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Chemical  Calculusאא 
אאW 

 א  אא 
אאאאאאא

.SIאאאאאאF1-1KE 
F1-1WEאאאאאK 

א QUANTITYא אUNIT

א Massאkg Kilogram

א Length m meter

א Time s Second

א Amount of matter mol mole

אא Temperature K Kelvin

אא Current  intensity A Ampere

אFאE Luminescence   intensity cd Candle

 אאאאאאאאKא
F1-2EאאאאK 

F1-2WEאאאK 
א QUANTITYא אFאE UNIT

א Energy J(kgm2/s2) Joule

א Pressure Pa(kg/ms2) Pascal

א Force N(kgm/s2) Newton

א Powerא W(J/s) Watt

אא Potential V(J/C) Volt

א Volume m3  J
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אאאאא
אאא

אאאK 
1Kאא 

Kilo(k)   = 103 

Miga(M) =106 

Giga(G)  =109 

Tetra(T)  =1012 

:אm1000,000 1 MmK 
אs36,000,000,00036 GsK 

2K אאא 
Milli (m) =10-3 

Micro () =10-6 

Nano (n) =10-9 

Pico (p)   =10-12 

:אg0.000000210.21gK 
אאאא 

Decimeter (dm)  = 0.1m 
Centimeter(cm)   =  0.01m  

אאאאאא c.g.sאKKא
א אcm   אg  א  s Kאאאא

،אdyneergאKאF1-3Eאאא
אאK 

F1-3WEאאאK 
א QUANTITYא א UNIT

א Pressure 

 

atm 
mm Hg =torr 

 
bar 
 

Atmosphere
Millimeter Hg

bar

א Volume L 
 

Liter
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אא Temperature oCCelecius

א Time 
 

 
 

min 
 
h 
d 
 
y 

Minute

Hour
day

year

א DensityאL3 g/cm3  J

א Force א dyne dyne

א Energy א erg erg

אאאאאאW 
אא1K  = 1oC + 273.15 

1L = 0.001 m3           

   1mm Hg  = 1torr 
                  1bar  = 105 p 

 =760mm Hg   = 760 torr1atm =101.325kpa 
                                   1year = 365.25 d 

1day = 24 h                                                                           
                                 1h = 60 min 

1min = 60 s                                                                           
                                                  1J = 107 erg 

                                       1Newton = 105 dyne 

אאאW 
1. אW 

אאאאאאFmE 

אZאCא 
אאאאא،אmLאLKאא

F،،،EKKKKאKאא
אאאאK 
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2. אW 

FPaEאא،אא 
אZאDא 

אא א א אFatmEא  א  
אאאאאK 

  76 cm1 cm2אאאא K 
אאאאא،mm HgאK 

3. אW 

אאאאFJEאאא،
1kgFEא1 m/s21mK 

אZאCא 
אאJ،אאאאאא

 אא א  אא א  אא   ،א  FאE
cal= calorieKW1cal   = 4.184 J 

אאChemical FormulasW 

،אאאאא
אאאאKאאא

אאKאאאאאא
אאאאא Structural Formula ،

אאאא،אאאmole
אאאאאאא،אFאאאאKE 

1. אאEmpirical formulaW 
אאKאאא،

אאK100אאאא
אא Kאאא

א אא  K      א  אא   
K 
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Wאאאאאא،W 

{11.1% H , 88.9% O 

אא؟K 
אW-אאא100W 

0.111 H + 0.889  =  1.00 
 Jא 

0.111/1   :  0.889/16   
0.111   :  0.0556   

 Jאא 
0.111/0.0556 : 0.0556/0.0566   

1.996  : 1             
 2:1      

 א21Kאא
H2O ،אאאFSubscriptEK 

2. אאMolecular  formulaW 
א   א א   א א

 K    א א  א אא א  K 
אH2OH4O2 H8O4א K אHO1/2H2/3O1/3

،אKאאא
א   ،  א אmass spectrograph  ،א אא  

colligative propertiesKא א א א     א 
אאאK 

Wאאא18.003g،אאH2OKא
אKאZאאא 

 2H  +  O = 2 × 1  + 1 ×16   = 18   

אאאH2OאאF18  = 18.003KE 
אאH4O2 

אאאZ4H   +  2 O 
4   +  2 ×16  =   32                                      
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אאאאאא2אא
אא:H4/2O2/2  =  H2O 

3. אאStructural  formulaW 

  ،אאאא
אאאאKא،

א،אאאאFאE
אא  K א אאא

אאאאא،אאאא
K1WאאC2H6O؟ 

אWאאC2H6O،אא
CH3OCH3 אאFא ECH3CH2OHKאאא אא  
אKאאאאKאאאא

אW 

 
 

אא אא א   א אא א א  א  א
אאאK 

2WאאאאאK 
אWאאWNH3،אאWNH3 

אאW 

N

H

H H

 
אאאWאאאא107oK 
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3WאאאאאאK 
אWאאWC2H6O6،אאC2H2O4.2H2O 

אאאType of chemical compoundsW 
،אאאאאאאא

 א  Kאא   Wא א
אאאא Kאאאאא

אאאאא،א
אא  ،א א  ،א   אאא

א Kאאא אאאאא  K
אאIonic compounds،אאאאF

    KE אאpolar  compounds
א  אF א א א א  Eא  א 

אאKאאא non-polar compoundsא
FאאאKE 

אאelectrolytes 
 non-electrolytes Kא אא א 

    א א א    Kא  א 
אא א ،א אאא K

 אW א א אא א א Kא א 
macromoleculesאאpolymersא،אא

   Kאא א א ، 

HH

NN

H H

H
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אאאKאאאאאא
אא،FאאEאאF E،א
    אא F   א א  א 

אKE 
אאChemical equationsW 

אאאFאEאK
אאאאאKאאאא

،א،אאאאאאאK
אאאאbalanced equationK 

1WאאאK 
אW 
1. אאאאאא 
א .2 אאאאאא 

אאאK 
3.   א    א  א א    א 

אK 
אאW 

1 J אאאאH2  , O2   , H2O 
2 J א    H2O→H2   + O2   

3 J א H2O→H2   + ½O2   

                2H2O→2H2   + O2   
אאאא2Kאא

 אא א  א א Kא  א  א 
 א  א  א  אא  א  Kא  

  ،א     א א  אא  א
אאאאא،אK 
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  א א אא   א  א א  
אW JאאאאאF،،אא،،

א א    KE     א   א 
K 

1WH2(g)  +   O2(g)→        H2O(ℓ)                      

ggasℓliquidK 
2W C(graphite)  +  O2(g)  →  CO2(g) 

graphiteאאFאאKE 
  א     א      א 

אאFKE 
3WאאאF∆Eא،K 

אW 

N2  +  3 H2              2NH3

Fe 

4WאאאאאKK 
אW 

Cl2         2Cl
h

 
אFאEאhK 

אאW 
א، Wאאirreversibleא     

אreversible،אאאאFאE،
אאא א  ، א א

אאאאאאFאKE 
אאW 

אאאאאFא
אאאKEאאא

אאKEHFאאאאאאK 
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Wאא25W 
H2(g)  +  ½ O2(g)  →  H2O(g)   -57.8 kcal mol-1 

 א57.8-א kcal mol-1  א אא    א א  א
25oC F1אא אE K אא  א 
אאW 

H2(g)  +  ½ O2(g) +  -57.8 kcal mol-1 →  H2O(g)  
 

אאW     אא  א א K
א אאא،אא،אאא

אאFאHאE
אאFאEאK 

WאFHeEאאW 

HOHeN 1

1

17

8

4

2

14

7  
אאW 

אאאאאאאאאא
אאאW 

K  אNeutralizationW 

אאא،א
אאK 

1WאFאEHClאNaOH 
HCl  +   NaOH  →   NaCl   +  H2O  +                                         

2WאאאאK 
NH3   +  HCl   → NH4Cl  +                                    

K  אאאRedox  reactionsW 

א  א  א   א א    א
אKאאאאאאK 
1WאאאW 

   I2  +  2 S2O3
2-    →  2 I-  +  S4O6

2- 

אאW 
     I2   +2e  →     2I-
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2S2O3
2- → S4O6

2-  +2e                                   

2WאאאW 
  Na  + HCl  →   NaCl   + ½ H2 

אא 
H+  +   e  →   ½ H2 

Na    →  Na+   + e 

K  אאCombustionW 

אאאאא
אאאK 

1WאאאאW 
CH4(g)

    +  2O2(g)    →    CO2(g)  +2H2O(g)  +  

2WאאאאW 
 2Na  +  ½O2   →        Na2O  +   

K  אDecompositionW 

א א אא
אK 

1Wאאאא 
N=NCl Cl

N2+

 
2Wאאא 

              
(CH2)2O +    → CH4  +  CO 

K  אW 
אאאK
אאK 

1Wא 
H2  +   Cl2 +  h  →     2HCl 

2Wא 
Na  +  Cl  →   NaCl 
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3WאאאW 
C   +   2H2  →   CH4 

אאא،א
אאאאאאאאK 

K  אאאW 

אאאאאKאאF
 Eא א    Kא א   א ، 

אאא،אKאאאאK 

1Wאאא 
C7H5O2Na  +   HCl  → C7H6O2    +  NaCl  

אW 
(C7H5O2)

-Na+   +  H+  + Cl-  → C7H6O  +  Na+  +  Cl- 

אאאKאא
W 

(C7H5O2)
-  +  H+  →  C7H6O 

אאאאאאא
אK 

2Wא 
Ag+  +  Cl-  → AgCl 

אאFא
אEK 

 
K  אאComplex formationW  

אאאאאאאאא
אאאאאKאאא

    א    א Complexing agent ،
אאאComplex forming،אאא

א אK  א،CN-، אF-، אNH3،א 
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H2O، CO،אא א אאא א
אLigandsK 
1WאאCu(NH3)4SO4 

CuSO4   + 4NH3   → Cu (NH3)4SO4 

2W אא(Fe(CN)6)
3- 

Fe3+    +  6CN-  →   (Fe(CN)6)
3- 

W 
אאאאאSubstitution

אAdditionאPolymerizationא Rearrangemen tא
EsterificationאDehydrationאDehydrogenation

אDecarboxylationאאאאK 
אאאאW 

אאא
אאFאאEאאFאאאKE

אאאאאאא
אאאאאאK 

:Gaseous reactionאא .1 
אאאאKאא

KאאאאW 
    Pi  =  (ni/∑ni) Pt 

Piאא،ni א i  ∑niאא
אאK 

2. אSolution  reaction W 
 אא אFא E  Fאא א

KEאאFאEאאsolvent،א
אאאאאאאsoluteK א אאא

concentration KאK
WאאאאKאא
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אאאאאאאא
אFאEKאF1-4Eאא

אאW 
אAאאBאאאאK 

 JאאW   WB% =     100×WB/(WA+WB)                                

WBBWAAK 
אאFL٪EW/V=WBא100א 

אm W 
                                    m = 1000 ×WB/ WAMw,B 

Mw,BאאBK 
אM W 

                                     M  = 1000 × WB/VMw,B 
VאmlK 

אN W 
                                      N   = 1000 × WB/V Ew,B 

Ew,BאאK 
 

אW 
XB=(WB/Mw,B)/ {(WB/Mw,B)+ (WA/Mw,A)} 

Mw,AאאAK 
 
 

F1-4WEאאאאK 
א ConcentrationSymbolUnit

אאWeight percentW%g/g

אא
FLE 

Weight  volume 
percent

W/V%g/100cm3 

א MolarityMMol/L
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א molalitymMol/kg

א NormalityNg-equivalent/L

א Mol   fractionX J
 

אאאאW 
   N = 10 × percent × density / Ew,B 

   M = 10 × percent × density / Mw,B 

Wאא א א א FLEאאא
אאFאE.80%אאg cm3 1.721K 

אWאאZ80%K 
אW 

100 cm3    →  172.1g ( H ) 

100 cm3   →  0.8 × 172.1g () 

אאFLZE0.8×172.1/100   Z137.7% 

א 
M = (1000×0.8×172.1)/98×100 =14.05  mol L-1 

אאאWH2SO4=2 + 32 +4×16  =98 
א 

N = 1000×0.8×172.21)/49×100 = 7.02 g equivalent L-1 

אאאK 
א 

m = E1000×0.8×172.1)/ (172.1×0.2×98)=40mol kg-1        
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אא 
1. אאW 

א J0.32000 g  J0.000072 s J36000 m 

 J6000000 bytes  J0.000000003 kg J70300 m 

2. אאאאF4 calKE 
3. אאא58.5%אC7.3%Hא 
4. אאאא35.8%C4.5%HאK

אKא؟K 
5. אאאא

1:2א K אא28 Kא א 
אאאא؟ 

6. אאאאא25oCK 
7. אאK 
8. אא(Mo)אא

אאאאאאאאאK 
9. אאאK 

10. אאא10.5gא
80 mlאK 

11.   א    (H2SO4)  א 20%،
א1.213 gcm-3K 

12. אאאא40%K 

13. אאא30.7gא120g
אK 
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אאא 
1 J אאאW 
E320.00 mgE72sE36 km 
E     6 Mbyte E   3 ngE70.3 km  

2 J אcal  =  4.184J  
44C4.184Z16.736 

3 J אאאאאא
100אא 

N % = 100 – (58.5 +7.3 ) = 34.2 % 

אאא 
0.585 C :  0.073 H  :  0.342 N  

אא 
0.0487 C :  0.073  H   :  0.0244 N  

א 
1.99  C :      2.99  H :   1  N    

אאW C2H3N  

4 J אאאאא
100אא 

O%   = 100 – (35.8 + 4.5 ) = 48 % 

אWO0.358 C  : 0.045 H : 0.48 

אא 
0.029 C  :  0.045 H : 0.029 O 

1 א  C :   1.5   H:  1   O         : 

אאC2H3O2 אCH3 COO 

5 Jאא  CH2 

א28א،אאאא
C2H4 =2(CH2)אאKאאא

אאWCH2=CH2אK 

6 Jאאאאאאא25 
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T K = 25+ 273 = 298 K 

7 Jא 
C(s)  +  2H2(g)   →   CH4(g)    

8 JאאאW 
2 NH3(g)      →  N2(g)    + 3H2(g) 

9 Jאא 
CH3COOH + KOH   → CH3COOK  +  H2O    

10 Jאא 
M  =   1000 × WB  /V × Mw,B 

WBMw,Bאאאא،אW 
M = 1000  × 10.5  / 80 × 58.5  = 2.24  mol /l 

11 Jאאאאא
W 

N = 10 × P × d / Ew 

PאאאdאEwאאK 
N =  10  × 20 × 1.213  /49 

                      =  5.02 equivalent /L 

12 Jא 
XB = (WB /WW,B) / {( WB / WW,B ) + (WA / WW,A)} 

  A א Fא E B  א   אא   Kא א
WW,B    40، א אWW,A  18 K  א  א 

100א20אאא80אK 
XB  = (20 /40) /{( 20 /40 ) + (80 /18 )}  = 0.10 

13 Jאאm 
m = 1000 WB / WA MW,B 

AאBאאאאKא 
m = 1000 × 30.7 / 120 × 85 = 4.41 mol kg-1 

אאאאNaNO385K 
 
 



  

 

 
 
 



 

- 1  -  

  

