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1.   1.   

2

 (Atom) : 

   (proton)  (neutron)   (electron)

 (nucleus)

   (atomic number) : Z

   (mass number): A = Z + N

 

XA
Z

Al27

13

 = 13 

 = 27-13 = 14

 = 13

    

(isotope)    3   H,  H,  H 3
1

2
1

1
1

3

 (Molecule) : 

        

 (Monoatomic molecule): 1   1 

        (noble or inert gas)  He, Ne, Kr, Xe  Rn

 (Diatomic molecule): 1   2 

Homonuclear molecule  H2, N2, O2, F2

Heteronuclear molecule  HCl, CO, HF

 (Polyatomic molecule):  2  

Homonuclear molecule  S8, P4

Heteronuclear molecule  H2O, CH4, C6H12O6

4

 (Ion) :  

 (negative ion  anion): 

  ( ) ( ) 

  F- Cl- O2- SO4
2- PO4

3-

 (positive ion  cation): 

  ( ) ( )

  Na+ Ca2+ NH4
+

Cl17  Cl  Cl-

17 17 

17 18 

Na11
 Na  Na+

11 11 

11 10 
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2.   2.   

 (Atomic mass)

  1.6 X 10-24  

 250  

  (absolute mass) 

 (relative mass)  

 . . 1961  12C   

atomic mass unit (amu)  (  amu  Dalton, D) 

 “      12C”  12C = 12.00 D 
12

1

1 D (1 amu)  =  1.66053 10-24

 
6

   2   1H  2H 

  

  

  1H = 99.985%  2H = 0.015% 

 1.0078 amu  2.0141 amu

   H  =

=    1.0079 amu  

)
100

amu 2.01410.015
()

100

amu 1.007899.985
(

* 

7

 (Molecular mass/Molecular weight: MW)

“ ”

 

H2O

 H2O =   2(  H)  +   O

=   2(1.008 amu) +  16.00 amu

=   18.02 amu

C6H12O6

       C6H12O6 =  6(  C) + 12(  H) + 6(  O)

=  6(12.01 amu) +  12(1.008 amu) +  6(16.00 amu)

=  180.16 amu

8

3.  (Chemical formula)3.  (Chemical formula)
“   

”

  (Empirical formula) 

“ ”

     H2O  H : O  =  2 : 1 C6H12O6 C : H : O  =  6 : 12 : 6    1 : 2 : 1

  H2O   CH2O

  (Molecular formula) 

“ ”

H2O  H 2   O 1  

C6H12O6  C 6 , H 12   O 6  

  (Structural formula) 

“  ( ) ”  H2O
O

H      H



  

9

  

  

 

 

  =  ( )n   n = 1, 2, 3, …

10

  

 50.05  49.95 

 64    

(  S = 32  O = 16)

 S : O = 50.05 : 49.95

 S : O =

            ( )

= 1.56  :  3.12

  1.56

=         

                                      S : O   =    1  :  2

    SO2

16

49.95
  :  

32

50.05

1.56

3.12
  :  

1.56

1.56

11

 ( )   SO2

  (SO2)n

(SO2)n = 64

[ 32  +16(2) ]n = 64

(64)n = 64

n = 1

    SO2

12

  C 40.1%, H 6.6%  O 53.3% 

 180    

(  C = 12.01, H = 1.008  O = 16.00)



1  6.02 x 1023 ( / / ) 

[6.0221367 x 1023 =  (Avogadro’s  number: NA)]

1  ( )   ( ) 

 ( )    

13

4.  (Mole)4.  (Mole)

“  (mole mol) ”

 H = 1, C = 12, O = 16 

C 1  C  6.02 x 1023 C 12 

H2O 1   H2O  6.02 x 1023 H2O 18 

H2O 1  H 6.02 x 1023

 O 2(6.02 x 1023)   =  1.20 x 1024

n = 

NA =  ( / / )

g =  

MW = 

n  = =   
6.02 x 1023

NA
g

MW

14

He 0.5 

CaCl2 2 

 He = 4, Ca = 40, Cl = 35.5 

He  3.01 x 1023 He 2 

CaCl2 2(6.02) x 1023  =  1.20 x 1024

Ca2+ 6.02 x 1023
 

Cl- 2(6.02) x 1023  =  1.20 x 1024

CaCl2 2(111)  =  222 

15

(CO2) 9.24 g 

. CO2

. CO2

.

.

 C = 12.0  O = 16.0

16

5. 5. 

