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Ag+2HNO,(#) = AgNO, + NO, t+H,0  2AgCl = 2Ag +Cl, T (Wtskaz )
AgNO, + NaCl = AgCI{ +NaNO, AgNO, + NaBr = AgBr { +NaNO,
AgNO, + Nal = Agl 4 +NaNO, 2AgNO, +H,S = Ag,S{ +2HNO,

Ag,PO, +3HNO, = H,PO, +3AgNO,

W A
Al+30, R 2A1,0, (411%) 2Al +3S———=AIS,

2Al +3Cl,

2AICI,

41 +30, = 2A1,0,

e Feri
4A1 +3MnO, B oA O, +3Mn 2A1+Cr,0, 21 Al 0. +2Cr
=)=
2A1+Fe,0, 5 AL O, + 2Fe 2A1+3Fe0 AlLO, +3Fe
2Al +6HCI = 2AICI, +3H, T 2Al+3H,S0, = Al,(S0,), +3H, T

2Al +6H,S0, () Al,(S0,), +3S0, T +6H,0

Al + 4HNO, (%) = AI(NO,), + NO T +2H,0(Al. FefE#4 . #KIHIH,SO,
HNO,F #li1t.)

2Al +2NaOH + 2H,0 = 2NaAlO, +3H, T

AlLO, +3H,S0, = Al,(SO,), +3H,0 (ALO,ZFHM41t4)

AlLO, +2NaOH = 2NaAlO, +H,0

A
2AI(OH), ——— Al 0, +3H,0

AI(OH), +3HCI = AICI, +3H,0
2AI(OH), +3H,S0, = Al,(S0,), +6H,0

Al(OH), + NaOH = NaAlO, +2H,0



AICI, +3NaOH = AI(OH), { +3NaCl

AICI, +3NH, - H,0 = Al(OH), { +3NH,CI

2AICI, +3Na,CO, +3H,0 = 2AI(OH), 4 +3C0O, T +6NaCl
AICI, +3NaHCO, = Al(OH), { +3CO, T

AICI, +3NaAlO, +6H,0 = 4AI(OH), ¥

AICI, +4NaOH = Na[AI(CH), | + 3NaCl

Al,(SO,), +3Na,S+6H,0 = 2Al(OH), | +3H,S T

Al,C, +12H,0 = 4AI(OH), 4 +3CH, T

As,0, +62n +12HCI = 2AsH, T +62nCl, +3H,0

3As,S, + 28HNO, (F#) + 4H,0 = 6H,AsO, +9H,SO, + 28NO T

As,S, +28HNO, (#) = 2H,AsO, +3H,S0, + 28NO, T +8H,0

Ba(OH), +CO, = BaCO, { +H,0 Ba(OH), +2CO, (id &) = Ba(HCO,),
Ba(OH), + H,SO, = BaSO, ¥ +2H,0

3Ba(OH), + 2H,PO, = Ba,(PO,), { +6H,0

BaCl, +H,SO, = BaSO, { +2HClI BaCl, + Na,SO, = BaSO, { +2NaCl
BaCO, +2HCI =BaCl, +CO, T+H,0  BaO, +H,SO,(##) = BasO, | +H,0,

BaCO, +2HNO, = Ba(NO,), +CO, T +H,0

Be+2HCI=BeCl, +H, T Be +2NaOH = Na,BO, +H, T
BeCl, + 2NaOH = Be(OH),  +2H,0  Be(OH), +2HCI = BeCl, +2H,0

Be(OH), +2NaOH = Na,BO, + 2H,0

Br, + H, -2 2HBr 3Br, +2Fe=2FeBr,
Br, +2FeBr, = 2FeBr, Br,+Nal=NaBr +1,
Br, +HI=HBr +1, Br,+H,0=HBr + HBrO

Br, + NaOH = NaBr + NaBrO + H,0 Br, +S0, +2H,0 =H,S0, + 2HBr



Br, +H,S=S{ +2HBr

2Br,+3Na,CO, + H,0 = 2NaHCO, + 2NaBrO + 2NaBr + CO, T

C+2F, =CF, C+2Cl, =CCl,

ey o
20,002 oc0 cro,zm o,

I_J/ml

c+co,-2 2co 1)

i+ 2CO(HITERIRE)  C+Si—2_sSiC(&RImb)

c+2s—2_cs, ac+Ca0_2¥ cac, +co?

ac +sio, H”

, T+2H,0

C+4HNO,(#)—2_C0, 1 +4NO, 1 +2H,0

2C0O0+0, R =——_2CO, CO+CuO Cu+CO,

co+H,0 N o
A

3CO +Fe, 0, ——

S
co, + 2Mg_amgo 1 ¢ CO, +H,0=H,CO,

CO, +2NaOH(id f#)=Na,CO, +H,0  CO,(iZ#&)+NaOH=NaHCO,

CO, +Ca(OH), Gl #)=CaCO, L +H,0  2CO, (it #&)+Ca(OH), = Ca(HCO,),
CO, +2NaAlO, +3H,0 = 2AI(OH), ¥ +Na,CO,

CO, +C,H,ONa+H,0 = C,H.OH + NaHCO,

CO, + Na,0=Na,CO, 2CO, +2Na,0, = 2Na,CO, + 0,

CO, + NH, + NaCl + H,0 = NaHCO,  +NH, CI({ K Hlfikiz)



= vH
CaO+H,0 =Ca(OH), Ca0 +5i0, 21 Casio,

2Ca(OH), + 2Cl, = CaCl, + Ca(ClO), + 2H,0
Ca(OH), + SO, =CaS0, +H,0
CaCO, +2HCO, =Ca(NO,), +H,0+CO, T (Fil HNO, flik H,50, 7 fit#l %

H,S « HI « HBr. SO,)%5f 5 it 44)

==
CaCo, +Si0, -2 casio, +CO, T CaF, +H,S0,(#) = CaSO, + 2HF T

Ca, (PO,), +3H,S0, (#)=3Cas0, +2H,PO,
Ca,(PO,), +2H,S0, (#)=2CaS0, + Ca(H,P0,),
Ca,(PO,), +4H,PO, =3Ca(H,PO,), (F4%)

CaH, + 2H,0=Ca(OH), + 2H, T

\ SR
Cl, +H, = 2HCI sk Cl,+2Na 2 onac)
acl,+2p 2 opey, cl,+Pcl, —2__pcl,

| N 5‘ |y
3Cl,+2Fe i 2FeCl, Cl,+Cu R CuCl,
Cl, +2FeCl, = 2FeCl, 2Cl,+2NaBr = 2NaCl + Br,
Cl, + 2Kl = 2KCl + 1, 5Cl, + I, +6H,0 = 2HIO, +10HCI
Cl, + Na,S=2NaCl +S< Cl, + H,S=2HCI +S{
Cl, +SO, +2H,0=H,S0, + 2HCI Cl,+H,S0, +H,0=H,S0, +2HClI
Cl,+H,0 = HCI + HCIO Cl, + H,0, =2HCI + O,

Cl, + 2NaOH = NaCl + NaClO + H,0
2Cl, + 2Ca(OH), = CaCl, + Ca(CIO), + 2H,0

3Cl,+6KOH(#. ) =5KCl+KCIO, +3H,0



2cu+0, -2 2cu0

5“ Iy
Cu+Cl, A CuCl,

CuO + 2HCI = CuCl, +H,0
Cu(OH), + 2HCI=CuCl, +2H,0

A

Cu(OH), CuO+H,0

CuCl, +H,S=CuS{ +2HCI

CuSO, +H,S=CuS< +H,S0,

2Cu+S—2

Cu,S

_a

3CuO+2NH, 3Cu+ N, +3H,0

CuO +H,S0, =CusO, +H,0

Cu(OH), +H,SO, =CuSO, +2H,0

CuCl, +2NaOH = Cu(OH), ¥ +2NaCl

CuSO, + 2NaOH = Cu(OH), { +Na,SO,

CuSO, +Ba(OH), = Cu(OH), ¥ +Baso, ¥

F, +H, = 2HF

2F, + 2H,0=4HF + O,

IJ_:I“ |y
2Fe +3Cl, Y 2FeCl,

A

Fe+S FeS

Fe+1, —2

Fel,

Rk
3Fe+4H,0(g) Fe,O,+4H,

Fe+CuCl, =FeCl, + Cu

Fe+H,S=FeS+H, T

5 9}‘
i
VAYAI

3Fe+20, Fe,0,

2Fe+3Br, = 2FeBr,

A

Fe+S FeS

Fe+2HCl=FeCl, +H, T

Fe+SnCl, =FeCl, +SnCl,

2Fe +6H,S0, (%) = Fe, (SO, ), + 350, T +6H,0

Fe+H,SO, (#)=FeSO, +H, T

Fe + 6HNO, = Fe(NO,), + 3NO, T +3H,0



Fe +4HNO, = Fe(NO,), + NO T +2H,0

8Fe +30HNO, =8Fe(NO,), +3N,0 T +15H,0
10Fe +36HNO, =10Fe(NO,), + 3N, T +18H,0
8Fe +30HNO, =8Fe(NO,), +3NH,NO, +9H,0
Fe(Al) +H,SO, () =il Ttk

