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1. VALORACIO D’UN ACID FORT AMB UNA BASE FORTA

Exemple: HCl amb NaOH

HCl+NaOH —> CI” +Na* +H,0
_ + Concentracié d'acid=C,
. HCI+H,0 — CI" +H;0

Reaccions: Concentraci6 de base =C, =f-C,

. _
NaOH —— Na’ +OH (f = fraccié valorada)

K
2H,0 === H;0" +OH"~

Constants d’equilibri: K, =[H;0"][OH"]

f=0: pH d’un acid fort
Balang de masses (BM):  C, =[CI"]
Balang de carregues (BC): [H;0"]= [CI_]+LOH/]

pH=—log [H;07] —BC s pH=—log[cI"] —2Y 5[ pH=—log C,

0<f<1: defecte de base forta
(BM) C, =[CI"]
(BM) C, =[Na*]=f-C,
Balang de carregues (BC): [H;0"]+[Na"]= [CI_]+JQH’/]

pH=—log [H;0"] —“> pH=—log ([CI"]-[Na"]) —*>pH=—log (C,—f-C,) —|pH=—log (C,(1—)) |

Balang de masses:

f=1: punt d’equivaléncia

Valoracié d’un acid fort amb una base forta: [H3O+] =[OH ]—>
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f>1: excés de base forta

(BM) C, =[CI"]
(BM) C, =[Na"]=f-C,
Balang de carregues (BC): M+[Na+] =[CI"]+[OH7]

Balang¢ de masses:

Kw
[OH7]

pH=—log [H;0"] —X»— pH=—log =—log K,, +log [OH ]=14+log [OH"] LN

—25 pH=14+log (Na*]-[CI"]) —*> pH=14+log (f-C,—C,) —|pH=14+log (C,(f-1)) |

SiC,=0,1 M, tindrem:

f % valorant [H30"] pH
0 0 107100 1,00
0,5 50 10430 1,30
0,9 90 10729 2,00
0,99 99 10739 3,00
0,999 99,9 10740 4,00
1 100 1079 7,00
1,001 100,1 10°10.00 10,00
1,01 101 107100 11,00
1,1 110 101200 12,00
1,5 150 101270 12,70
2 200 1071300 13,00
pH
14
=
12
10 -
8 -
L 4
6 -
4 +
2 -

o
o
(6, )
(=Y
=
(6, )
--
N
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2. VALORACIO D’UNA BASE FORTA AMB UN ACID FORT

Exemple: NaOH amb HCI

NaOH+HCl — Na® +CI” +H,0
+ - Concentracié de base =C,
, NaOH —> Na* +OH

Reaccions: Concentracié d'acid=C, =f-Cy

- +
HCl+H,0 > €I +H;0 (f = fraccio valorada)

K
2H,0 === H;0" +OH"

Constants d’equilibri: K, =[H;0"][OH"]

f=0: pH d’una base forta
Balang de masses (BM):  C, =[Na']
Balan¢ de carregues (BC): m =[Na"]+[OH7]

pH=—log [H;0"] —X+— pH=pk, —pOH=14+log [OH ] —— pH=14+log [Na'] —™»

—2%5 [pH=14+log C, |

0<f<1: defecte de d’acid fort

C, =[Na’]
C,=[Cl"]=fC,
Balancg de carregues (BC): MﬂNa*] =[CI"]+[OH7]

Balan¢ de masses (BM):

pH=—log [H;0"] — K 5 pH=14+log [OH] =2 pH=14+log ([Na*]-[CI"]) —=M

M, pH=14-+log (C, —-C,) — [ pH=14+log (C,(1—1) |

f=1: punt d’equivaléncia
Valoracié d’una base forta amb una acid fort: [OH ]=[H;0"]—

f>1: excés d’acid fort

(BM) C, =[Na"]
(BM) C, =[CI"]=f-C,
Balang de carregues (BC): [H3O+]+[Na+] = [CI’]+LOH'/]

Balan¢ de masses:

pH=—log [H;0"] —“ pH=—log ([CI"]-[Na"]) —X» pH=—log ([CI"]-C,) —X—

— M, pH=-log (fC,—-Cy) — | pH=—log (C,(f—-1)) |

3/15



L

' UNIVERSITAT s Quimica Analitica
BARCELONA Calcul simplificat de corbes de valoracio

