VFeY-e F duaso

e

ot

( Hltwl 59 (@1 PESTAT: Andas 3 folea
o &l
KPR RN IPRCA IR G o
i aloyes wle (S e 5 o JoSdge
Lj&Uc:Ai»w:\;.‘f Spr dagase W Y VY B oY i
o . weoglss Ll

(5L 5 ol glasl H Y Jad

Y5 LAY dmio

\ f . fdué) . D'.).?.9

CY I b}"vﬁb}bbés ).:b



G pajlgs

o 33 W38 5239 Mail 1 5380 Jolge
315 (S DT 53 39790 Kb Oliwe 5 DT b Y 5 HLad T sbes S8 g9 4 0T 5 3K Ukl
s S b oot (2355 5 8b5 w5 oy I G slasSse s oo ¢ s ed W kS IS sk 4 1) E93 -1
g 1 5o Bl (g pdy Pl Sl
(IS o J 055 p0 1) dd iy uailys L8 Ceond j0 a5 joboilen taidl oo (b Ol slaJ5SU5e 55 sladsSge 0393 ks (I
g anlys i O o ol (i Pl (liae bl iy 55 S, laJsSge condad az o 5, 0l 5l
I sl sSge casasi NO > Oy —» O s s piu sl NO > Oy
F658 (550 o slog s ol (Il il i S5 G slasSse e 5 )z 4z 2 IS 5k 45 sladsSdes o s o (0
by Lyl )0 igad gl g welym iy O o ol (6 dy PPl l5ee am )0 g il 525 ST L
58 sladsSse oz 5 oz O > Ny =2 Ol o s pdy Pl Oy > Ny
i LSS 355 e Wiz T slasSse L il oo )T slo J5SUse 4 a5 0T sladgSse b (359,30 Lisey JeSid U155 (o
el 3Ll O 50 Sigal 58 (5 iy Pl iges sl ils O 50 3k 6 3y !
s s iy Mosl o, ol 5l saams oo (255Ts ST L o s SO «COy asile JSi655 5386 sboonsT il - oT b pleows STy (&
CO,(g)+H,0() - H,CO\(aq) iJle (sl ails ST 5o g0l
cle 4y (Jg atin o3l COy gl JgSUso az S5 el it NO I8 51 COy 58 (6 pndy sl Ly slos g ,Las 0| Jla
S NO @ s (g0t s g Pl VL JsSUse 2 5 o 52310 5 O sla5SUse b 25T
(@1l slord 25515 COy > (pagebd) NO > (rty Jse p2) Oy > (GieS Je p2) Ny ol o s pdy Pl alie o
Gl b iy 315 e Al Jplomo (VU 315,123 L ol (5 i Dol sl sles o 1@ 3 (S padaJ Ul yLuind 1P
e SR G p Pl 5 oud i (ol o 5l5 lasSUse S9i Lad

3,08 et Al 515 Lad L 0T o eyl (o pdo Phoul woli slod yo i 0 olB @

@Qfﬁ

8

o¥6(n oD |06 o<y e




L pR3jlea

NI SRV
o o o e
2
=

o0 p.e.ot’.'als:l

r .y & o0 o . . o o o 3 o e . .
{l‘; dsw;d."b.uu‘y‘scj)uﬂ)“w‘).bof‘f)w‘)mo)u)oLﬁ)lfd)-lwkj)l:’u‘
)
Y D9l g0 plp N (g i Plodl G5 JLad ol plpn b ol glos o
>
@tm) 35 L3 Mbga PySypo & )l...uﬁ e 'Ja)lf 6).3‘¢3‘J)L‘>u| ‘515 dJoleo
S=KP
7 s ol sgei o) K 5 G5 ,L8) P IS 5 85 Plos) S
2 ofe P
! o ~ (0,10 (K g Lo 5 £ 4 a5 ol
"\Ox ofof Oy
:‘E: /n\" // = =
fl?""/"v /’/ %
R prtdai™ e
T ==
Y Y Y f o0 7 Y A 1 Ve
@tm) ;5 ,Las

el it 1 iy ool 5 Lt il sl azils O jo gty g pdy Dol 45 55 5 (Y]

Gl das Gl L a1l S Al Loo b W8 (s g ool sl Lzs o 2@ )8 (S pudad Uil o Los Sil .

ab e Lials Sl o sl8
voe AAS)

g ail oo da e Jo3 Somie S Ojgo 4y ol L 0 L sy 35 (6 3 Pl loges

\ . ) .
.)9.‘.\:‘5“ ).3|).3 H ‘_g).n.\JJ)lz;‘ Loo u\.\u ﬁ‘ﬁn la 4C,ul3 )LM.\S 5o

XI5 sy Pl

CO) Lo

oo L’.'.!l.s:l
Ao O gl 4 b ale (o 5o 58T 58 (6 Pwl (ol 56 Juds 4,5 slen o (1]
ol ol pos (00Le,5) Lo ,5 odgi b el jo ajl5 J)l.xil

Dol G331 b il sla)lS (s i s 10, Miile a8 S8 3 53 S pdad Uil j W Ges bl il .k
Slml (hadgs - (g Al 59,05 0l SladsSge 5 ol lagig o ol o aSas Dowl L 15 sl oo 2ol 0] 50 laSai gl
e SRl T (g pdg Dol s 0 00 o5 55 slaJsSUse (sl sln T sladsSse Jaled 5 0500
Vs 3 T 5 Sl T 4 (5ST 5 (6 iy Plosl g [ Sl
e N
u;..\.:.aLﬂ ol

