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e -In(10)a,,, (1.15)
d’a,. _ dlda,./(dpH)] (da,. ) _ 2
dpH)Z ~  da,. (de)‘('”(lo» B (19
Aai*** = —In(10)4pH + %(In(lO))Z(ApH)Z - %(In(lo))S(ApH)?’ + o
(1.17)

= —2.30264pH + 2.6509(4pH)? + 2.0345(4pH)® + ...

oooooopHOOOODOO a, 000000000000 0OO0OO0O4pHOOOOOO
oooobouooooooooobooooioodida, D000D0O000O0O00O0O00O0O0O
pHO 00100000000 20000000004, 00000000000 0O0OO

ogoog

pHOOOOOOODOOOOOoo0ooooooooooo

4a,,/a,,
ApH 01000 DO2000 03000
+0.1 -0.23026 -0.20375 -0.20578
-0.1 0.23026 0.25677 0.25880
+0.01 -0.02303 -0.02276 -0.02276
-0.01 0.02303 0.02329 0.02329
+ 0.001 -0.0023 -0.00230 -0.00230
-0.001 0.0023 0.00231 0.00231
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gboobo0oydobooooo

Vo) = Z;W e (1.19)
f000Wf)OD
Wﬂ=:%§ﬂ—52 (1.20)
= Zl [(x =9+ (5, - P (121)
- Z; [ = 22+ (5, = 9% + 205 - 5, - 9)| (122)
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0000000000000000001001+010 0123+00010000000000
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f(x+4axy+4y)- f(x,yyOOOOOfO xOyOOOO TaylorOOQOO20000000

ooad
of of
Af = (&)yﬁx+(a—y)xﬁy+ ...... (124)

fOOO0OD0O0O0O00OO0 xODODODyOOoooooooooog
of\ o, (af\ .
v(f)_(&)y 4x) +(a—y)X ay)-+ (1.25)

DO0D0O00f=xyOOOO
V(f) = Y(UX)? + X2 (4y)? (1.26)
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o= W) = \Y2AX)2 + 5(ay)? (1.27)

D0D00O0x=100001,0 y=1001000000000000 300000000000 6
00400000000000000000x>y0000000000000¢ > +/x2(4y)2
~1004y~0100000000000 y0ODOODOOO 100000000 f=1001000
0DO00O000O0o

x =100,y =1.001 0 O O o = ((1.001)2x12 + (100)2x(0.001)2)Y/2 = 1.006 ~ 1 0 0 0 O f = 100
0000000000000000000000000000000000000
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10000
(8) 0.001 MO (b) (1/2)x(4x0.001 + 2x0.001) = 0.003 M (c) (1/2)x(4x0.001 + 4x0.001) = 0.004

Doo
(@ logy,, = -0.5106x 1 x V0.001 =-1.614 x10-20 y, =0.9635

(b) 10gy ., = -0.5106x 2 x V0.008 =-5593 x1020 y;,, ., =0.8792

(0) 109y, 0, = -0.5106x 4 x V0.004 =-1.292 x10°10) ¥, . =0.7427

Doo o

0DAg'0C-0000000000c,,0c, 00000000000000000000
DO0O000c,, =¢, 00000000 ¢,,,00000AgCl0000000000000
010000000000000 K =c,, =c, =V178x10°=133x10°00000
00 (6D000000000000000 100000000000000000000
133x10°0000000000000 (000

ooooo

[Ag™] +[Na'] = [CI7]

ooo o
@

Na* 000 ¢, 0CI- 0000 c, 0000ONaCIOOOO000 0.0100mol dm30000
00 €y =0.0100mol dm= 000 0c, ~0.01000 moldm= 0000000

NaCl

000000c,, =178x 108 mol dn=30]
000000000000000000000
O00000000000000000000
o K

SP
Cog + —— =C
NaCl Cl—
Cor

0000c,.000002000000000000

1 0
Co- = E [CNaCI + v C(I\JlaCI 2+ 4KSP]

Cye =0.0100mol dm=300 @ >>2k, 000000000 ¢, =cd 0

NaCl NaCl NaCl
NeClOOOoOOooooo
goooood

(b)
.. =100x 104 moldm=3000

NaCl

¢y = 1.02x 107° mol dm™30



Cge = 175 107° mol dm=3[0]

()
C..=100x10°moldm=3000

NaCl

c.. =1.92x10"° mol dm=3[]

Cl

Cag = 925X 1076 mol dm=30]

good

0000000000000 000o0o0ooooDoOOC0OOO0000DOoOUoOoO0OE32 00
ubooboobobooobobbobobooboboboboobooobobooboooboo
oooooOoOoOOO0OO00O0O000O000000O00O0UOOUOOO (23200000
gbooboobooobooobo

goboobogood

000000 NCIOOOOOOoooooO Agro Cd-rooooooooooooooooo
uboboaon

KSP = aAg+ a,- = Yagt Vo CAg+ Co-

Agt0 C-000000000000000000000Ag'0C-000000y, 00
00, =Yy =7.0000000c¢,, =¢4 =C

'AgCl
DDDDDDDDCAQC,DAgCIDDDDDDDDDDDDDDDDDDDDD

goopooogobooooon

000000000 1000000 AgClOOD0DOO0DOOoDOOoDOoboDoooaoon

Ky = (7.)% (Cager)?
godgooooooogoonooooooooooogoooooooggoonoooono
odc oo ooooooogogonooooono

