Libgll j50ll
aololl yghil

m by National Center
3 for Curriculum

Development

a3 ISY jlunal! - e ALY 2l
J9¥ ol ylh Juaal
Il oS

i

(Lot ) L5 g0 o)l bl Une o go .5

3—;&95}—05%

ZALLY pshalll ko gtl 38 501 ¢ pLi ~
A3V sl 3y b e LS ia o SO goule s 0S5 T Jlodid gl s glasd o gl1 5541

O 06-5376262/237 Q) 065376266 () P.0.Box: 2088 Amman 11941

ﬁ @nccdjor @ feedback@nccd.gov.jo @ www.nccd.gov.jo




VN el 13 e 2Ly g a3 5 MY ASI e 3 LSl s o585 ol g 15515500, 53

«(2024/--) = mlél:-”j oAl de )l ¢p 2024//- 7~ )b «(2024/-) ) a8 c}su‘ sk J..lgjj\ JRgesy
2025 /2024 gl 1| pLall (o oy cp 2024//

© HarperCollins Publishers Limited 2025.

- Prepared Originally in English for the National Center for Curriculum Development. Amman - Jordan

- Translated to Arabic, adapted, customised and published by the National Center for Curriculum
Development. Amman - Jordan

ISBN: 978 -9923 -41-792-8

heailbl ds, Y1 aSLa
i ) 25008 315 s gl o5
(2025/1/376)

tolsI &5V du gl Sl
Y ol 301 ol ¢ op3lSY Sladl e Sl Cnall Il S e5la SN s ol e
gAbdl sk b 15 05 Y1 i [ slus)
2025 aball gl b 1 58 dli0bes Aoty
373,19 a3
[ 5N peladll [ [gealiad! ] g el Sl / [oLea S/ il gl
B [E ak

b A8 51 T e Cinaadl 1n i Vs cadian (6 g 8 85 51 A el JolS (30l Jaery

, Jotadl 5 daxt A .
“ dlaal plelus s L bes,azi Lo EPU U S W ‘

‘, w:ts%n Sl

e P ‘

gAY s sl

‘ s3] e el Aot il ‘

‘55_9.3.1.“)9'4,:;‘:”

j] S j

All rights reserved. No part of this publication may be reproduced, sorted in retrieval system, or
transmitted in any form by any means, electronic, mechanical, photocopying, recording or otherwise ,
without the prior written permission of the publisher or a license permitting restricted copying in the
United Kingdom issued by the Copyright Licensing Agency Ltd, Barnard's Inn, 86 Fetter Lane, London,
EC4A 1EN.

British Library Cataloguing -in- Publication Data

A catalogue record for this publication is available from the Library.

p 2025 /_» 1446 (i 2e) oY1 dnall



BLaBal) £ 5ia gl
B e S s .5t
i Balall &l A oY) Bas 3l
O Jaiall S i )l e 535 S e o T30l 1IN g1 £, el
D ——— & 5 DU N
L. Y AL DU 2 G 0
B9 L) DU I
3 ol dngl VAU 2l 215
62 e el et
65-- e Jallaal) ALY Bas gl
TR, A S JILdl Jaslast g &,
88 Sl Saas 1N 00
S Sl aslas 1l Sl
O T L5 Y Lzl 2 gl 215



95 Coilanl) &) 5EY) S ABIAY Bas

.7 e 55l ol Iz 2
TINCH T S b5 S50 ol gl g e O Y11 I oyl
T14 & Al SLLd | 01 5N s s 1 GBI )
128 JSTI e LT Al 12 215 21 3
129 e RV P
135 il g S ) gBl) g (1 gadd) :da) ) Saa 3
137 e S s lall 5 it Jaslas I YI & ol
T 38 el il g 2 skl 15N o,
157 G5 s 5315 2 salkl s s o okl 25501 G Sl
{174 DO, \— )l del il 5 sadl et Syl
183 e S a5 SN 2l 3 ol
20T ol el el 3 o dasdt I ol 12 2151
202 M ..o s o)l G| 4



\ ‘
doaall
C".‘.u\-é L;‘; CV-:'\":SU :‘:‘:"j‘j\ 3)‘,}& Cf Ojl.&’ljb ccAu\ J'.’.jj"ﬂ gj‘b‘}” ,5}‘ . ‘ZJJ,!.U) V.L'JL,

G ot T 802 5 (8l oal a5,V Lo Ll Como 0 68 6Ua  ghad 5 A 501 el
Aedzll J sl

adall ool oz i A Ladall UL oS s o Vol 5 oSl i 3855
(01 3 yal) 5l ol s 3Lk oalill sy (oSS J5 5 il o le s
Ol ¢Blle 11 sl sl 335 a5 slae ¥l Slkee 3 L Il ek e 35UY
bl s 2l o Ll el )2 ) ol s Ll
B4 oyl s o shall ol BN 5 pladl U1 (ol iaE LSl Ls el 135
Sl il o o 52065 0l o0 S g Tt o s ESE L@\J
Lo L Hd\o)jsuw\w“_ﬁ:&obw,abj d.iaj.ﬂ 6|5k —ands S 5 f.’.ﬂj
b s adadl Lalesl ol 3 SYI 55 ol i A T &) e 2
(ol Sllas s Lo o) oSl pldsnal s ctodly (oS &j slai s Lo b
Lwddl s L o oSl D’L’d‘ G».UM@JJ\ rA&J\L}STEAMwbl‘x«\O&M
ol Llas 35 e pal) oSOl el 3 lsly Js S5l p sl a5

sl 8l 5 0 sadl s O el ol o ot Bl 3 o5 )l o S iy

¥y ol poar de 657 kol oyl At DA oSN oSG, G4

STEAM oz Lo Blael sy (&) pgum Wdis o saelaedd e IUall SUS' (3 53,1
) sl )y el ol glast Ol s 2 ST (6 Ll L1 5 m 50y dlgans
b 505 e e S bl LA LS 85T sl ool a2l

M.U LU J“«_{A:.S\ dald 9 sl C)Loj..,ajl 44.1:.“




Toled) Ll s DIl a2 G g OF J60 B8 sl Fpo Bl o 35 3) 5
Oy S | Wl gy ool C3 al sy o) it s 55 22l
ol dally adall ol Shoy Jst Ny ce el aclatiT ol 35 6l g2 1) dyad) BLL LS

Gl Lg bl g

Al 1 s




sl OIS, da gb oy Gy 3 S5 15 Bl ¢ B3LI Vs b £35S, B sikin 58131 ol
:gsg}:fsj\jawm.éﬁm;\,@J@Lxg)j;xij;uj‘Jﬁaxjéjgps%auwéﬁ;
€ o S5 S JS 3 a3Lall 5ol




il

;Z\.M\ gﬂ‘
3l s Aol s LD e L 50 oYL pasldlus 5
g 5 5ae 3L 36 Sl Lo > SO

By Al 1 Y1

(Y Jatlaas £ty ) 48 ol B i 5 2 SN
1 ol sl o BN i s 3 SR 5 e
DWWl 4 D

AL Al 1 Sl S,

e e Badmes gailates Jolpedl Slios 1ens I3 SR
el o G 23l g 58

LA Dol eI S,

31 30 ¢ > 0 5 () Al 3 gl L 1 I3 S
Lhall 31 gt SRS 55 b &l 31p05 £k 35
) Lgatlast oy 130 T L 2 I



kil i e 450 a dajag Jad aaa o 48N

g1y ol

Lol b 5 U0 U o 3 Sl Sl -
gL

(il 3 25 S0 U e ol Sl 2
R RN

Oﬁu‘&‘:;\ﬂ\SJF:\q-J;aﬁgM\’t..... ‘|’ 3

e e dass o 6 6(2) e 05 e Y1 31 el

Pl ol i (BT AL e e

el Sl

el b Dl LSl ol ] s -

ROEIF PSR SsUadl s pmseall Cilame (5,0

L el &l ghas

Ve Lo JS 8o 3 Jau T Loginisly 1 U o
S clagin 5 e E 515 A plisuialy onn f 25
IS

aliuils dege JS Lamn S

plam 3 5V (ol ol 3 s JUIN ST il
.10 min s ol ;;L»

Gk Login JS oo STy o0V 2 4T D
s> j»,wb




Ay sy

Gaseous Sitate

<l Jladl &3l dl) (aibadl) (any
Some Physical Properties of Gases
sz Sltad ¢ilan L35 satliast LW ALl b 8301 ellnes
wuwwhm‘ucpﬂ;m;u,nw 2 az, o Gl
551 3 Auas (Compressible bz 3..\.3\9 SO LS Lels I —
e U3 8l Jasloasdl e Lk & L S5l Ll
U o gime 2 gty 3l (5 555 1 Bslie Jl om0
s e 1o 0355 L by 51 S sl 3 LIS s
S5 L5l Jaslasdl eldadl Fo Sue uys A8y . Leailas o
U Gl i Gl Ge de e I o il 15k 55
oo gl SIS Cinas sl o ke oy B 5 3]
saes T aallaadl 60 > i yns V dazems P SUI L o 650
) S sl s A palast Sonds Hedall plland LS en Y 5
B AN T Gy
The Kinetic Molecular Theory 434, jal) 45 _alf :"g PN
G b S S S FOT-  AS B W I
P 5 L lias c,,;- <The Kinetic Molecular Theory
1S o b sl olenad 0TS il el 5 55 ci3Lel) 25350
.8 asws g dalls
Blazel 23l WLy ALG 31 padl 3 gl Ll o &5
g 3l (6 985 lapua ) £S5 Sl B Je
S s ol e s 31 5l paaslaast 5 o1 215 g
Slagr > y\,@\ 5L sa 5 <Ideal Gas el 5Ll :;..iju
38 ol 853wk Gt 5 e s Lty 3lantl] 6 585 5 5 5l
S sl g8 L 52l

-

) ywyadl )

:a»@,s\é,m\}
Sahas Gl S I i S L
ERCTFFS R PP EEM PRIEHEI
& 35 A P o B i
S gl
@hﬂ\u\>\»4
L 0 5l el 225
By ) 38 1 B e Blazel
S0 518 5 U il B ) Joo 5T -
sl 5 31 2 gl g ¢l
AV

-

W ] 8 Bddtns bl (5 1 =
SRV B R PR HEN]
: Adbuohlg (:)518\9.\)\4
Compressibillity — bleasW f\;l{ljd\
Bl 8 ) 4
Kinetic Molecular Theory
Ideal Gas

Elastic Collisions

AN
4.9» uLo.sLa.a
b dyb
Jols dyb
Gay-Lussac’s Law £l s} — gl g S
Combined Gas Law <l 3Ll Cabd\ u_,JLaJ\

Boyle’s Law

Charles’s Law

Avogadro’s Law 5,3l 5l dyb
Molar Volume Sl V.>=>J|
Ideal Gas Law JSL«J\ S dyb

a5 5l b g2l 0 53015 0 56

Daltons Law Of Partial Pressures

Diffusion Slesyl
Effusion 53.&;5\
Graham’s Law Ll > 0 pls

g g,

103




Kyl 38 ol

A bz (G135 S ol ) olend e SSWI O3S m
O gng Lo 68 18 e Lt O (6T 1 31t 5 (el ilage)
- Gl BUSI 0 b e 313 5001 iy 510 el e
S W UG S LS Al 3l gl Bl clsll

FRERRO) Ry (1) S 2 LS o g bLaidY
DL el Ll :

JCTIRE (SO AU < -V SICUE JAug P [CHNEY [y
il 5 e LI B8 Bl L e oy s oyl
E 2)&@\3@5.@@0\3w|3m|jﬁ4uﬁ,c%
483 g2 ol U1 Jior s £30a5 LS g bo b Sl el poliass W)
ooz (A Lakie C VJL'G;'“ 0 S5 5 ¢Elastic Collision l:zi Ll
- Sl ol iy 1 B (ol Slanld 25 ) L
o (3) IS 5 LS e 5l s e T e e
Ll olasladl B pime iy &S o BUI ¢ gees O Sy
T ROV ROV u PRSI TEY] uw e o3l oS5 W
ER IS ) o s codibal sl 4 Fgedl lainall sl Lage B
S W Sl Kinetic Energy &S >l 4Uall ja.ij,u dazn W
' Aoy 5550 o o33 55 31 e o

fb\-ua-‘\'” J.ﬁ fb\-a:.“ (;L.,a:.“ s

Q 0 | 0 0

0!

B et Slasladl (3) sl
V.g...” j (.)Lt.“ A.JLQM'}J
Lo SBB s ) b,

9| 90 (0 o

©!

@ 00 |00

Ol

i



Real Gases 4388 & i)

S 53105 S Tl Gy all b S| ) Sl 2y Slilaal]

s IS Sl Goltn LS sl 05556 e st S Lty ol
iujjzmt.w;wguuﬁZ)L;e;;z?wuw\%;j;d\ha\s;g;
B o 5 s s 150 LSl s 08l 558 g
Lol 515 S o o 3] (655 ol LalS 5 ¢ el 5
51 el o5 5 Tkl L i U 5 SR 2 e
LSl 31 325 (St 51 ope LS shar 3 Lol S50t Calzss ol

A B s it 5 b S5all lanallssl

il 03 6y 3l i 5 s 135 1y sl 18 0355 5

e syl mdl Doy it s arall saL 5 i s ¢ Il SU1aS phe B A2 1
Lo b Solaetll 313 505 5 ol LB 55 Syl Sl 3 3B ¢S o |
AL D IS e gy

IS b o] Sl Sl o O3l (58 3T (4) ISl

ol i e el S lade s lapdell oda

®\

IO 5T Ladie Sl U1 2 gl 058, 1 Co g il L o]
SIS PN I

Gl i Sl

Ll 5 L daslll 3 Ll 5 AIW Lamlll

4 o’ ‘e P o 8

Slogerdl i 3o
. o |

/ of
°, o/ o
c/ 0/ o4 o,

Sl o 3l (6 58 Cotio) S Sl oy 3l (6 3
o gdne Jlall 51 W jls oy Lo s Lo s o L5

NH, ¢f Ne o5l Gl

3

S oA 0 ol s

w
-

ke el 5B ) s,

?
¢

O o poluas O p3las

N

s S5 kI

Sl Sl 8 > 1(4) (K2
el s el




oo 36 s Ly (5) s
o § Jotadl Slesliadll
U1l o 5

The Gas Laws JB3) (i 68
Lejp;fuﬂj¢$\)MJS}QMJS.J\>Z\SJ>%;ULJ\QL«W;:>T@,G
AU oo 43 8y gramead sVl Sl s U 0 Lams Lgnians o p3La5

~ s 2 2
FHE U s Send) £3latll A5 (5) S 3 LS s ]
LJQJM} .bW\ngLSBSj}Q.H:;;ﬁ\ LS ‘)L:J\L&pdl,d@

) B3 U e tlem cplale o A s 53 0oms oS

gt B a3 305 Jaiall uld il
(atm) (g s> ors

latm = 760 mmHg ¢ (mmHg) 553 ede
latm = 101.3 kPa ¢ (kPa) JIKubl oS

tozem g S EraS e S Ll BN S E g

) o 5 g adans

gl

KPasd> g5 atm s g 5 s w1 798 mmHg (g sl dor 55 56 &l shau] b 51 Jaid yud

1 atm = 760 mmHg

P(atm) = 798 mmHg x

760 mmHg = 101.3 kPa

P(kPa) =798 mmHg x

oooooooooooooooooooooooooooooooooo

760 mmHg

760 mmHg

P=798 mmHg mmHg sd> s ;I laros ildasddl
kPa JIKul sLS su> 55 atm (g 2 Larss 30> 5 andll Ol 1o glhaol
L el

PPl r.b’;zj fatm s> 5 JImmHg s> 5 e o 5ol

1 atm
=1.05 atm

LM r*‘"““i ¢kPa 3> 5 _JI mmHg 34> 5 e s sl

101.3 kPa
=106.4 kPa

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



Boyle’s Law Jugs (ioid

ms)\ﬁa?,wux&wwwuw\wwzw\&ﬁgw\éﬁ

e Ol J] (635 5 grameadl U1 o B3ioun 208 o Lisliaa O J) [0 55
LS cimall J) w835 J) 635 il J] dars o] s cciadl )]

e 5305es iaS ) ol < Boyle’sLaw | s 3_,3\.3 u{“"iﬁ «(6) Sl

6l B3 S i e 11 Jareall o G Ll guamall 340

SV o e Bl o 0536 o8 S
1

VO(,? dp CSJ‘JDJ\ %)JQL;M
_k
=P

PxV=k Lgn g el gl o Slbie K o

P xV =P, xV,
(i) ALt S (1) A sy 2208 S8y Gl e 1V S
.,'UJ\LJ@:P

oJL:) d\ .>\ ‘2:.‘.»).>J‘ ASFJ\ ;{:)Ja.: f\Jo;va: JA}A dybjw.ubu.i.uj

w‘ww«wu)ug\L;;,UW\,LA\@,,‘J\M\

s LY Sl - S Ol @leslas 3ae 31555 «(7) JUSAIp

s :
.GJ\J}@)JCJQJ}P{AW

e 5
e Cwr1 €0.950 atm lghaiis s 150 ML lgase o g 2l 8 oo dis
5

Lo 8,1 o)l B 5 20 £0.990 atm U glows Lehiios ey (> (ML) 3> 5,
V,=150mL, P, =0.950atm, P,=0.990 atm WP
L@...,A_IB)\XJ &))MVZA.'J% g‘,.\.h.d\
e

P, xV,=P,xV, O sl Cast

V, Sl 0 U1 55 el

\Y% 0.950 atmx 150 mL
V,=P x 1 = =143.94 mL
P 0.990 atm

.
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

S -

Wl Las T:(6) s

30

5
WMRBM\ :(7)J.§:J|
Aoz g ) eaes o e Lo
.‘G)‘f&?)bﬁ)ww

s
S gazms SE s it ] /
‘ZathJ;&4LL€.W
CV_-MT&’QMLN-@JE:&Z
Lhis Corl 12 L Lhos
.WB)\J}J‘;\.@-JJM

43



S8l d pa 5L 3T:(8) UKl

MQM‘SJ\J}J‘:\?JJ
(Y bl e

T(K) = T(°C) + 273

53

Charles’s Law J_td & ¢i8

et gl S s s 2T 5L A S

ww@;w&m;w\s)\fa?,;s;gjéng,;;ywau
ol e L il —Ytem Cinall ) sl died tadais o s
«Charles’s Law J ;L& § 458 350l oda Coae .(8) S| e LS cas]l
:s}.)g’caf;}@u@@)W\;w\&sglmgoS&&»:Sija;ﬂ

Malans oL we 2alladl &5 )~

dy‘ﬂ\y 6 Lud)\-wd‘ybu&}w}
Ol (P) Laxnall s s

VaT = V=kxT = kz%
Vl — VZ
rI‘1 T2

s
cewll ol ¢ adSILE ) sl i )a T Gl joe iV Es
. . 23 2T O e Ve,

o:b)d\W‘Mﬂ‘éﬂ‘mﬁf‘mbdﬂ*ﬂoﬁbwﬁj
Lo 01558 cailogund LS oudl Ul a0 0 35 S 850 2y

-G gl 51 Bk g S5 e BY1 Sl e clflonlias s 515 5

.wbl.u'o.aj:w
3 Jeall
L@.ww\ 327°CM682LL€.«»MY|JLGUAM
Jrall ol (5,427°C L (L) i g
V,=6.82L, T,=327°C, T,=27°C <Lkl
(P) L sl C)Uu.ajmvzu%ujw|

el

K JI1°C oo 850 ol ol s s g

| T, =327°C +273 = 600K
| T,=27°C+273=300K

O Sl s
v, v,

T, T

2



5ol 23V, Dlond 0501 5 5 ol

TZ
V,=V, x
Tl
6.82L x 300K
V, =
600 K
V,=341L

2

(600 K—300 K) Cina)| | 8alla2)f3 51 sl 55, 2as 5T s V]
(6.821-3.41 L) izl J| 5WI g OLas J) (651

&

. s8
s pdl e e de 1 G /
24°C Xe 430 mL Lo

5

c:..,a:a‘)‘f 2\.?-)9 :STM
U bk 075 L Lhas
¢ Lall

Lo &5

Loblas O il carnall uld) delu S0 mL b s

el g Bl ALl ol At e
3l s 310 ol sl el Caans (g5l

@ - 2 2
Sl B e se ga LS Glell 2SO
haall a3 delas il b bladl O Y1 BN (ST 2
5
szl p gl s i 03 5 ST Janall 2 5l ol ) el ol s e ST 3

Lol

20 e 55315 31 )

e SlsLi

3

:M!é[,hﬁ-

o

9y &
40 35 30 25 20 15 10 (mL) axal)
(atm) Jaz.all

1

P

o S e s BT B gl 1

P

£ 74 2 £
La”bw,ﬂd\ww:ﬁwlwl 3

ijv;wﬁ&wzw\@g;ﬂj 2

ez Jokoud

(167



AN

)l i A1:(9) Jsall
SR Sl &5 o L

el dans ols 1) M\/
1.85 atms)L“_w)LlolL}_;\;
Wlned sl A g €27 °C s
Crlb 2.2 atm @J Lms
O RV IRY B\ U I S

LA

a7

Gay-Lussac’s Law dlugl - sl (538

S i ) dor 535 Sl i s S ) sl el 0

) gl U Gy 530 LiaS 81 B 3 O ) 5 55 e
33\,_..‘5)—6&;-;,‘,3\3 ﬁM\oM&MWQUJ&W&LJs
:Mt.z W\jw@s;@:@sw» of j@j‘Gay—Lussac’s Law
wﬂ\‘\sﬂ“b)ﬂi 22 «WQL;J;&M\GJ‘f&-ﬁé@}
DB b 55 )W Bl s Bal @353 el ) — sl G5
Le ’:lgw' 5 315 56 Lglesloas sde sls 325 Léi"ﬂ sz (ﬁ':u“’ﬁ loguze) 45 ool

.(9) J.i...'ﬂ\ fo’.’.‘i S doze> LS

SV ol e Bl Al -l 056 e Snd
P1 Pz

T, T,
IG5 s i T S5 ks P e

u.A).lmuwa\ M|u@s;y§|uhﬁw&»c:\:}\u\ﬁ&«m
Ul laas 5T ke 3] e 5 ) ol 53 e gy 355 5T el piens
P )l 25 °C ) > G 3 die 775 mmHg Ol ol 0da g 51

Ll ts 5L s b <40 °C ) sonll 51 > 3o

P,=775mmHg, T, =25°C, T, =40°C :=lhiJl

K JI°C o) ol Sl ys U]

| T =25°C+273=298K, T,=40°C+273 = 313K

P P .
= O sl Cusl
1 2
02581 25 Py Sl 0 51 5 e
T
i p,=p, x> = (PMMHEXIIBK _ 44 o mmHg
: T, 298 K

. .
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



The Combined Gas Law <) jlall aalad) ¢ gLl

&Q&ﬂ&&a@ngﬁﬁjw\b\f@)b};};}@

a5 05 Sl — (sl s oL s s BN LI 20l g3 2l
bis B :A..,a.: 5| ¢The Combined Gas Law </ )Ll ’ccbdl R
.L@S’)‘FEQJJJL@W‘)JW\jw‘ZJAﬁbLM:\;J

:g&\fﬁ\y@zb@woyw\gﬁﬁ;j
P1XV1 PZXVZ

T] T2
S > vV cu.d.(ﬂ.: BJ‘J,>J\ i3 T Gl laas P é.?-

o liall

= 20°C3 ) = i > ki 803 mmHg Lghais 5 <5 L g sl 44l Sps e
97°C L@;:)|J>§.2-J:} 7L L@b@éif&ﬁuﬂb!%&&i
rlladl

P, =803 mmHg, T, = -20°C, V,=5L, V,=7L, T,=97°C
P, Ol 1o shlaodl
el
2 3
KL;HFC’C&OSJ‘fJ‘QL?-JJd?‘

T,= —20°C+273=253K , T,=97°C +273=370K

P, xV, P, xV,

= 0 ol o T
T, T osllcs
15591 88 Py Slood 0 Sl 5 3 el
p P xV,xT,
T, XV,

_ 803 mmHg x 5L x 370K
253K x 7L

= 838.82 mmHg

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

B gl a1 by ﬁ
il G L
151 8 ] il S5 L foms
Slrs) pilll joloe il A
5 (G Bl g b 351 )
o 23 0 Lo s (LI ol i
Sllaadl J] o o UL
S5 B> b et L 422,
Sl 35 s Loty 5 o)

Pl e 27km s A plis)l )

oF el SU) e 53l 5
S Fll o il s
%yl sl N1 E s 355 .0,0U
oda OMb] o U jme 15,3

P . s
@bhm!w‘obﬁw

& el ailoun 3 Bl oy

P 5L e S0L e g5y

25°C3)‘J>;\..?)JJLG<’M‘
s ¢1.08 atm a5 s
0.80 atm L Lis i

.IOOCSJ\f-Zq-JJ‘j

187



s 2 531 2(10) 2

Avogadro’s Law s gl Gy sild
L el Byl SR Gy 550 a5 3l Jatlasdl Sl
1 £ 55 e 05 5ol i 5 sl oo
L0l ) S s oS5 SN e o B 55l ST WL s
Slamarl fpo 0 SUa)l (g o Lilbeadl 3 o i slaa) 6 g
9L 1 0 Sl :-9;"5 Lo 325 Gl ol dompo 5 Janiall e Lt O Jlall s

S5 A et Do, L))
B 2% 5 L] (10) el 5 LS Avogadro’s Law

Standard Temperature and :
Pressure (STP): LT e st I podl e OF I LAT 550l 81 L1 5 5.5
OO Bl 1 Gy Bl 3 S s Slemr 50 6.02 X 107 5y 5 (2.4 1) (65l
(L atm) g sl x5 L el &bl G g I 5L (6T et 1 sl o o sl
. .)lxd Molar Volume _J 5oJ!

Pt dame cielan 5B Y pesde Lislas die 4 (o Lo e 5Ly
' (1) S8 Gr ey LoS el 2535 aaies ol e Y o 50

s L BT (11) J)
poer s )bd\ QV}A

>

193



SG. 8

M\ubwm’ﬂy»&j)w\v:&wu}w\u&bab)
:g‘)ﬂﬂ\&ﬁjﬂlc}-ﬁj

Y sl suem G ==V

o)\;)o|.>“‘by§ﬂ}d.9j)w\v.>¢-u~‘ww| va“\SJ}J\NJL;}% 3

J\.Lq-toL@b:@:x:\;;avsbﬁjcdw:xoﬁv\i;jw\QY}.M..L@

.wasg}yz%ﬁ&yu&jfgjéjjw\Li..,bdaﬁﬂjwuy‘

0 dall
cp%éuu¢pﬂlmmdbdﬁm22Lﬁﬁ>6ﬂbﬁiﬁbm
348 Lol 281 Lo eanold W1 5 L3LS) as sy e X5

.GJ‘J}@)JJWCJL;J&JQ cbb}\.bu)u‘ﬁay‘}a

rellagdl

-

Ol 551 ol 3 5 i)l
V,=2.2L, n;=0.1mol, V,=2.8L

1, ul.we- UM‘
!

10 )l CasT

uﬂj&‘ra‘nzuwdyw‘w_fu\.&‘

n xV, 0.1mol x 2.8 L
n2= —t

\Y 22L

1

n, = 0.127 mol

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

dio 3l brs Ty Caslyhol

wgwcm’ﬁybwaalw

?QCQU‘GJ‘J"'Z\?'J"J

MLSJ—H{’JOLHL‘ 3 “‘ /

Ca lnadl s Ll 5

(207



Ideal Gas Law (AUall i) é4il8
B Y o sde s 4] A y5 g ez s S ey Fledal Loy
Sl 051 Gl &~ cIdeal Gas Law el 501 o sl 5 a8 50
2 8L Bl S e i Sy s 1305 a5 i S
Yl e Jlall 5018 Sl s gt
PV=nRT
el Wb R Y gadlsae m Gl oz VO bas P i&

Mbs‘)‘ﬂ‘ :\%).}:T

-(0.082 L.atm/mol.K) ($ sl 5 ‘(’L"” S et R

7 §all

L5L Lo eloy 3 b 5l o0 0.45mol oo (Ul bzl C2o
20°C &) = 3 35
llaldl

V=15L, n=0.45mol, T=20°C, R=0.082 L.atm/mol.K

.P ung- Zc.fjlh.d‘

w

tJed!

v IS S O PR
i T=20°C +273=293K
2 2 v . 2ol S
S el S s Gl 1 G w/ O sl
. . ! PV=nRT
&Y)ﬁ.@i&&&\ﬁj}tj\ :
: LLe Fay e I 1
0.15L Lhnm 3,5 b LI 102381 08 P oluad Sl s 5 el
- 5 :
2 at s 5l s .
atm gl s 0.45 mol x 0082 —=2M_ 293 K
. n x R xT mol.K
25°C 3l = A y3 Lis p=nx2x1 -
\ 15L
= 7.2 atm

. .
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

213



Dalton’s Law of Partial Pressures

el V) el e plaald Lgts 1 st 1 Lo e s S50 ki

£ 535 ool Dot 22555 05l Js ol @ sl B3kl e
aﬁﬂjs;@ﬂ:\sf@j1@%&@;\5‘5\@@;519:\;:3;‘5\&5)%)\
L Lng ol A0 s 32255 35 Ly i 480020

3l e ol B3

Jolis Ve i3l e 0350 Ll e ol Taaall 0 gl I o s

95 5B s A W T (12) S 2l s ol o] Jos Loy Ly s
ool Taas e IS0 ks 351 oull By e 1205 ol Lo (i
U1l e Lgasliary &5l gl s 8 5etmall Sl 3 > 2 U
ars OB 25 pns B 5 e 55T AW loed se s cad i3 sl
3)\%\&))“}&@\4}&‘}9@)@@3&\@.‘3—“)4}5;"
ﬂw*uy‘J‘k&@ij&w}uﬁO%%fj@dw
.W/@qu@@j‘L:uij\y;?u;uy\&\ww‘m\

Ball delindl L o301 Fpo Jads s Sl g il ol 2l

435 3a0) b giall ¢y gils 8

el IS Lanal <(12) s
-L«PJSW@W@MBJA

v

Py+ Py




S S Gy o SO darall ey 81 N0 ls UL (5 5
ST o) 3 ) 5 Jaaally Lo Lt 5 Jolis ¥
Daltons Law Of Partial Pressures L5 32e)l b ganall o ls & 456 Lele
(6 3k Lpoms o Jolis ¥ 1 301 e Jalind SISO Tl <5
a5l S S e £33l b anall § sazes

LSV ol e Gl 0l 0 56 e 7

Pr=Py+Ps+Pc+ cnnnnne.
Py A LU L;,J.;J\ L sl Py« 5 Jadsd ;,LQ\ iw| :Pr ;?
C L 552l laradl (P e B 5l 5 53l x|

g il

& S . w P z = &
oS Y1 3 500,247 atm S 5aull daind ) oo 5 2l B e 0 350 ol S Gpe Jadsed TAS laiall S
s . “ .
0.444 atm [j 2l dais s 0 5 SN ST U 5Le 5 0.346 atm 5 5ell i g Ul
Py, = 0.247 atm, Py, = 0.346 atm  :llalell
PCOZ = 0.444 atm

Pr sl IS aall Sl 1o gllaodl

tJed!

PT:PN2+P02+PC02 d}ﬂ‘b:)j;G:,.ST
¢ = 0.247 atm + 0.346 atm + 0.444 atm Ry

Pr=1.037atm

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



4 Jaall

23941 38 (50 0.01 mol 5 <He p solgll 5L 4 0.02 mol e & 55 ol 3L Fpe Jadsed “AsU) s al) 2]
.10°C43J|}>§.?)>}5Lii.>.a>f—b‘9£‘ﬂz

Ny, = 0.02 mol, ny, =0.01mol, V=5L, T=10°C bkl

Py lasl) ISl Baall Sl o glland)

el

2 £

K JI°C o syl mdl ol ys J ]

T=10°C+ 273 = 283K M C il Aol Jp
ol e Blazsl ol S 6lans 2 5 €3 5301 b il 5T BN
el 510 56 plasealy S Las Clo

PV=nRT — P= nsT

0.02 mol x 0.082 atm.L/mol.K x 283 K
5L

PHe =

Py = 0.093 atm

P — 0.01 mol x 0.082 atm.L./mol.K x 283 K
e 5L

PH2 = 0.046 atm

P, = PHz + Py = 0.093 atm + 0.046 atm = 0.139 atm
Jodd s 21 d b
LI Y pasaad ST ¢ sazedl o]
N7 = Nye + Ny,
n; = 0.02 + 0.01 = 0.03 mol
ALl S0 56 Goas s TSI Y podl s plaseealy Sl JSUI danall S0
P, V= n.RT

p — _ 0.03 mol x 0.082 atm.L/mol.K x 283 K
(5L)

= 0.139 atm

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ot 5L g eSO Sl Lt e JS Y e sy 5L |
Sl adaxs

(243



10 §Galy
Ll S il oS 13 <0.15mol CO, 5 < 0.3mol 0, 5 «0.75moIN, (5 goey L o Lads
el e SO el il o 1,56 atm (g gl
ny, = 0.75mol, ny,=0.3mol, ng,,=0.15mol, Pr;=1.56atm ieoldagdl
Ll e SO el rall Sl 1o gl

el
W alsd LS o podl sie Cons|
Ny = nN2 + n02 + nCOZ

nr=0.75+0.3+0.15=1.2mol
)'UJ\ CJY}A dhe

= X S sl S

e LS Y el o

Xgas - n—T

nN2 0-75
Xy, =—jo— =—15— = 0625

0.3
Xo, = —15—=0.25
XC02 = % = 0.125

S rall X J gl oSh= 5ol bl

PN2 = )(N2 X PT

PN2 = 0.625 x1.56 = 0.975 atm
P02 =0.25 x1.56 = 0.39 atm
Pcozz 0.125 x1.56 = 0.195 atm

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

56 e 3L e 0.395atm axs N, s 5l S e 2L Ll 1
Wf\' ‘lLi.i.?o-J:-b 9\9‘53 0.11atmﬁa&bH2 O,g-j).k.:@)‘
Lo 3,1 el By e o i) ZUSTN Tan
S IS il laredl T €2.35 atm (g gl Ja i) IS Lare)
ol e
Mry, = 28 g/mol, Mry, =2 g/mol, Mryy, = 17 g/mol.

(253



Diffusion and Effusion (383!l g JLiaN)

wawwcgﬂi}wd}w_}\ ;,\_,._)TL;})}E*H i’J‘) L

3
3
P P

G525 ool s Sam Lge e 1550 50 saSlasy S s

:\.>w lew b ue <l 36 ;5?3)4;3\ Loyl j.Jw.o efp Diffusion jL:izY|
&ae_us;;ewjdj;;jﬂ\&@\éﬂj;;&%\&z@\&ww§
s Belas S ol OV Las Y1 Eles S 3) 62 301 38 )l £
.o\;w\:}»uﬁ@bwvl{q}:ﬂsc@e@p}@ﬂjswsﬁé
o1 o eyl s bS5 5 o S st e (13) UK 2B s

6 it a b giaadl JUI &5 el Effusion Saadl 53205

-

o o) sl oy BA] b aes o 458 ad 5 pall BVl
e ot Bl gy 31 50 B 8,0l e

AN S5 1 T LY 5 Ly 3 5Ll plal o U1 S

J5 55 SN 5l A 13 31 e B 5125 £ ol BNI 2 5001
i Tl i) S A1 ) s G Lol 51 355 8 o O )
Graham,SLanlA‘ﬁb}sugié}’éLﬂﬁj g((m:_’,uwja)b}&?.);

0 Al s ke Lol blnld G a1 )5

Pl b e e SYIs mgpokdl) (S5 S5 «(14) ISl 2T

SV Sy o e o gl 518 S 53 55050130 3l s
C)L‘e};MN.EUJUMrw\k@eww\jbo@}y%ﬁxﬁ@
s D301 By 3 1 g 5 Walas W Ja A SN S

o sl :(13) Sl
REPPNI WP

w 5 s
5 s e (14) 52
56 Lgze ST o 5 gl

.‘;,.gr..‘SY\

(26



5 5. 2t . .
5l il b S5 Bl 13280 a8 Al

oo JS 3 sakall ST
Lgpdle S 5 aalle SALIN[TEIRS

2

MrN, =28 g/mol , Mr Ar = 39.9 g/mol).Ar0 s V1IN, o 5 i1 5Las1E W NI SWIAAST
BRI Wea Ol AL

B s ke Ui ol eloy ) @& (& Lasdl _;j,w\gﬂzyﬂ%@\;uoﬁig Cagl
oo U S (U1 ) il el 3,1
H, ol 2 £5 ol @Uall Jaw g0
Lo 8o s I Hy 3l ol 5 DS wlesladl sue o
H, 5 brso
‘L atm Las e 300 ML o pobgll 5l 12 yhes G4l O ke 13) 102 BV psen
.:c.,,\:s)\ﬁu:%;;L@y,@&iw\i;,?;:,ieo.ssath\yi&a&uy&a,\
Cl>T1.0.86 atm axs 5 20 °C S)|J>:\.>.-J>J;.¢«3.5LL@,2.?=>J'L'¢OJE;?GZ;..i:—i.fujﬁ‘fmi :
.0.56 atm Las Le 8L L@i}#ﬁi&}?wbwé&j‘blL@)‘f-Z\?—)}
23°C 5l - 3 55 dioe 5L fmm Sl .cozjuoﬁs.s?guj;w sl .ftsjwfmi :
.(Mr CO, = 44 g/mol) 0.985 atm g5l kx5
Lol 5 1a 98 5 0p oS YI 5L 10 68 (o 035 Jadind SIS Taieall C2T 616, pusn]
.(Mr 0, =32g/mol, Mr CH, = 16 g/mol) 0°C | > &> 3 Lie 5 15 Laln>ele 5 3 CH,
Y o A a8 ) el W) Sl
rdee sl W e Jdl 5o g6 e Y L1

ks el 5|l yn g adsedl xal L

M‘SJ‘J?J‘:\?)JJC:&;}J\M‘ <

O ol aanall 55l pdldr s

Olaasedl bl 55, mld s Lo

273



oiﬁd.&ﬁ.wauwm‘dﬁﬂf‘“\a-).\@gak}uyﬁbwwww%
oyG@SJLJJ\
Al gl o o

.j)JLz-)éT.J d)u_q-

rl.«?—jﬁ;—b—)\ C)JQ.Q 20 °C L@J’)\fzevsj cfﬁ@\)bé#éwy\l&u&b) .

