52 (gl eadjle sl JSIT S Lo o) L
590 U | 6 s IS i Lus okl st i Las | ol
)OK
NN\
@)
O

aild 00 LTS
5 35Sl 0 symee glmawl Se STy Sl e S8S amS (i (oD il STy 4 axsd L eS|
5 Sl SBL i 4 ol Mg ol gl S iclie Ll pd po ele 9o JSIN G L (lolegs sl SelenS 92 S
L EE IS S 5 sgmge JenSgen slos S 5l (5o oS5 ol S Al e 43 395
Sl | shole 09,5 (T 018 Cawd 5L g o S 5l ;0 39290 JouS 2 S slwog 55 (ST
(I Z)F S8) 0 e ooyl | o

0
nooc—Jll—coon + o —J—on 2~ HOOC—-—g—O —-or1.0
el 35 ST 5 sl S50 5 (5l G551y 51 s (1Y F U

shole 09,5 S plizmam 00918 LSl 1o ain o A N S 0 o5 psbjlen

STy a5 ams oo g LSl (ol )18 92g JenS 92,5 (Shole 05,5 So 5 JenSs 0
5 s 3l g sl Jole b g S5 51 a8 Lz ol S g alol il oo s (]
L srti 9 i gl gSdge g, ol Balol L uiS' (oo 2800 (13Sg p0 (JSI Jale L
Al Jole (o0 sled g wily pos b ple JoSdge plonil s g wimd o (235 500G

' HO - CHCOOH
HO - CHCOOH (o) FUSE) 095 oo 00sel ' il dy 457 (gloo jgl 309 o JuSiis

\_ Polyester



‘ﬁ duils o0 ng
HO OH + HOOC C—O—-— OH + HOOC—-— COOH . iy
_-_ _-_ Sl izl (bl clags

l‘H\'O sl JoSUse 4 o alien
S adl 5 SYeb il L

T ‘. - | - - T .
0 o o Ol & bl 5 Sos8 Wil

[ [ I
ol o— ¢ —l—c—o— il o—c —Jll-coon

|o

T
c—l—c—o—lll—o+

ol sl S5 25Ty 5501 (oY F S
sheslatul b ol pls Lojls S kol tsle a olge s She g ,L3, &5 wils e
095 UsS 9 Sglite )Lislo b (ole il Ly 005 BoS (lale g9 (sla S g Lol SS90 S
)5 08 4 paxie 5 Gure ols> il Jo w &S ol senly 0 el (s e
GRSy oy (6 (LR (IS (oo B ol s L oy 585 (S55UsS 510 (slosug
01 1 el 51 olo35 s Lol Lo as 2 o) Aoesi g aioaBdle 0 g parly

ool by
N5 O H (C clowsl Ll s lo o a8 caul ond lolid ol xebs olayarly

0
b 5o | JEo N | el shels 09,5 Lo jondy 1 s (ol 55 s ganibs (slopmly
| V0 JS8) ol o 1S5 S 55

b sle ol Sl (pladigas ) O JSB

. T . T T T aer 7 ol e 099 fJoas cale co @
oS Casl T S 5 ool o s &y oymel b T gl 2T 51 ol ke Greldieogzsdoaal 5

w5l 3529 el el (ool el Jite 9,15 5925 Ns H (C glail Ll Ll o
a0 (V8 S ol oolo o yal 4y (608 4 pasio Sopd 5 (oloowd Loles (59,50

el QT 09990 6L°Q-:AT U sole g9 a5 55k



CHy —N—H

el o S Lad g ale - A5lS Juto (L5 Lo S5 820 8 Sl

lole 09,5 (ol 4 a5 gl (ol b ool il Ly 0 g5 4 e auel L ooy ST
(AN Y S8) w0 o (23S Ty JonS 325 03,5 L (el Slole 09,5« JSUI

