dac\dl) dpaaall 3 laall (el gaaual

- +
HCOOH oy + Hy0p) 2 HCOO oy + H30(

s slall g paaal) c Jelddl) ddalaa-]

HO,) 3 H30(,;) s HCOO,,y s HCOOH (qq) : A Bad) b 5aa) siad) Lilsassll £) 5312

. H,0 b dLayy

[H30%] = 10725 = 2,24.103mol. L' : 4y pH = 2,65 : L

s elall el slaad) s

-14

[Hy0%] = [H’f_] = 110"_2165 =4,47.10%mol. L1 : Sy Ke = [H;0*][HO]
Tl Jgaa

Jelaill dsleo HCOOH 4q) + H,0(;y 2 HCOO 4y + H30(,,

dls : oadll Joalb 850l SlaS
dc goxall x(mol)

asadl 0 Cc.V b 0 0

Jo=idl JU> X C.V—x J1dg X x

aslgil Xy C.V—xf 389 Xy Xy
P Al Jgaad) cua

X
[H;0%] = [HCOO™] = 7’
[H;0%] = [HCOO0™] = 2,24.103mol. L1
sl Lgatg
cV — Xf Xf
[HCOOH] = ——=C—-~7=C— [H307]
[HCOOH] =3.107%2—-2,24.10723 =2,78.10 ?>mol. L7
1 Ky a3
_ [H30%].[HCO0™] _ [H30%]?
4~ [HCOOH] ~ [HCOOH]
(2,24.1073)?2 s 1
AT 578102 1,80.107*mol.L

pK, = —logK, = —log(1,80.107%) = 3,74
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: PH = 6,5 A b Cuggall £ 5ill-4

[HCOO™] [HCOO™]
PH — PK, = log (HCOOH] < PH = PK, + log (Hcoom -
—[[ggggl;]] = 10PH-PKa = 1055737¢ = 575,4 > 1

HCOO™ $ sasd g 53
12 (oAl
DS Jolnl) Alatea R ¢ (S plall (B G g agd) ) gslS ClS el

HCt’(g) + HZO(t’) - H302-aq) + C'B(_aq)
1 v paal) gl €y Gluan-1.2

T adidl) Jgan
Jeladl dsleo HCl(4q) + Hy0 ) — CE,y + H30(,,
adls : paaill Jgadb dsladl leS
dc goxall x(mol)
a5l 0 CuV by 0 0
Jo=il JAU> x Cyu.V—x Jidg X x
‘UjLG-‘-” Xmax CA- V- Xmax M09 Xmax Xmax
P Al Jgaad) cua
Cy4 ="'"—I;‘":4-'u3 CaV — Xppax = 0 1 S5 LIS aaal) Jolital) A3 4lgd 2ie
[H;0%] = ""‘T = 107PH ; Liagl Jgaall G
C,=[H;07] = 107PH ; Jul
C,=10"1"=2.10"%mol. L7 :g.&
slall (e Al B Qldall HCP & paa gliiiad
Dl
_ v
"=y

v
Mo Cy=——2v=CyV.V,,=2.1072 x 1 X 24 = 0,48L
_n V.V,
CA—v

; caddnl) ABe Jariad dilaal) slal) ana Glual-1.3
CaV4 _CaVa GV —CiVy

= =
C, eT C, A Cy

CAVA = CI(VA + Ve) = VA + Ve =



2.1072x10.1073-2.1073 x 10.1073 s
= =0,09L = 90 cm

€ 2.1073
1S, Jotaal) s 5 C) clwa-2
m
"ZM(NaOH) _ , _ Waom _ __m
c, = 27 " yy T MWNaOH)Vs '
2=y
Cr=——=2,510"2mol L™ ;.
: S, Jslaall PH zUtiwl-2,2
D A Aslaal) (385 slall B LIS 2 g0 gaal) oS g pann Sy
H,0

NaOH;i, — Naj,, +HOg, . .
;b sl Jaand) (ot

@il ddalaa H30 _
Je Ll 40 NaOHs —> Najy, +HOy,
de ganal) s aaddl) Jsall < Balal) cilias
i) Adlad) 0 C,V, 0 0
@L@.’\S\ Al Xmax CZ VZ — Xmax Xmax Xmax