Hioeoo b V) Ol T e e

Sl ks Ja T

.)'LU\V.?&;\;}; o

SOy 2 £ ol Ul das g2e Jo
.@@p\,\k@@;j@amuﬂmj@ >

Coumols 0.25atm J| x| jaissl 13] ¢1 atm gaas 5 6 L Loz ¢l 5l o dime Al

e o O 4L L5l By e Bkl Lyl - 5
oY el i Y el i
oY) el JaT 8 (oY el il 4

.2

(287



Aot A

Liquid’s Staitle

il gl A2 3080 (aibiadld) any

Some Physical Properties of Liquids
ob&d,U.'\Sjcw\jmulﬁw\gwb\ﬂ\a@k)@;
ol g Sl 653 S5 dine O3 s Al S
Aol 1 o 45 5l e cpo 1 5T 0 G o 085 ) gl sl yasliasdl
ook i3 e (g s A Ll ols o s )i 5 504)
s Al SN JL ol o, 41 S| pn Aol oyl pilas e

Sl (F’ 0O, N) 3)'1'3 ol O’.‘.?')JJ:‘GJ‘ EJS h‘:"}:’. S «(F, O, N)

(15) JSCal sl ety ol ey o3l (5 1 3l (5 8T ai g 5T

Lo Loy Chadll 43L5 (5 5 daul 8 (6 Y1 ddadll ol ol Lol
L3 Lomd Jood 8500 (53 (B o o A5 Ao Jani 85 Las 5
e gl Al ) o858 BT as 2T e 0 L
5o U 0ud gy as 5 kel 8 ol ) O Lal S s
Ll A s 58 gl sl cimdl s ol ol ol Al Jaslll Ol
A gadl Al 8ol 5 g5 58 5ls 55 ol el oy
Sl ol g 3lotll 5 5 (15) )

r@v

—ML\.:L;‘)}

) ywyadl )

i =WA\€J&\J

Sz g5honn asasuy ool 1S3

Lol Gn 3l g 8 e
: ol A«

cj;fl' v_:ALuJL’ 3)_.41«)\ é«;)i—
OL:.LU‘ :\?)J cé)l&q w ‘&.ﬂa&:

atbas 55 A Jel pall izl

AL AL s el
: AUkl g eas\ahl <
. 5 o
Fluld cLoJ\
Evaporation };.J\
Condensation sl

Gt ol

Vapor Pressure
2

Boiling Point O & s

LRI N UES g

Normal Boiling Point

- J




ol szl sae

(i fos 5 L1 2 Tl el e D3 T L, oL S

g 3l (6 585 gl 32 58 1 o 3lazel i)l jatliast Lgb ISays
Bl G L Uiy (WIS 8 gk 5 8 p0tens 8 b Ll
S0kl e 8,00 L 1 B3LY1 e Fluid gl ¢l sally I
Sk Sl St Tl s e as g sall BBV K8 Gl colsY
uww&\dFJ\Lw&j«b)wa\L@JaxcEMWngd;
BUS e 5T LgBUS 0 555 LS e LlaaidU il 5 Loy Oyl i 541

e e 1ol SL L s il

Evaporatlon Al

}/}‘

S AL DI e s3I d)?;: <Ll Evaporation ,ap..ﬂ w by

2’,.SZ\;SJ>J\Z\§UQJ|Oﬁ&‘%W\OMC)M&jQQJw‘UM\
s gy iaadl Sy 2 s Lt 3ol 5 55 e a2 ol 201
S Dt ] Bl el e

6l B3 i Jildl Sy 2 S ol Bl 55 (16) JSall

Z%;'LL»(TcCcupcgcuw)jy)\jéd@ﬂu;M

LT B 52 e s ST LeSlney 1 £ ol Bl ¢
() S el Blall Sllses I ol 521 3ue 1 o

ol F ES ol B o g o
o bl (65 e Ll 265301 5 ot Bl Tpn sV ol 1 g

Ll ol >
() &S ol Blall Ellzas ) by i 3 ¢

el 118 B Sllses 1 ol 521 o Aladt ddero i T

Bl 5 5 2(16) J
e Ll by 2 &S -l

WO)‘fb).}

(303



uﬁ\ywﬂ\:ﬁj i /

oo il perl) B35 Bl il Sl sy owedl G

By

Sl sl Ll dii Bl Ol 53 w8 ekl lasliall s Leslul &S I
(2l ol Jaad &8 s Bl 5y 6 Yol el LSO B dasliazall
o ool Sl 201 o Ll 3 A O3l (55 e nel) B3lS s

e T8 JLl e o i

‘;)@‘°J‘J>4>)>L§‘M&“‘@N&M‘WUJJ’ML‘}M
M&\Jﬁ.ﬁu))ﬁ\uw\wdﬂ\.,b-élb.uubfsfjj

Factors Affecting Evaporation Rate )A.ﬁd\ ie yu b )Syd\ Jaal gadl
x&@u};wusw\@du\éw;\u}b:a;,ngs\pmws

b pes e MBS llsls
CH,CH,, CHOH, CHCl | §3 s cllr s pbon Tl a3 5 J gVl I pous ol 3 OF B

‘&bubywubbd\tgf&y(l) Jsdadl 2 s iyl ol d ys S

L«Afwé&jw J.JM)WJGOW‘}“}J)JLQY‘J}A

o o s Ol Ol el DL L3l 6 5 G5 G
A @J fw Ry «jﬁ owm fg..x :upU\ HIN| ff a’fY‘ 3l

L;y\J,u\uufwu;wu;waswuwm Js\aj»w

Jﬁ‘of:.&"\.cﬂj}.g\oNM)w\@LEJ\uﬁdJY\.bJ\OLS

(U3 il s 5l dr s pa el e b S5 AT Jole sl
jTlSJ‘J}%;?Q-‘)JM(FL.\J‘QL@);;/‘X;SH‘&M\G}‘}SWGM
N5 el a0 B o 5N Sl (§) S 1 s o> Ty 2o T,
e ¢ el s Ao} A Lo 1 855 s i 5 68,51 el o 55 e doing

o s e b LI Sl 32 3l (g3 3T(1) sl

2
Al de

A 3301 BUl 2y _isY1 ol

Wl o bl Al s B ¢ 5
WL Dl o

W]

e Jol S| ekl s ) | CH,CH,0H J gyl d s
gl Js Cladll £l CH,COCH, 0 geusY

G




[

ol dlsae

iS ol Blall —= ¢

2STT, 550 oy dis el e U1 Bl el 31 bty 5t e OF
T, ae g

i;,au);ua:s,g\sswgfl;s,\ﬂ\a}ﬁm;é\«wsw
Go Y »,J\w;uwu uL;JpJ\ e 3358 el uLobLa.J\ sde oo
fb.Jw,w\;HthWw\asw
AL Dl Fyo 531 Spn dml s J ey smesd oo 831 Eos' 22
.@,Al,i,ﬂ‘f\sxb:cgms,|fa?)>ngw\uw\gl
Uslaally Lol Fpa o e ks el oS

(17) JS2l b s

H,0, + 40.7k/mol S H,0

(2) Jsonll et o5 eoledd sl el Bl Wsleall b B s
ol o e L gdl el B

5
o 1(17) K2l
LS o Bl 5 5
L;zﬁmolii};&
'TZJTIBJ‘J}

- 2 s s 2
SRR N Y
Sl ol 2 £ o) Ll

Alma byl iy Le By A

il Fya JS JEa 3L

oo 1 555 § ol LI 6T
GL.@..,’.GU SJ‘fJ‘ :\2-).5

¢ ]

o |
Sl o o3l (sl PLU A sl sl Bl w5 bNT S i A Bl —>
WA E y3 e ) gudl e sda & sl 5l DB 2(2) J sl
Okl ys | Okl & s ke B goll S B | Syl g O3l g | asieey LI el
°C AH®,, (kJ/mol)
36 25.79 o ok
CH3(CH2)3CH3
117.7 43.29 R 5 yden Ll J b 4m—1
CH,(CH,),CH,OH
79.59 31.3 Cladll a5LS O 5 g
CH,COCH,CH,

(323



JSEIL Sl ‘j._iﬁ sl

e g Jroy 31 SV

F1N)

sladl 5 e daxr Wl 5 5 ]
o e Wl el e S
100 °C e 5Ll el

S
‘)l;‘q +¢lo

s oyim st i W

NPT

L]

CSalu ) S5V 1(18) JS2

o)y Ll

(333

Condensation &St

St ALt ol )51 Al Fy 3301 J s Kl 23
B :La.e Hsdls )~ E\‘_q-).t u.;.&z>w Ledis é.x_x:j «Condensation
e 3 SIS Sl 035 Lok i o Ji5 61300 25
LaST & slows Bl Cyo £S5 5ol LB Sl oy oy sl ALl )
domly  yo IS <y Blel) B30l Foa 285 o el i a2 5
B Line 5,0 B s e AL Dbl ) 301 Dbl Fe 531w oy
&yl SN

lalaadl sladl 5l e J g IS Lhas (0 Jondll Sy

HO . S HO

2 (g) oy T 40.7 kJ /mol
woe w . a .. g
Do 5 & yol) 815 Bl (551 Lol ) ) B O B

L3, L ies s LU S50 3l

Vapor Pressure (s i) Ls )

O\SJ.‘\JUM}‘}JL%ML&JW;L&)&&L&C@)M
¢ Liis 2Le 4l

o Sl s Sl Ty Sl e lrasley 3 Ll by de
e M s Il 5 s AN S el 2Ll Sols sy 3l amba
)ug@,M&ct_eiswibﬁjcpujj\p\;yubuqat_;};
Ll (e 17 3o ol 5301 B my S5 T Al L) a5 sl
Se Ms i syl s ans el laslal UL I S 1
I 5 ezl ol 33l 5 sl ey i A1) Ly 330
b LaS (SIS sy g5l el i T (6T ¢ e 1 B
b Sty [ Seoliys 01351 o 0l s s L 25 418) sl
S U ol 3 e bl Tasall 225 Bl i s
Lol Tl ) 53 i OS5 s amla e 5 S5l

. sL.J Vapor Pressure



800

;88 777777777777777777777777777777777777777777777777777777 fr s pe bl rall ) o(19) Sl
600 H,0 ) sl Fyn 3 31 ol
500 CH,;0H ,
%0400 OQJJJKL;W&JQ&)BJM o)) 3451
g
5300 ‘SOOCSJ\fa?JJJ;p’L‘JUJJJu:J‘j
200
2
100 sl o]l dars Ay L,605
03020 110 0 10 20 30 40 50 60 70 80 90 100 110 ?cﬂmj'“ 1136 .(3) J sl

T(*C)

3l oy el (5 55 50l sy LD 5 el Tl S
s Cablig 0Ll o pan Y (55Ul Jaiall a5 (19) Sl B2
Byl i s 83k o «H,0 #LaJl s CH,OH J s:linadl s <CHCL, Ol 5, 518 :
B St kel 3155050l o ol Lals il s
B Vel ot dais p Ll ol 2 e 3ol 65 3186 mad
S5 E5s L 852l B e A Y1 ol ol larall 55
{(3) Jsaedt ST sl JS ol 32 o o3l
s B sl Bl ol e oabadl s 5 cits Ls ol v
Las 1A i 8 daor s odes Jals p wl Lol 5 g1 s Ladls (5,151
o Bl (655 e Claald e oI Ul e N1 asl OY g5
Lol 5 3o 016 ¢ pliradly ey lhe iy i) - Ao s i STl
$obl daia (U elold Lo 51 J ol Lgmnar A1 B 550
alars 5 el L3S (g 5k ol s Jal 5 ) Ol 5, 5IS SN ey ¢ ol
Zan ) O (5 g w5l o Lol 15 (U Ol o5 o linedl e el (55!
(GoB bas el

(ol abas b Ll Sl bl (658 3T:(3) Jsuad|

LW ot S

Gl Lghns bl 5 C2s
ks8]l A y3 L
CH,(CH, , CH,OH , CH,F

L Ll q\;}:.é\:jba\/
L d s ol Ll (gl

.45)|J.>-

Sl ol 53 o bl (4 g5 | 20°C e (mmHg) g, Laaall s3LaJl
L g0 Ll 17.5 H,O ¢ LJI
s bl 98 CH,OH J sl
il a3 150 CHCly Ole 5,518 SO
o 6}3 410 CsH,. QL:,‘,

G4



Lol et ol :(4) s
il s > ol s die

ol Larall 5 ol a5
(mmHg) (*C)
17.5 20
55.3 40
149.4 60
355 80
760.0 100

seae % > L
T NH, o oLl &1 3351 ghsl
OWe 5 Jel JHE

Boiling Point (L) da

el 130 31 5 et i Ll ol ) S ol S5LI1 315 5
B s Lokt 5 el ol 1y bl (5 58 Sl i) 2318 B el
UL L o ) 1318 Lo ST s Sl 1 e A
S i T 03055 aomba ) i 55 1l e 35,8 Sl O35,
S e 31 el s (5t A O 1, 6l s 51 DL
JL1 Jr %S0y Boiling Point L) sLke E s U3 e 51 ol i s
o 3 S3adl laxall 3 Kol I3 el i) iy T ie sy

Al sl ol s de sl G5 arall (4) Jsdal 2 5
17.5 mmHg Ll el Jlo 5l il Iiall 055, s ¢5lad
.20°C a,\fa?,g‘g\;‘?@;w ols

s Jodd (55l Bl ki ey 5ol i 3 U
iy laadl L B s di._;:; ¢(latm, 760 mmHg) (5 y>Jl Lozl
e o3l g 58 e 0L i_g-y J_wzx5 s <Normal Boiling Point

Lgsl B 555 Sl ol

54 &
- /

Saall il botis oLl DL & 3 ezl (3) Ul L Blaze! -

355 mmHg aslos ul;, J_,f,ﬂ
Z e 3 _
55538 I &y Laedl DLW B 5 3351 ¢(19) el e Blzel ~
-Jpladls oledls Ol

sl it (T @)

(i s plalall oLl e Jonll arall 1 s
b))@)élézﬁwb)ugﬂwtw‘)‘sy Aﬂjs‘j
- 1 e IS plalall 223 €100 °C e el OLLE
c«.«g’éw J&ﬁ c.ja.&«,a.” 3.)1.3)%.;3\};@\ C)Jof.g.y
Aol Tarall & U Ul Gan s 5



/S

JE USRIy W]

CH PN P PR

Bl ol ‘L@rigﬁ/ (4) 3o 5Lzl o pil 2) 322 (10 ML) 5k sLses 2] Jaul S5 ed Y1 J s

bl ol (15 °C &5 )| - oy s (100 ML) (6 g5 & 5 ulS 40 °C 551 - i 53 +Ls (100 ML) (5 g3

bt bl Elale g o Les|

2 W FET NI

el B Bl LSl sl | ’C;T-

LSy ol 3Ll 5 23 ol sy el Cilana (51

b g o & puanl) 3 el Bzl o ST e

ol S ghas

Il SIS 5 (1) o3, 5L Y1 gl b Leadls 5l Jlseodl plasealy J sl Y1 G (10 mL) 3T 1
@31 asl) ) bl 8 el 03 535,420 o5 bW oy

(5 min) 83 S 5Ty 15°C iy Ll ol o By gl B 31 JSO1 3 36 1 a1 Sl s 2

L@M\f gl el plstaly sl il J5 3 kel i s ol 3

40 °C5) - B s elodl o (g gmadl Lo ) ASUN 342 1y oV plisianly 8 €2 5 el ST 4

e JS o il lias Jd il 2 5

gz ol

o) b anis L G i) Z2aS) 5,60 .1

$155m5 ¢ ol L 51 20,0681 2

e JS ol R e bl 6 53 ”@,'éj;f 3

.s,\,ﬂ\&z,gu@'mL@Lg);oﬁgst?w\@sg&ﬁuwujigz.oﬂ%;w\su\émgﬁf

L 5 ey ) el 53 e B iz S

(36



P w . 2 4o uir
Bl o 505t s U1 S0 S8 ot 328 s s
S Lo S0 3 gl w55 2

%)L:MJ‘ OL:.L'\.H :\?).} o :§)L>=.:J‘ M\ o
Z 3 & u/:
100 °C oo DU 2ST5 ) = & yo e 16 Y1 3ol Jx 1 7050 3

o sy LIS ey 5 0 i 56 o (ot B30I s el (5 it Rlas Bliable s ol 1l 4

:25°C..X;.€«BJﬂ\;@'bﬁygilﬁﬂA;gJJ\;%Zé&wi 5
Ol o D3lndl 5 S, T
€25°C e Jel o )lw T 0 51 T O
© ST i nall WLl £ S 5ol gs‘

B Ot

L Shhe S .°C3)\J.>J|&,:&Lﬁ\y@)y(mmHg)&)&JlM\j@b@\w\ﬁw 6
- LS il ) Gl Tarall 33511

760

700 60 °C e 0 4 X

600 .\
1 s LSl Lol OUA 3,3 305T L O
7
s S I
ﬂé:“aoo 4'9}"" W 4"’) J.t ‘}ﬂmj ; .=
= b s

100 _ _ .

. b\&&éﬂ\kxﬂ\b\u&j&{.s
0 10 20 30 40 50 60 70 80 90 100 110 120 130 z ¥ ;
(°C)3L A Aa o do ;5 3051 500 mmHg (g 5l Ll

B,V s s slall 0L

G713



ol edlsae

A5l A e s 8 S doemenall Bl Y1 LT T
AP PR RPN ISP R F C PR ERW |
H,0 .o NH; .1

CH4 0 HF —

1 slne OIS L3 el Lo (T (i) gl AT 3 &5 25T LS Sl .2

CH,CHO .o CH;CH,OH .1
CHgCHzCH?, . CH3CH2F —

&MC’U%}?J‘J-‘:@J’J‘EM‘GJJSM‘J@ 3
ir s die A, B, Casl oY 5 ge Ml ool dilises 5l g

oo o sl Kl b b glasdl [2a5 s (T dima ) >

iS ol Bl

JS Sl bl 68 e il ) Ll
o AV Ll e doemenall 5,La01 OB oL

B LI 0L d s e LSTA LT OUS 5 T

A Bl A Ll ol o dans dor g5 0T 50 .0
Ay g Bl BIAC POl adgn

B Jll as el C L) g el laraall .

K/mol i sall sl B | gl | Sl &Y gl Sl 8 o3 SV o) iy 4
29.06 L | Ol st e G 6L M, T, V 5915 g s ddlises
43.29 M SISl o dal I (5 580,45
T T M.o L.i
34.14 \Y% V. s T .~

(389



Aialty Al

Solid’s State

ALl 3 gall Aale ailad
General Properties of Solids

(b5l ety 3 eol33) LGN Dol s 33l Slend 15
5L 3 L5 Sl 65 8 L sl (s 58 05 1 e (L
L Sl 515l S Sl 5 85y Wa3olis Y 5aloes
UK S Ll my Lo 0L 2l o BlaidU 2L Sy cadle Lgsles
c&ﬂifuggﬁ@bfw;}éw\ﬁsw‘wwj uﬁbu(’p&)
Aot I 5aledl J 5ommmd Ly 3ol Canny 45 2ol b a5l e s
L Do) o B30 ki J 3o 15 ol 3 o L)
Melting Point ,lg.a5V1 &>, sl Bl )

VIt 531 5 0555 <oty oy 2kl 31 gl Sl 5 5
«Crystalline Solid &, sy &L &3l Yol ol b 2235 chobine Lukia
o 523 3oall Ay SIS 5 ¢ el el s Jlen s (20) S s

393

) ywyadl )

G y
s oI\ e\«

s o8 5 ) Akl 315l s

b 1S 310y Ll 415 315

PRNEAT | | STAAEPRD

Ll oo ) ¢l 2T )

a5l 5l

:9&)\ A

PP P 33! u@u, A=
FSWA]

Ak Gl 3 el -
Loliw m};@ it JI Lol i

: M\buablg (3338\9})\4

Crystalline Solid sk Lo
Amorphous Solid &, 5 ¢ ilo
Molecular Solid Lo Ao

Faals T2 215
Covalent Network Solid

Allotropy

J.é'lﬂ\gfal.lé
. J

£5L:20) Jsd




BBl s ol Jpion (S5 o) B0 13001 3 L5
e Jlass o(21) JS2l 3 LS cAmorphous Solid &, 76 45
ROUEA P (gl Al ezl

) s LGN 31 ) 538 larndl £ 5 sl a3 S5
)l Lelaslast 5 g ol ) 6 58 5T Jaul s J1 6 5
Crystalline Solids 43 , slal) 4ulall 3 gal)

ol 5T 155 055 0T Ul ot (0 2,01 80131501 O 355
3l 55 51 Ity M g e ey L1 L 31l D 55 iy
o Al L 3 s Lt s 3D tp 1 il i T ) Wl o
Al 35 5T Ao o Ll s e e b Sl 15 ) ol o 5 Ll Ll
Bl lew b b Jal 5 ol e 0585 Lanld 4508 ALS 0ud g
D 230 Al p e b bl 55 5Ll e 085 &3 Gl canls
Al als p g Lo 3 Jal 5 0y A g Ul 00 0SB 8 ]
Molecular Solids 4y Al 4tiall 3 gal)

053 * Molecular Solids L5l S,Jjaﬂ PPN &MJ\
355 G5 A s Bins 35 (55 Lons o Bl 5 Sl
o go b LT LaS claiiene s Laail ol 3 120 314 Ll Lo 3l ol
Fo5 5 o Dbt L) B30 ol OF ) 05 5 ¢330 560 5Ll
I 3 sl) Sl e 0358 350185k 90208 6inss 3LS (553 Lm0
LS ciaiics oLl o O U iinall 00 (6 5% Jal 5 A Aolaza)
(22) JSa 2T ol oS00 el s o S Bn ), O

LS BL @) K

3‘M‘w3ﬂ‘b133>67/
PN PN EABA]

sl Ey 50 2) Ja

(407



Ol a5 1(23) S
Alsd SH,0

» so -8 2
oo (24) J.(:J\
5
Ceo éb <l s

}E 5 g
O_ﬁh_g\j,&\@_;u:‘_;pu!/

Loy § o g maiasS e a5

Tl 3l 5 6 5

5,5k :(25) s
-t S

Qb

'%JJML‘JJT?
S
@ i
1
I — —
‘ @.——Q? @
&%
s on Tl Bl Tl 5 ) LBl el e o33 Gl
S S 055 e Sl b HIO fe s 3 JS b
(28) JSadl 3 LS codame o 5Y1 ol J 1S 505,501
So v, 2. 22 " 2z
A9 PSS S A e Ao a5l 05 S0 S
Sl s oy :;S.q <1985 pls iS¢ Sl ﬁ sl Buckminsterfullerene
sl J15 0 5 S B35 Tl 53] £ ity ) s B s SR 5 9
155 & 05 5855 S das 5 Sy aals Tl G 13S0
z z z z z g
oA § S 4t Ly Loy o a0 Bslian 5 slast il 4530 (5 5
[(24) JSad S
~(25) S T Gl 00 (5 5 Lns s () S0 Sl 31 T 5
. P T st W 1S
R P Fewn Sy o O MBS s SCEINE ) ol ol 55
“ w - - . us . B ‘s
WY ¢35l Ll Ao o 58 Lol 58 a5k e
PITIPCH QLQJ;-UAS;.(,"J




Covalent Network Solids 4 luil) A3Suid) 4ulal) 3 gal)

Covalent Network Solids &realodll £l Ll 31 all Sl

S el s q;isxgugmetjfL@du_gLUsLbs
@wuh\j,@wy;o,g‘}s@fw«uy,ﬁ\u\ﬁwujx
,@@Lgs‘vjaﬁ.nbmdpu;\;ﬂ,;yuﬁj‘&ﬂuf;ubscj\

J:GA.:‘ L«Suwu]a OJLM‘ 4};).)} Ojlmd‘ JL& U’"L‘Jb . 26 J.{.M.H

5 a3 ol 572 26 Bule s S0 OF ) 15 ¢ S0l il e
Al y el ol ol el AIend LU 6 5d Lone 31y 5T

J5 s 5 e el il a0 SIS o G 3T IS

sty IS B lilo [R5 & g 0 s B S 0 5553
Loy o a5 4(27) 20 3 s L 883 i g e S 0 |
SV 51 Jars 22 33U Eol a1 s il Jal 11 a0 6 5%
1ais - pobo 3T delis b B0 10 6Lamy Lpnams 6 &) 438001 il
Gt L 55 L B Ll oy ST 56 40 3 SN 53 e T sl g3 55 )
Aty oy S0 S o 0 s L il s B

e g e Bl TR Ll s e anstlas i |

uw\gb\;\ﬂw&)ji&@yﬁigﬂjiﬁud;f

bl aly eladl Fps JS ~2a 5 ‘Allotropy J.¢U| 58 Leuds 430 5.1
R LTI

raaloal] £ 2LG 31 5l e ATVl —LAT- SIO, 5,1,801 3605

555 S as 5 e 4(28) Sl b ek LS e ulad 5,50 8550 2sss
Z\)Mﬁi&j‘ﬁjbﬁ\lﬁ@i})bﬁbMTCJ‘;JCJLQ)&L«

I G

i o\l b5 35l Srealell S0 LGN 3150l s

Al B S s 33 o g ) Balel) a1 535 ) V5l
e g e Dl BN o 3 5L

Sl e 1(26) JS2)
el

s e 127) JSal
RORIIAY

oSl ol @
oSS l @

5153, 28) Jsedi

(423



Sk s oLl eyl J1:(30) J
e B o 5N U Y G i
AL b 1S

Metallic Solids 45 3141 dLal) 3) gall

- 2Ll Metallic Solids 455l ALl 314t 3355 ol 53

Ll Sl s Lgie clLilall s ie yomeas 2, 2255 6(29) JS2JI
cg_.,ouij\)djl.u?\lgujc&ﬁ@j@ﬁ\)w?\uyjcrufdwl&uf
jl;w.t_@suso_ﬁa_;}x@\wu\u_slaw\aj_gwa;w\"cmj

P L. LR - P . o ot . T2,
ﬁdo)W%N‘QLﬁY\yqu@SM\UAM
L LG a4(30) JSLal A g LS oS ol 535 Bl s SO e

235 el i el 0l VI G yis e 3, a1 Y ¢ 15 G Lal]
s IV e Ll s oyl 5o 35 LSy gm0 Bnt
L8 Lot U ST Bt 5l aslin Ll 5y 25 s 37241
355 &l U IV e o 5 435S0 LA ] e
35k inis ol Unslgaail ol 5 Lo Loy 68 5h1 3 35 ol
33 pall 6 i n JS Sl Ly e A 5 10 il 133
3598 °C (g 5L N p sy gaall 5 Lgaail Ao 3 OF S il
a_gg.xgjm@uwu;j&guﬁj 650 °C ( 3Lns Mg p yommiia) 5 g

o pall 5 a5 431 p pnmiidl 3

% H w 2y w .-}%fg ¢ s
.%:Jbgjwai}wwm,u\%uﬂ\@w/

\_

ol o] c») s bl L)l lale U

ey
LA Sl Gyt i 5k o U e 53 150
ISl BB S Lle ) fon) B aih a1 50 23
Ta ol 16 o] GLak <Ti p ol G G2 $5520
8385 48U &5 ey Slady 17% Ly Nb o g 0l 5 6% S
CoaE A alls ST L ol fp s LT LS 3 8

L e i

/

(433



Tonic Solids 43 g2¥) Aulial) 3 gal)

o) 55 D308 &by A go Ul (n BV 3 pol Sl 0355
‘CaoMdtﬁ\@ﬁKClmwujg\,\w,\s@pw’mO,a‘a;sﬁm@\ﬁ
e S T8 41 (81) S 3

Tonic Solids&fgﬁy\mg\,&\ég&i}sa_zjsi_l,,.\)iéﬁ“y\i},{u‘jﬁ
(’WU,,J‘J-UAS)L@MJ|f\e-ﬁéﬁiioééia.&fujwlu\q-);j&w\i%u
2572°C p 5 S A1 Jlgnsi B35 €770 °C

ST RAUC N RIS PR NP ER WETEPESTR
£l 0 1 a5 s Ui pon el (350 s it
32) S B S 65,01 s 33 o pns il ot 5

S ol 5 5 Ll sl OV ¢ 3581 5L 5 5N ALGN Sl sall oo 55 Y
Joo 55 U (S pull £ et Lol OB Lol 3 Lgnl3] 5T s g s G
A S s

ryd

& £ .,‘/é & ;
28 Y] &) LSl B3 253251 :55941/
Identifying Types of Solids 4slal) 3) gall £ g3} Jaas

stk 6 s

sl jxrxm (32) Jsa
S 13 L saladl g g o 3 dlealls ) U A5l ol atliasdl el Gl g 5 s 15 N

o 83Ul 55 8 S T LS T ST 6 5T el A3 STy
(5) Il o g5 gy Sl s L & 58l ol 55 8 pmn IS

o il 2flasdl s ddadl sl edl \T s
g5 IS oailadly & s ALl 31 el £157:(5) sl

ilalissll ol jailas Ll A g 5 ol Ll g I

Ne(s), CH4, Sg, P4, PLU.@SM :\.Ld)ﬂﬂﬁcw )L@.&J‘&?)b POAY cs\ﬁzj).\.\fs L{b) C)‘)S) Ob‘? %f
C1.H,,01, oddChdl Ll | Al ol

Si0,, Si, SiC, C uls | do g0 b cinis o W jlgaal i 3 clu> 4L
ple a1
K, Al, Cu, Ag, Ni, | ple a5 Jleai¥l i s 3 a5 line AW
Ba LSl o s el s G lall ALG (it 5o i ol &L
el S il g Lyl s oalias 5

el ol fenls A58

LiF, CaF,, ZnS, | ilw s & ciadi o Ll i 3 cdia Lo

sl 56 5l sl
NaCl ol S i g0 s ol s Lo Lay oLy g SU e — e




1 S L SO, gl 2Ll saladl g g3 50T
.c«LgJ.@SUJ.‘oJAL@bme«Lﬁc;@,@.iuwy}}730°csj‘}>a?JsubMQ‘yU|9%(A)'o':‘.a.T

3000 °C3,) > i 3 ks gy Blad g LRI sasdd (B) 55k .o

HUIIWZPIN |
o 5o a5 WL Dol 3 Ao 5o 28 10l S oo 3310 730°C A LI sleail s
3000 °C :B sl jlguasl & 55 Do)l sl Basldl Lo

tJed!

a0 A sl lgaail i s L

Z
%
-

BaloJl O SIS 5 cAiall oda B 43 Y15 &3k 51yl 8 2es s o
LS yoll & 500 daall odn s ol S oo g Led gloee Loy AN Al ol s Ao 5o 12 A

5 sl Aasldl (5 Y
B 5Ll ¢anlodd] L8201l podl Slio 25 dnds jo Lajlgnail B 55 A0l 8 Baslodl 0T Loy o

HF, , Fe, Na,0, Si 14591 &, 5l &aall 51 gall o S ¢ 55 51>

tJed!

A pden Ll Jal 5 Sl e 058 LY s > HE

50 Ll )3 ol 5 515 sl 62, S5 e
:&:.sﬁi Z\.]a.:b 02_ Qbﬁjj Na* C)L:ﬁj O :\lﬂ."}“ d%}! ‘Ljﬁi :Na,O

S S ely b dealas Jaly p Jal 5 ST wld 0Y thealls 155 S

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



/) /(N
g shd) ALl ol pold des I o Y1 2B 5T s N3 S 1

b s o sl 25512

SO Al o L, e A BW e LG, a6

3 3 w/z
Ol el 5T blaid 26 S8 LGN 3112250 3

Y1 8 510 L 31l o g3 IS 350 g pdl Jal 3 (5 55 o Jmly Mot 4
L ki dsLdi - PR FRWAIFCIN
Sl asadt i S5l - PRILEA FRUAF I [

—\n

KL ¢ Ni « SIC ¢ NH, 14591 85,501 201 ol pall 0 JS 553351
Sy o Sy W ® By o By P e Kt w4 T }/2‘
A5 B3l o0 AD Bl ol LD B3l (Bt ALS BB tlee 5 s LV LGN 31,01 CEST L6
ealls LS
U580 ) e oo 35650 °C 5 dom y3 e g ooy 5 dls o 22 S 3L
ST e N LI Bl o
56 s oo 51 Y5 <2730 °C Lajlgnail s (RGN Syt Ble
.r-LgJ.@.i.UM}Aﬁ.&j4119°C3)\f%)béﬁj@dc&m§3b. >
a5 ol A s S doemenall LY ST LT
Hiads e Layleasl doryn g Ll Al AV 5] godl ga] . 1
Cu.> KCl . b C .o SiF, . |
TR e B3l las e o AL o HLall (gu] L 2
Lenn 4l o Al Sl 58 513 Jaul 5. o JKad i ol 5k 0585
.Oﬁﬂ\&'))w’l:ﬂ&n.)d.b Jl’ﬁ-{jbww}‘ﬂ“)
Dleasl i s el Jiasldl .3
SO, .» CLO . > SO, .o MgO . |
1L s o 45V 5 gl g L 4

N

P4 . Si — BaC12 < Al

(46



Ry 61 Y

P W RER Ay

473

Plasma 53Lall 4 ) A

s by xSV Sy f),ia f;jL‘a l.b- 2k Sl i Plasma Lo 3
53555 3501 o s AN Jlail oy ol A sdl 15 35 )
cuﬂﬁmLﬂoLg-).sO»oJ&u\!\O;J.i}gﬂ\s)\fd\o\q-ﬁiq%ﬁujW\
o 32l s 5355 LS 03015 ol amalls gl s a3 s i 5,
Lol 1) Sy SIS 5 ool 5l Sty 53 251 o 65,1 s e

Ol S8 51 T L d 3] B Lpaatlias 3 L33l 2t
Joo g 58 atlas WS U380 8,01 O3l (5.8 3,505
D L Ll Lo o atliasll Fpo gl Mg ¢ 356801 W oo 5
-55Ledd Znl

UL J s Lt et B ) 581 olelinzn Y1 S s Lo 35 5
350l lilses (..l:.u C‘ L}‘ALM 4l Plasma Waste Converter ;54)')’\_)\
Loy 1 S o Loy 3 il Blall s o 5 ol 30l L Lo
Ll G 531 s g 351 bl ) i LU 310 ey 2
dlbwebjcyjjxgj\)bud&é)bcb‘u&yg\d)adlL,Uau.e
LG il 120 Ll @,GJ&G,L@,J\ T FFERVENPICER PR
J;Cﬁmw\ﬁabwﬂw‘ngbcfbdi.&dbcﬁc"\;}@\
LGN ST 3 558 ol e s sl Sl s Bl s el ol S5
iy (o) o S5 S el s R

Somdlaad B 31 a0l B xS0 o 351 L e
a::;mauua;,sfﬁusgogu%ﬁis.;gs\)ugcu@vﬁ;wgu%
r;)jcag@\gﬁuw\ow@L@;,,jsm:\?auu\,@\ou;bj
cdall 3w Lo 35U plasualy UL Bllan collaoma 315 621,01 o
8 S Balodl Lgslis) 4S8 ) 15kas a3



SoLLe B s el L 1B L «
O3l (5 5 5 S BN Jolpdt 25T

“le ~5 .
e 2 o

1 S LS Y1 oyl 0l el Bl s 13

0, (6.8 KJ/mol) , Ne (1.8K]/mol) , CH,0H (34.5K]/mol)

&

Bl IS Slar oy 3l g 8 g 0.

