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LEARNING OBJECTIVES

 In this chapter you will learn how to:

 ,investigate the units of measurement used in microscopy 
e.g. millimetres, micrometres and nanometres

carry out conversions between the different units

calculate magnifications of photographs or images

calculate magnifications from a scale bar
.calculate the real size of objects from a given magnification

 Two line
heading

•   ?Do you know how to set up and use a light microscope
•    What do you already know about the structures of typical plant

 and 
animal cells

Stoichiometric Calculations



 Two line
heading

L mL mL L

significant figures standard form

polypropene polyethene

-
•  
•  

-
-

•  
•  
•  

-
-

- - - - -



Empirical formula

Molecular formula

-

 :Empirical formula

:Molecular formula

(N2H4)

(C8H18)

(C6H6)

(NH3)

H2OH2O

HOH2O2

SO2SO2

C2H5C4H10

CH2C6H12



14.3% (H) 85.7% (C)

C H

85.7 14.3

85.7 = 7.142
12.0

14.3 = 14.3
1.0

Ar

7.142 = 1
7.142

14.3 = 2
7.142

(CH2)

1.55 g
3.55 g

0.486 g

0.806 g

(0.806 – 0.486) = 0.320 g

(m)

(Ar)
(n)

Mg =
0.486 g

 = 0.0200 mol
24.3 g/mol

O =
0.320 g

 = 0.0200 mol
16.0 g/mol

1:1

(MgO)

P O

1.55 g
= 2.00 g

1.55 g
31.0 g/mol

= 0.05 mol

2.00 g
16.0 g/mol

= 0.125 mol

0.05
0.05

= 1

0.125
0.05

= 2.5

PO2.5

P2O5



90% (H) 10%

(CH3) (C2H6)

187.8 g/mol (CH2Br)

12 + (2 × 1.0) + 79.9 = 93.9 g/mol

187.8
 = 2

93.9

2 × CH2Br

C2H4Br2

C B A
 (g/mol)

82 C3H5
A

237 CCl3 B

112 CH2 C

Stoichiometry

Fe2O3(s) + 3CO(g)  2Fe(s) + 3CO2(g)

 :Stoichiometry



g

(Cl2) (Na)
(NaCl)

2Na(s) + Cl2(g)  2NaCl(s)

(1 mol)

2Na(s) + Cl2(g)  2NaCl(s)

2 × 23.0      1 × (2 × 35.5)     2 × (23.0 + 35.5)  

46.0 g                   71.0 g                   117.0 g

46.0 g 71.0 g

35.5 g

1 mol 23.0 g

1 mol •  

117.0
 = 58.5 g

2

1 mol 1 mol

0.5 mol

0.5 mol

(2 mol) (CO) (3 mol) (Fe2O3) (III) (1 mol)

(CO2) (3 mol) (Fe)

CO2FeCOFe2O3

3231

(Fe)

(FeS) (S)



(CuCO3) (II)
(CuCl2) (II) (HCl)

CuCO3(s) + 2HCl(aq)  CuCl2(aq) + H2O(l) + CO2(g)

(II)
(II) 24.7 g

CuCO3(s) + 2HCl(aq)  CuCl2(aq) + H2O(l) + CO2(g)

(II)

(II) (1 mol) (II) (1 mol)

63.5 + 12.0 + (3 × 16.0)  63.5 + (2 × 35.5)

123.5 g CuCO3  134.5 g CuCl2

(II)

 (II) 24.7 g

  24.7 g CuCO3  
134.5

 
123.5

 × 24.7 g CuCl2

= 26.9 g

(Fe2O3) (III)
9.36 g (C) 79.8 g

 2Fe2O3(s) + 3C(s)  4Fe(s) + 3CO2(g)

(III)

(Fe2O3) =
79.8

   
(2 × 55.8) + (3 × 16.0)

= 0.50 mol

(C) 9.36
 

12
= 0.78 mol

(3 mol) (Fe2O3) (2 mol)

(C)

(Fe2O3) 0.5 mol

 0.5 × 3
 

2
 = 0.75 mol (C)

 ،
Fe2O3 :  C

2    :  3

 0.5 mol : mol 

(0.5 × 3)
   2
 =  0.75 mol (C)

(C)  0.75 mol

(C) 0.78 mol

(C)

0.78 – 0.75 = 0.03 mol

(III)



36.0 g 32.0 g 4.0 g

   

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

(O2)