אאאא  

אאאא  


א


א




2
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אאWאאאאאאK 
 

אאW 
 JאאאאאאאK 
 JאאאאאK 
 JאאאK 
 JאאאאאאאאK 
 JאאאאאK 
 JאאאK 
 JאאאאK 
 

אאאWאאאK 
 

אאWאאאאאK 
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אא 
אאW 

 JאAntoine LavoisierאW 
  א  1774   א  א א ،א   א ،
K 

 JאאJoseph ProustW 
אאא

K 
 JאאאJohn Dalton W 
 אאK 

 אאאאאאאאK 

 אאא
אK 

 JאאW 
    א א א    א א 

אאאאK 
אאאאא1W2 

 JאאW 
אאאאאK 

W H←א 
  1 W1 W 2 

 JאDalton and BerzeliusW 
אאאאאאאאא

אאKאאאאK 
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 JאאAvogadroFאאאWE 
אאאאאאא

אאKאאאK 
 Jא Max PlankFאאWE 

אאא،אא
אאאאא،

אאא)א2-1אKE 



E

E x p e r i m e n a t a l
C l a s s i c  t h e o r y

 
F2-1WE אאE אאאאλאK 

א?אEאאאF
QuantumEK 

E = n h  ,               h = 6.620 × 10-34  J.s            (2-1) 
אאאhnK 
אאאאאK 

אW 
Newton W 

،    א  א
אאאאאK 

W 
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א      ،    א   א
 ،א  א א،אא אא    

אK 

Einstein W 
אאאאאא

א K   א  cathode א   ،
  א א   K א    א 
photons ، אאא  א

אא،אאא
 Kאאא،אאאא

א  א א א א      א
electromagnetic spectrum ، א א א  א א 

אאאאאאאאK 
 JאאThomsonW 

אאאא(e = 1.26×10-8 

C/g)Kאאא
 א   א א  אא א   אFא

2-2 א EK 

-

+ +
+

+
+-

-
-

--

 
F2-2WEK 

 JRutherfordW 
 א 2-3EאאFא א 

אKאאאאאאא
אKאW 
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 א א
אK 

 אK 
 אאאאאאK 

 rays

gold 
film

++++

Rutherford
atom 

 
F2-3EWאאK 

 JאFMillikanWE 
אא א Kא Fא

אC 1.6 × 10-199.1 × 10-28 gKE 
 JאאW 

  א א    א א א  א   
אאאאאאMoselyאאאאא،

אKאאא1932א
γאאאאאא

،אאK 
אW 

אFא
א א E  א אא K א     

אא،א
אK 
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 JאIsotopesW 
 א  א א K  א 
،א א א  KWא   א  H

אDאTא،אאא،K 
 Jאאatomic numberWאאא

K 
 Jאmass numberWאאאF

KE 
 Jאאatomic weight Wא،אא

א12K،א،אאא
Kאאאאא 
אאW 

 אא،אAbsorptionא
،אאEmission אאאK

אאאאאאKא
אאאאK 

אאW 
 אא אא 

אאאאאאK
،K

אאאא אא K
אF2-1EאK 

F2-1WEאאאK 
א אא א 

n1 → n2,..., ∞ א Lyman 

n2 → n3,..., ∞ אא  Palmer 
n3 → n4,..., ∞ אא  Paschen 
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n4 → n5,..., ∞ אאא  אBracket
n5 → n6,..., ∞ אאא  Pfund 

אRhydberg אאW 
W )

n
1

2
1(R

22H    ,    RH = 109,677.6 cm-1        (2-2) 

אא



1WK אאאאאא

אאאKאאאאאאאא
،אאאאאאא

אא( λ = 200 nm - 800 nm )KאF2-2Eא
אK 

F2-2WEאאK 
א א א 

א 10-4  Å אא 

אאא  10-2  Å  
אאאא  1  Å  
א  2000 Å א 
א  4000 – 8000 

Å 
אא 

אאאאאא 10.000 Å אא 
אאא  0.1 cm אא 

אאאאא  100 cm אא 
אW 

אאאאאא،
אKאאאאאאmonochromatic

אאאאאK 
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F2-4EWאאא 

אW 
אאW 

 J אא  א א
   אא  אא  Kא   א  א א 

אאאאK 
 JאאאאאאK 
 Jאאאאאאאh/2π ) 3.14= (K 
 Jאאאאאא∆E = hν،ν

אאאK 
אאאFEJ(אW 

                             E = -2.18  10-18   (1/n2) ,       n =  1, 2, 3,...              (2-3) 

אn1n2،א∆E 
                             ∆E = -2.18  10-18  ( 1/n2

2 – 1/n1
2 )                             (2-4) 
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n1אאn2אאKאn2 = ∞אW 
E = 2.18  10-18 (1/n1

2)                                             (2-5) 

Eאאאאn1K 
 J DeBroglieFאאEW 

אא،א،
אא،אאאW J 

אW 
                                 E = mc2                                                                     (2-6) 

mc אKFאEW 

                                 E = hν =  h c/                                                         (2-7) 

:א 
                                 hν = m c2                                                                                                       (2-8)           

:            
            = h /m c                                                              (2-9) 

vאcW 
 = h /m v                                                              (2-10) 

אאא،
אא،אKאF2-5Eאאאא

אאK 

 
F2-5WEאאאאאאאK 

 
אא2πrאאאnλK 

n λ = 2 π r                                            (2-11) 
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:א، 
 = 2r /n  =h / mv                              (2-12) 
mvr = nh /2 

 אאאK 
אW 

1. אאאא 
mv2 / r  =  e2 /r                                      (2-14) 

2. אא(E)WאFPEHEאFKEE 
E  =  PE  +  KE                                    (2-15) 

                                              = -e2 / r  +  ½ mv2  = -e2 /2r             (2-16) 
3. אאא: 

m v r  = n h / 2
v אF2-14E: 

r  =  n2 h2 /4  m e2                                    (2-18) 

rאF2-16E א: 
E = -2 2 m e4 / n2 h2                                  (2-19) 

              = -2.18 × 10-18 ( 1/n2 )                             (2-20) 

אאאאאאאאאW 
E = 2.18 × 10-18 ( 1/n1

2 – 1/n2
2 )           (2-21)    

א،אא
  א   ، א  א א Heisenberg uncertainty 

principleא،
אK 

אquantum mechanicsW 
א،אא

 א א א א  אא אא  
אSchrodinger  א   א    ،

K،אאא
אאאאFא

אאאאאאאKE 
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אא principle quantum number (n) Wn = 1, 2, 3,...∞ 
אאאאאאאK 

אאAzimuthal quantum number (ℓ)W 
אℓאאאא،W 

אאא       ℓ  = 0     →    s 
אאא     ℓ  = 1     →    p 

אא   ℓ  = 2     →     d 
אאℓ  = 3     →      f 

אאאאℓ  = n - 1אאא
אאK 

אn = 1ℓ  = n-1  = 0 
אאℓ = 0אאאאsK 

אn = 3 
ℓ  = n-1 = 3-1 = 2 

ℓ  = 0, 1, 2Kאאs, p, dK 
אאmagnetic quantum number (mℓ) W 

אא،אאאא
אאmℓ mℓ  = 2ℓ  + 1-ℓ,..., 0,..., +ℓK 

ℓ = 2 mℓ  = 2 × 2 + 1 = 5          

א5אאאW2, 1, 0, -1, -2K 
אאspin quantum number (ms)W 

א،אאאms،א
½ J½Hאאאאn, ℓ, mℓ , msK 
א2KאF2-3Eא

אn = 4W 
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F2-3WEאאאאאK 
 ms mℓ אאא  ℓ n 
± ½ 0 1s 0 1 

± ½ 0 
-1, 0, 1 

2s 
2p 

0 
1 2 

± ½ 
0 

-1, 0, 1 
-2,-1,0,+1,+2 

3s 
3p 
3d 

0 
1 
2 

3 

± ½ 

0 
-1, 0, 1 

-2,-1,0,+1,+2 
-3,-2,-1,0,+1,+2,+3 

4s 
4p 
4d 
4f 

0 
1 
2 
3 

4 

אאאW 
אnאאW 

--------3s ----------3p---------3d 
--------2s ----------2p                                                      

 
--------1s                                                                         

אאאאFאEW 

 
--------4s                  ---------3d 
                ----------3p                                                      

-------------3s                                                              
 

                ----------2p                                                      
--------2s                                                                         
--------1s                                                                         

אאW1s<2s<2p<3s<3p<4s<3d<4p<5s<4d 

אאאW 
 JאאsאאאאK 
 JאאpאאאC, y, zK 

 JאאdאK 
אF2-6EאאאאאspdK 
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1s
3s

2s

pz

px

py

dz2dxy dyzdxzdxz 
F2-6WEאאאאאאK 

אאאאW 

אאאאאW 
Kאn=1n=2،א .1 
2. אאאאFms, mℓ, ℓ, nE،

אאPauli exclusion principleK 
3. א אאאאאאאאא

،אHund’s ruleK 
4. אאאאs pdfא

אFnE. 

אאאאאW 
אאא   אא  

אאFf, d, p, sEאFEא: 
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H:      1s1                        

 אא?1?אאFnE،אא?s?،
  אאא  א K       ،  

א אאאKאא אא 
    W א אparamagnetism and diamagnetism،

אאאאאאא
א parallel spin א א    אא   ، Kאא 

   א    א א  א 
אאא {אopposite spinK

   אא  א א א א  א א א 
אאא א، א،אא

אאאKאא
אאאאאאאKאאאאא

אferromagnetismFאאאאE
  אא אא א Kא   א  א א  

 א  א א א   F א   KE 
א    אאא א א אא  א  א  א א

KאאאאאאאK 
1WאאאאW 

   
אWאאאאK 

אאHe 

He:     1s2         

אWאאאאאK 
אWאאאאאKא

אא: 1, 0, 0, -½  KאW1, 0, 0, +½א
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  א    K  א א    א אא
אKאאK 

אאא Li 

   Li : 1s2 2s1      

אאאn=1،אא?s?אאא
אאn=2אא?s?אKא

אאא K
אאאאאK 

אאאאBe 

   Be : 1s2 2s2   

אאאB 

   B :  1s2 2s2 2p1     

אאאאאאF2sEאאא،F2pE
 אא   ،א    אאא 

אp 6Kאאאאp
אאK 

אאאC 

    C  :  1s2 2s2 2p2           

א אאא אאא
אאpאאאאאאאאאאK 

אאאN 

N  :  1s2 2s2 2p3         

אא אאאאא
K 

אאאO 
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    O  : 1s2 2s2 2p4       

אאאאאאאאאאאא
pK 

אאאF  

    F  : 1s2 2s2 2p5      

אאאNe  

Ne  : 1s2 2s2 2p6      

،אאאn=2،א אאKאא
אאKאאאK 

אאאאW 
 אאאאאא

 א Kא א  א א   אא א
،אאאאK 

אW؟אא؟אא 
 א Wא אא    א א  אא،א  

אאKאאאאnאFאאEאKא
אאאאאאאK 

אWאאא؟א 
אWאאאאאאא

אאא،א،א،א
אאKאאאאאאאאא

 א א  א K א א  א  א  א
א،אאאאאK

א،אKא
א،אאא

K 
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1W    א א   אH+ ،  א
אאא،אאKא

   H-،   א  א  Fא E
אא  K א       

אKאאKאא
   א  א  א  א

אK 
2Wאאאאאאאא

א Wאא ،B3+, Be2+, Li+, He،
אאאאK 

 3 Wא א     א   א 
   א א א א،א  

אאא  א
א،אאאאאאK 
4W،אאאא

 א  א 3 א  ، א א 
NH3  אN2אא،א

א –NH2 K  א    א    
אKאאאאאאK 

5Wאאאא
א،אאאO2-

אאF-K 
אאW 

אאא Na  

                           Na:      1s2 2s2 2p6 3s1        
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 אאאWא،אNa+א
אאKאאKאא

א         א  
אאאאאאאא

،א،אא WLi+, Na+, 

K+, Cs+, Rb+Kאאא
F       א E א א   

KאאאW 

    Na:     [Ne] 3s1        

אאאMg  

Mg  : [Ne] 3s2       
 

    א  א Mg2+، א א  א  

אאאאאאא א
אWBe+, Mg+, Ca+, Sr+, Ba+KאאאאK 

אאאAl 

Al: [Ne] 3s2 3p1        

אא Al3+   

אאאאSi 

Si : [Ne] 3s2 3p2        

אאאP 

P : [Ne] 3s2 3p3       

אאא S   

S : [Ne] 3s2 3p3       

אאא    Cl   
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Cl : [Ne] 3s2 3p5       

 Ar  אאא 

Ar : [Ne] 3s2 3p6       

אא א     K  א א    א 
אאאWd, p, s ، אא  אא א אd

K 
אאאK 

K : [Ar] 3s2 3p6 4s1        

   א א א אא א  א  ،א
אאאאא4s3dאאא

אאK 
אאאCa 

Ca : [Ar] 3s2 3p6 4s2         

 אאאאאאא
א4אs3dאK 

אאאאSc 

Sc : [Ar] 3s2 3p6 4s2 3d1         

                                                      
 אא 3dאאא Kא א

א،אא
אאאKאאאאאdאאא

10אKאאאא4p אאא
אא?Kr ? Kאאאאא

אאאאאאdאfK 
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א 
1. אאא21 × 1014 HzK 
2. אא760 nmK 
3. אאאא3.5 × 10-10 J،

300 nmK 
4. אא10-20א kgאאK 
5. אאאאאאא

אאאK 
6. אאאאאאK 
7. אאאK 
8. אאאאאאK 
9. אאאאאאK 

10. אאא10-10 × 3א g2.5 × 106 m/sK 
11. אאאאFℓEאאאK 
12. אאאmℓאאℓ= 5K 
13. אאאאW 

En = 4Eℓ= 1  ,   n=1Ems=-1/2  , ℓ= 4 , n=1  E ms=1/2, mℓ=-1, ℓ=1, n=3 

 14K  אאאאאאאאאW 
a- Na   b- F    c- N 
d- Cl   e- B    f- He 



א 110 אא 
א אא אא 

 
  

- 40  -  

אאא 
1. אאא 

 =3×108  /  21×1014   = 143 ×10-9 m 
   = 143 nm 

2. אW 
E = 6.625 ×10-34 ×3 ×108  / 760 ×10-9 

    = 26.15 ×10-20 J 

3. אא 
E = nhc / 
n= E h c 

                   = 3.5 ×10-10  ×300 ×10-9 / 6.625 × 10-34 × 3 ×108 
                   =52.8 ×107 photons  

4. אאאאW 
E  = m c2  

    = 10-20 ×(3×108 )2      
    = 9×10-4 J  

5.  
W = 109667.6 (1/n2

1 – 1/n2
2) 

                                  =109667.6 ( 1/1 -1/ 42) 
                                  = 102813.378    cm-1 

                                                   = 1/ W  = 97.26 nm  

6. Fn1 =2E 
W = 109667.6 (1/22 – 1/52) 
= 23020.196 cm-1 

      = 1/W = 434.21 nm 

7. Fn=5E 
W = 10966.6 (1/52 -1/62) 
        = 1340.381 cm-1 = 100 ×1340 0381 m-1 

  =  1/ × c   = W × c  
                                  =1340.381 ×3 ×108 ×102  
                                  =40.21 × 1012 Hz 

8. אא 
אאאאFn1 =1E 

W = 1/  
          E = h   =  h c /  
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                           E =  h c (W)  
                               = h c × R (1/n2

1 – 1/n2
2) 

                               =6.625 ×10-34 ×3×108 ×109667.6 × 100 (1/1 – 1/42 ) 
           E = 2.09 ×10-18J 

9. אאא 
E = 2.18 ×10-18 (1/n2

1 – 1/n2
2) 

    =  2.18 ×10-18 (1/1 – 1/∞) 
 E = 2.18 ×10-18J     

10. אאא 
=  h / m v 
   = 6.625 ×10-34  / 3 ×10-10  ×10-3 ×2.5 ×106      

                             =  8.83 × 10-27  m 

11. אא)ℓEn = ℓ ،ℓ = 3  

אא   0, 1 , 2 ,….n-1،אא0 ,1 ,2  

אאאℓsאאא،ℓאp 
אאאℓאd 
12. אאא 

mℓ = 2ℓ +1                                                                       
 mℓ = 2×5+1 = 11 

א 
  -ℓ  , …..,0,  …, +ℓ                                                                

אאW 
 -5 ,-4 ,-3 ,-2,-1,0,1,2,3,4,5                                                           

 
13.  

