Acid-Base Titrations!

s i i bt R > o

B —

= The pH ol, the  solubion d-.a!?u dwunj the cowuoa{ Litrhalign -

— The md,-Po'mf. detedion an —u based uf»an _thalf ocurs

= The pH  varu dsz.du;? upon  the t'trand and titmant .

= The sdu&'moo‘ switoble inducakor uapmw knowfuia,b d‘, pH cha.nau thal ocurn du.uni b
wse U{ Hibralion-

@ The plob o pH Vi wolume of Gbunt & calid o |GG ST CiAve

*Ta,:u a_l, Add - Base Titration (Based on .strmgﬂn o{, acid and Base) :-

i-Sh‘ona Acid- St Base Titrationsi- (both ioms)

H* + “o4 — H0

z-SH‘onj Add- Weak Base TifraTions :- (ion and molecule) -

HY 4+ NHeOH = H,0+ "NH,

3. |Neak/ Add-Sl-nn} Bage Titralions:- (molecule and fom).

CHyt00H + OH ——= CHal00 + Hy0 -

4. Weak Acdd- Weak Bate Tibrations 1- (both molecules)

CHyCOOM + NHgOH === CHz00 4 NMH, + H,0

5. Poh’buio MJ-Shwﬂ Base Titrations:-
Bﬂ-ll' { - ho- Ht

Polabauic - acide that can be lmadmhdau’ 'ta a;w. more than enme me :

HsA + "o =—— HA + HR0

W & "o === Wi o

50 em® of slﬂma add vfs 01 M .sh'lma, bage

Titrant — slnma bage +Hiand :- sh.c‘rl.a acid -
@) Beﬁom u’:u'va.lmw oint - s
P i
Volume, aL 0/ M NaOH =mdded = V emd v s50-Y



Volume, % 0-1 M NaOH added = V emd v/ \@.—V
Volume. !‘, ocid neubalized = V cm?
Volume, o; winewlialixed aeid =(50-V) em®

MV, = M2Ve
[Hu | x (0+Vv) = D_;LX(SO-V)
[(Ha] = o:1x(50-v)
(5v+v)

=log (Hu] = =log 0:] =logq (5D-v)
gloal = kgt =iy 20

H= 1 + log (50+V)
]

b At e:lw'va.fenw Pm‘nf:-

pH at equivalence Pnénl‘ will be £ a titront and +Hirand an shrrra add and «sb.,cma base .

D) Bu«md etluivalmw Poini:—'

volume u:‘, bate added =V em® - O v=52 %
Base nmafniu.a, A taeess .(V-sv)un3 V-5D.
w x(50+v) = 0.1 x (v-5v) @ v=8o 30
- &-50 =230
(-oH) = o-1x (v-50)
(sp+v)
( log (ab) = los a + t'.j b- l
—log [0H) = ~log 0-1 = fag (v-8D) W, e )
!3[0HJ loaOI ra (vf;o) o (: g a a
e ,-’ = = [
g (2-) =-log (£ f
POH =41 + laa V+sD)
(v-50)
PH = l‘]--roﬂ
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STRONG ACD -STRONG BASE

Vol o trant Ty

Staong Acdd

-
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Tband = Weak, Bage (mnmunia, QMO iLm and.w:u'dc ,a.m'.&ibe.)
NH, NH40H ey
10cm®o mw8 Ve o01m <A

HU + NHeOH === Hy0 *+ N';'q. =iok™,
a) At the nning -
NHeOH =—— JH, +‘9£ :
€ g ¥ o = extint of dusoualion -
U-e)c «C  «C

Ky = dissodalibn cows fant v_& bage = [NHg] E’OHI
[NH40H ]
K= xl-aC = £C° = «¢

(e  (-x)c (-«
Bl gince & i <mall -

[[—w]rocczj_—&,c |
[ o)

b) Some ocld & odded .- ea 2 em?.
volume

ol acid added = 2 enmi®



b) Some acid i added - ea 2 em?.
volume of acid added = 2.em®
volume gl Joymed = 2 em®
volume 0‘{, unnewliolized kage = 8 emd
Toka!  volume = |2.cm®

-—_ [SCI-“’JK lﬂ_ma = 0+ X m‘a
[salt] =o01x2
12
— [base] x 12 em® = o0:1 x 8 em?
[bate] = o0.1x8
12
.sasl‘um t-  NHeOH + NHqll .
wa Sall a; ws

F” = phy= ply= lny fﬂ]‘/
[base]

o Ak uiw?valencb fwi,nr - (acldic)
volume 0{, acid added = 10 em®
volume 0{, ol added = 10 em®
Hotal volume vL_ &l” = 20 em®

[salt] x 20 = 0-1 xI0

(sair) = o ixi0
20

main Ren - NHg4OH + HU — NH; + U + H,0

—_—

N_Hq-*-l- H0 —— NHfOH + ntr

AT

[nHS [Ha."]
o o )
C-he = c(i-h) e e

C NHg0H = NH{ +DH .