1 : 1 (H2)

(H2O)

2 : 1

 

526.84

526.8 4

527 3

36.0
(2 × 1.0) + 16.0

= 2 mol

32.0
(2 × 16.0)
= 1 mol

4.0
(2 × 1.0)
= 2 mol

(H2O)(O2) +(H2)

(Na)

(O2)

(Na2O2)

 2Na(s) + O2(g)  Na2O2(s)

4.60  g

(SnO2) (IV)

(C) (Sn)

(CO)

 SnO2(s) + 2C(s)  Sn(s) + 2CO(g)

14.0 g

(IV)

0.004

0.0040

0.00400



 Percentage composition

by mass

100 ×
×

 (%)

(C2H5OH)

(SiCl4) (IV) 340.2 g (Cl2) 284.0 g (Si) 56.2 g

       

(CaO)
2.9 g

56.1 g/mol
56.1 2.9

0.051693

2

2.9 g

0.052 mol

       

.(Fe2O3) (III)

(Fe2O3)

(Fe2O3) 2 mol

100(%) × ×
 

(%)

100 ×
55.8 × 2

 
(2 × 55.8) + (3 × 16.0)

 69.9 % 

 Fe2O3

69.9%



(AlCl3)
(Al) 18 g

(Cl2)
71.0 g

 2Al(s) + 3Cl2(g)  2AlCl3(s)

(AlCl3) ((3 × 35.5) + 27) × 2 (Al) 2 × 27 g

(AlCl3) 267 g (Al) 54 g

18 g

(Al) 18 g

267 × 
18

 
54

 = 89.0 g (AlCl3)

71.0
 

89.0
 × 100 = 79.8 %

Actual yield

Theoritical yield

Yield

100(%) ×  (%)

 :Actual yield

 :Predicted yield

70%

90%



(1 atm)

24.0 L 24.0 L 24.0 L ( r.t.p )

10 mL 20 mL

1 : 2

(H2)             (O2)          (H2O)

20 mL       10 mL

2        :       1

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

(HCl) 7.30 g
(Na2CO3)

2HCl(aq) + Na2CO3(s)  2NaCl(aq) + CO2(g) + H2O(l)

8.19 g

Mr(HCl) = 1.0 + 35.5 = 36.5

7.30 g (HCl)

 7.30
 

36.5
 mol = 0.2 mol

Mr(NaCl) = 23.0 + 35.5 = 58.5

8.19 g (NaCl)

8.19
 

58.5
  = 0.14 mol

(NaCl)

(HCI) 2 mol

(NaCl) 2 mol

(NaCl) 0.2 mol (HCI) 0.2 mol

100 × 0.14
 

0.20
 = 70.0 %



(C3H8) 20 mL

60 mL ،(O2) 100 mL

(H2O) 80 mL (CO2)

100 mL

200 mL (CxHy)

(CO2) 100 mL (O2) 

(H2O) 200 mL

(PHn) 50 mL

(Cl2) 150 mL

150 mL

(HCl)

14 g

(C2H4) 

C2H4(g) + 3O2(g)  2CO2(g) + 2H2O(l)

24.0 L 96.0 L

12.0 L 0.0467 L

50 mL
(O2) 250 mL

(CO2) 150 mL

 (CxHy)             (O2)                     (CO2)             (H2O)

50 mL       250 mL                150 mL

(CxHy)            (O2)                   (CO2)         (H2O)

1 5 3

3 mol 1 mol

3 mol

1 mol

x = 3

 C3Hy(g) + 5O2(g)  3CO2(g) + H2O(l)

5 mol  

3 mol

(5 – 3 = 2 mol)

4 mol

2 mol

4 mol

C3Hy(g) + 5O2(g)  3CO2(g) + 4H2O(l)

8

(C3H8)

C3H8(g) + 5O2(g)  3CO2(g) + 4H2O(l)



-
-

-

12 mL

25 mL



100% × |
 

24.3 g/mol

26.6 g/mol

|24.3 - 26.6| 100% ×  = 
24.3

2.3 
100% ×  = 9.47%

24.3

  ±1 °C (uncertainty)

