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21 Sc Scandium [, Ar] 3d' 4s
22 Ti Titanium [, Ar] 3d? 4s
23 \Y Vanadium [, Ar] 3d° 4s
24 Cr Chromium [, Ar] 3d° 4
25 Mn Manganese [, Ar] 3d° 4s
26 Fe Iron [, Ar] 3d° 4s
27 Co Cobalt [, Ar] 3d 4s?
28 Ni Nickel [, Ar] 3d° 4s
29 Cu Copper [, Ar] 3d" 4s!
30 Zn Zinc [, Ar] 3d" 4s’

sl 3Gy Ll
39 Y Yttrium [, Kr] 4d' 552
40 Zr Zirconium [, Kr] 4d? 552
41 Nb Niobium [, Kr| 4d’ 5¢7
42 Mo | Molybdenum [, Kr] 4d° 55!
43 Tc Technetium [, Kr] 4d° 52
44 Ru Ruthenium [, Kr] 4d” 5!
45 Rh Rhodium [, Kr] 4d°® 55!
46 Pd Palladium [, Kr| 4d*
47 Ag Sllvar [, Kr] 4d' 55!
48 Cd Cedmium [, Kr] 4d' 5
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57 La Lanthanum ., Xe] 5d' 65’
72 Hf Hafnium ., Xe] 4f'* 5d* 65
73 Ta Tantaium [, Xe] 4f'* 5d° 65
74 w Tungsten ., Xe] 4f'* 5d* 657
75 Re Rhenium [, Xe] 4f'* 5d° 65
76 Os Osmium [, Xe] 4f'* 5d° 652
77 Ir Iridium [, Xe] 4f'* 5d7 65
78 Pt Platinum ., Xe] 4f'* 5d° 65
79 Au Gold ., Xe] 4f'* 5d'° 65
80 Hg Mercury [, Xe] 4f'* 5d' 65
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58 Ce Cerium ., Xe] 4f' 5d' 65
59 Pr | Praseodymium | [ Xe| 4f% 65
60 Nd | Neodymium [, Xe] 4f* 65
61 Pm | Promethium [, Xe] 4f° 65
62 Sm Samarium [, Xe] 4f° 65
63 Eu Europium [, Xe] 4f7 65
64 Gd Gadolinium | [, Xe| 4f7 5d' 652
65 Tb Terbium [, Xe] 4f° 65
66 Dy Dysprosium [, Xe] 4f1° 65
67 Ho Holmium [, Xe] 4f! 65
68 Er Erblum [, Xe] 4f " 65
69 Tm Thulium [, Xe] 4f 2 65
70 Yb Ytterbium [, Xe] 4f'* 65
71 Lu Lutatium ., Xe] 4f ' 5d' 652
Il s 1ol Ay aedl)
90 Th Thorium [ Rn] 6d*7s?
91 Pa | Protactinium | [ Rn] 5f2 6d' 7s?
92 U Uranium [ Rn] 5f° 6d' 7s?
93 Np Neptunium | [ Rn] 5f* 6d' 7s
94 Pu Plutonium [ Rn] 5f¢ 7s?
95 Am Americium [ Rn] 57 7s?
96 Cm Curium [ Rn] 5f7 6d' 7s?
97 Bk Berkelium [ Rn] 57 7s?
98 Cf Californium [ Rn] 51 7s?
99 Es Elnsteinium [ Rn] 5" 7s
100 Fm Fermium [ Rn] 512 7s
101 Md | Mendelevium | [ Rn] 5" 7s?
102 No Nobelium [ Rn] 51 7s
103 Lr Lawrencium | [ Rn] 5f' 6d' 75

Aplall guplsdl al sl




Wolatadl 5,000 3y SN el JERY) paiadl iy sy |
¢ s SN Lelas 5 G585 Al caddly adlly (uledl iy
(3555 pareslSly o, el lisssns' (n - 1)) any U
bl & ol Sl ssxy gl bl g 31 Ll Gy ns® (n - 1)

AcsLa Y jole s sussll Lol o Ll sutdl

dolell algall 2=2-3|
Sl all Lolgsdl - 1

poanll he dle Baliss L il el d olis aees Gl
&5).&35 ).G.A.;J} . 2\.:“_9 uL.yL.S—j )L@.AJ‘ Q_"JL>.-)05 G‘}L‘j L"S)‘) =3
aate JSas Woyl 350 Gl s (35l Goe 3 s ¥ oliall
oY adl say (385l el G oS oLl I e
BsS alylall e Ll el i eyl Al e
GlacoM dade yole dlas ol Gy Jbll s Ml
3,0 ol Aol ¢S o ogny Lole Ly 5 pdas s 1550 Lalss
iy - pBsia 5o s idle Lpldey by jleasl ol o o) Wliss,
sy d Lol jole Sldey leasl els s (5-3) Jsosl
O, ddl S Uasl Glas) Loyl Geayy

iyl d ol yolie jUasl Glasly sldes Leasl ols o [CRSONSPRES]
PRGN (]

K/ LWl im0 15391998 [ 1988 | 2103 | 1520 | 1801 | 1763 | 1725 | 1356 | 693
K/ oWl i 5o 2727 3533|3773 | 2573|2363 |3008 | 3313 | 3113 | 2853 | 1180
pm / s, il Cias | 162 | 132 | 122 | 117 | 117 | 116 | 116 | 115 | 117 | 125

il LGy el

K/ LMl i 5o 1509 | 2373 | 2223 | 2870 | 2140 | 2670 | 2240 | 1828 | 1233 | 594
K/ oWl i 50 292713870 | 5370 | 5070 4470 | 4170 | 3443 | 2453 | 1040
pm / ;3 il Cias | 182 | 145 | 134 | 129 | 135 | 124 | 125 | 128 | 134 | 141

AW LGy A

K/ ¥l i o 920 | 2570|3289 | 3670 | 3420 | 2970 | 2727 | 2047 | 1336 | 234
K/ oWl i 5o 3469 | 5470 | 6270 | 6070 4870 | 4770 | 4070 | 2970 | 630
pm / s, il Cias | 1877 ( 159 | 147 | 141 | 137 | 135 | 136 | 139 | 144 | 155

Aplall guplsdl alip il




Sl SI Lolgsll 2
diegene yolic -

U‘Z"’L‘éﬁy‘ tﬁw ZJLaﬁﬂ_C ch,.‘.zJ\)..ob& U‘ (‘LS— JS:.«J
el s Ges ol G il Sl ol sl
ro Jelidl o 1le e Olays b oS0y ipslazel G Ll

i 48 3B & TH -1 B IS
J L ol ek SR U}'@‘“ :"‘5‘ ‘:_.‘:g. k_,Q_.v. "‘55” DM
.
-5 ~ :- : . US)L’ oo ij%@‘ t« J._ZJL.E.::.Y\ ).@LAA.S‘ l.f—j_w JJ—LA.:J
+ & 8 = & = L
$2 it sstsisl Ay lidl Glog ol Gl ol 5 Gls slse (068 lias
L] |

ot Loy s Hlall ol s 5 o) ¥l B N 0 s
OLL g o) @l s s Ley Wl 555k e s
Jim ¥ plaadl GG a8 (od 108 Gl G p2 by il
SNl Sl s (39 Lemes Jas oloy ol sy Msloc
Sl G Ll slasWL passy Lok elae Ly ate 5SS
3 )l adl Cla o sis Gumg a3l Clls suusdly pgasddly
oS e GL' LsSa g ol pollidl Late Liss s )
Lolso s o Lalbee Mels d ke gemmn yolie Jelan,

iz 22000C Jls> (585 ol e oie paially 5
sdo Lgl Less 3dle el ol 0y loe ) W81 ey . olo ) S

Lo s psalially s dlelly psnsss ) lls asslidl Glag s Js
Ve TIC psuliatll o)1 Sl Jyois Slo (S sda ety
NETSINE PG WN YN UW | e B I Wi N | R W1 SN | 5T NN )JEL:.;‘:{
1600°C L s

g aedl Gty e Aol sy 1od Cloas ) iyl
o s Jelan oo B 1A ¢ d ependl olie G
MO, UySe Gramasmg¥l pay MX, liss o bsSa ol iyl
o S 0 pe Wy Jarts LSy L,a 550 e da s 3
JJLA;Q b)&&@ﬁ‘@d.ﬁ@} ZOOOCO.A ‘}9‘ 'é)\)} 2\-?")\5
Go kel By T B Gl ey MJS, s ) 1,5
MN sl 155 1000°C

e b ol Jolazs 300°C e el 5505 L ye i
Causdl po Jeladll anys Clogoudl G Logs LsSe Gumrs joudd]
Sl e clagg Wy log e dl idle 3 ) 4> s o 2 e Wy

Aplall guplsdl al sl




ol & JlaGYI ! 3=2-3

(G ) I p5ul Sl e lzel) 2kl sda olie o
Ca psed 1 G (5ol Jpdadl Goo Tl 1 555000 3 (elslD)
(4-3) Jsaadlly (ITA) 5,001 2 Ga s Wy (TIA) 5 )l 2
ol oliall s ey pobiall sdgd s SN (o o G
el (getecs LeoMtel o d yolic Xegema o) XYl
el o) Bl 1 5550l LYl bl ) 7 ity 3d sl
3d Bl (gytuce oY IS paiay 5 Ol com SNl ;.;su;m
el ) ladislly coghan (Gro iy oloedl)) Guedl) Gy yaiall
ek il Laly JLnY polall e sodaie liv gl
1o e I 5 el olies 3GEYl oliall G idany lis
SN Il et G sy ol e S Sy (5 il e
el ) e SN sl cldas ) gl Al ol e
g:u_‘;)”; Sl oss oYl ol iy e Y ol
Crad liall sda o) LGy s oliall §ees sl Gdl
s Tt Lol W I ol L o a5 Lo 355 51l
i) e sl g o) Wl e e (sl 1GTYI ol
sy Wl ol J] kel Glvaedl sda sas (S
oYl
ikl claall I

b Ll o oY1 iyl ALl Lol lio 5l e
Bo> g:a}L;,.oj e sldes el Ol o Cly il e
o Bledl 5S35 sk sudo sl Losas 05 Lt ¢Sl 31 el
Ome By yd Lol oSS el Ledaay lanll a;uu Meal ly L
s odos aliss as) 3yl olall G g ok by ey
solyy Jla d ol N S el e Jel slde ol o
<l ol A adslase Yl coly Wls claall sda I 5o B dedatie
Mn JI S¢ o ¥ tegame o pts Teddl sdn yolie
Couvies V3 Tioie ©ly s 05 - Zn JI Mn ;. sl
o G A e (31 (12-3) USa)l b msse sy Ni
.;q)&i\ Slae¥ly L)

od ¥ sl Vel B3V W e same ) el s
YL sl el My thies Cias 8 el 3d Bl ssrd
Ol S gy by SIL Itliee 80 yite by SONL Usazdl d
e il Gl s Salss oMaeYl ey

3S
14

HIL
44

D
4

U
14

Rt st

o
9

o)
44

IN
87

no
67

0¢

uz

_/

R SUE LN RSN ER T TON

82



sy

12-3 sl
slaely LA Gls o e W)

el

83

JUNEN

1,0l

AN

3500

3000

2500

K / GLall i 5o

2000

1500

1 1 1 1 1 1 1 1
HOOSC Ti V Cr Mn Fe Co Ni Cu Zn

1L, sloe !

e oy Al g 3dY )msn o 3 s SN s
i e Jyamdl (o8 48 sy e s S AT s
=l et sl ol sda ol I etilee 1) sy
Lee bl LU Y ol o oo Ll 53S0 2l oS e s
AL Crazie B el any Blsl ol el s
BN ¥l —

s 16y ol s B onssls Wls e sl sy
ais 3,0 daed i 43 5 42 Laa sesl W ool sy
sy Cr g S o) alis 3 5 2 awssh A S
e 3 +6 5 +5 5 +4 5 43 5 12 LA sosie ansls ¥
+7 S sy JURENI I RWENE] :uulp.sj It ltlly BeggyY!
KMnO, psdssdl oliSn 0 B L il W 2
b 3ol 5,00 sssal aess il W 3 coedls (6-3) Jsud!
,ns PRSP CYI REES [ PETUASEN)N BV 1 sgmy 1IN ol
o W5l DS e s ;SN 0 Tos Cam yaiall Wl 5,80 (n-1)d
O ke N1 aay lasmly by 2SN s Ak o C (n-1)d s
O3S IS8y by oS des Lo d 2 ol oSO o oy Y
2y o] sesl Bl il o s sesl Dl el s,
s I ppan (IS Tyl [asg +7 5 46 5 5 5 44 5 <3
G585 Jads A Bl b Bl J s G (n-Dd
5% deie Jale (oS0 @l Gaa¥ly (dds) iposlal] JUERN
ks sl Ul el ) 5 sladl 1,00l oo by SN G
N PSRUCIUI AN YOO S-S TN IR | VRN
' omsl Jelall 355 . 1
. E:L;J\ S Wl 2



3 3 ‘3 4s* 3d! S¢
4 4 33, o4 4 3d Ti
-4 45 TE, O, POE L 4s' 3d° v
3 .6 Ry gt 45" 3d° Cr
2 7 |23, 40,45, 46, 17 45" 3d° Mn
3 6 a8 48 3d° Fe
3 4 3y 45t 3d’ Co
2 “ 2, 45* 3d" Ni
<3 i3 il id 4s! 34" Cu
o2 "2 v2 45* 3d" Zn

A8 s, Sl e 2300 (42 ssl) e symy -
(s (M) 1 (50) pauail ol o ssuloll ol 5w alsl -2
A8 5 37 sy S lass aa T L N T o LU R |
L,,._.p,_._._.u_,,:_..._._..ﬂ..m..._.._l_..&.L_tl Sl aae g}_:.'._-.ﬁl Glaidl -3
dgalgash das Slag ST ALY
Saaelilly .;.__._b_aﬂh‘_p:llf‘—""-'! -E

e AW il Tmalally Ggnelall elaal s
yaiall dcssli sas alay Ledss B, o a2 Lils e sl pagie
mose pa lemy laaladl claall sy Loeldll cleall 2l
aie M a L (7-3) Jydndl B

R P [ s S ES |

-

sdlSal i pptitd] JUEEY) el Tdelilly pdaladl | alyatl]
+2 (S MnO il | i
+3 et gaels [ MnO, ethiadl JLE S sl 23
v &S yial MnO, pUES UL BTSN PE
+h r”-“"‘ MnQ, [T | B AW
+7 St ol Mn O, ekl Sl s sl el




- i) ladad) usSs —o
Sty e Lol 3dlanyl oliall dempall sl Lales

G 5l sl sy ke st U Sl ST clynall e s
Gl 5l ol ] sia e G yaty 5 polidl ik sl ,SIY
2ally enle Cnlndl 108 e it (ligands) <loSLUL
5,0 oo sl Al odadl Gl sl LiSly lages il
oo Resere Lo b Junl el 058 L WE Ly
Iuyss sl 3,000 OISl s Clg¥l ol Gl yall o el
Lol Gal G5 oip auSlll Lol 3dlas¥l ol e GsSle Lle
sl A Bsdate ihha 5S5 03 5l Al sl e 5,001 (gols
5 GV esame 355 | et Lualy 55 e (552w Usl
Jentgy Lo, 23 NO, 5T CN 5 NH, 5l HO (e s 2l
g S0 dalgll LA sae sl alall saall 73la
Os¥l b el 5,00 ALl soall aunss sl 5,0l el
42 (sl ol ol Wy (6 g5l [Fe (CN)J" ENeEy
&l poemadl) (s5lus (Aly ddandl GVl Rt e 4- sl Ll
It poemen G (IS ol 5,000 Lty ALl soall sliezd
QAI24) (55les (555 sall Gl Bims (6-) (gl (il 50l
iy el ¥l B s ) (49) e Legin (3 A G5Ss
BUEENUER AR RIS [ S CSR TS S DR I EL P |
ol Bole ALl saall 58y #3542 sl Al 3 2|

wi] | Ni (CO)," 5 [Co (NH,)|" o loiaddl sia 2al Goos 651 4
1‘-- | . soall £l 2ol JIS2 Lo coloiadd) i ) el ISy

Cs Bodiae JUS2Y 50y W by A8 gl Lty Llasdl e
bl and s 5 Lede (Ul
FET SR

Bl 55 atal) Lslolly AJUEBYI S oliall Cladiaddl pa s
=L &) o8 W CuSO,5H0 dslll et ol s M
(ID) () Lsal pul s sl sl G5t 55 Ni(OHD, Loy,
L s el (330 Gs) ls [Cu (NH ™
eeblad) laall -

Slmmsbliie Ol Leass o e Ly it S 20N ellis
Slaas s S soall Comlay ¥l L oS soall (ool Loaos|
eho eebline Gt Clis G5, JS Gl bee gl

Aplall guplsdl alip il




aoall Jolay iy SN tktedl JEleNl b bliie pye (5
e Mame i, IS 3,00l =Y Lge (S0 b liadl
3 lae oo yaie by S ey Ul B Lid bl
Ll bl bl Jledl Jamee s Jamy Leaiey
Y] Jledl s sl C‘)\)&JJ I bladl V‘5}’J‘ PESIN] L;\
Leazey (Paramagnetism) icoblosl WL ol 1o i
NPT GESES | FEA IR [ I C RSO REA LRS- e BILY
ol Jlomadl el T liie ¥lne Cinlly Wos Dl
) bl Jladl e 3L 3slll Jamy 1y L sl
oo Wit (Diamagnetism) i blie Ll ¢sledl 1 G yas
Sexs) @iy bl Jledl s Gy jains ogudl ()
ol Ol GsSG Cls ol e 2 oso yaie ol S

3d (3d) vl 3,0
]

L) [Fe (CN)6]4' & LS s nl (s wpaxdl plss Il S
SVl sl Y bl Jlmall st iy Gl (T oo il
G sanadl Sy pSINL Ciats 03 (D) sosdl G (o sl I
(CNY) GlasSl L

Cs (D Glagas sl oo [Fe (CN)6]31-¢$ JUUIR AW
L) b liadl Jedl oo oy M posdl sl sl G550
Sy AN CIE R RSV E) Qj)_:g; S92y o ((pbline
S Jsadl g éo,.,e s s S spoxll G 3;1 !
L, Fe 1s? 2% 2p° 3s* 3p° 4s° 3d°

At

D@}[ LT

glsoyl (e deas (MY sposdl §0¥ 3d ¥l ) (e Jle (g0

JS..:J\ = 645.&5.& LSy wuusd! Q%Y 3d ;:YL:_HJ,\ = ;:ls})_:SJY\
4s°

AL

CN CN CN CN CN CN
(X)) IS Clasy i) aslanddl (L G B piall g 2SN

) 1l gl o Tl 5y 2N e L s

Aplall guplsdl alip il

b Ladl Ll ¢!

Slargo -l Jay a3V Gl
desy 2SI
by SN Jiey 2o Ml
85 a4l




OHOO®
OOO®

0000

OOO®

Cie [NICL]™ o T lial b i g 1) 50iadl Slsy¥) o
G ke Gty S e (gsiomy NI (500% (Bd) o Ll B3I 5550

b lae 1L 50 yaie dao pgday JA
LGN 187 287 2p° 3s% 3p° 4s° 3d°

4g°

AT LT L] s,

Sl (3 SN i 5 G LM (Z0) oyl paie LAs 5l
wl Mgy oyl ISy 0S5 (el addle 2 ol 2SI —
b liadl Jledl oo CdmnY

WZn 1s* 28 2p® 3s* 3p°® 4s? 3d"

3d 4s?

][]
bl ol say obladl Wkl o U gy 1
et 15 LS o 5,00 wilgll B o ) (Ferromgnetism)
Sl Wl B ey Lmoblanl L) e dols Ul a5 il
s gl Sl ol Al G s e o (ssi A
Bl sl 3y sl a1 e g0l gy - 35 shie Sl S|
Sl S e Lt plaisy 5,5 IS0 50 il by SN Jelass
oLl ds s Ll sda slasy 35l ol 0l 50 a2
s Jmlie st I ok 2l b ades L s ) o
SN Gy B ) 8 3 ey dl] Sl BN (S
Slogss) 3 3 ol syl oliadl Class,ly @bl
s ) LGy ol

Gouy balans c=9sS dljw

Jlonils T line LU 5l Uls clio ol 50l 23 ae Sy
o> (Gouy balance)sss (liwe b Gpn s Sl
it ol 3 3hat o Gl (lee e sledl 1o (st
Go88 RS Gl aogss LcbLiadl Lgolss 45 pae o 1l 3oLl
(13-3) ISl 3 mose 5o Loy ALl 2asHl 2 50l

Aplall guplsdl al sl




N S|, | . : e
LS AN 3l ‘| e Jl RE N

Slic Cls les 156 (553 uabline Jlne 50l pogs s
213335 meebliaadl Jlrddl st e Ca Lpls i bl
3l G Ll Lo blinalils 3oLl cales 151 Lal Gl 56143
Ol 3613 Jiss Jlmall e
—isoclace Jelsass LJladll -
Leaal s LJGEsY) ol e 2izt ) saeled) Lalsall

o e SN sl edas¥ly cldeall Goo s 55 0
Lo adlas¥l oliall tu.,a T L) ioleS cleliall
g o) 3ol Le¥ls 5 Ll suclae Jelgass Wkl b 5,03
N sl Jleaid e o sjm sda b gl Jaims ;;Lfs,e
e land) sl Loty Gates Gl adats LS po 19S5 e 5l d
oo Aol socluce Jalgass Wl 2 s oliall s oS 1 5,03
Lol ellng codelal) dois i Gl ol ells g e Ll
oy Ol po (0SS oy 5) sl U & s Sloab
) FONED
ilagisially wlagidill 4=2=3

Lanthanides and Actinides

REARVELISIL{ |

el il 3 pate Jole el (57 (5,0 sous) (L) pyslisd
[Kr] 447 582 5p° 5d! 657 s SN sl Ay 28I LY
s 5 (58 (g Al ssaces) (Ce) pg yeudl o8 ady M aally
Uy SN Tos G [ Kr] 4d10 40 552 5p 5d! 65 s S
gare I das Gl AP Ll (gsie) Ul (gete Jlazly
S Ad Gste ssm samy (T1) o 1 sooe (LU) pseissll
PRVEIRY

P Sl e poatdsll (I as sl ey olialls
URTSE VSRR S AN ST EU RN PO EEN I TINON

Aplall guplsdl al sl

i obiaal L3 ol

G5 Olee

o claswiild.
88



Ut
Lu

70

09
Er | Tm | Yb

[

(]

02

01

63
Pr [ Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho

59

58
Ce

Oloccass dede,

89

o5 LY (Rear earth) 3,5l 1 530 ol sds Croa 03,
s (o) solie Lol vdia ol s Blle & Ll o
.,\.ﬁ.wlsi

5y do ol Y Caadl Leaa, oloa ol olacs
Lol e e oY ) USine Sy L Jaddl () oy
Ul 5d8 Gy (+3) sl Uls yedas Cum ddos dglie
¥l Ol Glsl alas Wiy By 30l Lol cliall
Dl ge 38WS ey B 50 Ll o D5kl

3)5_42_'\ ( ll_.“L“J\ RV )..ch‘- d| 9y ) (EU.) (5.:45)%‘ »%Y
@b&@@d,@\mﬁlam‘s\&@rljw\g}sﬁ
RESPU NS
s ologeassy! L2

sy OlaassY) TU\,_J oMW il dglace ia, v oy
S9SN (s D ady 89 (o 0l ssae (AC) pe s
LSl G Gom Gl s - [ Xe] 4f 5d1° 657 6p° 6d! 75
w‘ o= R M1 3)5&‘ (.?_9 ‘55.:4‘)5.:55\5 f.M}ﬂjb fﬁ)}.ﬁ‘
\o.g.bu.:_.S.‘.ﬂ\j r}.ﬁijﬂ\j rw(.@.” )_ot_.«.f— uo\)s 5y gy L._.g‘)gbk”
Bl e Bogas Hedld Loy wsls ol saw Gl Joad o
iy b (it Lelas o lld) oSO (gpicn L p iy Al ) pmie e
S g ¢5JLBL‘Z.S|5 fﬁ'é“JLé'S\ )_4L'ud el rﬂ‘ S gin &ML
¢ oS Lplie Ll oy asal e dl ale jolie sue Clias)
el sy T sogas ddsls Idlanl il ss2s Kigas)l
Ol Loy locusNL Y1 s agasNl dale yolialls 10
B Wil L olousy o ) seslll eV o
sl CY¥l s +3 oessls

SN yoliall oo (Cm) p gy 58 yate (58 wlogussyl Y
ozl B dly ceslan Cias sl ol a3 (5 T Jams
oo ¥l (350 yoliall Loty (L se LIS 29y 59831 (5555 asliss o)
s +6+5+4+3+2 s Jlie suuos &J‘A_étj Nl s
o 43 panssh ¥l Wl ps,s S sy (BK) pydiss
e o M ologcassYl poliad sosNl ¥l 2 soadl 1o



Gl §5%0 (GA) poridsolS paie a5 10a JI B3LaYY
e ol Gy a5 sy L by OWG sdas ) dslen (ool
poridsolSIl oS 100 ullly (g 2SN o 0 2ol 5 55m0 s
N Yy (L s ubj);SJ BN Gloddy). o GdY lgyl
cssken Ciadl sl ot B by (aSIN Slads o) dalsl )
poridsalSH 1 Al 1 il e i S Wl s
+3 iy +2 oessb Bl ey yaall 1aas (B asps ol 525
oSSl YL el (TH) as ol 5oy ady s3I il
+4 443

Ay ol e Jlhss suasdl Jslitia

Iron ayasll 3-3

Qoadoll _.

