
2. nisxmI  ( Solubility)

3. l]@i%~f~d  traxwnlsmd  ( Chemical reaction and Chemical Equation)

4.  ttanf~ ( Activity)

5. 61  p-value

6. Fwnids:~  ( Change Balance Equation)

7. aamxuaaw?a  ( Mass Balance Equation)

8. wnis~Lkmouau?a  (Proton Balance)



3.2. h%hl~~wcR’  tGWll5tMw1&  ( Electrolyte and Dissoclatlon)

3.3. mfaraw  ( Solubwty)
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NO,

CH,CO, -

Cl-

Br-

I-

sod2-

soz2-

2-
S

Pod3-

coa2-

c,o,2-

2-
0

OH-
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3.4.1.1,  ~~n’nl?n7n~nw~(~i~~/ac*~e”f  Reaction)

lulJ~nysull.LlJlJ~ nl5unu~r~m~*~lnu’nls~lralw’i”n’nm’asnl~~l”ll~~ul  ~ll&QJyi

tIJ~oU~ffIlJn?JY7-i  “-lXillalaan1dXl?tfl7~aJlun75r?usi?YaJMlaU  Axtfia  ~iam&m8i7b-i

hl  ~7ahJliw

[Ag(NH,),  1’  + Cl- + 2H’ = = = AgClw + 2NH,+

s*- + 2H+ === H,S ?

Cu(OH),  + 4NH, =z= [Cu(NH,),f+  + 20H-

Hg*’  + 2-J- === H&I,





===  NH
3

YE= [AI(OH),]f  (Mja  AIO,‘  + 2H,O)

(4 NO,-
(b) NO, + 9H’

NO; + 9H’  + SOH-

NO; + 6H,O

(4 Al + 4 H,O

(b) Al + 4 H,O

Al + 4 H,O + 40H-

Al + 40H-

3. nwpht~

NO,.  + 6H,O  +8e

Al + 40H‘

NH, + 3H,O

NH, + 3H,O

NH, + 3H,O + 90H‘

NH, + 90H-

PI(OH),I-

[AI(OH + 4H’

[AI(OH + 4H’  + 40H‘

P@+),I-

NH, + 90H- (ihik)

[AI(OH + 3e (aan&du)



3N0,  + 18&O  +24e === 3NH, + 270H

6-&d  3.2.

wpaunwiablif

FeCr,O, + K.&O, +O, === Fe,O, +K,CrO,  +CO,

oJnil~tno~dr?noon~~rmriiio  Fe &A::  Cr uaro&h-m.tdpnit?ri  %I  0 (h 0,)
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1. FeCr,O,  + K&O,  +O, = = = Fe,O,  +K,CrO,  +CO,

j7UaUjtB"Wsaund~~t~unia~~~u~~uluLR~I1UL(~~U1'UY7JUU

2. FeCr,O,  + K&O,  +O, = = = Fe,O,  +K,CrO,  +CO,

7 htarpm~a~ 0, til@%uln'y 4 hy~aYn~ FeCr,O,

3. 4FeCr,O,  + K&O,  + 70, === 2Fe,O,  + BK,CrO,  +CO,

4. 4FeCr,O,  + BK,CO,  +70, = = = 2Fe,O,  +BK,CrO,  +BCO, (pV'hl)

5. m-mauaunisqnniu  , pYad



rhvmw191y  a =  1 ua’a~iln75rm~~rJnlTrm’Fi?6i?5  $iJju”

b= 1/3,x=3,y=  l,z=  14/3,w=  16/3

tai 3 enrw~anel~nYa=3,b=41,x=9,  y=3,.2=14,w=16

3.5. ttani%i (Activity)

(3.1)



‘lunlJnqa$isfiluxufil  ir’~3-^an~uuon~?buoJroaou  ~l~~~onl~~~~qn~lal~~nnl5rmaJ  Debye

ttaf Huckel  ( Debye-  Huckel  Limiting law)

log fi = -A.eJ;;
l+Js; (3.2)

7.  = tisr?uaJ~aaau  t$u Na+  = 1, SO4
- 2 +3

= 2, Al =3

A = wa~?uuaJR’lnJ~nlJnl~nl~~u~lu,  F$w+@  triwil  dieietric constant 1IaJaITRzRv.I  $Ju”filtril

n’y  0.512

p = FilR1l~ttTJZIaJ~aaau~iJq’1uiP1~R~Riu  ( ionic strength)

