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אאChemical  Calculus 
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 
١Kאא 

Kilo(k)   = 103 

Miga(M) =106 

Giga(G)  =109 

Tetra(T)  =1012 

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

٢K אאא 
Milli (m) =10-3 

Micro (µ) =10-6 

Nano (n) =10-9 

Pico (p)   =10-12 

:אg0.000000210.21µgK 
אאאא 

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

אאאאאא c.g.sאKKא
א אcm   אg    אs 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 DensityאL٣ 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 
١. אW 

אאאאאאFmE 
אZאCא 

אאאאא،אmLאµLKאא
F،،،EKKKKאKאא

אאאאK 
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٢. אW 
אאא،אFPaE 

אZאDא 
אא א א אFatmEא  א  

אאאאאK 
 אאאא  76 cm1 cm2 K 

אאאאא،mm HgאK 
٣. 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 

١. אאEmpirical formulaW 
אאK،אאא

אאK١٠٠אאאא
אא Kאאא

א אא  Kא          א  א
K 
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Wאאאאאא،W 
،11.1% H , 88.9% O 

א؟אK 
אW-אאא١٠٠W 

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      

 א٢١K א א
H2O א،אאFSubscriptEK 

٢. אאMolecular  formulaW 
א   א א   א א

 K    א א  א אא א  K 
אH2OH4O2 H8O4אKאHO1/2H2/3O1/3

،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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אאאאאא٢אא
אא:H4/2O2/2  =  H2O 

٣. אאStructural  formulaW 
  ،אאאא

אאאאKא،
אא،אאאFאE

אא  K א אאא
אאאאא،אאאא

K1WאאC2H6O؟ 
אWאאC2H6O،אא

CH3OCH3 אאFא ECH3CH2OHK אאא 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  K  אא Wא א
אאאא Kאאאאא

אאאאא،א
א  ،אא 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

אא،א،אאאאאK
אאאאbalanced equationK 

١WאאאK 
אW 
١. אאאאאא 
٢. אאא אא אא 

אאאK 
٣.   א    א  א א    א 

אK 
אאW 

١ J אאאאH2  , O2   , H2O 
٢ J א    H2O→H2   + O2   
٣ J א H2O→H2   + ½O2   

                2H2O→2H2   + O2   
אאאא٢Kאא

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

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

א א    KE     א   א 
K 

١WH2(g)  +   O2(g)→        H2O(ℓ)                      
ggasℓliquidK 
٢W C(graphite)  +  O2(g)  →  CO2(g) 

graphiteאאFאאKE 
  א   א     א    

אאFKE 
٣WאאאF∆Eא،K 

אW 

N2  +  3 H2              2NH3
∆
Fe 

٤WאאאאאKK 
אW 

Cl2         2Cl
hν

 
א∆FאEאhνK 

אאW 
א،Wאאirreversible     א

 אreversible،אאאאFאE،
אאא א  ، א א

אאאאאאFאKE 
אאW 
אFאאאאא

אאא KEאאא
אאKEHFאאאאאאK 
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Wאא٢٥W 
H2(g)  +  ½ O2(g)  →  H2O(g)   -57.8 kcal mol-1 

 א57.8-א kcal mol-1  א אא    א א  א
25oC F١אאא E 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 

١WאFאEHClאNaOH 
HCl  +   NaOH  →   NaCl   +  H2O  +  ∆                                       

٢WאאאאK 
NH3   +  HCl   → NH4Cl  +  ∆                                  

K אאאRedox  reactionsW 
א  א  א   א א    א

אKאאאאאאK 
١WאאאW 

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

2- 

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

2-  +2e                                   
٢WאאאW 

  Na  + HCl  →   NaCl   + ½ H2 

אא 
H+  +   e  →   ½ H2 
Na    →  Na+   + e 

K אאCombustionW 
אאאאא

אאאK 
١WאאאאW 

CH4(g)
    +  2O2(g)    →    CO2(g)  +2H2O(g)  + ∆ 

٢WאאאאW 
 2Na  +  ½O2   →        Na2O  +  ∆ 

K אDecompositionW 
א א אא

אK 
١Wאאאא 

N=NCl Cl

N2+∆

 
٢Wאאא 

              
(CH2)2O +  ∆  →   CH4  +  CO 

K אW 
אאאK

אאK 
١Wא 

H2  +   Cl2 +  hν  →     2HCl 

٢Wא 
Na  +  Cl  →   NaCl 
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٣WאאאW 
C   +   2H2  →   CH4 