42 °C 21 °C

21 °C

20 °C (21±  1)  °C

22 °C

43  °C 41  °C

19 °C 23 °C

(21 ± 2) °C

100% ×  

2 
 × 100 % = 9.52 %

21

± 1 mL 

50.0 mL

100 mL

100% ×  

1
100% ×  = 2%

50



±0.05 mL

±0.05 mL

0.10 mL

22 mL

100% ×  

0.10 100% ×  = 0.45 %
22

±0.005 g

±0.01 g

10.34 g

 0.005 g

 10.00 g

0.34 g

100% ×  

0.010
100% ×  = 2.94%

0.34

Standard solution

250 mL (0.25 L)

0.100 mol/L

(mol/L) M

(mol) n

(mL) V

(g) m

(g/mol) Mr

 : Standard solution

1.00 mol/L



Solute

n = 
m
Mr

M = 
n
V

-
 250 (Mr = 106)

0.100 mol/L mL

250 mL

250 mL

250 mL

.
250 mL (2.65 g)

.
100 mL

.
250 mL

.

.
2–3 mL

-

 :Solute

n = m
Mr

m = (2.50 × 10−2 ) × 106 = 2.65 g

M = n
V

n = M × V n = 0.100 × 0.250
 = 2.50 × 10−2 

m = n × Mr



.

-

Titrations

 :Titration

(mol)
(mol/L)

(L)

  M(mol/L) = 
n(mol)
V(L)

 

mol/L M



25.0 mL
15.10 mL (NaOH)

0.200 mol/L (H2SO4)

 2NaOH(aq) + H2SO4(aq)  Na2SO4(aq) + 2H2O(l)

.(mol/L)

(L) (mol/L)
15.10

 
1000

        ×       0.200

  = 0.00302 mol

2

(NaOH) (2 mol)

(H2SO4) (1 mol)

(NaOH)

(NaOH)

2

 0.00604 mol

0.0250

L mL

(NaOH)

(mol)
 

(L)
(mol/L)

 
 0.00604

 
0.0250

 = 0.242 mol/L

3

(HCl) (Sr(OH)2)

Sr(OH)2(aq) + 2HCl(aq)  SrCl2(aq) + 2H2O(l)

15.00 mL 25.0 mL

mol/L 0.100 mol/L

25.25 mL 0.400 mol/L 20.0 mL

mol/L

H2SO4(aq) + 2NaOH(aq)  Na2SO4(aq) + 2H2O(l)



0.0600  mol/L 20.0  mL

24.00 mL 0.100 mol/L

X

25.0 mL
0.0500 mol/L (M(OH)n)
 0.200 (HCl)

12.50 mL mol/L

(L) (mol/L)
25.0

 
1000

       ×       0.0500  1.25 × 10–3 mol

(L) (mol/L)
12.50

 
1000

       ×       0.200  2.50 × 10–3 mol

1.25  10–3 mol

2.50  10–3 mol

2 1

(1 mol)  (1 mol)

(2 mol) (1 mol)

.(n = 2)

M(OH)n + nHCl  MCln + nH2O

 M(OH)2(aq) + 2HCl(aq)  MCl2(aq) + 2H2O(l)



58.30 g

ZrCl4 + 2Mg  Zr + 2MgCl2

20.52 g

20% 80% Z

Z

30.0 g/mol Z

 200 300 mL Y 50 mL

mL

600 mL (C3H8)

24.0 L



(NaCl) (TiCl4) (IV)

(Ti)

(IV) 380 g

46.0 g

4.80 L

Cl2(g) + 2NaOH(aq)  NaCl(aq) + NaOCl(aq) + H2O(l)

(Cl2)

(NaOCl)

2.00 mol/L (NaOH)

-

-

-

- -
-

- -
-



V
III

V
II

V
I

V
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III
II

I
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ّ

4 1 .

A .1

   B .2

    C .3

    D .4

.

 79
Se

34
 

132
Cs

+

55

  
18
O

2-

8

  

1910

 -
20000 1

.
.....................................................................................  

.
.....................................................................................  

.
.....................................................................................  

 : -



. .
.....................................................................................  

.

.....................................................................................  

- .

.

1 1

2s 2p 8 2

3

 : -

- .

F 9

1s
2
2s

2
2p

6
3s

2
3p

2 14

Cr 24

Na
+

11

1s
2
2s

2
2p

6
3s

2
3p

6
4s

1 K

[Ar]4s
2
3d

10
4p

6 35

Ti
2+

22

-

Sub shells (subsidiary

:quantum shells)

:Energy level

:Electronic configuration

 1s22s22p3

:Atomic orbitals



.