O
ooc— - coort+ o~ -2 ooc - ¢y N 50
H

el 09,8 Sty (Ll ) Y S

39 o dd 55 Sl s a5 00s JLSES 6 o (el (glog S ¢ 1S Ty dalol b

(o) Y US)
|
HN— [, + coon— - Cl—N—-— NH, + HOOC —Jl— COOH
0
l—H,o
D o I
HN—J - N—Cc— - c— —N—C —[ll—cooHn
H W
'mr |-s
Al L
-~y
H H
— el b oS 2Ty oS (o n) Y S

YsS 5l o awisgs Slis @

25005 w5 sl s S 5 sl (g0 b W yael g8 (1S Ty 51 ey i aolio yo 1) (Sisle glaossl L
Shr s Sl s Bl , . X ’ . ' . .

Soly> 5o 1y ol lapsebe ogae (el (( Slol 3B (el U sy YeS 51l Spglie pl izl
el osls 2l 0SS VA JSE) 05 oo oolitul dlglSas slaaiilz g (g, lgm 5590 diilus

\_ Polyamide Y_ Kevlar



NS ol )5 ) A S

2 o5 b Bk s oy

e (2 ol Gl s 5 00 T8I0 Gud lope (ejame L U U
al oul LS5 0080 4 S0l (sla J5Sge JLail 5l a8 el (o)L Ly et
G5 SYsb e gl 1, U ST a8 ol (nl Caably Sz Y sy a Lol oy S
O b (S 03l 55 iy ey e 0,5 Al ol (0 loge gz (oo o
§ a5l cBU e 050 (pal L300

Lyl o ki gloJsSge a5 wilambly,s o2 olaanl Lolul ; laolo cand
o esise 4 ol 4 osbye g )5 bamme L 55U L sbo e e ale canslis
3148 ()5 plSie aiulias . aiiS oo oloml ek 830 9 Aigdh oo S (55 6I5) ol
sl (ST Jolds aolits (315 adly 10 00,5 o Jaad 3S'5IS a4 (058 oo 5Ll (o
VA JSCE) 04 o g s v o il S a8 ol T ois

5515 ol sy
UT f)\.\.))Lw 6L¢)49.19.4 aQ awlis J.n)..».- szi.”-\ q JSM

ol s J5 sleege (S p
QLo)‘w,as awlis Q.il L0l atwlis
Jias SelS @ oo o, L
Sl 1) o G 830 9 09 o

aQ Lﬁow u’.a.:).«.w d.a.».]l .A.»SGA
3l ool glasd s 0ezg o
et 525 5955 5,8 alo




©lge pdiw PSS Slso @
Ll gl 345 aliun
5 ool GlasSge 4 (Jiwoyd
IR COTRUUN 1 PR EINE SSX g
@l pordy g oo s g

S e 0 g5 | sl SSeilisy 5 Jill a5 ams e Lis |, Slgilisy Ll

(0] (0]

Il Il
CHyCH,CH, —C-O—CH,CH, + H,0 = » CH.CH,CH, —-C—OH + HO-CH,CH,
Ol Jos1 S| S5 gilign Jgitl

Sl posise 4 g oo oo (1STy T b cslis Lyl yd 50 5 Lo ol g g Lol Ly
AV JS2) W98 oo o ool

0 0

[ I

C—-—C—Il\l—-— N+ +HyO — n HOOC—{l—COOH + n H,N —JJJJ— N,
H

| /n

H ()

o o

I [

c—-—c—o—l-o + + 1,0 — nHoOC—{l—coot + n Ho—JJ}—on
n

)
ol o 55 (G g el a5 gla 2T 5 IS les (12X o S

LT 352 5,5 (St 1 g S5 (155 o0 9,15 (5 pan )5 Sy £5 50 4yl 4y 4o L
Lo )5 95290 slo JoSU g0 b il 805 3Le jarly slo JsSUge |5 Wigd oo 0omgy 5 Conns

L s ol gy aiile Ll Lzl jo 05250 (glaisn 51 (52 g 9am o (ST (30l
058 55 00 o 4z )y LI ISl cloigns cptl (oSl b . g o AtnS gkl