=

SiCp=0,1 M, tindrem:

f % valorant [H30%] pH
0 0 1071300 13,00
0,5 50 101270 12,70
0,9 90 1071200 12,00
0,99 99 1071100 11,00
0,999 99,9 10-10,00 10,00
1 100 10700 7,00
1,001 100,1 10490 4,00
1,01 101 107390 3,00
1,1 110 1029 2,00
1,5 150 107430 1,3
2 200 10700 1,00
pH
12
10 +
8 -
2 3
6 -
4 -
2 -
—
0 1 1 1 J
0 0.5 1 15 £ 2
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3. VALORACIO D’UN ACID FEBLE MONOPROTIC AMB UNA BASE FORTA

Exemple: HA amb NaOH

HA+NaOH —> A™ +Na’ +H,0
. NaOH s Na* +OH™ Concentracié d'acid=C,
Reaccions: Concentracié de base=C, =f-C,

K
2y + -
HA+H,0 &= H;0" +A (f = fraccio valorada)

K
2H,0 === H;0" +OH"~

Constants d’equilibri: K, _m, K, =[H;0"][OH]
[HA]
f=0: pH d’un acid feble

Balang de masses (BM):  C, = [HA]+J)(/]

Balang de carregues (BC): [H3O+] =[A"]+ M (en aquest cas el BC coincideix amb el balang protonic)

K,[HA] BV, 0 ]_K C, Bc 10" = K,-C,
A7l [A7] [H;07]
log (K,-C,)

2

[H;0"]=—2—— —[H;0" 1=k, -C, >

—>| pH=—

0<f<1: solucié amortidora

(BM) C, =[HA]+[A"]
(BM) C, =[Na"]=f-C,
Balang de carregues (BC): M+[Na+] = [A_]+jQH/]
Ki[HA] [H.0"]= Ka(C,—[AT])  sc [H.0"]= Ki(C,—[Na"]) sm
ATl ? [A7] ’ [Na*]

K,(C, —fC,]) 1-f _ f
—>[HO ]_—f-Ca KaL : j—) pH—pKa+Iog(1_fj

Balan¢ de masses:

[H;0"]=

f=1: punt d’equivaléncia, pH d’una base feble
Balang de masses (BM):  C, :J,H»/-(T+[A’]

Balang protonic (BP): MHHA]:[OH_]

Ka[HA] K,[OH"]

[H,0%]= —EM 5 [H,07]= —— [H;07]=

] a a

K,[HA]
C

K, K K, K 1 C
—Hfey H307]=—2-%— 5 [H;0%]= [-2-" — | pH="1 log| —2
C,IH;0"] c, 2 K

a w
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f>1: excés de base forta

(BM) C, = [HAT +[A"]

(BM) C, =[Na"]=f-C,
Balang de carregues (BC): MHNa*] =[AT]+[OH]

Balang de masses:

0 1= v B poto K e g Ke e
[OH7] [Na"]-[A7] [Na"]-C,
—M 5 H,0']= Ko __Kw | pPH=14+log (C,(f-1)) |
fC,-C, C,(f-1)
Si HA= acid acétic, K, = 10%7i C, = 0,1 M, tindrem:
f % valorant [H30%] pH
0 0 10288 2,88
0,5 50 1047 4,75
0,9 90 107 5,70
0,99 99 1075 6,75
0,999 99,9 10775 7,75
1 100 107888 8,88
1,001 100,1 1071000 10,00
1,01 101 1071100 11,00
1,1 110 1071200 12,00
1,5 150 107127 12,70
2 200 1071300 13,00
pH
14
—e
0 . . . .
0 0.5 1 1.5 f 2
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4. VALORACIO D’UNA BASE FEBLE MONOPROTICA AMB UN ACID FORT

Exemple: NH; amb HCI

NH; +HCl —— NHj +CI” +H,0

HCl4+H-0 cF +H.0" Concentracié de base =C,
Y 3

Reaccions: K Concentracié d'acid=C, =f-C,
by + -
NH; +H,0 & NH, +OH (f = fraccid valorada)

K
2H,0 === H,0" +OH"

+ - +
Constants d’equilibri: Kb:weK :w; K, =[H30"][OH7]