Activity Coefficient

P=
IOIl 0.001

H+ 0.975
Li+
Na+,  103-, HSO,-
K+,F-,  Cl-, Br-, I-
NH,+, Ag+
Mg’+,  Be2+
Ca’+, Cu2+,  Zn’+,  MI?+, Ni2+,
Ba*+  Cd2+
Pb’+’
SO,‘-, HPO.,-
A13’  Fe’+, Cr”+
PO,;-
Th4’, Zr*+,  Ce4’

0.975
0.975
0.975
0.975
0.906

Cd+ 0.905
0.903
0.903
0.903
0.802
0.796
0.678

fl=
0.002

P=
0 . 0 0 5

P=
0.01

/(=
0 . 0 2

(1=
0 . 0 5

P=
0.1

fl=
0 . 2

0.967 0.950 0.933 0.9 14 0.88 0 . 8 6 0.83
0.965 0.948 0.929 0.907 0 . 8 7 0.835 0 . 8 0
0.964 0.947 0.928 0.902 0 . 8 6 0 . 8 2 0.775
0.964 0.945 0.925 0.899 0 . 8 5 0.805 0.755
0.964 0.945 0.924 0.898 0 . 8 5 0 . 8 0 0.75
0.872 0.813 0.755 0 . 6 9 0.595 0 . 5 2 0 . 4 5
0.870 0.809 0.749 0.675 0.57 0.485 0.405
0.868 0.805 0.744 0 . 6 7 0.555 0.465 0 . 3 8
0.868 0.805 0.742 0.665 0 . 5 5 0.455 0 . 3 7
0.867 0.803 0.740 0.660 0.545 0.445 0.355
0.738 0.632 0 . 5 4 0.445 0.325 0.245 0 . 1 8
0.725 0.612 0.505 0.395 0.25 0 . 1 6 0.095 .
0.588 0.455 0.35 0.255 0.155 0 . 1 0 0.065

Source:  1. Kielland.  J Am. Chem.  Sac.. 59.  1675 (1937).



aca2+ = f Ca2+ [Ca?‘]

nnunmuru’uuir  fii&hSn&m?i%i  , f Ca2+ mbiiln

P = +izf (
CL = $Cca2+Z2ca2+  + CMg2+z2kf$+  + cc,2+z2c12+  )

w-1 = 2(0.010) + 2(0.20)  = 0.42 M

[Mg2+]  = 0 .20  M

[Ca2+]  = 0 . 0 1 0  M

;J;;u”U CL = 0.5 [(0.01)(+2)2 + (0.20)(+2)2 +(0.42)(-1)2]  = 0.63

log f Ca2+
-o.512(+2)2Jo.63

=
1+V4iZ

= 0.89

f Ca2+ = 0.13

a&+ = 0.13 (0.010) = 0.0013



PX = - log IX] = log l/x (3.4)

PH = - log [H+]

= - log (7.4 x 1 o-4)

-5
=- log 7.4 - log 10

= -0.87-(-5)

= 4.13

pNa = - log [Na+]

= - log 2.5

= -0.40
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pKeq = - log Keq

-14
=-log(2.6xlO )

= - log 2.6 log 10
-14

-

= - 0.41 -(-14)

= 13.59

(a) 3.71 (b) 7.00 (c) 12.84

PH

log  W+l
W+l

PH

log  W+l
W+l

PH

log W+l

W+l

W+l

= - log [H+]

=3.71

=- 3.71

= 10
-3.71

-4
=I0 .lO

0.29

-4
=1.9x10  M

= - log [H+]

=7.00

=- 7.00

= 10
-7

M

= - log [H+]

= 12.84

=- 12.84

= 10
-12.84

-13
=I0 .lO

0.16

= 1.45 x 10
-13

M



1 )  bmsataiuva~ H2S  0~;  [H+] tilu  2  miiuaJ [S2-]

H2S  ===  HS- + H+

2-HS- ===  S + H+

H20 === H+ + OH-

nixrmn~auaJ  H2S  P:bkh:?uan  1 %6k1  $a  H+ trad%ka,w  2 T&I qa HS- LLIZ  S
2-



2) l7ai%in  alaJl7nahluM&lw

CdS  === Cd + S2-
2+

S
2- +H20  === HS- + OH-

HS-  + Hz0 === HpS + OH-

l-l20 z== H+ + OH-

l-du~~~an’u~alu~~‘u~uuQJ~7~~uaJ  (H+,  OH-, HS-  ) ~Fiirvii~unaiuru”uu”uuaJ~~Qi~~

2+  2-
UR:: naiul&.&.mmJa~~?uaJ  (Cd ,S )~F/itY;i~~lBurosIviislaJnaiutu’nr~~uuos~~~i~~

&hauniszlszyw$b

2[Cd2+] + [H+]  === 2[S2-]  + [OH-] + [HS-J
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3) lTai&l  ululYna%Jl”l6i5Ji:

