
16 O, S, Se, Te, (Po)

O 2s 2 2p 4 2, 1 1, 2, 3, 4 466,000 ppm
S 3s 2 3p 4 2, 2, 3, 4, 5, 6 2, 4, 6 520
Se 4s 2 4p 4 ( 2), 2, 4,        6                        2,          4, 6                             0.09
Te ( 2), 2,         4,        6 6                            0.002
Po 2,         4                                     7                   trace 
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sp3 sp3 sp3 sp2 sp

RO , OH R2O, H2O H3O+, R3O+ R2CO, RCHO CO, NO+

p! p!, p! d!
A, B

e.g.    O S H3 2 sp

H3O+ + H+ H4
+O, R3O+ + H+ R3H+O

R3
+O R2O + R+

O2 2!* (O O)
2 O2

+ 1 1.12Å 1860 /cm-1

2!*
4 O2   2              1.21                1550

O2 3              1.33 1145
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2 4 1.49                 770
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2O3 # 3O2

O3 + 2e # O2 + O2 H 284kJ/mol

H2O2 H + HO2 pKa1 11.8

HO2 H + O2
2 pKa2 14

H2O2 + 2H + 2e # 2H2O +1.77V  (vs. SHE)

HO2 + H2O + 2e # 3OH +0.87V

H2O2 # O2 2H + 2e +0.68V

M+
2O2, M2+O2, M+OOH

R OOH, RC OOH, ROOR’

Na+, K+, Mg2+, Ca2+

O2
2 # HO2 , H2O2

# # CO3
2 + ! O2

# O2 + O

Ka1

Ka2
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O2 + e O2 160mV vs. SHE K, Rb, Cs

(M + O2 # M+O2 )

Mn+ + O2 # Mn+1 O2 # Mn+1 + O2

2O2 + H2O # O2 + HO2 + OH , HO2 + H2O # H2O2 + OH
2HO2 # O2 + 2OH

CO2 + 2O2

Mn+ +    O2 #     Mn+1–O–O- , µ1 : "1                                          , µ1 : "2

ROOH ( RO• + OH•
R’H + OH• ( R’• + H2O
R’H + RO• ( R’• + ROH
RO• +     R’• (      ROR’

RH ( R• + H+

R• + O2 ( ROO•
ROO• + RH ( ROOH + R•

pKa = ~12

RCOOH , ROOH                      RCOOH , ROH
Me2S

+
Me2SO ,   Me2SO2

C
CO2

+ O2 CO3
2- +    1/2O2 O2

,    µ2 : "2 : "2 ,    µ2 : "1 : "1

,    µ4 : "1 : "1 : "1 : "1µx : 
"y :



2.

+6 +5 +4 +3 +2 0 1 2
SO4

2 S2O6
2 SO3

2 S2O4
2 S2O3

2 Sn H2S2 H2S
SO3 SO2 S4O6

2

+2.5 cƒ O 1, 2 

d
d! p! # p# – p#

S S S Sn 6 n 12 8 
S2 O2 ,
S6 :   

SO3, SO2, S2O

SO2 , ,

SO2 +    nH2O  # SO2 nH2O H2SO3 + n-1 H2O H+ + HSO3

H2SO3 + H2O   # 4H+ + SO4
2 + 2e Eox 0.17V

SO3
2- + 2OH # SO4

2 + H2O + 2e Eox -0.93V

SO3 ,

H2O + SO3 # H2SO4

S2O ,

pKa 1.9
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S I ~ IV V, VI
ous acid  ic acid  
ite ate        

group1 group2 Sulfurous series 
H2SO2 II HO S OH H2SO3 IV 
Sulfoxylic acid                                                            Sulfurous acid

H2S2O2 II, O 
Thiosulfurous acid

O S
thio-

H2S2O5 V, III
Disulfrous acid

H2S2O4 III
Dithionous acid

group3 Sulfuric acid group4 Thionic acid
H2SO4 IV H2S2O6 V
Sulfuric acid Thionic acid

H2S2O3 IV, O H2SnO6 V
Thiosulfuric acid Polythionic acid

H2S2O7 VI group5 Peroxosulfuric acid
Disulfuric acid H2SO5 VI

peroxomonosulfuric acid

H2S2O8 VI
peroxodisulfuric acid
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SO3
2 + 2H # SO2 + H2O

H2SO3

SO3
2 # SO4

2 + C1 + OH

SO3
2 # S2O3

2

2H SO3 # S2O5
2 + H2O

HSO3 + SO2 # HS2O5

S2O4
2 +   H2O + Zn2

2S2O3
2 + I2 # S4O6

2

HC1O

S2O3
2 + Mn+ # M S2O3 m

n 2m +

S2O4
2 + 2H2O # 2SO3

2 + 4H + 2e

S2O8
2 + 2e # 2SO4

2

S2O8
2 # 2SO4

S- , O-

HC1O

H +  Zn

S

,

Eo 1.12V

Eo 2.01V 

n 0



H2Sn HS Sn-2 SH n 2,
H2S

1.02D B.P. 60.7
cƒ H2O : 1.94D

H2S H + HS pK1 7.0 , HS H + S2

pK1 7.0 , pK2 13.9
n H2S # 2nH + Sn + 2ne

M+, M2+, M3+ # M2S, MS, M2S3 #

SF4, SF6, SC12, S2C12

3SC12 + 4NaF # SF4 + S2C12 + 4NaC1

C O , P O                        C F , P F

S + 3F2 # SF6

SOX2          , SO2X2        ,   SO3X X F, C1, Br

SOX2 SOC12 + RCOOH # RC+OC1 + SO2 + HC1

SOX2 + H2O # SO2 + 2HX

SO2X2 SO2X2 + H2O # SO3X + HX + H+

SO3X SO3X + H2O # SO4
2 + HX + H

X F 

X C1, Br

X C1, Br

K1 K2

H2S

SF4

SF21/2 S2C12     + 1/2C12

2S   + C12 C1S100C1

S