\3{ \/o N — Lpdd

/1/

°© D Ve NO Yo YO Yo YO Fo ¥O 0o
CO)Les

&

-

o6(nomp (060 ofeyp e




o a3jles

O Slacudg sl
s ool (SO S Gl 6518 5 dbml ln (el (ploond Lo oS wad 0 2 (Al Lo DI > 5 Slulea ! 1S
ol s NaT (KT CT7 asile 055655 slaggs syme o Jslmo S0 Lo o 58 3929 (oo aoome
ol o oo 53 s N2t KT CL (slapygs o (2l5 51 (36 1 pnfis (i culad S plonil 51y (S ol
Ll 55970 Log 2l Gsl> 2ladsle ande g, (ol
ot 55 ey 32 4 &l 8 5 s ailis, L5 oS (59 4t (KT lty (31 e sl 25Ul 5o bocysy oot 51 o5
Sgdin pelenl D)0 4 Gl 09iaS it mrly g2 sl (2 Sl i oS Lol 5l Iy Sl i o2
09 eas ;0 as slaply JU! a5 (g)5b 4 ol (5558 Jlon gmas olSiws caslin 8,SLos 5 waaS sl pemslty 32 3529 (B
Rgdise S pe dr yrie aadd 9)lge 0 2 g 398 o0 (e slaply JUI ] gle g ol 5 50 S g S Sl g2 02 2929
GS3j )3 ol sk,
Al g g ol St g Jald (yandiyh 2 (938l Sl Hlaie (] 45T WS o Bpas O LI YOO s5a> ;0053 18 il
gdige 08l O (5ol Jlow o (55U @alio ;0 aljy, aSly 050 cad Sgazme aseds o ailly) slacelled 4 ol Bpas 3L
Ll ooly plaisl ogs 4 1) (3 pas ol 0> O yedon $O09laS (lio le 0@
el 55 O (ime oo 05,918 b YIS caliy 50 adgi (sl a5 am3 oo LS by ous)
58 ol a5 ams oo lid 08 1o (sl T sy &dly jo 05 L yai 03 58 gl lige 90aS 60 2)S sh, wiilen 15 1, ol ko, (1)
a1 2l ded lime onl 050 o o @lie e 5 ke az A 0 5 WS o Bpae Iy uytwd 40 g ooliiul LB O I e 4
a3 e s g o e 355UsS slala 5 Sleas 11,1 daVIS a0
iy 50 Ol A 509 5 Wigd oo Bpan iy e ol mlie Wil S sudolml T Gl 4z ye | andl
sl (S 20 Voo o) i Ogalen S 090 30 Jlo S5 5098 o sl T Gl eSile @
sl 5 g0 4 Al (B o Sl ol Bras e @
ClBran s oz 055k o> (50 sk o> DKL p,5 Voo > puiS 0 55LS S > (SparsS o SolS S,

uu9S20 jawl 9 jouul 6313
i sy o b ® ® Aibios oBs, S 45 Cal (sl lgns gl e sLid
° ® o 'B'f”“*;“" LI S e o]l algiee Slge aijle (slao,d a8
° 1 . o 0 iS 5}%‘ i g, ol 5 (slaisF 4 (L (6 pibndgh
| ® g g ol aiile S8 sloJsSUse 5 lao,d i (H4er 4) (3
o ) ° ° °® L S (s 6ol e lasSIge 1305 51 g aame s ],
Ao of 5 byo O3l gl lapzs 25 JSS Gillae S
S e J5S5m 5 5] 5 o Iy ke L2 5 iy @,
Lo ol eiie ] oo 31 LOT S 5 sy ol S (o0 &S 5> g 95 50 93 DT SladsSge puiS 19 2230 |, OT
sl e 35 OT oo 3 b ST
ool o > ;2} Jotma) U5 ST & (38, Jsbome) jlaie O 1 (05541395 50 2 0T sloJ3Se oo 35 L (F)
‘:o ooo$ez°ov Wb o Gl Lo O el f g e g LalS Jlaie Of glis )] 5 oo 4o )0 9 Wgd oo Jiiie (Lade
I3l sl

wbd dmlf Lo chhlél.é o o.lld...s
Sl 50 sy o0 SOl g 0ads il 99 50 T SlasSge O o Cat s 4 s o0 2l 4 ) & eslne (053, L
Aile g0 ol bo Jolore poms 5 lale sLQQT s 3091l Jdo 4y Lol auly oo dlol g g0y o Lad 50 ol o Jsge o8 > ¢ Jolas

(¢ )

@Qfﬁ

U

o¥6(n oD |06 o<y e




L pR3jlea

ooop.@.naﬁs

pinis (6 o] JLid € g lie B,k g0 0 mile g0 gl | M €— iy Jaloe chile ax 2

doSlad (B anl b ol jo g oo pygie 5 lul Sy g ogee azed ;0 5 Wigy o0 (o0 L) Lae laomo 4y o oo 5 0 sl
be) 50 Of ()0 4 (B3, Lame) S5 09,0 5l (3550095 j9b 4 Ol 1 105 0 0089 2 5o O jo JLs a8 ol > o 0l
o Jlil (Ll
85 oo Sreml LA ) el (50l B3s5 (sl oY
slawslone 433
Sgus oo BBgin Sl yousl g paiS  so dlna Iy o ol 10 ouigds Jo l,3 Cpp Laié ey )l o Joloee iz 45 (6,5 ol B30 0 @
gl (o sSse 5 lags) olyd Cyp a8

s 2l 50,5 @lojSai s Ol 51l ad joml ald S8 4y Y 50 onisdll)| Slxpdgs 4y 4z g L
3590 Cawd

(5ol L8 51 iy Joloma o ly L2 o8 ,085T) Lale Jolma el 2 558 Jlasl b (S8 lbao
(&3 Jsbows 1) e ol Cams ty Lele Jglows 51 ol (sla 3505 iny 0m3 s & Sl a3 S (il
255 5o (pw9Sae) Wigsly saul il lay o)l 5l eaS oo oy loe

che gy Jlosl L) g3 ass e Syge a0l slodsSse (ploj CbiS b o usSins el wiyld o
el s pm g) ol 5l isd oo rale Iyl jass slad s ik a5 o0l )l Jolowo S| (3Lale Jolno
osn Gl (Baale) Jplone Clile 55 ol 5 i so 2015 Jplons o2 5 3l e

-
: o A, c
o9San jousl S 2l i
589 Jslons &2 yilae Usloma 31 | 5lale plos 4y 5558 gl Sl | (1) U sladypa Jlsl palls g
295t S 9 il G dolxe | gl e uis
sp5in ilale 295058 S ble Jylove Olej =S
2b o prals’ b e Gialsil ble Jglows Oloy s 38 L ladglns
Olis Jlcl) 39545545 508 (S3934395 RV J
—