CoLLe & s el & ol pdlodin 6T

& & w ¢ /f:
gl o oleail s el L A N[

-

1Y)
S0, , Li,0
$i0, , CO, o

Ar, Alo

BLS O 3.5 g/mL Ll LS O Eale 13] i

a8l oS 1 e 13laze! 2.3 g/mL bl Al
&uso}xoicsfdoﬁyswﬁﬁw
03 ol Slagn J5T o1 5T 1 ) i
15V ol 3l e o S Bl 1l Y1 S
3 ol 505 e 535 Y BV Ll s -
ke 3t H Sl 32 3 >
Lis S AU LS ol U s gte .
s 350 ol i 55
&y oleslias I :»qu}- F:L@S —
Lo Bl Lt S 3 B
M 55 el o s e

bas gl daa o

o U8 il G551 1
Bledle sl @l o gle
A4 FAVA PN

)

JLLA}:S!

tis 5l s o o b Sl B Sty
ez LS

.CO, 3L ,Lazl a gl NH, 5L Sl @

Slnal iy ope 35T CHLCOOH lgaail i ys

.C,HC

gz dl 0, 5l U L2111 pusaad .3
20°C &, o> i> s e 5L iiq?;ujq;
J1.5atm s s

6@1.64Lii?¢iujém.cuﬂ)rmi.4
N, ;o d ggze A5 (1.6g0,) 5 (1.1gCO,)
(8 3y B AU SAS Jareal) OF Eale 13)
(b 27°C 5,) > i3 e L5 atm
N, 0, ¢ CO, Sl Fn JI 551 Tl
sle N, 5L Al o

Baall g gl ( GV Jpunll ool gl 5

A, B, C asl Bl jsny ol Bl g B (g el

Y U e Sl 03 (e ) By e

C B A 1N

50 | 580 | 225 | mmHg Gl Ll

S YIEBLIL o

(48



JS ded coesl 3] (AL ez 5 e daS

Lo Jil 3 Leans 5 allaoll L5yl & 55 o
emaas (L) 8 5 Lo 016 ¢S
%.g 1.1

9

.S 3 .=

i) S LAl el Sl e Blaze) 7

atmsbﬁ&;)})w|w3>\u\cé@@jw\

:éjwwsj‘ﬂ\azjéw

_.-"'; Fan %
| 2L 1L .
[ | 1 N2 .I

oy O

——

PH2 =456 mmHg PN2 =0.21 atm

0.71 .o 0.07 .1

0.4 .3 0.47 >

Jsé,«w‘sLLszW@wwm%T@j *

«(Ha, Mr = 2 g/mol): iVl ol Wl a1 e Lo
«(Ar, Mr = 40 g/mol) «(He, Mr =4 g/mol)
o S as of Ble (Xe, Mr= 131 g/mol)
b2l 5, o 4y Je s 870 mmHg e S

s
9¢8 5 Al e ol 25°C

DWWl s ga 8T ad SIS 0 4S5 sl sle )l L 8

He .o H, .|

Xe . > Ar >

(497

b gl daa ya .

35V o3 £ 5l AN 0T Ele 13) . 2

«(H, = 2g/mol ¢ N, = 28g/mol « O, = 32g/mol « Ne = 20g/mol)
SW S e Bl Wl eda 5T OB
Den e Gy bl ae Jlildl

Nz.g:) HZ.T
Ne . 5 0,.=»
4

:\_?‘))M(V) L@.i.?&)j_&v.qj‘)\_&‘\:foé.l;&3
bae ey AV 851 ol &3 OB 4(35°C) 551
@cM\C)UM‘;Lp;Y\WJ:A)u‘;;?
70°C .o 35°C .
343°C . » 308°C .=

)LGJG :\A;&S (&mb) 3)‘J>LH b)bcn,,ajl.ﬂ.k&4
&W)Wi}!|ﬁ)‘f&)sdt’ui3)w
&G,las (Py) .,\.lJoJ\ f\j:.'x..b ) ‘dl"p%“ Aoz

((P1) oY Ll

% Pl .L.J 6P1 .i
2

3P1 .o ? Pl —

PO D[P 3 e[ B W[ ERES B
raarns oS dee bl &)l > B y3 g 5l

)
= O
= \ = /
T(K) T(K)
(s) | (=)
) )
s k s
T(K) T(K)



bas gl das s

L)b}é&M\JﬁMO})H\}@&Z}TwA&{ ‘>l14 : "J“J..“"@HZ}L&@P‘.’.@"U""LQJJ‘ ‘,:>=.w' |>l9
S b 5eSU o 531 36555 2300 °C o 5lgaal D0l sle IO AT (L (g g gl ele
135 5 Ao 83Le Gy 6 sl 3] ol 2y W ele s sa da W ae Y1 e ST Sl lans

° &
w e w3 % He .o H
caealld £S5 .o OISt : : i
. Xe . > Ar . >
-, £ - . ° . —
Al s Pt .

, Lo i las 0L s el L) IE3LIL 10
B U5 Ll Al sall B, N AL B3 15 i .

ST UPUN] R0 WA i P

Si0, .o KF . |

CH,CH,CH, .o CH,CH, .1
CH,OCH, . CH,CH,0H .~

C.& CH,, CH,Br, CH,Cl 14V Jlpudl S5 5. 11
12yl b i Bl als

CH,Br<CH,<CH,CI . |

S8 ) Cu —

CH;Br<CH,CI<CH, .=
CH,Cl<CH,Br<CH, . =

CH,<CH,Cl<CH,Br .>

Sl baall By iV Jladl BT 12

: sl
B SO )
LI Las s 5ot i o

i)Y 4 sl B B e Y1 sl 13
A, B, C, D Ll Y1 50 ) el dilises 8] gun
A s g sl

D C B A W]
44 | 21 | 26 | 31

kJ/mol &J st S U

B .o Al

D. o> C.>

(50




a2 Jmall cololiall b 51 dl 38 s sl b sl s Gl Lo Za ool gzl
Samslas Loy §U Joadl |




-dalal) gJSﬁ\

5] Jdloeally daSlien s o5 31 g0 ¢ cppand 151 pall S5
e ot ) el 5]

Jbedt Caas 1 Y1 Lo,

15T ) s sttt Tl Jbwadl 1 1 S0

| Jee sl sV Al B35l Gl Al 535 dddess
A Sl e (3568l

_ ‘ Jbeedl aslas W )
| ol g e e Sl el 1t G S0
Bl a5 O &5 (6 ) adll s

"

.55 s




o) Yeatoml By,59

Jllaal) ailad

B9d cJ.E.Z.a ¢lo cJS'Lw g_~).>— 4<=)?~Jl.§j\ ol g S G sems (KMNO, rﬁ.«obﬁj\ olas o R PYI P :‘ij‘

5 30 (0 o ciake cpod e 5 G55 3 348 200 ML drws -3 1S (31500 200 ML dns b5 5o

el Cilane s 5L (65 5] (A5 LanSIl 5! ol e Joladl ke ST dedl lslis

D el ol plas

Aaiadl bl e 150 ML iy o ) alS) 3 Lgansls KMNO, p g ol Sl 1 10 58 31 (D
Ll Cody o 10 8 1

sl e 150 ML Candly b S Wl 3 L «CaCOs psend S Sl g1 S G gmns 00 58 i1 B
AN RPN N

Ll S sl ol 50 150 mL s

LSS el 5 clgd o 502l 5 50 o G VT 5 N 53801 e ¢ il Ll o 21 ()

Ls)ﬁg;@wc,é”@mJ}\ac:.:,mas,jc,eﬁ:,ush;ﬂ\uﬂwgéuww\c@j:gﬁig
8,558 WS g Sl L b e

AW LW U s, ST

S ooy (e ) adas day ) 3l N 04 3 5,401 YT D

gy Joloedl

Cleilnze 53wy 301 b ol (sl 056 -1

et Al dos dms e 01 B9 o oLl ey o301 b ol (6T 00,61 2

Y Ll g o 5l ) 0 s 3S1 3 Jlomadl (6T 0,8 23

\




Jidlaal) Ciutac

J' _‘Q
Classification ofi Solution's

Mixtures Jalial)

Jilandls 85 LG tadlins IS8 e W g oa Slpadl a5
£ o il b dloall o Dl V] on Lo a5 Sl 230l 5 Sl
00i iy Pl 15T L

£y iy 8 Sl ) 9 6 8 2528
Jor izt E8 o 5 L0 05505 clipudll Gty .5 10 O3S
oS Ay ol

3l s Jaleess ¢35 5 ) gy dnclall 3 31501 Pl Conmy QI
i)jﬁ.a ! Mixtures Lol o Lo ;w}{.......u Lo o]l
Lt Lioos o 5 35 5151 08 038 o
e JBeal s Zadl 31 el Fpe 1ae (1) i 2 s (ke sl

el B350 305l s MY G bl Cus 5 Dalesey

elall b lis Jn (LU Sad S Lpndond £0L 30 5 £S5

U3 s Sy 5V Ldom s ey s 501 B sl 5T 21
ol Sl S Sl plalall ke d plome 2

-

) Yyt |

WA\%@\}

i s Bt b

3l edl] AR A 355 Al g1

5 Sl oo sl LAY

NI Sl

olsill i«

il Ll s 5 J 3,1 L5
sl

RTINS oailas 355 J:waﬂ iﬁ:ﬁ—

31 el 513 38 5 3adl ol gl g -
olall b s Ly 1)

: Adaahlo pus\ah\ <

Ghas b yloes

Suspension Mixture

Colloidal Mixture  (g5,& b sl>s
Solvation LIS
Solubility 201
Henry's Law RELIPHY

- J

€ L B3 8,000 s

543




L i 1(2) S

58 b slse (3) 2l

N |
Matter

( B

48 ) g0 Lallaa
Mixtures

|
¢ substance;

ralie el dilaia dulaia je
Elements Compounds Homogeneou: "

Types Of Mixtures Jhullial) £ i)

30l e 28T ST 3 e e 0 O3S b el T G Lo 3 35 e
. F . 5B . S
¢omamd I o] (3 Sl S el e JS L (2

(2) ISt il il e Jaledl s il ]l

_ s
Heterogenous Mixtures iuliall S8 Lol

P . s 'y

i sl 093k o Heterogenous Mixtures iuil>eadl 6 bl 0355

- Latliase, Lgte IS Jaind 5] ¢80 U 3l Lo 55 3 Y 221 31,41 e 6T
S8 lu A . z . e e

L O B ey (Dl ala b e 8 lete bRl B s 3laSl

gt el e Al 1(1) J s

g a0l Tty il Ul U LUl Do sl

‘LZJQL@,.@&‘GU;% TS Y Suspension Mixture 51.&)! b gl
‘@ﬂ‘@wﬁb}ﬁt}wﬁjmﬂfi&g@ffudbaﬁj
LG5 01 ey LS €(1000 mm) e W5 By A1 6l o S5 o

DD i 3 Sty e e Be Sy o i e S F I3 3l s sl
i) 3 ot ) G b ol S 3G s O S LS ool s 3

(3) Ul JhaiT o ol ponlls L3 e 38T S
225 4l 455 Slasd 10 0352 Colloidal Mixture g 5 ) b glseol]
¢(1 nm-1000 nm);ﬁujh;(i_j\ﬁwmmlwdudﬂszujw
et Il LS S5 Y5 om0 it 150 Y

A

Z s, Lo
8 i 1o 5 o sle ol Jlad e 0500 Com toliall Gls Jla

Ll e

Slogeddl Do 5 ey s ol Ldieadl Civms 5y s ol sgll b

“"gé;yﬁw‘juj‘&bﬁ‘%;;)l‘)my‘bwéw“ |
) Bl e Bl 22 U1 (1) J s

(553




]
o)

'é st el (4) sl

U gapbde b

f-j-‘é)m

Sl 3 B o 6551 ,01 8l By 1 Jalimall gt Sl

S5 Ll 5 e Lo ot s ol s 1S el VI b 81520 S
el E2E5 s 2l Lo Lkl Ul 550 555 201 &g o) el
0) S0 351 s S S ot s e 20 00

} ;‘w//

#5295 4518 J gloes S0 Gnhall 3 Iz d pall
5@ ::z 6 25

-Homogeneous Mixture ( Solution) 4 il by | J-° u’j-l’“ UL‘*‘J‘
Y 757 41 -53L .« Homogeneous Mixture u@b&i)‘i PN Q}i:g s il 550 Lo :‘:5}‘}‘ N
(Solution J slows ilaeied) b livall s S Joli Logi Sotomy LB S e Pl
‘WM‘QL’U‘GA’@J}MJWW&U‘M\UW@W umjcj_ﬁayéj_hw\ou
Sl 3l ) s ol 1 oS A1 B L Tl 050 A | 5l 3 2 LS (oL
s Vs a5l peadl (65 Y S ¢(0.1-1nm) J sl 3 1A
Ul pny et o ol A3 AL el U35 b
ool o 20 SIS 5 oLl s K 13] 1pn 51 plomadt el
S ozl o I
sdullaal) Cigias
L Bl 355 JEGE sl ol Ll 3 ol Lilss
I G 3 35 S0 L3N G b [owns s Jlowo sy dnns 2 Jlows
&l J gloeadl s <Unsaturated Solution edl f J sl tudal &
wosb)ww\!ug\sdc o)‘ﬂ‘bjbwu\w\uﬁobb)wrw
«Saturated Solution gl J soeadl s s 5] ol 2y e 1AL
) s e B3] Sy Ui 535T I (o a6 5 OIS 13 &
.Super Saturated Solution ﬂw’\” REL Jﬂ’w-” sond e By b a’ Lo

(56



e Aty L2 B g ol Caas (2) gl

I S

ca 2 o
el b ;s
M B e 5 504])
SN AN

Lol b

£
Ll 3 0 S st b6

s 7l ywsw

s
|l porane

G E:_é s «(movie maker)
olie) 5 315 Y83
4_~cujx_o S pay (OS5
(e fd s Ll L J12)
felie b1 s o
A 555 L s fo—tes
5 tegne gl 13
G gV [ 5N o oS,

Dl

G573

LS Jol o

Sl Sl JiL

Sle S S

Lor e85 ) e oo 50 LIS 335 LA (L2
L5 5L j,.aj}' ! 25 <Electrolyte Solutions J L, jzjbmjl
LW Dlowadls ciins By o £33 B ply o 1 OIS ol
-:;Q}@Q‘ 5Ll jﬂﬂy" Y g‘” *3 <Non— Electrolyte Solutions
e 1 ESL 1 Codl Al G Jbeedl Saas S S
Do 035 Sl Jgloes —Stam 3V ) i 5L S Aol T 2L

56 fead pn Dol b 0,86 e g AV ol Lan s O g S5 Lol

st 550 5550 J sl 215l SIS 5 0l 3K oy 581 Al
S5 M\;\,@J\ubﬁw L,J\JMJJ\}@} yjr“n,uu

2

ool 51 58T B 201 L 058, A1 ALl et 355
Aqueous Solutions £35LJ JQL».J s 9 ¢l

Solution Formation J glaal) ¢y ¢<3
Uiy (b gl 5 ol 52) Oldedl Slamr a5 bidis J ol 0 555
DVl ol el bl Slpddl (ol copdel Slaaar o i
oS s i)l 2 SUS el ol Ldadll b lpddi Wl il ol 2l
Lodie O 5l dlas odons 5 . (agunds cado 4t 1515 )Ll U3 Laels
o L) LS Olddl lae 5 Coddl Ol o 0 O3l (658 0 4S5



el Sl ey Slanll 0da Blots i) Sl o 3l 6 5

Solvation &I5¥1 Lleall sda i
9\.«.”Q@kfww%iﬁ)ﬂj‘GL«J‘gNaClObA{cbij:\éﬁi @)
G oo A SV 555 G b e sledl Ol o s Sy 635510
O‘)Sd}hO.ﬁfrw‘aui}?W’WG@M}N3+OU}JFML&3L‘;}?
o s s oy O Sl ool o g &5 o foms 2 i)
ol 6 5 e iy o V15 Al Ll ol 5y O3l 3 45 S
Sl oy Bl 85 gl g AL B godl S Y1) et 4551 3 U Y

N shows 05555 (5) JS&1 3 LS 5L

) 3 Gl s Na" b g Loyl 5 NaClp 335 guall dy 5 1S Sl s e5te

3l (5 55 ye 65815, BN B b V1 el (g 98 0 5SS Lekie

AV ddee Suos Y sl ol 5 6 oY

d-‘)j‘&fdﬁbiﬁ)¢u|Lguj@()jjgos.ﬁw\ﬂbi

S35 Lo =(6) JSA - S 5 5 fouS 5 pkp Do poms o 8l Y
s ool iy s Sl Sl i soken Ll 0555 ) U
el 0585 5 oLl Dl sy Lot s S35 5 ks e oy

N o 385 8y DUl U 0

LY Lhas :(5) IS

NaCl p 22 3l s, 51 J gl
el o)l Jslons fasia]
g3 it B Eons 39 2 NaCl
S5 B s Bl el
O sandl O S (bl 3laall Lan
é.l.&d..ﬁ LS cﬂ\ S oo QLM::M)
0.9% ;S s (Normal Saline) (..«b
& S sdl s i 5a5 B sl
A Gans 8 oWl !

Koall

SUCROSE

55l S e 1(6) JS2I

(583



el s bl 3(7)
I San 1515 e
BV el 2515 Y1 bl s

10 °C ) > s e L3513

LI ool
e § Ll sl

o] ol o s Sty L 30 B 35 2L S8
e b 1 3 g5 e B3 e a5 5l ol B 5 i3l s Tl
s 2T Ll Solubility 2101 555 oLl 3 sl b F3 Lo tlland
Sl an 55] o By e Cpdld1 50100 g 3 D55 O Sy A1 IR Gy
Lty il y iimn 550 B0 i e J oms Jund 23301 ALY £
(7) S e s - plomall ) i3 5O sl b 3 531 221315
sldl 50100 g 3 DY o &tls e 5 ol i s

) ey 53l 3315 5 el b oSl e 013 0T L2010 TV
Lo Lgmad ¢ JSCl 375 52 LoS Y el cpaialy Ml odin o 5Liss o sl
0 e B3 513 5 Lo gt KN, ¢S o o sl ol a5
e oo 3T Gns 3 OF B3 1 b p s el IS 20 el
o)l 3 3 15 Cu(SO) e ol 5

100 ’/' I

e
NAD vy

2 60 // ? . / oo

u; O

3 &/ 7
Q. 50 7

T / & L /

3 /

= a0} "

) NaCl = 4

Do

30
20 e

10 P

Ce,(SO,),

0 10 20 30 40 50 60 70 80 90 100
“C ol el Ay

(593



| &I
£20°C' | /> &n > i CaCly p yS S T3 Lo

L el

I 315 el o wb i) dhs ool o eI I Ly 8 55T 05620 °C 31 ol 3 501
75 8/100 g HLO 31 ,all O 55 &31001 5 goes o L il

TPb(NO,); ol I ol 55 KNO p gl gl ol 15 3315 (5 5lais 3] > 23 g1 ki

L el
22718 851l o) Jtad) gl e st Lt gl ssbedd il il pbls e 5o
.M\@\sw&wwga)\,xs\a?,awgﬂms°cs,|,>a?)>w,y@|@&mid

oladl 0100 g 3 KCIO; p gl gudl 1 4IS 130 25 g aredls J ghome pradames) o 3315 ) 2l 50 Ls

L el
e (.:¢Kc1o3d;>u@Clatww&w}f@w‘gw\,yﬁy%g&agﬂ\w\>J.>T
165 °C ol 0 4S5 (3 )| el B 53 5 ges o L Joliadl eyt

P
W %

—0

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 8\

-’w}ls&‘“}w:‘*sj:siu
iV |

. 2 PR T - R .
J.J«eu\gNaCIrﬁJM\u\_&)jﬁ@AWb)‘MLﬁ.d_br.a &;Q)de‘}g ..KCI(’):""U)‘.‘M

£50°C i, £80°Cs | - d> > ke +La 250 g

N
(607




sladl 3 45 Y1 LS el 4513 usl 43
Gl oy b Lgrad oLl 3 Llsd i s b i3 Y1 LS ol il
.(3)d‘gv\eJ\cﬁﬁL«Scy‘g;\iYJTOb)ﬂ|@>dj&uL@.«é.&fjcew\

el 345 Y1 LS Ll yam 40513 del 43 1(3) J sdad!

-

asls 1A is gorall obe o3 lb ols | ]
.NH4Jr rﬁygﬂ &:)L_?SJA‘)
asls 1oL RV e el LY 2

.CHgCOO_ O‘j;b‘f.y‘ ‘NOg_ C)‘ij‘

U oY asb edas ) 13] lue Le

Hg"" (Ag® (Pb** 15V

T s oI Br e, 1 G g, 5

UV asb edas ) 15] lue Le
Ba* (Ca®* cAg+ Pb* ZL:S:Y\

Sr2+

Sl S 05l Lo Gl SUYI 4

.S0,*”

ole ol b olS 6 fue Ls

rﬁjﬁy\atsfleLpW\

A5l3 b Lgalons

Sy S 05T e &y smeall 2SN

PO, oliw 44l (CO,™

ole ol b oliy ,Slae s
J_:'.Q'ﬂSJcKZSJJAIAZ\_GM‘

.(NH,),S rﬁ}ﬁ%}“

il b Lgalans

S xS Ol e ol WY 6

ol ClalS e lue e
Ba(OH), 5 1A e somoll olie
Ca(OH), Lsf cw 3455 Sr(OH), 5

L sty J3T 568

i513 e Lgalins

1S 30l 051 Jo Gyl oS ll |7

.OH~

Ce1)

“

12313 85 asl3 1AV ol ol il ¢ *1/
AgCl, BaSO,, CH,COONa, AgNO;



= 2 . :
Sad 66 AT 5w a8 S5 Y o b esledl b i1l Ly S

0355 Bl jastlas Sl gly 52 OY «CH,CH,0H J s Y1 ab Oosdy

z

Lo 5555 g 55l ) (5550 s el oLl s 3% o B8 Ll |
Y gy OY tsladl 3 CH, b5l s ¥ il s Ll ¥ s
DU I Ll ol 3 s i Sl ooy S Eokad ilas Sllnas
Ol s Vs eaiin i

e 5 Jlone

OIS b e 05 Doz oLl b Lelsls b S5 & slas

u\;w\u,z_.gi“g}u\m‘(4)@4;;\&2}{,.;ww,a)\ﬁm?w
Ll b LeZls

A 3l 3 305 55 colall 3 Duiiers 3 o s £33 4pls 4

Sl 5 S Slasad o 3ldl (5 588505 I U35 gm s ¢SS LD 5l
jﬁ:wcabwlu@&:\sgyﬂl3?):;31(8)J.(.Jd\éiﬁj.PLJ\
e 5 el a1 313 53] 45,0 ol B y3 5l 3y oLl SNl
el 6355 Ll Ol i s L 3l 558 e Sass 5

J ol 3 lin s Lehi

2.0

1

S
o
“e

\\
N
\\ S~
i

1.0

|

10 mol/L H,O

He

OCS)‘H\Z?)J

Sl and 4 sl AN :(4) J il
Mjsj\faa-).sw;w\gl.é;ﬂij

el | S
g Gas\ 100 g H,0 sgall |2
Mr (g\mol)

0.018 28 N

0.040 32 O

0.140 44 CcO

;u;.‘bi,;uﬁ\su

Fasens "..l.:.c;.)f.ﬁ\

Loy 5T4(8) Js

s b )l

ol e
JSal b sl ;ﬁﬁ
doe sl o5 el 535
:20°C &)l > dr s

(627



e B 2(9) K
4.54».9_9 )'L;J\ 3;;\5

S
[ , o |
o

o ° L

°'>L.’.) o (+) o

o o ° Lol ~ 4~ ° o

o
° &)
Ologn= o ° o o & -
o

s —| (&) o

g,.iJ.A.S‘ ) o © o0 0o0

S L1l

0; oS Le a3 1 il
N, e g 5l 3 4315y el

s arall e
O

2

N

2

P Lxsll

(630

laiall 53l 35 S S5l Jaiall a3l el 3 5l £l 3155 Ls

o 5 ) 585 8 1 S s 35 lomall G 3 el

G703l 55l 3 Ul el 3 sall i 01 5y 53 sl

Jaall o G b Lol Lo ol 3 51 £330 5T o, 3] eHenrys Law

Eam 1(9) JSK T 05 ol 23 ol i Sl ek 3 5 )
alais s SR L313 p B 22

L e gy Slad 6| sl a5l g5 e (6 uldegd Dz
E 2

o sladl b IR CO, 0 g S ST S 5 e £aS e (501 05 el
éj;;w\o%wbgemijﬁumﬂ[gﬂ\mmﬁyiw
0, e Jars [ Lomers i Jlaall 35 et U313 5U01 el Lo Lams J slons)

o 3 ¢l g el J] J gl (f@;uui delas s candly J& s (IRl

LS (52 0508 8 s b i 400, 3  plomall day - il

}L&.U%;J'QJ‘M|X‘§J;A¢.3U'=}L§J'3;§|S
S=K, xP
gL s 5 &5 GLILSS (S)
atm s> 5 Wiy G S5l ) (P)
* S rel Ky
il B3] B3 die O B e Sendl 8 5
S S

s R
P P

1 2
(P)) ks ke S L33 (S))
(P)) ks ks 5 L33 (S)



- RS ) —

s
eLJI ;é b:—’\—fu‘ 2;-:3‘-3 (‘itamin€

C;:I:O!
o yaes o dasloeel] Slialdl] JJ 0L for Zlowy .

. s @ _ s & . . -
ALl 3 0L 5l L ey Sliaalenll S a1 a1 e () .‘..- e
s S I T 1 - ©
t:ja.'lm.i N 6(C ‘B) QL‘:’“L::’ J_Z.a N g;’ u‘JJLQ ‘UJJJ‘ ‘9‘ n:-:{.jvgj_lﬁr'“"
¢ N - s . - 1. ‘. f e g - )
ngjfa.“u.gg.ﬂ.u “_}UlaijL@,LWYU L@.gfu ;..,..?J\

N

('lu'itamin A

o laluall of = b lede & sl eyl ol jﬁu CH,O

s las Hasl Learas ¢(A D K <E) f PSR EM] . ¢ 29 @
Sv8Ghe*e%e%¢ o

d)bMJﬂj‘&*aﬂwJ\@u;:&jcdﬁﬂ\ -8
il e o g By IS ~eam D - alis | BEVER
Y z L e )

‘:L«:‘065g/LdA15athl.dej>W325 COJ‘J?bJJMGLQJ‘JLGJL.Gw‘JM\S‘b‘
0.5 atm jﬂ\w@quw

P,=15atm, S;=065g/L, P,=05atm ol

S, S Lol Sl 1 gllaoll

Ol B sl o

Sl Sg

P, - P,
065 S
15 05

S,=0.217 g/L

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

A.Ia.x.,a 0556 bd_e 0.15g/L Ls jLe m\: eSS s d.ml/

£2. 10atmdfh¢mm\>@m¢$c1 02 atm 5 2]l
.@bo)‘ﬂ‘@)bd‘w

(647



ilrtll s Lol Ja ol s 5 A0 e 5T 1 15 S

&

A e laall B plinal (g A1 o plinall Y1 Fpn K5 puaiedl bl

N, | He | CL, | Ar Sl sie 5 pall LIRS e sl V1 Jpdaedl 22
28 | 4 | 71 | 40 | g/mol &J pod) AN | 3057 5,50 ool d yo 5 o2l Fpo Lgnds Ui 5 )
sl sl el (s Esl P RVRERVIEN

4 gt Jglows o] 1 W1 PH(NOy), kS o (7) JS2I I g 52 L .rtsjw RES
20 °C s,) > i ,5 ke 250 g H,0

Laall ol 3.68/L g5l latm S5 hady 0°C ke elodl b Lo 5l L3136, pasuea]
s 8,51 el 53 i s SW1 0 9.5 8/L (g sy  ploms e d el 253U
Y ol A s IS el DY) Sl
oladl 3 KClp sosls sl a5 1S el &3] ddas o o 851 S Lall (5] .
el Sl o bl peladl 550k e S Y Ll
el o ol Sl ol o
Aol b s OF 053 kol 8, 4y 3 U Y1 s el Sl e 3
Joeedl 3 kel Sl sleail
550 b sl e e dws AV asll . 2
sl Sl 2l . Oldlo el T
:CoH o sl b 413 STV sl padl a1 3

CH,0OHCH,OH . 3 CoHyy > HCOOH .o CH;OH . |
S Shs 5 38T 231 58 0 & sloe 301 lonat T 4
CH,CH,OH . s AgCl .~ Al(NOs); .o CH,COONa . |

Gl 25 dar s (50 °C 3,1 & y3 e 100 g H,0 JINaCl p o gl 5 5IS o 110 50 g i . 5
) lall i s bl 5 5 sl £ (3 ol 0 BpnS 5 r Jlona
1(8) 5\ 100g H,0 3 50°C e NaCl 4515 0 (A3 gads «ils
63. > 50 ._> 37.o 13.1

C6s3



Jullaal) il

Properties off Solutions

Jullaall daalal) Sailadl)
Colligative Properties of Solutions

3 der 5 48y g5 A 50 0355 ol O G Lo 3 330
Sz ¥ 5 b BT gl suka S 30 5l Lyl atliast jon,
e s Sl 1 aslasdlodn e Sl yel ibllin b Lo
«Colligative Properties of Solutions [Jl>eol) daslonl jailiasl ";_N\
€ Joeall nalod) jasliasd) Lo 0L 5 5 gL, VI Jos
Vapor Pressure Lowering (s Al Ls ) cﬁ Oaldasy)

3t 815 66,1 s 8l i Sy LI O G Lo 3 S e
53 ol Gl Tl i L o o i 3 ot
ol Jaall asy Code ) ol Bl e T Ol 02
bl p oY g Lo a0 Cpddly 50 o]
ool e laas ula s (Vapor Pressure Lowering (g L=l
GBIl aaall :;a.J\ o] :g)\sf.)\ Laall o 38,4 Clusy
Lxall o % Le (10) JSi) s b5y Aima ) pm iy s glooll
(B s dploead O

tad Oldadl Sl dde o J a5 1 arallies
Sars o gloadl 1S 5 a3k 3 Jseall Ul arall [ Slasil

Sl 3 L sl gadl a g5 e 530 413] e ¢Sl U3 s

ol o cyo 15 oo Ggn AN S35 DB ini e LS

aeu.pu;u‘}l\
" Sl s

760

(mmHg) g ]l Laxall

OCSJ\JM‘:\Q-Jé

) Yyt |

b ;w,)\é,m\}

o L jeed le Jaslas |l
i 35 el rall i gqﬁ:ﬂ VRN
.:gjjwz‘ﬁ| baall s Koedl 55 O
sl i
JIbeodd dnsladl oailasl c.mﬂ
dor )3 ORI & 55 (5,51 Lanall)
(5 5o Janeal i
Ko T o) il (51—
L By 5 e
o 205 01 LS 8 -
el el s o
a3 ol Lol Slaadl Jony il -
el paslat
: odbuablo au\dbl <
Jloeadd Zaalot Saslasa
Colligative Properties of Solutions
Sl xall B sl
Vapor Pressure Lowering
NINEVRESPog ’Cus)\)\
Boiling Point Elevation
Lozl d s < g,zusa‘w
Freezing Point Depression

Osmosis &) j.wgﬁ\

2 £, 2
Osmotic Pressure (s souw Y| Jax 2l
9 2

Gkt il (10 S
4 byl

(663




Lfsggﬁmw ~|jsiu

(mmHg) (5,1l Larall

°C SJ‘J?J‘ 27.-))
Dy B s Y1 (1) S
ol 0L

= (m) JY 5ol 55 Al
(mol) Sl &Y 4o s0e
(kg) odall als

(67

o2 Lol s Jas e ol it e a5 ()

i JIE s 0 e i it o

G DI ) i el e S O LSy A1 il Sloged
G, M\j@wﬁ ) 8 el i gl o skay 5l
s e 5 M Sloed S 31331 LS5 il Cpdil s J ool
jﬁ SN J el S (Gl ihrs J,uj 23S 5 355 Jloedl e
ZAN 20 Gl Ll O o 3 BN o) o Gl i
Boiling Point Elevation (i) 4 ja & £ )
gl-"‘-ij 3dowe (6 s hars die dsdsee OIS 3:,-).)%:;3;3\ ii.x.f..i\j,;@g
O i L 2L (gl Bl s i B ey e oL

e

. 2
Pl ] e s i pll edn e SLJE B 55 S5 34100 °C ) B s ks

100 °COAdLaTS>,)>dl.ooL,llef\;J.ﬂJ)la.d\Spsew\géﬂuﬁj/zﬁjﬁw
A AU 0L B 3 e el d ool 0L B o OB Ul

Sl Bl 8550 Cadodl 0L s I ploeal S s e
S5 e “;L‘*U 6 el 53 By Sy Ui 45 o) ol (s Jﬁ‘
G Tl sy 8 I ol e 223 3l
ol 0L B3 e A0 s -OLR B 53 35 3 (5 gl Ll
.Boiling Point Elevation (AT,) Lkl &> s & il.a: Y J el :54,3\
& U b Jplomadl OLLS i 3 3 W1 Sl ki (1) JS21
L 5b LS Lol I drall ae 705 e loeedd SV a1 5 )

,G\ (S

DIV podl X cul = DI 2 s b g Lis )Y
AT, =K, xm
O a5 b ’Cwm AT,
O s S gl VI St K,
ploeall SN 5 35 3 m
AT, = T,-T,
Codadl OLLE & )3 T, 5 sladl OLLE & 5 T, o



AL LA and O B 5 b gL Gl 133 4(5) J s

Ky codadl olds & 5o & thle =4 1 atm (g g bars Lis °C oLl i’.‘)-’ -l
°C.kg/mol )
0.512 100 oLl
o7 78.3 J Yl
2.61 80.2 ()

AL S o DU B 3 b s, N1 ol 53 (5) Jseondl b
U V1 S0k 5 5L 3 L) okt S B33 s i Y1 2l (K) s
(A a5 Tkg b ORI (e 1 mol 415 b o dRJI OLLE 2 5 b
et e ey
U1 b hans oL el 5 S Y i 0 B s B
s b o plandl e 3Ll lone OULE o 53 o Bl e

3Ll J sloee OLLE By O i ¢(12) JK2 3 LS —as 55 0 oo &5kl
s g3 (V) &l 1 B o) DU B33 0 e (0 et || OB o ol o
{(NaCl) ke 53b 5 (CoH120g) gkt b s3lad iV - dslaadl IS oo U3 © | MBI, J sl o1 KB J s

H0 Cos S =
CeH1;056 ——>  CgH10gg) oy 55 2 Log)

NaCly —25 Na'wy + Cleg
b en JSTNACL dslons b Sleddl S OF slaall G0 i 3]
3 sl sae e Jazs Jyloeedl ol 8 Loy (CH,,0, glons |
.a;dfw{.; 3Ll ploead 4t el 25Tl 3L J oo OLLE B 3 3 gL,y

Sl Ge S 0L £(12) gl

ke 8 83le Jgloes s (A) Sl

,u&((/:)a-:‘mswf\,u,é)
L o5 L

=<
L

G bl Aa
—
S
T

RIS

(68



- . f s, 5 Ge
I KA 3 pedl L1315 0.512 °Cokg/mol el pLke i 45 3 ¢ L V1 Enb 5 Lide et

m(Celeos) =18 &

m, . =500g=0.5kg

(H20)

K, =0.512 "C.kg/mol

Mr =180 g/mol

18 g x 1 mol
n:—180g = 0.1 mol
_ 0.1 mol — o2 Uk
m= 05kg mol/kg
ATbZKme

AT, = 0.512 x 0.2=0.102"°C

T, =100+ 0.102 = 100.102 °C

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(69

Mr =180 g/mol

reolladl

-

Jsloeall DL B s Sl i gllaadl

!