 J32 J9 

 J6 Jא 
 
                 
14.  

אאa  -  F   1S2   2S2  2P5                                                                 F-    

  
אאNa+b  - Na    1S2   2S2  2P6 3S1                                                       
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אא N3-   , N5+1S2   2S2  2P3  c - N 
 
 

אאCl-d  -  Cl    1S2   2S2  2P6 3S2 3P5 
 


אאB3+1S2   2S2  2P1                                                             e – B     


אאHe 1S2   2S2                                                                      f -  He    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

  

אאאא  

אאאא  


א




א




3
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אאWאאאאאאK 

 
אאW 

 Jא     א א  א אא א  
אK 

 Jאאא،א
אK 

 JאאאאאK 
 JאאאאאאK 
 

אאאWאאאK 
 

אאWאאאאאאK 
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אאPeriodic Table of ElementsW 

אאW 
א א א     אא א  

אא،אK 
1. DobereinerW 

   ،א       
triads،WאאאKאאאK 

2. NewlandsW 

א א octavesאא  א א א  ،א
،KאאאאK 

3. Mendeleyev-Mayer W 

א א א    ،    אK
،א  א א     א    

אאKאאא
אאא،אKאF3-1E

א א  Kא א א אא א 
א K   א אאR2O،Rא  K

  א א  Kא אRO    Kא
אR2O7KאאRO4א،

א ،אאאאאאK
אאא،

אאאאאK 
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F3-1WEK 
 

VIII 
- 
RO4 

VII 
RH 
R2O7 

VI 
RH2 

RO3 

V 
RH3 

R2O5 

IV 
RH4 

RO2 

III 
- 
R2O3 

II 
- 
RO 

I 
- 
R2O 

Period 

 
 
 
Fe=55, Co=59 
Ni=59, Cu=63 
 
Ru=104, 
Rh=104 
Pd=106, 
Ag=108 
 
 
 
Os=195, 
Ir=197 
Pt=198, 
Au=199 

 
F=19 
Cl=35.5 
Mn=55 
 
Br=80 
 
 
I=127 

 
O=16 
S=32 
Cr=52 
 
Se=78 
Mo=96 
 
Te=125
 
 
W=184 
 
 
U=240 

 
N=14 
P=31 
V=51 
 
As=75 
Nb=94 
 
Sb=122
 
 
Ta=182
 
Bi=208

 
C=12 
Si=28 
Ti=48 
 
 
Zr=90 
 
Sn=118
Ce=140
 
La=180
 
Pb=207
Th=231

 
B=11 
Al=27.3 
 
 
 
Y=88 
 
In=113 
Di=138 
 
Er=178 
 
Tl=204 

 
Be=9.4 
Mg=24 
Ca=40 
 
Zn=65 
Sr=87 
 
Cd=112 
Ba=137 
 
 
 
Hg=200 

H=1 
Li=7 
Na=23 
K= 39 
 
Cu=63 
Rb=85 
 
Ag=108 
Cs=133 
 
 
 
Au=199 

1 
2 
3 
4 
 
5 
6 
 
7 
8 
9 
10 
 
11 
12 

 
4. אאאW 

אאאא،
א א א א F א  KEא 

 Fא E F KE  א א     א 
אא، אאא K

 א אAFאE א،B 
אFאאdאאfאאאEKאF3-1E

אאK 
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F3-1WEאאאK 

 
 JאAW 

   F Eא א א  אא
אKאאאKWאא

אWns1،n=1،אאn=2א،n=3א،K
 א א  א א אns2np5 n=2   n=3

،א K אאא אאא  ns2np6،n=1
،n=2א،  Kא א אא

אאא אאא אאK
 א  א א א  אFא  E   

אאאאFאאEאאKאא
אFאFH+, Li+, Na+, K+,…KE

אאאאאאאא
،אאאא:F-, Cl-, Br- , I-  K 

 JאBW 
אאאאאאאF2A,3AE

א אא  א   Kא  א  א  
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FScEאאא،3dאFאאאE
  א3אd Fאא א E א  3A Kא 

אאBאאF4 J6Eאאdd-block 

elementsאא
א Kא  א א   א 1Bא א א  

אא אFAg+,Cu+,Au+ Eאא 2אBZn,
Cd,Hg,אאאFZn2+,Cd2+,Au+EאK6 J8

א8BFe, Co, NiאאאRu, Rh, Pd،אאOs, Ir, Pt
אאKאdאff-block elementsK

אאFאLaאאאAc
א אEאא  א א ، K

א fאאאא،14 K
אאאאאאאאאf K 

אאאW 
אאאאFEאא

א אא  א    K    א    
אאאאאKאא

אW 

1. אאאnאאאFאEא،
אNaאLiFNaLiKE 

2. א א    ، אא   א א א א K
אאאFאא

n KEאאאאאFאE،אא
אאK 

3. אאאאאאK
  אא   אא     אא   א K 

אאאאWs > p > d > f 
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4. אא    א  אאא،א
אאK 

אאAtomic sizeW 

אאאאאKאF3-2E
אאאאAאKאא

אאאאאאא
א א   Kא א  

א K ،א      אא  Wא   
   ،א   א  אא  א  א

אK 

Atomic Number

0 5 10 15 20

R
ad

iu
s,

 A

0

1

2

3

 
F3-2EWאאאאאאK 

אIonization energy (I)W 
 א א    א א   Fn=1 Eא א K

א אאא א א   א 
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א،א Kאאאאאאא
א،אאKWא 

                            Al(g)       →       Al+
(g)    + e    ;    I1 = 580 kJ/mol          (3-1) 

                             Al+
(g)     →       Al++

(g)   + e    ;    I2 = 1815 kJ/mol      (3-2) 
                      Al++

(g)  →    Al+++
(g)  + e    ;   I3 = 2740 kJ/mol        (3-3) 

                             Al+++
(g) →    Al++++

(g)+ e     ;   I4 = 11,600 kJ/mol     (3-4) 

אאאאאAl3+א
אאאאא،א

אאאFאאEKאF3-2E
אאאאאאKאאאW 

1 Jאאאאאא K2 J
א א א א   K3 J  א  א  

אאאK4 Jאאאא
אFאאEאאK5 J،אא

א،אא،אאאאא
אKאאאאאא،K 

Atomic Number

0 5 10 15 20 25

Io
ni

za
tio

n 
E

ne
rg

y,
 k

J 
m

ol
-1

0

500

1000

1500

2000

2500

 
F3-3EWאאאאאאאK 
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א א  א  א אא    אא
 K  א א    אא    אא   אא 
אK 
אאElectron  affinityW 

אאאאא 
X (g)   +   e   →    X (g)          (3-5) 

אאאאאא،Kא
אאאאF3-4Eאאאאאא

אאKאאא،א،אא
אאW 

1. אאא،אאFאאs E،
 א אF אא E א אא  ،Fא  א

אKE 
2. אאא א אFBe, Mg, Ca, …E،א  א

אאpאא،אאא
אאאאK 

3. אאא
אאאאK 
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Atomic Number

0 5 10 15 20 25

E
le

ct
ro

n 
A

ffi
ni

ty
, k

J 
m

ol
-1

-400

-300

-200

-100

0

100

200

300

 
F3-4EWאאאאאאאK 

אאאElectronegativityW 

 א אא א K Pouling
אאאאbond energyאאא

x-yאאy-xK אאאאW 
אאZאx-y א–אאx-y א 

אאx-yאZFאאx-xHאאy-yED2 

Electronegativity

Atomic Number

0 5 10 15 20 25

E
le

ct
ro

ne
g

at
iv

ity

0

1

2

3

4

5

 
F3-5EWאאאאאאK 
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   א   א א 4א    ،
אKאF3-5Eאאאאאא

אKאאאאאKאאא
אאאאאאאאאאK

אא א אאאא Kאא
 א אאא אאא

אאKאאאא F+EאF-
Eא،אK 

Wאאאאא
W 

א  JNa+ Cl،H-Cl،  Cl-ClK 

אאא: 
אאאאא 

א אK 
1. אW 

א2A 1AאאאאB، 
א5A 4A 3AאאW 
 JאאאאK 

 JאאאאFאKE 

 JאK 

 JאאאאאK 

 JאאאK 

 Jא אא א  א א א    
אאK 

 Jא א  א אא אא   אא  
אK 

 JאאאאאאאFאKE 
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 JאאK 

2. אW 

 א אא  אF      E אא
א א א א א K ،א    א

KאW{אא
אאW 

 JאאאאK 

 JאאאאאK 

 JאאK 

 J א   אF א  Eא א  
FאאאאאKE 

3. אW 

א א  א  א  א  ،א א 
א א א א K א   א   

אKאF Al3+  Sb3+As3+
Si4+B3+KEאאאAlO2

-א
SbO2

-א AsO3
2-אאB4O7

2-Kאא 
אאא،אK 
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א 
1 J ؟ 
2 J ؟אא 
3 J אאא؟ 

4 J ؟אאא 

5 J ؟אאאאאא 

6 J אאאWC , Be, F, Li, H   

7 J אאאW  N, O, B, Ne 

8 J אאאאWN,  O, F,  Mg  

9 J אאאאW  F, N, Be, B 

10 J אאWH, Li, O, N, K 
11 J אאWLi, Ca, He, S, C  

12 J אאW Na, Ne, Al, P, Cl  

13 J אאWO, Cl, Ar, N, H  

14 J אאא؟K 

15 J 15אאאK 

16 J ؟אאאאא 
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אאא 
1.       א א  א א  

א א  K  א   ،א  אא  א  
אאאאאK 

2. א א  אא  אא     
אאאאאאאאאאאאK

אאאאאא،אא
א  אא א   K אא א  

K 
3. א א א    א   א  

א،W 
 אA  א אB   Kא  א 

  1A,2A,3A,4A,5A,6A,7A   א אא K א 
א 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B 

אBK 
4. אאאאאא

אאאאאאא
אK 

5.   א אא   א    א  
אKאאאאא

K 
6. אW Li  >  Be > C >F > H 

7. אאWNe > N > O > B 

8. אאWF  > O >N> Mg  

9. אאF > N > B > Be  

10. אאW  Li  , K  

11. אאW He , S , C  
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12. אאWAl  

13. אאאWAr 

14. א     אא  א א   א  
 אא  אאא א K

אאFEא{ 
15. אאאא2sאאא

אא2אpאאא،אK 
16.  אאאK+ , Na+ , Li +א

אאאאאאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 



 

 

  

  אאאא

אאאא  




א


א




4
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אאWאאאאK 

 
אאW 
 J אאאאאאאאK 
 J אאאאאאאK 

 J אאאאאK 

 J אאאאאK 

 
אאאWאאאK 

 
אאWאאאאאאאK 
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אאChemical bondingW 
،אאאאאא

אאאאא،אא
FNa+EFCl-E،אCH3Cl א

אK،אאאא
א א    Kא   א א   

 אא ، א אא       
    Fא אא   E   אאא 

 אFא אא   KEא אא    א א 
אאאאK 

אאאIonic bondW 
א1A,2A,3Aא7A,6A

א   ،א א א א
אאא،אאאא

אאKW 
    2Na   +   Cl2   →      2NaCl                         (4-1) 
  Al    +    3F     →       AlF3                          (4-2) 

2Ca   +  O2    →       2CaO                         (4-3) 

אאאאא:   22
3 OCa,)F(Al,ClNa،אא
אאאאאאאKא

  א א   FאEא   ،  א  א
אFאKEאאW 




Na










 :Cl:Na:Cl              (4-4) 

    521 p3s3NeS3Ne        ArNe  
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אאאאNaClאאאNe
Ar Kאאאא

KאאאW 
E=2.31 ×10-19  (q+ q- / r)                   (4-5) 

Eאא(J)rאאnm q+ q- 

אאאאK 
 W א  א א   אא   א

،אאא 0.95 Å  1. 81 ÅK 

אW 
r = 0.095 + 0.181 = 0.276 nm 
q+ = 1 ,   q- = -1  
E  =  2.31 × 10-19 q+ q- / r 
    = 2.31×10-19 × (+1) × (-1) /0.276      = -8.37 × 10-19 J 

אLattice Energyאאא،
Crystal latticeאא Kא

אאאא
אא،אאOctahedral،

،א F4-1א KEא א א  
אאK 

 
F4-1WEאאאK 
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אאאW 

א F E א א א א  א
אK 
WLi+

(g)  +  F-
(g)  →  LiF(s)  +                                

אW 
E= K q+ q- / r                 (4-6) 

EאK אאאK
אאE ،אq+ q-K 

WאאאW 
NaCl       -789 kJ/mol 
MgCl      -2570 kJ/mol 
MgO       -3890 kJ/mol 

אאKW 
אא-1047k J/molr = 0.196  nm  

א-789 kj/mol  r = 0.276 nm 

אאאאאאW 
 W א  א LiF ، א  250 kJ/mol   

FEאFE161 kJ/molאא154 kJ/mol
אא-328 kJ/molLiFאאWF2  Li(s) 

،-617 kJ/molK 
אWאLiFאאW 

 JW          Li(s)   →   Li(g) + 161 kJ/mol                  (i)                                       

 JW    (ii)                                  Li(g)    →   Li+
(g) +  e  + 520 kJ/mol   

 JW     (iii) ½ F2(g)  →    F(g)  +   77 kJ/mol   
 JאאW F(g) + e   →    F-

(g)   -328 kJ/mol            (iv)                 
 JאW        (v)          F-

(g)  + Li+
(g)   →  LiF(s)    +   E  

אאLiF(s)   F2(g) Li(s)אW 
Li(g) +½F(g)    →    LiF(s)  -617 kJ/mol          (vi)                                                           

אFi-viEE אK 
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אאW 
אא אאא א

KאF4-1EאאאKא
אאאאdאאאK 

F4-1WEאאאאK 
1-2-3-3+2+1+
F- O2- N3- Al3+Be2+ Li+ 

Cl-S2-P3- Mg2+Na+

Br-Se2-Ca2+K+

I-Te2-Sr2+Kb+

Be2+Cs+

אאאאd אאא
אWCu+, Ag+, Au+ , Zn2+,  Cd2+, Hg2+ , Ga3+, In3+ , Tl3+

،א
א ns2 np6 nd10 אאא،אאאPseudo-noble gas 

configuration  Kאאאאאd Fe3+ , Mn2+،
אאאאאW 

Cr3+ , Cr2+ , Fe2+ , Ni2+ , Co2+ , Cu2+ , Sn2+ , Pb2+  
אIonic sizeW 

א    ،א א   א א   
 א א  א K  אא  

א،אאKW 
Al3+ < Al ,   Ca2+ < Ca  ,  Na+ < Na   ,   Li+ < Li   

W S2- > S    ,   O2- > O   ,    Cl- > Cl  ,     F- > F   K 

אאאאKWLi+ < Na+ < K+ < Cs+
F- <Cl- <Br- < I-  Kאא א א

אisoelectronic ionsKאאאאא
אאKאאאWO2-, F-, Na+, Mg2+ , Al3+،

WO2- > F- > Na+ > Mg2+ > Al3+ 
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אאאW 
אאא W 