-

o6l o |60 ooy e

)



o2 pajles

Lid obml Gy . . 1. s T s e T
. ool Gy 4 bpo Sl Sl Gyt T A gl o

oy Sl eolainl b ol&iws ol o 058 oo ooliiwl yusSae

o35 2l ogy5 ]

.'. :.-.-....:
T DT B e e S e Jlasl (s ol Sl 5l i) Led s T g Lid ol
ot A g 00D 0 - olKws u,..»l; Coound 4o ‘5‘)34&.3.; slae )| )&f L 915

O)le i ol ol Jg) dyo O 5l cp et O s o, 5l s S
(o33 MelS (50]12) 1l o § e 5l ol

— ol fufual Sy BN LwIN -

)03 (5 eS8l el (39 4 S () (Blo 5 (sSae sl slagsts, Sl enelcessa ST
AL 1y by, cnl 5o eadiaias O gy w51 21 50 95250 (slocg Sae muilsi cod by, dms 5 Soge SS & &S I )

S5 (G35 Sran il i

e GG L) 0 0] (o Ll o S S

o{6(nop |06 ofeyp rrd

)



WA p3jles

( pH Jola | 0392832l gljro G Sl wladio pH
PN o 009 63k b sl pasis slp silexe (1) cJolme S 90 PH 825 ) i @
el Jaloo o] (0585 PH sasmo s (¥) 5 Jsle
Y/y J&Ey ) )
v/ o geo)lou;;;.....gd)l 49 (H )rsj,:.ij).xs.m OHCA%@LW&Q.)%&M‘ Q‘}.:.A(@
[®)
o (S 1 5 Sl gl Lagzme Bl yiiy Jolome psiig e g Sl 4z j0 a5 55k
0/Y=Y/\ oles Gl N
/ o PH oS 5l Ul posissnd 0t o5 S 5 05 sloclile ol 5l 5o sl @
AN TP 699
_ > a3 o @) agd B g ook il 4y goluel 1y 0,5 solizl

g oo G VF L 0 8,8 o bl sles yo ol sl sl pH @

[H+] I T R W B W SR [T e O e O Wl AWt LA WO LR
pH - \ Y Y ¥ o 4 N A a Ve Bl \Y \Y \F

[OH ]=[H" ] b sbxe ol 15 < ans oo

1 . . - + i . . C Tl .
ua]l} u‘ cde Oy A o}..uu’.o b..\...as_vOH (aq) 9 H (aq) 6Lbuy L u‘ le-QJBSJ}A )‘ LS)“"’L’ )L..m.v )Lo.»a ‘uajl.‘> u‘ Ag00 LSJ B
2,1 Gzl (SO Sl Sble,
ol VU il 5 slaslns  calls STPH Gy sl Vge Vo s o3l slos 5 s o o HY clale Ya'C sles o0
el Y )‘| prevee pH sd}l.? 6L2J91m BLR) \ )" ).apf pH (5] 6LbJ91.7bc ) Ll

r [H]>)o 'molL™ R
pH <Y IV (Sl sladslone 53
[OH ]<\e "mol.l
pH =Y [H ]=[OH =)+ "molL™" | <& sldslxe s palls ol 5s
[H )<y "molL™
pH>v B » O b sladgle o
L [OH ]>\e "molL
pH=—log[H"] = [H"]=). """ pH il o

A PH sl Voo Vool Mie g 508 poudgyoud oo cdale (85 g yao ol PH ol VooV plp posig o (o cdile 359
ool HY gy clale b (oSe 8, )l pH < 5930 ¥

998l Olye a3l o0 [HT] aliél o pH. tals Pl e

S L) 5 slapi W el 2 @
logy=-,logV-=),logY=</Y,logY¥=o/fA=-/0,logd=-/V,logV=0/Ad

Ol iiigiags

a5 STy ol 4 wigdion saim (OHT) e 5 (HY) coto slopg & ss5ass jsb & o slodsSlge 51 52 i &

BisS e 2l Hipags (RSly 09d oe 0dig Cote 5 i slaom 4 O sla s

) 052y Ll O )0 0rnSg,0um 5 posigyand slagyn 5l (oS e polie € 55l (552l (Ko 2SI bl Al OTe

g e oz OH ™ (aq) 5 H' (aq) slagyss 4 ol slosSse 5l 602l s slas (alls Ol 5l diges Sy 00

@B’:ﬁ?

o6l o |60 ooy e

)



o a3jles

H,O(l) = H"(aq)+OH (aq)

-\ ¥ 1 1 . s . °
el Vo ).3‘).3 L'>"| GLDlez‘o 9 u‘ B ..\.3...59)..\.:.@ 9 P99 R LSLQ’US’ cdale u;@J@l} YO Cd‘Lc\) e
[H"J[OH ]=)."""

e VT G sles jo Ky aS s s Jobes ool b iSTy e e g el Jolas 25Ty Sy T s> adly 5@
K, =[H J[OH ]=1xy:""F

boply 5 Sslae o b 0nSTgp0em 5 podg iem slagysy clale ol adeass (aiSly 0 OHT 5 H culis opoless 4 25 b

] )Y?A \°_V

m

oX6(nop (060 ofep e

)



GUl sloa ja v<pH 1L laJolow o jL

a7 2 oS ol o g 92l VT LY 88 5 (T sles o ol Jslome PH 5 [HTT<[OH T3l slye o slaslone 52 @
sl 55035V F @ 55 PH sl i lag)] Jslme j0 9085 000 oy clile
[OH JasusSyyae o5 clile a5 05 o0 el JJo (a4 5 0o (el 1, [OH Jeog o > 0T o (3t b0le Sy (559
9 [H'] pasis s (g0 clile 51 s ol Jolona 5o
S 123l (2L (glajle 05 F (slonnSsjain IS 5k 4y 5) (KOH) j5l55m (olzy 5 (NAOH) 51550 05 e (50 slajl@
Wi oo Dgmais 0855 g <> 45 (5 5k 4 aitus (548
S oo adgs OH (g0 5 ot S plowilo slaggs & JolS 5ob & Loy ool )5 oo il o8 slajb @