5 yudll P s S e pociad¥ly GeSlidly GuomusgNl
Quaall e A ) Bsan (S (2 Y] S e ) ey ¢« s )Y
o) olie e lamte Lo N1 5 28] 3 dyandl 2ty . IS
sy sl (hematite) CLblogdl oy ssaazddl wlels Gy
Fe O, Je si= I ( magnetite) culuadly, Fe O, Je
Nl ol yues FEOOH e (g5 s (limonite) Clsse s
menl sl JlsYl el sosdl pas s FeCO, e (g
Gt 3 b Ml ol ol sgd ¢ Al k¥l 3 I Lacsl
Y S 5 2 opssaadsal pe OS sy ) GslSsas
5585 3 Ayl soliall sl 58y ¢ a2l Gtz Lalsl
oLl b elowl deliay Lol s 5k 5ol

619:J1 Jgaall g8 ayanll glgo 2=3=3|

Jaltl) 5 el Bl M1 5l Jds (5590l Jpoadl (B vl
s SN g SN s ) s (B

cre :1s* 2% 2p® 3¢ 31;6 48 3d

G et s US55 53801 G LI | ymie syodl 5550,
g dslae oWl Ul eday Y I Y [0S« (n-1)d] s,
135 42 & dpandl b Dy el anslll C¥L 2l 1(8) suall
(IDogosdl Gaa) GusSd ogasdl 3,5 oo Gy =S Glodd Ides s
el Jo o (D opasdl Gl G2sS by SO Y5 (lags 4
Lehates 5Sas sl il G 3l 1 Less . ahelaxdl olsll
" - sbsl Wolaly

Fe* =Fe* + e

Aplall guplsdl alip il




L s
S a2l s )
il by by (gl FeS, aomdl
G G il aagl ey IS
anll fE paaan s sl el

gy bl G e

add) aceals o gy (T cudad! Gl Gl kel dlakngdl ot
Josades (D) agaad! Gaul 1 of CHHDY agud] gl ) woesd {,;.”:.il
4§ RO TP I PO (P < .+

Sliall pey iy LB S et Ll ] Bl Spaal
Geoend] Sl ogfly (ol pedl amadly sadlalles oiplaly Lokl
allal .:..I-}La.ll i gy bl n lb iy ey 3 dadl LU
wailissy 2861°C Llde a0y 1528°C s el faps Jatiaall
25°C i .oy 7.86 g/cm’

sgandl clleles #=3=3
elagll poe Lolaebl 5 ladl ole e B oopasdl lelin ¥
Jelaz afly Gl slggll G JIAI oLt e felin Ny Sl
Sl 2B el By Gk GaSe e 3 eyl Gumasgly
Gt U e sl el e didall sda e Jaall e
Taall a5 widesy Yy (1D Sl dpaall syl G 35ls 2y
el paey Tpalis Loy @ll3y) dgaadl Takadl o lall =l ] e
(o aSadl Juwsgyl Gib
4Fe + 3Q, + nH,O0 — 2Fe, O, .nH,O
b 53 ) il 3 padl il ya0 M s i dpoadl sty 2
Fe O, —bludl gaal a sy UpSia olgglt spapis Gloasel
P sl S Lss
3Fe +20,—8 + Fe O,

I.;_.:-"“! ._r--nJ'*'--"--” ayaadl ugagl Ly sl S e el 3
LWl Clagladl g LS ey gl Sl

3Fe - 4H,0 —2—» Fe 0, -4H,
._Jﬁ..&j_rg.ﬂ.l il e Tidaall eyl ae dpiall felin, 4
S 1y (D) el - LaSe Kpgy el oSN adlsy
I sl b LS g oyl

Fe -2HC| —— FeCl, -H,

Fe « HESDq—-FeSD H,
Pl e Sl el e 30S ] aalgall e Leliz,
S delazy elally syaadl rual LopSa el 2l aalay Ll
IV sl s Less SO,

3Fe + BH SO, —— FeSD +Fe, {5{}4} + 450, + 8H,0

I [P -H,;. 11 mpisd i

~llil il il el 2lapall



08 Cu S (Bammaces Wil B0l e ds Goxs oie 5
sl Uoladl 2 Liss (D oposdl ooy s

Fe+S—A>FeS

o (ps dls Hslsls slall) e ol Il ae dyosll Jelin . 6
sl 33y (1D suusd!l lodla
2Fe + 3X, — 2FeX, ; X- F.Cl. Br
DS sl el G i s (1D spostl oy ks s Jlass,
Holadl 2 Less ) yem 15l I yo ) Ll sgasdl 300 4 e
* N
2Fe + 3CL, —8 » 2FeCl,

Aanll ygallaiuw] 5-3-3

Clels JI5as] 5ayb Ge Fladl Gl g Lelio wasdl may
22000°C sie G5, WL Culiarllly Cubilogd! Tolsy ol
M) GedS) o s oSl ot e syl pls als 35, ) Geass
oM Lshall el e Lo dsdl dols)y (ol S oligy S acdans
o St Ol el slagl i o3 [(14-3) U] pladl
Ob ksl 551> G s plis ¥ By Gl B kil Calenll
el 8l ] laslem) (S Ol s o 3 i odlelss
3 sl (ol (usS5s §all Gt Ysl

2C+0, —— 2CO

ds i aaadl als sl GelS syl ool T psi

s

O S sl S gaie
Fe,O, + 3CO —A— 2Fe - 3CO,

dmSgl I a5l Slig s s 5 a0l 5| > Cods
Aaladl (335 5o, sssl S35 psr S

CaCO, —A— Ca0 . CO,
pod S LS ygaie G55 o) s pynd S OS] ety o
:;J.)L_a_g.” dﬁ}

CaO + $i0, — CaSiO,

ol Qti ool eaia (392 fj.g...J[SJ\ oSl aia gl

e B3] s Gl e 05 i WS gl LS e B3
G880 G Gt gl dyaall Lal a3y s slsdl e syanl
ddom Sl sy dols I 8 ey S (A Jad e
AU ol s e b oel] s pas @dlls )

phas Jo
oo S G dea sl ()
e 2 ooy dsiledl 0l e
Gy oo sLedlly Fe [Fe (CND,]
Dlael ALY Jeates (Al L
el G sy 2ss A ol

92



Jid ials e gl ] Gasidl )l L
he gl G ST ] il Relio b oaie slandy gl
Agharyl Sl s laguky g dall

I o el DS i plaand e el gl e
gl Ll plass sl Jite ] pa Leoa T o aatl Talle J Ly,
Sl il sl e Bamace 52 e doosdl it mi,
L:.H__;J. b s Al 08T el Ayl Bl .,r"l'-“"-'—i
Bl s e b saslo g g.-...g.th shadl Saeassl -Lua

2CH, + O, ——=2C0 +
B00-900°C 3, > im0 aie il CO H walile peli o8
le,.---...L-."‘:..l Syl L:,r_.'..._,.'l el sl Nhzsly
Fe,0, + CO - 2H,—& 4 2Fe . CO,+ 2HO

GisSE Al Bpdes b paun SN g les Bilals bl Jls o
A Bkl g s
A ply agast Lol b Ll ada ety

1."_|_',...rl -|_u-q _.._IL” ,'_.:LI.- -.;!15_'.| ..;,.:'J || :.‘k‘:"s ]
:_\_’t‘_‘:l u.;.-..-"“':' l._ui -\...-..,-\_'ﬁ_u ._l ._‘Jml L 3

hetl Ao | gy 8 TN

1 IR | IR 5% | A | B PP e L ._,J_.,__.,Ll il ] 1.4

L - 4 i . = g

Ui ghss Nod Ly o e gaoe Fladll

oo




aganll glgil6=3=3

Sl s ooy pladl Gl G sl ol o) Lale
O3\ Leadane (98 1 %06) (o et 751 55 ot o (s92ms
il plol o Joandl 0S Colstl ad s 1y L 0sShs
s Lo sguadl (s
:eall dsos <

AP el e3P odes sanll dos o solel wae
e blael Gress o 0550y ceall woem ooy St duplda i

0SS eall oo Cled Cleostd 156 L oy v dly ol 4y
Il Lel e call sposs &.*L;SI SN A e Ceall e
s ik Clatll Lkee (585 daie Tke, I3 Canstd
SECRIC N P | QW @L‘J\

wly (et Lde G yadl Coall syos Ciaty dsle 35509
W paste L3 Claall faxn e oS loe Gl
bl datly nlily sl el Lam delio
: (OYeall) Cdall- o

809 god| CSlotdl Bussl oy o ) sy e 3V 5l gusd) G
G e Bpskhll 1S I Gl o3 ¢ ks oub b A
Lok ol Cliall Gy o) Jolies (%15 I %0.2) desy
s ke SYadl) dpoall alss iS5y . Cpskll SYedll ey b

Aplall guplsdl alip il




I ég,mhuida@bo I

Electronegativity

a4l
Lo e ol 9_9 byl 3,038 LY
Lene ilag e S}Tul)swquuj)_:ﬁ‘f\
& ol saall sl slesy L sl 5 0l
3ol sasloll 3 endl B s suslsll s 50l
-yl suwll
Transtion element  GJGLII jua izl
5555 s, Lot 5 el (301 mtall s
SANIPUPSNE R U EESOR SR REANERN
Clebs e o Lilees sasndl 5T Aslandll
Coordinated Complexes Guulidl ad=oll
0S5 Le Ly 355 e 555 G2 5L 58
SOl G degame Ly Loy Jlanl paidd
QSllly . OISl s LY T ol
Sl Gl e 5,001 ot WL Ul (5%, 03
Gsem E}J ,T Ol Bodacie Ay (9SS 038 5T
degama G 530 JI i daly 35 e
NH, 5 HO (e Gums o dl 5l sy
- 25 NO, 5 CN;
bl aa=ll
Gl of il ol Glddl sas gay
5,00l andl (oS by =S Ll
ade (e guu\ ool ity L LS
S sl Lyl Ll 5 oSy s
L6 51 4 pyanll
Magnetic Properties daanahblioll vilanll
Clie S > A s SN g
C gubliae phe (68 sho blie (ol
Ll ¥l sl e Tl slsall Ul 3
oY bl aall gL ol SN
G975 e bliad) pall Jolay by 2SN
b liaadl Jleddl s e Y ldyy =Y
bbbl olse Ll Jlay o Ll

Coordinated number

95

Periodic Table Parts 9]l JganJl oLl

OV PR E TRV BTNV PRES A
st A olall gV el ety el
el Ll S pss e ¥l sl o lll Liale
o e ey 1 S olil Jend Ll
obiall G55 Lo P s 8 g5 e SNl
F35 O Q‘iuﬁ)jl o e e A
05555+ sl Jsdal e LN eyl d sl s
Sl dds il bl ol
TEPRU NS PRCS IR IPSOE I REARVEE = X
v oo WL L sl Ll e
s

@3l ol

GES S G Bl ras ga
TNl plasnly iy 55kl ERRUCHCER
SPRUNR-SRURSTR N RS DI E- I SEOON
LSS el 1l oo JLanYl s 30!
o el e JasYl ae sles
3aslsll 5 el

Ionization Energy ombl

5,5 G 09 S plosY eyl dSlall
(e Ol (2885 Al Ll b Aslate
Il Go SN sl eyl Wl s
P15y a3l Bl ety Jo¥1 Gl il
138y dslel) Gl Wy L) S oS0

Electron Affinity dyigyialyl aalil

5,0 G i ) Gl jlude o
B3 101 (s Laize 23l WLl 3 Aolanal
550l b daall s slayts . Al s B
30l (B B L (o ) sl 30l 3ol
ol saall soly sus sl

Atomic Volume



Je 10-3
&gﬂu\wﬁw&g:\?u,\%mi
SNCITENSPET S

il I oliall s Wpb ety o) -
NEARS T

R s e Cl b W I d
- ,Mg

Jo¥l Gs SN Lzl wie s glass -
s s Bl Lo Laie be s S

- Sl Gy s
G Ll e BUC RN ] S Ul -

el Gl e Jsandl (S s 113
sl Blb Lot bes ol Cinb eday s
o Cay Leoce

Kty Byys yall 5,000 L 2udid] sutall 5ale 12-3
b e JSI dadll Gl

. [Fe(CN)G] dID  ologus sl (o |
[CuNH) JAD) el Losel sl - o

CINICLIAD Sl 5 9k b,y -

¢ Lelio wosdl (odstd (5,0 =8l 13-3
flsly Jadl Logl

c bl s G e 143

SEsY pazall - 1

d ol legema-2

Al soall - 3

oSl - 4

\@ Ul Juall q.lm\

¥y ol I poliall vds Dylee oy [1-3
W =3 Lgaiad (g psl O¥loa o ol
¥l W5 Sty L (6l ey YLl
Jo adl Joss ) gl Gyl =51 23
CCadodiay ey e

- idace Wl Jyoa (b canall Ll g L [3-3
Jeoadlly Cidoie Joum G 4 Lo 1493
RIS PR

500l yolial (o O pamadl an i 1503
Gl saall 3ol sasldl B e dly suslsll
Jalds

=) LY 2l G Jos B oL (o [6-3
(,Cl. B0 (S0 (Li.Be g, =
ety Gl Bl oboyl e Y 3, [7-3
AP Al Al*Al )

(,Cle P Na): ¥ olall el ol 15118-3
L W) N e el

Sls @0 pa Sl W 555 poliall e sl
- G0 pm hol Lol

Koo S 5oy o yoliall 208 5, —
oy 10 ool =l

LY ol olsyl o ol g, -
RRUUOR R JEES SN

CAlsll ah pisn oliall sda G gl -
syl

s, O S ,Se oW lal ebat B-3
mdl S5 e (b Lo s

. dess SO XY

e S sl -

sl Glasl sl -

. @L’J\ Gl sloyl -0

96



L v

2L, Juoall

Solutions Jir1l=4ll

S0z 7

— ol wladl o &gy Juaddl lim dunlja (o cloibll a2,

ad 5 351 Jelsally LAl cae pging Sl Jo O pay [

JIndl Gt Sy Lnias BI50 Gamy el glsil e G pats [
daadl 390 el glaad) e Jdleddly dacnldl

ol Sl 5 G el (31 Gy e Dz H

sl el s (Bllsally ddll el G e [

(51, 0B O g (Laa=tDIIUI) ks LIS el G e [

il Glis Gan e Ol seamy 80 e &0 W

Sl s 11 I SO sBMally Joloe ) ool wlinll asgin Cestun [
csliall sl

97



Gl slsll Gl e il e ple JSay Jokmall Gy
s 5555 2=l o] asly (Solute) Llices (Solvent) Codce (s
TS W 8oLl sy st ) ke (e Bihine L 3!
RENUN PN SO N sl o ol
s Ay Lol e Bk gl [l llaae Joty
Clice Waba o Cade Weke Lal 3l ol 28LL o] 1do slye elds
SNy Guiedly JeSIls oLl e ML Cudiddl (oS Le sole (S0
S R AR RS = e (PR TES LU EVS P C ISP ST PP
G o)y 13Ul 1LSIAN syl G sae eyl sle (gstny LI
Jlie 568 Gl smsssl Sl 5l potdl Sl el i dale
(LexddD) sk o pll (gpim Less - Sl 3 lde 3L Jshonsd
¥ e dlis 3T Bl Gy pll LIS 8 Tie slpe pe
o omll L sy ) LA syt (bl L S5l JSCas
sole Ll (3830 ad JS20 Jolomd 5T ey 5T o i) JLie
Aledl s Lot Gyl e (o5l Clall sl b il
JAdl ol sl elsgdl ta bl [l Ylte Tgoa))
S L)) Gemem ¥ L as IS Badall B sasaadl Sl
moms Gurs 2 e 58 Codldl GsS Lot Llie (31 1y
Fo SO LN Lany ISl e dilase Lelgsl (1-4) Jsoadl

el Bl sls Bl )
LB seley oWy aoll Lopas

Ol Ao Byies

RUR R ORIEN] JeL e
RO RIERY Ji Jil. i
sl 2 Sl Jil o
slogll 2 Ot Sl Sl
sl b oLl ol a3 IS Jol e
el bl Glaes | 3l o
Gl (B Ges yoad o sl
el B s s JL. o

Aplall guplsdl alip il




99

Jdboall Alsc 2-4

e cmdee Bl @l Glsd Tder Uyguy ie i duias
midl ) s b dolall il Lyl Guage Gbale e
Clsl S8 o) Gl Ll o gl 5 (Jshad)) ]
Wy plsddl et ialad) (coddl ol G (Gl s
Sl Mg o8 Gl Idae Gl G o)l S
e e SN PO ST N IR b S SRS B |
(Jahoeddl Bogm)
by peds IS8 ol 3 Il ClsSe jlal plss sl 2
skl 55 m Glsddl Idead I ladl lall 5 il oo
5 G 2 (ol Glasdl o) Molall 3ol seas s
ol JU 53 e T Sy GLsddl e el 5 sl
Codee [ il demddl el ey Qo el s G (2l 5T
Codadl Sl e e S U ek eamd Cldee 2o
L 2L 1La] g Mamddl 631 Cudad) Sl pe s Gse
Caldd) ol e el ass fadl Jo3 Sy o ol e
A Aogedls dnlipddl Jlade soss Al 8 200 o) SULl 553 Jladag
sot Glsddl dhes Mo G Jodll Sy (Olsddl des g o
AN by - all
Leie Lot Glocdl Ol v G s 6 1
e L Lol ol e G wyb 2
el ol - ol ol e G s )51“ 3

sshas o Comlay ) Bl 3 st (1) Sal) gl
63t o Rl Com Gl des Jrases (SISl Idee 2
sphasall sda Comlays (0 35kl Gl Gliys G il
Ol sl s Jead idee 100 (G ssdasdl) Wl 35 o> oladl
Clye Juatd syale 0o 2V Caadl Ge Leaa ol
G Sy 35 solatel ) Lad gl sshas 8y Clinll
Codadl Glyyay Ol ol g S e 1 > Bl
3> Dl sda B Glsddl Idee o i Wdos (@ osskasdl)

Olsd Comlay 3T Ll ooy Lt s pemmd day Jskonall 550
5355 3 olatel 1l Gladee b ldall slyall o sas

2l ads JLaml Joam o @lls st Sy (LI Jshndll
5 > ey Glsdd! Ldas oL ool Ol G il 5SS



luaa y
wiskil| 0360 T 0,
Du?—. T I
3 Tl SR
! %+ o SRR G T 5kl
E B : r':-"-l b
.-j | 2 gladdl | et i"ll_::a
ul:.'hl:|
] i . Gyl dales
% e o o 0.0 0 lalge s
R , 0
o o ua 990 ﬂi!h Ji

Ko | 3aghe LS Gl day Jskmdl B Jlste 2oy A
Coddl ol s I > 4 > olo s clissy  dall Ll & P
i IS o Al ol ClsSe (ssm 1 3 meat LY

12-4) U] Coacdly Glod el s e me Lo

G5 b 3oy MWl L Cudd! 05 A ddledd) Chas S
Jshnall JSCy (1 miadl 58 5T udaadl 55 51 s 5l e lolozel
Sh LS
84 yoll Jullaollg doa50ll Jullaoll 1=3=4

Sl s B syl e bis Cioadl 1o oy

ceddly IO e Bl oS e (6T Jolmdl (3 5055l
SN Jokoed cCoddly Clodl ol Loy | s a1
25 e el ml Cros 5l eon QIO G Sl TS (oo
GOl e 1S s e (saom o0 Jokaddl s Leuy Lt
sl skl
JIPTRNGWPSTES= 1

Gl s 1500 s ) b ae Gy 5Ll posiey
polae g8 LS Jolmddl 0S5 o jms il e s (2
b sy (ol G Guae pm 5l s (Bl S
POty §5S sday el S5 e il 5 0

Aplall guplsdl alip il

gsl_E.ﬂ\ LBl (gyi=a & Al
was ) oly sl coladl
Ol e

-
ﬁﬁ'

<Us:¥I:NaCl s sk
gl ;3138 NaCl
“Jskl 3 Cl s Na®

¢ (@) psssall 0y slss Jskxe
Aeqda) W



55 il g gl Al

SR LT N R

PO | I - o« il Lliss Doy ess e gadl] Y
Rl il s g Gl s ) (s g s
:1.,'.!-_ J“Ln.'-ﬂ. P r.hjj LML

eldal) LSl Lpe ] ]

o Lyl Lygtdl Ll e I3le (3-4) SaN )
il 30
s progall gty o Jhona 3t 37 I (96200 sl dudl] s
by pdan g 20 g e Jeladl G 100 g s ety 8]
5 ekt S 2 Jpbms ppnd (80 ol BO g 3L pasgall
il (Say csbe 18 8 3 ppsssaall ooy jus e 2 8 Lt
o il Blalsk sae Ll gl caldil) 2SI Gyt Lot
Ao gt ) et ol ey ) A3Nally o Jplonall e 100 g
et sk B olilll

S s e """::;:

Tl ppebipdl wyppls Misle

LS, W5

s
Wr S e e Ll oS
dpbaadl on iy ) g CHLSO
el ezl ] alall g L
Liles, B34 a ub el 1,0

1 124 g/mLigslus Jsbandl
Lls Johoudll i3S bz Dlamdla )

Ml 1T oy il

TN R P )



:(Molality)m ™ ool s 201 .2
axly pliisls Lastm 1) Cliadl Nse sas a0 LN
sl oo aly ass b SLl G oy o bl 1L o0l (e
1M Noe axly ol (Imol/kg ) s 5 Jshme o Jrans ol

* ) Eesl Il el Gy

(Use) IO eNye o
(255) il s

= (2 \Jse ) (M) 1IN

n (mol)

M (mol/kg) -
m (kg)

S et 1 ey 3 sosde s W e el dE Dl sda
Codadl (356 1 (@¥5e sae D) Gl (356 sas G B
ETSSUP I NS [EENST IS ER ORI NESK I N CEICEN A
Lidas Liss co¥sdl sae G sy 3,0l Koo it Y5l
sl 5 ,eall (b
n (mol) - &
M (g/mol)
Il sl 1S o My Gl a1l i) 1Sl o m s
e

: 2 -4 Jlig
5selSIl S e 36 8 LIl yamdl Jodedl ¥ sl
kil Wl e 360 g 3 180 g/mol = 151 Sl

rJ— ol
(55501 1) o ¥ae sue s

m (g) 36 ()

n (mol) = = - 0.2 mol
M (g/mol) 180 (g/mol)

—

(kg) so>5 JI Codldl dus

1 (kg) 1 (kg)
m-om@x__ > -360gx__°

g _0.36 kg
1000 (g) 1000 (g)

3N e Jskoeddl Kd¥on Covnes

1 2 mol
M (mol/kgy - 20D 0-2MOL oo ol/kg - 0.556 M

m (kg) 0.36 kg

.(m)gm,gt Sl G el pasetcd) e Jls(m) S ey G el U e

3-4 G —
JsSS kW) e 6.2 X 10%g
sl ples Jearw (CHO)
o dkg S ool snol, B
Joboee 5 8 Gl sl (U
355,00 ke | pae JoSoMSS BNl
sl

102



44 o e —
poeosall Sy i o Jshome yax
16.2 g & idallsoclall e 4 g 1l
ol S Gl il L e
Jskoeall 5l

54 o —
e &bl Jodl SI e
oo 120 85 el 2 9.0 g e G55

(CH,COOH) el Lasl>

103

:( Mole Fraction) x Jsl .S .3

550 prand Tl SLeaS e (ol my St
SEL as (ool S ¥l sae WYy e | e Jsloedll
GsSe G 558 Jshmads skl lsSe e et Ay b
(A) G5Sall Jaadl S G ymy «(B) Cudee 5 (A ) Cilice (ot
LIS ¥l sus S, GsSl 10a S¥se o Gandoedl asl
(ol mae GeSs iy gas (N, + D) Jokmddl LS prad
(S LS ake eadl S

IlA
XA ) l’lA +1’1B
Cadaedl S¥se s oo Bl 5o (X)) Cudld Jadl o SIU e
(0, + 0y skl 1ASH ¥l sae I Dy
n
X, = °
nA +1’1B
Il Gslame Jpbomall UsSd il 5l paama Lils 05505
ool L_f9 LL@}A Y W= cg,xaj\
1AlA nB
. 1 = (X, + X, = 1) gl gl
1’1A +IlB nA +IlB
_ }
:3-4 Jlis
(342 g/mol. 1y, 3 WS YC H, 0, 55,50l Johno ya
idel IS phaadl oLl e 180 g b aie 34.2 g Lol els,
Yy Jolomadl 3 oLl 5 LSl s 5 o e . (188/mOL- (L
Legie JS0 ol S
: J—ll
n (mol) :___r_r_l_s_i_g)___
M (g/mol)
n. . oo =ﬂ=0.1 mol
12722711342 (g/mol)
180 (g)
n, (U 10 mol
27 18 (g/mol)
n
> SR €101 _ 0.1 mol - 0.01
272271 e w0+ Mo 0.1 mol + 10 mol
10 mol
X0 =0.99 iy bl i

0.1 mol + 10 mol



Coadadl e 2 IO s UV s 3l e eadl LU
s S Gl s Il s sl (el 3 ALS)D)
N N i
:(Molarity)M" s Yol s 53l

s G585 Gl o S By soladl s e sl o
O OSe 1 (Jshe B0 Lldee oy 3oLl e Jeladll Al
SNl soe B yad () ¥sddl) (o ¥edl syl Jlead) el
KNV gAL_)‘is_J\, Jekoedl e Gran o> & 5ol e 01O
@ sbmadl G vy 0 Lgsim I IO ¥ e

(o) SI3d ¥ g0 s

- (M) & ¥
() Jokoddl oo
M _ n (mol)
V(@)

sl 3] Maed (mol/L ) G\ Jse) (oo 5o Vsl 5oy Gl addes
18ls s 3 (CHO) J5Sss Gyl e (62 ) vy oo
55 G Jshmd) G aaly S e Jsal) SRl el G

AM ) I (oS STTmOl/L (g5l sl Jakoedll

@ : 4 -4 Jlis w
O 2.3 8 bl o peamt o3 Johmd (o ¥sddl s ol s
sl e 3.5 L 3 (46 g/mol = 13,1 1) (CLH.O) Jslel
" kil
: J—
Il ¥ ee s s

2.3
N m (g) ) €9)

SHO (g/mol) 46 (g/mol)
:l.;JY\ 3)5..4:}‘ ‘_;L.s‘- A.I,UY}A olus ‘J&oi A.,'J.S‘-j

M - n@moD _0.05mol _ (015 moele/L - 0.015 M
V (L) 351

- 0.05 mol

Boldl e pakan (o9 LIl @y ALl 3] 3 Clesy (ly (3
L Asldl ol Coddl Goe polae Gy (2 AL ) Adall LIo)
Jsboddl Gme Gaae > (P 0l (e pokae (s

M ¥l s G el ol e s MUEs ) A ey G ] L e

6-4 G —
sk Jolmdd (o ¥sl s ol La
439 g Ll yas NaCl ppssall
S Jramll Lozl oLl 3 ! e

€250 mL 5 lode gy Jshne

104



T e seaill goild 3=3-4

oo L5 Mosis 53 2 Lo Jolone (s 3l 1blg) Cidsie Jokome a5, 05 Gl o ploss
Clsls Ge Le oS3 Na,CO,  eloy ) Jobmall Ciins aind (sl Jle) 55 1 Jobma e
flskonall a pramt dash amosall  Boldl s 5 iy aemes sloyn () Coddl G LS Bl
ol o Lo 3ol e A S0y (oS 5 i) a0
L 1 [(4-4) U] e Y Ol Sl sae ol

o AAgsn

thies 100 ML Zaes oz (3555 ()

prelssdl Slag ;= 0.10 M sl

Gl IS dshadl disd 03 () (€ (o sl s 3l G et Bl I3 ) pea L
AL S e (3590 C ol s

Psh Gund shie oo Llel @ (@)

it el (D)5l S e GG M) s 21 X GV Jslomall e = (1) liall Y5 s0is

sl s Glodl ¥yl sue = Caasndl L8 GloLdl oY sue

1L ey 00T M sl sl (M) 5 (V) 5 Catndl 1 5 355 Jskomall oomnd Ue [303
KCrO, ins L Jo (s ) (M2)5 (V) o sl a5 S 55 aemesls (Je e

Y | lsim gls
d ool Jsbomdl Lypton, & VXM -V xM,

Aplall gupladl el il




e

: 5 -4 Jlin
™ Jsh=se & poosall sy o (o ¥l sl s
Jeloes e 100 mL 31 i dl oL e 150 mL Lol 5 yoiams

B —
02 M = s > NaOH
“ b azslal a Ml Jhaidl oLl g Lo
d— =l e f =
V -100mL, M -02 M dyshS Jokme 0.5 M ;0250 mL
1 1 .