1. אאFאEאאאFאKE 
2.  א  א  ،  א  א א 

،אאאK 

3. אאא
אאאK 

4. אאK 

W  א  א אCaCl2   Cl- Ca2+  ،  2Cl-
אK 

WאאAl2(SO4)3Al3+SO4
2-א2Al3+  

3SO4
2-K 

Wאא א(NH4)2SO4 NH4
+ SO4

2- א
2NH4

+SO4
2-K 

אWאאאאאK 
אWאא  P3- Mg2+ אא، 3Mg2+ 2P3+K

W 
2P   +   3Mg   →    Mg3P2                         (4-7) 

אאאPolyatomic ionsW 
א  א אא    א   אא  

א א    K   א،  ، אא 
אF4-2KE 
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F4-2WEאאאאאK 
א Ion א

א AmmoniumNH4
+

 Hydronium H3O
+

 Carbonate CO3
2- 

 Bicarbonate HCO3
- 

 Nitrite NO2
- 

א Nitrate NO3
- 

 Sulphate SO4
2- 

 Sulphite S2- 

א Perchlorate ClO4
- 

 Acetate CH3COO-

  Dichromate Cr2O7
2- 

 PermanganateMnO4
-

 
אאא covalent bondW 

    אא       א 
א אא  א  K א אא pure covalent 

אאאאH2א O2 
א Cl2 אKאאאא

  polar covalent א    אHCl K  אא 
אא  א   

אאK 
Wא؟ 
אWאF4-2EאאK 
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K 
F4-2EWא 

א אא      א   א  א  א
א א(Potential Energy= PE) ،،א אא

 אPEא   PE א   א א   K  
 א אא  א  0.74א Ǻ Kא   א  א 

א א      אא   א    K
א א א  א   K    א H2 א 

אאאF4-3WE 

H2

HH



 
F4-3EWאאאK 

אאEאאH2 אK H2 
א א  א Kא  א א   א אא  

אאWH-H    H-F    H-Cl      Cl-ClK 
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אאאא،אאאא
אKאא(+)(-)אאאאא

אאKW 
H-H 

H+-F- 
H--Li+ 
C+-O- 
H+-C- 
N+-O- 
C+-N- 
Cl-Cl 

אאאאאKאאא
אpolar molecule אא א K א

אאא ،אאא K
אא א،אאאאא

א F4-4KEאאאאאאK 
אWאאN-OC-O؟ 
אאא O, N, C W2.6 3.0 3.6 K 

-F H+

H+-F

H+-F

H+-F

 
F4-4WEאאאK 

אWאאא אאאKאN-O
0.6 = 3.0 - 3.6 אא، C-O1.0 = 2.6 – 3.0א.Kאאא C-O

 אא N-O K  א א אאא א
אאK 
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אאKאאאא
F4-5WE 

H2 HF

LiF 
F4-5EWאאאאK 

אא Bond EnergyW 

אאאאאאאא
Fא KEא אאאא אאא

אKאאאאאאאאאK 
W 

   א CH4 א    א     
1652 kJ .אא
1652 kJKאאאC-Hאא

א C-H אא1652/4 = 413 kJKאא413 

kJ אא  C-H אא  אא א ، 
אאK،אאאאאאF4-

3KE 
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F4-3WEאאאאK 
Bond              E/kJ mol-1 Bond             E/kJ mol-1 Bond              E/kJ mol-1 

C=C                 614 
CC                839 
N≡N                941 
O=O                495 
C-O                 358 
C-N                 705 

H-C                  413 
H-Cl                 431 
H-N                  386 
H-O                  459 
N=N                 418 

H-H                 432 
C-C                 347 
Cl-Cl               239 
N-N                 160 
O-O                 146 
N-Cl                200 

   א    ،אא   א   
 Kא ،א א א  א א  אא א

אאאאK 
אWאאHClאאK 
אWאW 

   H2(g)  +  Cl2(g)   →   HCl(g)                                   (4-8) 

  אא     א H-Cl  אאCl-Cl،
אאH-HK 

אאFHEZאא Jאא 
     H = ½ E (H-H) +½ E (Cl-Cl) – E (H-Cl)               (4-9) 

=½ (432+239) - 431 =  -95.45 kJ  

א2Wאאאא 

)g()g( 33222 CHCHHCHCH                (4-10) 

6א(C-H)C-CFE4(C-H)C=CH-HF
KE 

אאFHEZאאFEHאאFE 
H  = -6E(C-H) - E (C-C) + E (C=C) + 4E (C-H) + (H-H)        (4-11) 

                              =-6×413 - 347 + 614 + 4× 413 + 432  = -127 kJ 

א   Single bond א  ،אא
double bond א triple bond   אאK 

WH-H    H-C      C-OאK 
C=C       C=O        N=Nא 
 C≡C  N≡N א 
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א،אאאאFאאEאאאא
אKאאאאא 

אאאW 
N≡N   <  N=N  < N-N 
C≡C   <  C=C   <  C-C 

אאCovalent bonding theoriesW 
F E ،אא  אאאא  Molecular 

orbital theoryא א Localized electron theory   א 
 א אValence bond theory K  ،אא  א א 
 א א א   Molecular orbital א א  

Atomic orbital  K אא  א    א   K 
   א  א K  א    א א

 א אא   אא א    K א 
אאאאאאא K

 א  א א א אא   א Lone Pairs ،אא
אאאאאBonding pairsKאאא

אאKא
אאKאאאאאאW

א   א    א א אא Lewis 

structureKאאאאאאאאאא
אK 

K  אW 

אאא
 א א א K،א א       אא

אא Kא א Octet rule K
אאאאא،אK 

WאHHH:HKאK 



א 110 אאא 
א אא אא 

 
 

- 69 - 

2WאCl00ClCl:Cl  Kאא
KEאאFאאא8אאאא 

3WאאאKאW 

4 H        +       C                                      C

H 

HH

H

                (4-12) 

2WאאאKאW 
2 H      +     O                      H   O H

               (4-13) 

 אאאאאא
אא KאאW4H4

Z8אאNe K 

5WאאאK 
אW 

  (4-14) 

 

אאאאK
אאW2H6Z8אא،Ne K 
אאאW 

אאאאא
אא א א Kא  אאאאא

KאאאW 
 JאאOdd-electron moleculesW 

  א א  אא   א א   א
א  Kאא NO  א NO2

אClO2W 

 

N

H

H HH H N N +
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   א    NO2    א   
אאאK

אאK 
 JאאIncomplete OctetW 

אFאאE
   electronic deficient  א    

אK אאBF3 אW 
F     B      F

F 
  JאאoctetexpandedW 

אFEאאא
אSF6א I3

-  W 

 
אResonanceW 

א ،אא
אא Resonance formsאא

אKאאאאאא
אKא،אFE 

א،WN=ON-OK אאאא
אאא؟א،Kאאא  
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N

OO O O

N

N

OO





BA

C 
F4-6WEאאK 

 א F4-6 KE א  א   ، אא  A
אאאB KאאאאאA

 B אאאאFאאE 
אN-OאFCKE 

אWאאאאאK 
אWאAB אF4-7Eאא

אCK 
C

C

C
C

C

C

C
C

C
C

C

C

A B C 
F4-7EWאאK 

אאאGeometry of moleculesW 

א  אא א   א   א  FאE
KאאאאValence Shell Electron Pair 

RepulsionKאאאאא
אKאאאאאא

אאא Kאאא
 Kאאא 

LinearFאEH-H .H-Cl 
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 JTwo bonding pairsW 
אאאK 

WאCl-Be-Cl 
 אאאFEאא

אא Cl-Be-Cl  א180o، LinearK 
 

Be ClCl

180o

 
F4-8EWאאאאK 

 

 Jא Three bonding pairsW 

  אאאFאKE 

WאBF3אאאא
א120oאאא،trigonal planar  K 

120o

F

F

F
B

 
F4-9EWאאאאK 

 JאFour bonding pairsW 
 א   א   א אFא E א א

tetrahedral אאאא109.5o K 
Wא CH4 אאFאאparaffinsEאאא

אאא،אאK 
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C

H

H H

H

109.5o

 
 

F4-10EWאאאאK 
 JאF3HE: 

  א 3אא   Kא
،אאאאאאאאK 

W אNH3א،אאאאtetradedral 
אאtrigonal pyramid Kאאא

אא  F א107oE א א   אא   א א
K 

HH

CN

H H

H

lone pair

107o

 
 

HH

NN

H H

H 
F4-11EWאאאאK 
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 JאFHאE: 
  א אא  K א

،אאאאאאאאK 
WאH2O ،אאאאאא

bent KאאאאאאFא
104oEאאאאאאאK 

O

H H

lone pair

lone pair
104.5o

 

H

OO

HH 
F4-12EWאאאאK 

אאא Hybridization of orbitalsW 

  א  א אא   א  אאא 
אKאאC-Hאא

אא2sאא2pאK؟
K،אאאאאא2p+2sא

 א Hybridization ،  אא   א Fאאא  
א Eא אא   Kא א  א  א 

אאא،אאאאא
א  K אא  א   א אא   

FKE 
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 JאאW 
אאאא،אFσE،

אאsp3אאא،2sאאא2p
  א   אא sp3K     א  אא

، א    אא   אא א K   
אאאאא1אsאאאFF4-13KEE 

1 0 9 .5 o

H

HH

H

C

+  3  

2 s

2 p

m e th a n e

C

H

H H

H

4 s p 3

H yb rid iz a tio n

1 0 9 .5 o

1 s4  

 
              F4-13WEאאאאאאK 

W אאא33אCHCH 
אW   א    א א FE ،

אאsp3אאאאא 
א،אאאאאאF4-14KE 
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          F4-14WEאאאאאאK 
 
 JאאW 

אFאאאאא
אEאsp2KWא22 CHCH K

אאאאאאא2s , 2px, 2pyK 
אאzspFאEאאאאא

F  א  א  E אא       
אאKאאאאאאאא

אאאאאFF4-15KEE 
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+ 4 

2s

2p

Hybridization
2 2

H

4

1s

120o

3sp2

H

H

H

H

CC

HH

H H
ethylene 

        F4-15WEאאאאאאK 
 JאאW 

אאאאאא2sא
 א  א2pא א  א  sp K אא  sp א

אאאאyz p2وp2 . 
WאCH≡CH      

אאאאאאא
אאאא،F4-16KEE 
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+ 2 

2s

2p

Hybridization
2 2

2

1s

180o

2sp

acetylene

H H
CC

 
               

    F4-16WEאאאאאאK 
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א 
1K  א  א    LiF ،   א א

 A36.1وA6.0K 

2K אאאאWאא–א–
א Jא–אK 

3K אא Li,Na,H,KK 

4K אאNa+ ,  Mg2+ ,   F- ,  O2-     

5K אאאאK 

6K  אא C=ON-H؟ אא אא
א،אאאW3,532,52,1K 

7K אאאאW 
 

 

אאC-H H-H  C=CC-C ،א،W413432614
347FkJ/molEK 

8K אWPO4
-  ,  ClO2  ,  CH3-CH3  ,   NF3   

9K אאאWH2S  ,   BrF3  ,   POCl3   

10K אאאאW  BF3  ,  CO  ,  O2  ,  N2  ,  NH3  ,  H2O   
11K אאאאWא CH3CH3אCH≡CHCF3  
12K אאאW 

 
 

13K אאאWB-  ,  Ar  ,  C  , Cl- 

14K אאאWCCl4  ,   NO2  ,  H2NNH2  ,  CCl3H   

 
 

323232 CHCHCHHCHCHCH 
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אאא 
1K אאW 

2.13 ×10-19   q+ q- / rE= 
 rאאnmq+ q- אא 

E = 2.31 × 10-19 ×(1) (-1) / (0.06 +0.136) = -11.79 × 10-19 J 

2K אאW 
אא Ca NO3 

אNa2S 

א(NH4)2SO4 

אKHCO3 

אCH3COONa 

3K אאWK+  > Na+ > Li+ > H+ 

4K אאWO2-  > F-  > Na+ > Mg2+ 

5K אאאאWF-  ,  O2-  ,  N3-  ,  Na+   

6K אאאאאאא 
N –H = 3.0 -2.1  =0.9 
C = O = 3.5 -2.5  =1.0  

אאC=OK 
7K   א  אא אא    אא א 

Fאא،אEW 
      H  =  -8( C-H ) - 2( C-C )  + ( H-H ) + 6( C-H ) + (C-C) + (C=C) 

                = -2(C-H) - (C-C) +  ( H-H ) + ( C= C )                                     
              = -2×413- 347 + 432 + 614  = -127 kJ mol-1                                                                                                     

8K  W 

- N

-F

-

F
F C C

H

H H

HH

H

P

O

ClOO

O

O

O

O

O

 
9K אאW 
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O- P Cl

Cl

Cl
                 Br

FF

FF

F

SH H

 
10K אאW 

O=O N N O HHC B

F

FF O

trigonal planarlinear bentlinearlinear

N
H H H

trigonal pyramidal 
11K אאWאsp3אspאאsp3K 

12K אW 
 

N

N
O

ClO

O

O

Cl
O

O O

O

CH2 CH CH3

CH2CHCH3

S

S

OO

O O

S
OO

O
O

O O
S

O

O O
S

 
13K אאWAr  , Cl- 

14K אW 
 JאאWא 

 JאW 
 JאW 
 JאWא 
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אא  

אאאא  


א






5
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אאWאאאאאK 

 
אאW 

 JאאאK 
 JאאאאאאאK 
 JאאאאאK 
 JאאאאאאאאK 
 JאאאאאאאK 
 JאאאאK 
 

אאאWאאאK 
 

אאWאK 
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אW 
א،–––

אא،אKאFאEאF
א1:2אEFאאאKE

،א،אWאאאאא
א K  א      א    

א،،אKאא
 א  א،א א 

א א  א K ،   א     א 
    K    א א،    א א

אא אא،א
אאKא

אא   K،  א   א   א א א 
א     ،אא K   ،א     א 

א א Kא א  א  א   א  א אא 
 ،אאא  אאאאאא

אW 
1K אאW 

،אאאאאאאW
אK،אאאאאא

،אא
אאאאאאאKאא

    אא    א  א     א
אאאKאאאK

KKF5-1E
אאאאK 
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אאgas  lawsW 

 Jboyle’s law: 
א   Kא   אFV E 

אFPEאאT)EK W 
P    1/V      (T,n)                                   (5-1) 

: 
P =   k1 /V     (T,n)       (5-2)   

k1 א،אאאK 
 J   : Charles’ law 

،אאKא
אFVEאאFTEאFPEK 

: 
   V     T            (P, n)                              (5-3) 

V =  k2  T          (P, n)                              (5-4) 

k2אאK 
 JאאAvogadro’s  HypothesisW 

אאאאאאאא،
FTEאFPEKW 

Vn                      (T,P)                             (5-5) 
V  =   K3 n              (T,P)                             (5-5) 

k3אאKאW 
P   T      (V,n )                           (5-7) 
P  n              (T,V)                            (5-8) 
T n           (P ,V)                           (5-9)   

אאאאא: 
PV   =  n R T                                                (5-10)   

Rאא،אKאא
אאgas lawuniversal،،א אideal gas law،

   אא א א  א   F א  
אEאאאאאאK 
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F5-1WEאאאאאאאK 
א אאא אא