AR o 7 ey 4z )l (D sdwgy 3l )8

dlojlul,oq

€z Tigd o0 odamgy 5095 (50 slold ) Ll plaS™ j0 )

Cob e g p)S b (& SiS 50 s Ly (A

Ll i (5 oy s o ol (s o laoaigd jlagg; o d0licisl 2 Y
o9 o0

G0 5 0y (5o caa20 15 0alygds 5 ol Jslome y0 (SVsb S (gl 1) Lo uld ST
Famo oo ) 4z a0 bl .0l (oo gy

51 S o eolitl laeaiSusie o odigd 3l o old Simed ciud olp
Sl oled ooy ol SO, e W (59, peins jeboas |) looniiS wad

S 98 Jolme (9,0 |y ol oo o O jo ]y eadS ain STl og, o0



Ol Wigd oo odemgy ploy Jsb yo (e Julge Sl 5o gl Ly gl -0
J9a - Cel ol 093 9,1 (ol G 5 (55l (slodign (hasSh (Sre 4 ad oy
a2 Lm0 oo Lt Sl jgda po 1 il 53 S SO STy 4y gy o losls 5
e gl oad e slo Sy Ty
foA SNV SAY VY ¥

A S BT INA

[l]

9. Vo 5 0w \0 : © ok

S ) 1) by ey ol e o5 loged (LI

4l i) p Jse iz 4l Yo U jao (Sloj 5L o sl SIS bagie e s (0
¢l

Sz Sl i Sbey oyl plas jo LisSTy Cae s (o
MLHT2 A Y b o

Ll 4y b STy ol Kol Lol (s o 4t ool Ly 5 ol Ly iy
Ao ol 3l okl loj S ;5 () izl 20ls (St oaile (sle jegige
S el Ly 5 s sl Ly cOlST (2STy IS sl o5 dmo o LS a2 o
FB GYsb lotae gl p baz )l g9 cnl 5l oad angd gl wld o oo 4l
51 ol ol posly o sl I ol 0 o L | 05 plSoxtanl |5 sl o0t
Gl ids s Slisy gy crl 3l g wi)las (Ll (25T plosil & 0ads pow (gla ()59 000
Sl eo,558 Sews (SYsb Ll (gl 5 Wgb cad 3a S )0 Slge (nl e ags
@ and g lsle dapedy pl S col cpl cde 05 B0l ol oy 28lg jo Laile oo
5Ll el oLzl 85 o o oy oyl 51 oolitias] a1 A o0 s g 5l Lo ST
&l ) S (oigllae B s (551 Lo oy (ol jlosliiinl g oo jlanky £ iy oSS
A Camydaze Jas il el 8 Ok sl o Cands j0 g ol Daw 3l40
g Ol (S35 85 ol e e 5 o o b g (0d S el (g lias S
ool s e YU L5 1) anelr S, olatdl ay oo Lyasss glodiyze 4 09 e
e gl sl e (6510 0 g0 g L 4 oS Sl o slo ) Bl 51 (S slge cnl 8L5L
sloosysld oS (al38l 5 Bl LIS Gl il plul jslite 4 s dalss-
D9b o0 S Y (g9, p oS wilaid I o (glailis el po (ol (LG ST Jol>

aild 00 LTS

c-!b.@ It Lm),g_.,l,. &;:,)_3 k_é)m
oS gyeb a el it sSUsS
JSJ?')J oA ooloOL@'MM
ool do 0 VO 4 ooy 15

.\.\.l.:basa “g - ‘~|) S5l

ooy o

LE

oYL 5 o Lsl b

oS o5 Sy

HDPE

PVC,orV

Q)

LDPE

G

PP

4

PS

Ol by

\Yo



*’*-.‘.*3"’:.5"’[?.“8
5wl SSY eyl le
el 3 S 4y sl SV L

(0]