[NH;] T INH]
f=0: pH d’una base feble
Balang de masses (BM):  C, = [NH3]+M
Balang de carregues (BC): [N HZ] +M =[OH"] (en aquest cas el BC coincideix amb el balang protonic)
+ * - K.-K
[H3O+] - Ka[NH4] BM [H3O+] — Ka[NH4] BC [H3O+] — Ka[OH ] K, [H3O+] - a w+
[NH;] Gy Co Cyp[H307]
—[H;0%]= LELREN szllog Co
C, 2 LKk,
0<f<1: solucié amortidora
BM) C, =[NH;]+[NH
Balanc de masses: (BM) Gy =1 _4] [NH; ]
(BM) C, =[CI"]=f-C,
Balang de carregues (BC): [J,;G/]HNHZ] = [CI_]+J,OH/]
. M K,[CI®
[H30+]: Ka[NH4] BM [H30+]: Ka[NH4_i|— BC [H30+]: a[ 1 BM
[NH;] C, —[NHg] C, —[CI"]
BM + K,-f-C, f 1_fj
——> [H;07]= =K — | pH=pK, +log| —
0] Cp—fCy \1-f PrPTa o8

f=1: punt d’equivaléncia, pH d’un acid feble
Balang de masses (BM):  C, =[J/H§T+[NHZ]
Balan¢ protonic (BP): [H,07]= [NH3]+L(}H/]

M K.-C K.-C
[H30+]=K3[NH4] M H;07]=—22 2 [H,0"]=—2L 5 [H,0"]= K,-C, >
[NH3] [NHg] [H3O ]
log (K,-Cp)
P 2
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f>1: excés d’acid fort

Balang¢ de masses:

Balang de carregues (BC): [H;07]+[NH;]= [CI_]+J,0H/]

(BM) C, = [NH; 1+ [NH5T

Quimica Analitica

Calcul simplificat de corbes de valoracid

(BM) C, =[CI"]=f-C,

[H;0"]=[CI]-[NH} ] — [H;0"]=[CI"]-C, —> [H,0"]=fC, —C, =C,(f-1)—>

— | pH=—log (C,(f-1)) |

SiK,=102%iC,=0,1 M, tindrem:

f % valorant [H307] pH

0 0 101112 11,12
0,5 50 10924 9,24
0,9 90 1082 8,29
0,99 99 10724 7,24
0,999 99,9 10624 6,24
1 100 10> 5,12
1,001 100,1 1049 4,00
1,01 101 1039 3,00
1,1 110 10> 2,00
1,5 150 10430 1,30
2 200 10100 1,00
—

0 ! : ! .
0 0.5 1 1.5 f 2
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5. VALORACIO D’UN ACID FEBLE DIPROTIC AMB UNA BASE FORTA

Exemple: HA amb NaOH

H,A+2NaOH —> A®" +2Na* +2H,0

+ -
NaOH > Na’ +OH Concentracié d'acid=C,

. Ky - .
Reaccions: | H,A+H,0 &= HA™ +H;0" Concentraci6 de base =C, =f-C,

K _ .
HA™ +H,0 <> A2 +H,0" (f = fraccié valorada)

K
2H,0 T== H;0" +OH"~

_[HATIH 0" o [A* ][H;0"].

; K, =[Hs0"][OH"
[H,A] [HA™] 07 1[OH ]

Constants d’equilibri: K,

f=0: pH d’un acid feble (H,A)

Balang de masses (BM):  C, = [HZA]+LH»K/]+JA}/]

Balang de cérregues (BC)Z [H30+] =[HA ]+ ZJA}/]-i- pH/] (en aquest cas el BC coincideix amb el balang protonic)

Hy07)= KaalMAl_ec ooy KaalMoAL_ow o0y Kaa e,y 00y il
[HA™] [H;0"] [H;0"]
log (K,1-C.)

—| pH= 5

0<f<1: solucié amortidora (H,A/HA)
(BM) C, :[HZA]+[HA_]+W/]
(BM) C, =[Na*]=f-C,

Balang de carregues (BC): MHNa*] = [HA’]+;M+LOH/]

Kal[H_zA] BM [H3O+] _ Kal(Ca _EHA_]) BC [H3O+] _ Ka1(ca _[Na+]) BM
[HAT] [HA™] [Na"]

M, [H30+]:w=@1 (174}* pPH=pK;, +|og(ﬁj

Balan¢ de masses:

[H3O+] =

a

f=1: primer punt d’equivaléncia, pH d’un amfolit (HA’)
Balang protonic (BP): [ ]+[H2A]:[A2_]+jQH/]
Dy ok HATIHOT] ok, . IBACTHOT] K, [HAT]
[HA]=[A%] Koy =[A¥] — =
Kal Kal [H30 ]

— pKal + pKaZ
2

— [H;07]=/K,;-K,, — | pH
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1<f<2: solucié amortidora (HA/A%)
(BM) C, = [HsAT +[HAT]+[A%"]
(BM) C, =[Na*]=f-C,

Balang de carregues (BC): W+[Na+] = [HA_]+2[A2_]+J,OH/]

BM [HAT]=C, —[A*"]

Balan¢ de masses:

C,—[AT]=fC,-2[A" ] >
BC [HA"]=[Na*]-2[A*] —M [HAT]=f.C,—2[A7]

—[AT]=C,(f-1) (%)
BM [HAT]=C,—[A*] — [HAT]=C,—C,(f-1) > [HAT]=C,(2—f) (**)
K,HAT] () [H30+]:K32[HA_] (+4) [H30+]:K32-Ca(2—f):Kaz(Z—f)_)

0=~ ) c.(F-1) c.(F-1) f-1

f-1
— | pH=pK,, +Iog(;j

f=2: segon punt d’equivaléncia, pH d’una base feble (A%)
Balang de masses (BM):  C, =1I;I{KT+LH»A’/]+[A2_]
Balanc protonic (BP): M+[HA‘]+;LH{AT: [OH7]

K,,[HA™ K,,[HA™ K H
[H,0°]= a[iz]] R R
a a
K, K K,,K 1 C
—> [H07] = —2 2 [H,07] = SR pH=—log[ ; j
C,[H;07] C, 2 Ksz Ky

f>2: excés de base forta

(BM) C, =M+LHK/]+[A2_]

(BM) C, =[Na*]=f-C,

Balang de carregues (BC): M+[Na+] :LHA/]+2[A2_]+[OH_]

Balang¢ de masses:

[H3O+]: Kw_ i) [H30+]: " Kw — BM N [H30+]: +Kw BM 5
[OH"] [Na"]-2[A%"] [Na*]-2C,
—M 5 [H,07] Ko __Kw | pH=14+log (C,(f-2)) |

TfC,-2¢, C,(f-2)
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Si H,A= acid carbonic, Ka = 109, K5, = 101932 C, = 0,1 M, tindrem:

f % valorant [H30%] pH
0 0 10738 3,68
0,5 50 10%% 6,35
0,9 90 10730 7,30
1 100 10834 8,34
1,1 110 107938 9,38
1,5 150 1071033 10,33
1,9 190 101128 11,28
2 200 107167 11,67
2,1 210 101200 12,00
2,5 250 101270 12,70
3 300 1071300 13,00
pH
14
12
10
8
6
4
2 -
0 1 1 1 1 1 J

Nota: Per obtenir una representacié més acurada de la corba de valoracié seria convenient calcular punts
addicionals a increments més petits de f.
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6. VALORACIO D’UN ACID FEBLE TRIPROTIC AMB UNA BASE FORTA

Exemple: HsA amb NaOH

HsA+3NaOH ——> A®” +3Na’ +3H,0

NaOH —— Na® +OH"~

K o 1y i
' HyA+H,0 === H,A” +H,0" Concentracid d'acid=C,
Reaccions: Concentracié de base=C, =f-C

K, _ a
H,A™ +H,0 === HA* +H,0"

(f =fraccid valorada)

K
HA®" +H,0 === A* +H;0"

K
2H,0 === H,0" +OH"~

_ [H,AT][H;07] _ [HA®T][H,0*] _[A¥][H,0°]
- ’ Ka2 - _ ’ Ka3 T S

K, =[H;0"][OH]

Constants d’equilibri: al

f=0: pH d’un acid feble (H;A)
Balang de masses (BM):  C, = [H3A]+[J,[K/]+LI;LA'2ﬁ+jA}/]
Balang de carregues (BC): [H;07]= [HZA_]+;LH¢(2ﬁ+3JA}/]+j9H/]

(en aquest cas el BC coincideix amb el balang protonic)

2 3 3
L[ o 1oe 06:C,]
2

0<f<1: solucié amortidora (HsA/H,A))

(BM) C, =[H3A]+[H2A‘]+Luﬁ+w/]

(BM) C, =[Na*]=f-C,
Balang de carregues (BC): MHNa*] :[HZA’]+M+%+M

Kal[H?:A] BM [H3O+] _ Kal(Ca _[ﬂzA_]) BC [H30+] _ Kal(Ca _+[Na+]) BM
HA™] HA7] [Na"]

—5 [H,07] ~KarlCo PG Kal(l_f) — | pH=pK,, +'°g(1f fj

Balan¢ de masses:

[H3O+] =

f-C f

a

f=1: primer punt d’equivaléncia, pH d’un amfolit (H,A’)

Balang protonic (BP): | ] +[H;A] =[HA27]+}LK3/]+LO'H/]

12/15



UNIVERSITAToe Quimica Analitica
BARCELONA Calcul simplificat de corbes de valoraci6

HoA = a2 ] Koy [BATIHOT oy wfgj[mo | K [ .