Zg\m\ C)‘}I}» e :,..i?T

1 slowedd Y gl 55 A1 ]

FOLI & 55 b L VI Sl

TJM‘OL:J\PZEZ-JQ

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



0 J6all
2 5ot 2SI 5T e . phoeadl oL G 55 S 2B ¢e L)l 50 0.5 kg & ;,iﬁ NaCl - 5.85 g i1 oole 13)
-(0.512 °C.kg/mol) sLol 5lds dx 5> b ¢ L ;Y Eul s «(Mr=58.5 g/mol) I
ieoldagdl
MNacy = 5.85 g
M,0) = 0.5 kg
Mry,c =58.5 g/mol

K, =0.52 "C.kg/mol
Jsleadl OULE B 3 Sl 1o sllaall
::}adl
H,0 . -
NaCl(S) — Na (aq) + Cl (aq)
2mol = QU);‘}H KNPV

5.85 g x 1 mol POl &Y se Sue

) omall ZIY 4o
_ 0.1 mol B
0.5kg

2=Q\3ﬁ;‘>1\u\1y>.x.95“».3

{6 3l U 5 IS Y gl 55 1 O

2 x0.2=0.4 mol/kg

SLI 5 b g, Y1 C2aT L
AT, =K, x m )
AT, = 0.512 x 0.4 = 0.205 °C

6 3l J lomadl OLLE 3 Ol b5
T, = 100 + 0.205 = 100.205 °C

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

@

oSl aes e 128 3L 0555 J ks 0L dr s b ¢l VI Slicie 2o o] /
JsYl 0Lk dm s b plas,Yl Eub O Lle . J LYl o 2kg b (Mr =46 g/mol) HCOOH
.1.07 °C.kg/mol

(703



Freezing Point Depression 2aadill :*A SL ‘_,3 Oalday)
et o o 5 ol B sl s o AN e S5
HA St £ 3l O I B il Lol G L
Lo il o o 3Ll o b e ) e Jore el
Lol Ledny oy Slogedl S Gl I Sl OB Y
Jm B3k il By i RLGN Dbl ) peo s cLny Lpany 5o
o AN B i 3 e 5 et il el B T Bl
ot A iy i) U ] Jo 5 D3l el ol Ol
Lo &y B poliss¥l () ol Ao B s s J owall i
J sloeadl loass & 5o Ol o |ig s .Freezing Point Depression (AT,)
Ko i3 b ALY Shie Sl 0 i it s e
Y Lol ) Bl e TR J plowedd IV a1 55 31 s s o U ploned

EIN padl X ol = Aol By b olasY)

ATf: Kf X m
Al By b sLsYIAT,
ATf: Tl - Tz

%N‘M’Zz)JTIJJM\M:Q-JJ T, o
read I i B s b aliss Y CUB K
gloesdd IV 5all 35S Him

S e Tmol &5k Cudlddl A &y b olassVI ol ol

el il e ol ol dad dazad s B ol e Tkg

Slpdadl Gl doasd dr 3 b Lol @il o3 (6) il w5
AL

AL LA Gam dea iy B el el (i.;e 2(6) J gl

K cudddl diowi B 53 3 Loliss¥I ot
°C.kg/mol

’ -
"C damed B o

0.0 L)

~114.1 J syl

5.5 u—if‘j‘

70



7 sl

e 01 kg b Lhiadl 5Ll 0 0.95 8 o (5 55 MOCL p smiivedl 5 818 J lonod il By S
.(Mr=95g/mol , K, = 1.86 "C.kg/mol) 5 Gle . L&) e LJi
HUIWCPN|
M (yga) = 0.95 8
m (,0) = 0.1kg
Mr (Mgl = 95 g/mol

K:=1.86 "C.kg/mol
SR PIN NV 3 S SN 1N |
Ll

g')U.fJ\ CJYJ.A e :,..i?T

_ 0.95g x 1 mol

= 0.01 mol
95¢g
Jsloeadd Y sl 55 30 CL2sT
0.01 mol
M= kg = 0.1 mol/kg

3=0Uﬁfy‘&9yjﬁbu\9‘3i\»{

15 S Y sl 58 01 0B

3 x 0.1 =0.3mol/kg
el s o el ST
ATf = Kf X m

=1.86 x 0.3 =0.558

T,=0.0-0.558 = — 0.558 °C

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

400 g b il 12530 110 0.1 MOl 4130 O35 J ghoend Al o 55 b 5LtV Sldie 2T 1 s *TJ

5.07 *Ckg/mol ¢y 5l daos B 55 b Loliss VI Eb 0T Lile . o 2l

(723



D)
9 Kol B3 Lol Y]
P51 @ p B S el | 1 edl s 5 coletdl b el s el Lo Jlagy 1 01l 3
NeClesora oS | 0 s o o 6l e =g el 15 ol oo T
k?CaCIZ eSS el oy s Jab oGl e ool 515 e J) S (6353 sl
e s A S

Y, "

Lol B s b Solisus Y|

rel gaN1 5 31 gl

8830 ol i 5l Gl B el g e 14800 L Login JS e Ol OLIS
el Ol s ¢ pi3<)I NaCl fLsda.S\ cl.a (RS

I oyl o slaally meall Cilams (551 oSl Slsls )

: o) S glas-

Al S S Loty by madl ) 50250 g ]

SR e s0mL s Js ) Sl

s Pl - &
el 1 2l 6l olidie plaiialy 180 G IS 5 ety diddl ot 550 B il 3

2

e cw & 4 s é‘ &
ke & 3 & f s :

S by siome 255 ¢l 5] ) eledl 0 50 g Cail 1 a1 S
Lol e

\&

)l B s JRET 35 clegne

:J.,\;a\jémm

B
55 5k5l eS8 B s 1 0,01 1
B

il d s (Bl B Jsloeell 585 g sall (Nat, C1) lall 0l 5315257 2

(733



&:a-_’.J-Q-H C)L«.;....:— JUL’J\
Jadl el sLia)l e

o

o

Qo

o
O O O Q

A
Osmotic Pressure (5 gan) bl a1 :(14) Jssl
3 z v g _ . s M : Lg)}"*“\“
e Ll 158 5 Y1 da 1 e Ll T
s :
itd) 4 8283 o OsmoOsis &) o) 3kt 4 251 0 1355 “[] .
LS- V.?QJ\ BJ.;.'S g\lﬁ‘ QL«.;M;- j)JA %AS_} g..,...:..l.i.“ QL«.:M.;- R f‘”\’"':—""l";—i‘é‘
.. o s % i (Scratch) 3! | e ol
s it 35 5o U lonall G 3 L s 3 —(14) 20 25y | SN A eelin
G518 o plomadl s J5LI o) Yol o i el | O e S
. . . & - . w wel . wl : _
EI B8 it Pl o 8 e 15 s ) e Jbeedd nald
5 o) giod A 33U Lkl aS oy st IS8 o805 o plonall |y SR ey i
3 . 37 PG SN LS. s
inalndl aflasdl (s A &> «Osmotic Pressure Sy larall g gls¥l dldisy &

W pleall Fpo 850mn S b DI Sl e o lozas 1 [Jlold A I Az 2
j ; PO, sl el i
Ls,uivs NI e

(UL 3 G gl Sllenll Do LS 5 U 1550 )l (635

?ggjwwmp’sjmw:&ba\/

743



I il e 85 6L B 535 J ploeald (655 Lol e ISy B3l 51 s IS

3

RSN U E S (R PSRN PRERT SR JUTIE RN RO R WS- S

) oLl 50 600 g b CaCly (10333 g 413] o ol sl OLLE i s Sl .gsj:n f.u;.“i .
|(0.512 "C.kg/mol) +LJl OLLE & 55 b ¢ ;Y ol (Mr = 111 g/mol) Il & sl dles| O s
Zylia 8 830 (yo 20l 3L 500 J ghowod dioetl) B s b S5Liss VI Slake S0 66, Y1 s
1.99 °C.kg/mol J ¥ dims iy b Loliss VI Eal O Ble . J 515 Y1 50250 g s

&

el s B Bl oy 0L s b L,V ol g el
£ - ,2 .
oedlall ila e ale JS (e T mol b1 XY 5 AB(g A3V 21 531 5 5o 01 ilae | O OUisle e
BV b e el csladl b Lages IS 813 0Ls Y1 OWsleadl 03 5 olall 00 500 ML (6 g2es 359 )
tos W o5l e
AB(s) — A+(aq) + B_(aq)
XY () = XY (ag)

T35 € el Ll oy o o plomadt & .
€ g obm baas el ol 6T Lo

f}W\CZHaOZ%}de&%Z\J&SWTWuSkgdl.cé).bgsjl.,»(,g;;))cb:rle)!\fJo’awfl .
101 Gle (—5.022°C) 5 = G 3 = el b eladl s pts Olaa) LB Lis)

K;=1.86 °Ckg/mol « Mr C,H:O, = 62 g/mol
M\wiA.l "Cayl o dx y5 dee CHi oy ) (0 O.Ikgng\ySgdl&éhd)@
5.5 °C 5l OLLE & sy Ko, = 5.07 °C.Kg/mol OF ke .J ymeSI & 51
YISl 2 e 8 S domouaall Ll Y1 s T
e el dnsladl jaslasdl dazas 1

R clenzl) 3L S da el L
dj.)\’u».“ 8)‘J> 2?).} ) C)W‘ dhe >

(753



2L (g S 3 CaCL, oIS 5 5lS 10 5.1 LS e il .2
8 sloall g iy et
ol e 53 e 315,51 o 55 i J ploedl oy .
L Sl aas e JeT d gloeeld Sl bas 0S5 Lo
Ll 0L B s n 8151 B s e  glomall iy
gkl lia 3 Ol aeldl . s

,G\ [38

SV oLl

0.512 “Ckg/mol Loa slald stz & p> b oLVl ulis O d s b gl ¥ el ood .3
0.2 °C ya e 35le J ghows 0L B 55 b plis, NI lie OIS 13] . JI 531 e 1.86 °C kg/mol
F S5 J el Aozl & 55 ool Hlage o
0.75°C.o 0.72°C . |

0.8°C. s 1.2°C .

A 21 BL) 1 5ls 0.1 m o585 gl AlCl p grad NI s, ST L) d gl o B 55 . 4
(K; H,O = 1.86 "Ckg/mol ch.A,U S
—0.71 .o —0.74 .

—0.8.> —-1.2 .~
OWe &3 JeT J Y Jeadl a5
0.02 MOl/kg 6 58 5 KCl p sosl5 sl A5 518 J gloms . |
0.02 mol/kg o ;.S 5 M(NO5); p gemiiadl ol 5 J s .
0.02 mol/kg ¢ 3.5 5 C,H,,011 Sl J gloes . >
0.01 mol/kg ¢ 3.5 5 NaSOy p 25 )l il 1S J loes .

(767



&y gL iy i

S oWl sladl 8500 by

e daldisy Ul ol sk
Zostall 331 ally ploza¥ sl 5 - oliall
bl sd 175 iUl -0 2221 e
ool B35 Jro (8 penadly ALY
052l o3 L AAS) Bolasl s L)
O30S bl o s i el
Ql,swhwwuigw@u\
et b 5 B 0 S
ColiNloda o s Lo s J5-1)
o e e (b A ey 33 S ol el ] 286 CUY i ey coLaa] b plaeS
oloodl L5 3 flaS 2y L1 BV pltsenal (8o 1 5 3Ll o Bom SV ol 5ol il Ll
sy a3 5T 25T pdens 1 LSl 5 a1 Gy b e Bale did 1S 3] tlgne peladl D15
IS oy M N n 3 Y& Sl 28N 0 A LU ASe sy clardll o 8 S laS
LSl &5 o Lol D i) L2 B 5e 75% (I Jod3 ey oo k] o 3301 311

Jenad) b il cyo fxl g &6 gaes ettt

773



Lot ) iy U1 O g0 ,el) g2 LY

o0 0649 I3 ke ceglshlly 50 byl &
g, Y1 e O 4 5 ¢36.0 g CCLy b RRIPYIY
4 ol S e 0,49 °C (g sl il 2 5 b

K, CCl, = 5.02 °C .kg/mol &1 ke ¢, JU s

1l 2 83 Byl AN L2018, ]

2 .
5 100 g 3231064 g Leliss e 2
Lr13580.23 "C Wl  glomall OLJE B3 DT LiLe

80.1°C ! o 5l OLLe

I Sy S Bl Bl B (X) o gl 9

LY sl b ol yladl

] Sl ghnod!
0.24g IS, ey S ks
100 g CCl, ) ils
32.1 g/mol Mr ol & o)l eS|

02°C | CClLdxir s b ol

29.8°Ckg/mol | CCl, ki &y Lzl b

GXFRNENIINE S ISR EER

K80, (‘}:”’U}:-“ ol .S 10 0.06 mol/kg

OLLe L5 el & gl Sl J ool Gzl

1Y el e
0.1mol/kg NaCl, 0.1mol/kg C.H, O

67712762

0.1mol/kg Na,SO,

o el AL 3Ll J gloes OLLE iy 0

ASEA 8 asldl d howe OLLE 2 s

. .
b ¢l Aaa) 14
s b gl Y1 Y e U0 5 puaidt 250
) oY) o sloeadl 02
e JS RIS B 35 A el sl s
SR R A B
AV A Caises Loadl p s goall s IS OY lome
Y Y e ol B S 5
€Al 81 iy e iy Logen T
?JETSJ\Faq-J.sx&MWéT o
Lo ooy d>15 eles 3 OV gonadl w3 13) .
J sloes 5T da slall 5 5 o g 31 408 oL
S 5l 4y 5IS 58 5 sl el OF o3 55

oo g0 JS oo sledl B sl SV sl sasT
SNl el 2
CH,CH,OH , CH,CH,CH,CH,OH . |
HCl, CH,CH,Cl .o
PbSO, , (NH,),SO, .-~

slodl 3 Np g 2l U &gl oY puseaa].
Jﬁ)\ 4-L-;-.bj 20 °C 8,1 > &>, 42 0.0152 g/L
0555 bkie sldl § agld Jlais L (585 mmHg
s 351 p2ell o 3 i 5 823 mmHg sl ahais

r 3 KCL p gt gl 2y S o o531 pca]
Wl 2130 g 350 KCl (s 0 5% (50 °C &, >
§(7) JSadl JI g AL 20°C ) st 53
Y Y e e
s die prte b ool i Jslal o
§50°Cs )l >
J ol s aie 2% silesldl s connl Lo

(789



Sl Ul Glany b 3 dmemaall S,

L sl b sl g el
lnmoﬂjﬂ .T

1000 nm s 35T .o

1 nm-1000 nm s .=

1mm — 1000 mm . »

Ll LA 3 G50 Jplons iy

S bl ol sds T
RUNT-p B S (O JUN e

o AV Sl D deeall 5L

0L 5SS eLadly J5Ldl CHOH J sl . 1
ol b S e S5l o
¢ CCL O 5 S 4518 oy Joloo 520y
Sl s ik 09K s Ll
bt i sLly sl ele 3 L

3 A e (18 58 Y Jplowns 0 X J hons . 7

o s Lo b B Y1 Ol Ll (] s
Y OUE B s oy eI XOUE By . ]
.YOl:LéZ.?JAnguXOLA}i?)J o
G Y Brs sl Gl X Brss

£ “ .
Yo dr s e delXdloidr s s

FOLS 13 Gs Ol a0 Y 0L

Akl aslas el 6l o Leads L
e jatlas s Y 6l s LeadS L o
s b Y1 Lk LassT ol

CH,0H J slts 5Y15 eldl lond] . 5

(797

bas gl dan o

355 (A, B, C) sl 51 5 g0 I l3 5l 5adl 255113
ST clgllows OLLE A o ¢ L NIl 5

tA s i s B U;ZU»'JY\
A:2.4, B:1.3, C:3.55

WK ER (e 2o
: SV S o G 14

°C 5‘)\‘);.“ :X;JJ 80° 90°

A B ) et g e
B sA e SO G5

(Y ol 2 e s IS dennall Bl Y1 5l 15

% ©\

i Y gl 053 25Y1 AT 1

sl s G RON

Y

I SO A s el sl

s 58 At i By Y1 ol 2
- s (0.1 mol/kg
K,SO, .o NaCl . |
AL(NO,), . > CaCl, .

A2 b st e Vs 32 591013
sldl B 2Lk
Ao
-(’):-“Ur” oy S jjl""‘ =
JLaiw s



el 3 s B el @
o s o W skss oLl 3 313 C sl @
- SLASE

Dok

BaSO, :C (KNO;:B ¢ KA . |

BaSO, :B (KNO;:A « Su:C .o
BaSO, :A (KNO; B¢ Su :C .=
BaSO, :C (KNO;:A « Sw B . >

Ob ¢d gl 3 81 I le gladll plsal, 14
L (ISP O VIO [
;Ldldel.é.::.:byj A,B,C,D

60 °C de il als | ko)
35g/50 g H,0 A
20 g/60 g H,O B
30¢g/120 g H,O C
40 g/80 g H,0 D

D>A>C>B .1
A>B>D>C .w
A>D>B>C .~

C>D>A>B .

(W BBl sy DB e el 35 1S
C%%}“ J;-T cclid‘ )L@_.@\ 32-)3 ‘}2.35-_::&.‘?-
M oS5 e B adels STV
KCl.o Cay(PO,), . 1

PbS, . s AgBr .>

bas gll dan) o

by Ul 5 L5 5 ol Sleend | - 0555 . 9
r 8 5l HLlas

odlo ol L

5 Ll Y glos 0353 2531 LS Ludl a1 .10

telodl
L.o CaCo, . |
CHgCHon . C4H10 —_

Ll 3 €0, 0,501 ST 3 516 3130, 11
thars g5l oo s die Say b ST
20°C¢0.988 atm . |
20°C¢1.2atm .o
25°C¢latm .~

25°C¢l.2atm .

L p 3 pall 15 8585 8 1o O3S Jslons .12
BJ\Pb)bMWLGM\OﬁIOOgg
tp 23 gl ) ) i o) AU Lo =3.75 °C
K H,0 = 1.86 °C kg/mol of lile
85 .o 52 .1

105 . » 100 ._>

e M edael O Ul elian s 5l 4e 505 .13
Bl S sl sl ods (gd| AB,C Lsl 3YI
oly S &y KNO; ¢WUJ‘,¢S\ ol éﬁ
s & gleite DS cndy (BaSOs p Ul
Lo JS I il s iy us3s &% b
(Y ola> el sl 5 oLl e 100 mL
S o g L sl s slall 3 213 Al o

(807



0Jquall d.olJ|

b il 3l ) il 31 padl g 3] ¢ Sl ol il e isl o 2S00 s
Sty Ao L3l oy 55 Ly Lo 3 a1 31 gl folis e Kallolas VI Ll ¢ CalaY ol Y
5513 Ol g S5 $OFY Dlomy 5 gl Lod OV Dl ) J g 1 i etlnei¥U i

01 5V e 2o laddl 31 pall 5T dasldl 31 4ol

(817



sdzlal) gJSﬁ\
L) g5 o AnSimad) I e Lt 0 m Sy
o1 3 U PR PN RSOV PR o i - [P |
gy sy ¢ felidl Gy b i O FY) s e B
ononcL@MAW‘)T&MB;LAU_ArSTQQJ

OV el el LSl

a8 S3all ol sall 5 SlarSOl 01 5 1IN Sl
LSl delisll 3 01V il s ) 6 S0
oo Jeldl G b b S Sy o Salully
) B3 ol b 51 5S 5

4 Blaze) Sbleoell 5 015V ol ) s 1 SN )
3 padl 5515 s 58 OISV ol S 1 ) 6 S
OV U ) o g s e Jolidl 3 25l 5 Aol
O Y1 e Bilseadl 31 podl SleS Olo b aie Sty 5
J;LQ;U 63LaB¥l 555 ol 1035



3 gl gabuﬁ

e Ty gl fal BT, 10 min 2l B
e Jred (Gl i3l o 0]

b1y Joloudl

Aball sy 3 Sl e S s i L - ]
Arkeadloda 2l

delazdl s gl 0 S0 -2

(2 55 005l sy e Sy gl L -3
Ackeadloda 2l

A I WS s sl e 00 S 3230 4

Loy ¢34l cJUJ.LJ Sl Lo B émi 5
b I ST 3 0 Ul e o ) d oiow

83

o CES VoS [N [ B P P (PPN |

e ol 2 s 200 ML dx A b

e gl et L sl ¢l Ol on il el

el

e Sl

el i Bl 203Ul ool il

Lol 431 )1 sl pmseadl Cilans 5

Slazal Cooaly @Vl Bl 3 4l éﬁf

255! sfui

 Jond] S has

Oljeedl sl LGl 3l e 10g 3
el N Sl B Ll bl

£os) Gl 2ot i 2 lor 3 ol B
.(Osu;;,u

Loy delldl Bl (3 ol e a3 il
Al S G e

ool 3 pll o el 1801 2l T D
Sl o s gl et BTy Ll sl
A ol e 155005,

=




423 gl Lol plly st

Chemical Equilibrium and Eactors Affectingilt

sl () 33Y) 4 ggda
Chemical Equilibrium Concept
S o)yl 5] Igraly s s ML o 528 S
0s (rrenSY1 3 3 5y Mg p iiall o a2 S oy 131203 S Lgnar
1l JEU s 66 ) ol s S 5 MO p prnnsiiall ST St
£ o eliall 31 pall o 5T 555 83k S Vg LIS il a2
0555 g5 g alonlly ey JOU OF my Lo ¢ Jolill ol b (5 =
b ML ol SOl e sl U e Gl Dl o) ol
5lasS Uolaos ‘_};uﬂ\ ¢ s Jrreversible Reactions 1Sl
(Y el e

2Mgs) + Oy —— 2Mg0ys

oo Y ailie Lol 3 L3l SSLELil) e 23S (g o
Uis ‘J}'«uﬂ\ e OA Lol ji ideled)) 3\,& o» LS (g1 Oluady
nSaadl MLl r..,a\ oMeladl e &),J\ I da db Slay g ¢ penSlas
Lo s dlelazadi 3l sall J;L“" L};L&J\ 4l4 Jusb <Reversible Reactions
ST Bl o Bl s e Bl el 315t 035555 e
L};LA:SL{ 15 L 250l 51 531 0355 OF 3 ;2ves 5 <Forward Reaction
FnSall JoLl s s 2T B Bleliddl sl pdl S5 Akl e
J.él.u ¢ pla &3 by NH, Lgyf\l\ e jwa.xf ¢>tos <Reverse Reaction
sln O g b e Glaesle s G H, G s bl S ma N s 2l 510
o NH; U Y1 5 055 ) U3 (63505 6350 ol By 5 Lol e
Y Wsledl 3 el S eleY1 ol G L

Nog) + 3Hyg) ——— 2NHj,

7~

:WA\é,im}
Ml s eI 015V L 5y
o B L,
S as Sl 58 5 e Jolill s B ey
)l & o
: sl oG«
- SasSI 015V p paie ) Ji 51 -
85 5all alsseall ol pall T e -
O EY Al

: Aodbuahl g eas\ahl <
Sazadl e EMe il
Irreversible Reactions
LSedl oMl ladll
Reversible Reactions
LY Jelidl
g..&d\ Jeladl
LY Jeledlde
Forward reaction Rate
SAl feladl de
Reverse React{on Rate

Sl 015V

Chemical Equilibrium

Forward Reaction

Reverse Reaction

Equilibrium Position 0Ol 3Y| o5
Le Chateliers Principle a5l o T

- J

(843



N2(g) + 3H2(g)

Jeledl iy

A
U 51 2555 2(1) Jedl

(857

N,

H,

\ NH;

N + 3Hy > 2NH,y

Ol YT e

O 58 5 Sl Ty Sl ¢ oLl ele 5 5 NH, L 50Y1 5L 0355 Lokie
S ). . ol v o . 15
(Sl Je el G pm o S H, Crr 5 ol SE SN, 5 21 5L (e JS
Y Dslaadl b Jele LS

2NHjg ——— Ny + 3Hy

Ao lad) o) padl o Bkt laS Lo (5 gty ol 2o 5 OF i g s

& oY bl JI ol (1) Kl il i <3 1 S dsslls

oy o alnadl b ] 5Ly s (oSl 5 ¢ ol ool o Aol

el g L o Lo LS Usben Lie 2y ol
5o ot ol 3 LoS (72 ) S

Nog + 3Hyq ——— 2NHyy

5 0555 ezl 3l 5515 1 ) oSl el ot

L 3l ) L s Lol e o 0,555 €180 Lo ST i)
«Forward Reaction Rate %;ab:’)l\ Jeladlde oy (Ko Lo el
Jee bl e a3l g cilelinadl ol gl 515 Laslis <31 55 005
I Joolidl il de LajS) 5 0585 Bl sl odl Ll ¢ sVl



& o Ty g edleline sl o J) Il Jolially T LS5 5 s |
31555 sl sl pdl 3815 als 55 Il s pars ¢ Sl el
Sl o) Lo a5 il liz 3l e ) L) g5 Lol s
Ll %,,_»L»;’Y\ Jeledl j._.cj_w =—4=5 ;=> s ‘Reverse Reaction Rate
SlaS 0l D 5 ol Jelid Go Doy (Sl Jolidl s,
Jold) & s oty 1 (61 (Kalys 01 51 Any 5 .Chemiical Equilibirium
il s ol s Ae Ll 31 padl 515 g L Al (ot lni W

o)) a5 ool 0 W15 caiull b gy sl

ST oy 5l S 2y S ¢ oS 01V s 3 3al

é:NOZw}jJL’A\JMS“ T‘;U)b‘;ldjb\ﬁ.k&Nzo4w>jjlfj‘éu
SV Aslaadl b LS ooy (501 ol 201 0,10

NoOug ——— 2NOyy

O e Gord) 205

3 & 2
SN0, o s 2l U8 ST 2ol 5 Uy el Jeliad Ty

[N

Dslaall LUl o ras o Lo 26 1o NO, s 2l ST 6 5

-

-

N204(g> _ ZNOZ(g)

Joledl de o Jaslss liys NyOy Sl 55 5 Lasley 3 )l s a0

(o 1 /2) gl 2l Sl

Jelidl e o
[N2O.]

oo

SN

o

o g AN Jolid i3 (0 /2) S o N, 5 5 1(1/2)

(867



3
3
B
3

[NO,]

R O"}H

o g el Yo 5 (0 /3) JS2 o N0, 35 5 s 11 /3) s

.NO,

Ol Y1 Dl

557

o3

2 (1/4) s
o e 5SS A

i (o /4) Js2
Jelidl de

s
BB ST 5 o b,60
OV s foladlels

873

e 55555 1 has U By i o35 5 64503 INO, 5L Ul

L s NO, 5 0555 Ty NyO, 5l S s Lyl T (Sl

NO, 5 J g s JpmeSall Jo il st Ty s ¢ Jolidl sl s 3 5201 0,00
Y bl 3 LS Jelil e iy B ke e ey NSO, 51 )
2NOy —— N,O4q

e Sl il o 5 ¢ oLl s Lo s SNO, 55 555l
S godl 515 oty Joelidl de s s o 1 (e 8n dmy s Ui 5
Jos il e o a1 555 NO, 55 35 50055 (0 ol /3) el (25 dall
o M 55 s Lyl

Olailey ol Jeliedl de oy dlolizall 3l podl 581 5 OF ¢ G Low o
o e 1555 ol 31sall 5515 3155 s 23 S oA s
3 o el S OV A ] Jelid] Joy OF ) (S8l Jo L]
o padl 3515 o ais s ¢ SRl Jolidl s Dpsld b1 Jolid

(u J /4) Ji,ij\ jlaj cios ) 5 delazed!
Wmﬁ

Jelidlis
Sl

Jelidl 2o

ol Y1 Ul

(f’}” —



18

N,O, 30y oo O5e ks o) NO, ;& o
s sl e

85 35 :(5) JS)
el ol e

s 0 iy 3 e el e (g sty Joli 2l 5 O 6l

(5) JSdl il Baly B Ladsdi o)

Y1 Dslaadl 3 LS 3Ll 0 2l JoUadl e Sl S s

N,Oyp o——— 2NOy

Hby,g) + 405 == Hb(05)s (zg)

5505 S el Bl ) S5l sl sl oy
L5 podl oSV 3o s 5l 5o OV 1 58 (Ldiss (oS
ozl 3 88Ul LY 1 & el lanll kot ¢ sl gl

bl 4y e Wbl

ugxmgujgozwsm@sozuﬁ;ﬂwwu;u&ug::ﬁoaTJ

tSYI sl 355 SO5 Sl danST 6 5L o 55
2805 + Oy +——— 2S04
P Jos 13 Sl s JS0 oo ) o St Lol m
10l 5Y e 5 O Y1 Al
Jelilsle s 3 SO,, 0,, 805 I3 581 5.1
oSl 5 LAl el e

orall 3 (ST = sl pou) 01331

Sloj it o ] 5 el ) i 1 sV ey
o SHD(0)) g3l sl sl s (padl 3 HD sl gl |
Aslaadl 3 WS G328 Ul oS sl ) K5

(887



L e Jeliald O1EVY e e

Factors Affecting Equilibrium () 3Y) P8 J:Ij-d\ Cal g2l

O EVI I ) s Sl S OF ] G b S LS 5
zoll s Ao laxdl sl gadl e 206 5515 e Joladl 2o s Ladie (g gimms 5
5545 cidelinadl ol goll ye ST dunty Lol 315l 5350 0F JELEU 2 Sy
o ST iy ezl ) adl O35 T il o gall g 12153 015N
i oy ielimal sl poll o 2152 013V O 505 cdasill s ol
w56 01 5 Y &2 5 ;(:;J\ e .Equilibrium Position & ;3! /t,bj.a
3l gl LaS i Ll gous al 3] 5T a1 31 godl S 8L 3 paed | G
P A8 pon ¢-<>~J‘ G oo by Aol ol goll daS 83055 sl
OISV e sn b 55 S5 € ol gl edn Lod . fal 5ol
Le Chatelier's Principle 4wlilis gl lasa

W 55 0 Sy A o ) il ) (6 s a1 Sl e
I Sy il ] J2 55 ¢ Jolild 015N
wsd}ﬁjcs,g}g?ﬁjcchg;:wdiuj\qj,gvs,d\

3

%

Sk ol 13" o ;;"" ! Le Chatelier"s Principle 4505 o) Tius

%
-

dﬂ\&\;ﬂ\sj&%@»ﬁi/

Py L"“}’b allis s

(893

01V s 5o

Jeoms JEU O 05 sSSP O 5Y1 35 5t Jal sl a3
."M\&s;iwwoijgy&wg&

o sl 3ol SleS B3l ey b ailes ) T e Isloze!
ol sl Kol 5 Cas 0NN 3 5 E5dl ol ol p oSl oL
ol 3l padl S 3 OV b go s A Loy SOV 3 5 0500
/ Salelidll

Concentration S jil)
Jolisle s L5815 5131 all mliaS e 0155V 50 53l
il ol ielith 55l 1S 5 i (5350 3]t ) ol iy e
d,uo,Uw%}ﬁw&gt}_ﬁuﬁ\cﬁa%u‘o\;v\uufj\,u\
w35 OV 51 s g iy SIS Jaaomy 5 i e O 5Y 1 > )
REPCCPES) IS TR CES N B PEN [Pt P RN p



ajuujw_iu;n>ﬂr:¢m;d\¢bs,jo_owe(u&u;ﬁub_q\

. B . . . . . fwg, 1' .
jb@a}célaa¢ujg_acpclsjw\.k_wjlsww Kz ¢

OV EVI A ) Sl oy s <Cly 51801 5L 5 PCl, i) 505 536
5V dsbeadl LS

PCls ) ~—— PClyy + Cly

Jisas Joldl eley 3 5l5 5 855 5 O ¢PCl 5L e 4eS BL5| die 5

w\;ljo\jY\c;ygiug&Jiw‘jw@wﬁwL%ﬁ‘o\jm
JUl A 21335 o o n sl o T e JUE 1 el e
oo S SlaS 05555 cOlaoll I e LS Sllgr s eV
Joldl e Ts S0 Besig 3 1 55 5005 (a1 5 315 355 CL, 5PC,
Ol ol 5l OF I aBlally Solo¥1 ol o s eyl 3L S
@ O) 13 Ol gadl Gy ey oo OV Al ) JE L 3 g

- Jeledl le 5 o PCL, 51 Cl, po 2008 A1)

Lg.éj) cojﬁ}:\:ﬁé J.}GLQ;'J\ ;L&j JLCIZJLOU.AZ.?QSZGQLMLZT

sl edn 3T o i) uSall Uil o s 313 5 5 o alilss ) k)

bl Az OV s 5o #1325

BEELE, cojgjb‘éﬁj PCl; )LOUAS.,\_.Q..\}-Z._:QS ) TR Z_?r.;}j

3L oY1 el e s Gl oSl Jolid) de s T3 (23 )
o e 1Y D ) Jelil 3 gad ¢ pslta Ol ol s 0T )
Gl S5 LY I e Glisea CL, 5 PCly 5 PCLy cye JS 55 505505

90



s

t Y el Jeladl
Ag+(aq) + 2NH3(aq) ~—— Ag(NH3)2+(aq)

SAG(NH,);* s NH; o0 JS 58 5 e Jolidl slo 5 JI AGNO, J plous oo ol a3 LS| 5T Ls

L el
el G5 O3V i Ag" Ul 58 5y Jelidl sle s JIAGNO, Jplos o ol s 3L
e e My A1 Jelidl e 83l 3 O 51 e o oo o oy Joladl OB calsles
25555 NHy L 5eY1 e Agh Ul Jolis de w3135 (gl ¢ bV Jeliddl e 1333 58 A1
L1555 ‘Lﬁ:‘?‘wx g;“uw Joledl de o 2l g'-: AG(NHy)," 35 5 215355 NH; 5.5 5 Ja «Ag(NHs),"
0555 O VI A ) Jeladl s gm s o5 54150 o slae Olie ol s s (oS Jolid] o
DLV 3 LS 5 e Uilzies AG(NH,), " 5 L5 V15 AT gl 55 5

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(S ol sles ol pall 3810 Bos A1 ol il S0
HCL e 08 BL5) e

4HCl(g) + 02 2H20(g) + ZCIZ(g)

—_
& ~—

(3lan sl 300, SVl 2 g Ny s 2l S Gy 2
- JI J;&J\ Jars NO s il deesT sl 5l s
(Y sladt G 01 5
Ny + Oyg =—— 2NOy,
LS o 12 NO 5N, 0 JS 55 3 oo ANl S5l Gl
el le s o SV e o 25

Qn



S5 gdn 5 55 A
1 95Y1 5 31 gl
ﬁr' U el IS J s NHLSCN 5 501 Sl pd J gl
((3) 3o )l ol NHLClp s saY1 oy, IS J glows <FeCly (11T

— - ol ol ¢(3) e 250
—_— =

Al Sl )
eadl B Bl Al L) &5T ¢
AR 5 311 ol sy seadt Cilams g5 1 @

L ol S ghas
bl sl b Lemdls p g oY) Sl 55 J plows e 3L i

03 1 lowedl €1 03 ¢l 551 ) dphond) 5518 plows (0 o b 5 il 1 B YT 2
B el 5 (ull J loeed|

oY ol e N sl s 5T L gﬁigl&bﬂdw\w@dﬁii;k{ 3

E05 o aT ] oy po W ) S gl e ol b s AL plasinaly il 1B Y1 4
L SB M o () I lonad 1 0 e T oy (U1 il o N ¢ sl

el E30 5 N1 U ol 1S om0 05 a8 L) plaszaly it BT .5
L BSe Jomal 5 (sl Jploeedl 0 3 e T las (U1 il BT

sV Lol

35 50 ) Sl 55 J o ] dydoedl sy 1S J gloes L] 0 U1 glomedl 040 33T 1

S5 I pso oV A glS Jgloms a Sl b BLS| e J ol 04 i ) sl A1 sll 33
SO gV I ol IS J s g0 a3 5 5V

ails I e 535 OISV s go 8 5l gall 581 5 e 31l 3

Jolidlele s 33l sall 18155 J onedl 04 25 G BN ] 4

i
:
|

2

923



5 JS2 1(7) Jse
ot B

(933

O EY

-

I w
OV Al b Jeledl Laallisly Sl Ji 5] e OV Al J] 55 4l

Pressure Jai.al)