א PressureP Atmosphere
Millimeter  Hg

atm
mm   Hg

א VolumeV Liter
Cubic centimeter

L
cm3 

אא TemperatureT Kelvin
Centigrade

K
oC 

אNumber of 
moles

n molemol

אRאאאא: 
R   =  PV/nT                                   (5-11)  

  א   א  א   א 22.414 L א א F Z
1atm،א273.16 KEאאK: 

R   =   (1×22.414 )/(1×273.16) =  0.082 atm L /K mol      (5-12) 

 JאDalton’s  lawW 
،     א אא    א א

 ،אאאא  
אK אO2N2H2،

،WP(O2)  P(N2)  P(H2)،אאאFPtEW 
Pt =  P(H2)  +   P(N2)  +  P(O2) 

P∞ nאאאא(5-10)אאF
אEW 

PO2  =  {(nO2) / (nO2 + nN2 + nH2)} Pt 

אWאא א؟אאא 
 JאGraham’s law of diffusionW 

א א   א א אא א א   א
אאKW 

،אאאאאאאK 
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W 

C   ∞    1/d1/2                                    (5-15)        

dאCאאKאW 
d   = w/V                                           (5-16) 
n   =  w  /M                                       (5-17) 

wאMאאKאאאW 
PV  =     (w/M)RT                            (5-18)  

א(5-16),(5-18)א: 
d  =  (P/RT) M                                  (5-19) 

א(5-19),(5-15)אW 
   C  1/M1/2                                        (5-20) 

אאאאK
Aو   B W  

  CA/CB = (MB/MA)1/2 = (dB/dA)1/2 =  tB/tA     (5-21) 
tAtB אאאAB א،

  א אא K  א אא ، 
אאtAtB אאאK  
 Jאאא : 

א א אאאא،
אאא Kא א،

אאאאKאאאאא
 א    אK     

א ،א א    van der Waal ،א
אאKאאא

א א    א א    אא    ،K
אאW 

1. אאא
אאאK   

2. אאאאאאK 
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3. אאK 
4. אאK 

 JW 

אאW א א      א א  
Kאאא   V א(V- nb) ،  

nא  b FEאK 

א א W  א  א א      
א   א    K  א אFא  E 

 ،א א  א א  א    P + P’، P’
א   א אK א  א     א

אאא،W  
   P’    (n/V)  (n/v)            (5-22) 
   P’  =  a n2/V2                                       (5-23) 

aאKאאא،
אאKאFאWE 

   PV = nRT      (5-24) 

אFאWE 
   (P+ an2/V2) (V – nb) = nRT                  (5-25) 

 א (5-25) ، א   א  (5-24)K
אא ،אאא 

،א a b،אא
אאK 

אאאאW  
אאא

אאא : 
 JאאאK 

 JאאאאאKאאאאK
   א   א    א critical 

temperature, tc,،אא critical pressure, Pc,א 
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אא،אאcritical volume, Vc,א
אאאאKאאאTcPcVvאאא

אאKאאFאאEא
אאא،אאאF

EK 

W אאאאatm אLא
molאאאKoC،אא

אאאאאאאאאK 

2K אאW 

אאאאאאאא،
א א א א אאא،א  

אאKאאFאE
FאEK 

 JאאאW 
אאאא0אא

אא א  
אאא،אאאא

אא،אאאאאאK
אא   אא    א א

אאFאאאEK 

 JאViscosity W 
א    א א א  Kא א  

אאא1Lא
1אKאאאאViscosity coefficient 

(אאpoise K 
     = f ℓ / A v                                (5-26) 

fאdyneאℓcmאAcm2v א  

cm/s KאW 
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1. אאW 
     =  r4 P t / 8 ℓ V                  (5-27) 

V (cm3)אאt (s)r (cm)
ℓ (cm)אP (dyne cm-2)K 

2. אאאW 

       א א  א 
אאW  

    = d1 t1 / d2 t2                 (5-28) 

1 א  ،אא،d1 d2א ،t1 t2
אאאאאאאאאK  

אאא אא אאK
אאאאאאאK  

 Jאאsurface tension ()W 
אאא

אאאא،
   א א   א אKא   א א א 

א،אאאא
א1،אאdyne/cmK א  

אאא אFא
אKE 

 JאאW  

 אאא א א
אא،אאאאא

אKאאאאא
FאאEאאKא א

אאFאאE،אאK
 א א    contact angle ( ،   F3-1E 
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אאאאאאאאא
אאאFE،אאאאאK 

Gas

Liquid

Solid Solid

Gas

Liquid


 
F5-1WEאאאאאK 

 Jאא : 

אאאא
capillary rise method א   ،F3-2KE      

א،אאאאאאK
אאאאאאFEאאאFKE 

h 

 
F5-2WEאאאאK 

אאFF1EZאאCא  
    F1  = 2  r  cos (5-29) 

אFF2ZEא 
    F2  =   r2 h d g                              (5-30) 

rאאh אא d אg אK
אאWאZא  

אאאאאאW0 ≈K 
      =  ½ r h d g                                (5-31) 

אאא،אאאא
א،אאאFא–אE



110 א אא 
א אא א 

 
 

- 91 - 

אאאאאFאEKא
אאאאK  

 J אא  Wא   א    א א  
K  

 Jא Wא    F Eא    א  ،
 אא א א K  אאא  א

אאאLatent heat of boiling  אאא،א
אאאאK 

 Jא Wא א א   א  
אאא אא אאאא ،

אאאאאK  

 .3אאW 
א אא אא אא  ،א

אאאאKאא
אאאKאאאאאאK

אאאאאאKאאא
א  א،א א א א   ،א

אאאKאאאאאאאא
אאאFאאאEKאאאא

 ،Millerאאאא

indicesK  

אאאאW 
 Wאאא .1

אאאאאאאא
א .אאאFE

אK  
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2. אאאW 

אאאאאאאאאא
אtetrahedral אאאא . 

3. אאאW 

אאא Kאאאא
אאאאFE

אאאאא . 

4. אW 

אאאאא אאא א א
אאאאאא

אאאאK 
5. אאאW 

א  א    א אא  אא  א  
 א אא א א      א 

  א א      אא   א   
 א אא   א אא   Kא א  א  

אאKאאא
FאEאאאאK 

6. אאW 

א  א א   א   א   א
 אא  א        א 

אאאאא א
F3-3KE 
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CC C

C

C

C

C

C C C

 
F5-3EWאאאאאאא 
אאאאאאאK 
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א 
1. א793{Kא247350

אאאאK 
2. א500،38,734א،

א1 א24 39,135א K
אאאאאאאאאK 

3.    א 0,452 א   80 0,893K
אאאאK 

4. אא5אא10،אא
א9אא6KאאאאאK 

5. אאאאאא27
،אאאא27

،אא25,63K 
6.   א  א    א א א   

א38,5،אKאאא
2،אאK 
7. אא85א3,5،
אאWa= 0.15 L3 atm mol-2 ,  b= 0.012 Lmol-1K 
8. אאאאא20،

א4א،אאאא1,000
0,792א3،אאK 
9. א אא 0,2 

א7,3،א1,017א3K 
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אאא 
K  אאאאאאאא 

PV / T  =  PoVo /To 
P,V, TאאPo,Vo, Toאא P=1 atm, T= 273K)E: 

V   = (PoVo / To) (T / P) 
=  ( 735 /760 × 0.763) / ( 24 +273 )  × 273/1  = 0.678 L 

K  אא   
PV = nRT 
= W/M RT 

W = W2 –W1 = 39.313 -38.7340 
= 0.579 g 

 
M = W /PVRT   = 0.579 / 1×0.5 × 0.082 ×( 24 + 273 ) 

= 28.2 g 

K  אאאא 
PV / T  =  PV /T 

V = PV / T  * T /P 
= 0.893 × 0.452 ×273 / 297 × 1 = 0.371 L 

K  אP1V1 = n1RT 
P2V2 = n2RT 

 
P1V1 + P2V2 =(n1 +n2 ) RT 

א 
P ( V1 +V2 ) = (n1 +n2 ) RT 

،אא 
P ( V1 +V2 )  = P1V1 + P2V2 

P = P1V1 + P2V2 / (V1 +V2 ) 
= 5× 9 + 10 ×6  / (5+10)  =  7.0atm 

K  אאא 
PV = n RT 

אאאא 
P      =   P(H2) + P(H2O) 

1atm =  P(H2)  + 27/760 
P(H2) =  1- 27 /760  = 0.964 atm 

n = PH2V / RT 
= 0.964  × 0.0256 / 0.082 × 300 =  0.001 mol 
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K  אאאW 
( MMethan / MHydrogen )

1/2
   =  t2 /t1 

MMethan = (t2 /t1)
2
  × MHydrogen 

= ( 8.5 /3 ) × 2 = 16 g 

K   
(P +an2 /v2 )  ( V- nb ) =  nRT 
P = ( nRT/ V –nb)  - (an2 /v2) 

= [ 2×0.08 ×358 / (3.5 -2 ×0.12) ] - [ 15 × 22 / (3.5)2] 
= 13.11  atm 

K  אאא 
η /ηwater =  d t  / (d t ) Water 

=   ηwater  d  t / dWater  
 t Water

 

= 0.010002 × 0.792 × 20 / 1.0000  × 480 
= 0.000307 poise 

K  אאאW 
  =  ½ r h d g 

= 0.5 × 0.02 × 7.3 × 1.017 × 980 
=  72.76 dyne/cm 
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אאWאאאאאאאאאK 

 
אאW 

 JאאאאאאאאאאK 
 JאאאאאאאK 
 JאאאאאאאאK 
 

אאאWאאאK 
 

אאWאאאאאאאK 
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אאאChemical equilibriumW 
 אאW 

aA  +  bB      yY   +    zZ       (6-1) 

 אא  A,Bאא א אא  Y,Zאא،  א א a,b,y,z 
אאאאאאאאKאא

א K،אאא،אאא אאאא
אKאאאאא

אKאאאאאאאא،
אאאKאאאW 

אא א Fאא EVf،אא 
אFאאEVbW 

Vf =  Kf   [A]a  [B]b                                        (6-2) 
                              Vb =   Kb  [Y]y [Z]z                                                                (6-3) 

אF6-3, 6-2EאאאאK
א?אאאאאאאK? 

אאF6-1E،אאWVf  = Vb    
                             K      =   Kf/Kb =   [Y]y   [Z]z…./[A]a [B]z           (6-4) 

KאאKKW 

K  אאK → ∞ Wאאאא
אאirreversible  reactionK אאא

אאKאאאאK
אא: 

aB  +  bB   →   yY    +zZ                           (6-5) 

K  אKאK = 0 Wאאאא
،אאאKאאW 

aA  +  bB    ←  yY   +   zZ                         (6-6) 

   א   א אא א א  אא   א 
אאאאW 

yY   + zZ  →   aA +  bB                             (6-7) 
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אאKאF∞E،א
אאreversible  reaction،אF6-1EK 

אאF6-1Eאאאאאאאא،
   א  concentration (C) א      א

א ][אא،אאKא
אא א KCKא א   

partial pressure (P)KאאאאK
אאאW 

   P/RT = 1/V = C                                                (6-8) 

RאאTאאא V אאאK 
אאאאW 

אאאF6-1E،אאאKPW 
KP  =Py

Y Pz
z / P

a
A   P

b
B                                       (6-9) 

PY,PZ,PA,PBאאאY,Z,A,BKאאא
KPKCאא،(6-8)KאF6-4EאW 

KC  =   (PY / RT)y (PZ/RT)z  /(PA /RT)a (PB/RT)b     (6-10) 
               =  {Py

Y Pz
Z / PA

a  Pb
B } {1/RT}(y+z) –(a+b)             (6-11) 

                            =  KP {1/RT}(y+z) –(a+b)                                       (6-12) 
KP   =  Kc (RT)n                                                      (6-13) 

 (y+z) - (a+b)=n K א n   א א  
אאאאFאEא

אאK 
Le Chatelier  PrincipalW 

?   Fא  א אא Eאא      אא 
אאאאK? 
אא א   אא  

אאF 
אאאאאE،אאW 
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A  +  B             C  +  heat  

heat
 

אאאאאאאK 

heat

A  +  B + heat             C   

 
אאאאאאאאאאאK

1WאNH3W 
N2(g) + 3H2 (g)  →  2NH3  +  22 kcal          (6-14) 

،אאאאאNH3K
אאN2 + 3H2 NH3،אFאE

،אאNH3K 
2WאNOW 

N2(g) + O2(g)     →  2NO   -43.2kcal            (6-15) 

،אאאאאNO 
אאאאKK 

אאW 
K  אאW 

iEn = 0Wא 
I2(g)   +  H2(g)  ↔   2HI(g)                                    (6-16) 
a -  x    b-x          2x                    

xאאHIa,bאאאI2H2Kאא
אאאFאEW 

P(H2)   =  {(b-x)/(a+b)} Pt                                (6-17) 
P(I2)     =  {(a-x)/(a+ b)} Pt                               (6-18) 
P(HI)    =   {2x  /(a+b)} Pt                                (6-19)   

אאאאאא אאW 
a - x + b-x +2x  =  a+b    

KPאW 
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KP   = P2(HI) / P(I2)  P(H2)                                  (6-20) 

(6-20), PI2, PHI  PHIW 
KP  = 4x2 / (a-x)(b-x)                                         (6-21)   

אאאאK 
iiEn ≠ 0WאNO2 

N2O4(g)  → 2NO2(g)                                              (6-22) 
a-x              2x              
PN2O2  = { (a - x  ) / (a+x) } Pt                                (6-23) 
PNO2     =  {2x / (a+x) } pt                                                     (6-24) 
Kp        =  p2

NO2 /  PN2O4                                      (6-25) 

W 
KP  = 4x2 Pt /{(a +x) (a-x)}                              (6-26) 

אאא،אאאNO2
אKPK 

K  אWWא 
CH3COOH  + C2H5OH  }  CH3COOC2H5 + H2O           (6-27) 
   a-x  /V              b-x/V                x/V                  x/V                      
KC  =  [CH3COOC2H5][H2O]/[CH3COOH][C2H5OH]         (6-28) 
      =  x2/V2 /(a-x/V) (b-x/V)                                                (6-29)  
      =  x2 /(a-x)(b-x)                                                              (6-30) 

אאאFאEאאK 
K  אאHeterogeneous   reactionsW 

אאאאאאא
אאKWאא 

CaCO3(s)   }   CaO(s)  +CO2(g)                                         (6-31) 

Wאאאאאאאא
 K 

 Kp = P(CaO)  P(CO2) /P(Ca CO3)                    (6-32) 

אאW 
KP = P(CO2)                                                                                 (6-33) 

אאאאאאא
CaCO3אK 
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א 
1 JאKCKPא: 

PCl5(g)  }  PCl3(g)   + Cl2(g)  +15 kcal 

אאאאאK 
2 JאKCW 

N2(g)  + 3H2(g)  }  2NH3(g) 

א500 Kא،KP = 1.44×10-5K 
3 Jא450 K  אא،8.1cm3H29.3 cm3

אHIא13.6 cm3KאKCKPK 
4 J 

Na2SO4.10H2O(s)    } Na2SO4(g) +10H2O(g) 

 KP  atm 4×10-26. אאא  Kא  א א
א6 mm Hg،؟אK 
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אאא 
1 J אאFאEFE 

אKP = KC (RT)Δn Δn = 2-1 =1 ،  KP   = KC RT 
                 KP = PPCl3 PCl2 / PPCl5   

       KC =KP /RT =  PPCl3 PCl2 / RT PPCl5 

אאא א  אא15 kcal 
אאאאK 

אאא،אאא
אאאK 

2 J א،n= 2-4 = -2 
KP  = KC (RT)Δn 

KC =  KP (RT)-Δn 

      =  1.44 × 10-5(0.082 ×500)-(-2) 

