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Section 3

Calculation of hydrogen 1on
concentration of aqueous solution

(calculation of pH)



calculation of pH

algebraical

__voe [y cee B pnc |

\ Chemical equilibrium

l accurate expression of [H'] l

|
l approximate expr. of [H+] |

| Further approximate

l most approx. expr. of [H+] l
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sl [H )=
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Calculation of pH of strong acidic (or base) solutions
AR R T E AR
#an: 0.1mol/L HCHAY, [H*]=0.1 mol/L , pH=1.0.
(B RAEHIRERM <10 mol/Li}, ZEZ5[S/KEME LK
HTH* o

HCI = H* + CI- H,0 — - H*+ OH-
PBE: [H']|= [Cl]+[OH]|=c,+K/[H"]
28 R
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it 5 FEASAE R =0

H

(Cyey <10°mol-L7)

BRBR: JE[H*]# N[OH], C. ¥ ~NC.BIH].

— RS 5 PR SR RV VR R R B ¢>10-6miol/LL

AT ASK A -
[H]=c, B¢ [OH]=g¢,

201846 1 14 H O 405



1. Gy =1.0x107 mol-L, T RB&RIPpH=7
fie . Cucl <10°mol-L*!
_C+\/Cz+4KW 1.0x107 +/(1.0x107)? +4x1.0x10™"

2 2
=1.6x10""(mol-L™)

~1g1.6x107 = 6.80

[H']

2. Cyyou=5.0x107 mol-L-", 3KpH=?
ff: v eyoq <10 mol- L7, WA fEREHRITE

cHJ 4K, 5.0x107 +4/(5.0x107)° +4x1.0x10™
2 2
=5.2x107 mol - L’

[OH =

pOH =6.28 Y %W?kg)yz%as.net




Calculation of pH of unitary weak acid solutions

iR [H']=[A ]+[OH]

Ky[HA]
H'] |

H'

T
kAF@REL U
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FRIAFRIETN ;

c,[H']
[H' ]+K,
RIFfF—IT=RG1=
[H']3+ K, [H']%- (K,c,+K,)[H'] - K,K =0

¥ K,c,>20K.,( ), RBREKw(BE&EKE)EAR)
|[HA]=c,- |[HY]

EERDEe

25 [HA] = RIS AR

FeF: [H+K [H']- ¢, K.=0
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. =K +K>+4cK
: [Hf]=—2 Y2 ¢

2

mE c,K>20K, , Hc,/ K,>400
W e,— [HY=c,

fE[ Y ran

—I
B[] X\

H'1=\K -c

d d
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1+%0.20 mol/L CL,CHCOOHKJpH1H -

f#: 2 %pK,=1.26

K,c = 10126 X 0.20 = 10-19> 20K,
/K, =0.20/ 10126 =3.6<400

ﬂﬁ(@ J jﬁ:'fuﬁ: [H+] _ _Ka T \ Ka2 +4CaKa

2

[H*]=10-1-" mol/L ,)l|pH = 1.09

INANE [EER Y B R (

J5E:pH = 0.98)
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B4, F—ITT SRR AT E [OHIRE -
#c mol/L NH, H, O W
PBE: [OH-|=[NH,+[H"]

KINHT Ky

SIANFREHXR: (OB
[OH | [OH ]

e Al (O =, /K [NH, |+

W
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= K.c, >20K (10-127), ZAREK,,

iR /SNl OH |=,/K, (¢, —[OH )

K, ++ K} +4c. K,
[OH F———
2
£0<0.05, Blc,/ K, > 400 Nlc -[OH]=c,

EESE (OH =, /K ¢,
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TR, B—REEEM, B_REBNTT
%. HPBEAN:
[H*]=[OH-]+[HSO /]+2[SO 2]
R 7K B B AR
[H*[=c+[SO ]

[SO 2| 7] PAF B4 HHSO,2- 25 IR FIRE,
W B A5 3 BARN, BHES.

[H*]2-(c- K ,)[H*]-2¢K,,=0
fRITHE:

——




3. L SSERR(H ARERTTE
Calculation of pH of binary weak acid solutions
PAH, A9
PBE: [H*]=[OH-] +[HA"] +2[AZ]

[H2A]Ka1 +2[H2A]KalKa2 + KW

[H'] [H'] [H]