LlR: H+  11~1:  lhr~a~~ta  S*-,  H S -  11%  OH-

n’&4i=w”lrlJ*~gau@ia

2[Bi3+]  + [H+] ===  2[S*-]  + [HS-] + [OH-]

4 )  lTaiLJn6aJ  allrl*na^alJlulmirJii

aun1rlJrrgauyi~a

[Na+]  + [H+] ==I 2[S*-]  + [HS-]+ [OH-]

oJliiUUaunl5ll?aau?avoJ  tTl’lRL8lU  [Ag(NH&CI  1lh.h 1 .OO x 10
- 5

M

[AdNHdACI === Wg(NH3)21+  + Cl-

[AdNH3)21+ =z= Ag(NH3)+  + NH3

AdNHd+ =z= Ag+ + NH3

NH3 +  H +  (‘Jln H20)  === NH4+



rTiaad19~  3.9

oJrBuuaunls~~snauau?auaJm~~::Rl~~a~lJUY

a) HCI b )  NH,CI  c )  Na,HPO,

-4 0
-dam

a) aunlsrtl~~awau?auaJ~~atlaiu  HCI

W’l = [OH-] + [Cl-]

~T,L~;u~I  ttda-, [OH-] dLi%&  (H,O  = H’ + OH-) 3z.d  [H’J  1 62  LLAI.  Lld~  [Cl-] kin&  (HCI =

H’ + Cl-)  FI:ii (H’]  1 G-J

b )  Runls~~aaawau?RuaJalTRealu  NH&I

W’l = [NH,]+ [OH-]



[H’] + [H,PO,-]  + 2[H,PO,] = [OH-] + [POda-]



3.1. o.3qa~$%oGwGia~d~

(n> H&,0,  + KMnO,  + H,SO, === MnSO,  + K,SO,  + H,O  + CO,T

(WI F&I,  + SnCI, =z= FeCl,  + SnCl,

(n) K,Cr,O,  + KI  + HCl ==z CrCI, + KCI + I2 + H,O

(J) Na,S,O,  t I2 ==z Na,S,O,  t Nal

(8) H,O,  + K,Fe(CN), z== KOH + K,Fe(CN),

mau

0) 5H,C,O,  t 2KMn0,  + 3H,SO, = = = 2MnS0,  + K,SO,  + 8H,O  + 1 OCO,T

0) 2FeCI, t SnCI, ==1 2FeCI, + SnCI,

(n) K,Cr,O,  + 6KI + 14HCI =z= 2CrCl,  + 8KCI + 31, + 7H,O

(J) 2Na,S,O,  t I, =E= Na,S,O,  + 2Nal

(0) H,O,  t 2K,Fe(CN)e =I= 2KOH t 2K,Fe(CN),

(n)

oJ>

(n>

(J)

(0)

(4

(3)

(90
mou

00

0)

(n>

(J)

(0)

(Q)

MnO,‘ t N,H,’

P3-I  + N,-

Fe3+  + NH,OH

OBr-  + NH,

NH,’ t NO,-

NH,+ t NO,-

HNO, t SO,

N,H,+  t NO,-

4MnO,-  + 5N,H,’  t 7H’

[I,-] t 2N,‘

2Fe3’  t 2NH,OH

30Br- + 2NH,

NH,’ + NO;

NH,’ + 5NO,-  t 4H+

Mn” t N,?

N,?  + I-

N*?
N,?  tBr-

N*T
NO

H,+NOH

NO,?

4Mn*’ t 5 N,? + 16 H,O

3N,? t 31-

2Fe*’ t N, ?+ 2H’ + 2 H,O

N,?  +3Br-t  3 H,O

N,?t 2 H,O

6NOT + 4 H,O
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(8) HNO, + 2S0,  + 3 H,O EC= H,+NOH  + 2HSO,-  + H’

(a> N,H,+ + 12NO,-+l l  H+ === 12N0,  + 8H,O

Zn + 2NO,-  + 4H’

Zn + NO,.  + 3H’

3Zn + 2N0,‘  + 8H’

4Zn + 2NO,-  + 1 OH’

5Zn + 2NO,-  + 12H’

8Zn + 3NO,-  + 19H’

3Zn + 3NO,-  + 8H’

7Zn + 2NO,-  + 17H+

4Zn + NO,.  + 1 OH’

Zn”  + 2NO,+  2H,O

Zn2+  + HN02+  Hz0

3Zn2’ + 2N0 + 4H,O

4Zn2’ + N,O + 5H,O

5Zn2’ + N,  + 6H,O

8Zn2’ + HN, + 9H,O

3Zn2’  + H,‘NOH  + 2H,O

7Zn2’ + N,H,’  + 6H,O

4Zn2’ + NH,’ + 3H,O

n )  MnO-4

y) Cr,O,
2-

n) Ce (IV)