      =  0.0242 

3 J אאאאאא،אא
KC = KP 

KP =4x2 /( a- x) ( b-x) 

b aאאאאxא 
a = 8.0cm3 
b = 9.3cm3 

x = 13.5/2 = 6.6cm3 
KC = 4×6.6 / (8.1 - 6.6 )(9.3 - 6.6)  =6.52 

                   KP = 6.52 

4 J אא 
n  =10- 0 =10 
Kp =P10(H2O) 
P(H2O) = ( 4×10-25)0.1 = 0.00363 atm  = 0.00363 / 760 = 4.8 mmHg 

 א mm Hg6 אא،א
Kאאא4.8 mm Hg 
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אאWאאאאאאK 

 
אאW 

 JאאאאאK 
 JאאאאK 
 JאאאאאK
 JאאאאאאK 
 JאאאאK 
 JאאאאאאאאאK 
 JאאאK 
 

אאאWאאאK 
 

אאWאאאאאאאK 
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א Electrolytes  W 
 א  א     א  א א

  Kאאאא ElectrolysisK
אאאאאKאא

  אא ions א K אא 
،אאcations،anionsK

אאאאאאcathode،א
אאאanodeא،F7-1KE 

anodecathode

anioncation

 
F7-1WEאאK 

אא Electrolytic  conductanceW 
אאאא،

אF EKא א   א א  א 
  ، א א   ،א    א א

 K אconductivity ()  Scm-1،  
אאFאEאאא1cm2
1cm Kא  א אFR E א א،

אאW 
    R =  / ℓ A                                            (7-1) 

אא cmℓ אcm  Aא2cm0
 א W= 1/  0  א     ،

אאequivalent conductance () ،אW 
     × 1000/ C                                          (7



א 110 אא 
אאא א 

 
 

- 106  -  

Cאequivalent /LאאS cm2 equi-1،
א  א      א א K 

C،אCFאEW 
1 JW 

   ،א       א  א א  
،אא∞K∞אא

א∞،אW 
∞ =  ∞ + ∞                                      (7-3) 

∞  ∞ אאאאK 
W∞KCl אW 

   ∞ (KCl) = ∞ (K+) + ∞ (Cl-)                      (7-4) 

2W∞Na2SO4W 
   ∞ (Na2SO2) = ∞ (Na+) + ∞ (SO4

2-)            (7-5) 

Wאאאאאא
אFאאEK 

2 JW 
אא א  Kא

א   אK     ∞אא  K
אא،אFαEK 

אאאאW 
FאE،אα → 1 ،

   αא   K א א א  א K
،אא0א

אאאאNH3K 
אIonic product of waterW 

אאאא 
H2O  } H+    +   OH-                               (7-6) 
1-α          αα 
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אאFαEאא،
F1-αE0אאא: 

K  = [H+] [OH-] / [ H2O]   = α2 /1-α                   (7-7) 

[H2O]אא،אאאאW 
K [H2O]  =Kw =  [H+] [OH-] =  α2                   (7-8) 

 Kwא   Kα א  F א Eא   
،אW 

   α  =  ∞                                                (7-9) 

אאאא97.2×10-7 S cm2 equi-1
  א18 oCK   א אא      א،
אF7-3E،= 540 S cm2 equi-1 ∞KαאF7-9KE

،α = 10-7K אKw 10-14א
F7-8KEא: 

Kw = 10-14 = [H+] [OH-] = [H+]2 = [OH-]2                    (7-11) 
אאFאE [H+] >10-7אא

FאE[H+] <10-70א
אאאאא،א

אאKאאא
אFאEאFpHKEpHאאW 

 pH = -log [H+]                                             (7-12) 

א א  א א    א Kא  
<7pH، >7pH، =7pHאK 

  Wא א  א  א א  א 
FאEאאאאאאא

K 
1WאpH0.0001M HCl.אW 

pH = -log 10-4   =  4                                      (7-13)         
אאאאא

אא0 
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2W אpH0.01M KOHKאאאKOHא: 
pH = -log [H+] =-log ( Kw/ [OH-] )             (7-14) 
      =  -log 10-14 /10-2 =12 

אאW 
acid אאא،א??

proton  donorKbaseא،אא
א??proton acceptor، אאא
אF   KE אalkalinity     א   

א   א  K אא F    Eא
אKאאאאFE

אFEאKאאFαE،א
F7-1EK 

אאα،אאאא،אא
،אאאאאאKאאאאא

אGlass electrodeאא 
F7-1WEא0.01N W 

א אFαE א 
אHCl 0.93  

אH2SO4 
0.96  

אCH3COOH 0.126  
אHCN 0.001  

אאOstwald’s  dilution lawW 

 JאאMono protic acids 

FVEאאאאHA،
אאאאא 

HA →  H+   +    A-                                      (7-15) 
1-α/V    α/V        α/V 
Ka  =  [H+]  [A-]/ [HA]                   (7-16) 
      = (α/V) (α/V)/(1-α)/V               (7-17) 
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Ka  =  α2 /(1-α) V                            (7-18) 
Ka  = α2C / (1-α)                              (7-19) 

KaאCאLKאF7-18E
אא،אαאFאVE

KaKאאFα << 1EאF7-18EF7-16E
W 

Ka= α2/V  =   α2C                             (7-20) 
αא 

α = (Ka /C )1/2                                                       (7-21) 

B,A،αBαAW 
αA /αB = [(Ka)A /(Ka )B]1/2                           (7-22) 

Kא Kaא 
 Jאאא 

אBOHאVאאא 
BOH  →  B+     +  OH -                                               (7-23) 
1-α/V            α/V       α/V   
Kb  =   [B+]   [OH-] /  [BOH]                      (7-24)  

                                  =     (α/V) (α/V) / (1-α/ V)                       (7-25) 
Kb  =   α2 / (1-α ) V                                     (7-26) 
Kb  =    α2 C/ (1-α )                                     (7-27)     

אF267-EF7-27Eאאא0 
 JאאPoly-protic acids 

אאאאאא
אKאH2SO4א،H3PO4

אK  Kא א 
א.Wא 

H3PO4 >  H+   +   H2PO4
-                                            (7-28) 

K1  =  [H+ ]  [ H2PO4
-]  / [ H3PO4]                (7-29)  

 : 
H2PO4

- }  H+  + HPO4
2-                              (7-30) 

K2 =    [H+ ]  [ H2PO4
2-]  / [ H2PO4

-]             (7-31) 

א 
HPO4

2-
  }  H+  +  PO3-

4                              (7-32) 
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K3 =  [H+]  [ PO4
3-] / [HPO2-

4] 

אאא 
K1 = 7.6×10-3   ,    K2 = 6.2 ×10-8   ,     K3  = 10-12 

א א אאא א 
אאאKK1אK3,K2K

 א F7-29 E א F7-19 E אא
א،אאW 

[H+ ]   = α C  =   (Ka C)1/2                                          (7-34) 

W Jאאא0.1אMK 

אW Jא،אאאאאא
Ka= K1،אF7-34Eא 

[H+] = (7.6 × 10-3 × 0.1) 1/2  = 0.027 g-ion /L 
אpH W-log (0.027)  =  1.5    pH = 

אאאW 
אאאאא،

א  א  אK א  א Ca(OH)2
אAl(OH)3K،אאא

אאK 
אHydrolysis  of  SaltsW 

 א א א   א א אאK 
אאאFאאEא

Kא אא א א
אאא،אאאאאK 

W Jא 
Wאאאאא 

CH3 COONa + HOH } CH3COOH + NaOH               (7-35)  

א 
CH3COOH } CH3COO-  +H+                  (7-36)  

         NaOH →   Na+ +  OH -                               (7-37)   
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אאאOH-אא
0אאOH-אH+،אא

אFאKEאאpH > 7K 

2Wא 
אאאאא 

NH4Cl  +  HOH }  NH4OH  + HCl           (7-38) 

א:    
HCl →  H+  +  Cl-                                       (7-39) 
NH4 OH }  NH+

4  +  OH-                                       (7-40)   
 אאאH+ ،אא OH- א

،אאאpH < 7K 
אאאW 

WאCH3 COONa    
Kh =  [CH3COOH]  [NaOH] / [CH3COONa] [H2O]      (7-41) 

אF7-35KEKh אHydrolysis   constantKא
אאאאW 

Kh  =  [CH3COOH]  [OH-] / [CH3COO-] [H2O]             (7-42) 
אא[NaOH]=[OH-]،אאאKW 

CH3COO-]  [ =[CH3COONa]، א  0א     א
אK 

WאNH4Cl 
Kh = [ NH4 OH][HCl] / [ NH4Cl] [H2O]               (7-43) 

א 
Kh =  [ NH4 OH] [H+] / [ NH4Cl] [H2O]               (7-44) 

α א،אאאV،
 KhF7-44 ,7-42אEאK 

K    =  (α/V) (α/V) / (1-α/V)                                 (7-45) 
       = α2 / (1-α)V                                                  (7-46) 
K    = α2 C / (1-α )                                                (7-47) 
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،אאאאא
א Kאא

F7-47אEKhK 
pHאW 

 א  pH אא א   ،     אpH 
אאאאK 

 JאWאF7-42EאאW 
                            Kh = [CH3COOH] [OH-] / [CH3COO-]  
                                = [CH3COOH] Kw / [CH3COO-] [H+] 
                            Kh   =  Kw / Ka                                                                            (7-48) 

א:Kw = [H+ ] [OH-]אאKאאKh  
א   Kw   א א אKa  Kא    

אאאW 
Kh = [CH3COOH] [OH-] /[CH3COO-]  
      = [OH-] / [CH3COO-]  
      = Kw / [H2]2 [CH3COO-]                            (7-49) 

אא،אF7-48EF7-49WE 
[H+] =  (Kw/Ka / [CH3COO-])1/2                       (7-50) 
        =  (Kw Ka / [ salt] )1/2                                (7-51)        

א 
pH =  -log [H+] = -log ( kw ka / [salt ])1/2                (7-52) 

 JאW JאאאאFE
אאא: 

pH =  -log [H+] = -log (kw [salt] /kb )
1/2            (7-53) 

אWאא؟ 
אאW 

אאאאF
אHאEאאאW 

CH3COOH    } CH3COO-  +  H+                   (7-54)           
CH3COONa  →  CH3COO-  + Na+                            (7-55)                     

אאאאאKa K 
Ka  = [CH3COO-] [ H+] / [CH3COOH]             (7-56)   
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 אKa   CH3COO-   H+ א  
אאCH3COONaCH3COO-  Kאא

 אא א ،א  אא
אKאאאא

אאאFCH3COO- אEKאאא
K 

אאאK 
א1W Jאאא؟K 

،אאאFאKE 
א2W Jאא

א؟K 
א W J،       א    F 

אאאKE 
אא Buffer solutionsW 

אאאא
א Kא    א
אאK 

 
W 

1. אאFCH3COONaHCH3COOHE 
2. אאF NH4 OH  + NH4Cl E   

3. אאאFH3PO3 + Na2B2O7E 

4. אHאFH2S  + Na2SE 

 א   א א  א    א   K
אאאאK 

אpHאKא
אאאאpHK
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אpH،HCO3
-

 pH אCO2
אK 

אא؟ 
א  א       K    HCl

א،  אאאא א
א  אא   א א   א، א

KאpHK 
 NaOH OH-אאא

 OH-אאאאH3COO-  ،א
א K  אא  א   אא

אKאאאא
אאאK 

א Henderson’s  equationW 
א אW 

                                 Ka  =  [CH3COO-] [H+ ] / [CH3COOH](7-57) 
                             [H+]  = ka  [CH3COOH] / [CH3COO-]                 (7-58)       

אאW 
[H+ ] = ka [acid] / [salt]                                 (7-59)   

אאW 
pH   = pka - log [Acid] /[Salt]                       (7-60) 

אp-logאKא(7-60)K
אאW 

pH   =  pkw - pkb  + log [base]/[salt]                       (7-61) 
אWאא+ NH4 OH NH4ClK 

אSolubility  of  ElectrolytesW 
א  א אאAgCl  א

BaSO4אCuS Kאאאg-ion/L،
א  ، א א?S? Kא א א

א: 
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AgCl(s)  } AgCl(aq) →  Ag+  + Cl+                         (7-62)         

 AgCl(s)א אAgCl(aq)אאאאא
 אAg+ Cl-K   אא אא   א Solubility product

אKsK 
Ks    =  [AgCl(aq) ]  / [AgCl(s)]                                 (7-63) 

                                       = [Ag+] [ Cl-]                                                  (7-64) 
                               Ks    = S2

                                                                 (7-65) 

 [AgCl(s)] =1،אאא   א אא0
"S"אאאAg+Cl -אאKs0 
1W JאאאKsMg(OH)2א؟ 

Mg(OH)2   }  Mg2+   +  2OH-                               (7-66) 
Ks = [Mg2+] [OH-]2  =  S . (2S)2  = 4S3                  (7-67) 

2W Jאאא KsCa3(PO4)2؟ 
Ca3(po4)2 } 3Ca2+   +  2PO3-

4                                  (7-68)   
Ks    =  [Ca2+]3 [PO3-

4]
2                                            (7-69) 

                                       = (3S)3 . (2S)2   =  108 S5                               (7-70) 
אא Salting outW 

א  אא    א  א    א 
א  א  א א  K  א  
א K א  אא25  S = 10-5g-ion/L0

0.1MאK 
אWאאאאW 

Ks = [Ag+] [Cl-]                                          (7-71) 
     = [Ag+]2 =[Cl-]2 = (10-5)2 =10-10            (7-73) 

0.1 M NaClא: 
 Ks    = [Ag+]  × 0.1                                    (7-74) 
 [Ag+]  =  10-10 /10-1 = 10-9  g-ion /l            (7-75)   

אאאאFE
0.1M NaClKאא

אאKאאאא
א    ،א      א  
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אKאאאאFאאא
אEK 

אאאא Theory of acid-base indicatorsW 

 ،אאאאאא
א    ،     אK   

אאאא،א
אKאאא0א 

א  א   א 10א    ،א  א  
אא0.1אK 

Wאph. ph. 

אW 
HIn →   In-   +  H+                                       (7-76) 

                           א  

HIn אאIn- אאK 
F7-59אE: 

pH = pKa + log[In]/[HIn]                            (7-77) 

Ka א   pka = 9.5 K pH=8.5 א
א[In]/[HIn]0.1،אאKאpH = 

10.5[In] /[HIn]10א،Kph. 

ph. א א       pH 8.5 -10.5، א א א 
אא(Ka ± 1) אאא(Ka ± 1)K

אKאא
אא      א، pH ≠ 7 א  K א 

 א،אpH = 3-5א א،
(M.O.)א،א،pH = 

 8-10K א       א  pH = 7،א
ph .ph.M.O.K 
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אאFאאEAcid – base ( alkali) titrationW 

FEאF
E א א  א     א titrationK

א،אא،conical flask 

Purette

Pipette

Conical flask 
F7-2EWאאK 

אאא،אא
  אph. ph. M.O. ، F7-2KE  א א  א  

אburetteF50E،אאאK
 א   אpipetteא  א  א   K

  א      א    א   אאK
 אא א  א א K  

אאא F7-3KE 
1.       (strong acid vs strong base)  א א F

אE.P. Eph. ph. M.O. אK 
2. (week acid vs strong base)  אא

ph. ph.אאאph. Ph.M.O.K 
3. (strong acid vs week base) אא

M.O.ph.ph.،אאאM.O. K 
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4. (week acid vs week base)  KpH 
א        אא  א  2 3

אאאא. 