C2V2—xmax:0 ﬁCZZ%:u:‘-ﬁ
2
[HO] =%=Cz:eﬁﬂ\dﬁew
2

s slall e elaad) s

Ke Ke

Ke = [H;0"].[HO~ H;0%] = =—

e = [H30"].1HO"] = [H30°] = o =
~14

PH = —log[H3;0%] = —log = 14 + logC,
2

PH =14 —10g(2,5.107%) = 12,4
D Ul Jslaal) dagha-3.1
s Oplolitall Aal) Satal) ciluaS Gl
n;(H;07) =C4V, =2.1072x10.1073 = 2.10"* mo?¢
n;(HO™) = CgVp = 25.1073x 20.10723 = 5.10"* mo?
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Jeldil) Adsas H;0(,,, + HO,, - 2H,0(

2.5. 3.9%\ FITIN AT Jsall @ salal) culeaS
43\.‘1.*\.“ ‘\.“AJ‘ 0 CAVA CBVB ‘).13}
JélSﬂ‘ U XE CAVA — Xg CBVB — Xg .)"SJ

n;(HO™) > n;(H30%) SN H30F s» sl Jeliial) ¢ oS duilgdl) Aad) sic

. gl Jglaal) il g

s bddl) B Saa il {H, 01, HO™, Na™, C£~ } Asleassl) £ 631 38 58 Gla-3.2
_CgVp—CuV,  5.107*-2.107*

HO™| = = =10"%mol. L1
HO | == — = 2010 + 10,10 mo
1 _Ke _107% g -1
[H30"] = o5 = o= = 107*mol.L

CpVp 5.107*
Na*] = = =1,67.10"%mol. L1
INa | =y = 20105 + 10,103 mo

CV 2.10°*
(] = ——= = 6,67.10 3mol. L

“V,+Vy 20.103+10.103
13 Gayed

BSyleol) duy =il 8a=JI-1.1
Ddpleall Jelai dileo-1.2
RCOOH(aq) + HO(_aq) - RCOO(_aq) + H,0

partgeall 1€y i ] ylae

1

—— L.f5 f me




- Jeladll yghi) (aogll Jgazdl-13

Jeladl dsles RCOOH 4q) + HO (4 » RCOO 44y + H 0
dl> o a1l Jogadb dsladl UlieS
dc goxall x(mol)
q-lj-U-” 0 CA- VA CB'VB 0 ).L.Og
dwldn—? X CA.VA—x CB.VB—X )-L-°9
§681l Al Xg CopVa—xg | Cp.Vpgp—xg XEg b

Vg =10 mL : s shlsal) aaa Lilue-1.4

pH 9

pH=8

pHA

Ve (mL)
: =
‘\/BE /2" VBE=10 '
TS laaa cdleltall () o<y SRS aie
CsVBE . i
Ca=— " wWly €Cp.Vy=Cp.Vpp: sl Cp.Vp—xg =0

_2,5. 1072 x 10

C
4 50

=5.103mol. L1

JCA.VA_szo




eladl 2o Jaexdl Jelay dsles cuu>-2.1
RCOOH (4, + H20(;) 2 RCOO oy + H30(,,

pH-pK, _ [RCOO7] 10~PKa _ [rRcoo™] Ka_ _ [RCOO7] _ [RCOO71[H;0*]
10 4 [RCOOH] < ToH [RCOOH] < [H30%] ~ [RCOOH] = Ky [RCOOH]
[RCOO™] [RCOO™] [RCOO™]

_ e _ H-pK4 _

pH = pK, + log [RCoon] - GHwd pH — pK,4 = log [RCOOH] < log10P"~PR4 = |og [RCOOH]

Wby HO™ 1uSgyaua)l oaib 1ol Glety @bl oo dio sy WS axell Jelatall (aizy §olSul Jus-1-2.2
58 pga3guall 1uSe)un go Vg = 2zl o sic sVl easill g5

__ CpVpgg
- Xmax = 2

Cp.Vp = B (5ol Vi = "zl (o sicoapuSgyaugll Oligh 63lo dpeS-0-2.2

2 .

- waogll Jgazl
STV 0 Cy.Vy % 0 e
algull Xy Ca-Va—xy CB'ZVBE —x; Xy 3489

Xf = Xmax = 22261 T = 11 ding IS Bpleall Jelas
 Liyad 55801 Cnmd e -z-2.2

Xmax = 22 g0 M(RCOOH) = €4V, — X;
CaVa=Cp.Vig: 55151l d\c

n(RCOOH) = Cp.Vpy — “2PE = ZE2BE - o

n(RCO0™) = xp = 22 400l Jgazl cann>

[RCOOH] = [RCOO™ : aiiius

s sl JAS po-3-2.2

pH = pK, + log1 : LWy [RCOOH] = [RCO07]: ;| olsi pH = pK, + log [[I’:g(‘)’(‘)’;]]
pH = pK,