K = dissocialion, comstant o-‘f. bate = {NHt*[[-aHJ
(NH40H)

~ Hy0 —= H* 4+ ©OH.

Psz 4 .

h = extend o_t i!ﬁd.whd,lu

K;h = &
Ky

- (] (on]

(H.0]
CnHg ] (oH]
[NHQ.OHJ :
o [ [pA]  [NHeoH)
[#,0] ’ (nHg) (30




C‘ H0 ——= H*4+ OH.

Ko = digocalion conatant ,{/M_.

K, = [4*][NHgOH]
[vy] (0]
- he-hC
C-he
(e
- Wt
(4

Kn = W'C

= [Kuw. i
./&c (aing 2

~log CH*]= =1 4o -
R A= b
H =1 pkw <IpKe -1 | ool
/f P -'2“76] ==

d) Blam\.d enl.w'valmw fomt .-
no. lf% moles G{,Mi‘d w gol”?
[H*] X Total Vol-
(n)

u

(ut l [-on]
(4,0 ]

0.1 XY

(Q0+v)

._loa [Hfj = -{oa 0.) _|..|°3 6/,,,\:_0)

[H,0]

[NHg'] [4,0]

Wo - qﬁ, wwoled % excess oeld -

O-, X vcxc.

" (o109



pH = |+ loa (v+ 20)
v

PH ot  equivalence pownt i §:3-

md‘kal 0 = 31 1o 44

\/b"bmchuol = 3-81 54

\/nuﬂual = 4-¢ 1o 62
~

XXX K x x"m”“ 2o

Volume % thaut (M) —

Tobramk -Sb'm.a Base
Thvand - Weak = accd -

10em® 01 M CHgCOOH wvjc 0] M MNaOH.
CHaCo0H + NaOH S———— CH(00 + Na' + H,0 -

o) At the htﬂfrw:naf-'

CHaCOOH — cu.scoo’ + H?

{$=0 c 0 (v}
t<t» Gt oC oCC
Q*K)G E —

Ka = dissocvation, constout o%mfd= [ cHaco07] (H*
(et coom)
Ko = oC-aC
(-0)c
Ka = o’c*
(=c

9 Aedie |||

— ©0-1 M MNHqeOH K= I-8x10

xx 01 ™M BOH

Ke = I2¢10-7

M‘ﬂM%Mcdﬂ%
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(1)
K = «*C (wu&wmu)mmuij)
%= [Ka

c

[H*] =oacC
e
c
[H] = AkaC

Toki ¢ Lbhm,
T T e g

&H-" PKA. -L_I_Lo607

b) Some kot w5 added i- ea,.ums-

volume of base qdded =& cm*

volume weld nuliolized = Qem®

volume o% &alt .bo'rmf.d =4 em®

volwwe wmnednalited acdd = 8 em®
Total vo a% Colution = 12cm®

— [salt] x 12em® = 001 Mx 2em®
[galt] = o:1x2
12
— [Wd:"(mw" = 0-lMx8cm,3-

[ocid] = o°1 x 8
12

CHa COOH — wek acid heidie &%w Ka.:ﬁm .
CHat00™ Nat — Salk 4% weak ocid

H = Kq,-l-loMJ
[10° 1 vy fes)




) At equivalene point - (vioml of bae & added)  ~BASIC
ol ocfd 4 nelvolized, Lalt u od-
volume kase added =10 em
volume ’{F acid nedialized =10 on’
volume o ealt d = 10em?
Total velume O{T &l"= 20 en®

[salt] x 20em® = o0.) Mx 10 em?

[salr] = 01l Mx10 em?
20 et

an Rxn- — cHaC00H + NaOH =—=——= cu,C00™ + Na* + H,0.