‘AgCl

ugbobogobodgboobboobooboo

gooooogood
goooooooooooogoogooooogog IDDDDDDDI:CAQGDDDDDDDD
goooooooooo

2
Kq):(yi) (CAgCI)2
DHOOOOOOOO,

2

—0.5106
Ksp:(lo 1/(:Agu) (CAgCI)Z
oooooooooooooooo
logK,, = 2(-0.5106 [T, ) - 2logc, o, =0
DDDDCAQC,DDDDDDDDDDDDDDDDDDDDDDDDDD
Exce O Solver DO OO OO
¢, . =1.35x%x 10> mol dm3

‘AgCl

obobobooboboobobooeenung
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D00D0000000 @)D0D000000 ¢,y =133x10°moldn3 00000000

AgCl
oooooooooooo

Solver 000000000 13x10°000000000000000000000000
obooboooooooooooooooooooooooonDo

ubobobooboooboobboobooooo

uobooboobooboobooboobooooboobooboobooooDboog
gbobooboboboboobo

KSP = aAgJr aCI‘ = ’yAgJr yCI— C'AgJr CCI‘

O0DO0O0OONCIOO0O0O0Ooo c-roooooooooooooo

1
Co- = 2

K
0
Cuear T \/(Crcxl)ao)z +4—=

yAg+ yC| -

DHOODOOODODOO
—0.5016 VI 2
Yag Yo = (10 ' )

oboooooooo 1goo

1
'ZE(CAngC

ubooboooooooooooooon

+ cd,) =c,.

Nat

NaCl OO0 000 0.01mol dn2 (a) 0 0.1 mmol dm=3 (b)0 0.01mmol dm=3(c) 00000,
0000 000lmoldm?00000¢, Oc,, 0000000

giooobooioouoooboibidce,. 000000000 O0O0O0 c,- 00000
oboooooooooobobobobHoOoboboboboooooooooogoonoo
ooooobc, bboooooonobbooooooon molarity 0000000000
gbbogobooboobboobooobooon

NeClOOOO ¢, OO0 c,- (O00) »*(OO0) ¢, (@OO0)

0 1.3341x 10™° 1.3399 x 107° 0.9957 1.3399 x 107°
1.00 x 10 1.9240 x 10™° 1.9313 x 107° 0.9948 9.3125 x 1076
1.00 x 1074 1.0170 x 107 1.0179 x 10~* 0.9882 1.7907 x 1076
1.00 x 102 1.0002 x 10~ 1.0002 x 103 0.9635 1.9170 x 10~/

1.00 x 1072 1.0000 x 102 1.0000 x 10°3 0.8891 2.2518 x 1078

2 0000 M, (NaCl) = 22.990+35.453 = 58.4430 0 0 100 mL O 0 O O O O 17 0.900 w/v %0 O
D0000D0D0000001L00 9gNaClO0 00000 D 9/58.443 = 0.154 mol dm™3.
O0000000000000000000000000001,=0.154mol dm™3,

000 M, (KCI) = 39.098+35.453 = 74.55100 M, (CaCl,) = 40.078+2x35.453 = 110.9840

|, = 8.6/58.443 + 0.3/74.551 + (1/2)(4*0.33/40.078 + 2*0.33/40.078) = 0.176 (mol dm™3).

000 M, (Nat) = 2299000 M, (Mg?") = 24.3050 M, (Ca?*) = 40.07800 M, (CI~) = 35.4530
M,,(SO2") = 32.065 + 15.999 x4 = 96.0610 M, (HCO;) = 1.008 + 12.011 + 3x15.999 = 61.016



I, = (1/2)*(1.025)* (10.6/22.99 + 4*1.27/24.305 + 4*0.4/40.078 + 19/35.453 + 4*2.65/96.061 +
0.14/61.016) = 0.70 (mol dm~3).

30AO0O0O0O0agO0 AOO0DOOOOOODOOOOOOOAODOOOOOOO M, 00000

0oooo
m, M, 1000

— X a — Xa
1000+ m, M, 1000 + m, M,
BOODOO bgDOBOOODOOODOOOOOOONOBOOONOONONOO M,000000

oo
m, M, 1000

___8Vs = b
1000+ mM, <> 1000+ mM,

oood
ooooobooobboooooo ADODODOOODO

am, a . b -+ am,
1000+ m, M, /{1000 + m M, © 1000+ mM, |~ o T
+mB B

BOOUODODOODO

bm, a . b - 3 bm,
1000 + myM, /{1000 + m,M, ~ 1000+ m,M,) aigggmma
+mA A

uboooboobobobobooboooobobbooboooboooboooboboonog
ooooooooooooov,oyv,ooooo v,+V, 00000000 ooooooo
oboobooboooooooooooooooogooooooDo

gooo

100000 xed OOOODODOOOOOOOOOODO

021 HCAOOOO25°CO00000HClOO0OOoOoooOOooOOoOoOO00:ooooooooon

gooooo
Molality Hamer & Wu* DHL** Gitelberg Davies Bromley
0.010 -0.0434 -0.0511 -0.0464 -0.0444 -0.0340
0.10 -0.0985 -0.162 -0.123  -0.110 -0.0872
1.00 -0.0910 -0.511 -0.255 -0.150 -0.0888
*Ooo

** Debye-Hickel Limiting law

Bromley DO0O1moldm3 0000000000000 00000D0D000DDOOODOO
0000000000000 0000000000 OGutelbergO O DaviessO OO O OO0
oood

O0OOFeenke 0 SSOOD0OODOOO0OOO0ODOOOOOOOODODOOOOOODODOOO
ugoo
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uio,(c) +RTIn Vi(C) c = MiO,(m) +RTIn Vi(m) m (2.48)

googono om0
(M .(C

INy© = Iny™ 4 n DA —H 7 2.49

Y, % +In =T (2.49)