N o305 ol I 3 s G el 3 5 pemmeal 50 s 20
s S i ol Il e o G 51 s bty S a3 )
Y podl sae a3l 5 A1 o 313 53 SN s 5w s g i1l
ot AL 31 sl kel sl sl S5 Y o 3551l D s L e
Jelidlsles b Laal

LI puts Olanal ks e 51 b S e fozis 1 odlelial) g
s OB ) Jeliall fuay S sl 51 Ao linddl I3 oy £aS

)b%‘%wb}ﬂwgv&db&;uﬂ\pbj%;)wlwﬂa:

LS Hy e 5 )it 516 20 CO 0 50, S0 ST U1 51 Jo i Gl CHL 012
YO el
COy + 3Hyy —— CH,, + H,0y

S o8 OV e b oSl daild) Ol S S B3 Sy
s oF Jolad) Dolas o LS 3] ¢ ol ooy 3l bais i
Ll sl gedl o pd 345 ((CO + BHygg) Aelaxd) A o Y o il
> J,b (6) Sl 3 LS Jaw gSedl JI5] e 5 «(CHgg + HoOp)
Jons tanallasls S5 m JlE ¢ Jelidlslo s b I3 i 313 555l )
on BTN o se o (g 50 A1 o) JJ 015V 0 i3] e Jolid
2555 313505 Gl Jelill e sl 8 ga?;um,;m@?gisaﬁ;wuwl
.M\j@)yuﬂ\gu&g%ﬁjwywmw@j@.ot:,q\,;u

DAL o B oSl Jo L e s 315 5 Ol 5L 55 3855 s
Do ) JEl 5 pm5 <0l pudl (5l OF ) SoloY1 S0 s
(7)) e Sl e e OV Y

(e e B2
QPORR

b bbb
L bbb

LbLbLbL

PP

Co(g) + 3H2(g) ~— CH4(g) + HZO(g)



:Jﬂ‘ C’}:"”” J.GL&."J‘ J Q‘}N‘ c"ﬁ"" uﬁ J.o\.é.:.!! ele g == b)) JST é:bﬁ
2H,S ) ——— 2Hy) + S
: J:Jl

250 ok o oy Joliel) 0 tadilis J T 3555 S i Olas J] (o5 Jelidl ele s oz 8315
il Alelizall sl yodl 3 U Y o sie &l 5 ¢yl a3 e Jis A1 Aol I L 5N 01 5Y)
13V g0 )3 by o(d 328) g5 23 sl godl o Y gl o ST sutall (g g Bl o) OF ]
arallsls s ¢ el ;ij%;%jiﬂ;w\ Y go 3o 315 55 ¢ ooV Joladl de 8ol 6T ) 1 5SS ol

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e s IV JRUE 3 o g 015V b g 157 1 Bt B0
/ W s S Brall sl
PCly ) + Clyy == PClyy
LSV Jelidl 3 OV s e b sle gl o 35 3T Bl 2
3H, (g + Nay == 2NHyg
Temperature 3y ) jéJJ
O 13 ¢ Jo Ll g 53 s a1 38,0 ol iy sl Calssy
DS 813 B nady (i o AH L 15,0 o &l AH) 3 ) L5 |
;;p)ﬁaat}iust}:@,\ﬁuuiugﬁt}iws,\ﬂ\akﬁmu;m,;
/ Y Wslaodl b LS (NSO (o 5 2l SIS oS
N,O.g + 58 —— 2NOy '
Ol wote oo 304
S st 0,00 50 68 315 ) s i 011 Dl b JELa1 3,5,
3y i 655 o3 B 5 A Bl s e Bl B B oles
esx\j\s,\,ﬂ\:ﬁng\w\ﬁi},@j‘o\jwcﬁy&}iwgwﬁw
LosC 1 N0, 555 Jas JoUl elos 3 63 5 21335 NO, £l dger 6]
gle.ugqs.x.:,?cw:j.(T/S)Jiﬁ\}ghjmij\:fi\\gﬂlalﬁgggggjéjb
céfii;ﬁuuw,uupﬁ\buﬂko\;\‘nggt}iuﬂ\jﬁaﬁjwﬁy |
el ke LIS L Ol Lgands g5 50| 0151 - OF 05 pnd

04D



0°C 8,0 > a5 ke (O) 100°C 5, > 3 dee (1) »

€ 5
By i J1(®) )
LY Al 35l )l

N,O +58kJ‘—2NO

27 4(g)

5 el gy oI OB ¢laidl 8] - s i wis G
Wl T L N0, (5SS A T e Sl ol Jelidl w6l ) s
P E P r/ : @ z e 8 . b s .
% " | Y : $ NO. S35 oowS s .
«(Movie Maker) PLN‘ ('_:Lo i e C.,..a.guU.\.gj N 557 s 058 7305
: - . Uiw S A R X . %
TJ_.A‘\_:séf«Tlf_l:ﬁ’ ,,% Eo%&d\}\dbél&.ﬂj&&uﬂlu\ﬁuc(g)/B)J&J\)@\c,m,a‘)“
[ 5D s atilly cablts Aol sl godl g T s 505 0151 0T 6
il gty OB ) g3 O U851 B i OF G Las e
: Ll O 101V Dl ) Jeladl Led 3 gm Y i

101N Dl ) Jelad) Joas o Y1 Dslaadl b LS Colis J siltsall s
RANN

CO(, + 2H,, =—— CH,0H, AH=-90.8k]

cu‘dyw“\msg;lﬁ&w|°J‘J>b)bébb)f‘Lc

:
quﬁs)\ﬁua%;s;p;xmg‘@w;m@‘asnguad&‘usaswm?y&w@;gg,m
UL Sl ol g Jolich 1 a5 cials 3l adn yted Al gl I 215 0151 50 O €050
U Sl £ S 5y oSl bl B oy 5550 ol By 505 0

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

:s)|,a\a?)>s>gjm&ﬁ\w@uﬂ\szdao\jwuﬁajdﬂ\wmw 33 *|/
ZSOZ(g) + 02 (§ —— 2803(g) + Heat

[CO(H20)6]2+(aq) + 4Cl_ (aq) + Heat ~— C0C14 (aq) + GHZO(D

953



A
T ALY el e
i SeoSI 01 Y i
:} o Sall Jolidh 2o = LY el s o i 35 10) 2
3 / oo s el
E Sl el s
oA —

Catalyst (Jdall) aolwall Jalal)

i o O A5 pimy 5 ¢ SloeS 0151 Al ] dSlanedl el oo
Spedl o JS 5815 <2855 (oSl Jolid) o (g5l Y1 Jelid)
oSl s Y1 Al ¥l B ol Jolidl ety s (il Alolined!

om A Jole Joladl e s 35 2 Lo o(9) S ]
S m s ¢Sl s ALY el p (S B Gasladl bl 35
oSl Jolisll i 5 0 3580 4, ¢Catalyst (lisell) delonad! falali Sl Jolal ST FR
15t g bl Jolall O ool ety 55 i) ol e 0 055 eVl Jolidlde e JS

w oo < & z . ‘ U.Z.S\“
Bloldey . Jbl o) b gl gl Joladl &sao o Los ¢ Jolad) Sy < Jelalis
3o 5 de pursls 5 Ll ST Y O Y1 s g0 O Jolidlele s Jdels Jule
c&ﬁé.ﬂl(10)J&.ﬁ\]}éj.dﬂ.ﬁr}ﬁ\y}j\i&wcb\j\“ﬁbél&&&ﬂ‘ seledl Lal12(10) JS2
OV Db sl ol T Y b
) v
A
T el Lale sy ol Jelidl e 1
1 : i
; 33 A+B C4+D els Jale 05y WSl Jolidl e 5 2
3 ls SeeSI OV U3
3, 3 el Jole s g ALY Jolidl i . 4
dels Jale s o Sl Jolidl e 5
s —> ]

96



Sy

SN B8 el dx s S
1 95Y1 9 31 gl
1M 638 5 HNOs &y 20l dem J gk ¢ uloedl 851,
56 85 las 531w €(3) 308 200 ML inw Sy s 3,55
ol e gl sl sle ((2) 38 o o5~ (3)
Al Sl )
N‘@ML&H LN sl | C.;\ .
ubudbw;\ubw\,,@u\m@)\ .

ol S ghas-

.dkj;wé)ja:}sgwb&;d\umd,buw100mL:5JT.1

Ly.ubuﬂt}q\mjuﬂlg@t}s@cu nw,\wmm@f@\d,bm,&\ SN
g 5 b 0,81 510 5 B VT IS

Wi s 5l 21 s Ul Fls st I bomdol b Ty oy ) (o gl o

(3)[5”JJ|)cy-u\M\_,uéw\u,zﬂ\@(z)g,,m&;\vjcw\?(1)(,3,g,,msﬁ:;;.g 4
Zl’l’lll’laJ.oJJ.}a.a\ u)LJhLJ\up?L;

pJ
r

1G5 5 3NN 0 el (1) Gl 3 LI Ok (2,3) cpdosl B 5B O 5,67:5,61 .5

—

3

-}‘a.. ’ -
.CL...M‘)H}J.:J.’;M
OJJJ‘-“Ju—’)w‘uﬂJer\j@°)‘fJ‘4>)°°>bJj‘c-~“ 1

"‘\u

.(l)r.e)@)jJJ\JoJJLJ\c-LJ\&yYU«yL.J\9L‘J|detf,ajd\¢)‘9.ﬂ|@)w\u)5 %5 2
Sl AL el n IS 81 el By AT 280 3
L) 3, Uall Jelidly 5, ol Jolall JG 151 o sl ol B s T iz 4

C\o

073



35 5 ol ot 30Ty S 01 51 Lol s 160

ablisJiaso LSl oMLl ©

5N SV s 01 Bl 5 NH, U 531 5.8 3 oo 31 ol il ]
PClyg + 3NHyy ——— P(NH,)s + 3HCl,

&

PCl 58 585 . |
Jelillsle s e HOL) . o
JEUl sle 5 | P(NHL)g oy ipeS 5L5)

2

el 31 g0l cye ST 208 ] I L IS Jaiall 655 6055 A1 ke L 301

Ci) + €Oy ~—— 2CO(y A
—_—

280 + Oy ~— 28044 <

CO, + Clz(g) ~— COClz(g) —

—_—
4NHj) + 302 ~—— 2Nyq + 6H,0 .3

C2H4(g) + HZO(g) : C2H5OH(g) AH = — 46 k]
L};WJ\ 9L°‘9 > SJLU' .

Gyl dld sl . o

—v

Ll ey e LpoS BLS]

.1

.2

.3

.4

:L;Suywo\jV\gy3@9\¢\}5\;T@Nf~~* 0.5

%83



(Y ol a8 ,3 S doeenall Bl Y LT 6
1l oBeladl b Bl Boms Y1 Ll () -
sl sl gall 0 4SS g WSl O 51 135
oSl Jelidl e s o ST ol Jolidl e 0555 0
sl ol gedl s deliadl sl gedl o JSLaS oo >
Sl Y el o S B gy

LKA b el O 5T s 5N ol y Ll (g . 2
RPN I W WO ST N PWIF W

Ak s ; Alelizadl 3l padl 2nS e ST Lol sl gedl daS
oSl e ladl e e raal ooV Jelidl ds >

bl g5 150 01N L

N,Oyy = 2NOy, AH=57k]/mol : Y10zl Jelidl 3.3

Ol e <
el ooy b ale w05 565 ) 63 &5Y1 e Gl
dsbus Jole BLS) . Al el drysasly L ]
Gyl iy e s arallesly

e S5V LY Ol al e sdal g 2A + By = Cy + heat: V1 0zl Jeladl 3. 4

W05 el o
aols Jols BLS] 5 el

2C0yy < 2COy + Oyy AH=566K : VI Jelidl 5 .5
32 CO 0 50 S AT U515 (0 £aS ST logie gty (16| ol B y3 5 Dol e IS 3 il
Bl pdlim s lanall e JSOLas .ol adldr g kel e Sl L
Byl el i s el brall Olads . s Gyl el s Ol 5 axall 5ol .

93



Ay dalazal) & @lblual) Lually Mw\i @b&ﬁ

Equilibrium Constant Expressions and Related|€

Equilibrium Constant &) ¥ b

ot QYN Al ) ol J gy e & G Lo b e
S5 s o pudly o Sally Sl ppalosiV Jolisll g
C,oy»bbL@..\.&yU\u&uj¢Mb¢lpwb oll 3 gl 5813
i 5l S5 e Jolill g b iy o) ST 5Ll i 1Y
oty g oo OV Al ] Jolidl 5 5mg o3 6851 2y ]
ssadl 5815 Clamy O FYI Bl e el BaS sl lha b
O Y e didesel

Equilibrium Constant Expression ¢ 5%¥) <l e

F=3 Cato Guldberg g5z 515 Ol N OLJLI Jos
MlJ.-ag,ybwo\ledb- "”}’\.odS\PeterWaagch
Sl J.aL&.:J\ b Foana 5l > i s e & up:w tMass Action Law
Ao lizall 31 gl 3815 ) a5l podl 3815 s Laikis 00,555 D
g sl sl LeiSlabes (5513835 Ll Lete JS G 5
.Equilibrium Constant o Y/ <ot w.wf

SV sl B el L O 130

aA+ bB ~—— cC + dD

3815 o ol Bl KW 50 015V et of dos WS
1o 55 50 Ao limddl o) gadl 351 5 O b Juol Jo s gt d25L1 51 ol
J;*;‘j‘a;ﬂp\:d;w\%g(a,b, ¢, d) Llolus (g 5Lusa 33 ) Lgie IS
tY) el e ae
[C) [D]*
[A) [B]”

eq —

1
ga

) Yyt

s : }

- o)\ 5\«
3l 3515 g SN 2 2
& o g e Jolidl b Al g dle izl
5 b e Bty 5 01 Y Al )
55 O FY e ddleeall o) sadl a8
Jelal 3LV 355 0l

: sl oG«

oMLl Jand 01 SV el

oelid) Sand O 5V culb ol -

G5 ST -

Jeledlele s b5l ol laS Lol -

O1FY e
: A\>dbnhlg uzslabl <
Mass Action Law LIl fad g #l
Equilibrium Constant | 55V :,.,U
ole Ol 5

Homogeneous Equilibrium

ol 8 O 5!

Heterogeneous Equilibrium

(100)



(h
& A

[ L‘ (KC>1) ri‘|

-y

(<)

W %
(K<)l

dgdl (0 (T /8) Jsall
OV i A

(10D

a0

P S A YL Jelil 3 Rty Alelind) sl pdl laS e Lo
L el o5t Ko opn YU Ko ol o s 01 5Y1 ot 30 (6 ,Y sl

—_—

Nag + 3Hyy ~—— 2NHy

:&;Suj,a\dudiw OV SV sl e oms
[NH]*
SN
OV L] 15 A gl o 3 OI5Y1 ol dad e Sliney
ol iad Ol 130 O Y1 ae el Dl 3l ol s Sy

s padl dg JI 155 ol 5Y =25 iﬁe(KC>1) Al e ST OIEY

iy e liddl sl podl 5815 o ST Loaldl 31401 351 3 05555 sl
Ol VI ol dad oS 13 L o(1/8) el Sl ST Joladi 33 10 0,
AUl )yl g 152 015V 1 30 585 4(Ke<1) A e o1

L 3an e 05 Al sl 8135 e 5T Dl sl 815 0555

(o /8) el il s Jelid)

0 G Dl 3 har 0555 a1 ol b sl sall O LY
sl 3 b 55l byl DV Jelell 01 5YI el s Sl Sy
SVl eda 3 O1EVI ol ) 505 i Y sall W3St 5 e Vot 5L
LSVl e Gl Jelidl L ae Sy (K ) 5 L

c - Py
» (P (B

ol Ll o5 Hligs 65, ol s e O Y1 el ded dazas
5ol ol i 53 5 dind tialies 3,1 > il s s ans Jelaxl 01 5V
W)l podl 5815 505 558 ¢ oleV Jeliddl e sl 5 B3l ole el
OIS 13] (Sl ooy 5 01 YT ol acd 315 3 Alelinadl 5| yadl 3.1 5 Ja5 5
U 15,0 Jeladl

(ailien £33 VL ool 5ol L 0 555 3ol Be il oy s
O 51 i lea e 5 JI sl el 30 50 DLt 1 Gs O 5N G S0y 1

.u...sb,..uﬁéf-@ cu,.sL?r.u



Homogeneous Equilibrium (laial) OV

Aol s Aol 31 sl Led 0 4S5 8 52301 Lol ML) ye TS

3131 8L OV EY1 (il 3 Dbl da b s el itly 3ol Aol b Lgmuar
odgd O jf‘)!\ b e wa s .Homogeneous Equilibrium sl
o eV 3L Joliny s5iaad « JELN 3 LelS sl ol 5515 Yoy S|
Dslaall 3 LS sl 5l s s 2l AT U 5L s eSS

-

-

4NH3(g) + 702( 4N02(g) + 6H20(g)

—_
g -~

LS sl e Jelill 10 01 5N ol e Sind

[NO,)* [H,O]°
© INH' [0

Heterogeneous Equilibrium (milaiall O

(5 s il i) Tty el 5l pald a3l 3l Dol Ciless

ilze e ol &l 0151 G g 21 B3LaSl oSl oy &
Jolis & Al sl gall 51 5 Ol 4> 5 43 5 (Heterogeneous Equilibrium
B AEY L b A5 e el iy 3 sl s D13 kel s |
poe S by S ot 5208 DIFY1 2 SN 1Y e

PV slaad) LS Glassle s 35,1 2l CaCOs Luall

A
CaCOs5) —= Cal + COyy

05, ST S 5 58 5 e Jab dazey 01 51 ol OF 5 23

(Y ol s ws als4CO,

KC: [COz]
BB L as el i L3S 5 O bl 3L aclly eUiS

OIFVI el 3 F5 Y5 Bl L L3S 5 06 o as clgineS i Lo
(N Wsladl

COyq + Hap =—— COy + H,Oy,

sy

(oLl Dsles S
L3S 01 SV el s OIS 13
sp Jelssley b o3l e
ﬁ _ [NOP [CL]

K
© [NOCIP

-

(10D



(103

‘L"’L’LSQ"" oJSJ; QU ealsLL! 4.5\9:.5\.’ L’oJLA J&LLH&&LJ\ d\ g.~.‘>-‘5
e e 2l G 051 el i b oS Y LSOV b b S5
LSV el

[CO]

K= """
[CO,][H]

S ae o M Y Dslaadl 2 LS Gl sl 0,5 Lie SIS
Ol Y est
HC]O(aq) + HzO(l) ‘: H30+(aq) + ClO_(aq)

1SV O FNI el oo s

[H:07][CIO7]
[HCIO]

ML o JSU 315l 25Y sall 581 A DY 01 Y1 b S CsT

sy

—_—

I- FeO  + CO, ~—— Fe  + CO,
2- 7ZnCO, — Zn0  + CO

3(s) ¥

3-  NH;q + H,0p =—— NH,", + OH,,

o0 IS B SBRU i) Jaxall DY 05V ol e ZasT Lo

sV e Ll
- €Oy +3H,, &—— CH,, + HO,,
2- 2ASH3(g) : ZAS + 3H2(g)

3- CuO(S)+ H — Cu + HO

29 Y 270



OV ety dlatial) Eililual)

Calculations Related to Equilibrium Constant :
SV Al Cao ) dnnsl s doslos Slides 3 AN Jod 056 ptsiny
G3loaSI 5l gold sl ) Y ) SIS Lo 88 2001 sl kY1
Sl 5515 ) Gl gl 5515 i O G e 3 0 65 L
L«.@,aizgﬁui;&sub\flg-):x&KcQ\j‘ﬁ\c,.gL?L@;&J;;‘_f*J\Zl.cLé.:iJ\
Cold 8 (1) Ul e s ¢ Jo Uil 3 ol o) o) 351 5 ol
500 °C3)\J>Z\>,-):.x;c¢iﬁ;|;§lcg)bdgéL:})A%ﬁlcwl&iuﬂd\j\ﬂ
& slaodl Lfe LS

Nag + 3Hag 2NH,, AH = —92k]

—_—
_—
S gald 251 ¥1 551,30 3l Y 015V ol 403 O sl o o2y
OEYT e LUl sle s b ol podl 5515 Lo Clhas dozes LT o Sl 3
B350l 5515 Sl IVt e 225 SLl 305t Gy |

OV A ) o s e S

1500 °C 5 Eomyo i 3o ol 35 5a Y1 Sl O SV (15 1(1) s

Q|}§Y‘M;Sﬂ|
(M éa> )
[N,], = 1 [N,] = 0.921
1 [H,)], =1 [H,] = 0.763 K,=6.02 x 10°*
[NH;], =0 [NH,] = 0.157
[N,]o =0 [N,] = 0.399
2 [Hy]o = 0 [H,] = 1.197 K,=6.02 x 10~°
[NH;], = 1 [NH;] = 0.203
[N,]o = 2 [N,] = 2.59
3 [Hy], =1 [H,] = 2.77 K,=6.02 x 10°*
[NH;], = 3 [NH;] = 1.82

ey



Calculating Equilibrium Constant ) 3%} ¢yl Glaa

MLl O FVI ul Led Sl 3 Ko OVl s padnd
Gl sl Aol sl podl o (6 5 3 oo Y s Lo 51 S oo I
Jsos Lo 3l pall 5815 Oloom b pbninns ¢ Joladl o3 b s S
015N al Cle 245 2 5 L3V 1815 01 Y Al ) Jeladl

Y sleall G5 ol 56
COy + 3H,, —— CH,y + H,O
e ol g dlelinadl sl gadl Y ga e 05 2 Ladon Glassley b Jolid] & g oo ol 51 ol S|
L (313Y) e H,0 (5 0.04 mol 5 <CH, ;5 0.12mol 5 <H, ;56 0.2mol 5CO ;0 0.6 mol : 3 s>
Ara 84l o A s
o ldasadl
n H,0 =0.04 mol «nCH,=0.12mol «nH, =0.2mol «n CO = 0.6 mol
2L=c)Wl kls (’po-

K, 015N ol Ol 1o sllaoll

2
L Jed!

S LS 01V e Jelidiele s 5l IS0 Y sl 35 A Lol

%
n 0.2
M(HZ) = T = T = 0.1M
Mcn, = % = 0-2& —0.06M
n _ 0.04

Mo = —— = == = 0.02M

(H,0) v 2

[CH,] [H,O] N A FOR SN

o [co] [H]

_0.06x0.02 _
0.3 x (0.1)°

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



:m;w@usc12,,1:d‘@Noﬁ,ﬁwwie}.éwymmw,kmJwy\s;ug;;;{
2NO(, + Clqy —— 2NOCl,
b L 015V e SR ol 3l &5 ol b gindl] S 13] 60051 g L
Poy = 0.05 atm, P, = 0.3 atm, P(xo;) = 1.2 atm,
& ldasal
RCH P | -3 G0N [ PP |

P(NO) =0.05 atm, P(Clz) =0.3 atm, P(NOCI) =1.2 atm,

K, <0 & 52l b saall DV O 51 ol Olas 1o sllasll

3

(Prvocy)’ :Jodl

P (Pwoy)? (Pc12)

3 (1.2 144
" (0.05)* (0.3)  0.00075

Al 3] gl 555 dger bl 3o 011 e o O ) ety L K > 1 g 0 T

.
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Spedl e IS SIAn NI 58 I B jaay 015V ol Oleo Sy
555 Ol (6 G OV FY e gio 35 35 5 Bl Aozl

ONFVN b Sl 35 o5 B35 gl Jo Ll Dslat e Blazsl o) gall 3L

=1920

T

Y Dslaodl B LSTL 55l Slu s H, (o oegd! S 0 hus s HI e g, ds e jbw
2HIy = Hy + L

25 5 525 5 315 LSS el (Ul dardsd) b aireS’ ) I, 5l S il 0 1805 et

851 = i s L 5Lt Glie sle s HI o g kgl s e s 400 o5 1315 <01 805 sl 5o

B s Jie Jolial ol 5V Eub ] T, 5 51 5wy (0 0.442 MOl 5 giws o1 5Y) Lo ELe ) 3} 485°C

A 8,1 2l

reoldasddl

nHI=4molcnl,=0.442mol. V=5L

K, 01591 ol Sl 18 gllaall

(106)



3
L el
Tl dee HI 38 5 S
Ny 4 mol

Hl=——=—"5 =08M

OV A I 58 5 S|
0, _ 0.442 mol

L&~ <7 =0.0884M

L SL LS 0151 de 31 gall e 3815 S

2HlLy T Hypy + Ly

0.8 M 0 0 : Je Uil Ll e 551 )
—2x +X +X Z}:S\,ﬁ\dl&ijlajqﬂ\a\j;.ﬂ\
(0.8 — 2x) (x)  0.0884 201 5V e 581 I

0 Aslaadl oo éé:g
[HI] = 0.8—2x=0.8-0.1768 = 0.623
d,b LS Ol 51 el Sl Sy BN

H, ][I .0884 x 0.0884 0.0078
[F,]IL] _ 0.0884 x 0.0884 _ y ¥

T [HIP T (0.623) 0.388 :
e lizall sl gall dgar B2 015N w0 0F ) oty o Ko< 1 a3 OF >V

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

: o "T/

Sle sles 3 COCL, Gememsdl) 5L Mot O15Y1 2o Sl L 1
Y sl LS 0.4 L dane>

L el gl JsCl f,w

Su :
gf.";"'” WY cgjl.?;ﬁ\ L;.Jw}l
‘;L:‘“ MR COClLgy == COg + Cly
covadl gy A Boladl e V1| ) .
Joous tA waladl o3 S LS 05 e ol ele s b oY yose OIS 13)
. s T e . K : i -
ol el BN SN E ) 00 = 0.071 mol, n CL, = 0.071 mol, n COCL, = 3 mol
O
O44molBr2erJ\)LoCcO7m01H2J:>j)J.:@J\)Lpu.chL>u,>w2
%4 P! Jeledl S 5 700 Kl - 3 53 )2 Ltases elos b
ji& Hyg + Bryy —— 2HBr
g" 1 w1 €0.28 MOI (6 5wy OV Y1 ks Hy o 5 5t Y g3l O
e Of_ . w &
ol —> Ol e Hy ¢ Br o HBr (e JS 55 5 . |

-

Kol $¥ledt .o

2
|



OV die ) gal) 380 55 Gl
Calculating Equilibrium Concentrations

Aslddl slsall 5515 3 ol islassdl OO g Gy
e il ada oz OV EYI Dl ) L U g5 e ) B
b 3 sadl 5S1 5 Ol Sy g gl Bslaadl 3 5l gal) & sadl ol

P35 1Y) AN (01 ST el plaseal, ogﬁw.wgiuﬂ\

H, (2 5 ,550401 5 €02 § g SN ST S (5 LY eledl L5 e €O 0 5= S ST sl 518 Jlin
Y Usleadl 5 LS

cO,+HO,6 A ~— CO, +H

(8 27 (8) 2(g) 2(g)
L4510 5 sly TOO K i 015331 ol 015 5 1 Ltaoe sleg 3 A5l 0o o J& 0 Imol s 135
Y e W eda e S 58 5
o ldasadl
V=1L
nCO = nH,0 = nCO, = nH, = 1 mol
K= 5.10 ol $Y1 ot

OV s Lgrnar WL 3S1 5 Sl 1o gladl

if}:d‘
SN CUNCREAN SR e R
[CO], = [H,0], = [COy], = [H,)], = ——=—=1M

355 oy Ladind € gl G 53 gl Dolnedl U Bl ol el 5 dlelizall sl gall cyo 53k S Y g ske Of Laus
i S gt X Il B 31 gl o IS 55 5205325 X ey ity HLO 35 5 06 X ks CO
LY ol e 31l 5815 e Tl i ol sl

(108)



¢,+HO0, — CO,,+H

27 ~—— 2(g) 2(g)
IM 1M IM M : Jeladl 21 de 551 )
X —x X +x 1A e Tl A1 ol 2
(1-x) (1-%) (1+x)  (1+x) 101 5V e 3.1 )

LS LS O Y et bl 0V
1+x) 1+x)  (1+%°

K.=5.1=
1-x) 1-%x (1-x°

LSl e et b Bl i ds L

(1+x)
(1-x)

5.1 =2.26=

& &

226(1 —x)=1+x

&

tl g
x =0.387
L Sb S X Ead s gz O 5V e S3B S1 5 e Jas
[CO] = [H,0] =1-x=1-0.387 = 0.613 M
[CO,) =[H)]=1+x=1+0.387=1.387M
S gall 5515 0V S35 Lo Ol 5V el gy 1 sdonl) o gl Fodll plitsizal o5 &l ooV
A Ll SIS 5 B 23 055 0T (80 Y il 5 e Lined|

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



0 Jall
:ﬁ:bw.ﬂgLQSHI&:;.-‘”.,L:.@Q:ﬁj\bcﬁ‘,ﬁIz.s‘,:J|J\.>'qccH2Cﬁq-‘9)A:.@J\jl.éJs\.éQ
Hy g + L ——— 2HI
Sl Jes s 458°Cis ) = i s | J:.,l;‘d‘&;;.ij‘ILW:Lc‘gg.’aO.SmolIzcaO.SmolehLi
YN s LS S 551 5 LT £50 (5 ghas Lankis 3151 ol b S ¢ 5V
o ldasoll
V=1L

n H, = 0.5 mol

nl, = 0.5 mol

n HI = 0 mol
K.= 50
OV s Lgnror ST 5815 Ol o glladdl
5 .
:J’dl
Sl LS 6 IS0 a1 5 A S
_.n _ 05 _ ) ” )
[H,]. = = =05M
__n _ 05 _
), =— = S-=0.5M

Yl e ol all 5515 e T s 1 ol

—_ N
HZ(g) + Iz(g) N 2HI(g)

05M  05M 0 : Jeladl Ll e 551 I
—X —X +2x :J':S\):J\L)pijquﬂ\o\;iﬂ\
(0.5-x)  (0.5-x) 2x 1015V dee 3.1 )

i (O EY ol 0 56 b
[HT]

((H] [I])

L LS 01V e ol all 55155 015V el e S 561

103



3 (2x)°
~ (0.5—x) (0.5 —x)

35 PV P WSS I Y P % PO A 1
2X

7.07 =———
0.5-X

3.535 -7.07X =2X

&

trf e s

X=0.39

LS LS I e L S5 0,85 Vg s
[Hy] =[] =0.5-0.39=0.11M

[HI] = 2x =2 x 0.39 = 0.78 M

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

] sV Dsleadl 35 NO e G . 1

—_—

% 2NOg <—— Ny + Oy
‘Movie Maker (’5}\—9\“ c—’L@

3yl 5515 1 0.2 M (g5buy NO I gslan ¥ 55 21 OIS 13)
qu\L_uu\j Of e 1000 °C 5,1 > dr s Lo 013V die dosldly dlelined)
ksl 31,0 581 5 Ol 2.4><103L§)L...:KCO\J'N\¢‘3L3
ol J B G
G ds [ plalacss ol

s J.:«L&::,Jujsjsj‘SLW;L:«}L;%?)mole?)mole\Nj

L3 HF gl 48 Y e Gl s B peres 5 212
R |
Y sl B LS
Hyg +Fyy —— 2HF(
P oles Ko 015V ol O W €01 5N die sl gall 5815 S

.;.::MSJ‘J} ;?)Ju\}.@ (.(1].5)

(11D



S Je bl Ol FV1 ol AN 200 i N5, 1

&

S bos IS5 seaiall 35 2
ol Ol YI 0 AsJl s o sl 0

i MLl e JSU 5ol 5815 AV 015V gl s CasT 3T .3

ANH, + 50,y = 4NOy, + 6H,0, a
BaSO,,, —— Ba’ (g + SO," (g o
Zng + Cu™wy T Zn""y + Cuy =
CH;NH,oq + H,0py —=——> CH;NH;" . + OH (g >

4 g < < £ &
Y1 Doledl b LS SKid 855 0.5 L aaze elos I NOs 5L 10 0.65 mol Joool 146,31 pusea . 4
NyOug = 2NOyy

OIS ke NO, (50 0.5 mol e (6 52my ol 1 O S5 31 01 5Y1 el S|

Y slal G Gn Sl 1 Lawmmsloy 3 (s 5l S Y1 0 JS 30 2 M0l 03 1608, puticl . 5
Ny + Oy T 2NOg
JoLdl J s s e 5l gl 5815 41 X 107° (g5l 150 K oyl > s e el 01 51 els O 3 55
O YA )

1Y ol A e 5,8 S doeenadl Ll Y1 T 6
t st el 8 01N Cal Al deiall 5Ll ]
s B3 ) Al b sl 5 RleLinedl o) padl 0,85 .
L)l podl 5 Alelinadl s podd 50 5l Dol g g5 o
At g Jelidl ALl sl yall 5815
OIFYI b 06 B Ll 58 5 el

123



55l &> e Ko =5 % 10" (5 5Lu5 2NOg) + Oy 7= 2NO0y Jelil 01 5VI culb dad .2
Hisemens 43V Ll (o] Ob dne
B S Lo NO, oy o il sl pedl 2 OV YN b sa 1 -
OV ke 178 Blelizall 3l podl 58 50,50 5 Alelinadl sl yodl dgr 015V o po 2 o

&.xzuc@ms)\fiq-).smpuj\?jgj.lsuUfl;iﬁsogée;u\g;AgBrwuwﬁa{\slm.3

Ke = [Ag'][Br] :dslacy 01 5V el oo a5 (AgBI T A (ag) + BI (g 1 S Y1 01 5V
101 $NaBI p 23 ol oo s 1 o I8 308 O 2l Jolad) ads 3 03T 1308
b iy Ke o [Agh] .o oyl GaaKe g eslsy[AgT] .

3135 Ke g Ja [Ag'] . > JuKes oY [Ag"] .=

Ke=2 S 312A =—=C: VI Jelil 3.4
Hiigre 55l Ao st O SN Al Jelidl J gos 5 dis Tens 25Y1 OV I (4
[C)* =2[A] .o 2[C] = [A) . T

2 =1C].» [A] =[C] .=

(L ez sle s 3B o5 I 5L e 0.1 Mol s NO (om0l deeST U1 5L 50 0.1 mol el S
2NO(y + Bryg === 2NOBr : VI Jelill o s 350 K5 )| - &y JJ Jalsdl )32 5
3k K 015V ol O I €0.08 M (6 5l NOBE 5.5 5 0 a5 01 51 s
555.5 .o 1111 . 1

160.6 . » 266.7 .~

113



JSE) (pa (i) Alaa Qg g gyl
Protecting Teeth from Erosion

Odne JK28 3) c0slaall oo Bl s oo 03555 cliall g s Tl B Sl L]
33kl sda el s cOslaodl odin e (6 S dndl (Cay(PO,),OH) Hydroxyapatite <Ll S 3o
s g0l Bl Lo e Blazel oy Sl aale] s Ol pll 1450 b S5 25 Ol pll AL ik
Ol B3] LS £ 5K Dalnodl 23] L oy cad Ailaseall 31 5ol 55 55 caugll T a3
ol s Ol Yl js'u Remineralization Odxed! £ly ddos Lo 5SS 55Le] L5o.~vj L ¢Demineralization

SV Aslaodl 3 LS Lol O38CN ol S 55k Ome Oy 33 B o 5l

Ca(PO,)OH, < 5Ca¥  +3PO}  + OH

( 4 (aq) (aq)

o) B il 5 «C,H,OHCOOH SLS I aam pety 5 ol B lablis Jases oy K21 I3l e
oS 5 Jars LogSlzs s PO U sls (OF) il e Jolas A1 () ¢y o) U s Ui
S 530 Odan IS oy 3b 48l gl 0 5T g el g O FY g0 B3] s o
Ll 82l JST 5 cOdnadl D15) duma 13 305 el

(o325 3l Ay ot 55 Ll LS A e ol gl s 0L ST Jns (e il
J,%}WJJ\ F™ s sl o gl e 1 DL sms oo 3 Lo i s e )il g5 510
«Cay(PO,),F <3Ul 5 s Ll Odons gty g 6ol S kgl Odme 3 (OH) A 550601 O 4]
O n 1255 3 s

143



bas gl daa 4

:&;’LL«AJK{JW‘ é:b)\
.&w\,&'ouiw Ol EY este L;ML;,; o\j\o

SOu + Clyy = SO,Cly, + Heat
OV g 30 b VI ol ST
Cly S sasly
el 50 S0,Cly Comens .