 (Chemical reaction)  ( ) 

 (Chemical equation)  

 

            

    (Reactant)  “ ”

    (Product)  “ ”

“ ”  

“ ”

(s), (l), (g)  

(aq)  (aqueous)
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“ ”

HCl (aq) +     NaOH (aq) NaCl (aq) +     H2O(l)

2H2 (g) +        O2 (g) 2H2O(l)

CH4 (g) +      2O2 (g) CO2 (g) +   2H2O(l)

18

 

 

NaCrO2 +   NaClO +   NaOH Na2CrO4 +   NaCl + H2O 

 NaCrO2  NaClO   

Na+ + CrO2- + Na+ + ClO- + Na+ + OH- 2Na+ + CrO4
2- + Na+ + Cl- + H2O 

Na+  

  Na+  

CrO2- +  ClO- +  OH- CrO4
2- +  Cl- +  H2O 

2CrO2- +  3ClO- +  2OH- 2CrO4
2- +  3Cl- +  H2O 

19

 

HCl (aq)   +   NaOH (aq) NaCl (aq)   +   H2O (l)
“

”

AgNO3 (aq)   +   NaCl (aq) AgCl (s)   +   NaNO3 (aq)

2NaNO3 (aq)   +   H2SO4 (aq) Na2SO4 (aq)   +   2HNO3 (aq)

20

-  

      (Oxidation-reduction reaction: Redox reaction)

“ ”

  
 Fe, Zn, H2, N2, O2, P4, S8

 
 H+    +1

Ca2+  +2

Cl-  -1

 -2
  Na2O2, H2O2, BaO2

      
  KO2  -1/2 

        K2O2, K2O2  -1
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 ( )

 +1 
 H2O, NH3, HCl

      

NaH, LiH  -1

 
 CaO  +2  -2 

 0

 1  

 
 Cr2O7

2-  -2  Cr2O7
2-  -2

(  -2 (-2) 6 = -12 +5)

 IA  IIA   +1  +2 

22

  Mn  KMnO4

 KMnO4  =  0

K + Mn + 4(O) = 0

(+1) + Mn + 4(-2) = 0

Mn = (+8) – 1

Mn = +7

  2  Cr  K2Cr2O7

 K2Cr2O7 =  0

2K + 2Cr + 7(O) = 0

2(+1) + 2Cr + 7(-2) = 0

Cr = [(14) – 2] / 2

Cr = +6

23

-  

(Oxidation-reduction reaction: Redox reaction)

“ ”

Zn (s) +   CuSO4 (s) Cu (s)   +   ZnSO4 (aq)

 

Zn (s)   +   Cu2+ (aq) Cu (s)   +   Zn2+ (aq)
0 +2+2 0

 2     (half reaction)

Zn (s) Zn2+ (aq)  

Cu2+ (aq) Cu (s)   

24

2FeCl3 +   H2S 2FeCl2 +   2HCl   +   S
+3 -2 +2 0

SnCl2 +   2FeCl3 SnCl4 +   2FeCl2
+3 +3 +4 +2

2Cr3+ +   ClO3
- +   10OH- 2CrO4

2- +   Cl- +   5H2O
+3 +5 +6 -1 0
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6. 6. 

“ ”

 

 

 

 

 

“   ( )  

 ”
26

  KClO3 KCl +   O2

KClO3 KCl +   3/2O2

 2 

2KClO3 2KCl   +   3O2

  C2H6 +   O2 CO2 +   H2O

(1) C2H6 +   O2 2CO2 +   H2O

(2) C2H6 +   O2 2CO2 +   3H2O

(3) C2H6 +   7/2O2 2CO2 +   3H2O

 2   2C2H6 +   7O2 4CO2 +   6H2O

27

n  = = =
6.02 x 1023

NA
g

MW

V

22.4

(L)  STP 

(0 C, 1 atm)

CaC2 (s) +   2H2O (l) Ca(OH)2 (aq) +   C2H2 (g)

1 2 1 1

6.02 1023 2(6.02 1023) 6.02 1023 6.02 1023 

64.0 2(18) =36.0 74.0 26.0

- -    - 22.4               STP

(  H=1.0, C = 12.0,  = 16.0, Ca = 40.0) 
28

   

 CaC2 2.5 mol

.  C2H2

.   C2H2

.   C2H2   STP

. 
(  H=1, C = 12  = 16, Ca = 40)

CaC2 (s) +   H2O (l) Ca(OH)2 (aq) +   C2H2 (g)

CaC2 (s) +   2H2O (l) Ca(OH)2 (aq) +   C2H2 (g)

2.5 2(2.5) = 5 2.5 2.5

 C2H2 = 2.5 

= 2.5 26 = 65 

= 2.5 22.4 = 56   STP

     = 2 2.5 = 5 

= 5 18 = 90 



 n  = g  =  n MW  =  0.0100 65.4  =  0.654 g
MW

g

29

   

 0.224   STP 

Zn   +   HCl ZnCl2 +   H2       
(  H=1.0, Cl = 35.5, Zn = 65.4)