Fe + (CH,C00), Cu = Cu + (CH,C00), Fe

_A

3Fe0 + 2AI—2__ AlLO, + 3Fe 6Fe0 +0, 2Fe,0,
FeO+4HNO, = Fe(NO,), + NO, T +2H,0

==
Fe,0, + 2AI1 Al O, + 2Fe Fe,O, + 3C0—2__2Fe +3CO,

Fe,O, +3H, = 2Fe+3H,0 CHliEEHH)  Fe,0,+6HCI = 2FeCl, +3H,0

Fe,O, + 4H,—2 _3Fe 1 4H,0 Fe,0, + 8HCI (#&)—2_FeCl, + 2FeCl, + 4H,0

4Fe(OH),+0, +2H,0 = 4Fe(OH), 2Fe(OH), —2Fe,0, +3H,0

2FeCl, +Cl, = 2FeCl, FeCl, +Mg = Fe + MgCl,

2FeCl, +Fe=3FeCl, 2FeCl,+Cu = 2FeCl, + CuCl, (- TR Z LR 5D
2FeCl,+H,S0, +H,0=H,SO, + 2FeCl, + 2HCI

2FeCl, + Zn = 2FeCl, + ZnCl, 2FeCl, + H,S=2FeCl, + 2HCI +S{
2FeCl, + 2KI1 =2FeCl, + 2KCl +1,

FeCl, +3NH, - H,0 = Fe(OH), { +3NH,CI

2FeCl,+3Na,CO, + 3H,0 = 2Fe(OH), ¥ +3C0, T +6NaCl

FeCl, +3NaHCO, = Fe(OH), ¥ +3C0, T

2FeCl, + SO0, + 2H,0 = 2FeCl, + H,SO, + 2HClI

BaCl,+H,S0,=BaS0, { +2HClI

FeCl, +3KSCN = Fe(SCN), +3KCl



FeS+2HCI = FeCl, + H,S T FeS+H,S0, =FeSO, +H,ST

4FeS, +110, = 2Fe,0, +850,

Fe, (SO, ), + 2Ag = FeSO, + Ag,SO, (5exfk [ )

Fe(NO,), + AgAN v
H, +F, =2HF(A ) H,+Cl, = 2HCIGEREERATR)
3H, +N, A oNH, H,+S—2 H,S
6H A icl,—2__s;

, +P,—=—4PH, 2H, +SiCl, =—==Si(4}) + 4HClI
H,+2Na = 2NaH 3H, + Fe,0, = 2Fe + 3H,O(H LA
AH, +F A i0,—4 sj

,+tFe,0, =—=3Fe +4H,0 2H, +Si0,=—==Si+2H,0

3Hg +8HCO, (#) = 3Hg(NO,), + 2NO, T +4H,0
Hg +4HCO,(#)=Hg(NO,), + 2NO, T +2H,0
4HF +SiO, =SiF, +2H,0
6HCI + 2AI=2AICI, +3H, T 2HCI+Fe=FeCl, +H, T

AHCI(#)+MnO, —2—MnCl, +Cl, + 2H,0 4HCI(g) + 0, —2—2Cl, + 2H,0

16HCI + 2KMnO, = 2KCl + 2MnCl, +5Cl, +8H,0
14HCI+K,,Cr,0, = 2KCl +2CrCl, +3Cl, + 7H,0
HCI + NH, = NH,CI(14) 2HCI+FeO = FeCl, +H,0

6HCI + Fe,0, = 2FeCl, +3H,0

8HCI() + Fe,0, —2—FeCl, + 2FeCl, + 4H,0

HCI + Na,PO, = Na,HPO, + NaCl HCI+Na,HPO, = NaH,PO, + NaCl
HCI + NaH,PO, = H,PO, +NaCl HCI + Na,CO, = NaHCO, + NaCl

HCI+NaHCO, = NaCl + H,0+ CO,



HBr + NaOH = NaBr +H,0 2HBr+Cl, = 2HCl +Br,

2HIZA _H 41,

2H1 +Cl, =2HCl + 1, HI+NaOH=Nal+H,0
2F, +2H,0=4HF +0, Cl, + H,0=HCl +HCIO
2Na+2H,0=2NaOH +H, T Mg +2H,0 = Mg(OH), +H, T

= vH val
3Fe +4H,0(0) 2 Fe.0, +4H,  2H,0- 2% o4 140,

SO, +H,0=H,S0, SO, +H,0=H,S0,
3NO, +H,0 =2HNO, + NO N, O, +H,0 = 2HNO,
P,O; +H,0(%) = 2HPO, P,O; +3H,0(#) = 2H,PO,

CO, +H,0=H,CO,

2H,0,=2H,0+0, T H,0, +Cl, =2HCI + O,

5H,0, + 2KMnQ, + 6HCI = 2MnCl, + 2KCl + 50, 1 +8H,0

H,S+Cl, =2HCl +S{ H,S+Mg=MgS+H,

2H,S+30, (£ ) =250, +2H,0 2H,S+0, (/b)) =25+2H,0
2H,S+S0, =35+2H,0 H,S+H,S0, (#) =S{ +S0, +2H,0
H,S-2 H,+S 3H,S + 2HNO, (¥%)=3S 4 +2NO + 4H,0

5H,S+ 2KMnO, +3H,S0, = 2MnS0O, + K,SO, +55+8H,0
3H,S+K,Cr,0, +4H,50,=Cr,(S0,), + K,SO, + 35+ 7H,0

H,S +4Na,0, + 2H,0=Na,SO, + 6NaOH

H,S+Fe=FeS+H, T H,S + CuCl,=CuSJ +2HClI
H,S+2AgNO,=Ag,S { +2HNO, H,S+ HgCl,=HgS { +2HCI

H,S+ Pb(NO,),=PbS | +2HNO, H,S+4NO,=4NO +S0O, +H,0



H,CO, =CO, T+H,0

2HCIO=2HCI+0, T

3HNO, +Ag,PO, = H,PO, +3AgNO,
Al + 4HNO,(F#) = AI(NO,), + NO T +2H,0
3As,S,+28HNO, +4H,0 = 6H,AsO, +9H,S0, +28NO T

A

4HNO,(#) +C co, T+4NO, T +2H,0

2HNO, + CaCO, = Ca(NO,), +H,0+CO, T
6HNO, + Fe = Fe(NO,), +3NO, T +3H,0
4HNO, + Fe = Fe(NO,), + NO T +2H,0

30HNO, +8Fe = 8Fe(NO,), +3N,0 T +15H,0
36HNO, +10Fe =10Fe(NO,), +3N, T +18H,0
30HNO, +8Fe = 8Fe(NO,), +3NH,NO, + 9H,0
FeO +4HNO, = Fe(NO,), + NO, T +2H,0
3H,S+ 2HNO,(Fi) = 35 { +2NO +4H,0

4HNO, = 4NO, + O, + 2H,0( W CESZ I iF)
NH, +HNO, = NH,NO, (FH4#) (] HNO, ik H,SO, A fgfil % H,S « HI . HBr . SO,)
3Na,S +8HNO, ()=6NaNO, +2NO+3S 4 +4H,0
3Na,SO, + 2HNO,(#i)=3Na,SO,+2NO T +H,0
5HNO, (i) +P=H,PO,+5NO, T +H,0