Sl sl s 30, i 55

WY\JJ,«J\wagljvlcpy&ojfd\vﬁuwj\c,m,
CH, + H,0p == C,H,0H,, AH=-46K]. |
Ny + Oy == 2NO AH=+90k .o
el el b pall SO darall 8545 i 31 sal o £aS ST ate gemy gl Jolidl st
PClyy == PClyy + Cly A
Ny + 3Hy == 2NHsq Lo
N0,y == 2NOyy L
CH,g + H.Oy == COg +3Hyy .

%;’QL?-\ \3:.;: ZAY\UWW\UAJSL;%;LGJM J@Md\f&\cpﬁ
SO,Cly == SOy + Cly a

CO(g) + 2H2(g) ‘: CH30H(g) . g:)
PClg(g) + SNHg(g) ‘: P(NHg)g(g) + 3HCl(g) . —_—
iV MLl pn JSTK, 015N eyl Soms ST 5201
CaCOy,) == CaOy + COyuy A
2N205(g) ~— 2N204(g) + Oz(g) g_.)

[Cu(H,0),]" gy + 4NHsqy == [Cu(NH,),]"" g + 4H.Op) . =
HNOz(aq) + HZO(I) — NOgi(aq) +H3O+(aq) .

CSHSN(aq) + Hzo(l) ~ C5H5NH+(aq) + OHi(aq) - A

(115

|



bas ol daal 4

:
Sl T
SV Je el 0151 s ol sle s S Baiall o s OV FY) e se Sl Y LT
COu + HoOp) === COqy + Hy
LSV O AN oLl b J slomodl o Fo¥* syaoell S sl 0 SONT 3l 40 855 Sy -
FeSCN** .y, =— Fe’(, + SCN ()
. . < s L2
b\ﬂJJobeéL&.ﬂ\JAcMwS)\fQ\zﬁMbﬁ@u\j‘ﬂubh\pé&@“d;@lwg,l.é\ 8
sl Sl s
M‘SbﬁZJ‘J}VJ‘:\?)A
4.9 x 1077 208
1.38 x 10° 800
2.54 x 10? 1000

ot Lo 2o Hy 5 5ells No s 2l (31 (o gma o bty NH 3 581 523 166,31 o] 9
Nz(g)/+3H2(g) == 2NHyy 55V Dolaodl b Les
1350 °C 5| o dr 3 | ey Q0L tame eloy 3 sl sl G5 o oS Canads
5.75 Mol x5 504015 4.25 Mol o 5 2l Y e sde 0T 01 Y e o5 O FYI Dl ] Jeledl foa]
Y dewYl e el 15 mol U Y1
350 °C e Jelald O 51 ol Sl =
SV 5305 4(1) o35 sl o 015Vl o Bl o 587 -
25°C o ys die Ko =4 X 107 (g 5luy SV Jolisll O15Y1 oo O a6, Y) s 10
2NOy + Oyy &= 2NO,y
Ol FV e Jolidlsle s b ST 20803 31 220131 sall Lo =
[NOJ =[0] =2 x 107°M 0% ledes NO; 35 5 Sl —
AL asrem Glaesles b Y1 Jelisl oy 16,3 psca] 11
NOyy + SO,y == NOy + SOy
Jell) O 5V ol 01 o 33 Bl ) 5 e Jeladl ele s L dn NI I3 g IS (00 0.8 MOl 15

Y dee S ol 5815 T 63.75 (6 sl Lunds 351 ol B 55 s

163




: F

b ¢l Aaa) 14

- ()
2V Dalaadl 35 TBr 5 5oll e 5L Py 26,31 ] 12

2IBrg = Ly + Bryy

Gl €0.026 (5 5l 01 FYI <ol O 56100 °C 351 - o ps ks 1 L dazem sle 5 b3 gl a5 5 00 0.1 MOl A5

OV A ) Je bl J g s e sl sall 551 5

daw‘&wcww&bayfyjjwbu’}j}«ﬂLg)bwc;fwu)ﬁ‘wc\.@ \13
LY
? 190(()) e = Na + 3Hyy =— 2NHyy — AH=-92K]
jso e Bilies Gy b i Al U a1 A sl K21 50
ﬂ;‘" 70 & s £, 1 - o .
,i 60 MY‘U’Q%‘HM‘LJ“)J"SJ‘J?J“‘}'-)JJM‘U'A
3 -
5 Y
7 40
a 30 “M‘W‘J}M‘J°)‘J’J‘d‘>))r‘”ﬁ‘c‘mﬂ T
;q 20 . N1 . - - - .
;:_3 10 U3 sl Ol YT e s LI LS 5
S %5100 200 300 400 el 015N eolt S ZasT o
(atm)ﬁkbbﬁh}.jm‘
SN o okl Gy ol el slomall YKol 2t pezad 14
A A1 e caxrls IS sl 01 N1 dis (SOs, SO, 0,)
1.8 A Zl;@‘
“-3\ 4 3. 2 &
%" Jd ABC Syl el A el G 3051
gn.o S o . ) ‘
R sl 31yl J2ed Lol 5 ke lixd1 31 40l
02 c )l Jelid) Dolae ZisT L
(s)on3 Bdledas s b el 01 FY el Sl

ST o 0Ll oo o Jiond el B 2 Oolnall s G2 DL s 15
Al 0 40 0,55 1 ol ] il
W3 2 oS Bolas CasTy el W3] e 2550 0
EYVWRNHERPIFITENERIU I g
Ol b Odndl by ZiS =540 .

17



Sn gl A

:&;‘gu&;s,asjﬁwmggljw.m
el sle s B 3501 Janallaalys i it e ST a8 e om0l Jolidi 30 1

Ly + Bryy == 2IBr, .
2NHsp == Ny + 3Hyy S
2NO, + Bryy == 2NOBry, o
CHyg + H,O =— CO + 3Hyy .S

ANHy + 505 = 4NOgy + 6H,0p @ 5YI Jeladl b .2
L) Jo el elo s oo NH; 5L o £uaS Comnn (6352

NO 5 sl asl .o ALY Jeladl de sl
bl 525 OV YN g 2131 5 ) 525 O g )

SV Jelad LS e sl S s 1 b (g0 Bil g5 oLl Lo 1l 3
2H,Or) = 2Hyg + Oy AH = +484KJ

£ aw 3

Hias ) e s o)) 5L LS 5305 ) o0 LY bl 2 Y1 T 30

5ol ol A ys Lads .o 5 ol i ysasl; L
oSV 5L e S Bl L Ssedl sl

oo 01V i Ll Glag e 3 el 5 Lal) 4
ALl 31 gal 5513 sles 2ll1 3151 5515
Aol 3 adl 1 55 g 2155 OISV g
oSl ol e d By sls eI P
Je bl ool ol 25142 Y1 581, e O FYI ol dad dazes L 5

Fon GV el DN A ) oo s JEUsdl o slST 3NO, 58 5 535 e jimd sl K215
ZNOZ(g) ~ N204(g)

NO, Jl& 355
NO, J& 38
NO, Ji& 585
NO, J& 38

el sl el el
(>) (=) (<) M

18y




s iy
Sa gl dxal
Tig) + 2Clyy = TiClgy : SV laeSI Jolid) 5 .6

bl el O 5Y1 el e Sons

[TiCl,] [TiCl] -
= < KC = [ prp—— ‘
[Ti)[CL] - [Ti][Cl]
[TiCL,] 1
= ) = — >
K [CL,)? K [CL)>
[IC13]2 . y & -
c=———— b felad OI Y ol as 7
[IZ] [C12]3 J_p - bl e
tp A sedl Sl S Jeladl dslae 016
Ig(g) + 3C12(g) ~ ZIClg(g) g.) 21C13(g) ~— Ig(g) + 3C12(g) . T
Iz(g) + Clg(g) ~ IClg(g) ) IC13(g)‘— Ig(g) + Clg(g) —

250 + Oz == 2505y AH’=-200K : Y Jelidl 3 .8
108 SOy (o 4o ST s
Aaibas )| o y3y yadbes bars L
.&zﬁ»’az,\f‘}ﬁjc}s}»w.g
a8l By 1S e ok
kS 05 o A yd 5 Ak Lar . o

F01 VN Al b elals il e oot s Al Ll ST5La00 9
O sleze deadls Hleas¥l de w1
Ay sloe slally il Slas I

D s el a5 G b g s OV 5N s 50 JI oo 1 (SCay I
LB ,1.0 Ll .|

LI, » BEYTY | QS

(119



N + 3Hz

Jolus Lol
———2NH;

bas gl dasl o

ol Y1 Jelall 6l ol dr s 835 e 10
Bryg + Clyy —— 2BrCl, AH =+ 14k mol™’
el g and go 21525 01 Y ol i
.QWM‘}?&W}#&Q}QL’SY‘Q{UJ‘J}. N
B g ans o 215 OV el i
B g and o 215 OV gl Lo

AH = -92 k) mol™":&3Y1 & 5 sl SlaeSl Jolidl slns e Slazel 2
112 511 o5 a4l e col

OISV gl Fad oy oy 35 O K 5V e il 51 il Lo 1
Lasllasly I
5o ol i s yaas I
N, 3.5 58l I
Lnl.o oI5 1. 1
Lull. s o T 5 11 .

1Y) 28 Jelis 3 deloned! Jaladl Jlonial s 12
OVt a1 S 5alsy L
DY e B 585 .o
Ol Y e U a1 38 5 s Y

.O\;Y\C@jﬁgldﬂ‘}us’jw‘&ﬁ}“bbﬁ -

COClyy = COy + Clagg :05laadl 35 5 COCL, e 5l o Py .13

:[CO] = [CL,] = 0.18 M, [COCL] = 0.75 M 5& LS 0l 5¥1 e 31yl 351 5 <3S 13

LS sl Jelald 015V ol 0
0.032.o 0.48 . |
2.34. 5 0.043 .~

\$§¢@SJ\J>Z\¢).>MSLW¢b33N204Og3,gd\L;Lﬁwidpl{)j\.éoﬂOﬁZSmolcbj.14

1§ 5t Ny == 2NOsp : SV Joliald 01 5Y1 il 05 €0.075 M. 5 5Ly 01 51 is N O, 38 5 018

0.75 .o 0.13 .1
75 .5 1.5 .=

(1203




LdRadkf g 0o o] g =0l

Acids‘tand Bases.and their Applications
1 NA/~> )

3,55001 50yl Jro (23N Uinbs g5 Ko 51 5 e L 5l N L3IARI 5| gl g 128 (6 g5

"' Sl gl : o el Lo Uinb LS5 558 3150 Lo 5 5205 (5T el by el
ol 3 puniadl L s b o La el L5 g dp3 3 gl odin e 83Le ST 5 cla b5 ¢ il

1 gadl oda Jlowe L5 gom o 55 Ll iS5 Sote il

LA
11._:




Lalad) 5 il
o35 e 2z VU Ll lom b Lgotitd 131 5l) S5
Gilaty g Wslaze (g 25 (Laels Z‘J:“) %g‘;ﬁ S elgrs so
Leailas b 31yl adn il L £51A81 315l Lo 2l
Zilies S g gom B 33 i S5 cLglal bzl 5
el gl g b pamdl 15N i
Lo Lpeatlias b ol il 5 5 gamell 5105 1 )1 5 S
sl 5 el u,,,u Sy elgilalasna 3353 1 30 5.4l
e 30l 05 DUl o s ldl s Lol il 5 e slaze
Al ) o s 2SIV 35 Jasl Sl elagiy
B g el il g 5 gesell ey fer g sokd) ;3;3‘ LS )
o 55537l U il Sl Toadl ool (g s 1 13,00
PH J gonall £ 0> & )3 8 joondll Sy 3 6on 5500l S 5
b b Yl eda 551 5 e slaxe YL pOH «duels i s
Ll Lo g3l o goedl [lows I ol
&}gu\dw\gmw&mgj‘u s I 5 S
iS5 K, jaeadl U,L, ol plisanly Al e 6,08 oy 05
2ol 55 ol Wb ske oy S s A Lendll saelild Jl;J\
Dl 2 6 Y1 3815 ol e Sl 8 2350055 oK
Jsloesld o g5l r’;j‘
Aedaral Jloeedly ZSY) ml J o5l
e ol Lt Jatlas Yl G 2l 14 )l s,ial
s o] S ) Jlonalld G syl S50 e S
boad camall jaaxdl e Griedl el mlodl 0L g3 e
ke danall el J] 4l S 5 ¢ lanadl J gomadl oy
VW‘JW‘NW L@MM\M\&J\L@JU}J;
oo A 25 o) wuwywww\@w
RAENTID 5 e

(122




pacldl) g el (ailad
355 5 NAOH p 335 yoall 4S5 st J sl €0.1 M35 5 $HCL 5 8 5 gl o  ploms il 531 531 s
VS P PP P SR C St S P OO Tk Sl el Cas sl Ssl ecwll Lol 3 sue jlesl Cull 0.1 M
5 W PN
. rmj\ o Bl Sl sl | asl o
ol 3Ll g 431 )1 gbwbw\;&”é,@i .
p 523 ol doS 5 5en gl nad 5 0l IS gl e Gl Ao
: Jordl S gl
@J}Jsj,%éﬂu@gdgmwgmLu,\:s&;ij;t,;;g\gmizwgi
(1) i35 st o st 5
gl Bl gzl  phomall 80 = i ys bl
s it £ 5 ot (L1 iS55 Jeatl YT
Sl u,.,\ & el o p s pall deS 5 50en J s o B ML a3 3 253001 SLsesl fm\ il |
(2) <53 ;’"
‘U\&wbcr}.’sw\m})mdwﬁ ‘2)0,,,2,;:\,;\ (5]
Lx)vb\.g.ﬂwbcwbjwlsde (1) uywuuwg,&w\ &j;‘ (6]
Sy gl (3 <2) 3 i 35 o2 ¥ 5 322 3all 1S 5 3 sl
2 J2als e 1 LIS

a1y Jolondl
)ij—ﬁ.”

.sz%\ﬁa%;&pégw‘m}y@uuw\o)ﬁ@ﬁuw rJ 3
Lol 3 S0 o ploeall el e 21 ploal] i 5okl 25501 5351 -4

_v\,.




ciligilly gagasll)

Acids and Basles

Acid Base Concepts ) g8l g (2 gaad) Aalda

252 GBI 51 sl e 5SS ael yill g b gemdl A 5
8yodly JUs, 1y 0 pall (l23Y of Laals Glde daab¥I e
(o) oaldll LS 1 el e o ¢ e o (5 50
(1) S8t Sl el g0 S e o 551 ol s il (g g0 LS
Wy e 7 e, e ‘s o 5 e
M‘CUMJ}QAJ}N&;@B‘M\W\)Q\&;U&M\JJ})
Lgn 5 (3131 padl T 38 o 3 Dol g G a1 0501 125,500
Cuﬂ‘t}i’.ac‘ts‘jl“ u.p.x.:j ‘)W‘)ﬁﬁﬂb@u‘&‘ab‘f"‘“
Joid Vs colilinall delin s del 3l sy ol il hatially
cQﬁLa-H :\_OLZ.@} J\;J},QJ\ ol icls d% fﬁjﬁ“'aj‘ sL:MSj)J.:A
£ @ v w55 . .
guﬁju‘ycéjﬂchjﬁ\w.&\}d\ﬂ@j(2)&@\)@‘
G300 el ool ) 53855 5 ) 5 b 8t 1

Lo s 55 (iS5 Sl 5 aaned) S0 S O sileanl o 36 S
31 50dl G e sde ST M 3ae il el
Arrhenius Concept ( $+i )l Asgda

Jeo sl el )3 5 b e (Arrhenius) u»)_:;.:zj ;_/SLJ\ ;,_/§N
IS ¢ oo do 5305 oy a1 YISl o) (5L 480
ffl:.o..:g.”JW@SM\JE#aMQzJJQSJ—PwUM\&
Loy §m sl die (2 el 35 piall Lab . SlaST1 ool
QSJ.GLEJL: /Sj_sé-w‘

Ao el e 53 e i(1) (S

A el @) e g sl (2) JK20

-

) Yyt |

:a»@,)\a,im}
Lpaitlias b el il 2 pomell 5les
ol 3055 01 a5l 5 S3LaS
slaxeVhsdeWly ol (o0 Sy s
I o cliadl b Lagils o o5 e
zlasl QU ol clagiy o 5 50! O
Al JI e Uy xS

- s\ s €

(sj.@_m ééj 3..&.9[.3.3“5 U";""":J‘ :-5-«.0?—
(G s g ¢ e ] o JS

‘oS
psehn Gby BleS SVsles CiST-

&\

\§

(Sos) g s e g )|

% 5#,’:
el e A el C\jﬂl a1 -

RRPAF] 9
:0%\9@@%\4
Arrhenius Acid v son S e
Arrhenius Base O SR Sladels
Hydronium Ion £ 553 FRWANIN]

Bronsted-Lowry Acid
S0 At g p sl
Bronsted-Lowry Base

Conjugate Base 4,0 3Ue8
Conjugate Acid S o e
Amphoteric Substances & .5 saal K 40
Lewis Acid o s e
Lewis Base o sasld
- J

(1243



Arrhenius Acid w,séc-“)i u;'°€
534l g eladl s S5 30 Acid asedl 5T ) st ST -5 5
e Lol 3 HCT o 501 g5 518 51 13) i 63120 () e s kg
L5V Dslaall 3 LS o plonall 3 HT e 5 segl) O
Ha, 1O gt 4o

(8) (aq) (aq)
‘H+O,;z))..\:.€.§\ Z)ﬁi@&&\@é_ﬁ;cg cHNO3 dl:,'f?j\u;_“,;ui
(Y oleadl b LS

H,0 N _
HNO,,, —— H',, + NO,
. . ¥ ¢ s
Lok 855 Je oS 8 sl (B e e e Glan
NIVIRWS ano (1) Jgdsdl i £ “ "
)l 2o gAm ) Je s b gom L (1) ol s il 246 T

. ‘ d:”"“'lj‘HClJi“SJ"}O??)JJ?QSBS;A;QSPJUbM‘M
Ll =

/ 2.
5 e e Leam s cMonoprotic Acid O 455 1 g3l Laes
HCI &)315})"'3'&‘ O,SJJTJ\;;L;?LZ&%LSZ_%)eHZSO4¢LﬁgJ¢§3\UA«€-JL‘uW})@

HNO, il P e s 153 O e Leday 55 - S Diprotic Acid
H,S0, eIt Triprotic Acid 0,55 1 G506 Loas g HLPO, o sl on

s Y ¢ T Lo 5yl L oo &3 500850 e o cpm okt 135
and Sl S ey (U1 (3) ISl il L ey Uin 205 26 Lo
T I3 oSV 8,y Ala o (6 AT (oo 550 833 Sln s oy Sl Y|
il e Cal s e a3 208 s 1 a5 LI 2L 450
(Y Uslaadl 3 LS 0 551 :i;.:b—i u:;""/'

H,0 “

(aq) ~—

CH,COOH &l sl

H2CO3 ‘-ﬂ:‘)’JQ ‘

. .
CH,COOH H*,, + CH,COO™

H
R H
Sl JS21:3) J<2)
R
H

(1253



50, 50 2. (TR

ALl e s ¢ oDl el O 3 bty Sl G & pall G5 5o
S Gha et et ide BT, 0L~ o e
e sho dlaod padenny LS ol Al A0 5o L 3 ol 31 dleodl
bl e Ln el 3

. 1 ’ -
Arrhenius Base v gon )l sasls .

Ol s oLl b 3l B3La Ll Base saslall o sca i 56

sl b NAOH p 535 gl o 5 o 13] i ¢Sletas .OH S 5 sgll |

N1 Wslnal 3 LS OH S 5,000l O] |

NaOH . HO o~ 4+ Na*

(s) (aq) (aq)
S g

SV Uslaadl 3 LS csladl 3 KOH p iyl 3l S 5 5ken (il s

H,O - +
KOH 2 OH ., + K,

o eredl DU SIS s des Jo —ple Ko ells glan

e ~ Fe w w & _
REUEIT S R P v PO 6) P PR RSP PATRPRUIPS PR 0% it PR Py

& 25 £ - ?‘ - .
(oS 350 Ol e 6 5o S o syl el 53 O sl o ey

NaOH p 523 goll dowS 5308 20 o 5 LS 55008 O il o (6 520 Lgriancd
.Ca(OH), p 5l SN A 55000 Joo S 55000 5 il e (6 5o Lpnans 5

Dol el gl 5 0 g5 5 I ALl o gosndl e L2515 b Satiin s

sl el g3 e 1(2) Jsddl

=
: : Py

KOH ‘J‘.'?”“‘Sﬁ)“)'?h
p 5l 5l
LiOH J’*“Sf""‘“
£ 3!
NaOH 22 SO
rﬁ.)j—ﬂj‘
IS
Ca(OH), | “==2%*

S 55l

A 3 celoaS) Jloms b gt ] £ s aiti gl oSOl 5l o8

Kz o cJas B el b el s 5 yasnd) 515 13 5k
SN s g NH G 5oV J20 0 5 ot ) (gte W) 511 s e
2o NH,Cl o 535681 2, IS Jr0 (Y1 [lowad (e ldl) Sl ol

& - - <, @ ;;/2
HCIO, , KOH , HNO, , HCOOH , Ba(OH),

LiOH p sl 4 s 5 J ghond (e Wl 2301 125 Uslas LT -2

NNt

(1263



(127

Hydronium Ton ¢ 555 gl 2 _,J

. s + 5o y 2

e 058 o H sl Ol iy Jsledl B Gaeadl il

S 55) o Bl T3l 48 o oy L s ir yo 5 15 0485
el Dl L 31 slowall 3 15 e dor g O K S (il 250, g8

145V slaedl b LS <Hydronium Ton p g g gl & 2] G380 elo e(g 3

N ¥
H (aq) + HZO(I) H3O (aq)

)'ﬁ'
+ \O : - O
H o+ H \ H— X

i &

p 3530l Ol Py J gloeadl 3 ey 550001 0 ol o ondl] Sl s
Y1 5 LS HOL o s ol 5508 36 Dslae CxSS 2y 5 ¢H,O°

HCl , + HO —— HO"

2 (1) (aq)

+ ClI°

(aq)
Bronsted—Lowry Concept chJS — L g ;‘;}6-"“
‘U‘Y\GJ.F‘)J.H}LJ.&)AJJ‘ JMSJMYW\MJMJ\rWrM
@HCldwlij:@‘gme&@Jw WM (o 35 o o 5t o)
e Joli oy S NH,Clp g5 501 ) 4lS el ey (G UINH, LS 5
1S LS DL b ol Jlowall b ol g 3o o
NH, . + HCl

3(aq) (aq)

NH, & + HCl(g) S NH4C1<S)

3(g)

—— NHI

eSS U5 35 €S 55l O e (6 5 Y 5o ls NH, L 5o Y U
o o iy Ol 185 3] aslally Gaendl o sie il )
053, I e sl W 5asllly Glasdl o pgiod dplr S5nas g
Lo Wy ¢ Joladl o1 3 aaelall JI Saasd) o (sl 04D H
S tais e Bes aslilly Lhendl Lo S0 YVous 35T G e
=) Jeldl £ & 055 é« Ko 35l & Bronsted—Lowry Acid
L@;&,ﬁ‘gfau ¢ Bronsted—Lowry Base (5, i g a8 LT (0 55,
1S D3] i St (055, Jukians) Jolidl o5 3 055 Sl
st Lot ¢ ansd) oy (') 855 0 et s slall 3 HCI 5,04
3 23 5 2V Aol Gaslal) frays «(HY) & 55,1 ol

HCl , + H,0, — HO"

) (8) 2 (O] (aq) + Cl (aq)
ha :



celall o (H') O 5 ) Jodines il eladl 3 NH, L 531 &13) e U

LS el 5 hesdl Ll Jray e b el o g gy
Y sl

NH, ., + HO

3(aq 27

s c;u
HCL o (H) 055,01 Sy NH, J glows e HOLJ gows ol s

NH4+(aq) + OH_(aq)

LY Bslaaly el o 31 NH, ] ¢ Jelidl 3 Gaasdl Juy gl
L3 éﬁ,}

. _
NH, ) + HCl ——= NH/, + CI

s C‘L“
e e 055,00 Uit L otomy 31 M) ) ) S L5

(aq)

adel s jaex S0l

Conjucated Pairs 42| o]l é\ 933

sl YL del sl 5 (6 gordl WMl (01758 (65 ) — Al (’ﬂ-‘“};;

el Jelisy Stas . Jolishl B s lall ) asedl G0 0555 1 ISl s
Y slaall 3 LS «CHNH, 4l J shoes o HOI

HCl, + CHNH,  ——— CHNHS =+ CI',

(® 2(aq) 3 (aq) aq)
(J.é_«.?) C)Lc (5a213) J.\.L"MA Jﬂfc J'M'? :LBA:\J.A sdes

Z)ﬁm 5’::‘:;3 HY ZUSJJ:J‘ éw HCI 2.2 51 Dslaall % C’ éf:,

“w

o Al 3L Y «Conjugate Base 43 » s4e8 iy I «Cl”
o8 s H Oy, CHSNHziJwLBJ\j@MJLQS‘OJSJﬂUUAgJCu
P «Conjugate Acid 33 ol u.’a.@! o9 ‘CH,NH,” 5;{‘}1\ SIS
J;u:.ﬂ‘:gua.w/.jﬁojg\iweoj:jxﬁa»w\dum\yaqau\i“su\
51l b 1o s Je ! 3 kels K05 il 31l s 288 0B
£ 55 08l ol e sl o1 il ol B8y sl 225 el
(oLl e 2l gl gl Jeli e Ut 5 oSl K5 il

SENHERUIFICE

HE,, + HO, Fa + WO
(W) paes (Jos) 3255 bl e 50e8 38 o e

| (Z)Jéljzﬂcjj |

i oo ()
&3 R r-'w‘;‘

o= i sy G ddall i);.ia
PETRCIERA RS WP
Lol e Grtd e 31,

flod e S jaliealls NH,

F s Sl s B3 LS

PRIV NE PRI
LMl s lSe

il L

el (el
«(Scratch) i1 S C_L,obﬁ
oo /\é,_@.u' H} /';;L_.;Jo
Ll A a5V el

(Gos = i ke G35
) 2o .

G [ Ma s, (3
il

(1283



ST

ol dous1 , D13

5 (CHy)sN el oo SO
gl ol 5oy 0§ 5 S
ans Lok (A e 3
S 5 G sl s
e CeH 0 ol aes
JERE U P
52555 5 e g5 eVl
Ll s ) el s
Sl Ul e Al
PIRETI/ICHESN ESCrTvE
s L8 s 0
15l T (CHg)aNch,u

I =0
> S

“ &
¥

(1293

Gdely aasdl tlan ol e gy e faniy J.GL&:J\ o2 /f:
(HLO\H,0) 331 yal Lo 5 345315 «(HF\F ) &1 1ol
P TS LB o e e 5 e olad) 2 NHL L oY1 Jelis Juzs

Y Uslaal B
N -
NH,,, + H0, NH,", + OH,
sl u.a.o;/- Jﬁ\}a U"é“"’: Q.ﬁb.» saes
(1) B3l e 55 (2) 38l je 55

o s 3] tlon (Bl o s b Jondy Jelish O s
56 1 s (H,O\OH™) &l ,oll 66 5 sl s «(NH\NH, ") 331 ol
ezl 1Bl e 5 e (s S sIm s 0 spis By Jeladl
.38 ol Lo 5 5e | 5 (4l ol e 5

LS (il o 95 e CNT sue il @Hzcoguw&uswj
cddsladd! % c.a:.i

H,CO; + CN~ HCO;- + HCN
b sels bl 0540 Sy sae>
(1) G812 55 (2) 38120 55

035 {ON™ stelald s 5 U35 2 oo HoCOs aasell OF oY
(CN™/HCN) 5 il jodl o5 5 el opo Ul 20 br 55 (H,CO/ HCO;Y)
3ol Lgnao 5 5ol o bl 120 5 5 5

0«'93“&A’W‘&Jﬂémﬁ\,ﬁd\m})\ii\;i:‘;ﬂ/

HZSOs(aq) + CN (@a) HSOs_(aq) + HCN(aq)
CHNH, ., + H,0, CH,NH,"  + OH™
Acid and Base Strength saeldly 20> f;S

L. . s & . e 0.y ..
SA Gaexb (055l ey U o 50k Gaesdl 558 b s
5ok e5lad Dl 3 pedl 1585 g Jolisll amt s o plomadl 3 GBS
(251 Dslaalt b LS (BIS cLl S HCI 2as
HCl,, + H,0,

o> saes

A Lo ¢ ) B Ay w\chﬁ;m;w‘bﬁ; A5

+ Cl_(aq)

3.33\]/4 sde

—» HO"
37 (aq)

RN



O o
0.0
O o

O Hel
O cr

H;O0*
® CH,COOH
N — I @ CH,C00"
CH,COOH  CH,COOH H,0* CH,COO HCI HSO cr
s e (O LG58 sae> (]

Ol 5531 5B e ol & L 51 3 tas W) 34l HO 2L
G ey Jelidl 3 Lo JAOJ\SJLHO%ALLQ;.MJ;&S&L
duo)»,aHCld@’J\d\dn,w.,_ﬂwucwuuw\u,jgﬁ

}" LQS‘HO U‘é‘“}d‘d‘é}a“u‘) ‘HO*’U.A@J“J.AOJJJJJ‘

J,\U‘HOa,\.ouﬂu»ube\JW\cho,»Js\Cl de\o\J\
oww\jw\o\@\xﬁ)s&w\g(ﬂ Oﬁdf\owbHZOo,&
‘sa:u\S\N\q}gsu\;w\ju@g\;ﬁ@;m;um\mﬂ\a,Pda
U3 s (0/4) 1 ISl T 2l 31yl 555 3o ety el 5
LS ol ool g Jeli) po TR0 S5 ¢ S Joli5 &g ks

Asladl 33,5

m&w\oﬁj‘dk&\g&?yuw\y,@\ Gl

s o

LS it By oLl 3 CHLOOOH <y sl Y1 Jhes sy Sead
iV Dslaodl

. .
CH,COOH,, + H,0, H,0%,, + CHCO0

Jp.«} sed dﬁ‘)“ Jw prt] » sles

d)l?u».” o}«SJ;d\J\CHCOOHMM\UJU‘b)JM

M\Q\szf(&—M)J@\%\ <H,0" M\ﬁﬂm)wgbuﬁ
u’;@\o)&u@,er*ubeJ\;ﬂo):j,g\cuduiﬂ.ajﬂCHSCOOH
3251 CH,CO0"™ sl O o LS (H,0" L a0sdll Zyo Cins CH,COOH
Basll 0,55 gy ¢ sheall b FLO sl Fpe 055 01 Il e 5,8

Sl Lol & s 250 s 5 <HLO sae il Cpa (g 31 CH,CO0
Tins Ol 21,0l 66 0555 HCL 5581 Laandl O G Lwc@
CH,CO0"™ 3 )l Buels 0 55 CH,COO0H Ciandl! Losd! Of 5 (Lo

(s sl dal Lol suelal oﬁwM\ aj.e sl Lo.lSj clm.w; "o

L semdl 235 (4) ISl
Lan 2l 6 samell 5 3 531
elaJl J

H;O*L};QJ(.J:ZLE}W
‘J?@“";‘USJ"USJ'({

(1300



2 5ol 535 o B 1(3) J sl
) el el 335455

ol saeldll

HCIO, | CIO,

H,SO, | HSO,~ ‘l
HI I =
HBr Br~ =
HCl Crr

HNO, | NO, o
H,0" H,0 T

H,SO, | HSO, .

L H,PO, | H,PO, 4

' | HNO NO.- *

2 2
+a | CH,COOH | CH,C00"
H,CO, | HCO,

s»| HS | HS
R | HCIO | ClO

HBrO | BrO~
MR
HCN CN-

HO | OH

Lol e 6B J sl

obnn Lst sl Y

e 2
L—“'@:é E_b"bﬁ\ u—.“":‘;t‘:"is
7= HCO, 0, NI,
HNO, 5 OH™ 5 IS

(1D

L 15 015V g 5o O (6T 6ind VISl 1S5 oty Lol O
3555 oo sendl 35 o BN (3) Jsdadl (s ¢ Joladl 3 Cans Y131 5ol
Bl el Led gy Bemndll deldll e 3 Gdayy 481l aael 3
cd3 sl 35 sl LS5 ccinsl G3l ol Ledam 055 s 5V 3l

g ) Gl Gaasdl 853

Y ‘w‘“‘w‘«b’%}f?@) Jsdadl Je I3lazel d.:pm/
;afw o2 5o o 6 Y M\Ziﬁ 1
HNO,, HBr, H,CO,
{5 3V o 8ol Bt 0,85 25V 5 and) 513351 2
HI, H,S, HCIO
S ol 3 515N s 1 A 2 3351 3
HNO,,, + CN NO, ,, + HCN,,

2 (aq)

—\

) )

Amphoteric Substances :& .5 sisY H gl
Z . N e w . v /: <.
:\&xja.“;v.:.:Sé)jj—Mjﬂr}wdﬁ}owbj‘wwu‘_\ﬂwfu“
L3yl s el 1055 ) e o Lgs 135 Lo Jolis 31315l
853, 518 0 pael S g iy AT ol selis Sy Lol 3 aensS
b sdelss éﬁ‘w Ll odeledl 5 Ll Stos tAmphoteric Substance
Y P .
%55 u.a.q.grj &w-ﬁmij «HCl ‘ﬂ:’.)j‘tsﬁj"":@-“ o> &4 cu.bij\ - el
2 5 pial 83l Ll o Tikgy 5 INHL LS oY) o alelis oo cto! i) o aleis
ain e s 3l o g0l Je & gl LIl Y1 T 2SI Slin
(HSO, , HCO, , H,PO, ", HS ™1 531 Jiw (€ 5 il 5 SlLs Jeliah 3
.CH,COO™ s HCOO ™ : Jroc LS s SIS gl 5 COH™ b ol 23 10 25
S SV e o alolis s 5051 3L HSO, O 531 Gy 5l
1Y sl b LS «CH;COOH

HSO,", + CH,COOH H,S0,,, + CH,C00™

3 (aq
slels e
s 8

C.;Q.U.@:;‘CN’ Joo cs./x.cu re dels e el Sl Lol Sl
5ol Jroy CN™ O ol 015 g s ¢ Jelisdl o137 3 CN™ 0 1 JIHT 0 551
(el ol 5 Y Wslaally ¢ Jelid b

SO.” .+ HCN

3 (aq) (aq) 3 (aq)

o> saels

(aq)

HSO, . + CN



Lewis Concept ui ¢! A ggda

sl e slaze WU e il sl Dyl 6 I f g 555
0553, b1 LS oI 6TV sl J] Gl Fpn (HF) 055,01
Il e Joxas ¥ saels — Lo oMol e 2801 $la O LaS sl |
&gﬁqgs.ngﬂ\jgw’@@mouﬁmﬁyw&am;ﬁ,ﬁ
31 goll o gl s |

Qs e fazts ¥ 31 as 5 b pumd) Mol Lewis ) s
Qs Lo sbaze ¥l 8oty sl psgied Uk 15508 s 05550 |
sl Lewis Acid g ) pae O ns ¢ Saendl ] 3aslil o oy SOV 2155
e 8518 G ¢ Jolidl ol 3 oy 50N e ;—si}; 255 il LS, B @)
JLE o131 3 g mSINI e 5 e LeSay 83Le g Lewis Base P

s lal) o HOL ol Joi5 3 &l J| 1 S5 s Jo psgialllinsls g
(B 5 R0 Mty sl 585 0 5 (055 ) HY e 5 ,0.9)1 5,6 $NH, :
i 5 0l 2SN oy 38 U 53 N s a1 b s 855 s Ly
555 b Joly e g 250 5 s 0 SNHL Uy ¥1 Y HY 0,0 DU
Lom yo 35503 Ol 505 (RS Ty Logi L205 ty Ja3 s e 20
S e Loy Joolonll Jolid) 25 Sony NH, )

Wl b sl i) Gy s Al
p 323 goall 4w o Jo (o ol
lilzall delis b pleag sl
iy Sl G ls 5 0 el 5
p oSN S 5 aem Gl ol
OO | I UV S B

+

. H Lol Gl ol Drlasy

|
H+ + N - /Itl\ 5 ‘&‘)A\QJJ‘W}M@JL&A}

AN H H
055, HpuH H M Gl ) Sla) s
L:S}AW r}:S}AWO}J : ‘}’“‘HA"J‘*"
SAQG—WQWWMS;?&:;»‘W}JrW;TL}MuAé;‘Q
ke oy ¥ 6 AT odlelisy (g, ) il s pssie e oy I
O3 ey ls 536 o NH, Lol Jolis o g5 = s 2 £ see |
1Y) Dsleall e 50 U1 BF,
o o :.. o
N N SEQ
B—E: +iN-H —— :F—B—N-H
:F H :F H
w})uw mjjs.)..clé
‘wL@&'NHs&sﬁb‘)ﬂ@bjﬂléj}%Nﬁjk}u)M f
KL BF, 5 B 055,153 s O pom b skl J2a3 NH, O liges |
ezl Jray BE, 00 gy 6 5 s Gy 55 Il 10 GRS B0

(1323



dslial) go b1 (2D}

BF, 09,5 4, 46 g;’y"
e 3l Uelio 5 550
/CAQJJ‘}_J‘Z‘}_:}M'L@_.\A
JﬁﬁCaFZA&_&)jw\OM
ut@jc&%ﬁﬁ\u@
b 4500 | 2300 s Lo
el SLe pag bgw
bl s B0y 0 U1
ey 30 paaall MLl T
G panll LS 3l s

daiall &

(1333

P Ag g + 2NHsug

szyéﬁsgﬂ\swwuﬁw\wgswyw;;@w

N fro 5 21 bl o SINH, STH,O 0 0l o oo SIS Gans S

S Cu(H,0), 0531 ST H,0 oLl 3o Cu™™ &1 Joliz, e
(N Uslaadl

2+ o 2+
Cu + 6(: (/)—H) Cu(H,0),
H
g g pmsleael

Uil 2y S5 62,6 BT QU alondl D gl Gl
}% M -~ - - /#9 1 .