NaOH(aq) — Na*(aq)+OH (aq)

KOH(aq) — K*(aq)+OH (aq)

[NaOH]=[OH ]=)mol.L" el VE L il Sy s o Yse Jslre pH @

—\f
\0

[H'J[OH ]=).""" = [H"]= \ =1o"'" = pH=-log)-'"=1¥

3l soS Sl p odle LT Jolome 10 45 55k 4 digd oo odigy ol )3 (F52 yobo 4 5 Wlaans (NHy) Sligel Jio lajl an @

g oo 28l b Sligel slasSUse 5 ()l Jlad oardgl Slogys

NH, (aq)+ H,0(1) = NH; (aq)+ OH " (aq)
Lol el 35,5 Ky az jo re slos ;0 a8 col oy aias o plas | o K bas ails is bl ol asile oo sk @

(o9 s0i ol HiO clale Gl (g b dlaly 50 S ai it Sol slod yo (T clale 5 el (1) o
_ [NH{][OH"]

WA p3jles

K, =
® [NH,]
Z\J,l qja'J.é)o
S gy g clale S Og bl ax o
e Joloeo (S S b, — ] I el _
Fedas ol Joloes o FSp sk

L:u—‘ B JL;J?A" LJ9J.?LA )| u‘y‘sa) uSkSL’WAJu‘?J‘SQ 4J.4.>)|45w| ol ‘Sll.wL.w 4)‘)5) ‘5?\.\)) L LQ)L: )| 6)L.M..> Lng\)).;)leQ
Dges 0yl (3,5 eoliiwl PH =AY/ FL Ol jo 0enS g j0ue mows Joloe 5l 3lg5 o) o5 5balg) g (0,5 eoliwl pH=1/Y

K, 9($jU Jolsw clble) M, ([OH | g Aol

i - [OH"T
o s i, (Kp Ve P Lo>e/en) K= 20 1
p) b b Mb—[OH]
—qv
@L_;»-’J-Déa-]é-“) (Kb<\°_al,{a<°/°b):Kb:[()1vIL]
b

5| lel oo g (o Dy 4 oddaluleS Jlade I Js 580 Al 5l asiulgs 1) Koo cuweS b K 3288 Jlade (s 0 Sl
oS oolal g a5 Ayl
Ky 9 M, (o ga Al

_ odbeds gy LQLQJBKI}A cdale _ [OH_]
b s s FoBE © My

= [OH_] = MbOL :r“'.'.)b sl o ﬁ‘ﬁ d)b Y :L?-)b )fl 9

@Qfﬁ?

6oy |(o60 o<y o

)



o a3jles

Sl 3 e | b sSge jlad daJsSlge cdile cl> 4y YU b, 4o

M,.a"

@ &80 dhl, (Ky) >\°_AL3.(1>°/°&):Kb= —

@ i dbl, (K <\°7ab“(1<°/°(3)ZKb=Mb.(lY

3 9 sl yiusle
SiSly 2 b akilys go b3l g laanl @dly o canlagyl o (ol slaiiSTy dajl g sl )3 015 5 5 > slo)lid, 5l (S @
WSS (S ) e g s
oS GRSTs Bamslas 4 (slabslas 8l (i nj yge a Blyies 2 s )0 15k g el Oloe (2ST5 Asles IS sk v 0
el 3l 5 el
H"(aq)+ OH (aq) — H,0 (1)
:(NaOH) 51S 9,000 s 5 (HC) sl 0155 1000 0 28Ty | Jlia
HCl(aq) + NaOH(aq) — NaCl(aq)+ H,O (1)
2395 ce odsi O 5 aams e 25Ty w2 LNAOH 5l OH™ § HCLjl HY o STyl )5 o o 5Sg S 2u3 5l adly 0@
— T
H"+CI" +Na" +OH  — Na" +CI” +M
HCl(aq) NaOH(aq) NaCl(aq) H,O(I)

Na™(aq) slagys &5 Jo 50 wigd oo o o sl sSse & onS's 0un sl b 28Ty )3 pais s sl «2STy nl 0 @
Jleiil e g 255 sabplonl L2iSTy 53 6, 45 05T e wzlbles b LU dagys cpl 4 tailese 3L 03,55 Cl7(aq) s
3 shel 3t @8ly yo w05 b auSTy Byb oo 5l g 855 L 0 STy 0 lgioe | U slagg web e ploxl ol (59, (mlies

wighge ot HiO(D) & o 550 plsl OH ™ (aq) 5 H'(aQ) (o 35 25T

H*(aq)+ CI-(aq) + Na*(aq) + OH (aq) = Na*(aq) + CI(aq) +H,0 (1)

5L 9 Sl DS oee slo STy 5l (S @

¥ X WSy e o ke b HCL sy
YHCl + Mg(OH), — MgCl, +YH,O
v O\ ol S 5508 Jslone b (NAHCOL = Sliy)S 555,008 k) (s 25Ty
NaHCO. (aq) + HCl(aq) - NaCl(aq) + CO, (g) + H,O(1)
-~
H,COy

PHIUS L)

S 9 Sawl sdJolawo pH Anwlow

XVELCR Ny N E S P AP VO OV ESP VY PR KU oy IO R

(ol slaJslxe ;) (b sbdsle )

(0 =1) oyl 1y Hlogygisn SO laanl (gwys GLS a> ) sl eod)ls (-l ¥ 1 Ba(OH)y 105 11, NaOH ;o Mie) 5 cusd o
T 0

[H+]:\°_pH:ManOC . [OH"]=Mxnxa

@Qfﬁ

)

o¥6(n oD |06 o<y e




o2 pajles

pH =—log[H" ] = —log(Mxnxa.) bl slbes o:[H"]=—— = pH=—-log[H"]

el (g A2 )0 O g 5L L sl <8 b Jge clile M
S s 5 55 Sl lign s o 55 JalS & 90 4 L oSl S a1 558 slasl 5 Lol (0) g By