P, +20HNO,(J#)=4H,PO, +20NO, T +4H,0
S+6HNO, (¥ )=H,S0,+6NO, T +2H,0
3S+4HNO,(F#)=3S0, T +4NO T +2H,0

S$+6HNO,(#)=H,S0, +6NO, 1 +2H,0



4H,PO, +Ca,(PO,), =3Ca(H,PO,), (FEH)
H,PO, (#) + NaBr = NaH,PO, + HBr

H,PO, () + Nal = NaH,PO, +HI

H,S0, + X, + H,0=H,50, + 2HX (X %% Cl,, Br,, I,)
2H,50, +0, = 2H,50,

H,S0, +H,0, = H,S0, +H,0

5H,S0, +2KMnO, = 2MnS0, + K,SO, + 2H,S0, +3H,0
H,S0, + 2FeCl, +H,0 =H,S0, + 2FeCl, + 2HCI

H,S0, = H,0+S0,

2H,S0, +2H,S=3S{ +2H,0

H,SO, +Zn =2ZnSO, +H, T
Fe+H,SO, =FeSO, +H, T
Mg +H,SO, =MgSO, +H, T

2Al+3H,S0, = Al,(SO,), +3H, T

241+ 6H,50, () —2__ AL (S0,), +350, T +6H,0

2NH, +H,S0, = (NH,),S0,
H,S+H,S0,(#) =S| +S0,+2H,0

P,0; +3H,S0, () = 2H,PO, +3S0,

BaO, + H,SO, (##) = BasSO, +H,0,

Na,O, +H,SO,(#*. #i)=Na,SO, +H,0,
MgO+H,SO, =MgSO, +H,0

Al,0, +3H,S0, = Al,(SO,), +3H,0

A

2H,S0, () +C Co, T+2S0, T +2H,0

10



2H,S0, (i) + S=3s0, T +2H,0

H,S0, G4 + Fe(Al) =i Mtk
6H,S0, (iK) + 2Fe=Fe, (SO, ),+3S0, T +6H,0

A

2H,S0, (&) + Cu CuS0,+S0, T +2H,0

H2S04

H,S0, () + 2HBr —2

SO, +Br,+2H,0

H,S0, (i) + 2HI—2—50, +1,+2H,0

H,S0, (i) + CaF, —&_CaSO, +2HF 1

A

H,SO, () + NaCl NaHSO,+HCI T

H,SO, (%) + 2NaCl A Na,SO,+2HCI T

A

H,SO, (#) + NaNO, NaHSO, +HNO, T (f##)

3H,S0, () + Ca, (PO,), = 3CaS0, +2H,PO,

2H,S0, () + Ca, (PO,), = 2CaS0O, +Ca(H,PO,),

11



A\
o+ Hy =2 I, + Fe—2Fel,
I, +2NaOH = Nal + NalO +H,0
K+0,—2 Ko,
2K +2H,0=2KOH+H, T
K,O +H,0 =2KOH K,0+CO, =K,CO,
2K,0, +2C0, =K,CO, +0, 2K,0, +2H,0=4KOH + 0,
2KOH +CO, =K,CO, +H,0 KOH +CO, = KHCO,
K,CO, +2HCl = 2KCI + CO, T +H,0 K,CO, + CaCl, = CaCO, ¥ +2KClI
K,CO, +2AgNO, = Ag,NO, | +2KNO,
KHCO, + HCI = KCl +CO, T +H,0
2KHCO, —2_K,CO, +CO, T +H,0
2KCIO, —2__2KClI+30, 1 KCIO, +6HCI—KCI +3Cl, T +3H,0
2K1+Cl, = 2KCl +1, KI+ AgNO, = Agl { +KNO,

2KAI(SO,), +B6NaOH = K,SO, +3Na,SO, + 2Al(OH), ¥
2KAI(SO,), +3Ba(0OH), = K,SO, +3BaSO,  +2AI(0OH), ¥

KAI(SO,), + 2Ba(OH), = KAIO, + 2BaSO, {

2KMnO, —2__K,MnO, +Mno, + 0, 1

2KMnO, +16HCI = 2KCl + 2MnCl, +5Cl, T +8H,0

2KMnO, +5H,0, +6HCl = 2KCl + 2MnCl, +50, T +8H,0

12



3KSCN + FeCl, = Fe(SCN), + 3KCl

KH+H,0=KOH+H, T

_A

Li+0O, Li,O

2Li + 2H20 = 2LiOH + H21

Li,0 +CO, = Li,CO, Li,O +H,0 = 2LiOH

2LiOH +CO, = Li,CO, 4 +H,0 LiOH +CO, = LiHCO,

Li,CO, + 2HCl = 2LiCl + CO, T +H,0

LiHCO, +HCI = LiCl+CO, T +H,0 2LiHCO, —2__Li,cO, +CO, T +H,0
mUR
2Mg + 0, ==—==_2MgO Mg + 2H,0=2Mg(OH), ¥ +H, T
o R o
Mg +Cl, R MgCl, 2Mg + CO, Y 2MgO +C
Mg + S=MgS
Mg + Br,=MgBr,

Mg + 2HCI=MgCl, +H, T Mg +H,S0,=MgSO, +H, T

2Mg + TiCl,, (J55@#) =2MgCl, + Ti Mg + 2RbCI(J%##) =MgCl, +2Rb
MgO + 2HCI=MgCl, + H,0 MgO + H,0=Mg(OH), +

Mg(OH), + 2HCI = MgCl, + 2H,0

MgCO, + 2HCI = 2MgCl, + CO, T +H,0

A A

MgCO, +2H,0 Mg(OH), { +CO, T MgCO, co, T +MgO

Mg(HCO,), + 2HCI = MgCl, +2CO, T +2H,0

2Mg(HCO,), —2 Mg(OH), | +CO, T +H,0

13



MgSO, + Ba(OH), = Mg(OH), { +BaSO, ¥

MgSO, + 2NaOH = Mg(OH), ¥ +Na,SO, ¥

MnO, + 4HCI (#)—2_MnCl, +Cl, T +2H,0

N, +3H, =Ll oNH, N, +0, X ono
AR
N, +3Mg R Mg;N, N,+6Na=2Na,N

2NO+0,=2NO,

NO+NO, +2NaOH=2NaNO, Fl J-il i Tl i i < FINOFINO,)

Al =
sNO+aNH, EET 5N 16H,0
A

NO, +2KI+H,0=NO+l,+2KOH A REFVER KR X HIRZE THINO,)

4NO, +H,S=4NO+S0O,+H,0 NO,+S0,=S0O,+NO
3NO, +H,0=2HNO,+NO N,O, +H,0=2HNO,
2NH,+3CU0—2_3Cu+ N, +3H,0  NH,-H,0—2_ NH, T +H,0

2NH, +3Cl, = N, +6HCl 8NH, +3Cl, = N, + 6NH,Cl
ANH, +30, (40 S on v eH,0  aNH,+50, T 4o 4 6H,0
A
anH,+6NO T 5N L 61,0 (A HNO)
A
NH, +HCI=NH, CI(E1 ) NH, +HNO, =NH, NO, (/)

2NH,+H,S0,=(NH,),S0,
NH,+NaCl+H,0+C0,=NaHCO, { +NH,CI (5Kl

2NH,+S0,+H,0=(NH,),SO, NH,+H,0 = NH, -H,0 = NH," + OH"

14



NH,HCO, = NH, +H,0+CO,

(NH,),CO, =2NH, T +H,0+C0, T

NH,Cl = NH, + HCI

2NH,Cl + Ca(OH), <2 NH, 1 +CaCl, + H,0

NH,Cl+ NaOH —2_ NH, T +H,0 + NaCl

NH,CI + NaOH = NH, - H,0 + NaCl

NH, NO, + NaOH = NH, - H,0 + NaNO,

NH,NO, + NaOH-2_NH, T +H,0 + NaNO,

5NH,NO, 2- 4N, T +9H,0 + 2HNO,

(NH,),S0, + S0, +H,0=2NH,HSO0,

(NH,),SO, +2NaOH=Na,SO, -+ 2NH, - H,0

(NH,),S0, + 2NaOH -2 Na,SO, + 2NH, T +2H,0

4Na+0, =2Na,0 2Na+0, U Na,O,

2Na +Cl, HH oNacl 2Na +S=Na,S(H&/E)

2Na + 2H,0=2NaOH+H, T 2Na +H, —2 2NaH

2Na + 2NH,=2NaNH, +H, 4Na + TiCl, (4l =4NaCl +Ti
Na,O+H,0=2NaOH 2Na,0+0, —2 2Na,0,
Na,0+S0,=Na,SO, Na,0+CO,=Na,CO,

Na,O+2HCI=2NaCl+H,0

Na,O, +2Na=2Na,O(t % 3 FH Tl #Na,O)

15



2Na,0,+2H,0=4NaOH+0, T

(M B4 P Na,0, +2H,0=2NaOH+H,0,; 2H,0,=2H,0+0, T.
H , O, 1 il & ] ) FH ZEABLIR) s %)

2Na,0,+2C0,=2Na,CO, +O0,

2Na,0,+H,S0, (. #)=Na,SO,+H,0,

NaH+H,0=NaOH+H, T

2NaOH+Si+H,0=Na,SiO, +2H, T
6NaOH+35—2__ 2Na,S+Na,S0,+3H,0
2NaOH+2A1+2H,0 = 2NaAlO, +3H, T

2NaOH(id #)+CO, = Na,CO,+H,0  NaOH+CO, (i #&) = NaHCO,

2NaOH+Si0, = Na,SiO, +H,O(# I, N e i 7E)

2NaOH+AIL 0, = 2NaAlO, +H,0 2NaOH+Cl, = NaCl+NaCIO+H,0
NaOH+HCI = NaCl+H,0 NaOH+H,S(/£ &) = NaHS+H,0
2NaOH+H,S(’> &) = Na,S+2H,0 3NaOH+AICI, = Al(OH), { +3NaCl