L e A oS Y1 53 Sl H0 sl 2 gy LT ¢ e i

U.@.u fCu2+ u»b:«.“d)_gfy L«AJ&-T}G‘AL@.& *CJL:}J,ZQ;}“:J_A 'r-‘b‘.. .b
e e QU ol 0yl Jas 1 6 Jelidl s s elall 2 2L

L U SOV T b e Ll Sl e sy 21 S

CUu(H,0),”" & V1 U3 s Tayl g 5 atay) I

ON™ Ll S sl e (AgY) 22401 05 Jolis Snts ey 2SS
1Y) Dsleadl 3 LS AG(CN),™ O Y1 550

Ag+(aq) + 2CN (o) Ag(CN); (aq)

o A gl Baels
I a1 8ol Bl Lo 2,16 BT ey L el 22401 5 6
alll Joins AT 151 0] O gy $ilaly b s ) zls CNT
CON™ Ll 041 J5 O o b e Jo il 3 ) i Jrags o5 2SO
S 3 o 5055 g Tl b o 8] 55 2801 O ol ey

iV
Y P G J5 5 e e S s 315
——— Ag(NHa)," g
B(OH), (aq
Ni(H,0)6" " (aq)

B(OH)s4q + OH ()

Ni** (g + 6H,0y




f

1l 55915 31 gl

0.1 M 35S 5 ¢CH,COOH &l g1 jaem J goee 0.1 M 335 5 ¢HCL L, 1S 5,0l jam J slows
50 mL dxl C).La ol cu;bj.@S BV cJ,..M S (e s ST 2 sae 50 ML dal Ll u.uLS
wdl o OUadl Mg p giie oy 15 cpladl SIS Gy 5T oo sl o8 3 i Sle

29 WA RN

el b dalall 2SSl sl ) Z.‘:;T .

ol sladlly £31 1 oty mseall Cilans 5551 @

-%Jﬁ):@‘ﬁ«tém‘ el e

: o) S las-

o Sloeadl dol e Lo S e ST ¢ 1 oSO ] -

) Lol W1 3 LAl y HCL gloes 10 20 mL ZoaRd Sl plasely i1 -2
j,i;f;CJM@”%@(;éjJ!rw\@:Lﬁ\L;)”T@j,w\ﬁ;nw@;%@mpﬂ\ 3
B3 HOL U hons 3 Wl a1 Sy S0 pmelly ol ) ST oo 35T 4

.J:.:Aﬂs;\j;
j;u;f”c&gjﬂ?@)\jlﬁo.xptd&oﬂbﬁj‘dw\gZcmd}ErWL{J&L}W&T:j‘é}‘ili!‘ -5
.L,:m,»m
S J0T5 CH,COOH el ¥ e o o) Gl ol asl 355112551 -6
CWY|3;M|
e el o IS0 i el 5501 3351 1
.%;p,@ﬁ\wjﬂ\ysw;.www\i“f 2
o) sl G0 IS el 316 ol 2 51 3
WN\JMU@M;MV“f 4
i

.)L’JM\.OLA:wﬂjdbﬁﬂ|dﬁaﬂ\jw>—‘wv\.@)\vﬁ)\uﬁds‘gda@\oﬁwuw\cma

(138



Z < T 2
el Jaasd! £ sgie e dazel N el plasiaaly Y1 J s JoosT s 13 S0 1

u‘;é:-%i
é)}l—m‘}ﬁ
oS
£ s ¢ ’2
:3&&&&;@\@53\ .
Z\;J;_,misfsuo .w).‘EJJ«GO .é)jj—m‘)ﬁué.a.z-o uwj:n:AJTUAA.g-O
sedk
Ll

o Wslaally il L;"‘i}i «CN" 5 HNO;, 5 jS E’:“ el Le HPO, Oﬁw ngg}m%ﬁl ESJ.L\J\ j.i:i .

(135

o 50l psein ol HCIO G J gl oonell 8,101 -
(S8} = Al psghe Sl CHNH, J gloead (gl ES},LJ\ -

LGins Lo HNO, 355 Lz § 43 Lo HBI aesdl 455 -

ind S 48 001 5 b e Y Pt ST

H,SO,, HI, KOH , HF , NH;,, N,H,

HCIO(aq) + CGHSNHZ(aq)

H,CO;3q + H,Oy,

Fe3+(aq) + 6H20(1)

e el il 3 881 sl 215391335

OCl_(aq) + CGHSNH3+(aq)

— +
HCO; (aq) + H30 (g

5

i

- Z % -
PV Wslaadl 3 ol p e Gog sae il Gaenl 3AST

Fe(H20)63+(aq)

2



S L3 S Bowoenall L1 YI 15T 8
1Y (o)~ p 5o 395 slall o Lol ie 8e6 NH 3 g1 el 1

OH 3. > OH™ LS . OFspged . Ogn o ]

L Sb b (s 31 A all 5ol Jrod U1 0 Y1 2

3

ClO,". 5 CN™ .~ NO, .o ar .

585 NH," o NoHy Jolis oy oey G150 05 45N1 213
N,H;"/NH," . 5 N,H, /N,H,* . N,H;"/NH, .o N,H,/NH," . |

P
%
-

:@dﬁwww@j@HS‘oﬁV\m 4

3

NH," . s OH .=> HCOOH .o HF . |

8 JRCVEN [P W OV SO PIPS P I

NH,CI . 5 HI .~ HCIO .o HCN . |

for A B3lkeSTl Bl 0,55 ¢ SV Jelidl 3 6

Awg + CN™ (9 —— HPO,’ (a9 + HCNy,

PO,* . s H,PO,” .~ H,PO, .o H,PO, . |

(136)



35 5811 a1 ) g o2 anll (illans

Strong Acids and Bases Solutions

Ul s HO" p g g kgl SU gl e Bl Jowadl (6 p2s
Lo L e iy collald 1) oSl 2o Aol OH oS g

s HO™ 5555080 U sl ez slall b sl 3] O G

3 paiall Lod (OH ™ 4 5 gl Sl e sLall b aae il a413)

5550t Ul 5815 o 35l Loy Seliall 11 2T
Sl Sy iS5 § Pl I domadl 3 4S5 gl S
$d ol 5 ol Yl odin 351 5

Autoionization of Water slall @'\M\ Sty

Sl ST e 6801 SLal) o o bl I 201 Lo
S o OF L) Ky T 1 525 3L o1 Bl pald La5
G it B s T ) U5 s 63 2t B, St
ss e S 3 tle b b oladl il 2 Jols e Bl U Y|
Mgy COH™ oS 5ot Ol I Sms 059 1 iy OF Lo
83505 AT ele o it o b ol B Sy 53
Sorh cade 5 3o S sl Sy a8 Mg SHLOT 55041 O
Sl sl Sl r Bplta 5515 o (g5 oLl O
sl I A S L s e G2y OHT S 554
s Ll ol o Lo 5 25 ‘Autoionization of Water
V) bl g cands sledl 3 el 33 My 5V idns 5 1 5onS
U é‘;f

H,0, + H,O + OH"

27 270 H o

(aq) (aq)

:mg,)\é,m\}
oUﬁTJ&L;JL«J\J.:‘bmJ\éJ_bJ
a3 S 3 )l Sl g 5 8
PH J ol 5 g djs o ondl
e slaeYL pOH wSde s i, o
a3 b Yl oda 3515
:@\5&\1}4
Al I 2L 5 puaiall e s
HLO" o J5 555 oo 3l gl -
sl SOH
kel L Gles el g -
Jsloeadl B oS 5] pjj-‘b
5 ey Glas ol s bl éﬁf .
g 5ol mo (58 ez
: Aolbaohlo pusslahl <
lall 1
Autoionization of Water
Lol o5 et
Dissociation Constant for Water
Hydrogen Power pH sz 5,04 V’;’H
POH oS 5 )44l p—’;-“

Hydroxyl Power

Titration 8 plaadl

Neutralization Point ~ Jsledl dass

End Point Ll degs

Indicator s
- J




r‘b@\{%wa&.j c\jq-ﬂMQUﬁ;YH.:\A}:S\;Z)TJ_?QJ_;j

SV el e el 0l 5Vl el

_ [H,0"] [OH]
¢ [H,0] [H,0]

K [H,0]* = [H,0"][OH]

®©

(B g oLl 58 5 01 o e s Lol 2B 5T )15

jbg;_slidi_.,%.xi.x} g;alf'auj._i;i} cd‘;.fw &:/._JU/CA:‘_;&AJ u—g"‘:‘.ﬁ
1 5505 K« 14 35 «Dissociation Constant for Water sLuJ|

i)l i ysde 1x 107 L*;,Lﬁd.»jﬁwuuj‘wab_:\)\é_fu
LY ol e e 3550525°C

K, =[H,0"[OH]=1x10""

sl T H0" Ul 5815 Ol oLl 2B e o sliy

HLO" b g 55 551 11k 5 .G g jme Lol 55 50,55 Lais OH |
s Lol 3 OH bl 55 3G 5lams 0,55

[H,0']=[OH]=1x10"'M

pios OH 05l lasp Lat c pannll p 5 gy HOT 051 s

Jlome b 5 edin 5813 Las ol S |y Sy sl
(4) sl o LaS (lslaze 51 25006 5l i bas

z

OH™ s HO" b1 55 3G Wbwadl Sigas 1(4) J skl

T

1x1077

1x1077 Jaledl

v sl o S
(e e S T

1x1077 1x10-7 s -

a5 Oe B
1x1077 1x10-7

(138



[OH]=1x10"°

M

=[H,0"][OH]=1x 107"

- -1
=[H,0"][OH ] =1x 10"
1x 1074

= 1x10° - 1x1

|93l

1X 107°M ¢3S 5 OH™ g g g I gloes 3 H,0T 55 5 o]

oM

13l ol

H,0" 58 5 olor 1o shadll

tJed!

[H,0']=1x10"M

1X 107" M ¢la3S 5 H0" Sl gl (g som d glons 3 OH 58 5 o]

=[H,0*][OH ] =1x 10"

=[H,0"][OH]=1x 10~

~ K, 1x 101 i,

(gl o

OH ;s ol 2&)}.\.’4@3'

L Jed!

(139)

JJT S &MY OH 55 5 51 H,O

m—

,sjdwdjw\j;j‘ 32 *n/
ol Loy ol 3 Lo A1

1x107*M

1x107'M

gl J gl

1x107*M

I J gl



Strong Acid Solutions 43 §8l) (i gast) {Jullaa

13) simd ¢ Jo Uil 3 0 55 ol pmie s o2 Lo 65 el 5 s 5

g)\iqé CJL,;};—TCﬁTj H30+ r):;j).f\:.@ﬂ ;ﬁiéﬁQEU-ﬁ%"w‘@u‘-“%‘“
35 4805 T bl e 1L 3 HCL Laesdl e 0.1 mol f3] kis
V1 Dbl 3 LS HO™ gl 55 5ol

HCl, + H,0, —— H,O"

(8 27

OH™ s 508l o ol s H,O* www\auﬁiduéhgwolsw,

S+ ar

(aq (aq)

olald N A sl iy oS el b oLl bty e 01 D 3

HO, + HO,

éﬂ%bh«:ﬁ‘}u’—%wﬂw@)—djgwgo\jwczyf;p }

HO" =+ OH

(aq) (aq)

55501 ks BU K bl 56 Eb Laus OH™ oyl 355 Ja
u};ﬂa;)uﬁ@\;;..@o,gi;w%;w\jw;ﬁ;?au\ HO" &b
i) ot A Sl sl G5 ¢ il 5,81 Laandl i e

01 616yl 55 A Uslows Jshomall 35S 505805 b Y1

[H,0"] = [Acid]
[H,07]=[HCl]=1x10"'M

Lol 26 gl pluialy I sloal 3 OH b gl 58 5 Sl S

=1x10"M

K —14
[OH]=——2 = 1x10 1
[H,07] 1x10”

sloms 02585 ) 535 olall ] 55 ez Bl O G Lo iy

(5) sl (s OH™ Ul 555 0 5T HLOT 58 548 0580 o
H,0" b 525 5 oleo LaS 5ed 5 GV ALY 15 281 5 somll 530
(5 ez Jslous SOH SUgl 55 55

530 gl 21 1(5) sl

o
sy oISl

s 9 48!

o g 5 9 5!
) 5lS 5,400
<l sl

tSb s K

slal) aa b @)

pslS gl Shes AN
HT o sdxdl b (HCD)
i N a3
biSs ol el o
oSl 55 radl olay 3]
25l ) s
ey B ke o
e Dlesw ST sl sl
oaexdl i 5T e 83l
&Jla o= d_‘.)j ‘4.15(3 t.w)
BBl eLial) el 51 Y
LaS il s oLl
e S ool sl b
Al Josll G i
d 03831 S el
o el 1,05 I L]

s JS2y 2l

(1407



il

1X 107" Mo3S 5 U HBE Shss 5 egl) 2oz J glons b OH 38 55 HO™ 5.8 5

5!l

[HBr] =1 x 10°M 5 &
OH™ 35 55 HiO" 38 5 ol 10 sllasll
tJed!

HBr,, + H,0, ——— H0",, + B, Lol b dslas

[H,0"] = [HBI]
[H,0]=1x10"M
=[H,0"][OH]=1x 107"
K, 1x107"
0717 1x107°

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

HCIO, &y olS ol ez 00 0.02m0l Li3L o Juzmei (6,2 J gloes 5 OHT 38 55 HOT 5.8 5 ol
2Ll 0 400mL b

(I gdl Jdos
HClO,, + H,0, — HO'  + ClOo, el b Usles
0.02 mol = HCIO, (n) <Y 4 54
04L=400mL = (V) djw‘rpo-
OH ;555 HO" 55 5 Olus 10 sl
:Jad\
H,0" Ly sl Gondl 58 5 V5T m
_n_oozmol 7S5 sl 5S35
v 0.4L

[H,0"] = [HCIO ]
[H,0"]=5x 10°M . , . -
=[H,0"][OH ] =1x 10"

K, 1x107" "

OH] = = =2x10"
[OH | 07 5x107°

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.04 Mo} sHNO, &b 2l aa> sl s OH™ 38 55 HO" 58 5w



Strong Bases Solutions 43 gil) o1 gil) Jallaa

f-»’f P _2 . X LR wt ot S .
g_,})ﬁj,’-‘d)_i\joH Qﬁ\@j‘¢u‘gw@.}d\u&|}d‘wb
@2

(8 s Ll 1L 3 NaOH 5ol 5 0.1 mol iyfs] dse 632 |
(Y Usleodl 3 LS COH™ S 5 Sdy sls s |

HO,

NaOH(S) Na+(aq) + OH™

(aq)

35 oLl SOH U 58 55l 0l tailis Sl U ys

Sl 325 5 e 33 I8 Ll i b 0151 b 5 )

OH byl 55 5 61 11585 AU K, sl 3B S iy cHLO

oo I 38 2 B 1 1 3o 05 el 01 21 e Ll

(ol 51 og) Lot Db 3ol 2285 cLilan] oy S sus il - 56
{31 T e 55 3 Gsls J ol 3 LahS 50,55 |

[OH™] = [Base]

AN ael ydl sl (6) Jsdadl

[OH ]=[NaOH]=1x10"'M

otB el plisi b J ylowall 3 HOT Ul 38 5 Ol 5 Says

JL oS el

Ko 1x10™ '
[OH] 1x10"

[H,0"] = =1x10""M

5555305 Jgoss sboll LS BB Ol g Lin by
Gl 5 Gels ) ool 05505 $H,O” 55 5 a5, OH |
)l del 3l 7 51(6)

Grease Lol (RN s k) )

< 2 2 wt( 87 2

e =Ml fﬁbj:a)\ O S S aoden Joeo cdel il pdie
Ggplall ppmedlly A2 L delis 3 I Lpmade
b s hbeadly VY1 oot 305 A1 (asmd)
L O paddl ) del 2l oda LS oo ¢ IS Y1 e el
Mb}if)ﬁ.ﬂ\dﬁ&%ﬁdf?bw a;\xﬂ\ji
«Lithium Grease s 201 O 5Ll 1 Jto ¢ el O plall
.Sodium Grease _» 43 sl O L]l 5

14D



o Jall
5X 107 Mo 5 s LIOH p 520l donS 5500 J glons 3 HLO™ 38 55 OH 5.5 5 |
(gl o
[LIOH] =5 x 10* M
H,0" ;5 55 0H ;S 5 Olus 10 slaall
tJed

IRTE < ﬁ”)ﬁw..w - v _ . -
HO g Aslaadl Gy LIS -5l &) 43 5ue 8 LiOH sued|

LiOH, —— Li*, + OH el 56 Uslas
(Y B 355 OH 5S 5 o
[OH™] = [LiOH]
[OH]=5x%x10"M
SV B plasenl HO' 55 5
K, = [H,0"][OH] =1x10""
1 1 —14
[H07] = 10 k10 M

[OH]~ 5x10"

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

1Y) wadl S OH™ 58 55 HO' 58 5
P 0.5M oS 5 )l KOH p iyl sl a5 o e lil] lows -1
023 3mal) deS 5 5dn 55 e 8 G BIBL 0 s (6 gl 2
: MT o) = 40 g /mol 0T Wl .sLal 5 200 mL 3 NaOH

(1433



POH (oS 5,363 483005 pH (o 93¢l 3830 |

(o350l Sl o i 5 ks 5815 e Tl Jlomall (g o0
Gasl e 7R8I aeS gl Sl s Jploeall 2 5o o 7 Eom

el 3515 0 55 iy 6015530 0 o Jalall & pmnal 5 . sl
s ‘o o) @3 e sl 5l el 20 o 6 ot
B Loge JS pind iS5 Slogie 0 3 pomiell Lo pOH LS 5 kg

CadeB 1 U ploall 5 gam (16 eondl |

Hydrogen Power :(pH) (> 9 fﬁﬁ‘

By cad HOT p s gl Ul 555 o I onall 25 po oz

Hydrogen Power %;'.g},.\,@l (";j'“ £ s (a\.b'r:wa\ 0 55l CJ:S\
wj).xﬁj\oﬁi;,;,ﬂqu\r:i)ujmfydw\uwyw

Y BUIL Caly e 7255410 Ll J sl 3 HO
pH = —log [HSO ]
14 ) o oo 55 alie 5 8 glomall £ oo B Lilie 305

° B w ;
55155 PH e 5 gl 1335 Jllowall 25 g 0 B3I (5) L1 s
HO" psdsshedll Uyl

077 e 55T e HLOT 38 50580 ool  shoeall OF K201 Gpo oy

05 Jabazedl J gloeadl 3567 oo 8T PH oo sl o3 1 2o 0555
Jsboeadl 3 G675 5Ls PH s s ok 3301 A5 1077 Gslows HLO' 55 5

dnar..!/
(5) Sl e slasYL 335141
Y1 el s gl 530
107 Mg sl 63 H,0" 58 3 loua
107 M g3y HO' 385 dous(0

L el el G ezl 2

7 o ;ST pH W”W‘r;;‘ ied s ‘10—7&0&71 HO" 1S 50,55 sasldl (54l gy e
slaidl Jllaal)
dpaeall dilladl) | Laclal) Jallaal)
—

[0 10° 10°' 10% 10 10* 105 10° 1077 10°% 107°
| | | | | | | | |

10-10 10-1!' 102 1018 1014
| | | |

HCI(1L0M) sl ppae 45 olia sl Jedlllasa A g L)

(pH 0.0) (pH2.2-2.4) (pH 3.9) (pH6.4) (pH7.4) (pH 8.4) (pH 11.9)
Bazall Uaan daj\ _)a..z.“ ela L._u.n:_u:.an L\gl; NaOH (1.0]\4)
(pPH1.0-3.0) (pH2.4-3.4) (pH7.0-8.3) (pH 10.5) (pH 14.0)

pH
0 1 2 3 4 5 6 7 8 9

oot e 35 omdl ams b o s el S0 58 5

I I I I
10 11 12 13 14

e B () !

aiol) o S8

44



T 2
. P (e 1 B e 95 o3 L daled) Sl
3] J gl 55 5 el RN | s e \
5500 i OH™ S )uedl <Ugls HOT passydedl Syl 5515 wslas

Ssbos s bl 403 O el o B .
(pH=0) \jj,.p pH%;":’.',9)"‘:-@—“ﬁ)‘%)‘”‘ﬂ‘)u‘j‘“"uﬁsw\&w‘g’
Y B el s HOT bl 58 5 e sleze VU Jloeel)

pH = —log [H,07]
0 J&al
(log 2.5 = 0.4 31Lde) 0.25 M 03,5 5 HNO, b 2l Lae> J e pH i 5,801 gzéj.s\ e :
[HNO,] =0.25M  :dIgdl Jodos
Jylmal pH Ol iogdladdl

tJed!
Y Dslaall s Les (IS HNO, sl il

+ —
HNO, ) + HO, —— HO0", + NO,
[H,0"] = [HNO,] =0.25=2.5x 10"'M
pH = —log [H,07]

pH=—-log(25x10)=1—-1log25=1-0.4=0.6

(log 4= 0.6 3] ike) 0.04 Mo S 3 ¢HCIO, &y, 1S ol e J shoead PH ior 5 34 S5 ]
[HCIO,] = 0.04M  :JIzdl o

J sl J pH Sl REPUN]

Jod

Y Dsleall G5 ES HCIO, sl 45k
HCIO, ,, + H,0, — H,0"
[H,0"] = [HCIO,] = 0.04 M
pH = —log [H,0"]

pH=—log(4 x10 %) =2—-log4=2—-0.6=1.4

)+CIO_

(aq 4 (aq)

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

555 Pl (Rars byt skl o 544! fif-” ey BIN) Ol s Gan e ULl S35
Y BN el Lgd HO™ 5o, U]
[H,07] =10

(1453



ol
4 s 3bes PH o 5 o) 3501 3 ke © e ) 08 gon) [H,0] ]
pH =4 :Jizdl o
[H,0"] ol 1 ghlaall

[H,0"=10"=10"=1x10"M g ;

g Jaall
2.2 55k PH s 5 gl 0331 5 Lo o 528 0 acld] om0 8 5udd [H,07] o]

.(log 6.3 = 0.8 5 i)

pH =2.2 :Jigudl Jdous

[H30+] WT s.fj.l.k.o)

[H,0"] = 107" = 10722 = 10(-22+93 1
=10 x 10°=6.3x 10°M

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.02 M ¢3S 3 «NaOH p 53 3l AeS 5 okn 031  loned PH. ior 5 kgl (5 ) o]
(log5 = 0.7 51 ile)

[NaOH] =2 x 10° M :JI 5l Jodos

3aelWl J goead pH ol 1o gl

1 e
AV Aslaadl 325 LS NaOH sueldl - pls
H,0 § § -
4 _
NaOH, 2~ , Na’, + OH
[OH7] =[NaOH] =2 x 10°M
SV Bl plasaly HO™ 58 5 |
K,=[HO0'[OH]=1x10""
K, 1x10™™ i
[H,0"] = OH] = sx107 =5x10""M

pH = —log [H,07]
pH=-log(5x 10 °)=13 —log5=13-0.7=12.3

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



ile) 0.03 M ¢ 5.8 5 HI s g 5 50l o J shoead pH vl -1
.(log3=0.48 B

P43 ol o ssdedll Leh3 )5 85,00 e g Bal [H,0'] ol -2
.(log5=0.7 ST Lle)

0.004 M ¢o S 5 LIOH p 5201t 5 100 50l J gloea) pH il -3
(log 2.5 = 0.4 5 le)

POH (a5 511 3850
sk oy acl Hydroxyl Power pOH oS 5 gl "g JPNEEN
3 OH ™ 1S 5,0l bl 58 3 I 2,6 501l 5505 el
(VI BMAL e Fa05 <10 ol J yloeadl
pOH = —log [OH]

[ 96t
0.01 M &3S 5 KOH 45l J ghona) POH S 3 sogl) 0350 o]
[KOH] =1 x 107*M :Jigudl Jodows
POH S 55l 1550 o el
L Jedl
Uslaall 3 LaS oJ ol 3 1S KOH 5,0 sasal £ s

H,0 K" + OH

(s ———> (aq)

KOH

(aq)
1 SL LS (I slomall BOHT 58 5 Sl S
[OH] = [KOH] =1 x 10*M
pOH = —log [OH]
pOH = —log (1 x10%) =2 —logl =2

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

B ey Jlonall 3 OH 4S5l Sl 585 Sla (S
: 35V B plascily 43 POH LS55kl o530
[OH] =107""

4D



@

11 9iall

4‘53L,ip0HM}J.x,@“;éjnjww:_@w\#yaﬁ [OH ]

(gl o

OH (yo Lo Jle 58 5 o 550 g 18006 85ls Ll Ll

pOH =4

ool 3 OH 55 5 ol i ghlaall

[OH ] =10""=1x10"'M

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ool AeaS 5508 Jloead POH S5 agd) S ol -1
.(log 4 = 0.6 01 i) 0.004 M » 3.5 5 LiOH

POH LS s sgl 23301 O Lele e 550 [OHT] o] 22
(log 6.3 = 0.8 O ie) 3.2 (5 5L

pOH s pH (i 48al)

s ed sl 3o o0l Ul 58 2 PH o 55l 031 s

Joo 5 0S5 500l U T 58 % POH. oS 550! (3301 Jas 0
K, slodl 26 Cub Lt 5 cinls a8 amy U glomadl b 0552V 55 5
sV B

K, =[H,0"][OH]=1x 107"

10T s 1 Jall 2l ) BT 13

log[H,0"] + log[OH ] = —14

L;\&J&U(_)gjug:ﬁéw\ujﬁj

—log[H,0"] + (—log[OH]) = 14

C-s
—
[P

pH = —log[H,0"] ¢« pOH = —log[OH]

LY ol e Bl B3 e ol Sy s

pH + pOH = 14

tJed!

.
oooooooooooooooooooooooooooooooo

Ciaiany i )

o J s il o
o sl S 5 5 e
b pad AUl 8% Ly
P P sy Bl D
“.‘,9-:;' J5o e oL

-l




Aalaiall Jillaall

dcaeall Jillaal) l e ldl) Jlladl)

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
| | | | | | | |
[ [ [ [ [ [ [ [

pOH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

.g\:mswv\:éj\ (..ijjb sk ("’;‘ e BAJ1(6) jg:””
oS 5l 5 J o) Loy B gzl

sl 1 e a5 B s ALl o 31 (6) S s o

(34 PH 0555 Lokis 63005 . slowald POH _JuS 5501 (55015 cpH
D Legie (61 dad 5 yme Sa L5 €12 (5l L Abliedl pOH i 00,552
: AV B ey J sloeald

18 il

i Jbored POH S 5 ,0)l ‘;35-“} PH s 9,44 EJJ/-“ o]
* 1 X 107° Mo3S 5 sl HCL &y 1S 08l 2o

[HCI) = [H,0" ] =1 X 107 M :Jl5udl Joloes

t el
: L;}'L LS cd)l);o.u pH WT
i pH = —log[H,0"] = —log (1 x 107°) =3

pH + pOH =14 Ls.';T.g.l.oS‘p()H WT
3+ pOH =14
pOH= 14 —-3=11

. .
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

25 sl Sa ST POH 5 pH yo SIS o]
1% 107 M (sl 43 H,O" b ] 35 5 Jgloms -1
1% 10 M 5 gl 43 OH i ] 55 5 Jsloms -2

(1493



H;0"

Strong Acid Base Titration 4348 338y 5 8 (aan 5 ilaa

iz 35 ploes s Saz  plows 1y oo A 0Ll G 45
S OH 4eS,uglls HOT ppig sl Ul dolasy o edladl
Wsleall 5 LS Lol 3 oy g o sl

HCl,q + NaOH,q, —— NaCl, + H,O,

s 55 5 51 Glana (o yaes 55 5 o 3 ool ol oo sty
oo 55 ke Jslome 0 e e S VT (g S 026
B )25 sl J ol L] 25 ¢ bl J sl i 3056 5 e
o iy 058 5 Tens 5 A1 58 31 d s J ol ] (e iy 2lai)
.Titration 5 ;leodl Lol

ol 2 o &ono 85 J) 30 I o ) BLEYN L Jazs
U o Gales Lade j)L&ﬁ Lf:“ lagl s ‘Neutralization Point
 les Tlas IV Lgnsar OH s 5 gl U ol e HiO™p 55 5!
T $5led dsla I PH 0555 ¢y B 30585 5 88 20

st dsomall ) bl Jomall o Dl A1 Sl i
el 3354 a5 <End Point Gl 8 i3SI ) e Ty 55
-8 plaadl Las

348 5 845 (6 55 e B plae i il ) JadlS Bals puin
k) Céj)@,émwéﬁp\ S50 oMl e e B4 i
pnedl Dlas o1 5 e ssigll B3 @ e 55 (8.2 10)
5 plaed) By i el U gloeed oom s degll (330 olide el (5
ke o a3 [5ed 0 gt 205 Loy 5 o L) JS ns
L gl o N BLEYI e U sloeld o s piigl) 53015 L
e 1o 0/ 7) ISl 15 3 plaall iomie 22 T G el Bl
HCI a6 3 plas govey NaOH 458 3085 HCL g 68 a0 & plas
.NaOH e lalL,

o 8 e B Tlasal) Lol 5 5 L3 e

1A g8l es

0 5 10 15 20 25 30 35 40 45 50
mL 8> ¢ wlaodl .NaOH >

ez plas e :(T/7)j.§..t§\
.NaOH .« WL HCI

0 5 10 15 20 25 30 35 40 45 50
mL 8> JLAAJ‘HCIV.;?

o3 s e i( /7)) Y2
.HCI _,2.5JL NaOH

(150



14 daahh

La5:S 5 ¢ NaOH 345 al) J slows (0 200 ML 2s iled 20 250 mL Jslai 3] cHCL aasdl J ghoes 528 5 o]
HCl,, + NaOH NaCl, + H,0, &Y dsleadl 355.0.02M
(I gdl o
0.25 L =250 mL = HCI jaexll oo
0.2 L=200 mL =NaOH seldll e
0.02 M =sueldl 55 5
ezl 38 5 el o gllaed
tJed!

sae | Qyjﬁ e WT

)

= [NaOH] X V(naom = 0.02 x 0.2 = 0.004 mol

N Naom)
00 T a2 Y g0 50ad Gslws Samdl oY o Bke 00550 el e

Dey = Dnaon)

[HCI] X V() = 0.004 mol

[HCI] x 0.25 L= 0.004 mol

0.004
[HCI] = —5 5z~ =0.016 M

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

[ dadh

LAOH 545l J glows oo 20 ML wo Ulas Jslas 13] 0.4 Mo 1S 5 sl HNO, aazell J plows oo ]
HNO, . + LiOH LiNO, . + H,0, 5V Dsladl 339 0.2 M oS 5
() ) s

0.4M =HNO, 2.l ;S5
0.02L =20mL = LiOH sJe\al =

0.2M =sueldl 3.5 5
.HNO3 u.a.«.gJ\ = WT uj.lh.o.“
:J;J\

ae | CJY}A Sde WT

Do = [LIOH] X Vo = 0.2 M x 0.02 L = 0.004 mol

100 (T Al Y o 50a) G s omed] Y g 3ke 055 Jlal e

5D



D inv0g) = MLion)
= 0.004 mol

v B n _ (0.004 mol)
(N0 — [HNO,)  04M

D ivoy)

=0.01L=10mL

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.
ooooooooooooooooooooooooooooooooooo

Bl g 20 mL Jslas 13] KOH el J ghows 3.5 5 o d,wn/

13V Dslaadl 3550.2 M oS 5 ¢HBI jaesdl J slos 110 30 mL 2
HBr,, + KOH, —— KBr,, + H,0

(aq) (aq) 2(1)

Indicators :isl ;I

St 38006 5 plandl il 2lgh e ptons) (i 5801 O piliaSl putiiy

5 g sl 508l 3 C25  Tkn Koo 1 o Indiicators
@L@;;J;agwgwx\yj\wgwgpwyujﬁdﬂgg
B HIn 5o Jy pdandl AU G50, 130 ¢ oo 5 5og]! r-"j'”:f“u:*‘éi‘

5V Dsladl b LS (el 3 25T

- +
HIn(aq) + HZO(U In (a) + H3O (@)

104 204

Osladl- pase ]

sl = e s s
e
Ol LS 5 i 34elB s
il 3 Jsgredl 55
s [ 35l
Caall g

o) Uy Jolid) 35 0 sl Jplons Gjlie HO™ Uyl o oo |
555 o Joael) Bl gl oSl elr VU by s~ )

sz

S 5l e BB S sy I 0¥ S 5 e 3 s ¢H,0*
Jbmall 3 (1) %) ek s 7kl 2 Hin Caslsl |

o dle 55 5 e 6 5om se B J sloes ] SIS gloes L) e Ul

Toed G g5 «calSU sl 3 S22 HLO' oUﬁTOLéEOH_Qijg
H,0" 35 5 b el i sad sle¥ eV Jelidl by O pon e liLts )
bl 3 (2) 8 Sl s I 081 5 5 e U s it Aol b

.JJJNJ\y(l)ﬁj)qa:@jjw%&'mnbaw};;j@wg

s T s = ... 2 a,
e S ﬁ)‘yw&wgwm! O S

o3 soa (7) sl s koW s i B0 b 55 0 1l

D3 S Gy O ) e T ) skl

35D



il S Gy 01 a5l W53 s 1(7) st

0-—2 Gyl ol (eedl il

2.9-4.0 ol Joes S Jal
4.2-6.3 o] o] o1 ol
6.0- 7.6 o3l Lol G533 gasl6 g 5,1
6.6 8.0 o] ol o1 gl
8.2-10.0 G Ol e e sl

11.5—14 Aol B3l Sliw pdll S g2ty

il e BSU Jad

el (g o bl 2SS Lt o8 el l sl 885 e
s sl e ) s on o5 e i) Sk sl
(3—11) o PH %5 gl NaOH s sl HOI jaasdl s e s
B Bl e s i gk o SIS (gl plasenal Koy JUILs Ly 3
e el 5T A RIS plid Sy U PH i 5o
5 Sl i ol s ¥ 5

dm\/
) el T JS 3 il ) kot 3 (7) gl ozl
(g e B oY1 Jtoedl -1
: e doloes 3G, a0 I 2
oSay iyl S a1 ol eV J ] i3S e 6T -3
: .Zijés.xpl}jt*gjéumsﬁwqéu\bwl

(159



/S

P RCHPP RIS
TP PSP

‘OZMa;SJ‘NaOHrﬁer\wj)Mdﬁucéﬂ\JWHCIQJJK))J?@J\UMTJM
f&)@é"é;b J.ol.> c%@ ‘C)JAJL:.&.-.A ¢d>>ew «250 mL dlajfua 393 cugl.ia.‘ﬂ.dj\ asls

0

i@

e SlsLi

el b Balall Ll sl ] AT e

Lol 5Ll g 31 ool Ul peseall Cilans 51 @

.,@muﬂdww@w,\;ﬁ&a&wi .