V, - 100 mL + 150 mL - 250 mL Ehll 198 Johme o Jyanll 5L
M -2 €025 M =

2

V. X M1 -V x M2

M VXM 100 mL x 0.2 mol/L

2 -0.08 mol/L - 0.08 M
v, 250 mL

axiloll )t Jullaollg diloll Jullaoll 4=3=g| oA S e e
S Jsknally Lydue i sl G5Ss s30) Jshmall ooy e o) 5301 18 M 350,03
:\U,Jé Johas sl 3 Sl Jshme Jie ((Aqueous solution) e
loe sl Wl s 555 ol Jakomdl ey Loty <Ll 3 psusgall 18 My s,
J4e«(Non aqueous solution) Sl & Jolxls .Lz,._g&.ﬂ LI
& ALl Jolme 5 G5 W i s S8 2 S Jske

a2 ol jué Jallaollg dmudioll Jullaollis=3=4]
SO e ils] s Tl (S ¥ A Jskedl ey

Lal[( 5-4) Jsed] el Jshll ne 350 o s i
B e QIO G Sl iS5 el ok
s (e 5-4) ISall] el e Jolmddl sud e 5>
d&ﬁw@)\)}&ﬁww\dw@m}mm%
Ol el (ko) 551l K oloyl 1] e 1 Wyloma vy
e eSally Gl ) B o 3ol 1o sledl laae Rslsd

LNl G Jsbmdll -

Sl L —




107

Ll (393 Wl oo Jokmadl Ll Jms o oS s Wling
sdls [(z 5-4) Jsed] il (398 okl A Jokdll o 0us
Tilal s e syt el Jokmdl s wl e Gy T S
& (Pl As) Y Dl s Ll s e QI3 (e
Jdohmadl L] a3 Al pLsdl (350 Ay L dine &)l o> 350
D Al ] Jsosll L Jolomadl Jolom 3 piiuce o2 Al 08
IO e 35k B3La] (30 b e els B sue Ll Sy (L)
skl s b e sl T ade sale

Solubility daxibigall (6=3-4

s sl Lol e 3okl Gaslsdd) Slsddl 3B G s
O 05w RNl Vs sae ol bl sas ) 3l s
s Jokomall sl Cudaddl oo (a5 paes) Tias e (2 5l
3ole Lolisd O yas Le Ldle @dddy o Guoume Loy )] > A o
Slal e soe Ll e 30> G o ol ade Gune Cadoe B KMo
e 100 g 3 el e L Jyasll s o G5y 31 i
NEVRWAY

diligall gle 1535 @il Jolg=ell 7234
s Bl dll 3 5 35l Lelsall (e sie Wl
5,0 el i o 1

o-Sally slisadl 3ol L5 el s 3ok sk Le Wle
ple JS soeldll sda b O (s 0l e o 050y (i
o ol Glsd dkes ol 18] gl L plal Com cond) 100,
skl 535 52) U sk S dom s Lalisil | e Cude
Bl Ao molyy olons I Glisd B e Jose Gl (sl
Ky 33l olo pyedisdl Ol mhe Aslisd T 58 s Jlie
Pl ) Gns e b aldnll Glisd Tdas ol 1) Ll o3 1
G Alpddl (L) Jsloadl Lsse) mll Jslmddl 5] > 2 o
& poed Wl sl Gled ddee (e 3 )l B o B0l
sl,Lg\ Slpdadl sl S sl §5S5 ple JSus oL
s Ll Gledldl b Leslss e
Cdadl B U."‘L\-J‘ s 2

Coadally GO G o T oy IS0 Glis AN AL s
(like dissolves like: wccsdl Cody @\) o LM dele suels Wla,
poadisdl 0y yskss Gliss i) Claiis Cudee B capdy il il
Chitee b Cudee (B Cpdy it e Glidh L (G 2
S ks ol 5 opdl Gligs 2



sl 3

sFadall slsall dslsd e ogmbe il Lnall jadd (o
Tslsd 3aly I darall 30l o035 sl Bl e oS5 2L
REARES)

ULl &doc depiw Yo 2ji Gl Jolg=ll 18=3-4

LeSs) saldl s de i 23 3501 Jalsall e e lia
r ot (slpddl B 355y
SIol (3365 a1

ol el s GLsddl dkes L Il Glss s
okl me Gl Wle o Al lal (368 G 3a3s S
imlce) ol ) (33600 BUS) Sl ) B Ll B0l L @l
o=k ol Olsddl im0l I o Ga (Jskdl = o
S i I I L) oo du i sl pamen Ly Q10 (3360
Ll Ko Joe 305 J ok Lee (35601 53
2 ols oyl 2

LIS 3 o (g as Ll 5] eyl Ldae o033
Joae 3ol (Il og 108y petuce IS il (e Boios lads
Ol de o
5,0 el A 50 .3

slaadl Glisd 2B soly ) ISV 5ol B o plas )| sose
LY Glsddl de o 30by JI e o5 (3 (A1 ALY 5 ddal)
Ll 5ol M e sbomall SUsSe ds o 230l ] (905
s L O5Se elldus Led o) padl Jiedl o)L il 5 dess )l
3oLy UGS o T b ey ISalSl eyl ides 556
3ol ol Glsd e iy TG e Lusslae 5, yall G o
S0k bee S ol syt syl BB e oy 551 ) 2
SUsSar s Clina by A dend) Ll 3l 558 e Aadl
el G s @l s sy Joled)

dygp2ll dohill g Gllg=llg dud il Jullaoll 19=3-4
el Jskmall 1

G [0 pom IOl (BB a6 ilrte Jokome 5o
WA Az pemmom i 1005 (1.0 nm - 107 m) (0.1 - 1.0 nm)
¥y Jsboddl o Jain ¥y Lilate Lallas 55, ke & Lelsd
et ol Jabdl G Lghad T bl plail 93l o Les ) 0SS
el b S Jsbma sl el 3 psissall wypsles Jolme e

ki o
esiliyd (o 5 slall 551y i 0 B0l
uLA-EJ (,?'53-15 O2 ) C02 J.:.A Q‘)u\

(Thermal Pollution) )l

108



ke il egall Ty 23, LIS
fdses dusly G oAl Jokdd)
(DEC RTINS U PN S

o W G g e G

skl

Jus yall Kodas¥l 2

s Al Ll o g sl Dlall 5T Dy 52l Jdlmalls Ll o0y
IO 31 e 75l (3l 5 Rl el G M a5
55 il b s (K25 g8 elids (1.0 - 100 nm) oy Led
oSy s 0L Il (30s ad Jmas W (Bl s Co) Guysb
i) Jolmdles (olall gl Jloatds sl 50 ymall Guall sy
polly ool g ppdl 1 Al et 3l Gl ek Sy Yy
o5 o3 Jalomadl e selodl s0p0 A8sn Las Gl ol ells aeg
K5, oSl Ll syall slaw¥ B apagale Lsly e adl dadl
“Jas 3l Qs alall sda euss Jekeddl 8 e il syl
[6-4) i) s a Jdledld 55 25
Bllsall 3

ot Ny Bl by 3l Tdo Clar G 3l o
o s 558 (Bl 5 Cho) Gutenn Gupsb oo 35550 adas]
2o 2 lddl (33l (S5 Wiy (100 M) oo sl Lt lo
A as el s, oS 0805 Gleall 38 e s 2udasdl
Moy (oBy D> Ll D) pitacs by Gulate b Lolas (S5
Mo Lebad Sy Bl Jas 0S5 Y il (336 2L
oA @ley il (2 opsosall sk e Je cme b
wolss G A Gliy (2-4) Jsually (7-4) JSadly L1 2
L ol elares sy el

A (35ls sy (el Gy 2531

Sy (38l ol IS e Qlad (350 5| e i el
Slasy e idle 5,08 Uy el s | 1.0 nm Ll

Rpole NI ety (315l 3 e Ol (330 s
GSery AidWl bzl Y= G N WSy | G ol
Saas 5,08 Ly (33001 el Ablgy Lede O all | 1.0-100 nm

sy ke

Bl @lalace M5 o (allsall Gl a3 ¥
0&3)LL.UY|&LEJA§L@M3 %QL—;&J&Y‘ Eé.:v).:” k}j‘}}.ﬂ
ol Gaally Blesly oolize ¥l e I Les,

oo =l
100 nm

Aplall guplsdl al sl



Sl

Raoult’s law cilgl) jgild 4-4

mime e Gl 3 Geplie GuisSe e (st ko]

O Js e GLsN s Gl mie sl Ganidly Gustsdl
Skl JI ) oo g5l 1oa oyt Lk Glss o) Lss Lol
sim JUl Jslmdll G55 Uls 35 LIle Yslone ey S
S e U3, Ol et Gunllaie By A GsSe Js
Lo b ks e Jsbome (3 058 (Y (g bl sl i
158 G eadl) Sy “Usbonall 3 GsSall i) Jsall oS e
LAY 5l ke ol

P o< x,
3lglucadl Z3Yalgl

P -x, P
S, s Jbadl 2 A GsSl (o ledl aall Jow P, o) o
sSall (gl Baall PR il (3l Mgy Sl 1ogd s
B sl 3 5G5S e st o 2l 3okt il A

Ppoc X,

PBZXBP;
dyyledl bsaall paeme (P Joloedd JSI (g )Ll Laall (g5lans
P 51 O s Sl Sl

P-P,+P
(84) USall b Gl Ll el TV s (it oS
oSy Al Sl U315 3l psldas Al el e (oS
et Lot Lle Lesgl el Cle) sy oY1 Lagas b

-

Aplall guplsdl alip il




LI e ey 31, Gl Ldke (3ot ¥ 31 Sl
iiaind) Il s s

P -P +P
R° T A B
j Py PP
I 0 .
O OsSe Jle okl 51, (s g
0 0
1 — X 0
0 X ) =— ]
q‘)"d‘r‘s‘“

(CH)G -l sl Laaall
S —— ] (CH) sl
iz B 887 Torr 5 44.5 Torr

Jokme pamd @3 ddae 3l
Ll iy e ae Jl
408 o Gupidl 5o 60 8 7o
@bl Laall el Gdsl
Jobmall (2 Gasls s Guidd (3ol
L0l oS S g ) danally

(C-12 4 H-1

m—C 11 Sl



CuAall Cilas ghny el il e cilaagll il 5-4
G sos e aemes 1 ekl 180l cliall e
s BBl A pe e aads (sl 5l ol ) L G0
(Colligative properties) il lially Codadl e lnae eSS
PESUCFUWEE- | Ry N %] \;\Awwg;u_a@j@mj ‘
[ opy Basasadl CIA) (3555 sas pe Loyl
WJskmall (o el anall (slassl .1
cemidl lde A o tu..") 2
il slessil B s (plassl 3
Loyl hanll 4
GBS sl e s cliall sda setes G
sl acmtdl 5T atnadl 5 sl Radall Go Sdadl Lan i)
e By SN ol slsd 8l iaBlie o5 sy . aaeaell
IS0 101 L) e asly Joe 75 Ll e () 5 et
Sl Less (o) e Jse
Jokomd) (oLl Lanall Lolassl .1

e BL) Clise e bl skl GT bl gl
@ bl Jaaall e 31 Ll Laas Ltls & GsS0 (Cho T plate
S Bl o bedl basall aan [(9-4) Jsel] il cudl
mh oo (Ci) e ol s 0S5 e A Used! o
Jsbeall o e o L L B Lo Glice Gligs s (JSLI
Sl sde meas iy Qlodl el 8 (e oty G
oo w6 S ol soe i (L) El:_w e Bl ol
okl o oledl sl adssd Bl xla

Ar >

ETPR A RN
et S avl ol
£ "'_. el i als
-| k- -\..é

Aplall guplsdl alip il

s
poe ade g,ledl baall slass)
Laall Gb slenll B elsgdl a5
Laall P Bl ds s
Gl Laall G L, sl
Y sa S Jokme (353

112



ol plde 3 o tu:)\.z

Sslats 51 ol dm o Ll e Lo (L L) B 3 s
1315 camba he Lol Laaall pe Bl (o) baxall Laois
s (ol Laaall e WIS siad ratie sley (B BLID G
Laall gLl e Ol G sy - Sl s Lo LU Lasll
b Cldee v i e Bl e B s el (gl
el Al B s G GF o Jshmdl G QW e
@l baall Jsosll Al Codl Y 55 A b e
[(10-4) U] (GLAAl i o ) ssadl Lanall Lslace ded )
o cle Cadee gl 1o o (B plas NI L (3, 0938 s
A PORRRTS - Lo b ol cplbate ok Olde Je sl
Sy (Y5 Caddl e oy plizslss 3 LIS Gl
- S s 1 3 G el

AT, o=m
AT, -Km

Clde i e Cad Glle Xm e Boplas Y i AT, s
Y5l s 3 8 M Gl (a1 Cadadl Gk B o = sl
Skl L3 s ) (8 pas) il 0l w30 K el el
¥y Cadadl pai i pe 8 maie Ul ded (5855 (Y
s e Ky oS ple ISy cldl s e acied o
e e satom (Jlie Jaloms e I o 2 Jaladl ol L
Jsall G -CC/M) (o wlomy G555 culie 1y llate 12
il Glodid! Lan Lalss(3-4)

ladl Cleod) Lany (oles

1.86 0.00 0.512 100 A
5.12 5.48 2.530 80 R
3.90 16.60 3.070 118 ] el
7.00 5.70 5.240 210 s o5
7.40 43.00 3.560 182 Jssd

40.00 178.40 5.601 207 sl

Aplall guplsdl alip il




e pe AL EBMAIL 1 paly V) e L a3 Ol (B 0
2 2300 lal s 163 00 il

M (mol/kg) - Lmol)

m, (kg)
S Rslace QIO C¥se sue G pslae 5o Liss
m, (g)
Sl sl S M, 5 (9) 3oy Clondl s m) Cos
S(®) 3o (e (M) i) s Ly oy . (g/mOD) 30>

(kg) 50>
Ikg) — m, (g

1000 (g) 1000 (g/kg)

m (kg) - m (g) X

e Jams Yl Gl 2 Casadl
m, (g)
M, (g/moD 1000 (g/kg) x m, ()
m (g) ) m, (g) x M, (g/mol)
1000 (g/kg)

M (mol/kg) -

- S sl GLARl s 3 plas W GsSs ade

1000 (g/kg) x m, (g)
m, (g) x M, (g/mol)
_< )
: 7 -4 Jlin
Ol ke $1.25 M ss 555 Sl Sle Jolomo GLde 22 0 2 Le
SVl G B s plas,) (6 5100°C Ladl ol GLde Xy
- 0512 Sl Idgdl S Lo . 2l ol lde
co— Sl i
las o Mol soldl lade ol ATb = Kbm Ml e olag
sz'd‘ «LJ uk,’J.L :L:?-).) J\ EJL.JJ\ s
AT, = (0.512 °C/mM) ( 1.25 M) - 0.640 °C
SIUES SOV S PO SRSV EYRE PO N ESU 5 UE P RV
Cigee Jolomall GLke i jo U eliidy (0.640°C jlaiey il oL
eSS

AT, (°C) = K, (°C/ M) x

11-4 5y s —

=
s ole o 015g LISl ous

sl im0 2 cmde e I5¢g

a0 o= 0.216°C lode cud!

Pyl b gl ke 13l Glol
B3l Cadll SNyl GLAs Ko
¢2.16 °C/m

100 °C + 0.640 °C = 100.640 °C

114



o l0dgen
(AT, jlodes) GLdall Zx s plis)
(AT, jlodey) sleas¥l i o (olassls
Jony el e IO GY ellsy
Cmdel el bl (ass e

2

(5] i i i

-
TI:"- e .u:METj' T ";r-f RTb

b —]

dse AT A oAl it AT, dps
(°C)3 il o e

il olezes] A o (olassl . 3

paadl O e sy Sl ol 1S > de o B
Lo o Bl (ol slemmil iy 50 pall 1o plas aie =Y
i sl il G alatll 698 s lasie 1 5 )yl
&R Doy LSl Ll e Gl LMl sl e
(GLsad)) slems¥) idaits @llidy. cdall jolall I 5Ll e skall
Ll Gl 50l s ey Laoie (1551l i s (8 50l
oty 31 58 (ol (Cidse Jokma damt sies 13l Ul
Cadl Sl G55 s 5 25l Jokma (3 IOL L) Y
355 o) 53N Gandl G Lean o2l Gan anl skl 3
Ol o A Ty ¢ A1 Cudl Wl b Ll 5 Lo (Gl
il asM Wls e ol soleam™ ey MW 50 yall K ps 5SS
A3

Jsbead (AT slam¥) 250 3 (plasm¥) Jlade Gl sy 23
o Jskmall (M) L¥se o Jol> 5o ity S e 5ol
LasY) sl sl i o Lalassl ol eos (KD il s
C oy s (plosrl sl Glydl Gand Ko @l(3-4) Jsoal
Sl Jsbmn 2 Coddl sleml i o b Jolll Galass¥l wil e
Tl 1 Il 5855 - MYse a0 5 s S e 5ol
roldadl i o & tw)‘:!\ Olat lae Sy I 5 50l e

1000 (g/kg) x m, (g)
m, (g) x M, (g/mol)

Coadaall slem¥l T o ) olemtl By 3 plast) s AT, o
skl slemsil 1o — 3

AT (°C) - K.(°C/ M) x

Solall ol el Ll




Solall gupladl el

124 e —
555 (55 Sle Jskma slazl i o L
fds Sl ek i 0.05 M
sleas¥ Lo yo alisst s gl Lle

1.86°C/m oLl J¥s




117

Lol (ol g yisa q\,aT
ol Gl yad OGSy Ayl
deldl e slaall s e Sl

Ll —
3 Qo
T
" "o
RS da
=
B

#lass

o 2dgsw
SR RESUEDAS R A B
szl s ol ol s e
Cleiie 5o Jolodd) L
Jokmall (o9 ¥l Lasall

Sl Lasll 4
IV Coddl el s o Ll gﬂb ol idee A LYl
¥y ddh Ol s e meme MU ) mob agnelis
@> Jshdl G Gdsbme G ey (IO Sl s e
By i G Sl s 1l (53 skl ] bl s
Joae oSy (ol S, el s e Gl ol s s
Lo e Jone G Sl 5555 55l Jolomall slatly Lo s oo e 5o
u-:f-:u‘)-“‘l‘ qu"d)—d‘ wuidpu&w\ NES® LA)5).A
Olshomadl (65 5 G B poe Loyl L (el Loy 2

Al HaRl Ha bl S
] I
M [~ i .
L]__q.le..n.ll Eh.n.u 5 fheaa
el i panal 284
Da3 D3 sl 3034
|H""_'_'H-
» f 4+ 80 el Sliaja ey

l:.{": L --dﬂﬂiﬁa ;i Joamaall EJ'I_\J:H

eladl clila e
elcali A

L s 5 alall sda Ciogd Ty (11-4) (S Gy
Ly Coe cslaadl s G sl o ol ol e et
Laall i fob gl L mhi ssie gl land
S Lloke Gaaall 2 kol G35 o Wstdl) (Siling 0sgl
sl eSay elasll 3 e e Lelamy ol ol pid
il skl L oo Ldpss Tt e Jomad s Bt e Jolaass
Gy y bl sda Cow Ll baall cuyy . (ol e Gl )
Lol aaall
Sl Gl (f50 Gads) sos Jo (ghse ¥l Laall sy
ey sl oliall e g Al Jakd! & 339> 9]
Gslen (2l bao Ll oy ghsey¥l Laall lode (LS
wa\&g@yygs(ww\wtu&gtsw&wm
Laall slcs 058 abhds Cslladl o sl basll (12-4)
Jshoeeld (g5503Y)

(Odsh) slis £l

Aplall guplsdl alip il



Ol s sl Bdle alostly gyl baall Glas (S

»_ DRT Sl alall
\%
S5 Taaall I ety g3y T a3ty P naall e, Jlo) s
_ nRT Y 5 jsally
\%

O > P Bosa sl ClaL]l ¥se suen s ddoladl sl 2
o5 (0.0821 L.atm/mol. K) <l <ol saR gV(L) 5 lode Joloedl
Lo odel Wbl 3 (/V) all Gl Gidss 51 2 ps T
ielo solel S WA (M) G ¥sdl AN Jekmall s
56 LS Ml 1Ml
n = MRT -

iy 3ol sl oYl Laall S odel 33l e Jass
oy oelaall Cadldl ol e polas G wes (s (T) 5]yl
s 13 Al Jsbedl (M) Y50 30l lass slotns (ool
3oliyd (Gt s e slaadl puas ‘__5.:1\ Coddl ol e soe
SVl Caddl Ol 1S Kaslall 55dl 30l JI o M
soliys Joomdl it (JI g5y S A (B (3l G JAG (o0
Caidlgde

Aplall guplsdl alip il




I é*mhuidagbléo I

Raoult’s law gy ygdild
Jsboee 2 G5Se (Y (g bl baall Coly
G55l A sl oS e G b Lks L
okl 2
P o< x =P, ,-x, P°,
P o< x, = P-x, P
Gigoill Al
o5 et (D Aol dee 8 LyeaYl
O dety 3L sl P Codddl oly e
Sblsll sl b skl G Glsbone
Wy il G ! s 1l (g Jek
JSo il s G el el
soa Cou bl baall ooy Gl
Lyl baall Gy ol

Osmotic Pressure

Jgdaoll

moe Sl e ple IS Jeledl G
(Solvent) Caice oo lly sleall iloeiae
Foml e 0555 sl sl ol (Solute) wlices
Boldl ptasy . sl I Joken (oo dalisee Lty
o 515 Bl o gl (B s Y
RESRWN) S

Molality M gJlgoll jusil

Lo Al IOl S¥se soe o PORL PN
ol G s al ksl

Solution

M (mol/kg) - m
m (kg)
Mole Fraction x GJgoll sl

ol o¥se soe e el Bl Oy

—— LIS Nl soe JI () clssssdl

Olas ol moe 555 lds 5oy (N, +1) LS
: 9‘“ LS Lete el G5y

Molarity M 690l jus )il

skl o sy
M _ D (mol)
V(L)
Solubility dauibgall

e sl CiolsadD) GLsddl il G s
sae sl olal sk s0s) 3oLl e e sl Ll
TS a8 ) S B (L oY
st Jskmadl 5 Cudidl o (G 5l pm) icpme
RETRR DRSS B SN SR

Aplall guplsdl alip il




RPNV RN |

Mol S ) 2

p3edindl Sy g Jsall 5uS1.3
poliadl oSy jo g AL Dl Al 4
) Sl Jabomall Gl B ye Gl 924
oS 5 (B plate sk 30le ) JsSNS sl
(100°C o adl W olde 35 ,0) .25M
Al Nyl LA Ry gl e ) Ll
(K, -0.512°C/ m)

& s ulbhie o sole e 375 g 011104
::M\j oLl iy olosyle (Geel 5095 g
Ol GLe i s ae Bjladl «(56.50°C)
I plas)l <l o) ke 1) (55.95°C)gld\
e (K=1.71°C/ M) sxedd Mool sLal
" S Iil) 1yl 208
el U S e 0.154 g e oiis [11-4
i o Cadssl S e 438 g 2 oaxlsly
Lyl 2SS Le . 5.47°C aie; 53S0l slanl
o) ke 1) ¢ el s Loy S - SU
oIS J¥sl slemi¥l Ky b (alass¥l (s
(K= 40°C/ m)

3 sl o Lo ¢ (3-4) Jgomdl Limrns 12-4
) RN Ko b Lol pdas) o
YRS

LS

Jsadll o

sleamil By v ((3-4) Jsoally Liatus 13-4
idsdllgdissale e 1.5 Aol jams Jokns
s ) 30 g 2125 g/mol g5l

\@ &yl Juasl CLLA.w\

b e 19580 Jdledd Wl Lacill-4
Ll Cadee b o lie ()
il Cadee 5l Glde (@)

ol Cadee < Sl loee (C)

(Bl Cudia B Bl Gliee ()

o (ol Bl i (B)

s s gl W 5Ll s 24
Jole o LY e s allgrs I ]
sale «;».‘Cm\ Olisd poesl Gled vpoms L;e o
fidaall B 35 sy Nl aed) Jall
oS Joll Sl e Yo G ye 34
il haall (sl Ol (Jelee 2 L
ptadl Skl

Ayl alakatl e cldr sus oS 4-4
Jskon Je Jyaml (Ll o 40 mL 5 Lenls!
915 mhald AU, Tyl Lt 4 555 b
(1 kg/L = oL Lless)

vasl> Jokme G0 250 mL Lo, 25154
oo 05 M s sl ey psless uny
12 M sl g s Il el Jekee
dagkla I bl Liatuce @Ml s
(CHD,0 ;21 Jl gls e 60 mL ool [6-4
a3 (CH,OH) Jsladl e Lils Lws 3
21 B0 1 Cllke 156 300 ML o Jakons
Jsk=dl (M) i ¥se ale (0.714 g/mL &
* veu\

s W llesdl Liatas ‘C)“‘\ 7-4
SshS ke G daly 0 pams WS
Cale 151 00.215 M 5= 5 (NaCl) pgyosall
101 g/mL o mUl Jshnll Wl

p i) Sy jod Jodomn i 03 8-4
JsSIl e 100 ML 3leie 1 g 1ll ellsy (KOH)
. (0.789 g/mL- Jy~S) 13:=) (C,H.OH) oy
N0 ) Jskoedll S 5 G e

120




Chemical Kinetics il Sl Cily s =l

— ol Wl (o &80 Juaodl lim dunlja o clonilill Ay

el ae soladl s 5 B sl ANy Jeladl o b ey [

Jeladl de o 5403 s Jeladl ol yo oy [

Bl 1 ey poladl & plas oy SheSll Jelidl Jya> iy [
Sy

ey 3305 L oSl asy Jeladl e o 205 3301 Jelsall oy [
- Jeladl

B, el Lol 3 ) el e Ul e i) g s [

ol by p il pe (345 Joude Sy Jeladl BSSee 70 [

121



P coodall1-5 |
bace JSis 1l ol il JaLl Lol s e Lisdas
s ey cdomtlll olydl GusS Melatdl slsadl G Jmsws Ll
OV sue Gl B Lo Ay Lgysed) L8LaeS Doladdl
Uslad! S5 oy elazadl ol N PICERRNTR
o5 A el s o5 Jeelss o b o) Ll
e A Olgbsll sue Wliss, Bls J edelatdl Joms L
G5 Ly i Ol sda Jss Ol sl GusSd Jeladl L
oasss W1y (Chemical kinetics) il Sl ls =l (3,0
) - I Badl i oy
e 3 351 Jalgally Lol a sy SL S Jeladl e
Slsall Le 3 ) 2ds¥ odlelal ;9\ Jeladl LSolSe 2
e el lasy Jldl mlUl I Jsesll delatdl
S hed) LSS ¥ ladl
e e 1 yae Y iy Lge Lo 10l liss pall s
i oy haally sl Je e B3 1 elsally Jeladll
G5 esedl Gl mem ddelandl ol Raeds 5l yll
s Gl Less ol Ml o Jelad) Ll Jeape 2 2o )
Jsmid Jelitl Ly oy 31 2ds¥) sl ) Jelat] LS4\
Ol o (e Lt yan sie e S (sl JI e ezl sl
Taphaall oLaSIly Lgsay A1 sl sl e Jaanll Jeladll
) e lnslas¥l (5 kil

il Jelailldopun 2-5
Cadad 10 el Liles 23 ol o2 e ) iy pas
70 & Lgie o ) ol 3oty el 3 teshss 70 dalacs 3,0
30 o s (e dmio (o yie b g ol o) el /i eshss
@La.!\ sl e CaaSle e Gade oloay Jal el o) ) ddads
b el G ) ! sda W yxis o lgll psdl b o st
B)W\uﬂ.WL,u)sféJ&sMulfgad\wg
Ty ALl 3 o) 2eslSIL Llie G 3 il e s
Sl sl 33,0l Gleaall sue gb s 13 53 ClUal
sl JY el elis, dads 30 s 5 kmis gy i
podl B il mlall sl oo CaSle e Gale Sl (udd]
D CaSe e Gadbe Joda (adins Ll Glls Lol

el sl o

122



Llee oo Lol Al Mol (Ll iy
b ae Bl ) Jeladl b sl sl s e U,
Leaasd Lo e B Il deladl Ciliss el 30y
Leany - delandl oladdl Lls sie 3 ,8le Jamsy los Gy
dslsdlly Caslomll (o Joladl odlelas Jie Il Goo o> (g
s (3 s Ao pdl Mocae Y (aadly (31 N odlelasy
s o A edlelanlly syomdl oo e gt sos I (3365
sos gl o Liday oMol Wlang cols) yaslly asslyall
S o5 S ealelanll Je Jams (S Gl Gade ) Slpi
Ly b il GULA Jomss Gl b aeaisy Lol s
- (1-5) Jsl
@liossll Jeloil e pun yuld 1=2=5

=S5 &l Bae eSS Jelid) e Ll
sl §sS5 03 el 3oy ) Gl B0y 2 Al ol Jelate 3ole
3oy sl 5l (day) asy sl (hr) Zell 5\"( min) iads 5l «(s)
JONNTS) FOU ST R DR RV WECBEIN (PN [ SEPL)
okl G aly 3 (2 Clodl (e Yl sue Bl Gy (Wl
ool U1 ey sl O G [ ] e s aie sims (mole/L)
ol o ¥l s ol my [X] M o Vel s ) g
:Lgiﬁ\LyQ)J\ngQ(Rate)Ln)ﬂJ\&nw\&j.X

o L Bl o) elazdl olydl aml s 3 5 yeall
&Y e Jelad) de o s ° e > & = Jeladl de pu Joae

(o pp Jelis 3Vl o Lay Gl

dels Glylpaslly asslydll s Rate - A1

Jelis ol Toos ke pdl Jotas At

T2 or e By Lol ot s (o Vsl s ) i [ ]y sl i A e ) s

sk Jelss Gla¥l sus casslsdll b A SleS Jeladl de a0y (58 agde s (mole/L)
o .(mole L' t') 4! (mole/L.t)

FENINNRYPEET
R— P

sole (sl Joes Py (Reactants) delaze sobe gl s R G
oy 1o aladl Jeladl de p s (Products). el

BN 123 P e e e e



AW 5 jeall ey R Ielatdl slyddl %oy o3l 153

Ry 5 b
D
Rate, = (-)

(-) = R ¥y Jeladl de 1 Jone

A [R]
At

o [R]) OSs delaxdl 5ol s Gums s Jelasll oyl 15l
slorm Loy Meelandl 3ol s 5 iy Jeladl andnyy () o)
e laxd) 30l s 3 —— () G oy Al el s

JSed e RoWay de dl GsSi ((2-5) sl LsY o [R])

A [R] R]. - [R] Y
Rate, - (-) _ ) ST
At t, -t

[ Rate, - (-) A [R] - (2) [R]2 - [R]l
= [R]l:": At t, -t
E :
& [
= =

[R]zf"i' """"""""" .
El 1 1 1 1 1 I£2 1 1 1 1 1 1 1 1
(1) oyl

Jeladl de o e el sie el 2 L 5 LN Glas
Helindl 3ol oY ellsy ielite sole jess s RERUEE Y
B Ul S 5 558 La s 5 Jiy Jeladl s dderas
L) s el Glas Il s ) B sadlly JoW) b s 5 e
(225 JSedl LasY) e ke ) Jand
Il ol s 35 2 sl NGy Jeladl e o Wl o

) - SIS I GsS5 P e ladll e
Prsys g e

el (el

Alp] [P],- [P]

Rate, - -_ 2 !
At ot -t

= Payay Jelad de o Juoas

2ICl+H, — 2HCI+ I

i

e o

Lo H 5 ICl de il slsll s 5 U3y
B 125 HCI l.‘a-.'v'u‘ é‘j.g.” )_:&)3 J‘J;\.l

R

2-5 Jszl
09 R;U\S—W\ EJL-‘J‘ ;\,}5)3 JJ..)‘
S o]

124



OY @loy Corse A[P] 1wl soll) s s b el G55
Gl [Pl L1 s 20l G5S Gandl s ey sl LSS 3
s« opll B Llos,la Glas Y i [Pl go¥l s )

((3-5) Jsadl b mose

—

—

o

g

)
e Pissldl 5ol s 5 sloy
o

(1) Gy

1 |5 [OXSS LIS

SY Jelad) (o )
3H, - CO—> CH, + H,O

el bbsdl e H) s 5 pan
P Gl Jeladl 1o e 1 0
.0.300 mol/L JI H, s 5 (olass

125 o ol L2




Wlgoll aac &o Jeloill deyuw 48le 2-2-5
Ml sl s 5 < el ANy Jeladl de e il
G Sl S Byysadl Jeladl Mslae 2 salall Y5 sus
Mol (2 s Gumgpoadl wwos GesS osdls G joad!