® CHa00 ~ + Ha0 === cHgCooH +0H~
t=0  C - 0 0 Kp, - “ﬁd'w“/‘i‘ constant of acid-
t<t, (I1-h)c he he h = exlont % .b.d,d)wh/si.(.
Ko = ytaolysis comatant = [cHscoon] (oH)
[cHs00] [Ha0] v

Kn= hC-hC =h't® - WC
(-we (e (-

Ky = W'C
@ CH3toon ——— CHgcoo™ + H* Ka.
= [H*][on]
Ka = dissociation o% weak au'd = [cHicoo7] (u*] H,0 - S
CCH;COOHJ Ea_léwo-J CHﬂ
- [eHaco0H)

@ H0 —— H*+0oH = fﬂ EOH| CC'H.SCO"HJ
(H20] ten,co0) Luxj

Kw = distotiglion conetant % waln = [nt] [ou]

[H20] Ky= [cHgcoom
C Hy0] (en,co0T]
Kn= kw
Ka,
(o he

LN Lk:.: s '4’ .



~J§ ¢ Qm'na, 1)

= d,c

=,\/%T (uwa 2) —0
-ve log,

"vafowj = -_21—_103 kw-r_:l—_loata —lzl,oac

/ fOH =Ilfl<w-;_lrk¢ —2_110307 P

[H*] [oH] = Ko -
(] et = ko
Je
(4] = [ hoka
c

-loa [H*]= - L g Ko —L logka —1 logC

f—

ﬁHa?‘—PKw +5,Lf“ +a_ll°8°/\/

@ Beatml equivalence  point - (exlra kose u added).

volume o‘ bage = V
Tolal volume =(20+v)

Cbase] x (20+Y) = o1 x Y
[hﬂ&b] = 0:xVY
(20+v

~lo = —log0-|] 4 (20 +v
8.@”] §o! + g e

[POH = 1 +loa(2ﬂ/)
v

-rH at eTuiva!enw rowd' u &%
Phcmlthmldw = 83 b I0 v
Humalohbhnlein. -~ .2 tn 1049

fkw=l4.



, : S e - e =
——

thwwm = &3 b 0 v

fhamtrkl'hdum - 9310 105
Jhﬂmof blue = 80 o 9-¢ v~

xeex 0.1 M HA (10x107%)

— 01 M CHytooy (I-Exw"‘p

Strong Base vie Weak, Peid -

Pom <~ e e W

volume 01 fihant (M) —

@ Weak Acd - Weak. Bage Tiralionw 3—
Dwm® O M CHatooH VI& 01 M NHe0H
NH40H + CHyCOOH ——= CHze00™ + NH: + Ha0 -

wmr am}, V-

hand - Add

@ AF e Mining -

wﬁ ALOH & Inu.m.t

@Snww bose Jds added-

o Lo Jredetr

[ sy

© At equivalence  pouwt :-
ol acid ¥ nwlralixed and ot it Jormed -



ol aud ¥ nwhalized and \Sﬂu'il-gl‘tmd'
volume bose added = lo om?
volume &alt -bamncd =10 em®.

Tt  volume u{; &ol® =20 er

[salt] x20 = 0.\ x\0
ESQ-H'_‘I = 0.x 10
20

matn 'RWL.' CH3COOH + NHeOH ==——= CHgC00~ + NHq + HaO.

@  G00” + NHS + H,0 === eH3CO0H + NHqOH -

¢ c - 0 o
(-he (e hC We
Ky = dudaolyeis comstout of gott = [cHaCooH] [NHeoH)
J‘ﬁ ‘*aw n% (eHge00T] [nmg ]
= hC .he
(1-hc (1-n)C
= Wi
(1-h)2*
b= bt
(W=
Kn= h* (&mw ‘Wi é'M.aLQ
h={Ky —0
@ CHa00H ——= CHgco0 + KT
c 0 [0}

("°9° «C xC
Ka = digoualion conskant .lsor add = [eat00]] [HY)

Ecn,g_goou ] .

[nt] = [wscoou_']. K,
[oﬂewoj
= Ka,ﬁ
-we

= Ka- b
=3



(W) kadEp. —@ (uu?u.& 1)

® NHgoH ——— NHg' + DH -

Ky = dizeocialiom ww4uu= (wuf)[on] @
[NHS‘OHJ'

@ Hio === H* +WH .

Kw = dissowation camhanfa[ov walesy 3[%{-%7 ()
2

Ky = [#J[oA] x [catoon  ,  ([NHeoH)
(9] (ool fr] ()0

Ky = [cH3cooH] (NHeoH )

[cHsc00] [(NHe?)