Kal al [H30+]

— pKal + pKaZ

— [H;0"]=/K,;:K,, = | pH .

1<f<2: solucié amortidora (H,A /HA?%)

(BM) C, =M+[H2A*]+[HAZ*]+JA}/]

(BM) C, =[Na*]=f-C,
Balang de carregues (BC): MHNa*] = [HZA’]+2[HA2’]+;LA3/]+jQH/]

BM [H,A"]=C, —[HA®"]

BC [H,A"]=[Na*]-2[HA* ] — [H,A"]=f-C, —2[HA®"]
—[HA®]=C,(f-1) (*)

BM [H,A"]=C, —[HAZ] —2 [H,AT]=C, —C,(fF—1) > [H,A"]=C,(2—f) (**)

Balan¢ de masses:

} C,—[HAZ ]=fC, —2[HAY | >

KaalH, Al ¢ [H3O+]= KaalH A1+ [H3O+]= Kaz'Ca(2—f) - Kap(2—f) N

0 == Ay C.(f-1) C.(F-1) o1

f-1
— | pH=pK,, +Iog£;j

f=2: segon punt d’equivaléncia, pH d’un amfolit (HA%)
Balang protdnic (BP): [Hs0™] +[H, A1+ 2[HsAT = [A> ]+ [OH"]
- + +
AT (A ]ty A0 o, BHACIHO'] KA

Ka2 Kaz [H30+]

— [H307]=/K,y K3 = | pH=

2<f<3: solucié amortidora (HA*/A%)

_ 2 3-
Balan¢ de masses: (BM) €, _MJFM“L[HA 1+[A™]

(BM) C, =[Na*]=f-C,

Balang de carregues (BC): M+[Na+] :M+2[HA2_]+3[A3_]+L(}H/]
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BM [HA* ]=C,—[A%*] 3 3
) ) am ) o CG-IATI=4(FC, -3[A ) >
BC [HA® ]=1(INa"]-3[A*"]) — [HA® ]=1(f.C,—3[A%"])
—[A*]=C,(f-2) (%)
BM [HAZ =, —[A%] —5s [HAZ]=C, —C,(f-2) > [HAZ ]=C,(3-f) (**)
2— 2—
KsHAZ] [H30+]:Ka3[HA] (+4) [H30+]:Ka3-Ca(3—f):K33(3—f)_)

s C.(f-2) C,(f-2)  f-2

f-2
— | pPH=pK,; +Iog(;)

f=3: pH d’una base feble (A%)
Balang de masses (BM):  C, =MT+M/]+1LLA‘2/]+[A3_]
Balanc protonic (BP): M+[HA2_]+;LH{{]+;LH{(= [OH™]

K.2[HA?"] K.2[HA?T] K.2[OH]
[H3O+]= a3 e BM [H30+]: a3 BP [H30+]: a3 K,
[A] C, G

K_.-K K. 5K 1 C
LN [H30+]:Lvi_) [H07]= -2 > | pH== Iog( ’ ]
C,[H307] G 2 Kaz Ky

f>3: excés de base forta

j— 3 37
Balang de masses: (BM) C, —M+[ﬁ{ﬁ/]+1ﬂkz/]+[A ]

(BM) C, =[Na*]=f-C,

Balang de carregues (BC): MHNa*] :ﬁ,[ﬁ/]+;u=lﬁ+3[A3’]+[OH’]

[H3O+] — KW i) [H30+] — — KW 3 BM [H30+] — +KW BM
[OH] [Na®]-3[A%"] [Na"]-3C,
—M 5 [H,07]= Ko K | pH=14+log (C,(f-3)) |
fC,—3C, C,(f-3)
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=

Si H3A= acid fosforic, Ka1 = 102, Ky = 107%%, Ka3 = 10233§ C, = 0,1 M, tindrem:

f % valorant [H30%] pH
0 0 107183 1,63
0,5 50 1021 2,15
0,9 90 103Y 3,17
1 100 10408 4,68
1,1 110 10626 6,26
1,5 150 1072 7,21
1,9 190 10816 8,16
2 200 10°77 9,77
2,1 210 101140 11,40
2,5 250 101232 12,32
3 300 107120 12,50
3,1 310 1071260 12,60
3,5 350 10°13.00 13,00
4 400 1071310 13,10
pH
14
12
10
8
6
4
2
o 1 1 1 1 L 1 1 J
0 0.5 1 1.5 2 2.5 3 3.5 f 4

Nota: Per obtenir una representacié més acurada de la corba de valoracié seria convenient calcular punts
addicionals a increments més petits de f.
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