0000 3000000bOOoo00oboO0o0oDoo00obOoOooOooboOoobooDbDoogo
ubbooboobobooboobooobooboooooooboooon

O1i10000o0o0oogooooon

o = m, 10000 m,p
A7 1000+ M,m, 1+ (M,/1000)m,

ubboboboooboboobte,=0dmpe00ooboobob00O0bDpbOOO0DbDOOnOOd
p, 000000000000 DODOOO0O0OD0OO000000008 0O IncO InmOOOO
ugbbooobogbooboooo

4 = ﬂio,(c) +RTInc (2.50)

000000000004%9-4%™ = RTInp, 000 0249000000000 24100
oooo

jJboboooooooooooOoboOboboOooobobueg,=0mpOOODOOOOOOOOODODDODOO
ugboogan

Oo00000000ooO
pK? = —logo, pK'”
25°COD0D0D0O0O 0.99705gcm=3 =kgdm=3 0000

pK = pK"” +0.001283

gboboobogobbooboobobooboobo

4 00000RKCIDODOODOO0O0O0DO0ODO0O0OOFreenked D0 OO 0ODOOOOOOHamer and Wu
0000000000000 00000000DO000000ORYODC-OoooOooooo
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Freenkel SSOOO0O0O0O0O0O0O0OOO0 0000000000000 O W OOOOOOOO
00000 200C- 00000000 0oOooooO 300
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10000000Na"OOH-OH'OHO0000000OH- O0OKH"O0ODO0O0OO0OO0Oooooo
ocoHO000000DOO000OO00DOOObOOOOD

20 CH;COOHO UOUODOCH;COO  UbbonuonouobuobooooH0b0booboonogon
gboboobognboog

3 00 NH;O HoPO;

4 0000000000 CH;COONaD DOOOOOOOOOOONa" O CHsCOO OOOOoOoO
CH;COO 0000000000000 0H"O00000ODDDDO CHscooHO OO OO
OO0bDOo00OO0bOOo0OOO0OOO0bOOoO0oDOOoOoDOooH-ODOOoOooOONOHOOODOO
00000000 Na"OOH OO0000OO0O0O0O00OOOOD0OOOOH O HOOODOODO
ooboooooooooooo

NHCDDOODODOOOOODDOOOONH; O C-O00000NH; 00000000000
0000 H"00000000000000000C- 000000000 HHaDODOOOD
oboooooobooooogog

50000 pH=-log(1.00)=0,000 pH=-log(0.001)=3,000 pH=-log(10-)=700000
goooooooobooooooboooooooooooo

[H*] = [OHT] +[CI7]

DODO[CT]0HCIOOO ¢, 00000000000000 K, =[H[OH]00

0

[H*]?-c[H']-K, =0

HCl

[H] = %(cﬂu + (S + 4KW)

0 0
¢, >>K,O00pH=-log(c,)0000000@O0000000000000000[HY]
=162x10'0pH=679000 0

goog

gbmobooooooobooooooooooooooooooogom

00000000
[NHZ] +[H"] = [OH"]

00000000000000000
[NHZ] = [OH]

0000000000
[NH;] + [NH3] = ¢y,
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cNH; = 1.0 x 1072 mol dm™3

NH; 00000 K,
k - (HIINH]]
: [NH;]
000000
K@, —[OHT])
oW
Ko =Kw/KaOOODODO OOy, =001moldm2 000 ¢y, >>[OH 000000000
-1= 0
[OHT] = KbCNH3
O000000025°CO00K,=5688x10°0000 K, =1.0x 10714/(5.688 x 10719) =
1.758 x 10

gbooooo

[OH™] =4.193 x 1074
-log(4.193 x 1074) =3.38 0 0 0 0 pH = 10.62

gooog

1000000000000000000[HY]=1240x1040 pH=39070000

O000[HY =7.115x 1070 pH =5.1480

20000000 cOOO0O0DOObOOOOD

[NH] +[H"] - [OHT] = [CI]
0000000000000000000000000000[H*]>>[0H 000000
[NHz] +[H*] = [CI7]

Ooooooooon
[C]=c

ooo
[NH;] +[NH3] =¢

NH; 00000 K,
_ [H*I[INHa]]

K. =
2 [NH;]

gooboooo

c

NH}] = ——————
[NH,] 1+ K, /[H*]
O0D0O00D0O000D0O0O0n

c .
Tk e

ooooo
[HT]1?2 + K [H" - cK, ~ 0
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O000000[H]=7551x10%0pH=51220000

c>>K OO000O0O00O000000
[H*]? = cK,
gogoooooooon
pK, — logc
o
O0000pH=5120000000000000c0000000OO0O000O0ODODOO

pH ~

30000000000000000¢,_, 00000000000 Vye, OV, 00000

NaOH

0000 K, =[HT][A)/[HA] =1.756x 10° 0000 K, = [HT][OH"] =107 O
00000000 (Ve + Vi )((HA] +[AT]) =V, °

HA ~“HA

000
O Vion + Vi O[N] =V, Cl(\l)aOH
0000000 [HY] +[Na'] =[OH] + [AT]
A =[H*]-[OH]

U4+ (VNaOH/(VNaOH + VHA))CO =[A7]

NaOH

00000000000000000[A]=0 V,c /(Vao + Vo /(H/K, + 1) 0000

HA ~HA
oooooo
vV, . K V,,

NaOH “NaOH ~ __ a HA “HA

VNaOH + VHA - [H+] + Ka VNaOH + VHA
000000 4 << Vyon/MVaeon + V)2 0000

NaOH

O4a+

Ka _ VNaOHCgaOH
[H1+K, V.,

HA ~HA

000000000000 112000000[HY=K,O00000pH=pK, 0000

2.7, [T\/EK - 0.30|m)

|, = 0.001, 0.01, 0.0 mol dm 300 0-logy® 0 DD DODDODODOODODDO 0.9656,
0.9037,0.7850 00 0 O