HO— CH—C—OH

CHy

el SV
0

O0—CH—C

CHy

Al SV L

SESY Gl sk et @

! dl
aild 00 LTS

PR Sy sloyedy
098 oo 00liiul (o jausu (gl 5

ol 45 39, ze U1 5, el 510l 5 e Sy 9,0 45 el goae ol wilis oyl
055 okl Ll oLl wul 3 B 05 S s Sl YIS A g5, a1l
650,88l ¢ pdy o 58 Gy o e b S AL L S Le gl ey 030

el 423,518 Lol der a9 0 50 Sl AR g0 (0 aS ol

e oy

45 250 L yoly 51 (glains Lo 4y 339 00 1S sl gy ol L Lo ol oy
LT 51 ot aisles GaVIS 5 Lo ponly il o5 12 . 0igd o 41325 o ol lile Lansgs
5 ST 68 2,8 g ol aiils ooles slo JgSIge ol iz 5l e g Loy cnls o
A By 20 s (5l peudy 0 g 00 Sy Jaize Hlatwgs ole ey (i el oo

LS e A SS9 DS ey Sile (65)5LaS (slaes gl 8 51T e el
31 O 00,5 o sl SIS 4 1 lge (50 9g2mge Hwlid Gz &S (6 p5bay
S o o5 Mol S (A ccenslin ayl 5 )0 T (o (g ey 25y

0 Yo ch&},;..:bTJ,gL.us Aile B pan ;LSS SO slo s, b gl vl S L 5l
Lo SCodly ol el 2 a8 a9, il 02187 g 0 adg5 g (St S el Sl
Gl p Cemjlize 10 (65 SsS by Jedo e 4 lo 1y 055 a4 ol has ol
VR g

> e glodg (glas )L iz sla ey (ot )0 (lames o ls oo
SRV G W PS5

QlJ..SQ ou).’ Q‘s.o ([ ]

Eyas Gl Gl p yule

Lo, slosiaad @

S @811 oS 30 g g5l ae Sledbl Ll 6,L 0 a6 0] ol 4y dxl e b

\_ Green Polymer
Y_ Poly Lactic Acid (PLA)



.00
o

............................................................................................. ‘5|o)5.> ‘Sl.au.a).w 00

2

AMSW‘)OMM‘?}&SJS&[JM}LA}LM}J)a)‘ﬁﬂ)lk_i))ﬁ)a—\

(I

(o

CH,-CH,-CH=CH, (o
R,C=CH, (&

|
cC-C
||
H CHy|

\) CH,— COOH Y) CH,— CH,— CH,— CH,— CH; — COOH

$CyH Oy Jge,8 L gl 12 -

S sy |y ] s (2

S ey |y i 535 sl g JSI 5L (o

WSS ez |y (Jege G g9 (@

A5 olaa 1y (Jge p 2 (&

S Al Sl SELT L o Lo b1 o (b s (&

1ol 4 azgs bl ool a8l 5 S0 50 peus G b5l JgSdge il 5l ise _F

\YY



05,1 3le b anly 51 ass o108 &y yorly ol (I
ol o9 az 5l oy (ol sl J5890 e (59500 (&
Gend) 5yl 51l 0, (S ol ol patflen sty

M‘gu.mi. W‘dogﬁlso. wldaszéoo

FeCl_(s)
CHy= CH(g) + Cl(g) ——» CH,CICH,CI (g) AH= -\ VA ki mol"

yGlg, 87 g0 -V <)
o9 ¢
..&.A.Srb.m) |) 00)9‘)5 U’“"99J )LAD-L.:(;,QJ‘

S ey |y STy T g (o

Sog ce alolis Lo S g3 oS iz (I 518 51 1S lio b o1 55 0,5 Y STy 51 0 ol (o

4,75 .09 o0 yie Dyl (nS0kae (Jgo 02 b (plo il (b a5 4 (S5 LS Ll 15y (3l (o (g peudy (S5 -7
23 (75 SR Se @S 2 Jaue 53 3,ls (Saw (23Sl (gla S IBE Jlade 4 o0k (oo p )2 o5 w0 oo LA

w0 salo Sy90 U"l

Pk oSle Jeepr SR gladse el SRIUE gla Jge Lo

() G bt sl i [ o) il opfoon
YVYeoo \Y \
¥ay--- I3 \
YaAooo v \
YAfeoo \ \
\§oooo SV :
foooo e :
Y\ooo oo \
YYooo ofY.o \