H SO¢ Jse V el o 50 il g0 Giise Al po 99 (b 5 ol gl 035,902 99 slls (HSO¢) sl S 550
S oS & o Jsl dl> o HSOR Jsa ) 5o (Joles 25Ty (b go A ye 5 5 35500 Jond HSOY Jsa Vg HY Jpo ) &0 JulS sk o,
39800 Jos SOF 5 H o

o2 bk Jolre slaacnS's one dan g ol lapygisn dea S0aSu Lk g sl pad s (ASTy 50 45w 2o
gl o Byan Jol5 jsb ay gl (35508 50 8 (HISO s s (2S5 55 ey e o (15T
02 3l 0lial b e 5 00,5 L0 Jge a1y 2 oo 2SS @y il g eols eigd Jo o2 5l b sl 2ile sl 4 S1(Y)
oS oo Al |y 5L b sl Jge cdile (Jolme

aile Cawyd wan p s V5 TPH B 09580 T cme oo 4 sl 50 b ool jladie 4> a5 055 o0 o Loy 51 e Jlgm (0 5o 51
og38l T (srome Jlako 4y 5l b sl jlaio az oyl PH =ML slone dig5 (6 000555 o5 conl ()
PH o pasin Jake yis el 5L b ol 5l 508 e (o938l il 5035 (25 PH 4 Jslre pH 4z o0 LIS 5o &,
8L e L] 50 0nS'g 000 b ponigyin slagys Sl oz 53k jlams b (gl s (slaslne j0 gl 50 0l dalys Jolone
Clale glas (g 28,5 Ll 0 Wb g Gl e 45T (e Coles 50 s el LS GLEPH k5 6l b b ol (g i Jlde 4wl

ol gienl plaiz PH glis g conl (3L Joloms 10 aunSg,00m (90 b (sl Joloo 10 posigyone oo

S S oy 1S, 4 (PH<Y) ol S0 J5 ol IS jsb a0 60l S S ogsiuml Glie a0 g yol 555 @

ol BI85 kel s 4y Jplowo ont yi5 PH .l oo o JolS yobo s phaitocsT yicdonss 59 STP basf s 55 HCI(E) yid oo $F /A J Lo

(M7 5 (10Z ¥ = o/ #) Fuunl a3 b (392 g0 il il 3 2 o9 ok (390 Vg0 il Jaloo (2l 19 9
V/E XY Y/ ¥ (F VXY Y/ E (T V/EXxVe' Y/ (Y V/OXYVe Y/ ()

Wl oo Cewd H" Jso wz HCI 55 Sl e FE/A Plosl 6ljl @ aS 1S Ola wb ol «Fy du 55 7wl
HCl(g) —=12 5 H*(aq) +Cl™(aq)
M ymolH*
£/ A mLHC % X
YY¥eo mLHCT \ moHHCI
H+J}a dloss _YX) il
(L)J}lm > N

pH=—log[H"]=~log(fx)s" ) =v~logf=Y—o/5 =Y/¥
.

=vx\o " molH"

[H']=

=¥x\o  molL™ S oo dnlone |, H Jgo il YU

Vo
XYoo

[H'][OH ]=\.""" = [OH ]= —=Y/6x1e” "molL” oIS ped Ceand b L3 | 4o

[H'] __ex1o
[OH] Y/ox\o "

=\/Fx)o"

B

o{6(nop |(o60 ofep o




o a3jles

sl g1 p)S wiz Jolmo PH b g cosl plas” Jalmo ool PH sl o/ il 0T 3¥50 o/ ¥ Jolmo 50 HA sl iy caliJUo

(8 /6 b, 5] (0=15,N=1F,H=1:gmol " iz & cuwl I e i &) Sl yil s dnal K i
ZIY o (F YIE N (Y YIZ X (Y ZIY Y ()
HA = H" +A~  dnS by
Solscdle: o/v—x X X
x" x"
K,= = o/\= = X' +o/\X—o/o¥=0
o/Y—X o/ Y—X

A=bv—\°ac=(o/\)‘—f(\)(—o/ov)=o/°=\
(o DEVA —e/ixe/y
va Y
X, =—o/Y 53¢, Xy=/V = [H ]=-/
pH=-log[H"]=-log\+ "' =\
sl pseis et g SIS L el il o Jolowe 13 5 ol (558 sl S el S
HNO, Jse o> =V F+¥(15) =5¥ gmol ™

_[H*{=./ Mol #Yg _ -)
[HNO,]=[H]=- " I« T = s /v gL

Sk 9 Sl sladglan v3,S8:9)
logn &;lasl & pH (668 slaasl ;o

(V506 o ) oe il T v 7> 05 An
|ApH|=10gn=10g7Y ——— Ol 509l b Jsloxa
logn 55lsl & pH gs8 slajl o « ! (5543, 45 yo T1)

(Y sas Coows 49) by oo yialS

Sl Jsloms 4z 0 (izee 105h g0 F 005 (5 Sl LY sae 45wl 2ol Jole PH w5s 558, ik Jslre 4z 20
Bed oo J G5 i Sl LY sae 4y g adly yioli8l Jelore PH s 5358,
w5l PH asisls b uieS i 595 6503l olsie gt 4 b b sl e )b og5laad, Jilas 3@

logn s;lal & pH (668 slaacul o

( ) il e Lhals Jsbe clale (087 4l
° dAe Lo ) . ey B g -
FeeE |ApH|=logn=10g& ¢ Apn bl st
V, s
logn g5l & pH o5 ol 0 € \ Job e e 05
OF sae Coos ) sl o o8l (aslade a5 o)

wgd plade gawl Jslme az 8 izes ©09dge S0PV sae 4 g 4l Bl Jsloe PH 05l slade g3 Jslne 4z 0 0
Dgdi s S SG05 o s 4y 5 audly el Jel=e pH
1, (5,8 esliznad K= Muat™ a5l bl ol a5 ool s b adly ,0) (K <V o™ Lot <o/ 00) Giond 3 L sl 5 Jslons ST

V, il 2y O yg0 4 PH Slss euslo g Vi VI ol exe ) oS (325,

\ o \
ApH = Z10g(ps233) ase wiz) = Tlog 7?