(v = &k

= K[ ko =

—_—

ke
Ka- K, L

-Ioa[Ht?= "2_1 log kKo -iloah “'zl 'oa Ky -

Irﬂ =2l—'>ho +_2_l—_t>Kq, —?LFKbJ

d) Bbam'\d e1wk/al¢nu Fmt -
Total volume ,;j( sol” = @o+v) v = Vol 0% ealna base -



a) Bcatmd uwalence  pounb =
Total volume n‘k, ‘DU‘ £ @01-\9 v = Vol u% ealna base -
[Base] x (P.tmy =0|xYy

(Base] = 0.1xV

@

- LBMQ)=-5 0-] + log (20t
i g o1 + g €200

FLEEE “a(*-?—,ﬂ’)]

pH ot u,uiva.lenw [wfmf VoK

FH=¥ Ka= K
ru <? Ka > K,
rH?? Ka. < Ky

|>H

f

Uohumuf,.tétmui—*

w

—pH ch g aud"nf - No §udden d’lﬂnab n pH -
Jenw M£ &hwuf Po'ml'.

- Hwe mixed andeator @ wed

- Howewer , viswal sndicator  thould be avoided -

x ”—
— roba,hcufe acid  seacts with walew (n dissoualion reackion aiddu& H"/H_p,o"‘

HA 4+ H,0 —— HA + Hgot

HA™ . L o~ g o al™ . u.at* —_— RKH will ke ermcnarsiad.



H,A + H,0 ——— HA + Hgot

—
HA® +  Hio —= A" +Hs0* — Ran will be &u.rrmsed~
— guch gubstancs ane  wot dgdmla'iu and  extent qr% dissocialion U less Than 1007

— eath s’[if-—r onsidoed o4 F,uma,\,a, U'aa?-.}u mrl;m.sul l:.a ;07 .ﬁmm ne Prwwuz
U‘ﬂﬂ—t :

ﬂlﬁ{bmfo s = K&rmeuﬁ disociotion of wesk acid:
—ru.o-O% aE'u o% aud olzfmd.x ufum nalune % rolabo.:?c acid .

@ Dibasic Acid :-

HoA == HP" + HAT Ka,
BN —= ot ¢ A* Ka,_
Koy = 1ot 3 mixlune  behaves a1 weak oawid.

Ka,

O wul be considod a1  wonobasic /monormﬁo strﬁm with covkaun Ka -
® We will o Eyelim o%-HzﬂérHA-
® .&-m equivolence, héd.w w of S8 vi wA
PH = L (pKa,+ pKa,)
® we will have b ey HA™ § AX-

® second quivalence , h&da.ou{_gu ,% S8 vfs WA
pH = s (FK«H- qu‘ﬂ-losc-)

® eamsejo [\IaDH/ Baze .
@ Tﬁ'rrn"ﬁo acds -

3 Ec“)l; e

b=

(r"‘“*f’"’**)

d 6. pti- pH= L (pka, +pay)

i R T

weakens , then equivalene point s not dideded

2
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&n

maleic acid vie NaoH :- 4™ epuivalenc  pt- ddeded  more acewralely than LE
carbonic acld V/s NaOH - 2"d q.wivalenu. Painf‘ not  detecked -
oBone ad'd Vv/e NaOH !- mo gh ch_nyao in pH a}—a,u.t‘udu)u_ F}.
Phocphonie acid vjs. Naow :- 3vd e}aa., hol defecked -
Acids  winh dusocolion comchant g than 1077 cant ke Titrafed:-

Boric Aud =weak acid -

goddum golt 841— Wu{ 0 NadOH - Thue PH mcreases . No shm_f clq_a,“ag npH volues

" . u.. 3 (P;itibe. and nL&a.Hw, cha.;.a‘, both me{-)

— Zwillen, tons .
= &mfhumio naline  (radt wobh both acd and bae)

— ®&-CO0H and &-NH' an rulwntblb {or 4wo  characdims lic PK values -
K
. P

rKl =K = audic past
pPKa = K, = bauic Pwd‘

Pls lsoedectnic I;oin’r = FH af which } exuk a2 = :2L (PK, +fJK,_)
Zoillv, on (both U/w.?u
Pmmt)
K

K -

|

K

HaC — CH - NiH, ;—L-_K—'—___—“ ﬂ;c-—cn@ ool g .—.H_s_c_ﬂ_@
o

(Orwm\'f Ie’lm)
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