PN

H I —> 2HI

wp T g ®

s Gl (0l Js) G jdugd] (oo 303 oo @3lgid aad
G 0558 e (sl Jse) Lol el ol Ge 0l
ol Hy (e do Mg de o 1 gl G o) sose oo (Gdse)

HI (2sS5 de o Gt Jolas I

Rate . AHJ AL 1 A[HT

At At 2 At

AHD - AH) ALY
At At At

s AN 5 sl e Uoladl Lls Sy
Rate<HD = 2Rate(H2> = 2Rate(lz)
l0Say HI sl 5ol S s Yoy de Rate(HD s
Lals domm g de pudl Y sy (Rate) de ,dl plosetd) vie ool L)
s
rl_..i\ Jelazlly
aA+bB —_— gG+hH
J&uﬂ\ljgwg;sa\#\;;‘iyo&&(hjgjbja)gip
Aelaldl oledh ANoy Jelad) 10 de p e ynny ¢ L5579
S G Tl

Rate=_1_>< A A :__lx A [B] =L>< A [G]

a At b At g At

A H]
At

1
-— X
h

1 1 1 1
: Rate( N = F Rate(B) = E Rate(G) = T Rate(H)

25 Gope —

Jeladl 3 NH, (iS5 Ze
.0.15mol/L.min (g5ls JU)

N, + 3H, —> 2NH,
6sbus N, @il BNy Lo ,J 13
. mol/L.min so>s,
0.150 -
0.075 -
-0.175 - ¢
0.200 - »
0.300 -»

126



Msls sole gl G vty Joo ¥y G ) o el ol Lesie
(Jeladd Lalall Lo ) Jeladl Gy s posetag Jeladl B

G ) oo s Jse WYy ke ,dl sy (Overall rate of reaction)

L R G R e L§‘ l.a‘}}_gj" e i) 0‘5.4” idLdl AJ)L:«L’ Id&}.« U ‘LA.QJ‘ 3 l'lI o>
dele ol Lol et oMl pldl deladl Shoglg ol bl -a osSe le sl sl

2A+3B—> F+2G

Solall guplsll < Lpull




Solall gupladl el

SENNHEPET
4NO +3 0, — 2N,0

2g) 2759

el ANy Jeladl Ze o e e
o] tesouds},&)sgé

K] 02 [GR\PE 3_9)..« SO

$sts NO g ie . cils
-1.60 x 10*mol/L. s




; Y oy Jelasl
A+B—>C

ais e 09318 O Ll o
Rate _ g [A]?[B]

Je izl 1o 3s s 1

ol e -1

el s e -

bl l..J),e—E

o pho A ga -0

129

Jolaill &c pu jgild 3 - 5

qﬁyu@mg’@u&uj\uﬂwwru@
C e o (st e s 5 sy e latdl slsd) sl

- S Al Je Ll
aA+gG+hH —— pP

c S sl e el olsall sl 5 e Jeladl X Cdis

Y

Rateoc|A]* [G]' [H]
Blslue IS e

Y

Rate - K [A]'[G]' [H]

5 85 addelaxdl slgadl ¥se sue o Hasde LI e Comy
G s Laly Vs Py o odelandl ol e pe 133 L ot B
@l Aoy Jelazl) ialdl de ol Rate s Jasd ideall o el
rs) Lol 5l e land) slsadl (e

1 A[A]
Rate--___

a At
Rate:—.._l__ é_[_____]

g At

1 A[H]
Rate = - __

h At

1 A|P
Rate - __ _______1

p At

H 5GsAMJQQ)Yﬂ‘}ﬁS‘)ﬁ‘gﬁ[H]s[G]e[A]%
FIsl e
e ¥y G Uelindl i e By A (elitd] 1 e @ o
Foame ssbed Lol 0 Jelatld dalall Kl G jasy H Jelazdll
S JSadl ey el ol

n-a+p+y
S B 5553 035 L 351 250 1l i ,as ol 0 3y
i3l w3y (Rate constant ) Jelad ice o culy Ko s
Jeladl e o el 3 b5l ol



5 Psaed ol e paed i paall 15l e Jeladll lss 50
e e he 35 Ae il slydl s 5 s Gl sl | pdo g5l Y
ke dsiall Loyl eMlelad kel Gl GsSy JUily Jelasl
¥l 5 e all
Rate - K
o= 1 aed o) ey e Je¥ iyl e Jeladl lss 13l Ll
SN S e Koyl Gl s (i (55l Y s B ity
Rate _ K [A]
* S iyl oo G Jelantls gLl Jieen e
2N,0,—> 2N O, + O,

o Jeladl Lo 93

Rate - K [NO,]
(n -1 Js¥ g Jelasl dalall ig s
Be -l s s (St sl s ol Goe Jelatll Glss 181 Ll
N JISeY e

Rate _ K [A] [G]

2
Rate _ K [A]
1o el G35 iy AL AaNly (s W1 sl il 10Sag
;gs‘ﬁ\ Jeladl Ie o Geolas
2NO, +2H, - N, +2HO
o
2
Rate - K [NOJ [H)]
el sy H Jelandd el Jo¥1 i, e d.;u.m*
N =3l W e Jelal) Lolallis ,JU 1agde NO Jelazd)
- SY el
(CH)),CBr + H O — (CH,),COH + HBr
rad Jeladl de o 5938
Rate - K [(CH,),CBr]
Gmes (CH,CBr Jelazd i dl JoW is ;o oo Jelasl
Jelal ielall i, 1 H O Jelat ol i 0l 3 i all 5eg )l

n=-1g g JsY o

*

Jeladl s e ) A sy
t«&é\yﬁ‘iﬂd&u_ﬂ\ l_c)_wdpl.’eg’e
Holadl & Jelatdl s ¥y sue
Cdeladl s e

soe Ll Jeladl it O s
& delandl sledl Clgl ol Glyys
laolel S gﬁb Lgyeadl  Aoladl
Nl sae e L.;Lu
WL pae S Y A8 gq.e Jelal
¥ leio | ao 685 w3 Jeladl is 0
0S50S o) Jeladl s et S

i e Lal

ol el Solall puplal £ Liga )



6-5 (oo —

Lo ydly odleladdl ol e sos

s oMe el e JSI dalall
-1

+ CO(g)

]3/2

CH,CHO_—> CH,
Rate - K[CH,CHO
HZOZ(aq) * 3I (aq) +2H (g —>

I. +2HO

3 (aq) 27O
Rate - K[H,0 | [T]
~ i
2NO( +Cl,  ——> 2NOCI
2) 2(g)

Rate - K[NOJ [CL]

131

-

elice Jelass MO, 59250 3515 Gl oo Jelazlly

CH,COCH, + I, % _ CH,COCH,I + HI

OBy delandl sledl sl s e oz ¥ oae e oI Lo
s Jelal 1o de )
Rate _ K

yaall g ) G Jeladl 1o (5S4 10gs

OS5 s ey Jeladl ks o (0 GL o oMol 1l e
o delaal Dyyeadl 1sleanSl Moladld ol 5 ey Lesluind
VY5 Bsapd gl @l ot bl Gk oo Wl o oo
Jeladll s Ls hy gy a delandl slyddl o¥se somy sums

aA+gG+hH—> pP salall
Jelodl Ciilpo ayani [1=3-5

Gk soe posis Llee yjﬁja(u;e%us:\.g_és@_bg

el Ly bl sda Gean Wlosl J La 3k g o
sligly Jelaxdl slsll sl s 5 s L oty el e s
Je el 3g e v @ldus dnl (o s N e land) sledl sl 43
GSars - e landl olsl) el 1088y oSS 5 iyl
SUCNIFTCAN IS S A VN o

/: 4 -5 Jlis

e By By e (g m S Jeladl
2NO, — 2N,0, + O,
Uelazdl soll oo dibiiee sl 5 aie Jeladl de o (A5 o3
bl Joamll g3 3510 SLldl e Jsandl o35 N,O,

Exp.No. [N,O,] / mole/ L | Rate / mole / L.s
1 0.0113 6.7 x 10°
2 0.0084 5.0x 10°
3 0.0042 2.5%x10°

ly Jelatd) L5y o>
S

el s ol Jeladl de o 54500 —



- S oWl Jelas
A+B——> C

a3l Gl it o
Rate _ K [A]?[B]

Al BW A s 5 Jam Lo 136

o e oloyid adas B o= 3

P lode Jelad!

18-5 12-¢z 9-< 6 -1

36 -

S syl Jelaz)

2NO:2H, —>N_ + 2H,0
Jelol e o cull dogd aloul 2535 R

3y pmd) Koo sit ¥ Y (Bl lode Jeladl ie L (ol -
e G B el ol Bl Gasal (e aed ey
C AV JU b Ly Jelanl

Rate _ K [NOJ? [HZ]
Ciadl M NO s 5 6 Le 130
clbaal BW M H, s s wyy
Tl Jeladll G 3 uadl

FOsSa (Jo¥l A )
4/3 Jode Jb -1
4/3 Jlodes slom -
2/3 Joday oloy - c
2/3 Jlode J& - o

ek A - &

Soplall guplsdl al




9-5 Grei —
& Ryl Aol Ul Al pastld
NZO5 i ke bt 5 -5 JLI

0.1 mol/L Lslus oS 5 5550 Laoe
 Kgaall 55 pdl B o ks i

10-5 (o s —
L S Jelazl
X+2Y —> P
3 ey JoW A el e al daeg
Y § il Gsll d el ooy X
ol Jeladl 1o de o b closy

P sa sl Gl ol

M.st i
M2 51 _
M’3.S d
M2 st
M1 st - 4

133

e joudl vl wilang 3-3-5

By (ke lirl) Telall 2l GVl e sdl iyl ol g s
Lol Ll Sy ¢ el 2o Gl diessd) el
Y OB sadas e sl Jeladll de o G50 2 Gapsad) e

[mol]“‘= [M]l'“

L
t t
Sl (1-5) Jsoad! Gums T Vsl My ialadl Je il is 1o J2s 0 Com

(8) Bl i | e asl) s 1) diakzad) ol pall fe )

= e - Jlh b 3oy

e il 2alal) 25,0 Al e ) 2 o ORI
() 1 ! | Jelaald el dog pal) 1yl de ol 4l lamg
0 M. s simol L's', mol/L.s
1 s s 1/s
2 M1 s! 4 L.mol's!, L/mol. s
3 M2 st 51 L.2mol?s? sl L?>/mol®.s
@ /: 6 -5 Jlis
: SV Jelazl
0,, +2NO_ —» 2NO,

elall g ety Je bl de o (9308 ety oMo latall il e o
sbal Jooadl bl il G dee i il o

Exp No. [[O,] / mole/ L [[NOJ / mole/ L | Rate / mole / L.s
1 1.10x107 1.30x107 3.20x10°
2 2.20x10°2 1.30x10° 6.40x10°
3 1.10x10? 2.60x102 12.8x10°
4 3.30x102 1.30x10° 9.60x107
5 1.10x10° 3.90x107 28.8x10°
ol

Rate - K [0) [NOJ  felaah i o Gils et

& b [NOJ s 2 5 1 Jote Gy ol (@) 1d g
Ol Bl S mls (esas siie [0, L gt )
Jramis S dacgy o3V ke Guttslaadl (s sy s,
() el e



N

L S Jelazl
CH,COOCH,:OH—CH,COO"
+CH,0H

dsoanll (3 1 )l 5 Gong
slol

Codelan |g._.:\),e¢.).>—T
.d&u;.n:_p)..,d,sum- | -

PSR PEATE SV Iy

Se S




12-5 Gy s —
Bl bl 5Usl Logadl a La
 polatll 4,085 Gles 4l

Syl Gu poladl o -

Goand  uld by dleland
e izl
.E:\,_:Jl RSH (055

055 Gl e @l S -
F A sl (B ieslazdl sl el
ROWEN]

135

delaill e cilyksi 4-5
Jeladl Ggos s st Ol bl e sue t@,(.sm
Lass poladl iyl Lea gl pdas ol ladl sda paly JleS
SNl O s Cas Lol el B das s ) dlan¥l Al
el Lol lall oyalall Ll Je Jeladl Gipos dis
e olynadl dsl Gosmle iy ey Jeladl Ggus o puid

Gl es el p i Jelad Legas

Collision Theory oalnill &yydai 1=4=5

FEa ol sl LS edeladl i e Calass
Gyl Gasly bV 5l Clyyall of eladl ) Ueland)
SNEFRUUIRY I FENPIE POV NS SEY IOV P EEE
s b Lo e Lola b e s polatll By s Clasy Leie
pe Melandl olgdl (3355 polas imes SlaSll Jeladll Jammy 1
L 5 deeslatddl (B (S L i el o wly Leaay
G Mol Glesladll sae e Lo b ol Jeladl de . 2
Ll wsl Joall G G Goedl By B ke lazll sl i (3360
bl ol delad) olgdl (3560 o lelola sl soe oy
el Ggos
Moy il (eSS I oosiiy Ul cleslad] aen (55 Y 3
Moy Bl soe BGAI G Aol Clelalas¥l sue gl WYy
ez e Ol G saslll sl B alada sl 1x10% Sls>
Ll ol 1o e Gles Tl laghs apsle ¥ Gy el 3 3t ol
Sl pe oz mils (oS5 I o5 Slaladasl e
o cleok oW clave Ul delandl olpd) Lals ddant
O e W plala NI 5S ams mlss I oy ¥ Wlad i
oY G el s,
Lt 3talSI 33U (e ol o Teaslanadl Gl yadl el Gl . 1
Slaadl Luly; S35 plada ¥l uie Lt Los Ll 558 e sl
Gl oo ooVl ol e (e lod] J] Loy e laalll
- ( Activation energy ) L2l i5lay Jeladd Zayd)
Sl 5685 Gl sl ¢ Ledin isslazdl il yadl sbsl G55 . 2
iy poladl sie mamall sy olin (ia ) 2153 pos:
(4 -5) JSEI Gopud olls maasdd . luskhadl mlsdl GusSs JI o0



NO -+ NoO — NOy + N,
jﬁ )
o

e slawily
‘_J

e el roL.a.‘i 6‘;\53

' i
. — e
e b sl )

ENPVER] aolas =y

/

Q
: |
Jlad e polas A [
¢ R
6;&;@).‘5& NS ’ '
o
J J
A

e Lol foL.aS
=l
bl sde Cos Jeladl Gosy (S5 al v pos Les
015 Lo Gl G g0 ol el el ooy Y Sl g Sleladl gyl Lo
Q\ rjl.a_.J\ o= d\ .@Mﬁ\ NS L;&\)_e L@.>5.A Lgeolas U’S’l oy BJLa-_Hg_'eNOjNZO
Caat g:sjl..«.'n' S g=la dido 3.4})[ (LIS ) dsl aslall esss ) Gk Jd pladasl 0
s et ol yally LSl 1 ialSO) 1Ually duss ot aslall ==

Moy Bl o cleslas (& 5 o)

et desladl ol el sll X

sy O Ligany (0 8 oS de piny S e Gy > ol

Sl o 2o )




Jelil o
5.5 JSall
AN Dl 3y e g3s Jeladll o

137

o @3y Tialss 1 1 Jomty Goe Login JSU ISyl 23U e
ol Ll 3 by SN sy G bl Lo 5Ll Jyas
s ol Bl Jammiy 15 ol G gl ol (s poladdl i) s
s e 31 23Ul s Cilss 130 caslal) ialss s ) Lt JSJ
Jelis Jam 51 0o Logaans o G105 3 Game Logls Jelatll Lol
(4-5) Jszi](Noneffective Collision  Jlad i alodasl) Logn
Slados Cgnd Bgles s > il Ll Ul 3y [(p)s()
desally Ll sl e Cdadl G LS 0le de s 5 1S 55
1) (4-5) Usay1] (Effective Collision Jlas plodasl) Jelizll 3

el slael Bclad poladll dydas Gl adlglly dagdadl
s )l o vgmy o las) oie dle ) @MJ I sl
ISl B 55 Lpaes liall Gl sl ol e LA 3 el
Sl G duts sae e W aday Y JLall a3l 3 1oy
BUSVEE NWVSR- SRS S I PO N INES C U UNURE SRV SR B gy
By st sl IS O 3 das ey Jeladll Ggos s
* Lt Jl i

aJlaisl alall auyda 2-4-5

S ¥ ISl Vel e g,rdswu\ SO Cli
Bl e Lo s Ol ¥ (b cs yalee daasldl oleld) eSO
Ll 0da b e Lo Lasie G581 oy ¢ dasdl 2l
ob 73 b s kit (S .. sas (Activated complex)
0 e A ¢ Il syl Ielatdl slaadl G Ung as 13
(Activated complex theory) L::dl saadl i oy i, Jadl
S [5-5)USall] telandl slsadl e G315 Do 3 055y L

deslly Uelatdl sleadl s e Logs =l o 1l o 13

oSy S 5 lan ) sdad) Jad Sa Y wl s3dl sl
e e laz) slodl slas¥ ol sty dl elas Lol elSan ST oS
Cdeladl Gy b

Mladl 1 ey poladl B ydas 5,55 st dageadl eVl oo
deiedl sy T ouasdl Gl G doldl Jeladl on 1dlasY)
.CH,Cl

I+ CH3C1 —— ICI‘I3 + ClI

Toce - (6-5) JSaIl 3 domasl 1y yhall G Jelanll o oo
CH,Cl Jl vy sk o e I sosdl ool plodasly elazl



(Y g youd) s Loy s e C-Cls o Cals e
Craasy debis b osdly G S G 80 e ts oy Cls
adadl) Jelaald 3oy Bl oSty ol Gau S G 5 0
oblols C-H tslael ,olyl M e som sly (Jattdll
0ol Gs )Wy Gl o dly a8 G (el solsh) Gudino
g 30N Lo 09 dly G99, G BLa )W 353 3004 .C-Cl
s dokS Gl Jaiid Ml oS o 8 oW1 S8 Loty
(T 6-5) st Jelal

& diedl dsls oy sl Gl G poladl Gl 161 Ll
NP sAle ke Helanl o1l i lastiad memall e slan
(G 6-5) JSall Lay e lisl] Giosms

© »o 0%04‘ o

aoladl Lo ) sy Ul Jelal Jlas) s

ol yadl G olesladl 853‘ e

Aoyl W B
GsSs JI goses Jd alodasl
.61\53

1
1 e
¥ oY sy Ul b cleslas -
ek deslazdl Glyhadl sl
33U LMl poal 2Ll s
a & " <

J pladasl Jyan) 1S

-

Jeloidl jljn 5-5

Coles WIS gl Gl s Jelidl 2o, bgys
Ca e e latll 5505 cLay Jelanhl Gl 8 s Jagzatll 23U T
i3 S Jelid) oy 5 i gt 5l il L
sy 55l Gon et lasl 5l Golatal gt ey illall 3
e lazdl slgall 13Usy Xl slydl 1 Gy (3,40 et 2eeS)
S ) e ety Jeladl 5] oy ey
T lazdl olsall 23 — 2l olsall 18 = Leladll 50 >

ol el Solall puplal £ Liga )



s Jeladl 3 > 5585 Leoce 351yl (ole Jeladl 55
Mdeladl slgl Bl e ) Bl slgdl B3l ) () e ge

3,,ml ole Jelis
A B -H
TS
[
S Jeladl o Lbs '

A+B2—>AB+B / 61‘5_2_”
) Il olsdl BBl 5585 Leais i ; AB+ B
Jelatll GoSs Uizl sl 33 G L) ' =

B/
S))JJ‘A-Q-QBJL—:«‘ L§‘ 3)‘)—"‘” uol"‘ e ozl (+) datioe 5l >
) A+B,
Jelad) e

Bl ol ddl s Jeladl 3 es culs bl Ll
3yl el Jelatll (oS ddelandl slsdl s > Gl slyll
(8-5) JSadl uey Loy

S 85gsa Sl sl el
SY Jeladl Goos b
A+B, —> AB+B
sl lemsldl slsdl Bl 565 Leais
deladll 558, Melazdl syl Bl (e -~ B-=-
[
sl il s Ll ol sl ) el 3 [
52 &y
() i
'a...”
S A
e izl lsd
) el 5)\)_'>
ik AB + B
Jeladl o

Aplall guplsdl a1l




Activation Energy Iouiniill &bl

S a3l AUl e so¥l sl Ll Jaadl 15Us G as
Nl psladl G585 = Mhelitadl sl LSk ol com

Jelaill e 6 &4idall Jolanall 7-5
N Gaadly dada Lgaad L & edeladl Caliss

Grob oo Jeladl e e pais 0SBy a1 e oy Bmy
s s Jelatl e s 3513l Jelsally (Sl

Concentration ja43Jl 1=7-5

S 33 30l oL Jeladl e o el Lt o e Loy ol
sy (Joladl de 5ol I W (sof Melizdl slsall ol
Co Jeladll Lo B Gl s 550l 31 (9-5) Jsadl
GV 5 e (sotmy (sl sl B Aarzdl L dasl ¢ s
Seskes 10 3 Lglsl aie o) (S asns LeiS) (%20 A,
633 ol GVl 1S 13 0lss) 58 Coadly GamaSss NI 5l
Jasyl e sl

9-5 JSl
obosl kel Jlazal de o ol
Jatd (Gues) el s s
Adatll magi( L) elogll B adatll
Sy seslee A Jslo Uazzl
EUESH_IN

140



10-5 Js1i
Gy datie (Gsd) Y

slogd) GmmaSosY ds yas s e
sy Jelagy (Cx) ¥ aidll
s Sy A elsgll e RV

Aegiiae sl

Ll o Ay Cexy Jad

141

dts A e ladl de s molyy (B oo Sl s 2l (Ol Lessg
P L@llz.a 1,86 Laall pL sl U ¢ Melite slse Jo
salyy o) Al Al B Aeliae olpe Jo Jois Al odleladl]
A e 5 43 500 gll.ﬂbj Wl s s S ey Ll
S el 2oy o

-

dlclaioll slgoll izihg duibjadlldsuhll 2=7-5
Slyall 1Lyl Wl e LSS oMeladl g sata
pypasall Il e adad 38 JLtdl e o Wl ol ezl
Al Jslome 3 dakal (S Liasgs paasd) ekt L) poadlly G Ll
Jelans psisgall Rakad (T oo Lols s ol s W ey sl gl
ety 3 Jonn Lol G5Ss Cpmd ol Tk Wl sy
Lol Wl s 130 it ey Jeloti. gl poadl lakadl
s Ly Ldelas de g Lendladogomd o dage delaxdl olgell
[(10-5) JSedl] eem Ny (ao¥ jeicall dlad) el JW)




o LS 3ol e liae 1S bl sl slss

T Ll slo s Bmba ) B Ll slasls L 2558001 (35601 s

JSel]Jeladlie pusls sy Slasladl soe sl b Jelatl is yadll

Lenlal Lal o iidalt solll) dumda ) 2 L) 30l Sy [(11-5)

Ly 5l lean e (BB Jad e il dond udee B
=l G I Loty

Temperature 8)lyall dq)a _:
Leolisly Ladssy 5l i o plas,ly Jelasll Lo 0 ols s
Sl de 3ol I ook 3yl Xa e plasy) oY e,
ol sae slory sy Lpleslas sae olo b e landl
s Jeladd bl Bl 5085 5 (golus s > BBl Wl
(12-5) Jsadl 2 mose Lessy o bl GosS Jelis () pedaias

o= 5ke) ilbll (3emace Jelin
2CaCO;  ps QI by s
Wy shss ol Lol pede o (L21)
e mlee ol oY Ciasdl
ERY Egoeiery] t,.o\ b By

058 3o emb sl Wiy

3 1 ST S Lol el
%
3
)
%,
3
2

P o Sy

. Sowos =l ks gyl ol

il 23 E ol soe B ibgmbe 30l

syt 5l Ao plis )l Lo o el odlelanll plaae
sl Gl el des sbosl o @iy (10°C) el o
(2-5) Jsoadl 2 rose LSy Jeladll

G 51 (ssles Idle UL L )
2ds oo N e L) W5l
Cdelanl e e JWLs Lelalada sl

(10°C) Jelatl 5,1 o> o sl b Jelatl de o Caelas

+

@ -9

25°C ( 298 K) 1.70 x10 ylly wndll [ o GSll ol
® -9

35°C ( 308K) 3.29 x10 s sl wie S B ks

45°C ( 318K) 6.12 x10° le ol oy By 5y

G G5l sl sy ¢ il
Dbl g 03 lodly bl obe

Sl ol M



odes o
xS A soeluce Jalge oloy Yl
siad Gls¥] o 3 Nelatl Le 4
U (sl e (g5 T Jsls
ke et el 5Ll b sl
Clebs gy Jos Woliia eus
Lkl GG sl Goar oS5

(Olgis Boe (3 s

13-5 sl
Ll Bl (ass seldl L

Cdelal de o s

143

Catalyst aelwoll Jolll [4=7-5

ST RS To10-51) R WSRO N VIS Sp-1) XY N VS V) SN ) g D PN
Jeladl sl ol S, oaleladl (il iy Vs ellgrs ol
S Jelatl e o e 55 mll B s plisl il e 53l el
Jelall bl Olb (oot (ais Jo seladl Jeladl foay
5l ssles sy Bl ey Al Leslatdl (356 sae sls 3y
Lss ol 3ol 2558 Jolins 5l ppkanss landl 6 (3585
Ll Bl Gads gl JSell e Jasd (13-5) Sl 3 e
ol e G il o s m8 ) Layl (05 Jelasld
Ndx bafiie ddae 0sSh @lny sl Leladl Llsl L3 JsY)
ebs) 2l

delis de 3ol he seledl ol 3t maoy S
DOy - soCygRewi]

2H,+ 0, — 2H,0

G 08 ¢ delxe W 5 yml I,y Jeas¥ oIS Jelal ) 3
caslice Jelass Gl (smmce oo Juld DBLal vy o JSC2y

PO
b
(=

—lae e Gy Jolis

E:\,_;S\

Jeladl o

Jdolaill Aus,ils s 8-5
Olshsll Ge soe yeo LSLSY e ladl Wdaae Gioss
S odeladlly | Jeladl LSl poms Loy Joas 1 dmglandll
L,.«.u ¢ sdadl CMeladl o 3osly sk e ).éb oS
AN Melatly sasly sodas s G U cVelidll e
Sai o Jsl Jelss e rel e enny odad) Jelaslle ade,

: Y e 0,5 NO (o Jelall oy JLdl S

2NO+ 0, —> 2NO,




Gshas Cos Jelidl i Gl Lkes oy ol
2NO —>N 0, (1)
N,O, + O,—> 2NO, )
sy sl Jels e sle Gwshall Gula e sshs (s
e odel Al Jelan) e Ulant (2) 5 (1) suttolad) Laes
B S TEIINE SRRV ol o= U NO, (s Ll
oo ool sk g odlengy S Jeladl clhs sl g
el Waladdl 3 edn ¥ gl (ol 10 e ladl i
wu,T&M|w@u\#&g%m&w
Sy yhee yub S ye oY @lsy IdoNl odeladl wlyhas
Lo e by wilys o ol sl vaadl G |yand s
Dbl e b oSG SN Gan s Relael bl
R sodmmal sslasdl e Jelad) ISl Glyhas Geny
sshs Uaf el a5 35 (Rate-determning step) (lelaxl
caelal oal oo Leocad . Jeladl 18000 Clshs
s s )5\'?;3? Jelas (ol oo Unil e oy 2801 o Yl
Jeladl 1ow By - Jeladl B o soosadl 3ghasl g8 Jeladll
sl b syl sia culel slyn ialadl Jeladll ey somms U oo
aday sl s s T ol Jelasl
G ol ol S8 Jelis T L yons o s JUall e o
sl sl G Jelis sa CO 50,8 ssssl (salaly NO,
. CO =l il o 1l ey NO, sl el
NoO,  +CO, —> NO_ +CO,
IS Uoladl e Wiy Jo¥ amlicid oS Le Gy 1o
lba ey CO 5 NO, o IS8 JsY1 5 0l oo Jelas asly o3Led
Y LSS e Jeladll 1o ol 71,31 w5 LY

NO, + NO, —» NO, + NO itk 55has
NO, + CO —> NO, + CO, Za s 55has

NO, + CO —> NO - CO,

phas Jo

o e Closd 1998 ale
d3 G o Al ooy
Pl ez sldall e degems
o iy el peasall ol
Yl e gl B Wl o
pohes ol sy Clll e
o la by slyudlly LSSy sl
Js¥s eldall (S odall 10 plosezlys
D Gomy Lo Uasde o 5 4m
st spadly JlaS) Jelad)
slosly elsy LN a2,
e el Lee de ) 386 | alss

- Jelan) 1Sl )yl

144



i e G2 G Akl spdasll de 8 Jeladll de G Gl
sSe Jelal

Rate - K [NO_] [NO

2
Rate - K[NO]

oo s Lo ) Je il Lo o 053U pe 10 (345
G ooz NOJ s s (s e JS25 e ladll S0l
o 45 O e Sl Jels @Y i mie LS ol U
Com Lol 180180 C\,—éx s de el el il Uola!
ANl byl aadas

Jeladl LSl sl delatl s ¥olas o s 1
Jelaal el Wbl e Jram I ,2a])

ALl sl Jo¥ iyl e Lal 585 o Jelis (oY Jelazll dos e 2
s Iysaal sy LU Ig ol oo ids¥) o Melanll s,
s o (B ol O e Jlad polas
Ty Llae 050 ) com B ol Eo..j:;‘,ﬂ sslasll Jelatll Lo o 96 .3
ity s0mt Jelatl Koy ¥ @by alal Jeladl de o Gl

13-5 Gy s —

:@9\@@\#%@

2NO(g> — NZOZ(g) P USEUN U XN CN -39 25 |
2(H,,—> 2H ) Lladl s oMelaal] LSS 1) 3l mogs 1IN AN
N202<g) + H(g) N20<g)+HO(g) . a)l_g‘

2(HO, +H — HO )
(® (®

2> (g
H<g> * NZO(g) > HO(g) * N2(g) /: 8-5 dlio W

Byl Jeladl Aslae sl 1 Rate - K[NO |2+ be deladd deladl 2 1 o5
ek JS Jeladl iy Gl ol 2 e i) Jelad) LSS
sk U8 Jeladl gy e 3 NOZ( _ NOZ( , > NO3( ) © NO( ) D
gl oly )l Gae . 4 : : g g
NO, +CO _—>NO, +CO 2)
0 ® 2(g) 2(

dode ol 35l o Lay Jelaall 30450l doaladl Moladl cass) -1
Cdeks S0 de Ll el Cassl - o
.L:_)....Usow\s}kjdlw_c—c

145



145 G i —
Pt b Jelid il Jelid) LSS
NO,Cl, — NO, +Cl
NO,Cl, + Clg) —» NO, + Cl, |

s Jeladl e ool

Rate - K [NO,Cl|
- Kyl el Jelal Wolae sl . 1
ek IS0 de ) 53l Cassl L 2
laladl Jelattl ig e e . 3
J3lals Ze ) 00 Gishasll (). 4

Solall gupladl el




M —
e SV Jeladl o sl

3H,+ CO —> CH,+HO
AW LSSl

H, + CO——H,CO izih,
H, + HLCO—> CH, + O &=~
H +O—>H0 Tny yor
s Jeladl 10 de ol u‘asué

Rate _ K [H ]?[CO]?