20184E6 ] 14 H 91404 17



[OH-| 7] 2.1

—fER T,  2Me <05, RE
RE—IDEE VK a6
[H*]=[HA-]=K,,[H,A] / [H*]

j&ﬂ’lﬁ : [H+]: Ka1 [HzA] — 4\ Ka1 (Ca _[H+])
5—JussEAa L

Y cK, >20Ky, c/ K, < 4008}

al—

FAEMR:  [ARRE )

c, K, 220K , c,/K,>4008f

a““tal— al—

1 & iz [H']=/K,c,

C

VA

| -



2 K, 220Ky, c/K,, < 4008}

iplin [V G

Y K, 220Ky, c/K, >4008}

 Ate
FH ¢ 18] 2\
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#%£0.1000 mol/L Na,CO, AR I pH1H.
2E& K,=K,/ K,=1.8X104,

K,=K,/ K,;=2.3X10-8,

2K,
K, ¢ >20K, m<0.05 H/K,, >400

P FH B ) 2

|[OH |= /K, ,c,

—1.8x10% x0.1=4.2x10"° mol/L
pOH=2.38 pH=11.62
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. 115 0.10mol/LH, PO, A B HH & 2 KAk
FIWRE. BHK,,=7.6X103, K,,=6.3X1078,
K,:=4.4X1013

fB: BN JeK, =+0.10x7.6x107 > 40K
K ,>>K ,, HcKal—O 1X7.6X10-3>20K,,, &

a

R — . =R S A/K B #E 0] Z B, ‘I
B— SRR E . XHANc/K, <400, HE:

—K, +K, 2+ 4cKal
2

 —7.6x107 +4/(7.6x107°)? +4%0.10x7.6x 1073
- 2

[H™]=

=2.4x10"* (molgL™)



[H,PO|=[H*]
=2.4 X102 mol/L

|H,PO, |K_,
[H]
=K ,=6.3x10" (molsL")

[HPO? |-

[HPO&ZI_ ]Ka3 — Ka2Ka3
[H"] [H"]

- 6.3x10°x4.4x107"

- 2.4%107

=1.2x10™"  (mol-L")

[PO; I=




4. M RAE &
Solutions of amphoteric compounds
PINaHA 1, eI BE Y e (mol/L).
PBE : [Hf]=[A%] + [OH] -[H,A]

K, (K, [HA ]+ K, )
K, +[HA]
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—fEERTF  HAlc RALRE

Kal(KaZC -I-KW)
\ K, +c

MK,,c>20K K, K 2%, 183

[H"]=

KalKa2C
\ K, +c

[H]=
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24 ¢c220K, B}, K, ,ZB

[H']= K, K,

XNa,HPO4: [H']= K ,K,,

XNaHPOsfH = /K, K,,
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5. S5BR STREL I &
Solutions of weak acid-weak base salts
1 NH,Ac, WHACHIEEN K, »
NH4+ E(J‘:%L'ﬁy\jKa,
- :\/Ka(Kac+Kw)
K, +c

K K c
\ K +c

[H]=

[H']=K,K,

NS
(8).
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"HN-CH, -C00 HJENFE, BFE. WHMHIER
1. TENIR:

NP

\

TE KB DMB R B T

“H,N-CH,

K, 6 =4.5x10"

Y

-COO™ =" H,N-CH,-COO™ +H*

K, =2.5x10"

“H,N-CH,-COO™ + H" =" H,N-CH,-COOH

KW
Ky = I

a2

—4.0x10

K
K,=—2=22x10"
K

al
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HA K,,c220K,, ¢220K,;

= AL D

FH 55 18] 2\
[H] = \/KalKaz
=4 5X103X2.5X10-10

=1.1 X10-° mol/L
pH=5.96
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6. 5Bl 5 S EERYR SR
Solutions of strong acid mixed with weak acid
WRE N, BmERESIRE N, [5RIBS:
PBE: [H"]=c,+[A-]+|OH"]
THREZRYE, WEAKIBE,
I\ TR

|H*|=c,+[A]

G —-K,)+4(q _Ka)2 +4(c; +¢,)K,

2
#c>20[A], EXATREEAN: [HY] =¢,
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Section 4

Bufter solutions



buffer solution: BEXTIAK KIES

B Rt e (G T FH I -

classification and composition

O HTF ) — R BRI T

W, XREMBBKNZE =2
ERBEXT B 2H il s
@ P

B, B A R R R PEY R AT AR o

, ERHAERE

—‘%m XH‘J/ \‘%

H-

S

1R L2 2R B A B %*BE/ HIE— PP
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S9fR K& WHAc-NaAc