،אאאא
אאאאאאאאK 

K אאאW 
אאאאאKאאF

 Eא   א  Kא א   א ، 
אאא،אKאאאאK 

١Wאאא 
C7H5O2Na  +   HCl  → C7H6O2    +  NaCl  

אW 
(C7H5O2)-Na+   +  H+  + Cl-  → C7H6O  +  Na+  +  Cl- 

אאאKאא
W 

(C7H5O2)-  +  H+  →  C7H6O 
אאאאאאא

אK 
٢Wא 

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،אאא א אאא 
אLigandsK 
١WאאCu(NH3)4SO4 

CuSO4   + 4NH3   → Cu (NH3)4SO4 

٢W אא(Fe(CN)6)3- 
Fe3+    +  6CN-  →   (Fe(CN)6)3- 

W 
אאאאאSubstitution

אAdditionאPolymerizationא Rearrangemen tא
EsterificationאDehydrationאDehydrogenation

אDecarboxylationאאאאK 
אאאאW 

אאא
אאFאאEאאFאאאKE

אאאאאאא
אאאאאאK 

١. אא:Gaseous reaction 
אאאאKאא

KאאאאW 
    Pi  =  (ni/∑ni) Pt 

Piאא،ni  אi  ∑niאא
אאK 

٢. 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=WB١٠٠אא 
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 = E 1000×0.8×172.1)/ (172.1×0.2×98)=40mol kg-1        
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אא 
١. אאW 

א J0.32000 g  J0.000072 s J36000 m 
 J6000000 bytes  J0.000000003 kg J70300 m 
٢. אאאאF4 calKE 
٣. אאא58.5%אC7.3%Hא 
٤. אאאא35.8%C4.5%HאK

אKא؟K 
٥. אאאא

١W٢ א  K   א א ٢٨ Kא א   
אאאא؟ 

٦. אאאאא25oCK 
٧. אאK 
٨. אא(Mo)אא

אאאאאאאאאK 
٩. אאאK 
١٠. אאא10.5gא

80 mlאK 
١١.   א    (H2SO4)  א 20%،

א1.213 gcm-3K 
١٢. אאאא40%K 
١٣. אאא30.7gא120g

אK 
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אאא 
١ J אאאW 
E320.00 mgE72µsE36 km 
E     6 Mbyte E   3 ngE70.3 km  
٢ J אcal  =  4.184J  

٤٤C١٨٤}٤Z٧٣٦}١٦ 
٣ J אאאאאא

١٠٠אא 
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  
٤ J אאאאא

١٠٠אא 
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 
٥ Jאא  CH2 

א28א،אאאא
C2H4 =2(CH2)אאKאאא

אאWCH2=CH2אK 
٦ Jאאאאאאא٢٥ 
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T K = 25+ 273 = 298 K 
٧ Jא 

C(s)  +  2H2(g)   →   CH4(g)    
٨ JאאאW 

2 NH3(g)      →  N2(g)    + 3H2(g) 

٩ Jאא 
CH3COOH + KOH   → CH3COOK  +  H2O    

١٠ Jאא 
M  =   1000 × WB  /V × Mw,B 

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

١١ Jאאאאא
W 

N = 10 × P × d / Ew 
PאאאdאEwאאK 

N =  10  × 20 × 1.213  /49 
                      =  5.02 equivalent /L 

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

  A  אFא E B   א   אא  Kא א
WW,B40،אאWW,A18Kאא١٠٠א
٢٠אאא٨٠אK 

XB  = (20 /40) /{( 20 /40 ) + (80 /18 )}  = 0.10 
١٣ Jאאm 

m = 1000 WB / WA MW,B 
AאBאאאאKא 

m = 1000 × 30.7 / 120 × 85 = 4.41 mol kg-1 
אאאאNaNO385K 
 
 