NaOH-+AI(OH), = NaAlO, +2H,0

A

NaOH+NH,ClI NaCl + NH, T +H,0

4NaOH + AICI, = Na[Al(OH),]+3NaCl  2NaOH +P,0, = 2NaPO, +H,0

6NaOH + P,0, =2Na,PO, +3H,0

2NaAlO, + CO, +3H,0 = 2AI(OH), ¥ +Na,CO,

3NaAlO, +AICl, + 6H,0 = 4Al(OH), ¥

A

NaCl+H,SO, () NaHSO,+HCI T

INaCI+H,SO, () — 2% Na,sO,+2HCIT  2Nal+Cl,=2NaCl+l,

NaBr+H,PO, (#)=NaHPO, +HBr Nal+H,PO, (##)=NaH,PO, +HI

16



==
Na,CO, +Si0, Z2_ Na,Si0,+CO,  Na,CO, + HCI=NaHCO, +NaCl

NaHCO, + HCI=H,0+NaCI+CO,

3Na,CO, + 2AICI,+3H,0=2AI(0OH), { +3CO, T +6NaCl
3Na,CO, + 2FeCl,+3H,0=2F¢(OH), ¥ +3CO, T +6NaCl
3NaHCO, + AICI, = Al(OH), { +3CO, T

3NaHCO, + FeCl, = Fe(OH), 1 +3CO, T

NaHCO, + HCl = NaCl + CO, T +H,0

2NaHCO, —2 Na,CO, +CO, T +H,0

3Na,CO, -+ 2Br, +H,0=2NaHCO, +2NaBrO+2NaBr+CO, 1

NaHCO, + Br,=NaBr+HBrO+CO, T

2NaNO, —2__2NaNO,+0, 1

H,SO,(#)+NaNO, —2— NaHSO, +HNO, T (##)

KCIO, +6HCI = KCI +3Cl, T+3H,0 NaNO, +NH,CI=NaCI+N, T +2H,0

Na,PO, +HCI=Na,HPO, +NaCl Na,HPO, +HCI=NaH,PO, +NaCl

NaH,PO, +HCI=H,PO, +NaCl

Na,S+Cl,=2NaCl+S
3Na,S+8HNO,(Fi)=6NaNO, +2NO+3S | +4H,0

3Na,S+Al, (SO, ), +6H,0=2AI(0H), { +3H,S T

3Na,SO,+2HNO,(F#)=3Na,SO, +2NO T +H,0
2Na,S0,+0,=2Na,S0, Na,S,0,+H,50,=Na,S0, +5+S0, +H,0
Na,S0, +S0, +H,0=2NaHSO,

2Na,HSO, —2 Na,S0,+S0, 1 +H,0

17



Na,SiO, +2HCI=H,SiO, { +2NaCl

C,H,ONa+CO, + H,0 = C,H,OH + NaHCO,

FBR
R

0, +2H, 2H,0

lJ_:'A‘ y
20, +3Fe KU

Fe,O,

0, +N, X8 ono

R i
4P+50, U P,O,, (5 % P,0;)

Sigkh+0, —2_sio,

4Na+0O, =2Na,0

IJ_:[“ [y
2Mg+0, S 2MgO

=]
4NH,+50, %4{‘”U4NO+6HZO
A

Eik\
SN

2C0+0, 2C0,

2H,50,+0, = 2H,S0,

2Na,S0,+0,=2Na,S0,

0,+K—2_Ko,

IEJ:Z‘
ARy

0,+S SO,

30, X 50

3

ey SR
C+0,(£ ) b Co,

_A

2Na,0+0, 2Na,0,

2Na+0, = Na,0,

E‘li%‘
AT

4Al+30, 2A1,0, (Fifk)

250,+0, -2 250,

_a

6FeO+0, 2Fe,0,

4Fe(OH),+0, +2H,0=4F¢e(OH),

20, =30,

0, +2HI=1,+0,+H,0

51 v
op+3ct, 2 opey,

4

P, +6H, 4PH,

4

PCI, +Cl, PCI,

SR i
4P+50, U P,0y, (7 5 . P,0;)

P, +20HNO, (#&) = 4H,PO, +20NO, +4H,0

11P +15CuSO0, + 24H,0 =5Cu,P + 6H,PO, +15H,S0,

PH, + 20, =H,PO,

18



PO, +H,0(¥4)=2HPO,
P,0, +3H,0(#Y=2H,PO, (P,O, 1% 5 WK . AI{ES AT 1577
P,0,+3H,S0, (#)=2H,PO, +350,

P,0,+2NaOH = 2NaPO, + H,0 P,0, +6NaOH = 2Na,PO, +3H,0

Pb+2HCI =PbCl, +H, T

PbO, + 4HCI(#) —2—PbCl, + Cl, T +2H,0

Pb(NO,), + H,S=PbS{ +2HNO,

(CH,COO0), Pb+H,S=PbS{ +CH,COOH

2Rb+2H,0=2RbOH +H, T

RbOH + HCIl =RbCl +H,0

A

S+H,—2 Hs 25+C Cs,
S+Fe—2 FesS S+2cu—2 _cus
35+ 2AI—2 _AlLS, S+zn—2_7ns
s5+0, 2 5o, S+Fe—2 FeS
S+6HNO,(#) =H,S0, +6NO, T +2H,0
3S+4HNO,(F#) =350, T +4NO T +2H,0
35+ 6NaOH—2_ 2Na,S+ Na,SO, +3H,0

S+ Mg =MgS

S+ 2Na = Na,S(HEF)

S+2H,50,(#) =350, T +2H,0

19



SO, +2H,5=35+2H,0 250, +0,—2250,

250, +0, +2H,0=2H,S0, SO, +Cl, +2H,0=H,SO, + 2HCI
SO, +Br, +2H,0=H,SO, + 2HBr SO, +1,+2H,0=H,SO, +2HI
SO, +NO, =SO, +NO SO, +2H,5=35+2H,0

SO, +H,0=H,SO, SO, +2NH,+H,0=(NH,),SO,

S0, +(NH,),S0,+H,0 = 2NH,HSO,

SO, + Ca(OH), = CaSO, ¥ +H,0 (A fit FH ¥ 375 A1 7K /K % 51 SO, F1 CO, A F b
AR}

2NaOH +S0, (/> ) = Na,S0, +H,0  NaOH+S0, ) = NaHSO,

Cl, +S0, +2H,0 = H,S0, + 2HClI

SO, +H,0=H,S0, SO, +MgO = MgSO,
SO, +Ca(OH), = CaSO, +H,0 SO, +Na,0 = Na,S0,

SO, +2KI = K,S0, +1,

A

si(H) + 2¢1, —A_sicl, SiCl, + 2H, Si(4ki)+4HCl

Si(h) +0, —2sio, Si+ C—2__sic(&:Rilib)

Si+2NaOH +H,0 = Na,SiO, + 2H, T

2C +Si0,—A__Si+2C0O T (14T

ac+sio, ¥ _sic+2cot

R

2Mg +SiO, 2MgO +Si

4HF +Si0,=SiF, T +2H,0

_A

SiO, + 2H, Si+2H,0 SiO, + 2Mg—2__ 2MgO +Si

=nV=!
Si0, +Ca0 ™ Casi0,

Si0, -+ 2NaOH=Na,Si0, + H,O (i T #EH 2218 Ji% i 389)

20



== =y =|
Si0, +Na,CO,—“%_Na Si0, +CO, T Si0, +CaCO, ~M_casio, +CO, T

2NaOH +Si0,=Na,SiO, +H,0

A

Zn+$S Zns Zn+2HCI=ZnCl, +H, T

Zn+H,S0, =ZnSO, +H, T Zn +2NaOH = Na,ZnO, +H, T

Zn +2FeCl, = 2FeCl, + ZnCl,

ZnO+2HCI =2ZnCl, +H,0 Zn0O +2NaOH = Na,Zn0, + H,0

Zn(OH), +2HCI = ZnCl, + 2H,0 Zn(OH), +2NaOH = Na,Zn0O, +2H,0
Zn(OH), +4NH, - H,0 = Zn(NH,),(OH), +4H,0

Zn(OH), -2

Zn0 +H,0

21



<7

B,H, (g) +30,(g) =B,0,(s) +3H,0(1) ; AH = —2165kJ - mol

C(fa%%, s) +0,(g) =CO,(g); AH = —393.5kJ - mol ™

C(&RIf1, 8) +0,(g) =CO,(g) ;s AH =-395.4kJ - mol™
C(&HIfT, 5)=C(f158, s) ; AH = —1.90kJ - mol ™