4 0 DaviesO OO OODO
~logy™ =050

ubooboogoodan

KW = a'H+ aOH_ = 7H+yOH—[H+][OH_] = 7H+70H— KW/

0000K,/ 00000000000001,=0.001,0.01,01moldm™ 300000000

Ky’ = 107139/(0.9656)7 = 1.098 x 107 (pK,,” = 13.96)0
10-1399/(0.9037)? = 1.253 x 1074 (pK,,” = 13.90)01
10-1399/(0.7850)? = 1.661 x 107 (pK,, 0 = 13.78)

ugboboobooboobboobooobboooboooboo
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000 00HADOODODOOODO
HA = H* + A~

Ooobooo K, 0000000 K/ /00000

K ’ _ CH+ CA’ _ K )/HA
a C — Ma
HA ’yH+ )/A,

ooo00OHrHAOOOOOOOOOOOOOO0O0O0O0O0O0O0O00000 v,,=10000000
Y. Uy, 0100000000000 02202300000000000000000
00o000o0oooo0o0oo@MUUooDoooDoDoo0U00DoDoOoOOoOoUOoDoODOOO
goo

D00DO0NH; 0000000000
NH; = H* + NH3

00000 K, 0000000 K/O00000

K ’ _ CHJr CNH3 _ K /yNHjl

a a
CNHX Vi VNrg

DDDDyNH+=yH+DI]DDDDDDDI]I]DDDDDDDKa’=KaDDDDDDDDDyNH+

4 4
<y, 0oooooooogo 200000 400000000000000000000O
Oo0oooooooooOon

sOo000003000000dpH=pK, 000000000000 =00 0C0O0O0O0O0O0OOO

O000OO000bO0O OO0 O0O0bOO00ObO00DOOO0O0OOO0OOOUOUDbDOO—-»2400
obooooo4000000

K ’ _ CH+ CA’ _ K )/HA
a C — Ma
HA yH* 'yA,

goobboobooboobooooooobooboobooboobbobobDoobDooDOg pH
uboboobooooooooo

0) 00000 300000000000 HADODODODODODDODDODOOODODODODDOODOO
oobooobooooboobooooooboooobboooopHOoODOOO0O K, OOOoOoooo
ugboooood

000000l =(1/2)(Na]+[A)DO0O0Oooogl =0.05mol dn3
DaviessD DD DDOOD0O000ODDDDDO ODDO1=005mol dn~30000.8244

2).pH=-loglH* 100 0000pH=-a,. =-y,[H 1000000000000 pHOOOO
000000000000000000000-logH100000-loga, 00000000

ogooooooon
Yua[HA] _ K°°“d [HA]

aH+ :7H+[H ]:Ka,yA_[A_] ~ ta [A_]
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goooood
K:ondeaM
Y a-
vbdbdobobooboobobooboobobobobobooooobobobounOoody,

cond

~10 y,. =08244000000K ~ =1.756 % 1075/0.8244 = 2.130 x 10~

cond

0000o0boob0oD4000000pH=pK, " =46720000000000 pHO pK,
ubogboobooboboobooboooobobooooobooooboobobooboo
ugoo
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040

goog

S [H2A]

H2A = [HoA] + [HA-] + [AZ]
gooono [H+]DpHD gopoooooooooooooooouobooooo [H+]DD
goooo

[H*]?
% =
PR [H*]2 + K, [HY] + K K,

[H]0K,0K, 00000000000 e, =5213x10200000000
2

K. [H*] 1
= =8.944 x 10
Yo T R4 K [FF] + K Ko -
ooo
K. K
a, = 22 = 5.344 x 1072
A [H]2 + K [H*] + K K,

O00000000000 900 HA-OOODODODODOOO0OHAD AZODODDO 5%00
ubooboooobooaoo

D0 pHODODOOOOOOODODODOOO00000D0DDOD0000000AZ 0000 22=4
oboooooooo s%0bobobobobobobob

200000 (4500 46000000000 pH=pKkaOOOO@46) 00 A7) 000000
000 pH=pKe 0OOOOO

3046000 pHOODODODODOOODOO

day  doy d[H]
dpH  d[H*] dpH

day Ka1(KarKa — [H]?) _ 1
dH*] — ([H*]? + Kaa[H*] + KaKe2)? — [H*]
O0000dey/dpH=000000

a1(@2 — o)

_ PKa + pKap
2

pH
0000000000 0000000000a2-ao0 0000
0600000000000 000O0O0O0ODO0OD0D0O0O0OD Ku+pKkp2OOOOoOoooo
0000000000000 000000o0o00n
4 (46)00 [H']= VKaKeeOOOOOO

_ VKa
2Kz + VKa

a1
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gooogo
__ VKe
2\/Ka2+\/Kal

5000000000000 [K]O[HO[OH]O[HAT]O[AZ]0000

ag = a2

0000000000000 0D0000KYD0000000000000000.05mol dm™2
DDDDDDDDDDDDCO%‘DDDDDDDDDDDDDDDDDDDDDDDDDD
oooooos0O0bDOoOonooOooDn

00000000000 [HY000000000000000000
= 1 [H*] + [K*] + [OH7] + [HAT] + 4[A%]

