	Dimension of cube
	Number of cubes
	Number of painted cubes when
I face painted
	Number of painted cubes when2  opposite
faces painted
	Number of painted cubes when
3 faces painted
	Number of painted cubes when
4 faces painted
	Number of painted cubes when
5 faces painted
	Number of painted cubes when
6 faces painted

	n is the number of cubes along each side
	n3
	n2
	2n2
	3n2-2n
	4n2-4n
	5n2-8n+4
	6n2-12n+8

	2x2x2
	8
	4    (4)
	8   (0)   
	8   (0)
	8    (0)
	8  (0)
	8  (0)

	3x3x3
	27
	9     (18)
	18    (9 )
	21   (6 )
	24   (3 )
	25   (2 )
	26  (1 )

	4x4x4
	64
	16   (48  )
	32  (32 )
	40   (24)
	48   (16)
	52   (12 )
	56  (8 )

	5x5x5
	125
	25  (100 )
	50   (75 )
	65   (60)
	80   (45)
	89   ( 36)
	98   (27 )

	6x6x6
	216
	36  ( 180)
	72  (144 )  
	96  ( 120 )
	120  (96)
	136  (80 )
	152  (64 )

	
	
	
	
	
	
	
	

	17x17x17
	4913
	289(  4624 )
	578(4335   )
	833(4080   )
	1088(3825   )
	1313(3600   )
	1538(3375   )

	99x99x99
	970299
	9801
(960498   )
	19602
(950697   )
	29205
(941094)
	38808
( 931491  )
	48207
( 922092  )
	57626
(912673   )

	The figures in red represent number of unpainted cubes


TO NRICH- PARTIALLY PAINTED CUBE solution from Rajeev Kumar





















Jo noticed that when she painted some of the faces of her cube then 45 faces had no paint on them. Her cube was 5x5x5 and 4 faces were painted, so 80 cubes had paint on them and 45 cubes were unpainted. But here when Jo had to paint the 2nd face she painted the opposite face. I noticed that it does  make a difference in what pattern the faces are painted. The above table applies when painting the second face the one opposite the painted face is painted and after that then you can paint the other faces in any order.
Another way to do it is to paint the adjacent face- so after painting the 1st face(say right side) you paint the 2nd  face adjacent to it and the 3rd face (say top face)painted must be touching the two painted faces and the 4th face (say bottom face) and the 5th face any remaining side.
So in a 3x3x3 cube the following patterns emerge depending upon whether the opposite side or the adjacent side was painted when painting the second face




NUMBER OF CUBES UNPAINTED  3X3X3
NO. FACES PAINTED		ADJACENT FACES PAINTED			OPPOSITE FACES PAINTED
1				3X3X2=18 :n2(n-1)					18:n3-n2
2				3X2X2=12: n(n-1)2					9 :n3-2n2	The difference in 3x3x3 is 3
3				2X2X2=8:(n-1)3						 6:n3-3n2+2n	difference is 2
4				2X2X1=4: (n-2)(n-1)2					3:n3-4n2+4n	difference is 1		
5				2X1X1=2 : (n-1)(n-2)2					2:n3-5n2+8n-4
6				1X1X1=1: (n-2)3						 1: n3-6n2+12n-8				

NUMBER OF CUBES UNPAINTED  4X4X4
NO. FACES PAINTED		ADJACENT FACES PAINTED			OPPOSITE FACES PAINTED
1				4X4X3=48						48
2				4X3X3=36						32	the difference in 4x4x4 is 4
3				3X3X3=27						24	difference is 3
4				3X3X2=18						16	difference is 2	
5				3X2X2=12						12
6				2X2X2=8						8

NUMBER OF CUBES UNPAINTED 5X5X5
NO. FACES PAINTED		ADJACENT FACES PAINTED			OPPOSITE FACES PAINTED
1				5X5X4=100						100
2				5X4X4=80						75	the difference in 5x5x5 is 5
3				4X4X4=64						60	the difference is 4
4				4X4X3=48						45	the difference is 3
5				4X3X3=36						36
6				3X3X3=27						27

My conclusions are 
1) When faces of a larger cube are painted then the number of unpainted cubes depends upon whether the opposite or the adjacent face was painted when painting the second face. Jo’s 2nd face was the opposite face so when she painted the 4rd face she had 45 unpainted cubes. If Jo had started painting the adjacent face then she would have been left with48 cubes in a 5x5x5 cube. 
2)I also noticed a pattern between opposite and adjoining faces that the difference occurs when the 2nd,3rd and 4th faces are painted and the difference starts with the side of the cube eg in a 5x5x5 it is 5 and then descends with a difference of 1. So in a 6x6x6 cube when 2 faces are painted the difference between the unpainted cubes will be 6(opposite is 144 and adjacent is 150, six more) 
3)I also noticed that when adjacent sides are painted the when the 3rd and the 6th face are painted the number of cubes left is always a cube number and in a 5x5x5 when the 3rd face is painted the remaining unpainted cubes are always (n-1)3 and when the 6th face is painted the remaining cubes are always (n-2)3
4)It is impossible to have 50 unpainted cubes because  if the 3rd and 6th faces are painted then the number would be a cube number and 50 is not a cube number, also 50 should be the product of (n2)(n-1)  or   n(n-1)2  or  (n-1)(n-2)2 and it isn’t.
Another way to convince yourself that it is impossible to end up with 50 unpainted cubes is that we know that 50 is not a cube number so it cannot apply when the 3rd and the 6th faces are painted, and the 3rd and the 6th face would be either 27 and 64 or 64 and 125.if the 3rd face ends up with 27 cubes then the cube we are dealing with is 4x4x4 and by applying –n is 4 here- (n2)(n-1)  or   n(n-1)2  or  (n-1)(n-2)2 we know that it is impossible to end up with 50.
5)If we wanted to know whether it is possible to end up with 105 faces then we know that it is not a cube number and the 3rd number and the 6th number will either be 64 and 125 or 125 and 216, so the original cube must 6x6x6  because the number 105 lies between 64 to 216. In a 7x7x7 the lowest number of unpainted cubes is 125 using the formula (n-2)3. And it can’t be a 5x5x5 cube because if one face is painted the number of unpainted cubes is 100. And if we apply the formula (n2)(n-1)  or   n(n-1)2  or  (n-1)(n-2)2 to a 6x6x6 cube  it would be impossible to end up with 105 faces when adjacent faces are painted.
6) There are more than one ways to end up with any number of cubes- you can end up with 27 unpainted faces when you paint three adjacent faces in a 4x4x4 cube and also in a  5x5x5 cube when you paint all 6 faces.