pH = pk, = 4,8 :WVB:%:SmL,u;Lme

CH3;COOH/CH;C00™ : (> pky = 4,8 5l5 dzg330)l Jgazl 25l s

- bl paes 9o (S 91)SUl Gaexl
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14 (Al
228 Gal fial) Jslan (M ddag pH>7 @ Ll Vp=0 i 5 jslaal) JoUS 38 pH=f(Va) siaie P& (-1
¢ 5 el Joli Alalas-
CH3NH3(qq) + H30 ) — CH3NH3 + H,0
( PHE =6 ; Vae =25 mL) 2 cilalaall 48 jha Jlaninady Lilpa Waasd silsil) dkii-3
im Gluag Cp (nd-4

Cp =272 = 222 = 5,10 2mol. L1 : (Milus CplVp = €4V 4 3 S0 e
B

NISE

m 'GiCB:

m = CpM(CH3NH)V < Cp = 0

n
14
m=510"2x(12+5+14)x0,5=0,775g :£.&

1S s el Gaaay Gal Bl B e Jeld o e (38215
« Xf g‘l-i-m @.ﬁﬂ\ :\,\m Glua
:&mﬁ‘dJ#‘%xf*\ﬂcﬁpr &l

_ K 10-PKe _
xXp=[HO | Vp = o=V = T Vg = 10PHPKep

10-PH
pH=11,7 : 223V, = 0 mL ¥ Wl pH siada (e
xp = 1011771 % 50.1073 = 2,5.10*mol
D et Atk g (aeal) ga aaal) Jelital)
Xmax = CgVp =5.1072 x 50.1073 = 2,5.10 3mol
Xf 2510 *mol _
Xmax  2,5.1073mol 0,1<1

S o plal g (el e Jeliidlay T =

: Al s sl Jsad)

J_Clg_l_”cd_\l_v_,o CH3NHZ(aq)+H302_aq) —)CH3NH;+H20(1)
dcgoxall Al oaill Jgadl 85ldl UleS
x(mol)

il 0 Cp.Vp Cs.Vy 0 L6
k_J9-7-*-” JM? X CB.VB—x CA.VA—x )_1_09
dwilgll A Xf Cp.Vpg — x¢ Ca-Va—xy Xf 2409
QJSAO-Q-” dJ= Xmax CB- VB — Xmax CA- I/A — Xmax Xmax 229

Dl g aaal) Jolitall ga el ja jelsl) (aan (9 BASI S8

Xmax = CaV4=10"1%x15.1073 = 1,5.1072 mol
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: (__,.11.5_\3\ eﬁﬂ\ At Gluan?
: pKa 9 pH O 4B s

[CH3NH,], [CH3NH,],
PH = pKy = log g, ™ = pH = pKa+ log oy
aq aq
% = 10pH—pKA
[CHgNH;]aq
: i) dssadl e
CB' VB - .X'f
[CH3NH2]eq _ VA + VB . CB-VB - xf
[CH3NHZ]oq Xr B x
R /s 4
Cp.Vp—xp = xf]_()PH—PKA = C8Vp=xf _ 10PH-PKa

xf

pH=10,5 : & V, = 15 mL aaal) xie pH=f(Va) (Aaiall ¢ pH 2aas
Cp. Vg 2,5.1073

= = -3
1+ 10PH-PKe ~ 1 4 10105-107 — 1,5.107°mol
: g—'l-e-d\ pasdl) A
X 1,5.1073 3
£ Xmax B 1,5.1073 a . ‘
. S Jeldl () pitied
1 B laal) Je il ¢y gl ALl Gilua-g
_ [CH3NH}],,
[CH3NH;]eq[H307]eq ‘
s ol alad
% — 10pH_pKA
[CH3NH3 44
K= 1 _ 1
= 1OPH—pKA[H30+]eq ~ 10pH-pKa_10Q-PH
1
K = = 10PKa = 10197 = 5.101° >»> 1

10-PKa
8 J)guad) Al (3819 La g2 5 S Jolil) il g o B pS K dad o BadlS

-

5 G

L Iagall Jglaa g dl ) gSul) (aaad Alal) Jslaall Jo Ll Al o)
: Jelddl) dalaa-1
HA,qq) + HO(‘aq) 2 A(‘aq) + H,0y)

t H30" pssigus Y Gl 58 5-2.1
[H30%] = 107PH = 10 *mof.L!



P HO™ 2aS,ned) sl 58 5-2.2
— K K —
[HO™] = [H3;+] = & Ke=[H30"][HO]

[HO"] = Ke.10PH = 1071 x 10* = 10 %mo¢.L!