@&ﬁ

1062 ooy e

op (o6

o6

]' \Y |'



WA p3jles

Jolxe 4z o iz 09d 0 J S0P 05 S LY sae 4 g 4l alS Joloe PH gt 553, 5L Jolxe 4z ;0 o2 L@
.ag.:“sa):f&io)'.; Sus cJ> LY QJ.CA.gsd.'ZJZLl uwl)sl J5l.>upH Do 5 58, §ul

o 4 31 T PH 09 adla) ool poee lod oS 95000 maduw g0 o/ ¥ Jolowo I (Jumo ez @y ST L
(A9 0L, ,91.67 (logbd=-/Y) .cwl QT Wao i Jolomo pH il a5 0y 0
o/[N=\Y Y/ Y (F o/ N \Y¥ =Y/ Y (Y o[ N=AY/Y =AY/ V(Y o/ N=\Y/Y=A\Y/Y (O

ool 598 3k S (NAOH) seSg 002 oo poils oo P 387 oy
[H JOH ]=V-""" = [H]x/v=1-""" = [H"]=ax\>""molL"
O N PESINVIN SYRVESPUR WA SONE YA S INE') 5 QRVIIRV I Y
pH=—log[H"]=-log(dx\ ') =—(loga+log)o ") =—(c/V+ (=) =¥/ ¥

el 00l 5.8, A5 0 ¥ 6;.:4"0&&).3\)4\’ J}lz.aW‘&Jabl)la.uuip»QstJelmLy‘)‘waw”m)f‘Jb
ApH =log( o 3.8, 45,0 aix) =logyY =—logo=-/Y

NMJSLz‘ﬁ‘)S“s‘M‘*‘“l“‘)S“)")‘Y JBINW”(S"QBW)QM)QS" \T’:u54..3b0..asl5..\>|5 °/‘~J91.7LApH‘)»J
w‘)y?‘o °/\Lawj)a.\:.b

b UloR e o XSS L)

JolS gadias slayiusly
Spo a1y 5l g del ples (S5 Gls o0 ot (1aSTy oo b JalS b 4y 5 aiiS (215 SlS |y jSoken Sl 5 sl Joloro 90 05 0 @
5,5 0ol lgi e 35 23 Al 51 iz 5,5 ealil lagy] e (6 togaS sl Luly, 5l 5 by (slodiitijlge (slaalolen
na.Ma.Va = nb.Mb.Vb

NN,

Sl Cod B x sl cdale X ol poes = 5L cud bx b cdale X 5l o

Lol 3o ced b sl slagygis ol dasly jo cod il o5k OH sl T R
( Jte n |
(NH,) Sligal (ol slasls a9, 000 da sl Slag, 200 |
SB 2l szl sy, e HSO¢ Y
o H,PO, v

SIS i i Sy 5 S f5icgn o 3000 2Ty o0 b oS 45 4 53l 5 5l sl Jplone (JolS (08 i 25Ty o0
Bl pl e bl b senSTg 0 (5 Joe Slani b sl poids s (5 Jge slaas

§u! J5l>u )$H+ J}A Slass = ‘_g)l.: lem )QOH_Jy slaws = H+s;'a.]a'.l.é>(.\¢.w‘ = OH_MIG.LCX)L! >

..\.MS oolaul LSLo‘ &]a.:b uLo.‘b )‘ “_a.:.»o Lng)L’B l.li L;‘).I 9 o )‘)5).’ 659 6LQ)L 9 L&s.\.»....o‘ 6‘)" Lhgs J}A)S L)"‘ as ».\auS S-X 4'\.&.”

@Qfﬁ?

QA

6oy |(o60 o<y o




G pajlgs

JolS pab s g9n slayiusly

3yl g B pas ol sl o] 51 (S s calonds bglses 15085 L 4 55k 5 gl slaslne (b i 1Sy 0 Sl
23,5] Cows & 1) Jaloes o oile 3L OH T L g HY clale wl eadlse o sile sl 3L S0 5ok

R 5L

([OH_] L, )[H+] _ |na.Ma.Va _nb Mbe | _ |<b.]5| H+J9,4 Slows — 4».]3‘ OH_J9A D‘..\JU|
Vat+Vy, Sl Jslome e+ 5L Jslons o

Jlade 9 (V51 508 PH Jlade) (sowl e sl (.M. V) 5L a0 bgsye jladie 51 s (0,.M,.V,) ol ) by o Jlade S

(ol i o (V51 e PH Jlade) 550 dasee casl yizn b o bgye Jlade [51 Ll s co ylid | poudg,onn (e cdale ¢ Jol>

Do e i 1) aS g 0 g cdale

@ (Jgo 2 p)5 BF (J90 02 1) S 9500 iy 0,5 wizz (399381 L ¥ 9 o/ o) sl S 515900 Jolmo yid g0 pH Il

§o980 o0 Iy 99 o i
VAN (F V/oo (Y o/ OO (Y o/0 ()
[H"]=[HCI]=\-""molL" b sl ol Sl SoIS5p00m Vg o/ o) Jolme pH Fr &35 s
pH=—log[H"]=-log\+ "=Y
sy oo F ¥ 5l Jolone ol 5l id YPH (KOH 45 wis asadlol b aS 5,8 aculoee aib
[H"] ;=) P ol

adol H Jgo olaws — sassaslol OH™ Jgo slows

H'] .=
H ] Fd ey koo x>
s [H] (M) gl HY Jgo cdale X (V) 1) conmp Jobons aoeo — ot adlol OH ™ g lass
el sl ey Jslone pn>
=
= w: of/oooY=0/oY—n => n=-/-Y4A mol KOH