Co9d o0 3 g5 (Jgo ez cpytion b 51 (b S UL g0 ol 51 (oo o ax o (L
S i |y e e S 5B Gl 51 4 A Jge S 3 (o

WSS Gla 1y 0uls gy Hloged 9 Jga glaosls 5l ogs o (&

\YY



00000“603'500000

Ste 53 Cumylame (59,0 095918 o 5l Glime (2! slp pamls
el ] jae Jsbo

49 9l 50k (oS5 Jae o5 0w slacn Sy 5l sloslyils

.c,w.,lJ,a:zﬂ)i{ow;pﬂeolﬂ&gohtsu)ow;pﬂfb45‘5_3&}1
S0 oS @l ez baw b oS @l Wiz b S il sl o a8 ST

o 4 @590 V55 sy b 0T (52, 031 99 45 (ol oms (32,59 e

REH PR JAAA

@l A dVlge S wign b o ()5 031 90 45 (Gload s (52,5500

JJIOMJAMW—Q

.MQGA ulM u.\...o L;)L?).Jﬂ)o |) (o)u) JL...J &wsb.c

Pl ploj 5l slo s a2 )3 (oloond (ST Sy 80 (o plis oS (eS
et

o0 39294 )y S5 158wz B oo S i o 4 51 8 (S5 J5SIge
S el K005 5 pl s gl T 40 85 gail b

lise 2979 4 Ganly) sl LT (aogi o2 51 45 (glools J5Sge

Sgliie (e dhali 1l o wle Wiz byl izl 3lelaz sl (59,

gl oo 4355 6 ool dlge 4 e 6 SSL SeS 4 sy laisre j0 a5 golge

55 50 0390 (5531 ool (612 LS o8 Sl (g glosle

20575 31 Jlos B gebin (b 85 gl 518 5 0 ki (Ko JLi wiile g0l
il e 29zsa lhgile g Gl

LCwl cl),o.h 6))"‘ GQL’)

.op@woou Byl G ozl oloo,d iwix 65 fgeme a

g s 45 (g S5 L 5 ) 8 5SS slge 5 Lo 5

g5 Dl g 0pnS 160 (2,5 & (B (S| 3> 0 S 5 G 5
WS e

Ll e oles Lol bojls an (T (Su5ud ples (30 &S (5 paic
Cawla ;80

b o a2 9 2318 g0 (T GloeeS 5 & o 5l glasls
S5 o0 S 15 (S gloeaS S

hsz 9 o9d Abl el o (g)le3 ASe Cuol 5 g3l (O b g paie
23 oo 98 995 511, L yS g 55l g 0yl 2L

el Fr5 CsRbK ‘Na‘Lig}aLﬁdsLh)a;cdlo)jaJskdsl 05;‘51.2’}15

OS5 9IS cand 195 595 9 O (ST g0 0 S 5l olS o jo o 2STy

YA

Yy

Yy

Yy

YA

A

v

v

)oY
¥
Ve v

¥

4]

INA
f.

al

VoY

Y4

\'Y

\'Y

5f

Life Cycle Assessment

Alkane
Straight - Chain Alkane

Branched Alkane

Alkene

Alkyne
Viscosity
Reaction Rate

Polymer
Refine

Monomer
Fractional Distillation

Biodegradable

Fuel

Fossil Fuel

Combustion Reaction

Thermal Energy

Petrochemical Products

Complete Combustion

Metalloide

Organic Chemistry
Black Gold

Metal

Alkali Metals

Photosynthesis

Jsasls T

(e g

g G5 T

sl 655

by o sloos 5l 8

Jol5 g
o and

S sond

olew G)UD




R PR R SO <[ RV FEL AN SR RUNEPPS S INE X 5

9% ipr IS Gels Jold (glojed Jouz VW oog S (glapaie 51 S5 52 o

o oo il 331 1 olionds (23S ly sy oS gloole

el o S e daY ) Ll il o a5 aites d axws glojls Lo
Slde ool 51 as ST AN Gl 5 guieddl 6 ol 00lo )5 Lo 2iST
09 g0 0oliul ppalel; bylas () Sigz gl ol 50 0ud g5