C(s) +H,0(g)=CO(g) + H,(g) ; AH = +131.3kJ - mol

C(s) + %Oz (9)=CO(g) ; AH = -110.5kJ - mol ™

C(s) +0,(g) =CO,(g) ; AH = -393.5kJ - mol ™

C(s) + %oz (9)=CO, (g) ; AH = —283kJ - mol ™

CaC, (s) + 2H,0(l)=C,H, (g) + Ca(OH), (S) ; AH = -127kJ - mol ™
CH, (9) + 20,(9)=CO,(g) + 2H,0(l) ; AH = -890.3kJ - mol*
C,H, (g) +30,(9)=2CO0, (g) + 2H,0(I) ; AH = —1411kJ - mol *
C,H,(g) + goz (9)=2C0, (g) + H,0(l) ; AH = —1300kJ - mol
C,H, () +50,(g)=3CO0, (g) + 4H,0(l) ; AH = —2220.0kJ - mol *
C,Hq (1) + %oz (9)=8CO, (g) + 9H,0(l) ; AH = —5518KkJ - mol *
CH,OH(l) + goz (9)=CO, (g) + 2H,0(1) ; AH = —-725.8kJ - mol ™
C,H.OH(l) +30,(g)=2C0,(g) +3H,0(I); AH = ~1367kJ - mol *

C,H,,0, () +60,(g)=6CO, (q) +6H,0(l) ; AH = —2800kJ - mol ™

H, (9) + Cl,(9)=2HCI(g) ; AH = —184.6kJ - mol™
2H,(9) + O, (9)=2H,0(g) ; AH = —483.6kJ - mol ™
H,(9) +%02(g)=HZO(I) : AH = —241.8kJ - mol ™

2H,(9) + 0,(g)=2H,0(l) ; AH = -571.6kJ - mol
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H, (@) +%oz (g)=H,O(l) ; AH = ~285.8k- mol *

2H,0(g) = 2H, (g) + O,(g) ; AH = +483.6kJ - mol ™

H,0(g) = H, (g) + %oz (g) ; AH = +241.8KJ - mol *

2H,0(I) = 2H, () + O, (g) ; AH =+571.6kJ - mol *

H,0() =H, (g) + %02 (9); AH = +285.8kJ - mol ™

H,O() = H,0(g) ; AH = +44kJ - mol™ H,0(g) = H,O(l) ; AH = —44kJ - mol ™
HCl(aqg) + NaOH(aq) = NaCl(aq) + H,O(l) ; AH = -57.3kJ - mol ™

H* (aq) + OH " (aq) = H,0(l) ; AH = -57.3kJ - mol*

N, (g) +0,(g) = NO,(g) ; AH = +180.7kJ - mol *

N, () +3H, (9) === 2NH, (g) ; AH = ~92.4kJ - mol ™ =

el i

4NH,(9) + SOz(g)ﬂ4NO(g)+6HZO(g) : AH = -907kJ - mol ™
A

2NO(g) + O, (g) = 2NO, (g) ; AH = —113kJ - mol *

3NO, (g) + H,0(1)=2HNO, (1)+NO(g) ; AH = —136kJ - mol *
N,H, (g) +O,(9)=N,(g) +2H,0(g) ; AH = -534kJ - mol *
N,H, (1) + 2H,0, ()=N, (g) +4H,0(g) ; AH = —641.6kJ - mol ™*

2N,H, (9) +2NO,(9)=3N,(g) +4H,0(g) ; AH = ~1135.7kJ - mol

P,(F1%%, s)=4P(Zf%, s); AH=-66.8k]-mol™

S(9) +0,(9) R SO, (9) ; AH = —297kJ - mol™

==
FeS, (5) + %oz (g) %Fe203(3)+2802 (g) ; AH = —853kJ - mol™

S0,(9) +%02(g) I+ 50, (g) ; AH = ~98.3kJ - mol™

S0, (g) + H,0(l) =H,S0, (1) ; AH = ~130.3kJ - mol *

23



<7

CH, +20,—* 5C0,+2H,0 CH, +2Cl, —*_CH,ClI, + 2HCI
CH, +3Cl, —* 5 CHCI, +3HCI CH, +4Cl, —£ > CClI, +4HCI
CH, —5C+2H,

C,H,+30, —* 52C0,+2H,0 CH,=CH,+Br, ——CH,BrCH,Br

CH,=CH,+H,0—5" ,CH,CH,0H ~ CH,=CH,+H, —>CH,CH,

CH,=CH, +HCl——>CH,CH,ClI

Pt
nCH,=CH, % CH,— CH, %
n

CH,CH,OH—#% _,CH,=CH, T +H,0

170°C

CaC, + 2H,0——C,H, T+Ca(OH),  2C,H, +50, —* 4C0,+2H,0

CH = CH+Br, CHBr=CHBr CHBr = CHBr + Br, —— CHBr,CHBr,
fEALA
CH ==CH+HCI H,C=CHCI1
nH,C=CHCI %CH —CH jLn
cl
2C4H,+150, —=—12CO, +6H,0

, Br

©+Br2 Lﬂ{ﬁu @ +HBr
‘ NO
©+HO—N02 _— @ +H,0
SO;H
©+HO—SO3H A O Ym0
@ ey
+3H, — — »
JAN

CH;, CH,

winm O NO,

+3HONO, +3H,0
A

NO,

fit)
—
C16H34 gk s C8H18 +C8H16
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CH,CH,Br+H,0——CH,CH,OH+HBr

CH,CH,Br+NaOH—" 5 CH,=CH, +NaBr+H,0
A

R -CH,X— >R —-CH,OH

NaOH

H,0 OH -H,0
R—CHX, R—CH R—CHO
NaOH “\OH
OH
HZO / — Hzo
R— CX; R—C “—OH R—COOH
NaOH N~ OH

CH, =CH, + H,0— %" CH,CH,OH

JIENSTIES

2CH,CH,OH +2Na—2CH,CH,ONa +H, T

2CH,CH,OH + 0, —#%"_,2CH,CHO + 2H,0
A
\'77 fiEAL |

2CHy; —C —H +H,0

,,,,,,,,

<1>2Cu+0,-A 2cuo

< 2> CH,CH,0H+Cu0—2CH,CH,0+ H,0 +Cu

CH,CH,OH—%%—>CH, =CH, T+H,0

170°C

CH,CH,OH—%%%_, CH,CH,OCH,CH, + H,O

140°C

OH
@’ +NaOH —= @’ N 11,0

@—ONa +CO,+H,0 —— @’ OH 1 NaHCO;
OH

B
@—OH +3Br, — T l +3HBr
Br

CH,CHO +H, —*% ,CH.CH,OH
A

2CH,CHO + 0, —*%_52CH,COOH
A

CH,CHO + 2Ag(NH,),0H —~5CH,COONH, +2Ag { +3NH, + H,0

25



CH,CHO +2Cu(OH), —*-»CH,COOH +Cu,0 { +2H,0
CH = CH+H,0—%>CH,CHO

2CH, =CH, + 0, — 1 2CH,CHO

Ik n

IR
A

CH,COOH+CH,CH,OH CH,COOCH,CH,+H,0

IR
A

HCOOH-+CH,0OH HCOOCH, +H,0

CH,COOCH,CH, +H,0—"*%_,CH,COOH+CH,CH,0OH
2CH,CHO + 0, —"_, 2CH,COOH

2CH, =CH, + 0, — 5“8 2CH,CHO

JIEINIES

2CH,CH,CH,CH, + 50, —%__ ACH,COOH+2H,0

T II)ES

0)
............. . IR ” 1

CHy —C ~OH#H |—'*0C;Hs ====CH; — C — 0CH;s 120

] y

| Ca0
R—C —OH NaOH R_E.._C —ONa +NaO-—H Aj:ta%

. )
CH,OH CH,ONO,
CHOH +HONO, %% _ CxoNno, +3m,0
c J:

CH,OH H,0NO,

RH+N32CO3

C,H,,0,+60, —* 56C0O,+6H,0

C,H,,0, (5)+60,(g)=6CO, (g)+6H,0(l) ; AH = —2800kJ - mol ™

CH,OH(CHOH), +H, —* CH,0H(CHOH), CH,OH

CH,OH(CHOH), CHO + 2Ag(NH,),0H —2—»CH,0H(CHOH), COONH, +

2Ag 4 +3NH, + H,0

CH,OH(CHOH), CHO + 2Cu(OH), ——CH,OH(CHOH), COOH +

Cu,0{ +2H,0
C.H,0, —" 52CH,CH,OH +2CO,

C.H,,0, —% 5 2CH,CHOHCOOH +2CO,

Cy,H,, 0, (HEHE) + H,0— 5 C H,, O, (HI & 1) + CH,,0, CHAH)
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Cy,H, 0y, (25 HE) + HZO&ZCGleoB (FEI&T )
(CG HlOOS)n (fi*ﬁj\) + nHZOM—)nCG H1206 (%%*ﬁ)

(C,H,,0), (FF4ER) + nH,0—E_5nC H,,0, (i & HE)