L el él,l:.&

IS LS ¢ Jaloudl e Ll ~~~T -1

p 523 5ol donS 5 50p I loas madll plaiiialy 1| Wl .g A )
Al (§ s )

J 54220 HCl G0l J s 0 20 mL leij\,twd\ ey 3l -3
b el G50l T 5

v‘v

\s

fv

JM&‘&MM\W\S&U\JE?) 4c0)w|f‘u\.‘>w.~b‘w| -4

umJ\

d)l}r.q.‘\ CJ.AU cu.zvgn Jj.lm ;;” G,Ja.uj Lo;»).b il 7 P oJ&La.“ dj.]ow 4.9\..@\.» ‘.Ju\ J:.>-’>ll -6

dLE}WJ&cw\ijM\d)J”"L}Y\jcbj:bd)j.ﬂ\ubfw

J5T5 ol sloms 3525085 e Lnkie Coty ) el s sl plome BL5) 10 i 51 -7

L) 8l J sl 2
Jacm [ ol

€U gloall 0 5) 3255 i Sy A1 &) 221 3L 1
5Ll NaOH el &Y go Sue S .fum pseia]
Aadsn )l aesdl Y go Sie gl

HCL Gaond) 35 5 Conarl o831 f.uwi
.Ofw\wwc,uwwybw\ﬁ;\@y\
adelilly aasdl o ool Jelishl 5]

= RV NN U VI )

(1543



Clgntels 5l el idas o S50 13les 1t J15 S 1

: AL I3 paill) 2541 2
s slaolle skl e slall S e
Y1 owal Go JS 3 OHT 5 HOT 5.5 5 ol o8 Y1 pz] 3
0.02M s 3S s HNO, (|
0.01 M o35S 5 LiOH (o

5
}.%,9

islaze 5T el sl dnzen Wlws JJdpdadl 28l Wlwadl SEZT 4

pH=7 [OH]=10"M ©pOH=4 [HO0*=10"M pH=3 [ [~ [~

J doeadl Cacas

: 4
Wdﬁm&;;w\@OH_%j&;ﬁd‘ 5
[(log 5=0.7 51 Lile) 0.0005 M s 35 3 ¢HI oo J ol PH o 5 504]) 5§j.5| Gl o8V psuzl .6

54400 ML 4 0.81 g 413 522 HB o J yloved PH i 5 ugll 25501 Sl o5 Y1 putsiz] 7
.(1og 2.5 = 0.4 < 81 g/mol = HBr _ze>l & 5l Tl 3T Like) o Ladl

0.008 M o3 5 ¢HCIO, J ploeal ior 5 okt G55 honS s ool S35 Sl o181 ptsz] -8
(log 8 = 0.9 51 Lxle)

o B0 ML fo LS Jslaxd €0.3 M 635 5 & (HI Jlomn 0 40mL 5k 1l oY) puszal 9
KOH 35 5 Corl . 35 31 J sg2ee KOH J sl

s Lo 8 2 JS) Bowmenal) LY 5T .10
PH dod OB csladl o (20mL) S [2eodl (s (0.2mO) 4130 o judad o5 HBr yaasdl Jsloes . 1

fgsbed d ol

5.3 3 .= | T

(155



é}W(M)M\ﬁSJOP‘\ﬁé}WUPHMHCIﬁw\dM2
YV I 1.~ 2. 3.1

LS sbes (M) H;O U 3l 5.5 506 ¢(0.001 M) o35 5 HCIO, a0 J slows . 3
0.1.5 0.01 .~ 0.001 .o 0.0001 . |

85mLcaL:L«SJJL’CJ.Urj}U‘O.25MxSJﬂ\)SHN03d)lzagﬂif:ﬂ‘uéwd)bw(mL)r.?&LA.4
€0.12 M ;S 2l 63 NaOH p 3 goall dewsS 5 5t J gloes s
40.8. > 30.4 . 25.6 . 15.5 .

1 foes b Sy Lo LT POH 03 0,55 . 5

0.4 MKOH .o 1 M NaOH . |

0.1 MHCI. » 0.2 M HBr ._>

(156



il a0 il igand

Weak Acids and Bases Slolu tionis

) ywyadl )

-

O
: oo, d\ e\«
i) 100 58l 5 (i gandl Jallaa b GISNI | Sl dplomall b Cmdll Gl (T

v .39* R o
Equilibrium in Weak Acids and Bases Solutions eyl e 4,8 go m s ols

coledl b 0555 205 Rimal sl iy 3 gl o o p L e |1 SHSEEEECER s il
rs s ; » .139“ . SG 8 RIS o 0l @ w
OV Al e 505 e e 0151 e Yl 5 il 3 B, |7 S0P o G n B sl
i - . g A5y K saeldl b eults
36 el plasenaly G52 25 1 damdll o peodd S5LaI) el |70 2 LA
] s AP NS AN 8 o2 * 3 _ . 5
Gus L s aldl U oY1 S5 Olusd Ul
LaS Lilas Jx; &> <Acid Dissociation Constant (K,) 2ol ) iy
sy . 3 d > 9) | w\ulm:-j
S YT b 36 s 1 (8) Sl 2t hndll el 1 mell pmsd ‘f’j i
Aol i)l Joead O 5V Al (ye Sl ey LS .CH,COOH ( J5-J1) . =9"’““\>-\”j
- ~ f?';., . V. - 5 %/9_
«Base Dissociation Constant Kj, el Of\sgﬁt:r\mp ianall | JS b ol 5 paiell =23
ol it o idona 802 ) 28 Lo Ll S o e
. . 5 feuls dladl ollusdl 2 =
imall del 4l 335 o Lmndll b sl 835 B 5l00 b ol |7 < u”-’-’tsf
) Bdeldly St S -l

:0%\9@\&)\4
() el V1 Jaes 256 (8) Jsa . E
JIDk SN ez 026 (8) J5 Saeadl 3 els

‘ N e
J V Acid Dissociation Constant
! P &
%‘ 4 \ s uiL’ g_,gb
f 4 Base Dissociation Constant

- J

: - +
CH,COOH,, + H,0 CH,CO0",,, + H,0

27 (aq)




ddgdal) (a gaal) Jullaa B G5

Equilibrium in Weak Acids Solutions

H30+ (axuj).,\n.g.u i)ﬁic&:ﬁ ‘PLQ.S\ L«5‘3 @J;- :\-M| U‘;)‘“"J‘ irﬁ.’;}'

5 Lo Sl 08 HX 5ol ple S0y aandd Ugey 35 el 5T D45
25 Uslaad

- +
HX,, + H,0, X Wy + HO
| | | |

;f‘b'“% saels &ﬁ}‘f saels é}\}a u.a.«e-

el Y1 e 051 Wl B Bl S aendl Sl 55555

(aq)

3 gedl dgzr) Sledl g 155 Jelidl 3 0131 s 50 0,805 HLOT 5 X
s (HLO 5ol 5o (g 31 (X0) @ ,ol steldll OF | S <(llelizall
s s8¢
Jored 6850t ) ey anell 5SS 3le )5 055 Al LY G eSS
2 2l 8 a5 il o ol 0V 8 55 6 Qs sl 55 5

0[]
T

B3 i Bl 2 gamd| Gy 26 ol 138 (8) Jsmedl 55

:%;.—Y\f:'ﬂéﬁw‘

() o 6,055 Laesdl 35 e aesdl b Sull TR 25 °C el
;Sj:\ju.éaer)\sgéo:\jk&eﬂd\iﬁ@ﬁ@éh&&:b}%
55 335 8 (S Vs 4Ky el il Euli Sl sl 3 (HLOT
555 i ezl G Sl n sl LS ¢ oy Linny Bl |

25 °C3)\,>2>,,>MW\UAWJ|u@ﬁbqb@:@)dj,\em

1.3x 107 H,SO, IV ey Sl as
6.8 x 107" HF Sy, 5l g ) o
4.5%x 107" HNO, 11 o g il o
1.7 x 107" HCOOH :
6.3x 107 C.H,COOH
1.7x 107 CH,COOH
4.3 x 107 H,CO,
8.9%107° H,S O 9 hedl A 1S e
3.5%x107° HCIO [ECSPCPWIPREReTrS
49 x 107" HCN il g, 1 2
il 63 o)

(-
®
E
¥

3

&
T
i

h s 22

-

.
. I

3
.
.

. 3
.

AN \

%
‘e
-
!

sl o ) ()
ST HCOOH &b gliadl 20>
hoy 5l 2o
sl U = s e dil s
- N 2 . X
P RS P ek S Jal
OJ&UU\J.’&«‘OYLQ;«J‘
clael ary B biis tands
u.;_GMqLL:J‘ dﬂ‘u”wﬁ-’d
ol 5« Jodl Oland) ansl b
i aslzel o Blid) 17503
ébwj\yojjb”jca)w%wj
C«UTJOMJA‘MJE@Z;.@@\

g z < 8 £
ol @3 «(8) Joadl ol
iVl ey e

2

1651 LA 3357 -1
H,CO, ol HCOOH

w

ST I p—b 4] }é}j‘ 2
HNO, sl J gloes @ il
HCIO aesl J ghows of
s S Al OT W
P 3l J s 1 25 51 3
S5 Y 58 A sl
TOH™ &b gl s 18 5 e
¢HF, HCIO, CH,COOH

(158)



il o gerd) JIloeed HiO" p s 50l 050l 58 5 Sl
el 3 Gl Gaasdl 56 e HO padgsegd) sl s
SVl 3 LS (Gaandl b el plasanl b3S 5 Sl 6 2 s

16 diah

0.1 M &3S 3 o «CHCOOH &b Yl jans J glows 3 HO™ gl 58 5 S
K= 17X 107 aesdl 56 el 5 Ke
[CH,COOH] = 0.1 M :Jigudl Jous
K,=1.7x10"°
[H,07] clua 1o slaall
tJed!

el G sles CsT

CH,COOH , + H,O + H,0"

CH,CO0"

(aq) 270 (aq) 3 (aq)
0.1M 0 0 Ll e 5S1 )
—X +x +Xx Sl 8 ;;.J\
0.1—x X X ol 5N e 581 Al

gl gl ST
[CH,COO][H,0"] G

K=""TcH,coomn]

©

(0.1 —x)

8 )~ - - . }, f‘ . .. - z Z . . - . - . w

35 Fans sardllia Jigs 4(0.1) Laesdl 1S 5 G e e | o Gaesdl 58 5 3 pasl O W
0.1-x =~ 0.1 M &1 (T ¢l el

L SL LS H0" 58 5 Sl S0 s

1.7 x 10> =

X¥=01x17%x10"=17%x10"°

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.03 M 635 5 Eo (HNO, (II) o 5 2l o J s 3 HLOT b gl 55 5 S
K, = 4.5 x 107 &b s of Kle

(1593



il 5 semell Jlowd PH i 5 gl (35 Sl
Ol 1S5 e slee YU Jladd @:’.’J}%@-“ r—sjﬂ Sl S
:L:f}!! Jiadl 3 s H 0" p 55 gl

17 96l
3 M 55 620 CHLCOOH il o ol 530 o
(log1.12=0.05 , K, =6.3 x 10~° 5/ 5Le)
[CH.COOH] =2M  :Jigul fdows
K,=6.3 x10°
L el

el G sles ST

CGHSCOOH(aq) + HZO(I) CGHSCOO_(aq) + H30+(aq)
2M 0 0 Ll ks 5512
—x +x +x S b e
2—x=2 X X ol N e 5 St Al

_ [H,0")[CH,C007] ol e sl

K =""Tc.H,co0m]
, AL LS aandl b et LS [ Sed X = [H,0°] = [CH,CO07] 0lS Ll
-5 _
6.3x 107" =—

X =[H,07=\1.26x 10" = 1.12 x 10°M

BN el o sl 235 S|
pH = —log [H,07]
pH = —log (1.12 x 107%) =2 —log 1.12 = 2—0.05 = 1.95

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.02M oj,§J3' é.ﬂ\ «HCN dlasl.;m,).x,@ﬂ o> J;Jomj pH ‘52::3-‘5).&:.@}‘ 6.9;;}\ :,wp-T

.(log3.1=0.49 (K, = 4.9 x 107) o ke

(1607



o P T w .d .
: 1Ky ol cul ol plesd! £aS Clusd s g 5egd! o331 é!m‘
L L3O Ghaned) £aS Ol [y 0 plnal] i kgl 05501 8 nen
L ol el Sl B LA kgl (B e slind LS o o]
: 1ol 2l 5 1Y Y5 ¢ e

1§ déall

2.7 s 50 12355 1L Lo a0 J sloes o) 16531 HCOOH &y il oo A8 S
(Mr=46g/mol,K,=1.7x 10~ ,log2 = 0.3 5 ile)
K,=1.7x 107" :JIgudl Jodous
pH=2.7
Mr = 46 g/mol
M\Muw Zg.aj.U:.‘J\
tJed!

sl 76 sles St

HCOOH,_ . + H,O

(aq) 27

- +
HCOO @ T H.,O (a)

(5L LS H0" 55 5 Ol S PH o Sling
[H0=10""=10""=10"*"7=10" x 10° =2 x 10~° M = [HCOO"]
t L LS Tl sl aesdl 1S 5 O]
1,0 [HCOO] S S pl el s el 55 5 C
! [HCOOH]

2x107°)°  4x107°
[HCOOH] = ( )4 = —=235x10"M
1.7%x10"  1.7x10°

LSS o oeadl S 6V ga 3o Lol Saendl S Olod

n
M= —
A%
235%x 1072 =_""
1

n=2.35x 10" mol

LS S sl S Cleod Oyl Sae s
n=—— — m=nxMr

=2.35x 107> mol x 46 g/mol = 1.08 g

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



19 360
55 500mL s 0.1 mol &34 723 3 goluy o s hedd 435 HA Chns Sz (36 S S :
.((..goJi&;e,,L:J! JM‘) PN
1) gl ko
0.1mol =zl &Y gss4e (pH=3
0.5L =500mL = (v) d}.\}gqj\r.p&

Ky Saasl 6 el Ol 1o sllaadl

, L el
el b Uslas ST

HA . + HO

(aq) 270

A", + HO

(aq)

(aq)

S LS s odl] 5 el HO' 55 5 S|
[H,01=10"=10"=1x10"M = [A"]
01 dbLoScdjlpwJ\ jmyjﬁév\s«‘a\bwbdp.wanjsjgﬁ..}\

EZO.ZM

n
M:_:
\'%

: ’LL«S‘U,&.«}J‘ ~3;U&UCM>T
_ [T =2 e
[HOTAT 1x10° i

W= =—2 - =50x10"°
[HA] 0.2

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

i) s U HCOOH ¢l sliall o &S S
l_;.l.c)?) éj%ﬁj)%@\&jj¢05Ld_wudj_}ou
.(Mr=46g/mol, K,=1.7x10™* ()\

islial) e by ({2))]
2] B A, B Y1 Syl s 3, & m
..F_..-l —— EE| a::r a

e £y HS0, lay Sl Jaexs HiPO, ) i 5all
L g &S W o 03,V g (B B Bt B
1660 1 55 (s b i 224 5o 2l s 5 S
CHNEVIEE BV JCE Y e
) o I slad¥l ey b Bl 29 35,201 3 Vg #inl

33,9 3 a2l sl 358 Slilgal ol R ECER




S 4(9) dsdl g2 M
RPN o

o
-

1

-~

C;H,N (’T NH, %522?))”)“:'“
s 58 2 Lagd OF ke

% P 4
el b s @Y lsaelidas] -2

2
| -

Lo 055 5ol 305
[

L aoter 085 814 53l el

L of ie NJH, of CH,NH,

s S A

(163

55T i Jshoealt 557 -1

Adpl) o) g8l Jallaa & ) 5
Equilibrium in Weak Bases Solutions
OH™ s 5 el) O sl g 6 somall 3 G5 2inal sl 15l
(5 B B 5o Jbple JSCo amall sae A U, 150 e 50 PEENE

B e a| o 545
Gl U Y1 e 0151 Ul 3 bl sae Wl ol 52 05555
o gadl i) sledl g 1 55 Joladl 3 0155V s g0 0555 <BH 5 OH™
HLO Ldasl o s 51 (BHY) 351,adl Laasal O ) alls s e(ilslizadl
Jeledl 3 (B) saeldl (oS5 domy 5 2881yl 5o il 0 55 ) gfw aSau s
s (g o Bl U Y1 35 % 650 Ule LS 5 A Ol ety
Y ol e ol 0151l o Sundl
[BH'J[OH ]
T
Ky 4 35 53 3ol b ol Timdll sae Wl 1 O 5V Eb e
25°C )l s o Ul del 31 n) Akt 35 (9) Sl s

w 2

LSS OH™ 2]y ol Ll saslall 5,0 25 Wilae ol ol 3635

- -

o5 5

Ky Ll S 5135 S0HT sl o3 e s ol el 535 ol
¢ sl pH 2o 5 )0g]! ;-9}“ S sls s HLOT b gl 58 5 3@ ;5&‘3
B3 b ons Gpdns Rl o301 535 )l 3 sl 2B el o i
A all 3ol dploend oo 5 ) VJJ-“ Sl By OH 55 5 Ol
25 °C3)|J>a>:)>-3~29M|J§‘jﬁ|ﬂﬁwlqu(’;§;(9)djw|

K, 540l 56 culs 540 )l i

sl el

4.7 x10™* C,H.NH, Ol i)
4.4 x10™ CH,NH, Ol e
1.8 x10™° NH, '
1.7 x107° N,H, o2l
1.4 x107° C.H.N

2.4 x107"° C,H.NH, ks

il e 63 s



: s 3480 J plowe b OH™ b gl 58 5 Slum

L sl OH ol Ledls o o ol 3 G533 Gl sl 11

L b b el OH @yl 355 Sl B8 auslal) 351,00
T3 b g YNl s K B

Y Dslaald Gb g o ldl 3 L Y1 S

+ NH*

(aq) 4 (aq)

NH + H,0 OH

3(aq) 27

-
Ge

Ky = 1.8 X 107 i paY1 (55 <ol 5T Lide 0.2 M o35 5 o0 ONH, L g1 J ploes 3 OH™ 5.8 5 o]
INH,] =02M :Jigedl flos

K,=1.8x10"
[OH ] Cle 1 shaoll

L el

el 36 Uslas LT

NH + HO NH,* + OH"

3(aq) 27(D) 4 (aq) (aq)
0.2M 0 0 Al ae 581 )
—x +x +x SSUA B sl
0.2—x X X O\J'S\I\ x;p\,ﬂ\
o _lom] [NH,"] ol el St
R~ [NH,]
2
_5 _
1.8 x 107" = 02 —x

0.2-X = 0.2 51 Jlasl L%asb el 38 2 G le 1 ks X b O JJ 175 5
X=02x1.8x10°=0.36x10°=3.6 x 107¢
x=[OH]=[NH,"]=1.9 x 10°M 1Ot bl S ds

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

125V Aslaadl G5 0.04 M 35 A1 SIS NH, sl 25
NH, ", + OH"

2775 (aq)

Ky =17 X 107° 3 55edl 35 culi O e . J plomadl s OH™ b 53] 58 5 S

(1643

NH,  + HO

2774(g) 270

aq)



i 306 J ploned PH s 5 gl o571 Sl

G OH U 51 55 5 o 8as 1 J gl i s 5kigl) 2350 dazng
el HiO™ bl 55 5 Sl 35 bl el b LS Bl 2S00y
15 b gy Y1 Il PH Lol e 1Ky Lol 55 2o

AR
2M a;SJS ‘:;.LH ‘CsHsN gﬁ-“\'l}i"‘” djlz-.d %;'3,?‘9).\.:.@)\ s;.';'j.ﬂ si.w}T
(log1.9=0.28, K,=1.4x107° 51 Gle)
[CHN]=2M :Jizdl Jdo
K,=1.4 x107°
Jod

‘sl ujL’ Pslae ZisT

CHN,, + HO0, CHNH'_ + OH
2M 0 0 Bl de 580l
—x +x +x 511
2—X X X Ol Y e 581 Al
X =[OH] = [C.H.NH"] Of Loss
OH-][CH,NHY] . - .
sz[ JIC-H; ]:ggwww\qu%&su

[CSHSN]
: b LS Ky 21 a0 56 plaseinl, OH 35 5 S|

2
1.4x107° = X

X=[0H]=N28x10"° =N28x10"=53x10°M

K, = [H,0"][OH] Sl LS K slall 6 b izl HO* 58 5 L]
1x10"
[H,0]=————=19%x10""M
5.3 x 10
e . LGy S 1
pH - _ IOg [H30+] IM)’\&S\ r\J}:.‘I...»L: W})J:@ﬂ VJJ.S\ W‘

pH = —log (0.19 x 10™%) =10 —log 1.9 = 10 — 0.28 = 9.72

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.02 M &35 5 gl NH, L 581 Jona) oo s sokgll (3501 S|
(log 1.66 = 0.22 , K, = 1.8 x 10~ 01 like)

(1653



1Ky 2 ol 5T s B8 Slead ior 5 kgl (3 Bl
s Lo e Jlome i L33 ae) £aS Sl (Sar
S e Ll sl LS o finnd s all Jplonall i sl 31
.&Séﬁj&fﬁﬂU:»iﬂbcL@;ijqua}&séus&GJMq@wwl

sbaall 3 LS bl 3 25l CHNH, Wi Lol dslos b pasendiasts Yl
. )
2(aq) + I_120(1) C6H5NH3 (aq) + OH (aq)
31X 107°M LayS 5 OH bl e g 4 M 658 5 Lo J honed VI 36 s S
[CHNH,] =4M  :digdl Jlos
[OH]=3.1 x10°M

C,H.NH

(Kp) sue @l b ol Ol 1o ghlaoll

5 s e
el b eul s
[OH7] [CeHsNH;']

*  [CHNH,]
. -5)? 9.6 x 107"°
K, = SAX107) _ 96x10 g
4 4
1Y) Usleadl 33y CHLCHNH, -l L susldll s
+ g—
CH,CH,NH,  + H,0, ——— CH,CH,NH*  + OH
Ko = 4.7 X 107 a0l 56 sl 5T e 11 S 355 iis;wdjbm%;mw@sjs;ﬂd
[H0]=10"=10"=1x10" i pH=11 i3l Joos
K, = [H,0*][OH7] K, =4.7x 107"
Y10 saell 55 5 Sl 1o sllaoll
[OH]=———=1x10"M [OH "] [CH,CH,NH; '] .,
1x10 Ky = el b el Cst el
. [CH,CH,NH,] o
1x10 z
[CH,CH,NH,] = 47X—(1)o—4 =21x10°M §  ¢[OHT 35 5 Sl Compsteldl 55 5 Ol
R : ol .

%;L LS «pH f\.)or;;wb [H3O+] :,MQ-T U 5

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



s 5] and 5 Cgandl) deol 6l o BN e 5l s 3 S -1

(8¢9 o saanlly Contns) :25Y) ol e 5 SPOHLedy OH ;S 55 H,O" 38 5 Sl o5, ¥l ptszad -2
0.02M 6 ;S 5 ¢HNO, J s . |
0.01 M o35 5 ¢NH, J gloes .o

/‘
W‘O”M\J‘MJOH rsjab‘:fu;u‘wuobbj ,w.b

K, =T .w)wwpwmwmduwuﬁ”wij| ol 5:»|-4
6.3 x10°  CHCOOH :@Yl%&\y%|p¢gﬁl oda Juysl (4 S I
-4
43 10 HNO, prJ&\L@JdJ\ |,J|mwtwg,,5\ .T
1.7 x10°  CH,COOH ot 2.8

.OsﬁqugHso };Jso,gémua@\@;J =

OH ™ b gl (yo 38 5 5T e o glows (5 gm0l ol Bl .

e oLl 50 400 ML s s 12 g 130, 525 ¢ CH,COOH U sl PH ir 3 o) (330 Sl
.(log 2.9 = 0.46 « 60 g/mol = CH,COOH 20> & 5ol A1) ]

:m\“d..«‘}llu.ow\ PN (M,Sﬂ\“)M\Jp\)A\uﬁ;wKbradjw\wwbl -5

I A 1 e

44 % 10" CHNH ARk ,’
1.8 x 107 NH, R o )

Sl 3 6 ST uel il &1 Asad
1.7 x 10° NH, b LU st aslpadll C"“‘} =
1.4 % 10” CHN el el cyeo 5 51 j;ﬁ Y Dbl JusT s

NH + CHNH,"

[E—N
3(aq) 3 (aq) —————— crtttrteereer

w9kl 4385 35 ¢lge J plows o eladl 50 400 mL | L) e SN H, ste il s Sl . a
.(10g3.9=0.6 O‘j 32 g/mol (g L5 N,H, suaelal) & 4ol s Sle) 9.4 S 3l

(167



S Lo 8,8 S Boemenall L1 Y1 15T 6
0L 2 X 107°M as Hy0" < 5 5.5 552 x 10 M dKa pldl cobded ol 8l jaes J gows . 1
1S sl (M) Laesdl 1 58 5

1x107° . 1x107" .~ 2x107.o 2x107 . T

GV ol adl e Coaly S I Lslane el 81 5 sesd dsdadl b 55,0 )1 e sladl e ysl

(5¢4¢3¢2)
HD HC HB HA (IM) Laesdl J gloes
6.5 1.2 3 5.3 pH

D n (S5 Gaasdl J ghous . 2

HD. s HC ..~ HB .o HA . |

Lon H;0T b N 58 5 5T 4 055 sl Gaesdl Jglows . 3
HD.> HC . HB .o HA . |

ton 1 X 107'M (g sluy OH™ b ol 58 54 055 (Ul Gaasedl J gloes . 4

HD . HC .~ HB .o HA . T

6 3Led HB Laesd! gl Ka dad . 5

1x107° . 1x107° >~ 1x107° .o 1x10° .1

(168



Salts and Beffered Solutions

) Yyl )

Salts Solutions Z3%Y) Jullas .
L@l%pm,,couy\waqu\agww‘s\ﬂ@@wux :WA\{;@\}
Slbenl pa S s b g 59 M5 e ldl eldall G b ¢ - ) 4 :
Sllandl e 25 (,,“Ja.d%;ev-e»usg FRENIP ua,:lﬁf i a2
planll oS 5 B Jo 5 p g IS OB ¢l b o ALl | o .

' i ) ;* % :5.‘2?))"‘:@'“ 6—;;‘&%&?‘@&5
LA s Ll 031 i o dsl p o el Sy 0l | W
3ol ) AT U3 LS ol i i o Jondy clgrslsny |0 & D TS et

; ol ope el st @ bl 0L
(ol QU1 o) Byl o N1 15 Sl il s e sl gielBi st
o] s s iy 35Y1 e 2 a;uu;@w\ fiad; [ debeedl e boa a2l
Slebaall  dedsandll @w\ i (9) Jsan 2 gy | e Men Al it S sl SIS

oot 2ol Loy SIS puatall L il |19 Gl e el o5l

> T T s e
1S L ) g L) (aibadl) Al S rle.:ﬂ d gloeedl £ 5l s

Acidic and basic properties of salts ks i"*s ol OERe | Sl u’ g‘ﬁ'ﬁ)v\:@-ﬂ
o5 ael 015 oyl Fon S D sl () Ik £ ke 555 D
By Dol atlasl 125 LS bl 510 55 o et o L5 - olsill S €
ol b Uil 510555 0 e o Sl 5508 s U0 |l el 20 JQJM| 235-
ke s Ga gl Jolis n 025 25 ] S 1o Salts oY il ol 222010 59

S5 G pn Ul Bt IS Lol 3 L] sy cplo g 5055
OH™ 5l H,0" b g geasy slodl s SU ¥l ada Jolis 35 (L
S 58 3 oY1 sl s Hydrolysis €23 Glaxy o e b
8 s T 3 e a1 s G i Ly 5 IS Iotomel em s elps M=

MWoJ_OU j‘ g.,d_.a..,o“ ,.Ao:-/
el fn BaS 1)

el Ll faslas 5 25

PERTI]

o2 10) JSI ol Sllod! A n (5 -
ikl wlelua]l
:CA)«Q»O)M(&QQ\&)\‘
Hydrolysis éfd\
Common Ion Hpeadlo ){\J\
Buffered Solutions dclae]! J:me.!\
- J




L35 el g Saasdl (o Ul shaad s oS gy bl e il
jTHo* Sl s VI bl 3 EREY Y1 Jhesd slall 2o Jelidl e
G5 Y ldas NaCl s sall 4 )5S s dlslase dah ol g6 SOHT
(’ﬁ‘ﬁ“ dyslS Jo e salas J 0,5 H,0" b gl o cldl g
A K pnls gl s 6 [0 8156 aslas o) 5 COH™ b ey 51 <NH,CI
PN Wbs 3 555V gaud 503 o3I 0 B e e (10) SN
MYl eds jan alas Ll g Sy Lealas O3y s 530
Neutral Salts Jsleied! }CWSH

Slos G55 3156 30 (55 paex Jol dis Dslazdl 25N ez
E:oHBrLéJZJ\WJ\JwadawwNaBr¢ﬁ>M|J¢}ﬁéhG;:ﬁ
(Y Uslaadl 3 LS (NaOH &4l sae i)l J s

HBr ., + NaOH,  ——— NaBr  + HO,
15 g5 <BI ooy 10 ol 10 0355 ol o EN@Br bl s 3 5001
! :

O YIGTH, o+jTOH*guyT}s;g;}vww\éJ»upwcdw\

o S & s NAOH p g5 guall 4 5500 5301 Sl $3ms Nat'

r.au.njcdjbwj\JOH j\HO ubf|f5j@fy>\3ww\ca&w‘
)\d)ﬁgu.bjceu\g;émbda.uOH ul.’j."jHO uL:y\J.S‘JaOU
J.acqjﬁouwb‘géﬁw&uwQuU\CWY|ywq«3—j)w\
sl Ldlows 0,557 (5 sl $NABE 3 pll A el
Acidic Salts Zuaazd! #3Y!

lead i 5456 0§55 ez Joli o Tudandl I ez
e HOL ) IS 550l) ez ol s NHLCLp 5 501 g ) IS s ety
1Y) Uslaadl 3 LS NH, 3 50V
HCl_ + NH

(aq) 3(aq)
Mwwviwuquléﬂwﬁw\cwwwj
Lgfads\fuaoSw}J‘OyY\JLNLWWLJ\Co&L@aW‘LSﬁ
M HO r)ﬁ;}).‘w@.}\ df‘ CM.»‘} ¢ LJI @J.ouﬁu cW\ saelal

@Y\U)M\@L«SWM‘L;@NHAICI rﬁjﬁy‘.&)jlsél.aUJJi

HO

2 () -
NH Cl(s) . NH4 (@ T Cl (aq)

*)j.\SJJJ«@.S‘&wJWW‘JA oJ&U Cl” .Ju‘)jli“ dy\ d\ Ja;-‘)/b
Y o gS‘ ¢dloeadl 3 055 dlaal e 5,udll J 5 HCL g 531

— NHl,

NH,CI

Caslsl o) skt (10)

N Gl J s B

(1703



DI sl 5 [ 2asdl Lo
SUs S e laglels o oy
fLIHCO, & 5 5l p sl

-

2

D5 0y G0 255 -
. 2
sl jaslasdl 5050 -2
LHLP!'.QJ ﬁbb&.o.‘b :\_;.LGLE.‘U
NHNO,, 2591 -3V
KNO,, NaOCl, CH,NH,Cl

plmad el 53t 3237 -3 |

.NaOCl CL.J\

7D

©

Lm,@s@‘fu’;mepﬁ;y’xz!éyigiygww&&u;,
dj.lou..“ eLwquj,J\@‘\.&w‘NH u)ﬁ‘ﬁ\w\oww

\\ H

NH,* —|—HO

4 (aq)
ujgajcd.o-)).\...é_“ )‘&jcdjW\L;eHO }SJ.’)\JJ.»;,UJAJ
Lt mlall s

Basic Salts Zuelal Z50Y!

NH, sag T HO (aq)

Lo g cchnd Gham oo B kel Jels e Lol SO
55 5056 s s ol o 5l 0311055, (el el S
oaesd) & 4331 e el I O Y1 ey Loty csladl o Joliy D6
e o sd 923 LOHT S 5kl Ol ey eledl o Joliy 5 ccinsall
Y sl B LaS (S 5 ol 3 KNO, g 5yl oy 5

KNO HO  NO~-  + K

2(8) —» 2 (aq)

p 55 50| S 55 B3 BAS W KT s 1 5] Simn 0555
OH JIH0 byl 385 3 55 Vs el o Jelis ¥ b ¢l (KOH
o G B33 88110 356 g NO,™ g 2l SU il T o slomoll 3
Y1 Asbeal B LS bl o Joliss ¢l (HNO, omndll (1) x5 22

(aq)

NO, . + HO

2 (aq) 270

(d el < My OH™ a5 0l wlgl 58 5 51 sl o ]
LJ&UC‘.@J‘J}MU}S)‘pH‘j«?‘j)w\rﬁ)\J‘JngJJ)‘j

Ll 6l ) DK 5 Lol 5 55 N m O s i
-’wﬁé‘&‘%ﬂf Jolas OF 055 sladl Sl 3 o 33255 cdor 50 5 515
oo £l U 31 O 2T 3 T 0L 50l b jaf e L5 €NACl p 335 5
55 s HLOT S OH™ @bl 38 5 e 65 ol o Jilis el IS

oz 5B Yl e 0555 Mgy el slowal] i s paigll 5501
deldly yaead! s bl S sl sz Jo U3 deza 5 Jslaza e 5
(10) J sl 2l
.auﬁbwu;éwﬂp :(10) J sl

HNO,,, + OH

Jslas % 5asl S5 oan
a2 S $5 a2
Rt Lol rd R



/g

CWY\ 235
ZCJU;‘)“} g‘jﬁ-”
o 323 372l U 52 S NH,Clp 3 50 Y1y 5 1S NaClp o guall 5 51 1251 MY s il LS
100 mL &b 5 ol cplall i 281 J slome «CH,COONa (,,JJMJ\ ol 5] NaHCO, iz 5,4l
C;:Xj)\_owcu.»wdfﬂcg_bfuw.Aw)Ljﬂ J..}a.m:«\_aacd*ov d)jt}ﬁﬁ (S)JJ_C«

P e s
sl e Slsli )

0 12 3 456 7 8 9101121314 s 5\3&M|LM\9\:L§A&JT'

, .)@ngl:&.;ﬁb\jd\éo&\.xﬂ C
d"é"’": Jalaze e

: : o) S glas-

e Guall ;,‘w,ﬁ»\duw\jwww,;\@dxmm‘chwsﬁ\wg -1
J.lzai"uwws@),o,aww&\

A3 IS S b B L)) 50 20 mL 250201 jinall plaseraly C”b‘ -;J‘ 2

L@sﬁ\j s LS s el assl ijm e o b ¢35l sl cw\ 1T -3
M\jdwwgbw 2y ) Biaks gl

(Jloeadl 2T 85 g Saliadl WIS ) Ll NH,CI o3l S mls 03 g il 4
g Selly sl 5,1 J2is

S Jw\j ¢ Jadl 01 M s L\ﬁ; (s Y 3 b Y1 Ly o (4) 5 5ol jj%f LT S

CL::.AUM\

L@MJ.Qw@\ab\@mﬂ\gcp’uw&ww}l\wl 1

.ﬁﬁ\g&\@@&@\d}mb};.«le&&l\eLp\JNNaCIryJM\Ja)ASJPmd)Jmm 2

Aslaze mwuﬁcwgmﬂ\@@w\yw AN

.M\&W\grw\@t&bww!ulﬂ\&:@&@ﬁ@dwﬁmmgﬁ 4

Jploes JS3 Gasl@l 5 &uaanell 3L Loty 3250 2 Wolen ZsT 2231 5

(1723



Gblall 3 oloodl (g s
e e b a5 A
gl e Lo i e
Sl ot s N p IS
Gl sd il oda | il
GV p o gl S S e Lo
FSF oA s Sy
Ll ol S
Jpdos (3 Jeladl pbuid
NN p—;—««jm‘ oUg S
S L 5 oy Sl
5 LaS pye SN 0l 1S 5

el
Na,COsaq — Na' o +«E I

2 —
Ca +(aq) + C03 (aq);\CaCOm)
— e Y

e

733

L G Sy sl Jylos ] NGF p 3 puall 1y, b ke 8L e g

Common Ion Effect :& ji&all ¢y g¥) il

015 B B Bl a2 Ll s Bineal) 5 53l Llloes a5
- el ) el G- OY1 e B A1 (S o Soli
L e Ll e OV p e S 35 Jelill sl BLo) L ille

125V Aslaald G L) 3 CH,COOH &l 5y

CH,COOH,, + H,0
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