J[COl - =

J
Rate . K [H ]
J[COI* -&
]
]

[
Rate _ K |
Rate _ K [
Rate _ K [

J[COJ -
J[COol”

anjipaviaoiNes

Solall gupladl el




I ég,mhuida..l_.d)bo I

Rate Theories Jcloil & wilyyba
God> i S pedd Cady ol e
Lydass polad) iyl gl pas Leay Jelal

AIGEY) VLl 5l JazeJl sdal

Activation Energy il a8l

ol el LSl O com LW Ll (L1 0
1) GesS elaz)

Effective Collision dlall viloala il

o 2l L (3imn, A Slelada ol ells
oo Nl ol Gl el Wiel Liag oLl

gl Bl ol Sy Gls Ll A3

ROUER RN BES PN PR BT

 Jelaill gylpa

sl Gamse L) danidl 5l o
ShesSI Jelatl 3 Gl Letasd) taial|
sl B G Gl e Les sty
sl sledl 16Uy delazy)l

Heat of Reaction

Reaction Mechanism J<leiJl &4 1 il4 40

e A AN (e lad)) Clglasdl sos
! :;LQLE-&Q-” Sl ad Jemd Jeladl g
.@*\55

dcjauud] 65200l 6ghaall

Rate Determning Step

Jeladl LSulSen Glshs o sshas Ua
Ao sodasell sl Ao puy (dN e lall)
N¥ye soe Ol @l Jeladl de pu G sos
Al soull 8 9ozl & Meladl ol
Mets Ve el ol e

Goborsll Jeloil depun
The Rate of Chemical Reaction

Slell (g ¥sudl s 1 2 Glasdl lude
lyall (5 ¥pall s A 3 3oyl 5l ezl
o) s,\_>; e L

J<claild dolell dejuull

The Overall Rate of Chemical Reaction

sledl e gl e 0ty o NG e )
pES{EI RN TN

The Rate Low Jelol de juu yg4il8

- (Rate) Jeladl de oo Ly 3N
o iesi e Hy G g Aldelandl slgdl sl s
K Jeladl ie o U s Sl e sl e
aladl Jelaslls

aA+gG+hH ——s pP

AN 5 jsall e (oSG Ao ldl 0l
Rate - K [A]"[G]'[H]'

The Rate constant JcloiJl dejouw vyl

Jeladl e G cdidl 3 (Ll sa
de 038 (B Mol Sloddl sl 35 daladl
Koo saity W1 ekt ¥ (B0 ade sas Jeladl
- RPE)

Reaction Order J<loil] doleJl &45)0ll

prame Jelill bl il sl
e ) 098 B ode L) ol e

n-=o+pB+y

Rate Constant Units e jaudl ¢yl lang

oye e Jeladl ke sass deias
Y Bl 3 e Lelanal (S Jelazl
(=] [m]
i S

1-n

Q.IU Bl

148



S JslaUd-5
Pt(NH,),CL+H,0 — pt(NH,),(H,O)Cl"+Cl
cdeladl de o 93

Rate - K [Pt(NH,),Cl |
K= 0.090 hr' Iaidy
s 33 55Se Lese Jeladll de o (ol - |
pt(NH,),Cl, = (0.040M.0.020M.0.010M)
Pt(NH,),ClL Mg Lo o 18 Ciuss - o

F eSS S e
s PtNH) Cl v 5 o 186 Lo - d
Cl GesSs e
Jyoadd! g’ =) EjLu 09 &;L:.S\ Jela5-5
:aL.'\J\
CHSCOCHS(aq) JrBrZ(aq)Jr H+(aq)_)
CH3COCH2B1'( +HBr
aq) (aqQ)
Exp. Rate
Ne | lcrcocH) | (Br) | || e
1 0.30 0.05 | 0.05 | 5.7x10°
2 0.30 0.10 | 0.05 | 5.7x10>
3 0.30 0.05 | 0.10 | 12.0x10>
4 0.40 0.05 | 0.05 | 7.6x10°

CITE P ESURRILY TSI
e lall Loy G0 Radd G|~
Looie Jelatll de pu Conl ¢
[H] - 0.050M 5 [CH,COCH,|-[Br J- 0.10M
osSe (el by B il odls s 1655
Moladdl oy ¢ il Jomsy Nl s
sVl

.

CH,COOCH,, +OH",
CH,COO", +CH,0H

(aq)

149

\@ uolall Juasll «u_w\

Y1 Jelazd 155
1
N,0;, —= 2NO, + —O,

S Jpadl 3 Ll ey

t/hr [N,O_ / mol/L
0.00 0.849
0.50 0.733
1.00 0.633
2.00 0.472

Ga 55 JS Jeladl Loy Jome o
el sos gy AW of il
0.50 JI 0.00 e -1
1.00 3 0.50 - - —
2.00 )1.00 5 - ¢
Ledly 3l Loyl e oW Jelazll 255
el yio Aol s NO, Jelazd
. CO Jelazll
CO(g) + N02<g)—> COz(g) + NO(g> ;
el e ) 9B sl -
oads e Jeladl Lo pan S - o
. Ciadl JINO, s 3
laslae sis Jolad) Lo phss G - ¢
. CO = s
ey oYl L pall o oY Jeladll B-5
il sl 3yl Gy Br, Jelaall
NO Jelazl
2NO @ * Blyg—> 2NOBr(g)

Cdeladl e o (9B Cassl -
dazr wie Jeladl depu i S - o
b JoNI sl Jlll 36 Br, s 5
daclas sie Jeladl Lo o i (s - 10
. L NO =g

diclae s Jeladl Loy yam G - o
b NO 5 Br, o J= 3 5



eMelald Jelagll Loy 593l asl[9-5

U I SAN
O(g)+ O3(g) > 202(g) -
Cl(g)+ H2<g)_’ HCI(g) - H(g) T =
2N02(g>_’ N204<g> T
Y Jelazs HO-5
2N02(g)+ Fz(g) — ZNOzF(g)
s S Jsaadl bl Bl e
Exp. Rate
No. [NOZ] [FZ] mol/L.s
1 0.001 | 0.005 | 2.0x10*
2 0.002 | 0.005 | 4.0x10*
3 0.002 | 0.002 | 1.6x10*

el Loy GG e -
o sl S odlelatd) A e Lo -
¢ Loyl
NN YAV-E) I S O3 L i SO O %
il Jsloe 3 et layss Jess 115
Coims eyl almy ] Jomss 15550
U US|

HCOOCH, + HO + HO" —
HCOOH(aq)+CH,OH(aq)
Jeladll e 03

Rate - K [HCOOCH,]

e Gyl (2 HO Sl sl poe o
¢ Jolasll Wolea b ooy (oo bl e Jelatl

s Jeladl ey 90l
Rate _ K [CH,COOCH,| [OH]
K - 0.14 L/mol.s by

OoSe Leoie tdl ods s de o Lo
OH" , CH,COOCH, ;1 J& s 5
0.025 M (g5

¢ Johxddl 2 CHLOH j5¢b i o e -
" S Jelaly [7-5

2NO(g)+ZI:IZ(g) — Nz(g)+2HZO(g)
Y ol b ) s Gony
No | | ol |
1 2.5x10° 5.0x10° | 3.0x10°
2 2.5x10° 15.0x10° | 9.0x10°
3 10.0x10° 15.0x10° | 36.0x10°

CJeladl i o 90l o i

L he ) (ol K el

S5 OsS Leass Jeladl de o s
.8.0x10°M slw H, s NO e s

Jooadl 2 el s ey (oY) JeLaall8-5

PRy
C2H4<g)+03(g) — 2CH20(g)+ 1/202(g)
No | lcHl O | oy
1 1.0x10°® 0.5x107 | 1.0x10*
2 1.0x10° 1.5x107 | 3.0x102
3 2.0x10% | 1.0x107 | 4.0x10"

el o3 ¢ Jeladl e o 5936 e -
(K) i3

S 55 508y Levce Jeladl de s s l-
2.0x10’M st CH, 5 O, 5 I

150



0.009 5 0.036 5 - 0.036 5 - 0.036 - s
~0.018 , - 0.018 5, - 0.012 5 - 0.018 - &
: Y Jelay [55

NO, +CO_—> NO_ + CO
2) (€9}

2g) 2Ag)

<5l e s slol Jeuadl B o, c.#l.u 09
s ydly Jeladlde o 55308 @U;wlj e Laz

cJeladd el
Exp. Rate
No. [NOZ] [CO] mol/L.s
1 0.10 0.10 0.005
2 0.40 0.10 0.080
3 0.10 0.20 0.005

he ae bl Lalall oy o301 Ll Le B16-5
o S

delad 5l > -

e Bl - o

sl slsall 33y Melizdl olgall 15U -

151

: 600 K ix 0y Y Jeladl s 12-5

2NO o Oz(g)—> 2N02(g>
S PROS I PR PR [ E O
1 0.01 0.01 | 1.2x10°
2 0.01 0.02 | 4.8x10°
3 0.02 0.01 | 2.4x10°

Cdeladl iy el — i

= 5 0085 Levce Jeladl de o s l-
0.05M 5 0.025 M st O, 5 NO e J=
sl e

131 NO, 52555 it g (NO &gt Lo oo Gl
1.0x10"4mol/L ssss 0, il ie o cils

c Uasdl 5 Lally dmamall 3,Lall sos [13-5
- b e o o Lasdl sy
o ety Jelandl Lo Ul B - |
oAl s ey Jeladl s ) >
5l it Jelad) de o S0 pan - o
e lanl olgl
Jelid Gl s e 20U s Jelidl de o -
Cl el A o el aie JoNI s ) e
ol e Jeladt Jeladll ey Caelas -
Cidelatdl 3ol s g daelas s (bo)
C 055 de o ) sLo) Jelaall vy ui) [14-5
i b 0.036M s (gslus Guae By o
Leldl 2o, dly Dy By A 3 sl s
3o>gs Lgaren) (g5l B3l 10 vie Jelasl)
(M s!

2A +3B —— 4C+2D
0.009 , 0.018 , 0.027 , 0.018 - |
0.009 5 0.018 5 - 0.027 5 - 0.018 - &,
0.144 5 0.072 5 - 0.048 5 - 0.072 - ¢



Bl G posadl sbsl bbal s [17-5

Jelatll (X pmdd) Jelidll youy (7 sl

b
sl ‘a
Y
XY o}
) -
grSeTiew

Lo e e AoV Jalpall 335 (s oy 1855
SeesSI Jeo i

CB el A o -

e izl olgol) ikl il - o
Adelazl sl Gk - ¢

Adelandl sledl s 3 - s

152



6 Acids, Bases and Salts oUsllg aclg

— ol Wl (o &8¢y Jundll l1am &uwlja (o cloniill Ay

aelyilly Gaelsnll 1S Jlladdl (alss e Goaty

Gl G deladlly Gaslsadd daldl Lazpyad) caladl e Goan [l
ST NCSTURECEAT U pgereea

el Gand L yasaedl Lalssdly oLl Sl oUWl v [

L el b oslsilly Galesll odelis Jle G yats [

Al Lldde (olass e S5 (0SS iy oy Y ¢lssl oo e [

L Jobal oMelis 3 deedsicddl YW L G ez

Leal G sy mamedl idee o O e



I TIN5 syl 5 iyl e dgoall Ragedall 3 o
slanll (oom JUAl i (b Biline C¥lne 3 Lete sliny
=S e dSy juadl aals Joda sl s (B ead)
o Sl CLsSUl eldss 5 Gl ps G585 L (5 Y5 0.1
o osmsl Jolmddl Ll (Jotae paels Jad Gl el L3
ey S Gl Jalome JSIL %040 G (5Sd 5 Ll Byl
oslall ielio b psssgall amsny jous Jeats (5l 1mb oy
Al S Cleliall oo o3l soey (3,9l Lelis
s 3 il losalls ] dandyll Lo ¥leand 7303
mhes (s S Lasls 3l sl o (Baking soda )l
plabll ALl 310l st Joatcdl (ryogall oy y5kss) plakall
e 5t plal Laad Jeatn sl sl La b ey 1n b oo
mhe U o olsadl sda VLN S VI Gy dealY
S RRTEJUN R VS SENPTIN [ N I-0ES WU L VN ES
L Il Clsdl B Glad) ke Slal mludl 13 Jaios
Aol Mg 3ol s 30 Suel S pass el Ll Jeatss
it b IS o s Lglinie 5 gl Caslsall (el Ll
UL e %4 s sl Gaals S8 deats 31 Jsll
ERSRUESIVIECIENSTIPUTIIN NI S U E DN ANETIPURSTE L aeny]
T Galgadl 1S5y o) dsls J] Gl sl 00 5 i
PR FETE N & Sl el olasy (Amino acids)

& oleedl si Nty el s (s 5 tss kel Wliay
l_:.«ej.:ﬂ EL./::J\ LS"L"‘

Sy Biiee Olio (ol caad S et edas
sl (G99 5dD) (HD comsdl Gumspoadd) Gl 0525 L s
ot Slaally L slne SH,0 pyssosgd) Gy e
Ll (3l U 1
5,8y ko 08l i Wit (b)) BN e sue (s s 2
e G5 L3N Gl e et
st Sl sy ol ddll plaae e paslsall Jelin 3
(H)

154



BPL CUREARN V- N EAR VN YR WPY - ol sl - Jelazs 4
celay Lol

sy ) L) Jroy ke bl g 10U Lldles 5

e Jooanll Gy S IS 5l pb Sy Gl e bl
i)l Lalssdl any (1-6)
Lol 5hee olio L Gb selsdl daadd 25l el Ll
lially Sl sbnn 3 (OHD) sy gl Gl 355 s
o O e el skl o
W Gl el 3 05 N low g1
Sy jongd S Jslaedl DBl 2 L sslo ) (ke L2
psisal
_q Ge et B Bao Gsd s s (SN e soe Gs) s 3
- JRRCYS - JERCR RO Ot
celey Ml 58 (Jolas) Gaalsanll e Jelis 4
Lkl S e Ll Jemgs ke bl sl Ll 505
SPRURREUP TR e
-3 Gl et

Lelelostly dasladl aalsmdl oy

LSO oledl Lamy ot 5 Lsvadl Clelsdl as 5 Goladdl i
Baadl Gaalyd et I G5Sl 5a

Gl b postaadl JHlly plec¥ly Sl aazdly soedl iclio
RE O

HCI ¢y shsss ol (asls

HSO, d, S Lasl>

elollly ol ymianddly sl iclio HNO, ¢, il (asl>

o N Gl 5hy Raab ¥l Lais 3y bladl 5 elndll ielio

s CH,COOH sl Lasl>

G ) S8 Jolis Gy 31 iy yeall e 5 352 5

Ly | HLCOs ks S aal
. e tﬁ

e (adly pla )l Jioy Goladl Cias | HE ey 50 0.l (aals

155 O Sl ol




aclgall 9 g=wlg=ll A j=ll eudlasll 3-6

5 il Ltiadl caladl J)s,aal i B 5k
ot Rty Sl G el
The Arrhenius Theory wguigjl &uplai _:

s TSI St ol oty pdis sty ) lall 003 1884 aLe
oo Ay delsilly Gaalsadl e 1y das lsY Lgte w35
:gsl.l Lo e
chas Gl lly G ol he (g5 11 35U 5a el
o) S Gy S Jsloedl 2 (HY) Gy o Us))
Jok=dl 2 H Clsl mr oY Gusey)) (asls HCl ey
:&;LJ\

HCl(aq) — H, - Cl_(aq)
(OH) smsos joun Lesamas e (oo Al 30l o8 suellly
LS Ikl 3 LI semy ol Sl daase il U,
LeY (sl 30eB NaOH pcias suelil sty ) Ciy yad oy
S Jskdl 3 OH by gl syl s
NaOH(aq) - Na+(aq) " OH?(aq)
sl Ll e G o Lt s s Joladl ides Ll
el ol e (usS OH Gligyl s H byl
Hop E)H_(aq) —H0,,

oMelss rley 785 Ol Gut)) Rl celazl o
aelsdll) ol lall Clagussy jaus ae Slsis el Al (ol sl
b ybdl sda Clicdss Logusma o wi I e (hoessy ol
Caalsll Golss Chogl Tyt sl ol e pglas Jl sl Ll W)
VSJEIIIN

(egrodoll gaag)arnll (gal) ogaigyarmll gl

e o5 Lol sl 3 g poudl) Slisal gl oy 0

Comn 10y (bomo loos S 1 Gl Cos) HH,0), iz
ISl mzd ) GamesssN 555 5 HY gl e 3l
cr s il sl e B (8 L W s
e 2 G oadl Ol 3 o] Aadall Lt ae pue e
O3 ¢ ool Gy gl Gl s Lo male Ll aslal) el
Gl Ol Ol Jsdl) pedais s ey HLO™ pssy oue

Aolall guplsdl al




ol wlio SWI Gaeldl Jokeo CSo ) s o el
HO s il sTH G posdl) Gl G a5y 350l

LI 5 el e
H" + :(’i}' H » i.'—!'—{hl".'l—l—TJr
H H
HCl
Gl Gl Ll s ol sl

@)o) - Akuliigp dykai 2536
The Bronsted - Lowry Theory

@9 Wl s (Bronsted) axass ol (e Js5 003 (1923 6le
L s o ks i) Ll skas s aie S (Lowry)
Gy by bl sda Gy (g s) oty 1 L lat GO e s
3ol Ll soclall Lal (o35 ol dcalsll soldl wl Lo (el
S

Coo S IS dele 3o lally Gaelsel (el soe ycas
G e Tl Wy G oddl e o Olsl 2 Gl
33 ) JLind pdatis Gl sl 2y (s Lo il 58 G35
els wl e 300l ae Lasls Jelas iy pas Sy ldddy 30ell 9o
gy 3ol I Lasladl (o G935 2 JUnl Geaty o301 Jelasll
Ll (3 (553 Gaal) Wy sk sangdl Caele (ol daad el
obow bl 25 Led s suelB-acls> Jolis o 5 L (o
b s s o el Sy (G5 eSS LY 300

HCl] —s H + CI (U"M)‘ oy ) éjtf\ Bj.h_a':”
(aq) (aq) (aq)
HO,+H —> HO Il 55dasll
aq) 3

(&9)5}—&.&45)4 Q..Q.oj)ng‘ d&u.ﬂ\
HCI @p* HZO o> H3()+ + le(aq)
M.—'ZJ5)J‘ r,.@.A.A > J.I—\}.ﬁ‘j UA'A"":” e Lag u_aj ‘.')S"fﬁ
o= Bl mo) s (Gt soel = Lasls) rlssl A¥ay ()88 -
HCI (S0 Gl Boladl b o3y 001 3 Jadd Galiss udio
oels = Lanls) G ) e (3 30eB) Gl pe (Lasls)
s ) (3 oael)H O e (asl) HO oo Ly Gy 8
LSS s (et Ganls = 30s) e sl s

B aC 157 O e v I e



'l.'l'dtiz;/

H
. T | 4 TRE
H —alzu: + (H:C — u—{l}: + Cl
H H
< v els . ool soels
1 3o 2 b.a.«el) 1 w)j 2 3._9‘)5

(Cns (asls) Grmg ol dpsls B OL 5T ab ey

LS JSAl i)y 51 o) (U5 alae (S ooy

H0,  + HE, — HO +F,
= e B
Wodley, -’ﬁjﬁH' (‘/»(fc-,
H—0:  +  (H):F: = H % F:
h h

L i3 3020 F o (asls HF (55 Woladl ol a0
(=) ele¥) Jeladl 3y 53 asl> HO e s0e3 HO o,
o Lo o sl e 3055y (asls sl H O SHF e Jos el
(G55 cetls (6D Laels Wl H O el (=) oSl Je sl
(G359l Juie 1) 30 Wl B oy jslall ) ey Lo
& (HF) Cas (anls Glsd aie ol odlel MYl oo Lo
Sy H ©lsl e s s has G5 HF Cly s BERA]
STF gkl 5 Gl Giall sl 18 oo S Gl oS
o F ol e g Lo Juls ISy oSas, HF GG aaasdl 3, < H,O
el 3 (HCL) (93 ol Glsd wie el HJO G s53l 3023
b e S5 T S A H sl mus G HCL ol e B
Wiz HCLGT Ly - HO STCL bl 3 Grapie Bl Geirall o]
sacls o Cl Gl s el U el SLI dslme 3 als IS,
saels Cimall Gaslall G g s o o) HO g izl
s ppent (Sans Idpas ity y3 soel adll Laelally 53 1y 3
gyl soeldl 393 Clias Wlss (Laslal 353 Coly Ws : Jsdll
e S paliddl s Jlaid L Comy e Sally o
Clio o Gueldl iy ) Ciomall paslall 5l (ol Caslall
Ol (Gldl JLdl (3 Uil aaad - e IS0 Wl oyl Lghantos
Mo OH poe Les L ellis Lol ¥ ells gL g3 s0s6 (0 F

158



ol Caalmll iyl sae il J) B 53 30l Ll s LSy
(H,0) gl g

ss Wb Losal iy s dogedd SLII Jslmll iy
GSas Lol ol (Ll Gl Wds Lo Laas oy
b L ells e el

NHJ‘,(&q} + H.0 —N H4+(aq) + OH_(aq)

(£)
Sl ) el sacls
150cls 2 s i .
H H
| Jlz . | 4t
H-N o+ @00 = H-N-()
H H H

g WAL
y
el b NH, Gl s oSl Jelasll i ol 5o Loy
celell iy 3 5005 sl OH sl el Lot Losad o 13
(G555 N Caly) Lanls Wsl ey oLl T pods Lew Jasd
s (G939 - Jdituce) Lo B asssh (5oL NH, o kel 2
sasliss 5l el el sl U ellids (HF 5 HCl pe adelss
Qs Cioy Sy osbomall (b opmsdl =¥ Ciiall e oy
G ¥ oy sy Gyy L sisial (Sshe 5L L
saclilly yaolall yugg) dyplai 3=3=6
Lewis Theory
e et 2SI By ol (LEWES) s wladl 7,231 1939 als
e ol sael@l 5 Laebadl G pad (oY1 Ol dadl G

- -

LDL}).ZSJY‘ o Cj) g U‘ « 3ole :L.;‘ &;ﬁ cw}i rj.é.be
sole (ol s Laeladl Ll ¢ i8S Ldlelas b 5 0lidl 2
o3 Ce G (9 2SI ) s LeaSias e L YLy sl s
b ISy s 2SI o) Jlasl sy e Ll sda Lan Y,
S9SN msdl Gl Qs G Yoy (o s oSy 31 550 e
Coas Ay (G5 G S e ey B0y 350 Sl !
5yl (eSS ldes Lol e ol o el Jelis) Jolatll ddee
Nlie Ligo¥l e Gy sl sk SV o el a5 Al

oy 3ol = aels o Jelall Lases

T ] Solall il eLipuet



ool oels sl

€1 il g H €1 H
n—*la t : rL—H — ] —|Is+r~1—1-|
L‘Il i'f.l'-l H
s 0 sl syel iy
£l g j -._'_.. Il Il_..-
" 1 \ |
5 (H— W
e g \ 4
H Ll el I

slolJ guil I oyl

OsSloa Jure ISy Gula a1 ol Gl sl Ll o b
Cm oy gl Clsl 5 pysis ol Slsdl Ge usltaslosl
OSaws c sbe Bapa JU Ot n 3omly sle Lniar @
ORIy ¢ pogie e WIS o el

i+ Jlagy
b dlax) H
3 )
H-ih * H k: — H-[1 . 'E
H H H H
Al saels
1350sl 2 Lasl> ;’:‘)J 21,3
=+ Wl Jy = Fl I_L ‘JL‘:;‘( _
T if
ii —-—(HE % 4 K i —= i 3 v B ~'.‘€
1] H " H

3 2 GusSs

ZI?—I

ks dedals 8 ol eSS sl JI Ge3s I JUasl (et S
s oLl Gl o] e 1301 Gl idee 3wl els e
sl Jolew Gl gl iy s0e Wal (g ol 18 v Wty Laals

- S Ssial ol 5o

Aplall guplsdl alip il




el Wl alls Slinae 3ol S ol Wi ye ls e s
58 Iy yasiaVlyas o o bl e lolazel sasl gl o
o Laalxs L d.:_L;.:.U sl b Cray A1 pll el
solell G5Se Ler ) Wl Gy (st sldl saclis
oo soal (HDGsss o Lglois ol Lplaassl L seaeNl Tis
L yosiel dao L o Clsddl Tomemmn ol il Clogssy o
o OS5 oLl B isls Il oS Canlsmll pe Jelin Ll s
3ael e 30l e Ledelss s (oo pds Ol LS 3ol s
L5 gl Wlie poct Wl sy juum sty (JU e dad 153
el Lol Lo el sl Gl (o yisdnl (o8 sy 0!
AN Aslad) B s e (usSd ) Lasls pe

AI(OH), _ + 3HNO, = —> AINO), +3H0

3(9) 3 (aqQ) 373 (aq)

S NaOH (11e) 153 302l (Y Jokome (oo 33l 13lal oze Wl
AIOH), ey &Is ocmd clall pg Y| e S CNE T
s 28100 ppsssall olicasll UsSia Glsill Tty Lomals (gl
PSR PN R

AlOH), , + NaOH, —> NaAlOH),,
Sokdl s L 0 Sl Gl os G 3l lae W,
(2-6) Jsoall b e Lo

Ao yseaal Ol ol Lan

[Be(OH),|” Be(OH), Be* .
[AOH),] Al(OH), Al* posed ¥l 0l
[Cr(OH), ] Cr(OH), Cr* 25,SI sl
[Zn(OH),] Zn(OH), Zn* e 1 Gl
[Sn(OH), | Sn(OH), Sn* (ID) peoadll Goul
[Sn(OH), |* Sn(OH), Sn* (IV) yoadl Gs
[Pb(OH),|* Pb(OH), Pb* ooba sl Gsl
[As(OH), | As(OH), As* (1D s, Gl
[Sb(OH), " Sb(OH), Sb* (1D GsentsYl sl
Si0,*,S8i0,* Si(OH), Si* OsSakd! ol
[Co(OH),]* Co(OH), Co* il oSH o)
[Cu(OH) |~ Cu(OH), Cu* el Gl

Aolall guplsdl al sl



Auilall Jdl=all covs aclgallg gaslgall Cillelai 5-6

slag GLA ey My 302l e Lanls G Jeladll oy
Jsoadl Gms dsisdl LS 1 & O’“t’“ ey (Joladl Jelazy
sl Lsd) oeledlly Laslgsdl (3-6)

sladl Ladll velgdlly Laalgaell

LiIOH pslll sy ;o

HCl oy sl 0udl (ansls

NaOH paosall dSy 0

HBr ¢les 15 0l (asl>

KOH 5 lsgdl suss joun

HI eyosily jougd! anls

RDOH g0 1l sy joun

HCIO, ¢y sl pdl (ol

CSOH s ydl sy joun

HCIO, ¢y ,slS)l (ael>

Ca(OH), 5l suss 0

HNO, ¢, il (asl>

St(OH), s ydl sssy j00n

H. SO, doz S Lasls

H,Cr,0, ey ;S Liral

S s IS el e Laels @l el s
o (2 380) (ole mhe s e mriy Gy (Stoichiometric)
Ol LG sy o pelame sl Garg jaus LS (gem Y &
hypsisdl] Gaalad 1aldl Joladl) ddkes mis JLdl e
5o sole mle (NAOH) pspssall spmssyjise pe ( HPO)
oY) Usladl (s (N2, PO)) asposall sl