g oo 39 93 5l b oSt ab slaaiol B By 5l oS oaie

s e b ool 3 5,k 5l o ot Sl S oS e

oo 5l camb bolsw o w4 hle gloged L K50l cade wlo
ol (S 5 g 59,002

S oo leerd (2S5 plsil (6l Jled &
)l (Folite (6,3l Jge 8 Lol GLasy (J9Sge Jge,8 45 (50150
ciloads JSLaS (59 )0k g ()5 paie 905l a5 placoS 5

S0 ol ez 0 oeVI5sS Wiz ez b o o 0T 8 & G S5,0em
el o Jae

3,19 0525 &l s 55 Wisy ()5 sl (e O 30 o (1S90

)13 g9l (6, o (05 il 90 51 i b 2 S g e

ul g oy GISIT 58050 G 51 (000 o3l S (2l b oS glaisS
Slge 3l eolgils S lael sloJsUse 50 Ll ogzg a5 Lagsl 51 (9,5 L il
i o Wil (69,8 4 pamie g oiug leond 5 (Supd Lols ¢ T
100929 Lo Jege dad (sl ;0 &5 J9Sge (om B3> (59,00 (o9

S 5 RS S5 S5 se (5l o (T 0 o5 L (235 Tg 5l (gl as gacne
S (o0 a5l b ey U 4 (ol 9590 S0 g Mg o

JJT‘SA Cwd & (5)"‘"5"59""" LsLhd.wbu )I AS)Ua.u‘ 3,90 Soo)sbé )|».\.0.o

090 g0 0o Jes ;0 a5 glos gl 8 luae

g oS el ] gk ke a4y (S Ty S 80508 les lake o
g ss gl ey

50 alolee e, 650l oS 5 oS Anlllan 4y 4 _ogd ple 5l glasLs

e a5l Led BN Joa &S Sl S (655

u"?"‘"’L“’ i\?)o & 50)|A_»| L oole 6[&& uual)5| 6];1 )Lu S0 6[;0; )L_\.a.c
e oo Las

Sy 31l s oole o8 Sy slos LIl sl 3L 050 slo,S laie
.‘.\.Q»)GA uLw.v |) L}“?ﬁ"‘“‘l“‘"i?)b

g oo il anlllas gl oS Gl 5l iy

‘39’“’64 o»\ﬁ.abla,,.zae.\.‘ilb Glolw 09"")1‘3'»'.‘)'3456}3)'“

g st STy el i 5 loanllio Sy g5 5 glsion i

Radical
Halogen

Catalyst

Transition Metal
Thermite Reaction

Renewable Resource

Nonrenewable
Resource

Petroleum

Chemical Reactivity
Isomer

Hydrocarbon
Saturated Hydrocarbon

Unsaturated Hydrocarbon
Cyclic Hydrocarbon
Alkyl Group

Functional Group
Van der Waals Forces
Polymerization

Theoretical Yield
Actual Yield

Percent Yield

Thermochemistry
Heat

Heat Capacity

Specific Heat

System
Surrounding

Reaction Enthalpy

sl (g pdy 23S
Sl

S 9y
0y (52,5 5,00

AL yaw (32,5 3 )R
Ssil> (0S990
ST 5

u;JAL: °5)§
odls oty sleg

@B lade
sles lade




IS lae 55 o0ke 5| Jse oy (g plim oli Lad o oudh of5] glo S
e oo a1 ST
GLA‘))QI))L?UmGuJy&&Mﬁmwb)m)éomdﬂsu;

séu.ud.\e,uJ}AgS.: ,.......S.MJ P&Awb)u)oomfrmd)fl)lm
Stz (55 sl ol Joas s (655 51