95 X H . WNH,;-NH,Cl
PRI R IR £

#INaH,PO,Na,HPO,

HAc -— H™tAC
J,_"?l NaAc —— Na™tAc

5 O 2 R T (A, 50
FEEHCH R T (HAC , 58%)

FI0 i [F] B A E
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P pHATTHE

Calculation of pH of buffer solutions

I.L 5/:, et f_r r)/

LA ZT 8 R A

WEIRMHA) R E Ne, mol/L , FLHE
BE(NaA) I E Ne, mol/L.,

STHA-H,0  PBE: [H*]=[OH-|+[A]
il |[HA|=c,-[A"]= c,-[HT] +[OH"]
StA-H,0 PBE: [H]+[HA]=[OH]
il |A"]= ¢,-[HA]=c,+[H*] -|[OH]
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ERXANEFHAT R
W 1R

I =IX T HES
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1. ISR pp4E R 7EpH <68 &2 2% 4 FH (i
HAc-NaAc %), BB [H]>>[OH]-

2. R Z ik R7EpH > SEF S M ER (0
NH,-NH,CI5), %W H[OH] >> [HY] .
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3. A, o TBEHT [H] Al [OH-] X
i, BERTRBKEIEME, ATES S E K
I 2 55 R 3L R B <325§E&'—5,-<$EE§%>
MR U e

C‘L

ik <4
C,
ﬁfi*&‘@ : HAc — H*+ Ac
ey h C, 0 c,

S5 e, —[HY] [HY] c¢,+[H]

RKRD, ¢, ey RBKR, ¢, -[H]=c
cpyH|H] =c 'ﬂ])\—A@I n%ﬁi%iiuﬂl]—f
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4 #NINH,;-NH,CI
EE%i A8 NH,+H,0 = NH, + OH-
i@ﬁﬁz Ch C, 0
F#i: ¢, —[OH] c,+[OH7] [OH]
(c,T[Ofk)) - [OH]
K= .
¢, —[OH}
RK IR/, ¢, cb—ﬂﬁfﬁcj(, ¢, —[OH-]=c

c,t[OH"] =c , 185, =XIETJI\A
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v

in: NaH,PO,-Na,HPO,

A )
LECEL RN 11 PO, - - H' + HPO,

Big: ¢,

~——————

0 Cy,

A c,-[H] [H]  oHH
.iKaz'?E/J\’ C,. Cb—‘ﬂﬁﬁj(’ Ca—[H+]zC

c,+[H] =c , RN

[H*] =

o A R AT
Ca
a2 Tb <=
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Standard buffer solutions

EZR M E R pHERHE

{’aLH'Jer+H'J{§

B. &

THRAE S SEREAAHERT .

17 R A

iB’J?/ﬂﬁ

ﬁﬁ

)

R, B
i3t

17

==

#5140 B10.025 mol/L

Na,HPO _#10.025 mol/L KH,PO BT R i) 2%

2018461 14 H 94045



< J

e At RN -2 Ky sk P K
pH=pK ,+lgc,/c,=7.20+1g0.025/0.025=7.20
WEERSELRER —EHEN.

EAMES P R pHE N E R TTE A+, &
ARLIE S T RIR M . B AR B B
ARARRFHATHEH

NI
1 - =-0.507 —0.307) =-042
27 e ( T I)
Dpor Vvpor
pH=pK, Hg———=7.20Hlg———=06.88
a

H,PO; V H,PO;
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Buffer capacnty

{s 1 Lis ¥ pH

- db . da 14 indpH & A7 B

dpH dpH Fir 5 9 B da Bl 5
B db(mol)

BR/NE BIREMEHTIRER K.
HpWEHEAHFIR, SR, p
N BIREMFER, SH5KE e
IT1:1, BN, WE L NS, &N,
LR ¥ I pH= pK, .

gl 4l
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LEERRAE R, pH=pK,t1
\%&%%’ pOH—pr |

1. BB RHIEMEREST: ¢8R (0.01~1mol/L);

HAc — NaAc : pK,=4.76 (pH 4—5.5)

NH,; - NH,*: pK,=4.75 (pH 8—~10)
(CH,)(N, - (CH,)({N,H*: pK,= 8.87

(pH 4.5~6)

2. AT E : EDTATH € Fe3*, AN HF, Ml
Pb2*, A~ FHHACc,
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75>

1. T+ & pH=1.0R1pH=3.0 ] P F 98 E1 &
EFRRBESEHEBRPpHE. (1.3)

J

TP

2. E—250mL&B W H, & FH2.5X108 mol/L

HCl, +HEBE®pHIE. (6.8)

3. BRECHIpH=9.0 1 =P IB R, Wik

@© H (pK, =3.74) } H £
@ HAc(pK, = 4.74)—Ac-
® NH;(pK, = 4.74) —NH,*

@ RZE NH,OH(pK, = 8.04)—NH,OH,* (

&©)
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Home works

Pages 90 and 91 in textbook,
Questions: 10(3,4,5,9,11,13,14,20), 11, 13