=/+12A molKOH x PG LOE =\/VeAh=1/1\ g KOH

\MOﬁ

e Wb el cpl 9 098 0 atulss a3l Jol ol Jole PH g oot 059381 0 4y (gl Jolono wizr ¥lgus 51 (5 0 50
oS Jolore ol o el 9 @oz 10 b 1) oles Joloee 8055Le (132! 10 S92g0 oy39,0u8 Oy
b Jsl Jsle o+ pg0 Jolome qons -

sl Jslme o OH™ 5 Vg cale 5 aculna | Jolone 12 10 59250 Sy 000 (s Jgo olasd ol (it bglsee ;o O
- ; eisliss e )
[OH_] le): OH (_gl.(beo .)L.\.u &9‘“’“
W Jolme o>

al, 51, Jslre PH culs 55 5 5,5 wles [HTJJOH 12107 alayl, 5l oslenad U 1, ales Jsloe [HY] lsise o
5] s 4 pH =—log[H"]

Ut

o¥6(n oD |06 o<y e




WA p3jles

oS balse PH =1/ V b sl 5,055 5000 Jaloxo yid oo VFo 1y PH =170 b ool 0 3508 Jodomo yid oo 0 )51 Lo
Sl P ool Jglono pH

V/f0 (F VY (Y VO (Y Y/ X0 ()

oS (o Armlone Jsloe 93 0 50 1, HY Voo clile b &35 ol

HNO, :[H*]=yo PH oy 710 oy R0 5y 7 _logV=/d o vy =0 /oy mol L

HCL:[H =)o PH = o =y oMy o7 108=Y 5 vy "= o /ey molL™
L el s Jol> Jolomo o HT bl

4k +
[HTWV+[HT Ve _ (/oY xe/ o) £ (/oYX /VE) _ oy

V,+V; ofof+o/\F

+
1 ]L:Lea_
H=—log[H"]=-log(vax\s " )=¥—logra=y—logd—logy="¥—o/Y—o/Ad=1\/Fd

Laddle )58 U pH Jiluo J>
ppm = 201 1 (35, s sla e 1) PP = (I?I%)) o
s aN e

o> = X\oo
I Pl 2

pPPm = o> doyo X\ of b soy> dop0 = ppmX ) o
\ ead

S TR e

(EmL™ ey Jolome JE:d 5 ooy suoy> i)

6ﬁ&J)@‘_MX\°°
<le=

@9 &by VeemL U sl p o) Y/0 IRz b HA 98 apl Lnlé Jolxo 1 pd oo SO a5 Jygo 0 Jlio
Sl ol adgl sul Jolo o0y doys oo Cawd 4 PH=Y L Jolxo 09 00938l danSgyuue maow /18 g o
(HA =16-,Na=YY,0=1%,H=) : g.mol )
¥5(f Yo (v Y (Y 50
: NaOH I Jool> arnSg 000 o0 Jgo olass a¥y 438 il

- ymol NaOH = Ymol OH™ -
? = o - o oo
?mol OH /\# g NaOH x f- g NaOH X TNaOH /=¥ mol OH

[H]=1oPH =y e molL™ , veemL=¢/\L

dwl 31 JolHT oo slaws —OH™ Jgo slsss

— —o/oof
H"]= = =X o x—./eeamol
[H7] el sy S T
HA - H +A” ool L HA G HT Jgo slass oo (595 aunl HA a5 o0 5
= HA Jso slows = H" Jgo slass =/ 20 mol
Voo g HA
M g] H/‘°/V°gHA i Cosl pl gl sl Jolono 13 39290 HA 2 s 5 cnl &
- _ (8) Jskoo oy (8) Jskxe o>
mL™ s S D — =i D D8 — =v/0
(g ) Jslre JK> (ML) Jyoe aos y Joloxe o2 g
o.\‘i‘;&HAﬁ,? o/ YO

Qo yd = XYoo XYeo="7Yo
ST S NG

]' A ;

o{6(nop |(o60 ofep o




G pajlgs

525095 gl oo b 28 55 PH Jiluwo Jo>
lasS b Cosl e do Jslona pon g Cale 939l o] 50 45 piad 4250 (5 5tagaS gtnl g PH oS 5 b o Blawo 5l 55 0l 0 @
el g, 3l eha S s,y sl @ Olsiee daslne (s pegeS gl Blaw Sl eg cnl Jo 6l masd axlse g 02 ale 5500

5,8 ool 33
Jse _ £ _(STP);8 b (STP) 8 ol oo Joo claleX Jolomo 2] oo MXJ%NMGM

o w)aéx‘;jﬁﬁ)? wj.ax\’\'/\c oo XYYYoo oo oo X oo

ol oo plol [1iSTly baiailge doles o Hlai 8 50 83le (5 0saS giml Cu p cu yo 3l shic @

Jobomo (2! 51 i o Yoo g ol plaS” (T (o 85 (9 w03 ol ¥/ Yl 3 sl SO y559l89 0 ¥ g0 /) Jolo pH Lo
(Ca=Fo,F =13: gm0l ") fubd g0 JoSias s y5ipld paadS’ Ggmny 5 o iz e g o oonalS 315l by STy 5
(W /6 2 5]
fho Y/ ¥ (F 0o Y/ F (¥ YAeo Y (Y Yad Y ()

[H =P oy 7 oy oy M = vy o T mol L ¥ dy el

H+ °—Y’
&J%M}Q: M]X\OOIYX\/\ )(\oo:'/.v

Ca(OH), +YHF — CaF, +YH,O

cdale x (L ° c
e (Do _ £ I & S
oo X ey X Jon o YX)  IXVA
HF CaF,

fauS 0 Joc wgss 01395 slaosugd
oad Jo 0l ;5 a5 aliS oo o lwesjglp 4 ol da Sogll 5 eaSI L (leand (2iSTy plonil b 0055 (slooaty s g lnoass S &
olosjgls il oyl g aies co oliowds LEiSTy oo VT L e )d yle (iiS e p p 0958 daosiS ST ol @dly jo .2gd co idu b
e Jsbe T 45 a5 WS e s
WS (50 el (53l g Sl B 50 | Lol o 55 sloonnsd 0 )5 £5 bl @

il 63395 sldoAugs
o Ll Jglze 51wl g cpl 0,55b sl il sus g0 (RCOOH) ©y> slaoeu! 5l oglsee b slaly e ST @
Wlgi oo @ 5 0nd Jor Ol 0 02 a5 el (ko) TS (o5 53 e (2STy (al 83,5153 05 eolizl (NAOH) w5 o
wle Gioles n5 IS IS 4 Glgi o 1) 058 o0 plol 457 IS sl jiaSTy doles slos |y BLol slo o >