J) v31-

: 2Mn04-  + 5H2C20, + 6H’ === 2Mn2’ +8H,O  + 1 OCO,

: Cr20,2m  + 6Fe2’ + 14H’ === 2Cr3’ + 6Fe3’ + 7H,O

: [Ce(SO,),]‘- + [Fe(CN,)14- ===  [Ce(SO,)$  + [Fe(CN,)13

: [q]  + 2s20,2- ===  31.  + s4q2-
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3) to-, : IO-, + 2H+ +31-

uRtU1Ril~45OjlJ  qdolllwYtilwhi~?ri

n) c,o,2-

ll) s,o,2- : s,o,2-  +4p,1- + lOOH- ===  2so,2- +121‘  + 5H,O

n) I - : 51-  +2cu2+ === 2Cul  + [I$

J) 0r- : 6Br-  + Cr,0T2- + 14H’ ===  3Br, + 2Cr3’  + 7H,O

3.5. sJqauA-vi7nln75oiolll~~~u~~ni

n) AICI, + Na,S,O, z== AI(O S + SO,?

u) Na,B,O,  + CH,OH  +H2S0, === (CH&BO,  + Na,SO,
2.-

n) Fe3+  + CO, =c= Fe(OH),
J) (SbCI,)-  + H,O === SbOCl

0) Zn+SCN- =z= Zn2++ H$+ HCNt

a> s === so3-2 + s2-

Ti) C,H,OH +Cr20,2‘+H+ === CH,CHO  + Cr3+

IOU

n) 2AICI, + 3Na,S,O,  +3H20 === 2AI(OH),+  3s + 3SO,?

U) Na,B,O,  + 1 PCH,OH  +H2S04=== 4(CH,),BO,  + Na,SO, + 7H,O

n) 2Fe3’  + 3COs2‘ +3H,O  === 3Fe(OH),  + 3C0,

J) [SbCI,]-  + H,O === SbOCl  +2H+  + 3CI-

O) Zn+SCN-  +3H’ === Zn2++ H&+ HCN?

a) 3s + 60H- === SO,“  + S2- +3H,O

a) SC,H,OH  +Cr20,2-+8H+ = = = 3CH,CHO  + 2Cr3++7H20

3.6. fhh-rm4i7~m3nz~7u~~  3 Shioil~~uu~nl~~rlu~~u  n7uiluoJuffu~~~~A~~~,~~

nsa  naw  hwiw

n) 25.0 mL YW  0.100 M H,SO,

u) 120.0 mL I&!  0.200 M HCI
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~i)l.l

3.7.

3.8.

w0l.l

3.9.

ADU

WilY

R)  45.0 mL  ll0.1  0.120 N KOH

Khnsn

aunisuaaau?a  :

0.100 =  [Cd”] = [Cd(NH,)‘+]  + [Cd(NH,),‘+]  + [Cd(NH,),*+)  + [Cd(NH,),‘+]

dx?au?a  :

2[Cd*+]  + [H’] + 2[Cd(NH,)*+]  + 2 [Cd(NH&+]  + 2[Cd(NH&+]  + 2 [Cd(NH&*+]

= [Cl-] + [OH-]

n) 0.10 M NaCl

II) 0.10 M AI,(SO,),

n) 0.15 M HCI + 0.15 M NiCI,

n )  0 .10  M ‘II) 1 . 5  M n) 0.60 M



6 2 EV 213 :  unn’  3  uu?R~~~~udhniynl~~~~,“~;,“~:~

3.12.  oIuanJaunisrllrnouffUqA~7tliJ~75RtRluOi7J  qciioldd

n) Na,HAsO, -II) (NHJHPo,  n) NH,H~PO,

J) CH,COONa 0) NHCO, a )  HNO,

!mu n) [ H’ 1 + [ H,AsO,‘]  + 2 [H,AsO,] = [ OH- ] + [ AsO,~‘]

‘d)  [ H’ ] + [ H,PO;]  + 2 (H,PO,] = [ OH- ] + [ POd3-]  + [NH,]

n) [ H’ I+  W3PO.J = [OH- ] + [HPO,‘-1  + 2[  POd3-]  + (NH,]

J ) [ H’ ] + [GH,COOH] =  ( O H - ]

9) 1 H’  I + I &CO31 = [ OH- ] + [ CO,‘-]

a>  I H+l = [OH- ] + [ NO,‘]

- - - - - - - - - - - - - - - - - - -