Zn   +   2HCl     ZnCl2 +   H2

         ? mol                                           0.224 L  STP   

 mol H2 n   = = =      0.0100 mol
22.4

V

22.4

0.224

H2 1 mol   Zn  1 mol

H2 0.0100 mol   Zn  0.0100 mol

Zn  1 mol   65.4 g

Zn  0.0100 mol   =  0.654 g
1

0.010065.4

30

    25.0 

  STP 

C2H6 +   O2 CO2 +   H2O       
(  H=1.0, C = 12.0, O = 16.0)

C2H6 +   7/2O2 2CO2 +   3H2O

2C2H6 +   7O2 4CO2 +  6H2O
25.0 L      ? L

 mol C2H6 n   = = =      1.12 mol
22.4

V

22.4

25.0

C2H6 2 mol   O2 7 mol

C2H6 1.12 mol   O2 = 3.92 mol
2

1.127

 n  = V  =  n 22.4  =  3.92 22.4  =  88.7 L
22.4

V

O2 1 mol   22.4 L

O2 3.92 mol   =  87.8 L
1

3.9222.4

31

    9.89  

     Li (s)   +   H2O (l)     LiOH (aq)   +   H2 (g)       
(  Li = 6.94, H=1.0, O = 16.0)

32

7.  (Limiting agent)7.  (Limiting agent)

“  

  

 (Limiting  reactant)”

2NO (g)   +   O2 (g) 2NO2 (g)

 NO 8   O2 7  

NO  2 mol   O2 1 mol

NO  8 mol   O2 4 mol

O2 1 mol   NO  2 mol

O2 7 mol  NO  14 mol

 NO  

 NO  NO2

NO 

O2
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    1.0 g  1.5  

g    

  4Li   +   O2 2Li2O  (  Li = 6.9, O = 16.0)

 mol Li n   = = =      0.14 mol
MW

g

g/mol 6.9

g 1.0

 mol O2 n   = = =      0.047 mol
MW

g

g/mol 32.0

g 1.5

Li  4 mol   O2 1 mol

Li  0.14 mol   O2 =   0.035 mol
4

1  0.14

 Li  

O2  0.047 – 0.035  =  0.012 mol =  0.012 mol 32.0 g/mol
=  0.38 g  

34

   H2O   11.2 L  

11.2 L  STP (  H = 1.0, O = 16.0)

2H2 +   O2 2H2O

 mol H2 n   = = =      0.500 mol
22.4

V

22.4

 11.2

 mol O2 n   = = =      0.500 mol
22.4

V

22.4

 11.2

H2 2 mol   O2 1 mol

H2 0.500 mol   O2 =   0.250 mol
2

1  0.500

 H2

 H2 2 mol   H2O 2 mol

H2 0.500 mol   H2O  0.500 mol

= 0.500 mol 18.0 g/mol
= 9.00 g

35

    2Al   +   Fe2O3 Al2O3 +   2Fe
  Al 124 g Fe2O3 601 g

   .  Al2O3

   . (Al = 27.0, Fe = 55.8, O = 16.0)

36

8.   8.   

(Theoretical  yield)

 (Actual  yield)

 

 (%yield) =
 

100
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   C2H4 1.93    CO2  

3.44   CO2    (C = 12.0, H = 1.0, O = 16.0)

C2H4 +   3O2 2CO2 +   2H2O

 mol C2H4 n   = = =      0.0689 mol
MW

g

28.0

 1.93

C2H4 1 mol  CO2 2 mol

C2H4   0.0689 mol  CO2 0.0689 2  =  0.138 mol

 CO2   0.138 mol 44.0g/mol =  6.07 g

 (%yield) =
 

100

= 

= 56.7 % 

100
6.07

3.44

38

   ( )  (I) 

 (Cu2S) 1590   

Cu2S   +   O2 2Cu   +   SO2 (Cu = 63.5, S = 32.0, O = 16.0)
 1200   (1270g, 94.5%)

39

1.   30.4% 

  92.04

2.  (H3PO4) 0.05  (H = 1.0, O = 16.0, P = 31.0)

 H, P  O 

 

3.  (N2O5) 25.0 g   

4.  

ZnS +   HCl ZnCl2   +   H2S

Na2S2O   +   I2 NaI +   Na2S4O6

C4H10 +   O2 CO2 +   H2O

ZnS +   O2   ZnO +   SO2 40

5.    

C6H12O6 2C2H5OH   +   CO2     (C = 12.0, H = 1.0, O = 16.0)
      500 g    STP

6.    (C2H4Br2)  (Pb)  

 C2H4Br2 +   Pb +   O2 PbBr4 +   CO2 +   H2O 
      C2H4Br2 0.80 mol  Pb 145.0 g 

 

O2

 CO2  STP 

 PbBr4  190.0 g  

(C = 12.0, H = 1.0, O = 16.0, Pb = 207.0, Br = 79.9)