D LS g gl il gl Bala daS gzl
ng(HO™) = [HO™].(V4 +Vp) =107 x (10 + 7,2) x 107° = 1,72.10"*mo¥

sl gyl plai)2.3

el s | AN | AHEg  + HO'g) 2 Ay  + HaOp
A 0 CaV, Cg.Vg | =meeee- 0 ey

Jelddl) J3a x CaVy—x Cg.Vg—x | ==emmem- X Bep
dilg Xf CaVa—x; | CgVp—xp | =mmmeem- Xf grE

C,V,=2,88.10"2x10.10"3 = 2,88.10 *mo¥
Cp.Vp=210"%2x%x7,2.10"3 =1,44.10*mo¥

Xmax = 1,44.107*mof : s <Y adlilly HO™ s& 2aal) Joliial)
D Jeliil) adiil) dacd daad dgaaa gf AS Jell IS 1)) La 48 pal-2.4
Xf _ [HO—]M‘-_QM VT _ n,-(HO_) - nf(HO_)

T= = =
Xmax [HO_]S\T,&A,\- VT ni(HO_)
~1,44.107*-1,72.10""2
t 1,44.10°* =
. gal) Jolaas ) Sl (aaa B _laal salaic) gimhjgis&w‘ A jlie) ¢Sa
: pK, dad (e (3821025
[A7] .
= _— Lu.ﬂ
pH pK{+ log T
) gl Juariady oL Gl 58 5 nd
X
A7l v X 1,44.107* _4
[AH] ~ aVa~ — C,.V,—x; 2,88.10~% —1,44.10~*
Vap+V f
ATYB

_ - a7 _
pH=pK, =4 & log[AH]—O



D K o)) Ast-3

K = [A_]eq — [A_]eq- [H30+]eq
[AH]eq[HO_]eq [AH]eq- [HO_]eq- [H30+]eq
K= _ 1 .[A_]eq. [H30%]eq _Ka_ 10_—4 _ 10-10
[HO 1., [H30%],, [AH],, Ke 10714

ARl clalinay) (38 g Le 1 g S Jelill) e ) (Say (K > 10%) 122 3 S K dad
: pH oy Jolill) i )
Jo UG Alalaal 488) gal) dpedl i) cidlalaall o (glaal) 5 plaall) Cpleliial) sliid) die Basld — (aas 3 plaa YA AN (giaip]

. Bl
PHp =8 sVpp = 20 mL : 35 Cua 8IS Adak cilfiaa) il Cpadaal) 48y b adini-2

D S aie Jglaal) daph-3

%(JQM\J#M\) uﬁsw\wdsg&hgﬁw\ Ale

. @) 5B Jolaall daydad A- Jolial) By gl Jgaall
. pH>7

Ladas ¢ Aaibeassl) £1 6300 Aad) 38 3l iy hadal) slal) dila)-4
(siaall g pslaall) (ale Litall dpuilly 45,5 Balal) dpeS A

Apas AByy il 010 M8 B plaall Aol (e s ¥ (AUl

) . cilaal) i) slall

I + 4 glal) Cid oSt Jlaninaly B plaalla]]
p 3 glaall o JladY ( adll quS Al ddlsag

| : Janslpaal s quliall ¢ slal) Al (& pHE=8 Of Laz-2

1 | O gl A8S g AdUaes) Adkala oA
S R TN S | AR T 93 (11 S < <
] ] (RS B.J Ll 7,2 <pHe< 8,8
-'.l : 4. ‘. ! '-.Z 12 |.4- 16 18 .'!l."'- .'.'. -1- 26



1 aalg gad A Bag gall Sl oSl (aan Bale AsaS Laatn3

“ads sala - -

oS

N e z”
e e (=i
= . oalaita & jaa

Sy daaal
g0 gl B g gl
(Na* +HO™)

s pH

e qua n(AH) = Co.V,

C4.Vy=Cp.Vpgg: B
ny(AH) =2.1072% x 14,4.1073

= 0,288.103mol

= 0,288 mmol

paaly a8 ey gSul) (hea ANS yaatg
V4 = sl aaadl 8339 gall Gaaal) Bala dpas
n,(AH) = 0,288 mmol : » 10 mL

D h 0aAN (B paaall Bule LS il Vg = 100 mL pasll (2 ga il 43 o5 )

n(AH) = 10 x 0,288 = 2,88 mmol

m(AH) = n(AH). M(AH) = 2,88.1073 x 176 = 0,507g ~ 500mg
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