................................................................. 1s22s22p63s2   

.................................................................... 1s22s22p3   

............................................................. 1s22s22p63s23p5   

............................................................. 1s22s22p63s23p6   

-

2p

2s

1s

 : -

- .
p

s

................................................................................   

................................................................................   

.

O

Cl

P



(IE
1
) 

IE
1

2400

2000

1600

1200

800

400

(
k
J
/
m
o
l)

 : -

.

IE
1

 
 :First ionisation energy IE

1

:Shielding



.
.....................................................................................  

.
IE

1

................................................................................   
 IE

1

................................................................................   
IE

1

.p
................................................................................   

 .......................................... II .
 .

(VII) 17  .
IE

1
  .

 p
d



IE
2 
IE

1
 :

Na

5

4

3

2

(
lo
g
1
0

0  1   2   3   4   5   6   7   8   9  10  11

 : -

.

................................................................................   

................................................................................   

................................................................................   

Na .
Na(g)  Na

+
(g) + e

-

Ca

P

 Successive ionisation

 :energies

 Na4+(g)  Na
5+
(g) + e

-

log
10



:Explain (Ni) (Co)  .

  
58
Ni

28

59
Co

27

   

  
24  27 (Co)   

  .

    

31 (Ga) 5 (B)  .

 (B)   
 (Ga)   

(Ga
3+
)   

(Ga)

(Ga) (B)  

B Be   -  
B C

B   
p s (Ga)

  :Compare

 
.



.Cr3+ Cl
-

(CrCl
3
) (III) .

Cl
-   
Cr   

(Cr
3+

(III   
  

Cl
-

  
F

(
k
J
/
m
o
l

100 000

80 000

60 000

40 000

20 000

1       2       3       4       5       6       7        8       9

×
×

×
×

×
×

×

×

×

 :Determine

.



(kJ/mol) .
:A B C D

(kJ /mol

IE
5

IE
4

IE
3

IE
2

IE
1

14831 11578 2745 1817 578 A

13352 9544 6913 4563 496 B

7975 5877 4412 3051 419 C

8144 6474 4912 1145 590 D

 

 

2+

3+

C

V

V   
V   

16

:Define

 :Show



 :Atomic radius

 :Free radical

:Give

.

I Br Cl

Cl
2

  
Cl•   -   



 C
6
H

10
Cl

2
 

................................................................................   

................................................................................   
PNCl

2
P

348 g/mol

................................................................................   

................................................................................   

:Empirical formula

ّ

:Molecular formula

Stoichiometric Calculations

-
       
       

-
-

       
       
       

-
-

- - - - -



 19.78 g As  14.98 g

............................. O  
O As  

As = 74.9 O = 16.0 : A
r
  

................................................................................   

 
395.6  g/mol  

................................................................................   

................................................................................   

As
2
O

5
 

3 As
2
O

5
As

................................................................................   

................................................................................   

= %

 
100% ×



g) 
g/mol)

Pb
3
O

4

(C)

Pb
3
O

4
 + 4C  3Pb + 4CO     

(Pb)

.Pb
3
O

4  
41.12 g

Pb = 207.2, O = 16.0 : A
r
 Pb

3
O

4
 

................................................................................   

................................................................................   

.................................. 3 Pb
3
O

4
 

........................................ (Pb)  
3  

(Cl
2
) 42.60 g  (Sn) 35.61 g 

.SnCl
4 
(IV) 78.21 g 

 
............................................................... (Sn)
.................................................................. (Cl

2
)

............................................... IV) (SnCl
4
)

(Sn = 118.7 Cl 35.5 :A
r

................................................................................   
 

................................................................................   

Stoichiometry

.



.24 L (r.t.p.)
L) 
24

mL) 
24000

.NO
y

 NO 40 mL O
2

40 mL 

80

60

40

20

0

0                   10                   20                   30                   40

mL  

m
L

 



40 mL (O
2
)  

(NO)

................................................................................   
NOy  

.......................................................... .NOy  
 

1

(Na
2
CO

3
(aq)) 25 mL

.0.200 mol/L (HCl(aq)) 22.5 mL

.....................................................................................  

.....................................................................................  

(HCl) (Na
2
CO

3
)

.....................................................................................  

.(Na
2
CO

3
(aq))

.....................................................................................  

25 mL (Na
2
CO

3
)

.....................................................................................  

Titration



2

0.200 mol/L 25.0 mL
0.270 mol/L (HNO

3
) 18.5 mL

.....................................................................................  