Cawlasyl 3 «_il)b QM;_;A}[JQ|)TL5[A;L5,50)|JJ| LS‘)"L?‘)"DL)"ﬁ)
ajjsa)lfmwb)m)owﬂs&‘_glﬂ)fd,fo)lmldpdfé_mlimm

950,85 ool S S gw sbe T BaBo oS oIl gl p A e

Enthalpy of Combustion

Enthalpy of Vaporization
Enthalpy of Sublimation

Bond Enthalpy

Calorimetry

Coffee _ Cup Calorimeter

Bomb Calorimeter

9l Cawsds ;K8 STy wiz AH (6 1 gez 5l olg5 oo | (2T S5 AH Hess's Law

b oo pls wilelu T g 09 o ol Lo 3 )T jo a8 gal 8 Exothermic Process

Endothermic Process

Seb oo Jo Ol o 93 45 (59k 5 S5 i dalr 4 el

Ascorbic Acid

FB sle (S et S plond 15Ty S (gl &S (225 (S
s e i loj |, (0o 513 b (1) edims STy g 5 o5l

2 550 Jolse e qloards la LS Ty ey )0 a5 oo ple l slas Ll
WS (o0 55505 Ll plomil 6555 5 e

Reaction Rate

Chemical Kinetics

ooooo;\.&ioségl.:.o

1- Silberberg, M. S., Principles of General Chemistry , Mc GrawHill, 2007.

2-Reger, D. L. ,Goode, S. R. Ball, D.W., Chemistry, Brooks/Cole, 2010.

3- Kotz, John C. ; Treichel, Paul M.; Weaver, Gabriela C., Chemistry & Chemical Reactivity ,
2006,Thomson - Brooks/Cole.

4- Ebbing, Darrell D.; Gammon, Steven D., General Chemistry, 2009, Brooks/Cole.

5- Tro, Nivaldo J., Principles of Chemistry, A Molecular Approach, 2010, Pearson.

6- Russo, S.; Silver, M., Introductory Chemistry, 2011, Prentice Hall.

7- Phillips, J.S.; Strozak, V.S;. Wistrom, C.; Zike, D. Chemistry, Concepts and Applications,
2009, Glencoe McGraw- will.

8- Gilbert, T.R.; kirss, R.V., Foster, N.; Davies, Chemistry, the science context, 2009, W.W.
Norton & Company.

9- Middlecamp Catherine H. [et al.] Chemistry In Context: Applying Chemistry To Society,
2012.

10- Seager Spencer L., Slabaugh Micheal R., Chemistry for Today General, Organic, and
Biochemistry, 2014.

11- Tro Nivaldi J., Chemistry in Focus, A Molecular View of Our World, 2009.

12- Chang Raymond, Chemistry. 2010.



[vod] [voal [A0A] [A04] [vosl [A44] [AdA] [444] [444] [AAA] ooV AA sor\ AL oo AAA [AAA]
S e Rl e | s « g9 S5 el Héchd Bt Gt e g a3 ST
ON PN w4 s3 1D 9 wo wy nd dN n ed yL Y
Aed Lo el bh Vb Ab 4% Y A% Ay Ab \b b 5%
colAAL BN < A'AS\ cbAg\ cQ A4\ b YO\ o A'AQ\ 00’ AQ\ o40Q\ [041\] cAdA obod\ o4\ b VAL
Bl e (e b e ] L) Sebpr [6cer) PRI ol oo Koo e fGoa
aA wl 13 OH Aa qL PO n3 ws uwd PN id Co) e
oA b3 V3 A 44 04 % A3 A4 (3 = Y %Y AQ