RCOOH(S) + NaOH(aq) — RCOONa(aq)+H, O(l)
(uyl.o) s_i.o..) £ N » - &
,.s.\,g.wl 00> ‘slbo.\u“ga.u

ujﬁu)g).iud.:é)l?:.ajbdjsj 8)‘5}0 65)66)5194"‘ML’ ails L;)L‘ ML} ‘J"j"“'gs" Lg)L?:AijAJsJ éﬁ;mi{sé‘y;‘@

g go 00l Sl SIS 0 aile gauwl 505,95 slrou sl il tailonile sl a
25850 ol ) Sz s ol 315 93 oo 05 3T L Sl o slome (slaos 518 daoges; (al b (23STs 5o (S 3k ) el 09
Sl yS paedS 05 o Cgay g oSS O slaalg [0 ool ol il oos Sg0une (CACO) Bl ,S pundS b sl)g) e 0SS 8@

/_\ 13940 o o0laiwl aunl SIS Ts e 5l ladlg) cpl 0,550 6l 9 8l (g5b cuols
CaCOy (s)+YHCl(aq) — CaCl,(aq)+CO,(g)+H,O()
H,CO,

5 S0 Dly a2 g, 4 a5 9550 g o8 9eeSTiss ()5 55 (CaCly(aq)) Ty Jslowe 835518 2 038l (255 cal 5o

Db s vy a5 el
P s ol o > g

@Qfﬁ?

(#)

o¥6(n oD |06 o<y e




WA p3jles

W aswl 36 g 0a0 8 yuuis
(PH =1/0) el Yoo o/ 0¥ 590> 10 0,1 5o HeOT (g bl a5 555 0 0dsd oome s 2 VY (o ailye, ol Ll ooy 0@

Y/ ol eome PH ol il e 10 45 (5 9k as sl yiion oame PH g 009 508 o0me 8, g ol g 3 ol el il )loj y0 @

((H']=vx1e ) e

el (Gl Sl 00me (190 45 (5 9k & S T el SIS 5000 0dms B)lns 10 D92se (sloodd aS D9l e e 138 (0355 @

WS e 0s 0]y 6, 8 Slgiee (£

ool (5355 s i (2] o (5,5 42 455 e o 3 | iy et sl S (5o e ok o & odns JEIS &l @

D oo 0dans 8,lgy Bailu

odxe S 595 (B 5 Sl )0 € padgyuns e i Gl € s vl (lH G

9 3l9e (pl Brae a5 () it (5)lo (nl 4 Do o5 SLST E oine slags Lo wais € anl Glag)ls g lalde Bras @

ol as asle (6,50 dlge 5l eolazwl (Y

Canla ] s izly 5 (S (Sieie a5 Aigis oo 00l same PH 2alS b abilie 5l a5 aiinn (63b Cuols L slag,ls ool ws @

Gl s g 03,5 (i ) oo dsl ) Aolas Bllae 5 998 oo B pan (gmmilimgas S5 4 g1 (sl dnS 9,008 oo ol

YHCl(aq) + Mg(OH),(aq) — MgCl,(aq)+ YH,O(l) D9 p 0dne Sl laie
v Y \ Sl 25 55l

NaHCO, | Al(OH), .Mg(OH), | AI(OH), . NaHCO, | s3e bk

Sl Gined 5 (Na™) o lags Jols 5 Bz S oS5 (NAHCOL) Sl S 35,008 s b o diis> @

Yol 398 00 ol yo i b (OHT) oS g 00 (g0 clale Lol el s )l (550 Caols sole (! Jglma .ol (HCOy)

NaHCO.(aq)+HCl(aq) — NaCl(aq)+CO,(g)+H,O(1) a3 oo Lis | oo dmsl b o0 1B b9z 2STy ¢
%/—/

) H,COy
lay] & dposiygd SanS Sl cools (2l3l gl Jds eed 45 3,18 63k Camols (mdiis) Sl Gisyed madws Jsbs @

~ S adg glo 5 eols STy ez L Wl o 3k Bole (al 15 095 o0 00934
RCOOH+ NaHCO, —> RCOONa+ H,CO.,

T S Hle ——
< S ° H,0+CO,

sl S g 0 orngll 035 (lno ¥/ Qe g S g )l 3 o )5 (o 1115 (11 el b s Sl o B0 L
(IFel 25 5] (S o0 i 1y PH =1/ b oiro 8 s i o Az sl (9
(Al=yy,Mg=Yf,0=1% ,H=):g.mol ")
Mg(OH), (s) + HCl(aq) — MgCl,(aq)+H,O(1)
AI(OH), (s) + HCl(aq) — AICl,(aq)+H,O(l) (%igid 43190 baloles)

\Y/o(f VE (Y /0y Y ()

¥y dnS by
pH=V/Y = [H ]=1o™ " =y e Ty o7 08 s rit vy o " mol L —$22=L5 [HCI]=Yx) o« "mol.L"

1) Mg(OH), + YHCI — MgCl, + YH,O
Lo STy oo dijlge dolee

1) Al(OH), + YHCI — AICI, +vH,O

= ymolMg(OH) ymol HCI \L VooomL
? = 2 ¥ =
1= mLﬁEl V193« g Mg(OH)y > oAgMg(OH), ><\molMg(OH)Y X JeymolHCI L rmL
lAl H ocoo

II = 2mL HCl=v/4x1 <~ g AI(OH), x B A0, | ¥ molHCL 'L Yecemb _yamL

e VAgAI(OH), \molAI(OH), ~/-YmolHCI 1L
5k 9,90 HCl gz g90me=Y+V/0=4/0mL

(v )

o{6(nop |(o60 ofep o

()