+3H. O

27D

H,PO, . +3NaOH Na,PO

(aqg) —> 4 (aq)

Jeasy My BB LS oo 31 3ol (e duess Clagesl 3] Ll
Lol B3l alls G iy Gyl ol (S20 Gaalad] Lslad
Geee 58 Lasy asldl pe Jelidl e DY s 1B e

Y Gaalanll 3
NaH PO, +H0

270

H.PO

3 4 (aqQ)

* NaOH(aq) —— 4 (aq)

H,PO, . +2NaOH_ __, NaHPO,  +2H,0

3 270

Aolall guplsdl al




163

psaosall Sl o Leie 731 e gl 10 5 i il Wlias

psposall Gl Loyl e Ay (i) Gt jogl!
.(NaHCO,)

e o9 3uel ) assy ol sonate 3uell el suey

o (sl Lo (2 30y sy it o game (e JEEy

P o LS ole e G5 el G L B s
N olal

AIOHD, , + 3HCl, —» AICL + 3H,0

27D

Gme 31 Gl oo B pe sl oo gl 1o Jelis s Ll
Ol (am) Tpoels oLl (58 Wl aad (Ll Xe3 I ells
ol B mose 5o L (Uelizs 0 OH elore (555

s Y]

AIOHD,  + HCl, —» AIOH),Cl  + H,0

27

AIOHD, | + 2HCl  —> AOH)CL,  + 2H,0,
Tio e MW G5S5 GT (5l oo onsd il 12 Se G
mosn 38 LS Caslyall Jolay Jelis Ol ks LSty daels

Y Lol 3

AI(OH),Cl + 2HCl — AICl, + 2H,0

oWl olail 6-6
2y (3ads Ui Lanelsd Jslme Jolas e il Lidas Liss
Too o= e 2 oo s e mldl okl U s0els pe
Veladl B Jeans Le W Dl sda Jie Ty 3o lill-aalsll
o 05 Dy Sl Jdomdl Gldee 5 ezl il S
S 5l aasl (PH) sl BIa)l Glus L (555 )1
MY 51s3 Lty 2SI a LA ST bl (B Gy ol Osel

skl b pl Sy S Gy s
Jskodd Tranalondl W) B 25 Gosd 3o Wlly Laaladl Glss I3l
Caell) Loghss T Gy sl ol Gl 5 el s Wil Sl =l
D Gl Bl s s soad Cras (CL.Q.U oSl saeldl
o s Gl Wl G 05 s dagdas i) Joloe ] eaalll
o sty pladling 1) Y] iy L)




dyg8 LAolgal wlleles (o ddiiio allol 1=6-6

é99 aclg9 &o
Sy i e HCL oy jslss 5 0l pasls Jelss Jl
NaOH fﬁé}_aj\

HCl + NaOH — NaCl + H O

SN Ldes e 350 Y LY e s sl sl Gl

reledl (B Sy juadly Gy o) sl G
HO + OH = 2HO

Nolaze Jshowdl i el

(HA) a4 yaolga (o ddiuie allol 2=6-6

(MOH) é,98 aclgdq

> MOH sl sasldll pe HA Cionall (aaladl Jolin

t Y

HA + MOH—>MA - HO
Sl Wglme 3 pls IS sl 13 oo (MA) il USiis,y
MA — M+ A
s ho Clas o Lad JLI Joladdl sy pshan 58 Lissy
g AUl sy jondl Clsls Gams ol clsl G o
b Cias (ol o8 HA (aslall (580 oL ol ys @Sl
s oxlsn G LS 1A g s (B alily Los Gl
Ol Ul e daile iy a1 5585 HY slisl e Jsbonall
ool 0S8 HY byl - A Clgl s IS k! &
. HA sl
H+A- == HA

USE Geosn okl (B Gums podl ClsY sl juadls
S G sl ol s S ) e G Ll ol s e 1oy e
e @Mly oo siad! Onls daeSs 0dl Ol 0 s
o @ s Jo Gls HA Crnall Gaalall GusS Jokmall oo
Sl e Jshodl (B oS jodl clsl) s 580k JL Ll
sda o5 Laels ey skl meassy Gumsoedll Slsl s 3
Clgl pe kol (Glsl 51D ol G Jelis G Ly Ny D
SWI Hmdl e e el 5y SLI ) keny 5L
AL Aoladdly Tosd sy Cias (anls (e (35iee

MA - H,0 = HA +MOH

164



Icaghas

sosldly Lael=l oSadl Ll
&5-:“"-.‘. has i

S 1LLB)

s elsl

ELU N

165

oaeled|
il
(Jshdd!

Ome Tl sue Wil 5 aalold Ieeedl 3531 ke skl Jio datals
S g LYl oo gl 1agd Yl Gy (S Ml Bl
(HCOOK ) p 5yl la 53 5 (CH,COONa) o035l
(HA) 398 Laolga (o ddiio allol 3=6-6
(B) &au=A aclgd g
) Jlal G 3L e padl 1o (55
HA+B ——» (BH)A
LS Jshmdl 3 ol IS Gl bl 1oy
(BH)A ——» BH + A°
BH sl s 5 (it «(BH) A mlll SUII Jsknddl 3
Sy ol Gl poe ool Bt (ehold L) US oo pS)
Jsosll s B lipaall saslall GosS (Ll oy IS5 (e sldl)
AN sl B Les oWl Ul )
BH+ OH = B:+HO
BH'+ HO < B+ H,Or
Gl e Jobomadl (2 Gumg o) Ol e 5 0lo i Cs ldds
s (Gl sacldl (nsSd W) desss il Osl
Leaals Jskonadl
possa¥l oo de mhe o 3N e gl 10 YT Gea
(NH,S0, pss5¥l ol S mhe NH,CI

(HA ) d2324 Laolga (o ddiuiio allol 4=6-6
(B) &au=A aclgd g
SVelazll Gommy Yl G gl 1ag SWI skl
- T s L
A+HO = HA:OH
BH + HO = B+H,O
sda Bl IS8y Loelall T Laalall Jobmall Lo gy
(S e 53 gl Bl sael@lly (aalall 353 e ALl
(oslall UShas (b = Laelall WS b ) seall iy Llss 15l
Ui ol ol I3l (Jolaze Wls sie hall SLI Jshodll G5S
el S okl OG5S saeldll WSas Ll (e ) Ll
S oeSally g.zub Legn @'Ld\



nolgallg g=slg=ll JiVo 7-6
ol e ) hyas Cluo e 5,le o selsdlly (aslexdl Y5
ol 1(1-6) US| okl 1uuels o Ko lode S5V yelas Lgl
Mo e ils lives wules (o yall 1o et SN Jof
& O Bt Ul YW el S0y c(GpeilD) eatdl 55
il oelan dalsll YAl cdaaey (L ycse dadae olsa
Leoal GsSe (HIN WY e ) Gims lpgae (adlss 8 50l
S Inm ISSad) Les e Gl ) HIn 88z
S T SV RES: (RIS TOPSU R EUONC I (I [y S0
ISSanl atieo Lal il Gof ASSandl ok (o Ciaas gpas

- HIn JJod W) Uoladdl b Gon o8 LS (3,5) Lsls

HIn + HO — HO" + In
el 1 oMl Al 2 ol
Geiiall WS ol vsmy s S (e okl Os) somiy
s 339 sodl HIN WSl ey In Saz
= Joladl eilelas B el BYW (e g Jliag
“Laals Vs G soal e e 55Se) Mheladlsl daladl sV
bl DAL Goe pdy o Gl G 00 sedas Goels

LS Jdlomall gl G aslsilly GaelsmlUastall Jedl s

dsls o gyl o MelatB dalliu g diaal @ls s
Ol s e Glyegaels sl pasls Sle oy 3 o Lialus]
oVeladl sda 2 pcas Gy 03 Ll aM).«&).ig_%ua_uu

el Callsy b ¥3Us] aie it o3y

Makiie sl n sl B oslsilly (aelysdl Jdlee ans
A a2l el pams e slidas Gly (3 Lo (325 e
sl (HCD oy jshess ol Gaeld Jskome pcams (S (JL)
e rams Lol (Sas sladl 3 HCL Gy joigdl ol 5l
G missldl b idall NaOH sole Lok pgssall ansss ol
s0s 5l 1EE ) feshae dem A5G Sye s b eamdl Lhee
M) sodmne LS (B (Geds JSn 5 010 oLl (e (N5
o2 A 10 6 e obluad Lidy Coddl e (e

=N

1-6 szl

Tasladl SOl e 308 dlme lslT
Jokoall el WIal o3 oas
JRNIIN()
(Nl Jseslisas sl () el
sl ()

166



L R
- gl 1S a3 e S
Il ST ke 13] 55,198 g/mol
Jshmadl (3 Gl S0l 4pdll
@l Jokmall i ly %96.4 o

.1.96 kg/L

Solall gupladl el




Titration E_;.:l..l.l.l.ﬂl -5

My padea (ocld = aale) Jolasll coelss faaliz, Lasale

o elizl] G il polaa) Joboa oo W) pasdl o 3
Janios of Gan Jsgme a0 g0 80 Jalea Ga e ans
Bl s (o oJs¥ Jahoeal e 3 ol 3 A e
el Lead ot L Sdastl @t o jeamell Dakead el
ol 5151 (rm gt S8 o hatlelital Gtolall Gsn] Joloun
0y Jehsedll s A3 a8 IS, e il S0 Dslgle
-\j,___u'-:ﬂ el polldl | Jadoes A J{burette) i=le L
L4
Gaiohall e Jelastl Jlesssl Guad J(Erlenmeyer flask) Ll
el Jsy amls] aonlll Jeleeddl ames F 0n b8 ey
Gl bl el dbee Hla) L pn A dladdll saoly
elgzl idads, gy (Baeldlly saeladl g delesh Lgs  exo

s (conical flask) Ioy s g0 3 3ale sgegll

ehis Bale WLl an e Rlasll 30l ik o (End point)
Wl e i (Indicator) Lol e Laidl sda sae Lyl
et b armael lagme S 0 (50 aaoe alme mamed S
preagall doSsy ua | Juad Goaey ol DLsNlL wllngy o oy ks
oz by [(2-6) Sall] falaedl e (ashas a3 a3}

P }_;_Eij-l el

L TeTn

—mmemn i

sl LS el Lhde e o3
Jeladh ilp ikl it o e

LRI | LU SN S T SR

PO, Y P |
o



Solall gupladl el




Solall gupladl el

- 26608 —
(Lol s 1l b)) 3 plae o3
Moy porlisdl sy i Jokxe
ol Jslome peaie 25 ML s,
(0.08 M) Lall ey plesy ugl
03 Laalall e 42 mL ) e 156
5 G el L 5 kg
potadl Sem¥ tdl Jds gl
Lo eI Gl (J1 2091 Golll e
ASg o Jsboead (o Yol s
ool




I ég,mhuida..l_.d)bo I

Arrhenius base (ywgiyl) 6acld

Al et OH‘(aq)ubH\ =5 5ol
ISSate 5S35 oLl 3 1815 (5585 Lpdll el
lin il dely Bl (55 Loty i pls S

Base Bronshted Laurie g)gJ -2 3uiiigys 6acld

O ) Sl Lo

unagl 8acld

T () b lealdl aiSey o
iS5 B ol (9SOl SN e

Amphoteric substance @yyxig@oll aloll

oo 5y B 55Nl Baall yelar 1 5oLl
(lgly ym gladts) Cluassl Jeo LB s
sk Lal el () e 1@l L 21 55001 gl
3oels Wel 5l el

Equivalence e Ul @b

ihes cles laaie (585 A idazdl
el w3 e landl slgadl oo ds3lSte

End point Interaction Jeloil &ulmi dhoj

& A o o an A i

.@:;..._ﬂ\ ddes

Lewis Base

Standard solution Gubibll Jglaoll
d.:fj.} JS_’J.; r}La.A B U?S'-'- J}.LM
Calibration 6 al=oll

Joboealless 5 s Leiblagy o ddes
s blie domematy ole 02y« (380 S
Aald sole e Absaes Lashas

@ololl Jlaill

el 2 sall WSl o) s

Hydrolysis

171

Hydronium ion(H,0*) rogsigjasmll U9l

Gerasadl Osl o Bl e e

.¢g.¢.:.gj\

Self — Tonization Gulall ol
LGBold! Luad)

ailoll d.dlaoJI@sU.:L;Jl

Ionization in aqueous solution

L =S M Jeli (et idee (2
clgl reS L)

sl

dobmadl > G Lblas ot Idee
o Jelil) p 301 Gsbae 355 53) L
A o ol 3 3ol e Bodeee eSS

Nutrlization Jal=adl

gujcuwsxsuu@wu&u;
Sl pe Gremrs i) Ul Jelan Le sole)
(ele ol 255 vy oy

Arrhenius acid ( ywgigl ) yaola

Al o el 2 Hiy olisl s 5ol
A o) ol S Gl Bl (el
laaall (aalgsdl Lel ddaasJl 8L Jdle
(S Sy Gl

Acid Bronshted Laurie \g)gJ —aiuliiigpy yaola

Titration

O3 -l ety o

w9l paola

G T3 Pl el Sy i
emlds 3 ol (9sSd by SO

Jdall

e glol edas o) LS Lgace s0le
malall aline JJlee B lassas aie
ol laloas! W) Gsole G Jeladl lavce
(Jeladl 23asl ol 3 ¥ly (ael>

Lewis acid

Indicater



el 3 3 HCL Gasls s 9o o17-6
1.18 g/ = azilismy %36 = o S Lsedl
Ciisea Jokxa G0 500 ML, amd oM (ML
2M = s (aelsl

oo 5 ML Lgyy2s 23 HNO, liss a1 8-6
3 Lystl) Aol )5yl Gaaloell Jokoee
(142 g/mL = aslts 5 % 69.8 - o
prssadl Ol s mle s L [9:6
(132.8 g/mol - idsl sy) (NH),SO,
Sk Jskee e 400 ML o deyW
¢0.25 M

55 all Wty S el e 58 o5 06
- anls s %98= & ISl Lyt Ledl )
Jskes Ge 100 ML 4l 25301 (1.84 g/mL
= 4 IS duatal) Ll ) sl aaladl
¢(1.14 g/mL = s5is 5 %20
bij\s)w\rd(/)umcbu@
b Lo Bl e 5Ll alal (%)

S (G s) mAiy m delsd  Lanlse aeea ]
i)l aely s s

Contsy p soeliss oLl ae Logedl Jelins. 2
oasly> e (AICL) poid¥l syslss ay.3
SESTY

Gobu (6o Lialall Ly ,dl soeldll elus.4
gt soels

(st el el el (SN ey S
stz ) B oty ka1 3L Gl Ll e 616
Yoo

b o susl-pasls Jelss ez 7
2lsss p JUiml g s) - ais

S dxis gy B 4 55 yall olddazdl o .8
ASleSll Lo 2 oSy jougdl Ol 09

\@ Guabudl Juasll CLLA.w\

AL s sy Sl by
&b} L§)5J5 A.:Lﬁ.ﬁjj.g L‘)..E_g Ls.:u.l...«.A 2—6
ALY e b Lo JS) sgazdll

Ay sael-aelxl oy - s
b lee Js 3 aelsdll s (sl G 5001326
5,005 dalall 3,001 Liee ¢ sl & 7l Liasus
F S SN o el Al
HO+HO — H,O + OH
HCl+HO — H,O + ClI
I\IH3 + HCl — NH4* + ClI
OYolae cassl ?g.z:.,eb.-_!\ EL‘,JL.; Syl Lal4-6
e Jsandl i Led oes D9 hse LSS
aelsBl 5 Calsadl oo T dpaaldl 3L

FONER|
NaHSO, - i
KHCO, -«
NaH,PO, - ¢
NaHS -9
gb Le Mei5-6

Tusdl Laelysdl oo 2aatall 73N Jdloe -
olate 5685 Gyadll delgilly

Zupdl (aalsasll e 2zl 3L e -
Aaale sS85 diaall delyill,

oalsadl G Raitdl e Jlee -
ol 5980 Ladll veladlly dd sl

Wy il Lasls Jokma iy ,¥ae Cusl 626
dee B oJola ate 357 mL 1 e 1)
. Na,CO, 403028 el

172



7 Polymer Chemistry Cilyodadl gt

—: ol Wl o &g Juaddl 1aim dunlya o Lol sy

0o (S B S Ol S (O peded)) Bl ol Je O st [
(Ol yaign pad B o Olosg

Sl e dl GosS O yagdl B ek des ags [

Tatadly dagdall Glyadod! plyst Lan e Gz [

Leatlas e ladedd plall s 3l oLl Gz 4 s, [

Ty (CSHl Ol yadyry LY Gl yadsy) O padsdl o9 som W

RS B k) 1y Do g LN 5 yaldl 3y yday Sl yadsdl 3555 Ciny [l

bl Bl G ey (@l edsdl G pois) bladl e O yan [

t«.a_d\j
el e eliall Gl padsdd dadladl CleloslNl Gasy C oy [



(ilalll) Cilpedal 1-7

lisy ydly Hekdedly bladly deliall GLINIy ol
Clally Ldly Sl adsy (8 slsdl sdi pram Lpas 5 A Gty
Sl adsdl e sl Ml

(pOlY) L}jy ¢ u.«.a.l:.a,« o (POlymer) )o—«jjd u}S.aa
ialye u‘;l.‘,.s ut.u)} \).Q.Jy!\s Coly el soace L eds e
(monomers) ! yaige somd 5 dall Gl el o oS sue G
O Mysb ol IS Je Laalo e e ol Leaan Clag )
Pt Ol adsdl e dalgll (gatmyy dugas Idlas el s
s dy G, Ledase 3,5 200000 J1 1000 e sl e
b gl Lgae OlS pe (580 08 5 o Ol 2 Ol paisddl Lal
o BVes s S Sles Jelity Lpany pe 0 Dygas
3o ol (e B, S0 ol el s Clusy e G55 A1 s dl
Q\)-e.«sj.«” u;}S.ﬁ Q\ﬁ}_‘,ﬂ 50 JJ-LGJ idee =9 LBJ)S.J\
Ly, dee o 5,0 sl (Polymerization) s Jdl Ll

Bee e usSH lie Gl aise sleacdly 5 ppaall 5l
N ol yaigdl soals M G ol pasall Uiy, Gl adsy o
el dee Lt oSt < (50000 5 5 G Le 0o 7l )

LY sl (VD ol usS

nM === M-

n

N Sy 1o ey 5, ;S By N 0y s

et ey Woee Ol sl Cliis o)

Natural Polymers @=uadll ailyoudgudl 1=2=7

Cliss dlls sebekdly Lidles Taidall 2 sasasdl 2y
Ls.a_u.kl\ Ll Jly

Synthetic Polymers d=iun oll Wilyoulgull 2=2-7

Sl LWl 1Ly, Lelio o) Gt s jmms 5 0,
o sy Jealdl aysls Jodly (CshD) sl Jodly ool
el Lty 3 20y adl Gl padydl Y

) Leske 50 ol am o il Gy 5y sd] s W

174



Sl s 5 el dsdl Pl

Thermoplastic polymers s, =l eyl ol yodgy - |
olel (S e Los e O adsd) G padl 0 sy
sday gl >l o plasl e Clat ol e sae S
Sl Lk 1LV 8] oy IS o Ledhe (3, 5 pads

b ol s Jenldll aypsls Jaas Gl s Jodl s o)

Thermosetting polymers s, =l Leslan o &l dg - &
Gy Y LS e Bl (b g o Gl Y
(Branched) ic ;iw. 5l (Linear) idas Lol S0 Lede sl
wmd (1 -7) IS8 2 e Liss (Cross - linked) isilace
Mg 31 s youll 3 > iy ol (555 sl podsdl Guses
Lol Ll 250 ok 5sS5 Lol 3l Lan (350 Leaas Lilsy Lol
ot sl b e aslty s sommt poatd) sedsdl s
Y gl e S Hsen an (98 L YY1 oo Lty 3]
) ad 5sS ehlindl odsdl el Ll 3l e I
2 b L (YN oo S M5 ey Lot Bda] 10 5 55
Kl 0SS e 1ailoe Ul s (3 A Gl e

Ll
-"_M_\THM

SN~
mw

e § iz

po G p A1) Baiadl Cldsdl e Jsandl oS
t B3 8 ekdl (e (s st (Gl
Addition Polymerisation @9LAIL & jolull _:
uuyw\»ﬂ&omuu\uﬁéwd&u

sl 095 (hmsoie 30l (oom eise) Iardoe b 3o
Syl @lls) e ml gl Gsde addsdl 585 (3das axls
s Bl ol padsy Aol (e Cigadl (oo vy w58 G pad 3
G2l Jodls (PVCO) Ll oy sl Sdls (PE) oldt Jsdl
LSl s o s (35 (3 0kt ((PP) Gy 0 (S5l (PS)

aisa Sy 5Ll

Aplall guplsdl alip il




polyethylene (PE) sl Js 1 . 1
(CH,= CH, ) gabt¥l ltysn 13Lal (oo Gkl Jsdl yamy
LY Wl B e LS Gl sl s i G5 e

i

n( C C > saclie Julse ~{AC—C
o I 1 /n

H H

Ol g%ﬁ‘és-!

o §sSe 93 Aly 5 ekl Gl Gl sae () Gl i
Sz BslaYl Jelas ol L assl 51 50000 ol Le s, S Lgslos
e Meds) Clwadl Gee M ldel odsy (S 5 0 o e
Gl Gy olte S o) deladl 1ag oSy (om ilsb
Crm 5 Sl 305l B peddsdl 2l 3 Gt B0y ey
32 GdY i b (B 0o W (555 G G 2N ol S
G R O OslS 350y Legie 350 S L sy (T
RsSe bWl Ol e GYYI Lyl pm 2 dleall sda S

Sl Loy Gl s

wCHy;— CHy—CH;—CH;— CH;— €H,— CH;— CH;— CHa -

da L) Doladl (.5'9 R 5 raitin b gy Jolad) s Ll O&gi}
s LSl Clasoll soe L yae Iy b G (2-7) Sl
B, S iy B oo Sl (Gl Js0) e 5]

:-IIIIII-II‘I: :-II"'I‘IF'I--: :"....'I';
s H s & H Hes ¢« H H »
# . ® . W .
& I [ " @ | W l | .
w & @ & i ™
=L e
: ;2 geil [
: H ceH H:sH Ha
Sypsannnena® "passsnsena® "paemmavaeea”
(3) wise (2) 350 (1) wise
Gkl sl s

Jelss byt Cos sole soaaie JIS2L Gukdtl Jsdl oo
I o ey el ol IS 23 Wlia Lasds 5Ll
il B deasid] sas el Jalgally Laaally 5,0 =l

Aplall guplsdl alip il

HEC: CH;-_

27
edsdl o LSl las )l sae
(d-‘_.L;,J‘ &;54)




BaaMl 1 o2 5 ol Al
N BUSH aisie Gl s o
iz a5 (10000) Jlo> n s
idse Mas bste oy dd SO

(300000) 5>

S asdl eyl ailas
8] Clalosx Nl Lany ol

High-Density polyehtylene (HDPE) LSt Jle okl Jse -
SslSs0e8 Cudos 3 100°C 1 Gl Gy Lo 55,

O B BUS 50 s s S5 sl (sor i s
\WL@_Q_» OsSet lam o lite U8y Kol e ddasll (Lt el
mtmwauyww\wwxuuwusmw

Slaally codadl Glgass LA i Y
Low-Density polyethylene (LDPE) LSl adsie okl Jso - &
L) e g ae 200°C 1 Gt s Lo 555
e GsSd e lal] olis s Yl oo Jold e (1000 atm
el G Geg oo s Al s gl oy Bl g aie
Sl Se e pdlsadl sl B e Yoy Gl ol e 230
LS §5S5 QA Iy lite gl (e (S5 ¥ Lty (Y ddas
el St idasdl L) LS e 81 de i) ALl
o b posiey elily LUK Jle Gl Jsd) G 1Mo 8
gl LSl s
Cross-linked polyethylene (CPE) «llecs dsl Jso - ¢
s Leade ol Jodl e podl o o Jsanll (S
Ol bln G Gl sl line G e paudl Lo
G Om Wlaae Blagl LsSes MLl e sl
Gkl Jodl e 3535 Io il Wil il podl e g sanlly
ISy sogan dlo s ) oLl aie piazs LS e
Tkl Lplelastd pe Gkl Il izl JISeNI G (3-7)

Aplall guplsdl alip il




Okl Jedd Tl clalasrl (aa, (4-7) S =25

ol Jold dalindl olaloselY

polypropylene (PP) jdis 12 Jsdl . 2
(CH, = CH- CH)) Ghis ol 0l (o s s0s slawsl oo 0555
5 yetie §5m CISE 1) LU Lolad] b Less sl (alse 55 s

:gs‘i\ pesi) uL"
Cl\-|3 /H soslae Jalge CH H
N ( ~= C\ > ,6 cC-C ~>¥
H H
Ol w*“b ujf

Othis sl ol oo GYY Lyl o s Il sl (S o) oSy
- b Ly b Jsdl 158

[ "y |_Sh TR | e .""I

i i T CH, H CH, H CH, H
CEC v C2C v LEC 4=y —écc r:r-:f:%—

H HH HH H o b
Ohis s s Ohis s

AN oleally Gl Jedl sl

sl olgly 5, yoel) acoslieg asos AuSis g . 1

Sl G e L 2

Kot ey Glat . 3

(5-7) US2dly Conl¥ly SaI¥y Kall olyo¥l delio b poste, . 4
Ok (Feld dalimll Clalosnl N Qasy G

Aplall guplsdl alip il




Sl Lalsdl oleloslNl Laay
iy

HC= CHZ
Cl

Cllyhd Ltz Lol s ly)

poly(Vinyl Chloride) (PVC) Julatl oy sl Jss - 3

Jeldl oy sl Gla e G s soe bls)l e 055
(GBS LwLue 3o luce LJ..A‘}.Q S99 tA ( CH2= CH— Cl )
(Y ) Jelanl

H Cl

H\ .-'EI soclae Jalse ! I
n( e ) oo
H H o= 1 | n
H H
Jealdl oy sl Jeldl oy sl Jo

¥ cleall, Lol o psles s sl

Gt e e Bl slsly 551 pmld Taglieg Tilie 25l . 1
Oy -l

ot a2

bl Gl 2elio 3 Bogoaad) (¥l oo Moy pasiy . 3
Slladl (s Lelio b Jsas U3 Joley sl Taglie . 4
G cldoxtd an Gee (6-7) JS2ly Lkl bl
il sl

Aplall guplsdl alip il



Lol ol gl Jssla o

dusks Jed Al clalas )
Sl syl epal!

polystyrene (PS) ;. nle. Jsdl . 4
o) dglag NI ol el ol 3 ks oo Gl gj,,,d\ Ok
Gl 1Ll eally dodie sosloe Jelss smsy (Gu sl

H H H\ B /H
/C -
H 4, H

H H
H H
AN /s s [
n c=C = |- C=C ~—

Aplall guplsdl alip il




L@.J.A5LL45 L@.L:S.:J :L.Sj.@..‘q ).g:..q:u" GL..'a.:g :L.,.«.Lo sola U‘f-ﬁu“" &45.4.”5
(Gehal)) eleall madl delio B posiusy (lsldlly (ol
os lasdl Glylss 45l Sl Cams canl¥ly Jlsalls

b Jodl Clalosd (as (7-7) Sl

oAl ol sl B

Gl Joll Al ) clalast)

Pl Tyl Jlaall 9

Sshe S Ge sl a8y ol Jodl Geo Gl iy

S 53y Gkl g5 oy L iy (8-7) Sl 2 e Liss

aies ool elsgll (b danas Y Gl soles lgan pe dol e

xl (Y e %30) GumamsWL actn 52 5 gl ey

Slodl delin (b posing Gubdll ool Lpolall sda Gy Jatiy

Gentbi Jsdl Jam Loe (9-7) JSall Lam Y 330l 5 51 yoeld Saslall
3 yamdl Y Gl edsdl G S ) il

Aplall guplsdl alip il




poly(Tetrafloroethylene)(Teflon)(;ghad) juktl 5,55 by Js0 . 5

o &_"Jug)} h‘):u" Q.:.¢.>)_¢.;J5.¢n 3)5@4}‘ L;LLA\ ;La.;«..aj‘ Ly

Sy Gkl O s Bole (S Uysb Al (IS e sl F F
e yicey Jelitll LG ik ol oyl K, ke 3oLl sii \ /
‘Mj fos edseia S| J.AL.A_QJ alyy 325°C 3)‘)_> 1_‘.>J..> C = C\

Ieagn 3ol ae Cllan Les szl (o Usgan (3100 015l () (ome
& aslostd JI LY 5 )l Leslaadl SN el aar 3
Ba¥ (L) plaall L il ¥ 31 el ol paias ORGSR
L (10-7) Jsl
¥l olaally Geladl slia