2
1

~ E{[H+]+[|<+] +[HAT] + 4[A7]] (4.44)
1

= E{6.540 x 107 + 0.050(1 + 8.944 x 10! + 4 x 5.344 x 1072}

= 0.0527

0000

l10041600000000000

CPhHK [H]1x10° pH @, x10? a, x10' @, x10°?
mol dm=3  mol dm~23

0.5 6.613 4.180 5.271 8.944 5.285
0.05 6.540 4.184 5.213 8.944 5.344
0.005 5.920 4.228 4716 8.938 5.901
0.0005 3.507 4.455 3.522 8.870 7.781

0410000000 pH=41790000000000pHOODOOODOOODOO41900
vbooboooobooooooooooooooooooooooooon

200004150000414000000000000 [HA] O [A2]000000
[H]? - K,, = [HTT[HAT]/K,, + [HATIK,,

vbooboobooooboooooobooooboooobooboo

OO0OO0[HAT]OOOO0OO0O0OODOOOCOCOOO0O0O0ppHOOOODOOODOOOOOOOOODOO
oobobooobooboboooobboobobooogo 200bboobDoboooOoo
000000000000 00000[HAT]O00000000O0OooooooDooDoooOOO
OOo0oo0oobboOo41000000000

30000000000HA" OO0 A 0000000000 DO0O00D000OODDO000DO
000000000000pH=-loga,, 00000000 pHOOOOODOODOOOOOO
oood

gooogogbgooobbooboobuoobobobobooboobobobobboobg
OO0 [HAT]O [A%]000000000000000000000000000000
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O0D0O00D000 [HAT]O [A¥]00000000000000000000000000
O0OExce DODODOOOOOOO
D00DD00000 moldm3 000000

uboooboooboobooboooboboobooobooboboboooobobobooonog
goog

000 OO0pHO[HYOODODOOOO00419000 000 OpH = 4.1790 [H*] = 6.622E-50
00000450000 [A%] = 2.617E-030 4.60 0 0 O [HA™] = 4.4344E-02
oooQ

000000000000 [AZ]0 [HAT]JO[HY 0001 = (2)([H] + [HY] + [H*] + 4[H*])
= 5.223E-02

. (© (© © .
000 DaviesO OOOlog(y,.) =log(y,, ) =-8518E-02. Iog(yAzf) 00 DaviesOO z=20
D00000000000000000000log(y,,)=0-3.407E-01
Oo0o Kaclond = a'H* CHA*/CHZA = Kal (ySlA/y:)A—) = 10—2‘95* (1/10—8.5177E—02) = 1.365E-03

cond (©) (©

Kaz =a, CAZ—/CHA— — Ka2 (’yHA—/’yAzf) — 10—5.408*(10—8.5177E—02/10—3.4071E—Ol) = 7.039E-06
2 2

cond cond

O00K, 0K, 000000000000 (419000 pHOOOO0O0OpH=4.00904,,
=9.803E-050000

00000000000 000000D00000000000pH400000AZ 0000
oobooboobobooobooboboobooboboDoooooDob pHOODOoDOOooOOoo

cond

goobooobooobobooobooobobooobooooboon K:fndD K, bo0o

00000000 a, 0000000000000 0O00O0O0ODODOO 200000000
OOoboo00dOpH=4011000000

400 2000000000000

 [H7][HoPO;]
P = [H3PO4]
[HHROZ ]
PK2 = TTH,po; ]
ooooooo0ooo
[K'l=c

ooo
[K*] = [H2PO;] - 2[H,PO;] + [H*] = [OH7] = 0

Jdo0dodoooooooooonog cogogono
[H2PO;] + [H2PO,] + [HPOZ ] = ¢

00000000000000000000000000000000D00[HPO,]ODO0O
ubbooboaobooboooo

c[HT]Ky
[H*]2 + Kq[H*] + K1K>

[H2PO,] =
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ugbbobobogboobboobooboo

[H*]® + (¢ + K)[H]? + K1Ko[H'] = cK1K2 = 0

000 [H << (c+K)[H"?00 [Hf]<<cOOODOOO

(c+Kp)[H']? - cK1Ky = 0
oo

C
H1 O = [KiK

[H'] Koo
ooad

_ pKl + pKz _1. C
PH =" 2'°g(c+ Kl)

pKy = 2.148 (Ky = 7.112E-3), pK» = 7.198 (K, = 6.339E-8), c = 0.02mol dm=3 0000000
pH = 4.607

0000000 pH = (pKy +pK1)/2=46730000066 000 0000000000000
00000000000000000

50

O0O00ob0pk,OpK,OpK,, 000000000 S0000000000000D0O0O0O0O

gooodoooooooooooooooooobb oo oooooon
O 0O 0 pH= (pK2 +pK3)/2 = 9.77

6 O

1.0
0.9
0.8
0.7

0.6

alpha

0.5

0.4

0.3

0.2

0.1

'\ v
0.0 -

PKa O pKee 00000000 0pHOOOOOOOOO0OOOgycned 00000000
0ooooooo

70 NeCO;0000000DOODOOOODOODOODOOOUODDOO
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o JUUDOODDOOOOOU

[H*] - [OH7] + [Na'] = [HCO37] + 2[CO§_] (4.45)

ubboobogbooban

Ki  2KiKo
4+c¢c, = [COZ]([H+] + H2 ) (4.46)
0000000000000000000000
0000 Co,00000000000
0000000 [COp] 00043000000
+
A HK: + 2KiKo (4.47)
C; [H*]2 + Kq[H*] + K1K>

O0000000pHOODOOOOOOOO0OD0O00000O0 [HY? < Ky[H] +KiK, OO0
000000000004/c,<100000000(edly?) 000000

[H']? = KiK; (4.48)
ooo K K
pH =P 1J2fp 2 (4.49)

