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Chapter 7
Ordinary Matter 
	
	
	Answer
	Extra information
	Mark

	1
	a i  
	0.23 nm upwards
	
	1

	
	a ii
	0.23 nm
	
	1

	
	a iii
	1.2 × 10-10 N
	
	1

	
	a iv
	0.34 nm
	
	1

	
	b i
	Area  taken up by each atom ~ πr2 = π x 0.232 × 10-18 m2 

Area  of wire ~ π r2= π x 10-6 m2
No. of atoms ~ 10-6/0.232 × 10-18 ~2× 1013
(allow neglect of ’s  in estimate)  
	
	2

	
	b ii
	Breaking force ~ 2× 1013×1.2× 10-10 N

                        = 2.4  × 103 N or approximately 2 kN
	
	2

	
	b iii
	Wires are not made from a single perfect crystal.  The crystals slide past each other. Atoms pull apart more easily because of dislocations and vacancies. The cross-sectional area of the wire decreases where imperfections gather (the wire forms a “neck”) and stress increases here. 
	
	2

	Total marks
	10

	2
	a i
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	1 mark for correct shape

1 mark for minimum at 0.23 nm
	2

	
	a ii
	When there is a balance between the repulsive and attractive forces the potential energy is zero.

E = Fx so the force separation curve corresponds to the gradient of the potential energy separation curve.

(Force curve gives zero when the energy curve is at a minimum and its gradient is zero. ) 
	
	2

	
	b
	Molar volume is related to equilibrium separation r0; 

Molar latent heat of fusion is related to the depth of the potential well (but not equal as latent heat of vaporization is also a component); 

Linear expansion arises from non-symmetrical nature of well and fact that average separation increases with temperature; compressibility is related to the net repulsive force.
	1 each
	4

	Total marks
	8


	3
	a
	Density = mass/volume  Mass of 1 m3 = 1.93  × 104 kg

No. of atoms = (1.93  × 104/1.67× 10-27) ×197

      = 5.8 × 1028
So (taking the cube-root) ~3.89× 109 across a 1m   

So 1/3.89 x 109 = diameter ~ 2.57 × 10-10 m
	1 mark method

1 mark answer
	2

	
	b
	X-rays have a similar wavelength to atomic separation are used to bombard single crystal to obtain (Laue) diffraction pattern. Deduce atomic separation by separation of spots but need to deduce structure for precise determination.

(or use monochromatic beam and powder sample)
	
	2

	Total marks
	4

	4
	a i
	No kinetic energy lost in the collision
	
	1

	
	a ii
	Three from:

Large number of molecules

Molecules moving rapidly and randomly

Motion of molecules can be described by Newtonian mechanics

No attractive intermolecular forces

Only molecular forces are the instantaneous ones during collision

Molecules have negligible volume
	I  mark each
	3

	
	b i
	Exchange kinetic energy until the average kinetic energy of the molecules of the two gases correspond to the same temperature (mv2/2~3kT/2).  

Nitrogen molecules gain energy. 
	
	2

	
	b ii
	3kT/2= (3 ×1.38 × 10-23×470) J = 9.73× 10-21J

~1.0× 10-20J
	
	2

	Total marks
	8

	5
	
	P1/T1 = P2/T2
18oC= 291 K    25oC =298 K
P2/T1 = P1T2/T1=(0.18 ×298)/291= 0.184 MPa MPa 
	1 mark

2 marks
	3

	Total marks
	3

	6
	a
	Average = 104.8 ~105 Pa Uncertainty ~ 1 kPa


	
	1

	
	b 
	1 × 100%/105 ~ 1%
	
	1

	
	c
	1 × 100%/315 ~ 0.3%
	
	1

	               Total marks
	3

	7
	a
	mv2/2 = 3kT/2     T = 300 K

m = 40 ×1.67 × 10-27 kg

v2 = (3 x 1.38 × 10-23×300)/( 40 ×1.67 × 10-27)

    = 1.85 × 105 m2 s-2   (18.5 × 104 m2 s-2)  

v = 431 (430) m s-1
	1 mark

1 mark

1 mark
	3

	
	b
	KE = (3kT/2) x number of molecules 

      = (3kT/2) x 3NA   

      =  1.1 × 104 J
	1 mark

1 mark
	2

	                   Total marks
	5

	8
	
	Mean-squared speed = [(4002+5002+4002+2002+6002+2002)]/6 m2 s-2
So root mean-squared speed (rms) = 410 m s-1
	 
	2

	                   Total marks
	2


	9
	a i
	n= pV/RT
   = (1× 105 × 1.0)/8.31 × 290

   = 41.5 mols
	
	2

	
	a ii
	N = (1.4× 104 × 1.0)/8.31 × 215
   = 7.8 mols
	
	2

	
	b
	Extra number of molecules 

   = (41.5 -7.8) × 6.0 × 1023
   = 2.0 × 1025
23% gives 4.6 × 1024 oxygen molecules
	
	2

	Total marks
	6

	Total for test paper
	59
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