OH
. e Y ONO,
(CgH,0,) — OH | 43nHONO, 222 ( C6H70, ) — ONO, | +3nH,0
. OH . ONO,
n n
C17H33CO0CH, C,,H;5COOCH,
AL

Cy7H3;COOCH  +3H, C,7H;5COOCH

hn# &
C17H33COOCH2 C17H35COOCH2
TR TR () i 1 e et 1 (1 07
C,7H;5COOCH, CH,0H

H,SO
Cy7H;5COOCH  +3H,0—2""% . 3C,;H35COOH + CHOH
C,,H;5COOCH, CH,0H
i JIE R T vt it P Hm
C,,H;sCOOCH, CH,OH

Cy7H;5COOCH  +3NaOH 3C,;H;5COONa+ CHOH

Cy7H;5COOCH, CH,0H
B i 2 i i 8 1 1R Y H
o H

| +H,0
NH2 NH2 NHZ
11
CH, —COOH CH3;—CH —COOH CHZ—H:— N— CH —COOH
. et | | 0
NH, NH, NH, CH,

1T
CH;—CH —COOH CH, — COOH | CH;—CH— C—N— CHy—COOH

+ ‘ +H,0
NH, NH, NH,

11
CH3;—CH —COOH CH;—CH —COOH CH;—CH— C—N— CH—COOH

. AL |
NH, NH, NH, CH;

+H,0

27



<7

2A1+6H" =2AP +3H, T 2Al+20H" +2H,0=2AI0, +3H, T
AP +3H,0 = AI(OH), + 3H" AP +30H = AI(OH), ¥
AI* +40H" = AlO, +2H,0
3AI +100H" = 2AI(OH), { +AlO,” + 2H,0(Z4n(AICI, )/n(NaOH)=3:10it})
AP +3NH,H,0 = AI(OH), ¥ +3NH,*
2A" +3C0O,* +3H,0 = AI(OH), ¥ +3C0O, T
AP +3HCO, = Al(OH), ¥ +3C0, T
AP +3HS™ +3H,0 = 2AI(OH), 4 +3H,S T
2A +35% +6H,0 = 2AI(OH), ¥ +3H,S T
AP +3A10,” +6H,0 =4AI(OH), | 2AI* +3Si0, = AL (SiO,), ¥
AlO,” +2H,0 = Al(OH), 1 +OH" AlO,” +H’ + H,0=Al(OH), ¥
AlO, +4H" = A" +2H,0
9AI0,” +30H" = 2AI(OH), L +7AI** +12H,0(24n(NaAlO, )/n(HCI)=3:10f)
3Al10,” +Fe* +6H,0 = Fe(OH),  +3AI(0OH), |
AlO,” +NH," +H,0= Al(OH), 4 +NH, T
AlO,” +HCO, +H,0=AI(OH), { +CO,*
2Al0,” +CO, +3H,0 = 2Al(OH), ¥ +CO,>

AlO,” +CO, +2H,0 = AI(OH), { +HCO,"

AlO, +6H" = 2AF*" +3H,0 AlLQO, +20H" =2AI0, +H,0
Al(OH), +3H" = AP’ +2H,0 Al(OH), +20H™ = A0, +2H,0
Ag" +H,0 = AgOH +H" Ag" +NH, -H,0=AgOH | +NH,’"

Ag’ +2NH, -H,0=[Ag(NH,),]' +H,0  Ag®+CI" =AgCI{

Ag’ +Br =AgBr Ag'+1 =Agl{
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3Ag" +PO,” =Ag,PO, 1 2Ag* +CO;” =Ag,CO, ¥

Ag,CO, +2H" =2Ag* +CO, T+H,0  Ag,PO, +3H" =3Ag" +H,PO,
2Ag[(NH,),]" + 20H" + CH,CHO=2_CH,CO0" + NH," + 2Ag { +3NH, + H,0

2Ag[(NH,),]" + 20H" + CH,OH(CHOH), CHO—2_ CH,0H(CHOH),COO™ + NH," +

2Ag ¥ +3NH, + H,0

As,0, +62Zn +12H" = AsH, +62Zn% +3H,0
ASO} +1,+20H =AsO,> +2I" +H,0

H,ASO, + 21" +2H" =H,AsO, +1, + H,0

Ba’** +S0,> =BaSO, Ba®* +CO,” =BaCO, |
3Ba’" +2P0O,* =Ba,(PO,), ¥ Ba®* +20H™ +CO0, =BaCO, { +H,0

Ba’* +20H™ +2H" +S0,” =BaSO, ¥ +2H,0(NaHSO,
VI InBa(OH),, v 2 H i)

Ba® +OH +H' +S0,> =BaS0, 4 +H,0(NaHSO,
VR nBa(OH), , fiBa* 4= B ITE)

BaCO,+2H"=Ba*" +CO, T +H,0

2Br~ +Cl, =2CI" +Br,

Br, + SO, + 2H,0=2Br +2H" +50,>

4Br~ +2Fe*" +3Cl,=2Fe*" + 2Br, + 6CI (/£ &Cl,)

2Br~ +2Fe”* + 2Cl,=2Fe*" +Br, + 4Cl" (24n(FeBr,) / n(Cl,) =1: 1)

10Br~ +6Fe”* +8Cl,=6Fe* +5Br, +16Cl" (24n(FeBr,) / n(Cl,) = 3: 4)

CO,” +2Ag" =Ag,CO, ¥ CO.” +Ba** =BaCO, J
CO,” +Ca”* =CaCO, CO,” +2H" =CO, T +H,0
CO,% +H,0 = HCO, +OH"

3CO,” +2AI* +3H,0 = 2Al(OH), | +3c0, T

3CO,” +2Fe* +3H,0 = 2F¢(OH), ¥ +3C0, T
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CO, +2Al0,” +3H,0 = 2AI(OH), ¥ +C0O,>

CO, +AlO, +2H,0 = Al(OH), { +HCO,

CO, +OH =HCO," CO, +Ba* +20H™ =BaCO, ¥ +H,0
CO, +20H =CO,* +H,0

3C0O, +50H™ =2C0,* + HCO, +2H,0(34n(C0O,) / n(NaOH) = 3: 5/1)

CO, +Si0,> +2H,0=H,SiO, | +CO,>

Ca®" +20H +CO, = CaCO, | +H,0

Ca®" +20H +S0, =CaSO, { +H,0

Ca* +2ClO™ +S0, + H,0=CaS0, { +HCIO + H* + CI- (/> &S0,)
Ca* +2CIO™ +2S0, +4H,0 =CaS0,  +2CI" +4H" +50,” (£ &S0,)
Ca* +2ClO™ +CO, + H,0 = CaCO, { +2HCIO

CaCO, +2H" =Ca* +CO, T +H,0

Cl, +H,0=Cl +H" + HCIO Cl, +20H =CI" +CIO +H,0
Cl, +20H =CI" +CIO" +H,0 Cl,+2I" =2CI +1,

Cl, +H,S0, +H,0=2Cl" +SO,” +4H" Cl,+H,S=2ClI" +2H" +S{
Cl, + 2Fe*" = 2Fe* + 2CI" ([rlFeBr & H /> ECl,)

3Cl, +2Fe* +4Br~ = 2Fe*" + 2Br, +6Cl- (£ &Cl,)

2Cl, +2Fe* +2Br~ = 2Fe>" + Br, +4CI™ (4n(FeBr,) / n(Cl,) =1: 1)

8Cl, +6Fe* +10Br~ =6Fe> +5Br, +16CI™ (4n(FeBr,) / n(Cl,) = 3: 4if)
Cl,+21I" =2ClI +1,

Cl, + 21" =1, + 2CI" (FFel & i@ A\ /D &Cl,)

3Cl, +2Fe”* +41" = 2Fe* +2l, + 6Cl (/£ &Cl,)

4Cl, + 2Fe™ +61~ = 2Fe* +31, +8CI™ (&n(Fel,) / n(Cl,) = 3: 4})

2CI" +4H*+MnO, = Mn** +Cl, T +2H,0
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Cl" +Ag" =AgCl{ ClO™ +H* =HCIO

ClO +S0, +H,0=2H" +CI" +SO,> CIO™ +H,0 = HCIO + OH"

CN" +H,0=HCN+OH"

Cr,0, +6Fe? +14H" =6Fe* +2Cr* +7H,0

Cu + 2Fe* = 2Fe®" +2Cu?