1SS slsly 51 pmeld 3ol ataslie . 1
dotae pl s Gl el s olie 3ole (gl e 2
gl Jealsall Jaky Josly Yy (3 Y 3
sl oo el ol Gy
5l X pall lpa¥l slio 3 1
ek pladall ladl pedt dall glsl YL 3 2
3ol deslad) et el 2 3

oo Lermenr 1LYl Cladsy G odel LYl e dasds \\_/\

Medldly JS2ll s G s ales Lels sy ey gl .
5,00 dat U Clesemddl Ch oo iy ((asS) A by e
Jtl e gamay Jotad Gakat¥1 3 Gy pogl] 3,3 s 50,1
el oy sk 3 Less -Cl s3Il s 5005 (oubis 19 (2 Less - CH,
LA Jows ady Ls G plidl B Ls- CH el dalys
Gkl soske ol B s B il ooy Gams i aY
L Bl LS slpdl clie B Odasl (o 1y
o 3SSll classlly ol sl oSl 5 mas (1-7) Jsoaddls
Lplalasid ans BLY @l odsy

T
oy

C okl sl dbe 3Mae

Aplall guplsdl alip il



Lelads LN Gl adsd 35,1 Clamglly ol sl oSSl 3

el s H o H . ;
\ s
¢ E‘)—:« ¢ G;‘).:o _,€,C_C ('P-"'L*-'.. _"‘ &;5_; /C=C\ (,./.L.u" :‘
: Yo N H H
. é\ .. H H
CH H
Gy olales E CI? : é " CH, B C/H .
N LT SR P A st (I 7 N Gehs
H H
CI H . :.‘
sl Laslie olge é (I: [:I: e (PVC) CI\C C}H u—:-L:‘;;})L&
— . - ~ - - e
. "b‘ ‘ ¢ ;J'LI- . w‘ S\ e AN =)
< 5}:-« ==9 |l| |i| N d—ys,: ,)5& H H ( Muj\
(O Il ls]
@@J} ¢ g,.:.LaJJ\ 6' ’ I —Cs\Hs /H
- S L
& i H H
) H H
F F
I I F F . L
| L - s

Condensation Polymerization @5l45Jb 80l _.
(g'é)‘— @’U)S_k.,w, e Cae Ol sl Lyl 3 e
SO il Sl G Guesd o s JS om0 LS
L e S Jom Lo iy e o o
ol 1oa Utal pal Goy . ooye mls inye bl ae SN
ed Jodl edsns (Gl bl Jsdl eds 2 o adsd) G

a3l o edsdl Guds (olssy wast Gy (G 2
Polyamide (;sLWD) oulal Jsdt . 1

ad 3l 0y Wl e LIS sy Jsl 58 (Nylone) sl
Gl B garmn iy Letasl Gy puise oo pio a35 Gods & mess e
sy S e game ) N1 sy cad b ooce (- NH))
7 e Mo Lae Gl sl G0 Las 5 i b wie (-COOH)
Gt smizall Gt Bl ) Ko yame ) 5555 el o UsSes ele ity
1 Uoladly . oulall Lo gana onds O1p o8 Gobld) Ak 3
Ol Lo mog

Aplall guplsdl alip il




i i ? §

aH-N—{CH,},-N-H + nHO-C—{CH,} C-OH—

Gl S8 G o oV aels
Hoom
{ -N-A{CH,},-N-C{CH,)-C } + nH.D
6.6 skl Lo

Al LAl Js 585 606 G5l G (11-7) sl
Sleisdl G Gees e ety Jeladl G Joladd) e s
isdls (HOOC(CH,),COOH ) elooNl aals  yoise Lia
oy (HUN(CH)NH,) ool L8 Gl o 58 L
G s pamae yuse J5 elsind (6.6 GshU) Bl el 11-7 Jsed
Tatad Ol o dl ST e e dodl 108 dans (Ol 1,5 (6) Gkl i oo s it sie sk
Jam Lee sl Golatal adil i Gobldl ety Lalasid s el Gaeloy Gl s
S posiy ] Y] Basame el ol 123N 5 aslasn byes St e
ISl edladly Cabladdl e Jodd egladd) dseaNl delis

L skl ssoandl clelosz ) al Gy (12-7)

12-7 s
okl Clalosl

'§\ \ o

LIl o lal Sl glsl ol )
gl (P pastany (Kevlar) e sl
l L A Lol dl G 2l

= . -1

ligy yJl .2

olags -l D Bobn O oY clagl Jod pssh e
el Gl Gl Ge ONT e (gomt Ol peds 85
I el et Ly Lo iyl 2l (HN-X-COOH)
Il (2l oo sl gy Clm gl depazme (5 Gl
OSars HSH 3y Yelis e ata s 100 (g aly e
Y 5 eall e aaleall sigd 3l s

HHQ  HEQ i E QR
N~C~C-OH+N-C- c—DH——--f N C—C=N-C -{'--u);.;+ll 0
H H. |J:| ] M I'ttl l!ll

184



S see

Wil L G A LS )
Cisly gl s,
o LB ity sl DL
O hesias Lo s ks ol
sk paas Ticis oy i)
dsldall s poall deass 5 cdasds
(CD) 1sbolindl lagha)l Liias

ke

s dessa!

Polyesters =l ;2 Jsd1 .3

(PET) el o5 Gl Jodl oo ol i Jodl 3l e
Sl yadsy 68 Ge il Jo o8y [Poly (ethyleneteraphatlate)]
(HOCH,CH,OH) JsS;Ms (oot Jelis (e yiammy Clom 23S
Jolse 3525 (COOH-CH,- COOH) ol 1l (asl> pe
S Jolad) s socle

f i
HO—C C—OH + HO—CH,=CH,=0OH —+
il ) paels JsSd=s okl
0 9
HO — E“-—-'E!-'—EH? —=CHz—0OH + H.O
Sl s Gl I dla

) lh.«‘)l‘ 2&5—«.&4“5 3)—4’.‘3‘ L::-L&f— d')L:> ¢lo ¢Q§)—> t}-‘-‘{ Cle
._C.)é_o_ by el lesemmddl oo ol Jod) 2os, Sl sl
sid Gsh Ws Lo 5 (Ul adsy oY @lzy sladly iyl

Lolelasd (any 3, Sl Lglas gy Sl ol jodsy ol 33

G835 welilly 208 L8 sEe 555 | 0 NH-RENH=C=0-R-0
ielio s clhladl L ahat s (200L Jolse Tg C") T Olse I

Ll oo olgdl cadas 5 oYl R‘R =_CH2_ CHz_ ( LJ Les)
ol Js
g

A.a.:.a.*a!"""dl.;gr&‘ O

Ao Wl olmdl Glly uodley (Jiie U NH < CH29-6 NH—(":—( CH2)4—(": 6.6 jshl
By O @) 0 (lel Js0)

Aplall guplsdl alip il



axlen W issl) bladl 5 =2 G sl bl B
-31- ke -2 5a5 (cis - isoprene) (! LSy (o sl o0

Sasa o34 Gz ool s

Ges ¥ JNaslal o 3l ol aise G paddl bladl am Lot
cmmbedly Galabsdls

Al padly el il Dl clisds ol L
& Mg e B0 yie Ol (30 alses oie Y Lo
Y oyl Lol bladl meas Cam (353 Lpany Calally ala¥)
ot Bladl S Gl 10 Clalal) pal sdastd S
des s Rasdy Ldo sole M Led Jemt daias oldee
s 25 (vulcanization) isiall, LaJl M g S Gl
oy P e sl bladl el s o dblas JI o
slastd LG bladl Jas e Skl Joas Wiy 2y Sl
sl el dibladl oYl islias aly Jlae
el Bl e o, Y A Gy (13-7) JS20l Las¥ 4
o Ml (neoprene) (o ot 5 ok o sl LLLJl g
s e il L Sl G 1 93 Grapoliss 55k - 2
Llladl eise Gus ¥l sty Geolsn sl -2 () LY
3,0 & e lesame e sl 55 Pl sl adll
s SYS mose Lis (2) 03, 05,

H C'H H Cl
=0 H =] H
H C=1 H B
H H H H
e GoBs 5 0l - 2
isoprene 2-chlorobutadiene

slall blhadl clelosd (o

s s

s (Bakelite) cudssLyl sl )

Olss e ISl sl
sle (Bakeland) syl LeazaSa
postny adl e 10~ 1908
NERFSION VS FEIE PEATERS]

sty slaldly L) 5 e

186



Joamll 5 patue JI¥ Bl Sl
Gl Ml LU G e
s Galsdll (S 1 ( agedal)
Sels Ml e am o
Comdl (5 a0y LSaraddl Ll
ot ol 15 el gl e

(padl > slsdl oddsdD)
r=: (Degredable biopolymer)
sy Lot Jady Sl yass G
ST Sy s el

sy dmad Sy w2 sl s
Sy Ohis o Jodl el ay
Sl fsn oSy 0d di SleaS)

. (PHB)

(gLl ilalll plle 4-7
sid Jssoly (oSlall Leeal cslsyl 3l LWl oyl diie
&gwwwjdshw@}g\ubp@&ggw\
oo b s LHlae 3ogoe Olpeee My Ny
Uyles Jluos LensSs Jimus Mility lans jy kagdas g8 o)yl
Tast OS5 Gl GSans Shisk sy LSadl Mgy ()sll ids s 3o

LY Lo I (o B i ol S LY sty
LS el
cled Gmes o alladl G Gy yaldl oo
G ey Wes (e dunedall coltid] G dmsls dug e ollas
DV LN LglipSe I LSl Ll 1 58 sl e300
C Ot sl s ol
bl Gy ol b s Lacds e oy el cllas -
oLl Se god! @l e s N Gl ) s oy eeetdl)
e ot sl oL PERURER Cag e Mes 3 Tysanll
Coah cologd 3iie 12 Lo Iy o dls 2y el sLs¥l e 335
oSN s o Ldss0 e oL Wb oo i Glas &
B oAl ol Bsls (e vl Ll Comy dloml sel Wlan
s dl Ol el e st alosed Jdas 1
§ tlce Ly e Yo 5 0 oo 2SN LWl plasd solel .2
g fmasdl Gole¥) 2 il sy ., 3
G Lty Lets eliaa¥l o 31 LSl clatid) pan 4
Bova als olge M oblss oo Jomtd L 1905 ooas gﬁ\ ols 2l
)ﬁjx‘” solel iaMe Sg> 99 Lﬁﬁj&ﬁ u.).._d‘-\ Qfﬁ‘ Qw\ 3;9).:.«6 u&g.;
(Recycling) Lede

hsae OS5 5l 55,8 lacdall slgdl Wdaae s
Y (D) LS Glaaadl el 3l o L eSles Rads
JSis @A gpaall Ml LG 1k Ll Jlis e s
Gl L el 3 131 i city ASie 1Sl el
S>> oo BU Gemrg g Aeks e el sl G Ll
G G U ALl G sl 5l elissy il oy slss s
G5 )

Aplall guplsdl alip il




I ég,mhuida@bo I

Catalyst acluo Jole

¥y Slesll deladl Jone oo ¢ s 30Le
Jelatl Ll die L 5 i,

LoJl gjd

Sl G el gl
thermoplastic polymer Lyl cigUdl jué joudgull

1035 50 G ASS) pgats AU eddsdl 5o
Bogae Ol e ad S solel (S

( plastics ) oaladl

i elassy LSl gl ol s
s Lglio b ooplans LSy L Lo lea
O R ua/;:/_\ & des Sy
S Sl olse Ll (enss 3 oladl

Plastic ol

WS35 ho (S ey LW i o5
denldl oy sls Jss PE Gl Jodl e

Dehydration

. @\ ..... PVC
Vulcanization daisloll
Grdl ol G Il e

oz D) s sletddl polyisoprene g i)
G s e Ll sda Gued )
6poldl dpdoc
e Sloesisall G Mosue ol hes o
sl e GusS Leany

Polymerization

nM 2 M

addition polymerisation 49LAYL &)0lu
e sde Bl ap on Sles Jels
Gise) dacton sub 5o ol oo o
dodl 585 (BMess ps daly s s OS5
s 6 595 Lptaad Gt Ol 25Lal e
Gkl S
Condensation Polymerisation «@5l43JU &)0lu
Il pe sedsn GusSd ol il Ll
eyt G255 e oLl S yuis a3
Ok By Gk Ul
Jorlgy
e oae Bls)) G 05S pms s
Al e Gaisad) 5 iall Glysall oo
o
Joigo
oty 50 a1 ) S e m53m
Okl el sl sa Nl (liy)
thermosetting polymer L ) bl joudgudl
OSer Ws w3985 Dy pgat¥ (gO dsdl 5
adSes solel

“

Gz joulgy
Q‘)M}J)LS” d:vc %;A.Q.AL v.’;«é ¢Q§)—>-
sy ol dls

Polymer

monemer

Natural Polymer

Synthetic Polymer & o joulgy

LY A e Gl pio o el
.@\ R ST 53 XA

Biodegradable $2gdoily Jai

2905 L =Sl Ablugy slaell apidall Uoell
* et

Pollution Gigli

sleddl plosetd den Lyl (3l
QU}-&.«Q WJ gﬁ‘j E)L_ﬁ| UM‘

188



Noadl oY el MSa. ol 8
e Gl
Jlzz o G -1

el Lissl (500 (5 ytomy -

Lol lys GsSe Moty -

B oamas o) sean¥ 3 dedl 9
o JoN Sy L,

e Wl o eyl e -
gl - o i
Q\»,J\wo»ww;us).ﬁéauﬁk.m
SMeladl 2 ann Lo Lo 3kl
gaag,_a.,dl

Ol yedyy - O waf) oo
sy S el -0 Liby clegens - ¢
Lean bs 55 e Closs JUWI e ¢l 111
Aysas OMels P dss B pans

Sl ey S - <l eise - |
ibs Glydde -0 de pite Ol s -
MWM}&\;M\;&\»Q\.IZ
B ol S Lpas oVelas Vs
Splie 695 ol com -
diliee G555 Ol o -

Az o) dplicie (555 ) S - 1
sl el o dedl (13

Ko o ymeis iy L -

L e Magn 3150 ol W - o
e ()5 O -

Solas (S 1 o) ol da 14

* L il e -1
Lot oo LSy basss - o
sl N -

189

\@ sludl Juas]l cd.uu\

P Tmgmall LY S, Jom 5,00 o 7
b L J

et paldl posy LW Sledl G ) L1
a2

Ol 5 5kd LS 5 0l Sl - T

(Gkadl) Gl 5 5ke ol s -
Ols 5,5l g-f—L.u ad

Jealdl oy sl &)54. =
Sl 5k Jelss J3s 2

e

lte ) oy - |

el LI < Ol -«

soe oS -

Co S ol s e G LU el el @l L3
Grsnl Jedl - sl = |
Q.:;_.:L?,.ﬁ -9 u.ﬁUj.:u —3‘1—&.:.,«—2— E
Ol el Gosy le LS Idee b 4
o Sl s e GBS Leoce 3,5l
Jloze Sy byl s - o SR
polass - Lan (352 BI85 -
LBl ety LW G edsdl gl L5
Gl Js -« Gskt - 1
SO oFIxn T T

OGS U Slgy ey o dl olyys ol 6
PULPONE

CH, - |
C4H10
Lo oty (30 L .7

NS ERY G Vogun d).laq.—T

(6 ) Yol Joky S -

-9

CH -z CH, -«



ALY pedsd i WY sy Y 2
ol el e sl lgol (anlie — 3
Ll
sosly dpddsy degamma 93 (5 o ¥ 4
sy GreSd WSS e ladd
s ) ey o= paidl edsdl gl 5
Ll gl A S o sl 51l e
sl e dsdl
Sl 3l e ole s oSkl Lladl Jms .6
sl bl s
Ol peden I W o et s BE7
Aaelio ol b
olisy ym .3 Oskl .2 ekl 1
Gtls  (d3 D Cusenl Js 4
el sl Sl sl o TBT
GusS Jrennlall oy oS3 5 ol Jelas o157
el oy sl &;55-!
Gl 8 ks sole (ol G il okantl 627
Focn o ol Recon csla] Ol
(Sl et dl ¢ GSalll CASLa L Le G e [7-7
LY Gl edgy ¢ gl
Ol o gl b)) ¢ Sles Jelas 3187
(Sas il Jeladl g Le ele o 755
ol Lo pets e BN Jelis 0y Jo 9-7
L 10-7
NEAJOWIPY
o BB colos dl (B34l e 117
SO PO CNE R

HDPE . LDPE . CPE
Oy ol g_i.;')_a_d\ S ) ey 5ley 12-7
corhll Bladll sl (o a1l e
lpl¥ (aals posta ol oS Jo 137
Al ) WS e (P IS

=iy o) S IO deladll

Sl ¢ Silas Sy ayl e yode 315
PP SN)

&M%&h—#ﬁ—i

aie Lo, (350 Ciladly ala¥l JI (3155 - o
g (s N il D it =
Lerssnss oz Lol Lgaany

Gt Al et JS2 b L gl 16
| yad sl

Wy b ) e Saa -
L=

ie yandl Ol o dadly Ldasdl o) o dgdl - o
S ol gy 23LY)  adsy -
s Bl Jolis s 5583 sadds gl .17
sl A, W ) ol sl G

CSE yeds - O Balo) oy -
@S5 S Balyte peds -0 podte sy
D ol sl Lyl ¢ Blal Jelas s 18
Lt & s oMelas

ilate Ipidsy clegona — |

ialsee lady legems - o

POy L—!‘})‘C

iz o sole s Gl pads @l 19
Gy lie

oYl o ydg — 1

S O ad gy -

Ie izl ol padsdl - 7

S Lans (ol il il Gl padl 555 .20
e

@umds_p@\).ud.,m&;%i

LBl Jle el Jo - o

LBLSY Gadsie Gl o - ¢

R~

(b Lo Jhe 27

e Gl pady asedall bUall 1

190



Aromatic Hydrocarbons céuilag Ml ciligylsS g jaull

— ol Wl (o &80 Juaodl lim dunlja o clonilill Ay

ety Gyl ke Oyany Lglioy dalep W Ol ale ooty W
i ol cliall Cegtun 5 MSE s

ind Bt I JIEN s TSl 5l B i) e &0
Cdsleg Y oollss !

cAslag N o id) olanae s [

dsleg ol olss p I 8 Jlocet N oflelasy BaloY e lss oo e [

Cailitie Gans el b ik s Jlose el e G sy [

: L@JLA\ML@\ oansy Lplisy ¥l e O aty

e MY (amys doletd) o ksl ol Wl ale agds [

191



S 23 e Tyl Sl I e B game Gliassl 13 08
sde claudd gl Ll Lol 2osay 3 Lol NI azdl poe o
sl sl Gl Wl ol ke BT ke mly; il 1l
PESPREINEEN P OF [ INEPOR SUUIEL BN PRV IR A WE DY
ﬂhugsjﬂj\w@.d\ebbuo\?uq_asgsjlﬁ)lﬁm\\s
R OUTIN]

NS IECCPRV IV UCIN N N SO A
3 e a1825 ale 5 e J5Y Lde Jsanll e (Faraday)slol s
s Gl Lss ¢ Guild Lol [oae el Gl ydas oty . 36l
pollow ety Bds il Clisy LSy juadl oo Ll o3 s
O b deadl ols Iy wliices (ol Lsaall ols Wl e
e Y s el e ISl S By (oS ) sl

Sl

G

'

O N

S G et G55 dsbeg N ol 1 o) Ga il
ebatie o dals (S e Lpany ae 1as e ol 0
ol sl by Samrs joes 3,00 Led O 1S 3,0 US ey
0S5 sl (D o, G S L3 G 30 ity B gl
3 ol e Gl 5,3 (I (mlond) JS1 B Ly S e e 3 IS8
5o yiily Kargoall sols¥l Led slity Gumrs ol e 3oy
gl ol sl e Laem o) oSy (D s
D s ) Lkl s ls 5 Slay 3o il

B N
Gt Lslag ¥ sl ol o
a3 s (Lag 1) AWl LSS e
L ol sdm oY a5l e
o S0 Gl el o 55 8 e Sl
JUCRR RTINS SN SRRV
o Glb el el slsdl G

G e B8 gﬁl olbs
Lo Lyl sda Gandy . aedl
e Tugo¥l Xelio & B SO

S 2l ey Gy el s




soay g ol CH, Gudl o

R e LJ& - ICE S &0

S G posdl (el )
(el ldl & ma) Jsladl 5l o)
oo om0 Bbe SN o

Gl @ Yuiligipll of Guaipll 1238
sl AV) seaeall #1865 ale (Kekule) S-S Wl 7l
LI s jeall e Guidd (V)

ool dazs (VIV) geaaall 2 Gs W s o) mlss
Trgoiadl ol daasdl GoleYl B il e, bl
a3 o) s Mliealally i yols Wl pilye Jols N> Cloass
b3 1 (A G Moliiie B e p3lsll 3 Gl Gl (s D)
oo 3 enas alisy, Sy clinadl G e 050 VIV
5o il Guptd) IS Laly ¢ W alisy ) (ISl oyl
OISl sl Lo 3 e sy 0 Gl ooy G2 Jone
U S (N RV i E O SO NSO
St g iy, JSB he Jan Joaddl G aies s Y
Ml Johall 3 duslaies Milete Gpjles - Gpjles Solsl o e
Cdmsa iyl 350 Jeby 85 it 5 SN Job o Jag

dow Tl (S e sl Gupadl S B el
e 05 Lee sl (VIT VI Cass ) Bdsls Tk e (st
iy Y (V5IV Cos 13) Lalaie 55 pitey kmgose yolsl JS
55 ey dagaie yolsl (S5 e I GIYI L assl d30y W
LS by S As e e Dl B Jadl §5S, e
- dela) LSalSe U

N

ey b 90 9 uddl ) Jlasl Jedl (S s 10
Gy ot )5 Gy Milete (o)l s e e g9y C H
Ly Ml s duslacie ad C-C Lolsl Jlsbl Ty ¢ Loy 1Lz

Aolall guplsdl al sl




Uil dalall olonll 2=2-8
clio adl jas s 3 it olss ol e gy 0 Ay )] at NI o
e Gl L ISl Ol il Al dteglieg dpkelad)
Loy 10Ls] 3elis b Josal) o Tnetidl] b L )
Cam o sodte solsl DpSe 1 51 2L oY1 an
o Usgn Bla] Jelis Jelan il oSl gl Ls
S -201 ER SR RNES sl G lasdl ps )
et o Ll Gl Jelan Lty o il LSages

Gy Jlall
Br
+ BI'Z/CC14 —_—
Br

+ Br, /CCl ,— No Reaction

Jole plosed o Y b ol e Gl Jelan (S
s CJload) (asas Jelss 2 Jssol (FeBr)) oelo
o 1oy LS e laslee Al io Clos Dlo| Jelis

C Gl ) e

Br
+ Br2 / FeBr3 — @ + HBr

. Resonance Energy _.slg, sl 2

C Y I el el I B gl
R ol Y sle L*;.l_ﬁ.‘,.és.i\ Jeladl Giosey Lo
Clel Jels sa il GnSgll drjas S Ll ) 23l
oSl e e U120 K) Laaie 13U T yeees ) el

ikl
@ + H, — O + Heat (120 kJ/mole)
A S A S

;;L; 6,.9.-_' s> olSe) ‘;,.E.Lad\ oS =301 I jua vusy
3ol L)l jlake G585 gl pdsn uls (Gl #s8 Ge G o)
S B yo aie 5yt Wl Caas (sl Joe SO 240 K]
oSl 5 Arsoiall sols¥) soe Cias syas) sy il
232 K] Jeladl 10 i) Ladall )l colsy . ik

sl G o B3 8y e US)

Aplall guplsdl a1l




© +2H, N, O + Heat (232 kJ/mole)

omlolSa o
Q)MW°)M‘ULM‘Q5SQ|8#L§M‘MWB
GeSd) B jan s 5, ] BUall Glasl W o oyl
g Idadll Ul oy 035 . Jse JS3 360 KJ (o) ikl

Ladsd |yt faline o Jse USI 208 K] o Jelan)

© + 3H, — O + Heat (208 kJ/mole)

ot Tl 33Ul Xasdy Bnderadl Wl e G G4 G
Bl Ul e LS sl Je d.umj Jse U3 152 k]
Ja—* I8 152 K] Jo ssmm Gl O (m 105 (sliny )
G i) sl Gunidl gl ! E,MJ\ o J3 Bl e
Jse ISV 152 K] jliay p3snl
 GslS - Sals bl Jlsbl 3

Ol = Gelss alsl Jlebl ol il el il oy el
C-Cs ol Jsb G Lasin Jsbo s P dslte ol 2
dse il C=C s yuly 35,40l

C-C Cc-=C Cc-C
KPS} FEREN) C&};A\%g
1.54A° 1.34A° 1.40A°

il el iy _:.
Lol e ol 1l s eady - Laupadl sl ol 1

'J:VQL}J.. SQ"*A
CH,CH,

L els sl sl
gﬁ}QMuJUﬁJJlA)LQLL

CH,CH,CH,
Gee ot Crhses m Crils ks Crlrs b
CH, OH NH,
G e Grir s 308 Gee Gl
Couslss) (o) (ks

Aplall guplsdl a1l




s o Gissemms osms s (anead] 5L olss )2
dedes Com Laly Jadb pite goanesl cLo_«T)&bgéS.;BL’e@,').;.,J\
os S ;:\{:; i o S o Gl Al e Ligadse
S8 - 20132 a1 ol Gt sl Sy Gl Rl

Br

PR G s R
Br

Gk 09 (S8 - 201

2 3 he WNA (ortho) (53,51 ) Clabhaadl Jeats o3
Nl (para) (1,4 )l 3 adsll Je I¥al (meta )(Lis )
(X) s Al (osaeld el 4 2351 e

X

535! 559!

i AN

1L
e Tt 3,205 Ll il e (L semdl Clss 1514
o O AISG s oSN asy sos sl Aslegd) g el
Gitoe a5l e Cm ) e sl N Sl 2 Lgase S50
-l galal Gyl
Cl
i 9l 5 shs - 4]
e 9,9 5 b L

ERCGEItINNENTT
NO

Gieg ks Ly o) U e Il el o s Cus

25 28 It 3 Ll ¢ el (mpntll (gl ] Gl

LN 58 (gl 5 10 T yamay Cangadl (solal Guid] Gl b e 28—

oeadl I8 Godl ol e e (e Al 2
W) LYl 3 Ly 15l s

a CH,
Br
IR o o vul 3.1 OH
SRRt Ve F o,

Jod 5 0l - Liea

CH, Br
ol 9 s Sl e Lo NO, @ @
CH, Br

Br
et 3952 303 31 = 21 I

L eles I sl cass

(R 399 » 9953 85

GROR 9992 949 » 9559

Aplall guplsdl a1l




o 25l dla 5sS5 Lesie 0 (ansad] sovaie ol ol 3
w5 o Al sda a8 Gl Ml e Getesena
et Lins Lls stsl e G585 Clm e a5 pilse
G ol Gull (32805 Leali ) e palonall oty Mgiie
Mol bl sl 31y oay Gl Aaladl el oY
gyl ol Lol el sl e w0 5 s
s el 3ol sl joa Al Jsbl asl s
(Phenyl) Lo o Chs absas logemes  updd
(AryD Jo)l st gl 0l ogae Guntdl Ol Il
Caesadl 2Lty Tpslol Bl yall ity s all sl o250y
Tl Ul D Gasad] ssoate ol ol e i §is

PORVIN]
Ll—.‘.)-":‘-’LA —T

po psosall Ol Guseas PV e Liee Guiidl e
o S (2l bs sl 2 (NaOH) psussall s o
. 80°C 5, > dm o e it oo Guidl e Jsamll

COONa
. NaOH —2— @ - Na,CO,
lelio - o

;w\somd/@w[&uu\

hndl e ae Jodll s S G o Joeddl e
G Gl e Jsandl W8 Gy b sl B Zn-dust
. 80°C ix juy iz

. Zn-dust —A @ + ZnO

Gdl el Gty oty ¢ dosall Gl Gasls G 2
o Sl Gaels sl dypslsy juadl asls e dssale
Doladl (3355 Jle bao Cmiy LR I o > dise]

SOH BN
A
. HSO,+ HO —A @ . 2H,80,

OH

3

Aplall guplsdl a1l




Ol yalga _:.

il all Lolesdl L 1
s85 5een by yhae il o) ¢ JlaraNl u e Gl e Sl - T
NG

5C ool ix,0580°C wlde 1,0 - &
i Yy L) 1S e 3l anlis - ¢
Selly pemadls dohdll o Lgaall slsdl o Codee 585 -0

L kg sl
TSl Lolysll. 2

Sl ) e L5l L atce Slarss s e Gl
5355 5l selsdly la ¥ pgd G 0 5 8l ssary) Ratdl e
e sl 3os3all Lelgally YWy 5 sl ey ol jondl (ol
e ym0s OMeladl e se ey a0y palip ) LS,
Cdlee Ny Al 3l sl
el o Gy bl gy Gondl (w5l -
sLly GaplS) syl S8 Jans %923 s e S I
Bl s