D00O00pHO NaHCO; DOOOOOOODDOO000000O0000000ONonooon
00000000pH = (6.36+10.34)/2=8.35

gboooooboooooooooooooon
000 NaHCOs OO OO pH

G [H'] pH
1.0 452x10° 834
0.1 452x10° 834
001 457x10° 834
0.001 5.00x10° 830
0.0001 812x10° 8.01

8 NaCO; 00000000 ODDOODO

K 2K1K
A+C= Klpcoz( 1 1 2)

R — +
[H]  [H]?
000000000000000000[HY]<[OH 0000 oOKOOOOOOooOOoO

(4.50)

o[H*12 ~ (Kw + K, Peo, K[H*] = 2K, peo, KiKz = 0 (4.51)

0000000000000 UUUUU DOONaHCOs D ODOO pHOODODDO Cco, OO
ooooon
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C, [H*] pH  pH without equilib
10 2647x10" 1058 8.345
0.1 1.087 x 1071°  9.964 8.345
001 6.661x 1071 9177 8.340
0.001 5933x10° 8277 8.301
0.0001 5.851x10% 7.233 8.091

oooooobooboooooboo co,oupoooooooboboono

90
O00000[COxaq)) 0000000000000 O0000 pHODODOOO

c
[COxa)] = ——«=s
L m e

OO000cO NaCOoOzsOODO NeHCO;OOODOpHOOOOOOODOOOOOODOOOO
gbooboobobooboboobo

00000000 [COxaq)] OO
00000000 [COxag)] 0 pHOOOOOHenyD 0000000000000 CO,

[COz(aq)]
mol dm—3

0.1mol dm3 NaCO; 11.7 224x10°8
0.1 mol dm3 NaHCO; 834 1.00x 1073

00 pH

0 41: 00000 [COxag)] O O

0 0.0038% O O O[COx(aq)] = pco, X Kn = 1.306 x 107> mol dm=30 00000 NaCOz 00
00000000000 CO,000000000DpHOOOOOONaHCO;O00D0D000
00 Co,00D0D0D0000000pHOOOOOO
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godg

gooog

1054000000000

A= C, - C
1+ Vi/Vs HO 14V Vg NeOH
000 V/Vs0DO0OOD00O0 (515000000000000 ¢0,/cq 000000(5.14)
ooooooo

2000000000000000000000000000000000000000000
00 Kw=10Y¥ooooooo

14

_-—

12 e

~

10

S —m———————

pH

0
0.00 0.05 0.10 0.15 0.20
Vil Vs

30000 pHOODOOODOOOOOO0O04>-[OH ] 0000000 [H]<<K,OOOOOO
0000(5.28)00 -[OHT](1/c 0 + 1/ch,) + [H1/Ka=000000000000 [OHT] =
Ky[H1OOODOODO[HY]OOOO0D0000000000000 (290000000

4 O000000o0obobobobooooboooboboboboDoobobobDoDoobUoboo
ubooboooboobooobooboboooboooboobooboobooobobooonodg
ubboobuoobboobooboooboobooon

5p=12000 [H]00526000 [H*]1>>[OH ] 00000000000 [HY]OOOO0OOO
oooo

c
(1 + 2%) [H]? + (cNaOH +

HA

C
J:FZEwH}KJ[Hﬂ-—%wHKazo

HA

000000 [H]=1753x105mol dm30 000005250 00000 0a =0461100
ooQ

6 ooooooooooogooooooobbooobogoboooooooooooooooo
ooooboboooboobooboobooooDoboobobbooboobDobobooOoo

ogoogon
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ubobx0b00boobuogboobuogbuoboooobobooboboobaoobdg
gobooboboogoboboooboboobobooooobobooooboobooboooon
gboboobooboobobooboobbooboobbooboon

00000
10000000000000000000
d?pH
i (5.38)
000000 pO0O000000
PHOODOOOOOOOOsSnhXO0OOO00000
d?sinht X
—a (5.39)
00000000000snhX=InX+ VX2+1)O0OO0000
dsnh™'X 1 (5.40)
dX  yxzr1 '
000 -
drsnn X eyt X (5.41)
dax2 dx (1+ X?)2
dsinh™*X dsinh™*X dX (5.42)
dp ~ dX dp '
0ooo
d?snh™*X  d(dsinhiX dX (5.43)
dp? ~ dp\  dXx dp '
_ [ d[dsinh™X\dX] dsinh™X X
~ {dp\  dX Jdp dXx dp?

_ [ d (dsinh™tX\dX g§+_dgmr1x_g§§
~ lax\ dX Jdp|dp dx dp?
_ dzsinh‘lx(dx)2+dsinh‘1x X

ax2 \dp dX dp?

O00DD0000000D0dX/dp0 d?X/dp? 0051200 00000000000000

dX = Cyouw r+1

dp 2K, (p+r)?

(5.44)

goog

- 24K
r+1:1_p 1_1_ 3%
p+r p+r Creont
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Do0D0o0000oooooooo?d

24K C 2
dX _ 2y W._L{x__ﬂﬂL) (5.45)
dp Cuon r+1 2K,
ooooo
x4k, L(X_ Chaon )d_x
dp2 Cuaon r+1 2\/K_w dp
3
8K 1 C
— W2 . 2( _ NaOH ) (5.46)
(Cnoor)? (r+1) 2K,
oooooo
d?sinhtX -X 4K, 1 ( ) %wH)4 1 4K, 1 (x- %wH)3
d? 1+ X2 (Gew)? T+ 12\ 2K, (@+XA)Y2 (gon)? (+12\7 2K,
_ CheoH
@A+ X2 (co.)? (r+1)2 2K, 1+ X2 '
O00D0DD0O000000DD
_ SneoH
X(X 2@) 2.0
Co1+x2 T
o000
C
X2 N ¥ 12=0 (5.48)
2K,
Oo00D0O0O00O0O
Oo0oDO00 XOO
1 C C 2
X = 2oy (_NaH —8} 5.49
2{ 2K, (2Q/KW) (549
D0D000D0000D0O0 pODOOOD
X = Clc\l)aOH .p_l
2VKw P+Tr
000000Mm5490 0000
2(1
D=+ (1+71) (5.50)