3Cu+2NO, +8H" =3Cu* +2NO T +4H,0

Cu* +2H,0 = Cu(OH), +2H"

Cu®* +2NH, -H,0 = Cu(OH), L +2NH,*

Cu®* +4NH,H,0 =[Cu(NH,),]** +4H,0

Cu® +2Na+2H,0=2Na" +Cu(OH), L +H, T

Cu** +H,S=2H" +Cus{ Cu* +Fe=Cu+Fe*

Cu?" +20H" =Cu(OH), ¥ CuO +2H" = Cu?" +H,0

C,H,0" +H,0 = C,H,OH+OH"
C,H,0" +C0,=C,H.0OH+ HCO,”

6CsH,OH + Fe* =[Fe(C;H,0),]* (48 i) +6H"

CH,CHO + 2Ag[(NH,),]" +20H" —2__ CH,COO™ + NH," + 2Ag 4 +3NH, + H,0

_A

CH,CHO + 2Cu(OH), CH,COOH +Cu,0 { +2H,0

A

2CH,COOH + CaCQO, 2CH,CO0™ +Ca* +C0, T +H,0

CH,OH(CHOH), CHO + 2Ag[(NH,), " +20H- —2_ CH,OH(CHOH),COO™ + NH," +

2Ag 4 +3NH, +H,0

_4A

CH,OH(CHOH), CHO + 2Cu(OH), CH,OH(CHOH), COOH +

Cu,01 +2H,0

5C,H, +12Mn0O,” +36H* =12Mn*" +10CO, T +28H,0

5C,0,2 +2Mn0O, +16H" = 2Mn** +10CO, 1 +8H,0
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2F, +2H,0=4HF+0, T

Fe+2H =Fe* +H, T Fe+Cu® =Fe* +Cu
Fe + 2Fe*" = 3Fe?" Fe’* + 20H™ =Fe(OH), 1
2Fe*" +Cl, = 2Fe* +2CI- 2Fe”" +Br, = 2Fe* + 2Br~

4Fe* +0, +4H" =Fe* +2H,0

12Fe*" +30, +6H,0 =8Fe* + 4Fe(OH), |
2Fe* +H,0, + 2H" = 2Fe*" +2H,0

6Fe*" +Cr,0,” +14H" =6Fe* +2Cr*" + 7H,0
5Fe”* + MnO,” +8H" =5Fe* + Mn*" +4H,0

3Fe’" +NO, +4H" =3Fe¢® + NO T +2H,0
Fe** +S* =FeS{

2Fe** +Cl, = 2Fe* + 2CI (H]FeBr s Hil N\ /> #Cl,)

2Fe** +4Br~ +3Cl, = 2Fe* +2Br, +6Cl (/£ =Cl,)

2Fe** +2Br~ +2Cl, = 2Fe*" +Br, + 4Cl- (34n(FeBr,) / n(Cl,) =1:1)

6Fe”* +10Br~ +8Cl, =6Fe*" +5Br, +16CI~ (4n(FeBr,) / n(Cl,) = 3: 4i)
2Fe?" + 41 +3Cl, = 2Fe* +21, + 6CI ([FIFel JA& ¥ 2 &ECl,)

2Fe™ +61" +4Cl, = 2Fe™ +31, +8CI™ (4n(Fel,) / n(Cl,) = 3: 4i)

Fe* +30H =Fe(OH), ¥ 2Fe* +Cu=2Fe** +Cu**
2Fe*" +Fe=3Fe** 2Fe* +Zn=2Fe** +Zn**
2Fe* +3Zn=2Fe+3Zn* Fe* +3HCO, =Fe(OH), { +3CO, T

Fe* +3AI0, +6H,0=Fe(OH), { +3AI(OH), |

2Fe* +3C0O,> +3H,0=2Fe(OH), { +3C0, T
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2Fe™ +H,5=2Fe* +S | +2H° 2Fe™ +S7 =2Fe’ +S |
2Fe® +21"=2Fe*" +l, 2Fe* +S0,+2H,0=2Fe*" +S0,” +4H"
Fe* +3SCN"™ = Fe(SCN), (4Lt iA)

Fe* +6C,H,OH =[Fe(C,H.0),]* (& tazif)+6H"

Fe® +3H,0 00 Fo(OH), (2 fh)+3H"

FeO+2H"=Fe** +H,0 Fe,0,+6H" =Fe*" +3H,0
Fe,0,+8H" =Fe’" +2Fe*" +4H,0 FeS+2H"=Fe* +H,S T

H"+OH =H,0
2H,0+2Na=2Na*+20H +H, T 2H,0+2Na,0,=4Na* +40H +0, T
H,0+Na,0=2Na" +20H" H,0+Cl,=Cl" +H" +HCIO
H,0,+21" +2H"=1,+2H,0 H,0,+2Fe* +2H" =2Fe* +2H,0

5H,0,+2Mn0O, +6H"=2Mn?** +50, T +8H,0

H,0,+Cl,=2H" +2CI"+0, T H,0,+S0,=2H" +S0,>
H,CO, = H'+HCO, HCO, ==H"+CO,”
H,0+C0O,* = HCO, +OH" HCO, +H,0 <= H,CO,+0OH"
HCO, +OH™ =CO,* +H,0 HCO, +H" =CO, T +H,0

3HCO, +AI*" = Al(OH), 1 +3CO, T 3HCO, +Fe* =Fe(OH), J +3CO, T

2HCO, +Ca’®" +20H™ =CaCO, { +2H,0+C0O,”
(1rINaHC O, VA I N/ & 5 41 K K)

HCO, +Ca?" + OH™ =CaCO, { +H,O(/& B Fi K K)

HCO, +Ca* + OH =CaCO, | +H,0
(FICa(HCO,) & H I \/> ENaOHE )
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2HCO, +Ca* + 20H" = CaCO, { +2H,0+CO,*
(m1Ca(HCO,), & H I /& B NaOHIE )

HCO, +OH™ =CO,” +H,0
(IFINH,HCO, i H I A /b 2 NaOHIA )

HCO, +NH," +20H = CO,* +H,0+NH, -H,0
(FINH,HCO A I 2 ENaOHVA )

2HCO, +S0, =S0,” +CO, T+H,0  HCO, +AI0, +H,0 = AI(OH), { +CO.*

H,PO, == H" +H,PO,” H,PO,” == H" +HPO,”
HPO,” =H"+PO*> H,PO, + OH  =H,PO,” +H,0
H,PO,” +OH =HPO,* +H,0 HPO,> +OH =PO,* +H,0
PO,* +H,0=HPO,” +OH" HPO,” +H,0 = H,PO,” +OH"
H,PO,” +H,0 = H,PO, + OH" H*+PO,> =HPO,*

H* +HPO,” =H,PO," H*+H,PO, =H,PO,
H,S=H"+HS HS —=H'+S

H" +S* =HS H*+HS =H,S
H,0+S" = HS +OH" H,0+HS =H,S+O0H"
H,S+OH =HS +H,0 HS +OH =S +H,0
H,S+Cl, =2CI" +2H" +S{ 2H,S+S0, =354 +2H,0
2H,S+0, =2S{ +2H,0 H,S+Cu” =2H" +CuS

H,S+ (CH,CO0),Pb = PbS{ +2CH,COOH  H,S+20H =S* +2H,0

3HS + AP +3H,0=AI(OH), ¥ +3H,S T

H,SO, = H" + HSO,” HSO, =H" +S0,*
HSO, +H,0 = H,SO, + OH" HSO, +OH =S0O,” +H,0
HSO, +H" =S0, T+H,0

H,SO, +Cl, +H,0=2Cl" +S0,% +4H"
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21" + 2Fe® = 2Fe?" +1, 21" +Cl, =2CI" +1,

21" +Br, =2Br +1, I”+Ag" =Agl{
21" +H,0, +2H" =1, + 2H,0 51" +10° +6H" =3I, +3H,0
l, +20H =1 +10" +H,0 |, +5Cl, +6H,0=12H" +10CI" + 210,

2Li+2H,0=2Li" +20H +H, T

Li,CO, +2H" =2Li* +CO, T +H,0

Mg +2H" =Mg* +H, T Mg?" +20H™ = Mg(OH), ¥
Mg +CO,” = MgCO, { MgCO, +2H" =Mg*" +CO, T +H,0
MgO +2H* = Mg** +H,0 Mg(OH), +2H* = Mg* +2H,0

MnO, + 2CI" +4H" = Mn*" +Cl, T42H,0

MnO,” +5Fe?" +8H" =5Fe*" + Mn** +4H,0

2MnO,” +5S0, + 2H,0 = 2Mn*" +550,% + 4H"
2KMnO,” +5H,0, +6H" =2Mn?*" +50, T +8H,0
12Mn0O,” +5C,H, +36H" =12Mn** +10CO, T +28H,0

2MnO,” +5C,0,> +16H" =2Mn* +10CO, 1 +8H,0

2Na+2H,0=2Na* +20H +H, T

2Na+Cu?" +2H,0=2Na" + Cu(OH), L +H, T

NH," +H,0 = NH, -H,0 + H"

2NH," + H,0+Si0,*” =H,SiO, 4 +2NH, T

NH," +H,0+AIO,” = AI(OH), ¥ +NH, T

NH," + HCO, +20H = CO,” +H,0+NH,-H,0

(IFINH,HCO, 7 M 2 ENaOH I )
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NH, + H,0 = NH, -H,0
NH, -H,0 = NH," + OH"