(HNO
3
)

.....................................................................................  

.....................................................................................  

(x)

.....................................................................................  



(Mg)

.(H
2
)

Mg(s) + 2HCl(aq)  MgCl
2
(aq) + H

2
(g)

m
nA

r
 = (Mg)

(Mg)

10 cm

2 mol/L

 

10.0 cm

30 cm

!

2 mol.L

  



 10.0 cm   

.................... g
 

2.5 cm 1.5 cm 1.0 cm 
10  cm

 .2.5 cm 1.5 cm 1.0 cm

.................... g = 1.0 cm

 .................... g = 1.5 cm

.................... g = 2.5 cm

. -

-                  

(HCl(aq)) 25.0 mL

 
1 cm (Mg)  



   
 

 ................... mL = 1.0 cm  

................... mL  1.0 cm

................... mL  1.5 cm

................... mL  1.5 cm

................... mL  2.5 cm

................... mL  2.5 cm

-

(mL)

(g)  (cm) 

3 2 1

: -

x

y



 

24.0  mL (Mg)

.....................................................................................  

.....................................................................................  

.....................................................................................  

  

24    L  1 moL r.t.p.

24000   mL
................................................................................   

................................................................................   

................................................................................   



  r =  

................................................................................   

................................................................................   

................................................................................   

A
r

 

 100% ×

.....................................................................................  

.....................................................................................  

.....................................................................................  

 
 

= 100% ×

.....................................................................................  

.....................................................................................  

  

.....................................................................................  

.....................................................................................  



................................................................................   

................................................................................   

................................................................................   

................................................................................   

................................................................................   

................................................................................   

................................................................................   

................................................................................   

................................................................................   

 
.....................................................................................  

.....................................................................................  

.....................................................................................  

1 mm

 .± 0.05 cm ± 0.5 mm
2 cm

 2.0 ± 0.05 cm

0.05

2.0
× 100% = 2.5%



(NaCl) (Na
2
CO

3
)

50 mL

(NaHCO
3
)

(NaCl)

 (HCl(aq))

 0.100 mol/L

150 mL

250 mL

25 mL  

250 mL

100 mL

!

(HCl(aq))

 

(NaHCO
3
) 2.10 - 1.90 g   

.(NaCl)
.................. g

:Accuracy



250 mL

25 mL   
.0.100 mol/L (HCl(aq))

 

. -

(mL) (mL) (mL) (mL) 

mL

mL

mL

: -

mL .................. mL ..................
mL ..................

(NaHCO
3
)

(NaHCO
3
)

NaHCO
3
(aq) + HCl(aq)  NaCl(aq) + CO

2
(g) + H

2
O(l)

0.100 mol/L      

:Concordant

)

24.0 24.5 24.1 24.0

24.1

.
:Titre



25 mL (NaHCO
3
)

= .................. mL   
 =  ..... ×  ..... (HCl(aq))  .  
25.00 mL .   

........................ mol
 250 mL .   

(m = n × Mr (NaHCO
3
)   

 ........................ g =   
........................ g  

................... g   
(NaHCO

3
)    

................................................................................   
 

(NaHCO
3
)

................................................................................   
.

 
100% ×

.....................................................................................  

.....................................................................................  



:Systematic errors

1 mL

.

:Random errors

.

-

 
................................................................................   
................................................................................   

 
................................................................................   

................................................................................   

.....................................................................................  

.....................................................................................  

.....................................................................................  

.....................................................................................  

.....................................................................................  

.....................................................................................  



 .(O
2
) 84 mL C

x
H

y
)  14 mL  

 56 mL 

55% Cl 7.75% H 37.25% C   

Fe) FeO(OH) .nH
2
O

Fe = 55.8 ,O = 16.0, H = 1.00 : A
r

 .n = 1
 798 g Fe  

Fe
2
O

3
 (III)

CO)
Fe

2
O

3
 + 3CO  2Fe + 3CO

2

3

   Fe = 55.8, O = 16.0 : A
r

         
CO

2
   -   

r.t.p

(Fe
2
O

3
)  (III) 26.6 g

(FeS
2
) 60.0 g

4 FeS
2 
(s) + 11 O

2 
(g)  2 Fe

2
O

3 
(s) + 8 SO

2
 (g)

                 .(Fe
2
O

3
) (III)   

 Fe = 55.8 ,O = 16.0, S = 32.1  :Ar   

%

= Percentage yield

 100 ×
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