3 1 32( YKy /Con)?

gboobobooboobooboouooooU p=100b0ObObDODLO

gb.0o0obbogbboobbooboooboobooon

8M. Kodama, Chem. Lett., 197-200 (1989).
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O000000cug =01moldm=3 000 cnaon
000000 (05400000

CNaOH T P1 P2
1 10 1 -
01 1 1 4.00e-12
0.01 01 1 0.4500

0.001 0.01 0.99999992 0.4950
0.0001 0.001 0.99999199 0.4995

BOH

2HAD D0DOD0O0 K, =[HY[AT)/[HAJOBOHDOODOOOOOOD K. O = [B*][OH]/[BOH]

0000000000 HAOODOOOOBOHOOOO wyWOOOOOOOOOOOOOO
(Vs"‘Vt)([HA]"'[A_]):VsC%A

god
(Vs + VO)(IBOH] + [B*]) = Vichoy

ubbgobodan
[H]+B* =[A7] + [OHT]

KaO KpOOOQODOOOOO Ooooboobobooo

. 1 Vs o
ATl = c
[A7] 1+ [H/KA Vs + V™
0oo
= — o

C
1+ [OH]/KE™ Vs + Ve o
000000000000000000

1 Vi/Vs
T - C(B)OH ’
1+ WVi/Vs BOH 1+ Vy/Vs

000 a,, 0 e, J000O00OHAO BOHOODOOOOOOOOOOOOOOO

4= CL’HACSA '

BOH

[B*] 3 Ky

“e0t = [BOH] +[B"] ~ [OH] + K2

000 VywsOoooooo
Vt_ a,HACSA_A

VS - aBOHCCB)OH +4
0000000 ey =100000000000052700000
0000000000 0bOb000ooLO0oo0oobL0o0obboooooLoooO o KaHA:1.75

x 100K =44%x104000000000 001moldm23 0000000000000
0000000000000000



26

14

1.0 1.5 2.0
Vil Vi

=
=
=
n

voboooogbobooobobooooooobobooooboooboboooooooon
ooooboooobooogooobobobooobooooboooopHOOOODOODOO
goog

3000000000000 DOOmSs27000

VNaoH N acyaKa
Vha  CnaoH([H'] + K3)

ubbgoboodan

[H"TVNaoH = (CHAVHA/CNaoH — VNaoH)Ka

O00000[HIVNeon O VNeon 000000000000 00000 [HVNoor =000
ubboobuoooobooobbooooabbo
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godg

gooo

100000 (61300000000000¢,,0¢,,0000
2 3
000000000

[H*] = [OH7] = [H2A"] + 2[HA?] + [A%] — [Na'] (6.24)

H:AAOOODODOOODODOoobobooboo

VS 0

[H3A] + [HoAT] + [HX] + [A%] = VoV Cren (6.25)

00000000000000000000000000000000000000000
000000000000 V000 p=VicQq/(Vse},) 0000000

2200000000000HAOHA,DO0DOOCOOONaOHOOOODOODOOOOOOO

0o
[H*] + [Na'] = [OH7] + [A7] + [A;] O (6.26)
gooooooon
VsCa, = (Vs+W)([HA1] +[A7]) (6.27)
Vs, = (Vs+W)([HAZ] +[A3]) (6.28)
Vichon = (Vs+WpINa'] (6.29)
ogooooaa
[H7][A7]
al TR (6.30)
_ [HT[AZ]

00000000000000000000000000000000000 [HALO[HA,]C
[A7J0[A[]D00000[H] O [OH 000000

Kal 0 Kaz

0 0
ALV + (I Ncon = Cins ey iy e 7] + K

ana, = Kat/([H] + Ka)O ama, = Keo/([H ] + Ke) 0000 (6150000000

3040 200000000000000

, [H*][HCOg]
+ 2— +12 2—
- [HTIICO3] _ [HT1CO5T] (633)

® [HCO;] K. [CO(a)]
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ubobooobadaoo

4 = [HCO3]+2[CO5] - [Na'] +[CI] (6.34)
= [CO " 2K;1Kaz 6.35
- [cOxea] % + 2525 (63

0000000000 [COx(an)] + [H2COs] ~ [COx(aq)] DO OO

+1 _ 0 1
[Na'] = ZCNa2c03 (1+ Vt/Vs)
0 V,/V,
] = G (1 n (vt/vs))
1 0

_ ) .
mcmzcog = [COy(aq)] + [HCO3] + [CO37]

ugbbogobodgboobboobooboo

1 V,/V,
A= 2ag-2) 40—t s
(@14 200 =25y S vy

~ “NaCo
00000 0000000 HCO; O CO%‘DDDDDDD v/v,00o0oo0o (6.20)
goooga

(6.36)

4 0000b0bO0bOobOobobobUobobobobo

14

127

10

MEHR a2 VEE
KiE#® =/ 7o b rBEASYBHK

0 1 2 3 4
Vi/ Vs
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googd

1000000doboe200000 6.3
063000000000 00DOODOOO 20000

RN

(6.400000000000000006300000VyVs=05000 pHOOO Q0
000000 630000 (pKy+pKp)/2=27600000000