2CH, + 150, — > 12CO, + 6H,0

el syme Guridl I oS Glay oY cMels- o
G055 I Lo ielandl slgadl Tndydy Cipmae Jolis o
LYl ol b e s alall GLSll oy ppkss o

Cl. H

H Cl
- ‘ e
+3Cl, ===x d H
H Cl
Cl H
H Cl

9_3.(;«1! SlSldl oy el 9,“!.),«
Sy il 5l ol s (2 Gums puedl Ll Gu il s
sl LS JI sl e sl Juole 05 ey Je ki
H_H i el b s

H H
+ 3H A» H H
2 Pt H H
H
H H
ikl LIy

Aolall guplsdl al sl




Gl el pal oo ¢ (Lansad) ) Jloel Cdlelss -
Gyl s ol (Laeas) Jloced 1ol g aslizioeg
5ol kegema sl R LS legama) e ikiie kogama sl 5,00
Jed iegemasl X odla 5f SOH elssil degena 51 NO,
el Bl o - Jelatl e aeley Codie Judls 55250 &y
o Jlan
( Halogenation ) izxlgl - |

Gl 3,00 Gumrgidl @y o Jlaatd des oy
dupshss e selace Jule ssmy (Bry ag i 51 CL oSOl J2e)
- FeBr, elsuosl e 5 sl FeCly elyuyoll

Cl
Fecl
Lo . HCI
SIS SIEPTeC
Br
FeB
+ Br, — + HBr
R 999 3

( Sulfonation ) ialdl - o
ehogald) e gammay G g gl 1,0 (o] Jloced e LY
S 5 ez, S el e Gl Jelin, Sk SOH

rebggiha ol Gaele §5S a3 8l e B o 2

SO,H
SO
HO - SOH %%, @ JH,0
ool oy S el ssihn Guyidl Gasls

( Nitration ) 5 ,2.d1 ¢

9l Ao samay Gurg il s o] Jloa dae 0
ey oSy oyl el s o Gl Jelany <> NO,
- Geis el 558 45°C ) i K s (B Gu S ]

NO

2

- HNO, 45, FH,0

2

SRR

Aplall guplsdl a1l




Friedle- Crafts reactions il ys - Jo, o8 =delas - o
Sl o] Jloaid Tdes o ¢ LS - oy ASH ]
sind - colie delce Jale sy gy (R) LSl ds gy s o))
e aslae Juele ssmp R XD S 0dls e Guiidl Jols
Gk S ) Gl GsSa (CAICL) Gl sy NI oy ks

u N . (alkylbenzene
+RX s - HX
G JS)

/: 1-8 Jlis
((CH3C1) ddl o pshss plasaly G i) 3l s - Joy 3 AS)) sl
U Sl ey selice Jalass Glal V1 0y ks Sy
ol
i SV Jeladl Caom Gl AICL 525 CH,CL oo Gu3idl Jeliny

H CH,
+CH,Cl 22> +HCl
G
SAPINTRES| J\A,,JMLL“«L.@:_&;@ Pl S - Jog 2 ACT )

o
- " * -
BUPNC = Gl Jelas ouad . (R-C-) ot A_:_Wod_t_?”o.ﬁ_gj\
G et §5St Gl a g N1 0y, 5kSs sy (RC-CD) ]

i
Cc=0

0
L R.C-Cl 2o, . HCl

[Z'SQJU.Q

( R U RSN P JE IS TER PN

. Jd—ll
W Jelad] s Gladl AICL 55250 CHCCL o Gyl Jelaz,
CH,
¢=o
Q
+ CH,-C-Cl ——> + HCI
U VRS

Aplall guplsdl a1l



201

culid 0 is Il Jlouiwdl Clola AuSilS., 3-8
Ay SO ol e ey oel JlocclN edlelss e us

Wis edy by SN e Lol CtlyS 0sms o8 Co>
W aalSly L (E)(Electrophilic reagent) idiy Sl Caslyss
055e Gl GSars by SN Il () sl s by SIN e
O lys e Tealus s olsl GusSH 1B Large Lt (S e
by SIYG L (585 A g0 el 3 .Yy . RC'Os Ry NO', s X0 L2e
im0 CatlsSl Aty oy 2SN o a3 b il
by NG Taadl Gt ySI e usy oty SN il Sl Ll
z=1,) (Nw) (Neocluphilic reagent) slsdl Ge itsl3l CalsSIL
Ml els dasl o 35 Gy Tal 1 B ol el SI Gliss

Y Al el e ¥eladl sig e o) et

Catalyst
+ EENu =55 + H-Nu

P B Glghs AW Geas sday
elandl soll Jusmns seladdl Jaladl psdy Jo¥I s5dasll 3 -
s sladl (335 (B by oSN e Cm b s )

E-Nu + Catalyst —— E' + Nu-Catalyst
Lk G Tagoiadl sols¥l ol ol sl s5hasll 3 - o
psss S Gl BySe iy SN e Gl CatlSI Gyl

i EH - el
®
©+\E+ T @

pess S O3l
(H' fr e Gars jout 5,3) G539 3 oo o AW kel 2 - 1
Nl BsSe Js¥1 sshasll e mldl Nu-Catalyst i,
Cdsleg M U J) G id) 3> 5943 Loy H-Nu

E H E
%
+ Nu-Catalyst —— + H-Nu + Catalyst

(o) (gt LSolSn G yas Wy SISl s ¢
G5 el siie Ay sadadl peslsddl Ge s s iSO



C)L&b)aﬂ\wﬂsbﬂ\bd&uﬁ@u‘rpsw
5 0y Jeladl Jsas Las il b Lol LSS
dol ol b Jraddly LSSl s idys o Gl e 5t

PO RV-LN I SN PR

cilagiall 4-8
G555 (sWly Guiidl e ditie dgley )| Ipyae LS &
5 yalee cuydl Kl (OH) Jesss o) desame bLs,l G

. &
OH OH OH ’ d"‘"’
:: :i CH, :i
OH

i e g0 S8 - 4D Jeid (Le 535

ifles clio ol g dalyll olicdd! Gl slgdl oo B3
gosay bl =l pelaey Gaall slaes Al L jude e dandy
(Spray) (s s lmiie (B posins 0 100 . aose (s
ey ¥ UL slya By Galsalls gkl pal e
S Glas b sunsM solas slses s Jeaisy 52 3
Ll o¥sal soesl s Cons «Jamndl slsns GealoNl (aas
oo P sdll nsadl 2 (Developer) yeladl okl 3 posias
e akall joladl b Nl any v Canly o g
@I vaniline o blall s L pibW Lean ysis obll

A3 slsdl Clghaas Jeazs A (vanila) y_sla! b

OH

OCH

3

(vaniline) ;L

H
B Gy o gt 3 Eugenol Jsis 0¥ s e

OH
OCH,
(Eugenol) Jsi>s
CH,CH-CH,
cpladl ols e gstee 31 Thymol Js bl
OH
CH_CH,
(Thymol) Jsb éH

CH

s o

¥y 59Nl (B2 939l gl )
¥ sl ol Bl e Ll ety
Sees ey GsusSs gl s
Com epall s Jelaz, il
S who Sl e oot plill ()
S claadly dadll sy 1 G
s any o Loz sgall Lghe Jady
GosSs el Jokmay Wil Jalay
Cam ekl Jolmdl e M
N elaad! Jlpas] o
Tadll ooy 45l Ladll doey i
cegall Bsyadl GSSLaYl (B clogdl
LI s jpall e Jrass ftd] 35
‘sl (3blie pe (Negativ image)

sl Ly ) Gl b

) iz

202



Goaz ALl B LS, Jla gl
el e
Laaay ¥sid 1Y) Lehismty pos
¢La é‘ Ldgmmiy  dmesld) L_”JL.&&)—QJ‘
s )JSJ'}Q}.Q)[S” %&5‘ &;.LU}
Gl Cilen e Lyl b Sl

o Il Y

L Theloll Ll e ais 3

o sbol b )l pland sl
dasladl Ll 5 e L’)L%Tw th.n
OH OH 6)—*‘ 5

@ (D:[NOZ
cl
OH OH
Br@ @
CH,CH

el AW e o8Ss ¥

e o bl (aa llay

olss I sday (Flavanoid cdesdds) il (J1 sda o0,

Lo s ( Antioxident)

oW solad) Ledlas sl
. ).A)Y‘ L;SL.:“.N L)'A

elgizall yalga 1=4-8|

392500l OH vy juidl egema ol -+ 2l all (olss]l

Wy ¢ ISl il aleall s
¢ s e Wl G
el s Al el sia
535 1igds ( ROH) (=¥l
e e ol e

& S :L‘ L ¥yl &
- bv\-f-@‘ ‘53” u—')sﬂ e

uL—:Lf— *->.-)-‘5 )Lé-é-"‘; *->.')° o

el ol s

dylginell lapoll dpous 2=4-8]

Al dniabdlly Lyall sl SU Jsdll sl alad b

a._eLaL. oYyl

S e oY1 G s

90l o I (Js) pdaidl

Q. C

Jsxen

MU« GLA-««LJ. w—-uj Lal‘j M)LJ‘ b:);@.) w—ms LA ‘)QU QYM‘ d‘ Y‘
ol o e gt sl Cim L Wl Y e Ugide 8y
s (ol Jsl ) phidl Gla, G (phene (8) say ol
Gl Ly el o8 ( Phenol Jsi3) oo Lo PR

- e Joetll olan

o Q. C

Jsd 999 = -2
Jsd 505 5 53550 !

u}—w

}M 3

Jod dte Lie !

Aplall guplsdl a1l




eillg gl dpi ola —:.

O Lraals 353 (ly Lygaall Caslsmll Go Yol s
s ool A Gaalsmlls el Ll i e LA s e
idpaiall Laelgadl Lal . dysd L aelss WHNOQ HCI 2. sLJL
Sl Wlia G e S okl 3 Lo uls ) ells g3
) Bl sl 5 L gl e Wl digpall ML G
(LS 3 el M sl

HA+-HO = HO' +A

el 5 Gl 1S ias Gaely (o lysandl Gaslsall tans o)
— ) Woladl s oL 3 by Lol Joradll sitass

OH o
@ o - @ 1o

e
(coal tar) pmall o) ;a8 ooyt a2l 6,8 2 Joiedd] e 5
Gee ) el adsl solems Wl s plane b Joiedll poseidy
S¥idl] dines 1S Clelially paally LUSI oy LN,
Cheliall ol sl Bl eans oSG 4l
Joiad)) yams 1
a3 :(Benzene sulfonic acid) Jssale Gyyidl (aels e -1
et Leliall b oozl ol (3 0l G 13 k) sda
isil Gosidl e Janld T sl il (S (s il
Jax o35 ( NaOH) psussall spssy o Jokmo Julay (s
LY Al b Lss sl e Jans Lnals J,Jms\

SO,H

1) NaOH . 300°C
+ H SO —— © Do HO ©

Co pgudgall dpussy 0 Jakeo - s shss Gumend O (o

.JM\&;ML@&JM\PF&;L;M

O™Na*

Cl
NaOH
350" C 150 atm

Aplall guplsdl a1l

R
el e aln o Jenadl g
Jslly (carbolic acid) <y, S
) s 2Ll G el sl

5o olall 3,




ol eluaasd!
o o

o sl e pes dla

2B o yas ode asldll el
leuds s telw EVEVLIUNE S )
OssSll Ome e b ke (2m
pois Lglael e (¥erall asl gas)
B sl il bl oLl
S I e
OS5 o) L sl Lol
3l G Jeladll 10y GssSUl I
lagly Jokmd! Glde 1 go3s 1dle

byl Gy e sk

O
Ol ysedll VIII

I
Z

O
ol =Wl IX

205

JuwMl s =i 5-8

Gl Caals Jelin Lelio pmdl 3 gy el am
el (ssaall Caalall ae (C¥s =D salicyclic acid
Wecd i Gaals o sag o« Bladl 2N aad Sl el
GG Ll Gy e sy

OH o 0-C-CH,
1]
lo 90
H+
+ CH,-C_O_C_ CH, & ©. CH,COOH
el el Sl Wl Laels ERUY

Leldbee JI (TID spomdl 73l Glas e¥seall e sl

e R I E L S NV NN ER NI

poalisadl dslams Jodome olal vie Lal - Joial] JLeeSI) s 1)
e Gl skt Sk U Lddle 1 ATD (sapol

Awilaiall pe AuAlsl Cils ol 7-8

doalo [1-7-8

T i G585 Al G il 58 Guilatdl e ksl s L)
oo Aniladl gl idles o G S )é\ 51 a3
O I IBLNL o S o s W1 T sl 05 s
Teslatdl o il ol o Jly a3l B! (S (o)l
e slael Lt s e Tsleg ) 51 alidl G5S5 G oS
oYl Lolatdl e el ol , B L S S Lenss 13
Cls g Lol blie pe 5 s ax o I Gl wles
e ddlall el o s o ldldl i) slady
isles ¥ ol i e Ll plolin e sl sles Y1 sl
ikl Lags S

oYl dady daebendl e ldll cls
LSl dlaadd L ososate jso Joslall Dy o Ay dapdll
syt (Ul Jee ko) C bt @by 3 Ly Lglatia,
Je Todas W Zlnte s Lile ol e 5,50 b W
e 1) Glall e o sl (VT Coss 1) *Q\)#u\
SNl e oy 350 e L Bl e G (IX
UL 2 v Ly pn selsd ay Clogldll Wbae o) Lis



e s bl s B L Al coladdl e s
e ) G Sl O oy Ls L deslate ok dndls Al
3oy 5,0 Ao (gt (ilate b o il (S e 0a X
ol darss . OGSl S 5 e s 09 Gl e
G By 350 (gem s > G5 e sy (XT s, 1)
L Jds sl Gk senddl loss vl (550 G
A il e ldlel els Wl e S soe s )
Clio L Iyl Ol asdl s G ke Jsaml (S
Oy pldly sdlinsy e iilbs Cls s 1S

Q

o eX
N

Xt
dusilaioll jué apilall wlisyoll dpows 257-8
b msadl Slegamdly LA 0,3 (3 5kl e sl Gl
i) dusls) el p ) b ol e adlall olss 4
xwdmgﬂ\,Ldt.a,bzd\ﬂ_bs)d\!\w\‘g\xj@\)&\ =5 ok 5 \ CH3
o oyl Clesendl Jaas Clon Lkl Jo> 550 o3 -1- 0311 ‘
ot b L ot SSamys 1Sl aB,Y1 5 Zakadl sda A
3 - gl 2 ey (XID) 3, (sl St Bl Gy ol AN
duuslaioll jue adlall bbb ol Elgdl -.
-l Lo s lss 1 e sl 10 1o g

sl e I s ol el 1

Lol Nl Gl b s blidl sl sl W1 ey
ol Jlsde e I Gy 3oy B plae 5,0 Jo (gata
s ) apall ol Gl dssyl e Gloess N o
(XIID

L ckYWlaesy XD
ezl e Tl ) Rkl s sliss 12
ol GLal) 5 L bt e K] sl ) oy
el 13 ol ol oo lad isl sl sda (55T
s ) Luall (o5 (Oxctane) jloeesss Yl Ledial ey 28I O
o Sees XV

(XIV)

Aplall guplsdl a1l




Dol e el sl el 113
bl Geoliidl s Bl il e Ll sliss Sl ag
Sslls (XV) Gisnltll 8 sl sda e 1aa¥l gl ey

- (VIID Gyl s y=5 e s

mlas il o3 31C wlde o ¢ Gl moe BSL (1 eally
N VDI Y ST (IR [ SRS VA S SN[ S5
LS 43 sy 1877 i (Bayer) L sl uds | lsaall Ly d)
ot b0, G Clsadl) Lo ) Sl o) Jad¥l s
Sl ad S8 Clm oS W 5,0 s 280 g Laadse
by aglueall jow G Yl aall sda d Jla G
Cieeal L yasl

L )
O+ O+ O+ O+
(@)
dewslmt) e o) ikl sl ol 1 4
‘Q.Q.;.,.U @.L‘:Lz.d\ PRI CEIN | ).;a il uhs)_dl =Y
S Lo Mu,pn iaall L) UL&,‘A\ S0 g,u,_g, Ll
AW G alN) s
& ol s Al does alete e aldas uog s
Jronis Lo Ut sy 50mss¥1 agli il 5d ¢ aess 135 a0l
Gl G 3 ol T L sl el e SN Codass
AN sy ) lcagd! e @*L'.

A 7
| |
= NS
N N

e G xS e g ) slsis ] Gy Lias 30l g
o s ‘)@MUM‘M‘PQJE;@W
Al edelss e Sl (aneas e las

Aolall guplsdl al sl



I ég,mhuida@bo I

099 38l Yl villclos
Electrophilic Substitution

Oy o ol o Gl J\@T e 85
Linkgdl e iltie degame 5 3,0y iikal
ssasr oy ¢ AkeNly ASINI 3y Al
Citlyss) by S
Dl Js g ils (b, S

Phen;)ls wlgivell

Grorll o it 1slay | lugine L e
Alomy s joegl) Besame DLl e 5555
o ol i gama 35y G113 2lee Gl
iy Lol illalys apamt b s il L
Lol O Kms poudl sols¥1 (S5 oy
Lty Lolde B o plis)l (3 o Los

duilaioll jue @dlall vibisyoll

Heterocyclic Compounds

ol 58 Gl il s
JUCSICY B T TUR I IRV TR @I
O o Y| ,T G -l 3,0 (5985 03y s,
Il e Tl 5985 1 S - SO o
o ol B o ael ol 1

Ol

CeHg it Be 55 e ol
Cly lite (ol cls cln e (gom
dsbl G Ty ¢ Lol Alilize Gumgpous ol
Gut s Ml a5 Il ob CC JON]
Cdes iyl 3 SN Jeby 3 il 3, SN Job

o el s

Benzene

(&xpb=ll) dxilogll wbisoll
Aromatic Hydrocarbons

o paall ClsS Ll G degeme (2
MU Lels sy o gl N ezl aoe e 03
CVelss 5 Jsmdll J ol il s Ju
iglag Y 1k sis Sem ((angas) Jlod
Lo Llol el (ods LS e ailas
i s - Raetd) e ol e
olizziey Guvidl Lsaall Gl )l o padl
Sl Ll e o ded) cls iy
sl e ezl

(Yudligjdh) gl

Jo= by SNl 4S5 15 aue 3 yalls sy
Lekams Lo G521 5l (o ll 2 Bo0me 13 555
Cras Sy Gunidl Dl 3y . 1and el
Gl sy s ) Laall dads D30
5ol 5 sl sl ol oS ad jelas
is e g Lelsy GelS Gl G Aasa
dslogy o (sl L
Iaslie bl JSa e 15 pmnll by 1Sy
Cdmsenal ols¥l e logs dalie lals ol
) (She ols¥) sdn 5y 2 s )
iss ol e gsdl i ¢ Rl G S sl
Sl e Le sy SN

Benzene Derevatives Names

Caadl Lol Gl Clss e e
Wy s 5l Gl it Wl e
ol 58 slaee s 2 Ll Ldaslad)
w0l el sl Lelgadss Sekons O o
JERCPFUINC I U R UCTIUE B CH TSN
s3s] Al gyl s e sl ol
Ul o5 peelnadl pdse e N s e
ploaed Cod (asadl Bovate ol I

Loy o8l b 58 Clm o 3l 1y
- Mgde 2 by

Resonance

208



SN PETUCRGONTT SIEREFURRTPOY | -
Gemgosks gl -G
Josds yis 50 .2
Geohgyskd S8 -3 1.3
s shSoses - 201 .4
Ges sy 1L 5
osaldl (ael> sy 0 Lie 6
¢ oW o ¥olal sl 12-8
LHSO, ——

+ CH,CH,COCl &%,

. CHCl 49,

SO.H
1) NaOH . 300°C
2H (H,0

cl
NaOH

350°C . 150 atm

O

O Na

@)
t

OH

+ HO

+ HNO, ==

O O

209

\ oLl Juall q.l.uu\

¢ LS:LA”Y\ cUaA.J\ g s Ciss [1-8
wag))wwﬂ\%&fwbu3 8
= OslSs s el ey e 1458

¢ t/...i..a

o adels 3 gudl v (s 15-8
iy )it conn Lo § oleSINly LIS
¢ ]

S y3hSms il ISell ol g ¥l oale[6-8
¢ Gedly (Aol oS G s s 178
Ged! e lasd Lol S o¥oladl Cassl 18-8
|
CL,/FeCl, -

CH,CH,CI/AICL - _,
CH,COCI/AICI, - ~

S Lo JS Ll 01 JUS2 o T H9-8

0 v O

Folele

orQ.”
&rQ

CH,CH,

Br



e gsm CHOLS b Lo 55 Gl 013
G N LWy 55 yate Leie M, olsl i
b 93 n

s Gt ey (31 Gapadl] Mo lis ) 4
I a ) i e

o Dl Lias stysl clallaadl Jeatus .5
 Bodatally 2L Gunadl clizie s
Gt o310y pble gy Gl G osm 6
Cad G ) SV I A

S g o) el Doy o idl Iy 7
- i LS

@y ol Jlosd ik s iyl 8
Aogibn Aegemar Gudl (2 Gums ol
.SOH

sl oSIL by SINL sl Catd oS 05 .9
L by SN e L)

el Jels G mll N eny 10
- Gl s sl (el el
Jleibliyy Yl e CansSl o 11
NES NS

Ssom (rilnte b (Al 05 e G I 12
oYl e Baly 3,0 e

s Akl cls il B ws Ty (13
JUCSESRU IO MRCH I &I S P 5 ST |
(1) (3 ass Wy szl

Il e 1L ikl als ol L1 14
skl Gl 5,1l il sl Sl

sled) e dlsdl olss Jdl ale 13-8
Ll s i

Aoy ¢ Olseall 28l dll (olsad) (oale 14-8
“ ¢ o dpailiny )l SN
¢ dslin o)) WIS alas oy -l sale 15-8
Aoy ¢ 3e oY Jendll Jye e 16-8
¢ aslelose

sl s SN Jloc) Jelas cassl 17-8
" ¢ 4 deoladl B Clglasdl alay
Sl semmd ieliall 350, ale I8-8
¢ Juaitl Lo

S PETUESWESNESEF SO FUCERY R
G s S 5.3.1.1

s g ekss - e 2

C G - Jal 3

LG ausks gL -G 4

e Gl ol oo s 5 e e 20-8
¢ g els

Sl S 5 ey il Molagy 21-8
G o) Banlsy Gl 1N Bdeee sl
€ o) osgus

ey Gyl S oIS L] Jelas sl P2-8
§ pgecal

il oles 1 i BB-8

B CPPNCPNERTIV

Jsed Jsl 5350 -

GehnsoshS -4 - 50y -2 - 1

Tl 5Ll aled (V) M ro 24-8
;ab bl 5 Ll alal (X)) Ledles

el ol oo sleg N ol ol ptas .1
poe O e ke e Bl sl
|

O3S B3 (e G Olsedll R 055 2
Chedes M S e Lpan pe o e

210



Cil=lbsmall

Ay =iVl anlll olbmal Aol asllly ol el
Cathod ray 39331 dati
Electromaganetic ray I Loy yg= Latl
Metalloids ANV RNEY
Ionic bond ieosyl B ol

Covalent bond

ieetlus 5,0l

Polar covalent bond

edaitie ealus s 0l

Single bond (dool1) 85 yite 3 ol
Double bond d> 90y B ol
Triple bond N 5yl
Coordinate bond il 5 ol
Metalic bond N YO
Hydrogen bond Ieia g 0t 5 ol
Quntaum numbers S slael
Electron Go S
Valence electrons 33 by S
Resonance ( bys 5 yalds) s |l
Electron affimty sy SO A
Nonmetal ARG
Soulblity ials Ml
Overall rate of reaction Jeladd Laladl de
s - Orbital s Jlia !
p - Orbital P Jlie sl
d - Orbital d Jle sl
f - Orbital f Jla sl
Ion O3
Hydronium ion psss e ol
Paramagnatic o liaa |5
Proton U559
Polymer o

211




Cilslbmall

&l SVl anllly slisml

ayynll Anlll slibogl

Plastics

( G310 ol

Addition Polymers

LY ol sy

Condensation polymers

Thermoplastic polymers

Thermoset polymors

Synthetic polymers daiae Ol o dsn
Chemical bonding Sl 1ol
Hydrolysis Sle Hoxs
Concentration s 43
Molar concentration M o N¥so s 3
Molal concentration m JN¥se S s
Effective collision Jlad aslas
Noneffective collision Jad e polas
Nutrlization Jolss
Hyperdiazation s
Orbital hyperdiazation Sl sl g
Frequency 35,3
Electron configuration 9SG 43
Titration s
Chemical reaction Sl Jelis
Pollution ol
Rate constant Jeladl Loy U
Plank constant o <Ll
Perodic Table S50 Jod
Acid Lol
Conjugated acid b el
Excited state 5, lle Ul
oxidiation state S W
Atomic volume S S >

212




Cilslbmall

&l SVl anllly slisml

ayynll Anlll slibogl

Heat of solution skl 5,0 o>
Chemical kinetics s ols >
Linear e
Golligative properties e olgs
Diamagnatic I line Ll
Temperature 5,0 yoell d o
Boiling point oldall 5l > X o
Freezing point W) (I ST S
Indicaters s
Lewis symbol s e
Burret Y
Rate of reaction Jelasdl ie
Light speed ssall de
Crystal lattice Jo ol S
Tetrahedral chaie s el JS
Trigonal caiie Al S
Pressure Lio
Partial pressure Sy bas
Total pressure PSS
Vapour pressure S b bas
Osmotis pressure ooyl baro
Activation energy Lol sl
Resonance energy oo ) asls
Ionization energy B pE

Wave length i sl Jodo
Flame spectrum el i

Line emisson spectrum

sl alaoY b

Nucleuphilic reagent

Bladl e il Jals

Electrolphilic reagent

by SN e il Jale

213




&l SVl anllly slisml

ayynll Anllly slibml

Catalyst asluce Jole
Atomic number S5 dde
Atomic mass eSS sue
Principal quantum number ot ) oS sue
Magnetic quantum number blindl (S sae
Spin quantum number &l (S oae
Momentum quantum number (o> Nl (S soe
Polymerization B okl ides
Element ais
Transition element idn) ol

Inner Transition element

idasls idlanl olic

Rare -earth elements

5 ,0ldl ay N olie

Coordinated number P EIRN
Alkalin -earth elements ookdl I Yy olie
Metal R
Vulcanization pEIYE
Photon UsSs?
Ferromagnatic I Uiaag b
Base socls
Hund's rule Kigh 3acls
Pauli- excluded principle sl sl Nl sue B
Octate rule ol 3ol
Congugated base Iy y8 ol
Rate law Jelad) Loy G950
Raoult's law Il el
Electron mass O -S| s
Atomic mass s s
Mole fraction X Joo s
Electronegatvity I yg=

214




&l SVl anllly slisml

ayynll Anllly slibml

d - Block dicoenae
s - Block S degen
f -Block ficgemao
Solutions Jdlee
Aqueous solution isle Jdlsse
Nonaqueous solution idle o Jdlxa
Colliodal solution dus yb Jdles
Saturated solution pdon Jokme
Unsaturated solution ria b Jokma
Supesaturated solution N LY NED
Ideal solution Sle Jokoeo
Standard solution e Jokoee
Solute e
Solvent e
Reaction order Jeladl i e
Intermediate sy S5 e

Hetrocyclic compouds

Ground state

(i) o)) (Sotune

Rubber Ll
Coordination complexes ealls Olodae
Activated-Complex Liie ddase
Salt e
Amphoteric substances 3y doial ofsa
Molarity M i, Y5
Molality m iJV¥se
Monomer oo
Quntaum mechanics s LSl
Reaction Mechanism Jeladl IS ulSe
[onic radius oYl ylad Caas

215




Cil=ll>mall

Aol aslil, slsml

Collision Theory

(AJLA.IJ\ 3_1).2_'

Transitsition- state theory

LdEsy) Ul 1 s

Activated- complex theory
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Elements

sublevels
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2s

2p

3s

3p

3d

4s

4p

4d

4f

5s

5p

5d

5f

6s

6p

6d

7s

’p

1-Hydrogen

2-Helium

3-Lithium

4-Berylium

5-Boron

6-Carbon

7-Nitrogen

8-Oxygen

9-Fluorine

10-Neon

11-Sodium

12-Magnesium

13-Aluminum

14-Silicon

15-Phosphorus

16-Sulfur

17-Chlorine

18-Argon

19-Potassium

20-Calcium

21-Scandium

22-Titanium

23-Vanadium

24-Chromium

25-Manganese

26-Iron

27-Cobalt

28-Nickle

(ool N No)Q RO | RO | ROSE [} (O N i

29-Copper

—
(e}

30-Zinc

—
S

31-Gallium

—
S

32-Germanium

—
S

33-Arsenic

—
(=)

34-Selenium

—
o

35-Bromium

—
(e}

36-Krypton

—
(e}

37-Rubidium

—
S

38-Strontium

—
S

39-Yttrium

—
S

40-Zirconium
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