 
 

 
 

F7-3WEאאK 
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א 
1. אא0.5א cm2א

2.5 cm،700 K 
2. אא0.1אM KCl،אא0.037א S cm-1K 
3. אאאא 

 J10-3M HCl J0. 1NH4OH،Kb = 10-5 

–0.1CH3COOH،Ka = 10-5    J0.01M H2SO4 

4.  א    א 0.1 אM CH3COOH   0.5M CH3COONa،
Ka = 10-5K 

5. אאאAg2CrO4،10-2×3אg/L 

6. אא0.1M،kaא10-5 
7. אאא0.1אMka 

א10-5K 

8. אא0.1אNH4Cl0.02M NH4OH،Kb
אא10-5K 
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אאא 
1 J אאκ (Scm-1)אאρ 

κ =1/ρ =  ℓ /R A 

 Rא)ΩEℓ אFcmEAא(cm2)K 
   κ = 2.5/700×0.5 = 7.14 mS cm-1 

2 J אא א 
=  κ × 1000  /C  

Cא(g- equi L-1)κא(Scm-1) 
                             =   0.037 × 10000/ 1000= 0.37 cm2 S equi-1  

3 J אאW 
 JHCl 

pH = -log [ H+] = -log [a cid] 
      = -log [0.001] = 3 

 JNH4OHKb = 2C 

אCאKbא 
 = ( Kb / c)1/2 = ( 10-5 /0.1)1/2  =  0.01 

א [OH-] = C 
                               [OH-]  =0.01 × 0.1 =0.001  

אKwWKw =[OH-] [ H+]             
                              [ H+]    = Kw / [OH-] 

               = 10-14/ 10-3  =10-11 
                             pH = -log 10-11 =11 

EאKa = 2C 
 = (Ka /c)1/2 = (10-5 / 10-1)1/2 

[ H+] =  C = 0.01 × 0.1 =0.001 
pH = -log [ H+] = -log  [ 10-3] = 3 

EאאW 
pH = -log [ H+] = -log [0.01 ×2] = 1.69 

4 J א 
pH   = pka - log [Acid] / [Salt] 
pH   = 5 - log ( 0.1 /0.5) = 4.3 

5 J אא 
Ag2CrO4(s)  →  2Ag+

(aq)  +  CrO4
2-

(aq) 
Ks  = (2S)2 S = 4S3 



א 110 אא 
אאא א 

 
 

- 121  -  

KsאאSאK 
Ks = 4 × ( 3 × 10-2)3 = 108 ×10-6 

6 J אאא 
Kh = 2 C /1- 

אkh אאאאא
WKh =Kw /Ka ،<< 1 

Kh = Kw/Ka = 2C 
 =( Kw / Ka C )1/2 =( 10-14/(10-5 × 0.1)) 1/2  = 10-4 

7 J אאאאא 
pH = -log [ H+]   
      = -log (Kw Ka / Csalt)

1/2 
                                   = -log (10-14 × 10-5/ 0.1)1/2  = 9.0 

8 J אאאא 
pH = pKw – pKb + log [Base]/[Salt] 
      =14 -5 +log ( 0.02 /0.1) = 8.3 
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אF1E 
1 J אא30nm 
2 J אאאאאאFn=2E 

3 J אאאאאאאW 

ENeEMgEClE O 

4 J אאאאW F ,   C,   Li,   O,   H 

5 J אאאאאW 
E3=n,  2   =ℓ E4 =n, 2  - =ℓ     m 
Ems =-1/2   , ℓ=2  ,n=4 Ems =1/2  , mℓ = 2, ℓ=2  , n=5 
6 J אאאאW                       N ,  O ,  Li ,   H ,    F 

7 J אאאאW 
3H2   +   N2  →  2NH3 

אאH-H, N-N , N-H،א386160432K 
8 J אאW 
ENO2ECH4EBF3ECH ≡CH 

9 J אאאאאאאWא،אK 
10 J אאאאאאאאאK

K 
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אF2E 
1 JאאאאאאאK 
2 Jאאאאאא700nmאא 
7.3 ×10-12אאאK 

3 JאאאאאW  N ,  O, B  ,   Li,   C 
4 JאאאWLi+ ,  H+,   K+,   Na+ 

5 JאאאאK 
6 JאאאWLi+ ,  O2- ,  Be ,  Ne-    

7 JאW 
ENO3

-EI3
-ESO3 

8 Jאאאא 
EאCH2CH2EאאCCl4 

EאאCCl4EאCH3CH3 
9 JW 
Eאא 

Eאא 
Eא 
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אF3E 
1 Jאאא3אgא  6000 m/s  

2 Jאאא0.03 g؟ 
3 JאאאאאWF ,Be ,N ,C  

4 JאאאWF- , O2- ,  Mg2+, Na+      

5 JאאאאאאW 
ENEMgEBECl 

6 JאאאC-H،אCH3CH3 
אאC-CאאH-H،،א 103.3, 83, 20.24 kcal  mol -

1K 
7 JאW 
EPOCl3ESO4

2-ENH+
4EH3O

+ 

8 JאאאאW 
EאCH4EאNH3EאH2OECH2 =CH2 

9 JאאאאFℓE0 
10 JאאW 

EאאnEאאmℓ 

EאאℓEאאms 
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אא 
1 JאאW = c/ 

cאאא. 
   3×108/ 320× 10-9 =  9.4×1014  Hz 

2 Jn1=2אא،n2=4 

אאא 
 1/ W = 1 / 109667.6 (1/4 -1/16) 

=  4.86 × 10-5
 cm 

3 Jאאא: 
Ne     1S2  2S2  2P6                     א
Mg   1S2  2S2  2P6 3S2      א
Cl 1S2  2S2  2P6  3S2 3P5           א  
O   1S2  2S2  2P4               א 

4 Jאאאא:Li  >  C  >  O  >   F  >  H 

5 J אא،א 
 JאZ 

 JאZ 

 JאZ 

 JאZא 

6 JאאאאWF  >  O  >  N  > H  > Li 

7 JאאHאא 
H  = -3(N-H) +1/2 (N≡ N) +3/2(H-H) 

= -3 ×386  +1/2 × 160  + 3/2 × 432   =  430 kJ/mol

8 J : 

O - N = O B C H-C     C-H

F

FF

H

H H

H

   

 
9 J אאא:א،א 

10 J אאאאW 
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 JK 
 Jא  א א   אא א א א 

0א 
 JאאאאK 

WאCH4 

1 J : 

C H

H

H

H

 
2 J אאאWאאאאא

א 
3 J אאאא4אsp3 
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אא 
1 J אאאאאn=3 

ℓ=3،א0,1,2 

אאW mℓ =2ℓ +1= 0 + 1 = 1 

אא mℓ = 2ℓ +1 = 2 × 1 + 1 = 3 

אאmℓ = 2×2+1 = 5 

אאא:mℓ =1+3+5=9 

2 J אאא: E  = nh     

E،אh،،אnא 
n =  E  / h c  
   = 7.3×10-12 ×700 ×10-9 / 6.625 ×10-34 ×8 ×108 

    = 9.64×106 photons 
3 JאאאWN >  O > C > B > Li 

4 JאאWK+  >  Na+  > Li+ > H+ 

5 Jאאאn=2  

E = -2.18 × 10-18 (1/ ∞ -1/n2
2 ) 

=  2.18 × 10-18 /4 = 0.55 ×10-18 J 
6 JאאW 

Li+  1S2   
O2-     1S2  2S2  2P6 
Be  1S2  2S2   
Ne-   1S2  2S2  2P6  3S1

7 JW 
N

O I SO
O

O
O O

I I ][

 
8 Jאא 
Esp2       Esp3Esp3E sp3 
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9 J JאWאאאאאאא

אK 
 JאאWאאאאאאא

אK 
 JאWאאK 
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אא 
1 JאאFEאFmEFvEאF

EW    = h / m v 

= 6.625 ×10-34  / 3 × 10-3 × 6000 = 3.68 × 10-35  m  
2 Jאאאא 

E   = m c2   
      =   0.03  ×10-6 × (3 ×108 )2   = 2.7 × 10-9  J 

3 J אאאא:F  > N >  C > Be 

4 JאאWO2-   >  F- >  Na+  > Mg2+ 

5 JאאאאאW 
N      1S2  2S2  2P3      N3- , N5+ 

Mg   1S2  2S2  2P6  3S2                        Mg2+

B =  1S2  2S2  2P1                       B3+ 
Cl   1S2  2S2  2P6   3S2   3P5        Cl- 

6 JאאC-HאאCH3CH3 

אאH: 
2C +3H2  →   CH3CH3    

        H   = -6 (C-H ) – (C-C) + 3(H-H) 
אא،אאאW 

        (C-H)  =  (-20.24  J83 H 3 × 103.3)/6  = H 34.3 kcal mol-1 

 
7 JW 

 
8 JאאאW 

אWאאW 
 JאWאW 
9 Jאאאאℓ = 4،W 

mℓ = 2ℓ + 1  = 2 × 4 + 1= 9 
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10 Jא: 
 Jאאn)(:אאאא 

 Jאא(ℓ)W אא 
 Jאא(mℓ):Wאאאאאאא 
 Jאא(ms):אאא،אא 
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אאא 
 

אא א 

א   m/s810998.2 c 

FEאא  m/s2
806.9g 

א   c/mol96485F 

אא 

molKatmlR

molKcalR

molKJR

./.082.0

./987.1

./314.8





  

Boltzman KJk /1038.1 23 

א Avogadro  12310022.6  molN 

אFאE 
esue

Ce
10

19

10803.4

10602.1






 

Planck  sJh .10626.6 34 

אא kgu 271066.1  

א kgme
3110109.9  

א kgm p
2710673.1  

א kgmn
2710675.1   

אFאאEe    e =2.71828182846

אאאπ 91415926535.3  
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אא 1K=1ºC+273.16 

א 
1 atm = 760 mm Hg 

= 760 Torr 
= 101.325 kPa 
1 bar = 105 Pa 

א 1 l =103 cm3 
= 1000 ml 

1 א N = 105 dyne 

א 1 J = 107 erg 
1 cal = 4.184 J 

א 1 year = 365.25 days(d) 
1 day = 24 hours (h) 

1 hour = 60 minutes (min) 
1 minute = 60 second(s) 

א109 א esu1 C = 3 
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אא 

א 
א א 

אאSI   

א meter m

א אkilogramKg

א second S

א Newton N

א Joule J

א אWatt w

א  mol

א Candle cd

א Ampere A

א Pascal Pa

אאcgs  

א Centimeter Cm

א אgram g

א second s

א אdyne Dyne

א אerg Erg

א  

אא Volt V

אא Ohm Ω

אא Coloumb  C

א Litre L

א  atmosphere  atm

אא Kelvin K
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אאאא 
אאאאאK 

אא אא א 

femto f 10-15 

pico p 10-12

nano n 10-9

micro μ 10-6

milli m 10-3

centi c 10-2

deci d 10-1

kilo k 103

mega M 106

giga J 109

אtetra T 1012

אW 
                               1 m = 10 dm = 100 cm =106 μm  
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א 
 

א אא אא 

א 
Α 

α 

 B β 

 Γ γ 

 Δ δ 

א Η η 

 Σ σ 

 Π π 

 Φ φ 

 Ψ ψ 

א Ω ω 

 Θ θ 

 R  

 Κ κ 

א Ε ε 

 Μ μ 

 Ν υ 

  Λ λא

  τ 

  χ 
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אאא 

 
א א א

א 

א
א

r
Å

IE
kJ mol-1 

EA
kJ mol-1 

EN

H 1 1.0080.371312-722.2

 He 2 4.0030.5237321-

 Li 3 6.9391.52520-581.0

 Be 4 9.0121.118992501.6

 B 5 10.8110.88801-232.0

 C 6 12.0110.771086-1222.6

 N 7 14.0070.701402-5033.0

 O 8 15.9990.661314-1413.4

 F 9 18.9980.641681-3334.0

 Ne 10 20.1830.70208029-

 Na 11 22.991.86496-530.9

 Mg 12 24.311.607382301.3

 
Al 13 26.981.43578-441.6

 Si 14 28.091.17786-1351.9

 P 15 30.971.101012-742.2

 S 16 32.061.091000-2002.6

 U 17 35.450.991251-3483.2

א Ar 18 39.950.94152734-

 K 19 39.102.31419-480.8

 Ca 20 40.081.975901541.0

 Cr 24 52.001.28653-641.6

 Mn 25 54.941.27717<01.5
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 Fe 26 55.851.26759-241.8

 Co 27 58.931.25758-671.9

 Ni 28 58.711.24737-1111.9

 Cu 29 63.541.28745-1181.9

 Zn 30 65.371.34906~01.6

 As 33 74.921.21947-772.2

 Br 35 79.911.141140-3243.0

 Kr 36 83.801.09135639-

אאSr 38 87.622.155491200.9

 Ag 47 107.871.44731-1261.9

 Cd 48 112.401.49868<01.7

 Sn 50 118.691.40709-1212.0

א Sb 51 121.751.41869-1012.1

 I 53 126.901.331008-2952.7

 Xe 54 131.301.30117640-

 Ba 56 137.342.17503520.9

 W 74 183.851.39770-581.7

 Pt 78 195.091.38870-2052.2

 Au 79 169.971.44890-2232.0

 Hg 80 200.591.511007<01.9

 Pb 82 207.191.75716-1012.3

 Bi 83 208.981.46703-1002.0

        אZIE{אאZEA{אאZEN{אZr 
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אאא25 
  

א 
 א 

  Ka 

א H2CO3 
11

2
7

1 106.5,103.4   kk  

א HCN 10108.4  

אFאE CH3COOH 5108.1  

אFאE HCOOH 4108.1  

א C6H5COOH 5103.6  

א H3BO3 
10102.7  

א HCl 710 

א HBr 910 

אא HI 1110 

א (COOH)2 
5

2
2

1 101.5,106.5   kk 

א H3PO4 

13
3

8
2

3
1

108.4

,102.6,109.6








k

kk
 

א H3BO3 
9109.5   

א H2S 13
2

8
1 102.1,109.8   kk 

א  Kb 

א NH4OH 5107.1  

א C6H5NH2 
10101.4  

אא CH3NH2 
4105  

 C5H5N 9107.1  
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אאא25 
 

א  אKs

א Al(OH)3  
15107.3 

א Ca(OH)2 5.5× 10-6 

א Mg(OH)2 
11102.1 

א Ba(OH)2 5× 10-3 

א Cu(OH)2 2.2× 10-20 

א AgCl 10100.1 

א AgI 16105.1 

א AgBr 13107.7 

א Ag2CrO4 
12100.9 

א CuS 45105.8 

א Hg2S 10-47 

א PbS 29107 

א Bi2S3 10-97 

א Ag2S 6.3× 10-50 

א BaSO4 
10101.1 

א CaSO4 9.1× 10-6 

א CaCO3 2.8× 10-6 

א BaCO3 5.1×10-6 

א ZnCO3 
10102 
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אאFאE 
  

א א א 

אph.ph  אFE
FE 

אאM.O  FE
FE 

אLithmus אא FE
FE 

אאא א 
אא 

א


א 

א א אא
א אאא

Mohr 

אא
א 

אFluorescein  אאא
 Fajan 

אאא
א 

אMurexide  EDTAאאא
EBT  EDTA אא
א EDTA אא

 
אPVC EDTA אא
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א25אK 
  

א א  אאλ∞

א H+ 349.8

א Li+ 38.69

א Na+50.11

א K+ 73.52

א NH4
+ 73.4

א Ca+

2
159.5

א Ba+

2
163.6

א Pb+

2
171.0

א Zn+

2
1 52.8

 