<OM M 01000 pH

01 0.05 2.99
002 0.01 331
0.002 0.001 3.79

2 (pKy + pKp)/2 = (2.15+7.20)/2= 467500000000

M UM 0 1000pH 02000 pH

02 0.02 4.75 9.59
01 0.05 4.72 9.64
002 0.01 4.84 941

000000000000000000 0 (pKs + pKs)/2=(7.20+12.35)/2=97750000
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godg

goog

1000000000

[HA] +[A7] = C%p + Chan

[Na'] = c%n
oooooo
 _ [HIAT]
°7 [HA]

dddoododooooooooooogno
[HA] +[A7] = %p + COan

0040000 [HA]O [AT]000000

0 0
A+ = Cha * Cnaa
NA T 1+ [H]/Ka

ooooooooo@eooooo

200000000cpopHOOODOO
0Cp ocy I[H']

dpH ~ o[H*] apH

oooo

OH\™ _ apH _ a(-logH*]) 1 a(n[H']) _ 1
(apH) T O[HY T O[HY1  In(10) 8[HT] ~  In(10)[H*]

0000000000/ HOD00OD0D00O0OD

o _ Ko, Kw
OHT  ([H]+Ka)? [H*]?
gdoodooooooogn (7.11)DDDDDDDD

3(71200 pHODOOOOOOOOOOOOOOOOOOODOONOOOOOO0ONOONONO0OOn
000000 [HYO[oH]0000000000000000

g KaCs{([H"]+Ka)? = 2[H*]([H'] + Ka)}
oHT (IH] + Ka)*

000 000000[H =K, 000000000 (7120000000 a1 = Ko/([H'] +
KoOao = [H]/([HY] + K9 0000 12000000000 [HY O [OH] 000000
(7140000000

4 0 HEPESOOODOODOOOODOOOODOOOODODCOOOOOUODODOOOODbDDOO
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oobooooovnoooooooooooobooooooog

1 dcp _ [H'KaCs
IN(10) 9pH ~ ([H*] + Ka)2

(7.14) 00 0 Bmax = In(10)cs/40 00 0 0

Cs _[HIKaGs

8 - OG0 T2

0000000pH=pK, +log(3+2v?2)
oooo

1000000000000 000D0O0ODO00000DODODO00D0DODOOO00DO0ODOODOO
o000 pHODODOOOOOOOpHVSpOpHVSVy/VsOpHvsViD O OO OO0OOoOoono
go0ooooooooocoodoopHOOOOODOOOOOOOOODODODOOOOOO
ooooooodopHOOOOOODODOOOOOOOODOOOCODOOOOOOOOO
000000D0ODDODODODODODOOOODOOCOOODODDODODDODOOODOOOOOOOOOg
O00O000ooooopooooOooooo

Ip _ dMVie/(VsGs)) _ & oW
opH opH VsCs 0pH

(7.20)

Ubb00OcUVsOOoooooooobooooobobooooobegbbv OO0 ooooo
gbboobogboobbooboobooon

00000000000000S5000000000000000000000 p0OO
0524000
(7.21)

D Ct [ Ka A]

T+ Al HT+Ka o
0qO000000000000000000000000000000000000000
000000000000000000000000 00000000000000 ¢
000 VOO000000000000000000

vanSyke0 0000 0000000000000 OO0OOOODODOODODOOOOOOOO
D00D0D000 000 pHOODDODODOOOOOOODDOOY

_0cp

B= o (7.22)

q)—)OO

U0 Voo e 0o MO oooobooooobodUe

0o y
tCt
Cp = 7.23
R VAFRY) (7.23)
ooooo ; y
b ___ Y (7.24)

— = ————C
Ve (Vs+ V)2

15D, D. van Slyke, 0 O, p.563; see also R. de Levie, " Aqueous Acis-Base Equilibria and Titrations” Oxford Univ. Press,
Oxford, (1999), p. 48.
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goooo
acp, V& Vi Vics  ap (7.25)
OpH ~ (Ve+ VO2apH — (Va+ V)2 dpH :
odng 5 5
o 0P
o = ~INQOMHT el (7.26)
D00000dp/dHY 00000000000
0os.24000
op [OHT]\ Ke 4\ o K, 1[. [OH]
_ (4 A\ 214901 707
AH] (+[H+] )(ct+A)2([H+]+Ka cs) ct+A(([H+]+Ka)2+cs[+[H+] D( )
gooood
1 dcp  ([H']+[OHT])cse Ka 4 Ct [H]Ka + -
= _Z H*1+[OH
IVRY dpH G+ AP \[H1+Ka o) G d| @+ K2 st iH IHOH]
(w+w) In (10)
(7.28)
O0000cg—-oeoOO0O0O0O0OOWVW—-00000000
+
L oo [HIKaSs iy (oH] (7.29)

In(10) opH ~ ([H*] + Ky)?

20000000000
1.000001000:1=0.1moldn™3
200 HEPESOOOOO: c®__ = 0.05mol dm3
3. pK, = 7.56 (at 25 °C)

e 0000 I=01moldm3 000000A  D00000OODODOOOOOO

e HEPFESOOOOOODOOODODOO0OO0O0O0OONOHOOOO A- 00000 (- 00
00000 50

e HEPESO O UUOHAODUODOOODODODOODODOODOOODOOOOLOOOOOODOOO
00000 1000000DaviesDO0—-00000000000SB000000!logy
=-0.10513 0

e pHOOOOODODOOODOOOyOO[HY O [OH]OOO0DO000O

0o0bd0-000booono son

cond

pK, =756+ 0.105=7.67
HEPESO OOODOOOOOOODOOODO

10PH
_ 0
[A-1] = CHEPES/[ K cond + 1)

a
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