NH, - H,0+Ag"=AgOH | +NH,*
2AgOH=Ag,0+H,O(AgNO, 7 H II A/ EZUK)

2NH, - H,0+Ag"=[Ag(NH,),]" + H,0(Z &ZK)

2NH, - H,0+Cu?" =Cu(OH), { +2NH,* (CuSO, il H It N /b= Z0K)
4NH, - H,0+Cu? =[Cu(NH,),]*" + 4H,0(Z F&K)
2NH, - H,0+Zn*" = Zn(OH), ¥ +2NH, " (ZnCL#RH I EZUK)

4NH, - H,0+Zn* =[Zn(NH,), " +4H,0(/2 EZ/K)

3NH, - H,O+AI** = AI(OH), ¥ +3NH,*

2NO, +2I"+4H"=2NO T +1,+2H,0

5NO, +2MnO,” +6H"=2Mn** +5NO, +3H,0
NO, +3Fe* +4H"=3Fe* +NO T +2H,0
2NO, +350,+2H,0=350,” +2NO T +4H*

2NO, +3Cu+8H"=3Cu* +2NO T +4H,0

OH +H'=H,0 OH +C0,=HCO,"
0,+2H,5=2S{ +2H,0 0,+25% +4H"=S{ +2H,0
0,+2HS +2H =S| +2H,0 0, +4Fe*" +4H" =Fe* +2H,0

30, +12Fe? +6H,0=8Fe* +4Fe(OH), |

0,+2S0,> =250,* O,+2I" +2H" =1,+0, +H,0
PO,* +3Ag" =Ag,PO, | 2PO,* +3Ba*" =Ba,(PO,), +
2PO,* +3Ca*" =Ca,(PO,), ¥ 2PO,* +3Mg®" = Mg, (PO,), ¥
PO,> +H' =HPO,* PO, +2H" =H,PO,”

PO,* +3H" =H,PO, Pb? +S0,” =PhSO,
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Pb® +S* =PbS{
PbO, + 2CI" +4H* =Pb*" +Cl, T +2H,0

(CH,CO0),Pb +H,S =PbS | +2CH,COOH

35+ 60H" =25* +S0,7 +3H,0
S +H,0=HS +OH"

35" +6H,0+2AI°" = 2AI(OH), | +3H,S T
S +2Fe* =2Fe* +S{

SO, +Ca* +2Cl0" +H,0=CaS0, ¥ +HCIO+ H" + CI" (/> &5S0,)

250, +Ca** +2Cl0™ +4H,0=CaS0, 1" +2CI" +4H +S0,* (/£ &S0,)

SO, +2Fe*" + 2H,0 = 2Fe*" +S0,* +4H"

SO, +2HCO,” =S0,”+CO, T +H,0

SO, +20H™ =S0,” +H,0 SO, +OH™ =HSO,

SO, +Br, +2H,0=2Br +2H' +S0,> SO, +1, +2H,0=2I" +2H" +S0,*
SO, +H,0, =2H" +S0,*

350, +2NO,” +2H,0=350,% +2NO T +4H"

SO, +ClO" +H,0=2H" +CI" +5S0,”

SO, +2H,S=3S{ +2H,0 SO, +H,0=H,S0,

550, + 2H,0+2Mn0,” = 2Mn* +550,% +4H"

SO/ +2H" =S0, T +H,0 SO,* +H,0=HSO, +OH"
SO,” +Ba* =BaSO,

SO,2 +2H" +Ba® +20H = BaS0, | +2H,0
(NaHSO, /& H InBa(OH),, & H 1)

SO,” +Ba® +H" +OH =BasO, | +H,0
(NaHSO,i& H inBa(OH),, {#iBa® &&BITiE)

S,07 +2H" =S +S0, T +H,0
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Si+20H +H,0=Si0,> +2H, T Si0, +20H™ =Si0;> +H,0
Si0,* +2NH,” +H,0=H,Si0, { +2NH, T

Sio,* +CO0, +2H,0=H,Si0, { +CO,>

Si0 +2H" +H,0=H,Si0, ¥ 3Si0,> +2Fe* =Fe,(Si0,), ¥

3Si0,” +2A* = AL (SiO,), +

Zn+2H" =2Zn* +H, T Zn+20H =Zn0,> +H, T
Zn + 2Fe* = 2Fe® + Zn* (D EZnH)

3Zn + 2Fe* = 2Fe +3Zn* (i &Zn )

Zn?" +2H,0 = Zn(OH), +2H" Zn* +20H =Zn(OH), ¥
Zn** +2NH, - H,0=Zn(OH), L +2NH," (‘> E&UK)

Zn®"+4NH, -H,0=[ Zn(NH,), | +4H,0( it UK)

Zn(OH), +2H" = Zn*" + 2H,0

Zn(OH), + 20H™ = Zn0,* +2H,0

ZnO+2H" =Zn* +H,0 ZnO+20H" =2Zn0,> +H,0




<7

E#e: 2H +2e =H, T
Mikk: zZn-2e =2zZn*

BB Zn+2H  =2Zn* +H, T

Ef)k: 2Fe® +2e =2Fe?"
fitk: Cu—2e =Cu®
BN 2Fe® +Cu=2Fe* +Cu?

1EMf: O, +2H,0+4e =40H"
itl: Fe—d4e =2Fe®

B MR: 2Fe+0, +2H,0 = 2Fe(OH), ¥

1EH%: O, +2H,0+4e™ =40H"
fiklk: 2H,—4e =4H"

HMERiE: 2H,+0,=2H,0

iEt%: O,+4H"+4e” =2H,0
Uit 8 2H, —4e” =4H"

SRBi: 2H,+0, =2H,0

IEf%: O, +2H,0+4e” = 40H"
Hiff: 2H,—4e” +40H =4H,0

M RR: 2H, +0, =2H,0
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IEA%(PDO,): PbO, +2¢” +S0,” +4H* =PbSO, ¥ +2H,0
#it%(Pb): Pb—2e” +SO,” =PbSO, ¥

MRRIE: Pb+PbO, +4H" +250,% = 2PbSO, 4 +2H,0

IEf%: 6H,0+6e” =3H, T +60H"
Hitk: 2Al-6e” +80H =2Al0, +4H,0

MRRIE: 2Al+20H +2H,0=2A10, +3H, T

A% 20,+8e” +4H,0=80H"
fif: CH,-8e +100H =CO,” +7H,0

MRRE: CH, +20, +20H =CO,% +3H,0

(Li,CO, 1 Na,CO, L (FHAfi, CO fFHERY
IEfK: O,+2CO, +4e” =2CO," (F&:4h7CO, %)
fitf: 2CO+2CO,> —4e =4CO,

BRRMR: 2C0+0, =2CO,

IEM%(Ag,0): Ag,0+H,0+2e =2Ag+20H"
FML(Zn): Zn+20H —2e” =Zn0+H,0

BN Ag,0+Zn=2Ag+Zn0
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fH#%: 2CI —2¢ =Cl, T

BH#%: Cu? +2e =Cu

pERiR, 20 +cur 2 o 1 ey

FHAR (FH4): Cu —2e~=Cu?*
FHA% (Z647): Cu? +2e =Cu
MM TS

FH % (2li4) Cu — 26" =Cu?*
AR (F555 4 )&, W Fe): Cu® +2e =Cu
MM T

BH#%: 2CI —2e =CI, T

BA#: 2H,0+2e =H, T +20H"

N 2CI+2H,0 gl H, T +Cl, T +20H"

BH#%: 2CI —2e =CI, T

BAKE: 2H" +2e =H, T

pmiat: 20k +2H 2% o 2oy 1

BH#%: 40H —4e =0, T+2H,0

PA%: 4H,0+4e” =2H, T +40H"

pEmt: 2H,0 2% o4 140, 1
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BH%: 2H,0-4e” =0, T+4H"

BIM: 4H" +4e =2H, T

MM 2H,0 L fif 2H, T+0, 1

BH%: 2H,0-4e” =0, T+4H"

BAH%: 4H,0+4e =2H, T +40H"

Rt 2H,0- % o4 140, 1

B%: 2H,0-4e" =0, T+4H"

H#%: 2Cu® +4e =2Cu

B 2Cu* +2H,0 BIE 50y +0, T +4H"

BA%: 2H,0-4e” =0, T+4H"

FAMZ: 4Ag* +4e =4Agl

MRMNE: 4AgT +2H,0 i 4Ag L +0, T +4H"

BH%: PbSO, — 2 +2H,0 =PbO, +SO,> +4H"

Yi#%: PbSO, +2e” =Pb+SO,”

MR 2PbSO, +2H,0— S phipho, +4H" +250,
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