[AAA] [evA] [\vAl [4AA] [AAA] [AAA] [\AA] [v4a] [A4A] [A44]
EH gl St ) e #C IR o C|ofeéford (60 A
u 3] S 1 S 6] I
oo IO S S A B B R S IS I W A
i oAb\ Vb S AAb\ cAlob\ < A4V SV/AVA oble Y\ VAL oo JQAL
&0 ax e falad lacad G2 fasuead amP e (= 4
m_m_ ny 1d ]| SO o M el IH n7
2 bA VA A 4A QA AA A AA ‘A
cA AN obAe | od'do abiAe | Ve = AbQ Vb Ay AAL (350%%
Qees o Hre Coord o) P A0 e taal 8 s ke Q
PO by pd uy ny ]l o aN 1z A
2 AN 45 Y A% A3 A3 (¥ °a b
bA' 04 Q0’44 PAN AbVQ V0 AV/4Q 0o'AQ Ab0Q AV'AS ATV
6 o~ o~ Sl =2 ool 569 §jqerd ot [y A
uz no IN 00 Ch| Un 1D N 1L 3S
o 9 VA AX 43 QA AL AL o0 [
Al W -\ b % A 4 Q0 3 A
A
I\ s\ A
\
A \
< o A
ik aadalad

<60 0609 e



sho s Ay g (9 5 Gisel 50 ol S aiw izl 0 055 pelas i glisl e (jgel (a5 Glgdy lesls
wleles &5 ol 15 ol cpl 555 (lyy S o LS pots oty s S0 iz |y oyl 5 Lin o)l oDl (5 502
> SLOLS (il oo iS85k lalee Dk 8l 0 LT ol (gilwilely (g )d SloLS (o Lisl b 5y Lolas
Sl 09,5 SSam il al osllas plnil jo sl o aioz f Glalae 5 ligal stals & JICS (0 7208 L eple Jlo (sl 551,
loaisls (25 58l (ume (SB 05g s pyiome Cg ps 5 09,0 (6 ey B 50 ((oB590] oy S do ] (L5950 5 o250l (Slsiome
L g il ana) ol o, (shelinn (3 45 Jljgalim 5 (o (sl o) 1Sm ol ol (335 & ol ) (e aitlo e 21,
Sgbee el 25 58 4 Wled S (6 )b LS (nl Slgtoe Sgnge 55 1) losls 093 S s &

WY a8 ¥ o QLS

i Joro gl SOlPL pligpl | cd,y| Cwns oo pliwl | (Solgls pligpl | 9,

s ol S S8 mye| YV SFr P pwge| )
ol A | YA b plmlyd) G 425y acbl| Y

i olis acbl| Y4 oles,S i | ¥

Ol L8 o ady| Y- olislo e B

ol @) &b Jo5 )lels] T o9 o>l joief 0

oS )9 Owee OB 3e| TV ohjle eliesk| 7

Ol e S cws dlow | YY Rebgs o) wlasl Y

Olen B A Qliows )5t pyane W[ A

P oo demallae [ Y0 B ol oy Lap] A

@ b)) ol s yel | Y B ol gy il -
5 Sxw > cpjp| YV 3 S Y
Ol shy (i oy Slgsy del| YA P Sy glo| VY
Ol e R e I (9 olj )b ool | VY
)iy Joeslex 2] S joyd dw] ¥ g ol o3y elils slga| T
sy gl S sie| ¥ @y gl o998 | 10
Sg2) Ol > R A 5 R ML
o Lol > Sypaie [ FY OB jepe splb el Y
o>l g9 4olSeS ot Shiwly dgama | FF oS S Syl] VA
OledS S0 Jrsle| TO Ol o Ma[ 1

Slss,S SIS0 ol F8 oleyS oy islow! yomgie| Y-

ol oly 6 sae| ¥V s b))l son Ly T
o) Ssled dnw doxme| A BE Sl opm5] YV
)| 2 bl dlo 3| FA Ol b s o Jol Glblo ony 3| VY
Ol sla gl o by S| - e Ogxhas (B3a) VY
Ol bl i Soncd e O) ol b oMl edormo] YO
OIS sla gl o Shoe o] VP




	000 C111210
	001-050 -C111210
	051-098-  C111210
	099-128-C111210