־ אOH198.0

־ אCl75.23

־ אBr78.1

־ אI76.80

־ אCH3COO 40.9

־ אSO4
2

2
179.8

א ־CO3
2

2
169.3
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אא F /kcal mol-1HoE25 
אא Ho 

 
א Ho 

 

אCO -26.42 אC6H6 
11.72 

אCO2 
-94.05 אCH4 

-57.08 

אCH4 
-17.89 אC2H3 

-66.41 

אC2H2 
54.19 אאCCl4 

-33.25

אCH3CH3 
-20.24 אH2O -68.32 

אC3H8 
-24.82 אאNaCl -98.35 

אC6H6 
19.82 אאNaCO3 

-270.53 

אCH3OH -48.08 אאSiO2 
-217.92 

אC2H5OH -56.63 אאCuCO3 -288.73 

אH2O -57.80 אאPbO 
-51.20 

אNH3 
-11.04 אאAgCl -30.38 

אHCl -22.06 אאAgBr -23.80 

אHBr -8.66 אאAgI -14.93 

אHI 6.2 אאPbS -23.52 

אSO2 
-70.96    

אSO3 
-94.45    

אC2H4 
12.50    

HCOH -116   

 JאאF2,Br2,Cl2,O2,N2,H2 אK 
 Jאאאאאאאאאא

אK 
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אאאFEK 
 

אא א אא א 

HــــH 432 H─Si 323  
OــــO 146 C─N 305  
NــــN 160 C─O 358 

F─F 154 C─S 259 
Clـــ Cl 239 C─F 485 
BrــــBr 193 C─Cl 339 
CــــC 347 C─Br 276 

C═C 614 C─I 240 
C≡C 839 N─F 272 

N═N 418 N─Cl 200 
O═O 495 N─Br 243 
H─C  413 C═O 799 

H─Cl 427 C≡O 1072 
H─O 467 N═O 607 
H─N 391 C≡N 887 

H─Br 363  N≡N 941 
H─S 347   
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אאW 

FbaseEFpowerEאא{
אW 

1K א10אאאlogK 

2K אe = 2.71828אאאlnK 

1Wאאאא34.67K 
= 1.5399                                      log 34.67 

ln 34.67 = 3.546                                      
 2W  א  א א 1.67– א  א א
3.76K 

 5754.3993 Anti log (3.76) = 
Anti ln (-1.76) = 0.1720                                    

 

א אא 

אG log A + log B ≠ log (A+B) 

אG log A  J log B ≠ log (A JB) 

אG Log A + log B = log (AB) 

אG Log A - log B = log (A/B) 

אG B log A = log (AB) 

אG )
A

1- log A = log ( 

 log 10 =1 ; ln e = 1 

 log 0 = ln 0 = -∞ 

 log 1 = ln 1 = 0 

 ln A = 2.303 log A 

GlnlogאK 
  
  
  

אאאW 
אאאאאW 
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ax2+ bx+ c = 0 

c,b,aאאxאW 
 

aacbbx 2)4( 2  
  

אאxאK 
 

WאxאאאW 
422  xx  

אWאאאW 
ax2 + bx + c = 0 

 
x2 + 2x - 4 = 0 

xאW 
 

aacbbx 2)4( 2   
 

     12)41442(   

      x = 1.236  أو  x = -3.236    
  

אW 
 אאאScientific notationאאאאK

 אWא אאאא א
אFEאאא{אא

   א      א  א K א
אאאK 

 1W 3570000000אא א   8107.35    
K 

2W0.000000000357אא101057.3 9107.35 
810357 אאאK 
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אאW 
1K אA10a +B10a = (A+B)10a            

2K אA10a -B10a = (A-B)10a            

3K א    10a10b = 10(a+b) 

4K א      10a/10b = 10(a-b) 

5K א 1/10a = 10-a  

                            100 = 1   

                           10∞ = ∞ 

                            0a = 0 

1Wא0.0037 ,0.00081K 
אWאאאW 

                00451.0101.45101.837

101.81037
44

44








 

2Wא35 101.7,108 K 
אW 

          6580108.65101.78101.7108 23535    
אאW 

 אאאאאא
אאאאאאאאK 
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1K אאאאאאFxEa, nאW 

 
 

 

א אא 
adx ax 

1nnx nx 

x

dx
 

xln 

dxe x ne 
0 a 

2x

dx
 

x

1
  

 2xa

dx


  

xa 
1

  

  

2K אאאאאאF(xW 
 

אא אא 
2

2
1 x x 

1

1

1 


nx

n
 

nx 

xe xe 
ax a 

xln 

x

1
 

 xa  ln 

xa 
1
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Scientific Idioms  
A 

A.C . FE 
Ability  
Abscissa אFE 
Absolute F100٪אE 
Absorbance אFE 
Absorption אFאאE 
Abstract  
Acceptor  
Activation  
Activity  
Adapter FאאאE 
Adduct אFאE 
Adherent  
Adhesive  
Adiabatic אא 
Admittance אא 
Adsorbate אאא 
Adsorbent אא 
Adsorption אא 
Aeration FE 
Affinity  Jא 
Against  
Aliphatic  
Alkali  
Alkaline  
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Alkaloid א 
Alkylation א 
Alternatively  J 
Amplifier FE 
Analogue FE 
Analysis  
Analyst א 
Analyze  
Analyzer FאE 
Angle א 
Angular אFE 
Anion FאE 
Anode  
Apparatus  
Appendix, Appendices א،، 
Approach אא 
Approximate ,-ly FE 
Aprotic אFאE 
Aqueous  
Arc FE 
Arctan Fֿ1Eאאא 
Aromatic FE 
Association –א 
Assumption אא 
Asymmetric  
Athermal אא 
Atmosphere  
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Atom ¸ atomic FE 
Atomize , atomizer א 
Attraction  
Auxiliary  
Average FE 
Axial  
Axis ¸ axes  J 

 B 
Balance א 
Barometer א 
Base , basic – 
Basis  
Beaker  
Beam  
Bend  
Binary  
Boiling  
Bond א 
Boundary FE 
Buffer  
Burette  
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C 
Ca א  
Calculation  
Calculator  
Calorie FE 
Capacitance ، 
Capacity  
Capillary FE 
Cartesian אW 
Catabolism אא 
Catalysis אFE 
Catalyst  
Cathode FE 
Cation FE 
Cavity  
Cell – cellular – 
Cement  א، 
Centrifuge אא 
Certain  J 
Characteristic אא،FE 
Circle – circular א–א 
Circuit א 
Circumference אא 
Co – axial א 
Coagulation – 
Coherent  J 
Coincident  
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Concave  
Concept  
Conclusion  
Configuration – 
Consist of  
Constant FE 
Constituent  
Container  
Convection FE 
Converge – 
Convex  
Coordinates אFE 
Correction  
Corrosion FאE 
Counter א– 

D 
Daily – 
Degree  
Dehydration א 
Dehydrogenation א 
Derivation א 
Deviation אא 
Determination  
Dissolution  
Division  
Divisor א 
Ductile א 
Dye  
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Dynamics א 
Dynamo אא 
Determinant FE 
Denominator FE 
Density – dense – 
Definition  
Details  
Deliquescent – 
Decimal – 
D.C.  
Diameter אא 
Diagonal אא، 
Distance  
Distribution  
Displacement אFE 
Differentiation א 
Differential  
Divide by  
Diffusion א 
Dissociation – 
Disintegration א 
Dialysis  
Distillation  
Diagram  
Distractive א 
Distortion  
Discussion  



א 110 א 
אאא  

 
 

- 154  -  

Diaphragm אא 
Deduce  FE 
Domain FE 
Di  א2 
Drop – let – 
Donor  
Double  
Doctrine – 
Document ، 
Dozen FE،12 
Dot – dotted – 
Device  
Discrete – 
Disc – disk  
Dispersion א 

E 
Effect – 
Effervescence אFE 
Efficiency – 
Electrode  
Electricity  
Electrolyte אFאאE 
Elevation א 
Ellipse FE 
Electrolysis אא 
Emulsion  
Emulsifier  
Entropy אאאאא
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Elasticity  
Eutectic א 
Even FE 
Erratum – errata – 
Excess   
Exceed  
Exothermic א 
External  
Extract – 
Extra א 
Exponent –FE 
Equation – 
Equilibrium אא 
Equilibria אא 
Extensive  א 
energy – energetic –FE 
Equation  
Equipment – 
Essay  
Essential test א 
Evaporation  
Evolution – 
Exact  
Experimental א– 
Ect. –א 

F 
Factor  
Factorial FE 
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Faraday אאא 
Fast  
Field – 
Finite  
Flame  
Flask  
Fluid   J 
Fluorescence אFE 
Flux א 
Focus  
Force FE 
Fraction FE 
Friction אFE 
Frequency FE 
Freedom – 
Fugacity אא 
Fundamental  J 

G 
Galvanic   FEא، 
Galvanostatic אא 
Gap  
Gas – gaseous – 
Generator  
Geometry   
Geometrical  
Giga א 
Gradient אFE 
Graph – graphical – 
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Gravity  
Group  

H 
Halogenation  
Height א 
Hepta  FE 
Heterogeneous  
Hexagonal א 
Hint – 
Homogeneous  
Homologous  
Humidity  
Hump   J 
Hexa  
Hybrid  
Hybridization  
Hydrolysis א، 
Hydrophobic  
Hydrophilic  
Hypothesis אא– 

I 
Ice  
Ideal  
Identical  
Identify  
Idioms  
Illustration  FE 
Immersion FE 
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Immiscible FאE 
Impedance אאא 
Induction אאאFE 
Infinite, -smal א، 
Inflection point אFE 
Influence  
Infra red  FEאא 
Instrument  
Integer, integral ، 
Integration אFE 
Intensive property א 
Intercept אFE 
Interest א 
Internal א 
Intersection point א 
Introduction  
Investigation  
Ion FE 
Irreversible FE 
Isobare  
Isobares אא 
Isotopes אFאאE 
Isotones א 
Isochore  
Isoelectric point אא 
Isotherm א 
Isotonic אא 
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Isomorphism  אאFאE 
J 

Jar  
Joint א 
Joule –א 

L 
L.H.S. אאFE 
Lamina  
Lattice  
Length  
Lenses   
Level  
Liberation – 
Lime  
Liquefaction אא 
Liquid  
List  

M 
Macro - א 
Magnet – magnetic – 
Magnetize  
Magnification  
Magnify  
Mantissa    אאאאFאE 
Match – 
Material  
Mathematical FE 
Matrix – matrices ، 
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Matter  
Maximum  
Mean FE 
Measurement  
Mechanics א 
Mechanism  
Medium – media – 
Melting א 
Membrane  
Meniscus  
Meso  ، 
Method  
Micro -  א 
Migration  
Mineral – 
Minimum  
Minus FE 
Miscibility אא 
Miscible  
Mixture  
Mobile – mobility –א 
Model – 
Molality אא 
Mole א 
Molecule –molecular – 
Moment of אKKK 
Momentum א 



א 110 א 
אאא  

 
 

- 161  -  

Monoclinic אאא 
Monotonic אא 
Multiplication א 

N 
N. B. א 
Nano  
Neutral  
Neutralization א 
Nomenclature  
Normal – ity       – 
Nucleation אא 
Nucleus – nuclei א– 
Numerator אFE 

O 
Octa  FE 
Odd number  
Ohm          א 
Operation– operator  J 
Optimum א 
Orbit – orbital א–א 
Order  
Ordinate אא 
Ore  
Organic  
Orientation  
Orifice  
Original  
Oscillation – oscillator –א 
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Osmosis אא 
Oxidant – oxidation – 
Ozonolysis א 

P 
P. m . א،א 
P.S.   
Parabola FE 
Parachor  אא  
Paragraph א 
Parallel א 
Partial ، 
Particle ، 
Partition – 
Paste  
Peak  
Pentagon  
Peptide א 
Percent – percentage אא 
Perfect – 
Period – periodic – 
Permanent  
Permittivity אFE 
Permutations FE 
Perpendicular to  
Phase אא 
Phenomenon, phenomena )א( 
Phosphorescence א 
Photolysis אא 
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Photosynthesis אא 
Physics – physical א– 
Plot – 
Plus אFE 
Polar – ity –א 
Polarization א 
Pole  
Poly א 
Portion  
Positive – positivity – 
Potential  
Practical  
Precaution א 
Preceding  
Precipitate ( ppt ) א 
Precipitation  
Precise – precision – 
Predominate  
Preparation  
Pressure  
Principle – 
Printed matter  
Prior  
Prism  
Probability א 
Problem  J 
Product  
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Profile  
Program – 
Progressions אאFE 
Proof – 
Property – 
Proportional to  
Protic  
Pseudo - א 
Pump  
Pure – purity – 
Purify – purification –א 
Pyramid  
Pyrolysis  אאא 

Q 
Quadrant ،אFE 
Quadratic  equation אאא 
Qualitative  
Quantitative  
Quantum ( quanta ) FE 
Quart  
Quarter א 
Question א 
Quiescent  
Quotient FE 

R 
R.H.S. אאFE 
Racemic mixture        א

אאא 
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Radical  
Radius – radii א–א 
Rate  
Ratio  
Reactance אFאEא 
Reactant  
Reciprocal FE 
Rectangle אFE 
Reductant  
Reduction אא 
Reference  
Reflection א 
Refractive  index א 
Region  
Regular – 
Reject – ion  JFE J 
Relation  
Repulsion  
Resistance FE 
Respectively אא 
Results  
Reversible FאE 
Right angle א 
Role  
Root  
Rule  

S 
Saccharides  
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Salting out    א 
Saponification     א 
Secondary  
Sector – 
Sequence  
Series – serial ، 
Set FE 
Sigmoid S 
Sign  
Similar – ity – 
Simultaneous – ly א–א 
Sine אא 
Single  
Slope אFE 
Soft – softness –א 
Solar FE 
Solvation – solvent    א– 
Sonics א 
Sound  
Source  
Species א–א 
Specimen  
Spectrograph  
Spectroscopy א 
Spontaneous   - ly א–א 
Square  
Stability  
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Stagnant  
Standard  
Standardization  
Statics א 
Statistics א 
Stimulation  
Stimulus – stimuli – 
Stock  solution  
Structure  
Sub א 
Sublimation א 
Subscript  
Subset FE 
Substance  
Summary  
Substituent אא 
Sum Jsummation – 
Supper FE  J 
Surfactant א 
Surroundings אא 
Survey א 
Susceptibility  J 

T 
Tangent    ( tan ) אא–א 
Temporary  
Tendency  אא 
Tension  
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Tertiary  
Therm, - al א–א 
Thermodynamics אאא 
Toxic  
Transition ¸ - al  א–א 
Translation  
Triangle  
Triple , triply  א3א 
Type ¸ typical  J 

U 
Ultimate , -ly – Jא 
Ultra א 
Uncertainty principle א 
Union א 

V 
Vacuum אFE 
Valence FאE 
Valid  
Vapor  
Vaporization א 
Variable FE 
Variation  
Various  
Vector FE 
Velocity  
Versus ( vs. )  J 
Vibrator ¸ - al – 
Viscosity  
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Viscous  
Voltage א 
volume, volumetric – 

W 
Wax  
Weight  
Welding FE 
Work FE 

Y 
Yeast  
Yield  

Z 
Zigzag line  
Zinc ، 
Zone  
Zymo -, zym- א 
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אא 
אאאW 
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