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CHM 1311 - B                                      First Midterm                                 Oct 21 – 2019 
 
     (Prof. S. Gambarotta) 
 
 
 
 Your Name: ___________________                         Student #: ______________ 
 
 

Please do not un-staple the booklet 
 
 
1. The solution key will be posted on the web on Wednesday.  
2.     You must respond to all exercises.   
3.  Periodic Table, Electronegativity Table and relevant values are at the end. 
4.    A few scratch sheets are at the very end. Report in the booklet the minimum amount 

of calculations to show your reasoning. 
 
 
Read	carefully:		
	
	

 

	
By	signing	below,	you	acknowledge	that	you	have	read	and	ensured	that	
you	are	complying	with	the	above	statement.	
	

	
Signature: ________________________________ 
	
	
1	 												/2	 6	 												/1	
2	 												/3	 7	 												/2	
3	 												/2	 8	 												/1	
4	 												/4	 9	 												/1	
5	 												/1	 10	 												/2	

	
Total/19	=	
Total/10	=		

Cellular	phones,	unauthorized	electronic	devices	or	course	notes	(unless	an	open-book	exam)	are	
not	allowed	during	this	exam.		Phones	and	devices	must	be	turned	off	and	put	away	in	your	bag.		Do	
not	keep	them	in	your	possession,	such	as	in	your	pockets.		If	caught	with	such	a	device	or	document,	
the	following	may	occur:		academic	fraud	allegations	will	be	filed	which	may	result	in	your	obtaining	
a	0	(zero)	for	the	exam.	
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1. (2	points)		
	

The chemical formula for aluminum sulphate is Al2(SO4)3. (a) Compute its molar 
mass. (b) Compute the number of moles contained in 25.0 g of this compound. (c) 
Determine its percent composition. (d) Determine the mass of this compound that 
contains 1.00 mole of O. 
 

The chemical formula of a substance provides all the information needed to compute its 
molar characteristics: 

(a) M = 2(26.98 g/mol) + 3[32.07 g/mol + 4(16.00 g/mol)] = 342.17 g/mol 

(b)  

(c)	To	determine	the	percent	composition,	work	with	1	mole	of	substance.	Take	
the	ratio	of	the	mass	of	each	element	that	1	mole	contains	to	the	mass	of	1	mole	
(molar	mass):	

 

(d)  

 

 

 

 
2. (3 points)  Balance the following equation: 
 
Se + Cr(OH)3 → Cr + SeO32−   (basic conditions) 

Se → SeO32– 

(1) Se is balanced; (2) add 3 H2O on the left; (3) add 6 H2O on the right and 6 OH– on 
the left; (4) add 4 e– on the right: Se + 3 H2O + 6 OH– → SeO32– + 6 H2O + 4 e–  

21 mol =  = 25.0 g  = 7.31 10  mol
342.17 g

mn
M

-æ ö
´ç ÷

è ø

2(26.98 g/mol)%Al (100%) 15.77%
342.17 g/mol

3(32.07 g/mol)%S (100%) 28.12%
342.17 g/mol

12(16.00 g/mol)%O (100%) 56.11%
342.17 g/mol

æ ö
= =ç ÷

è ø
æ ö

= =ç ÷
è ø
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= =ç ÷
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2 4 31 mol Al (SO ) 342.17 g1.00 mol O  = 28.5 g
12 mol O 1 mol
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Cancel duplicated species: Se + 6 OH– → SeO32– + 3 H2O + 4 e– 

Cr(OH)3 → Cr 

(1) Cr is balanced; (2 and 3) by inspection, add 3 OH– on the right; (4), add 3 e– on 
the left: Cr(OH)3 + 3 e– → Cr + 3 OH– 

Multiply the first reaction by 3 and the second reaction by 4, and then add: 

 

 
 
 
 
 
 
 
 
3. (2 points)  
A student prepares a solution by dissolving 4.75 g of solid KOH in enough water to 
make 275 mL of solution. (a) Calculate the molarities of the major ionic species 
present. (b) Calculate the molarities of the major ionic species present if 25.00 mL of 
this solution is added to a 100 mL volumetric flask, and water is added to the mark.  
 

The solution process is KOH (s) → K+ (aq) + OH– (aq). Each mole of solid generates 1 
mole of each ion: 

(a) Molarity is found using the equations,  and  

M = 39.098 g/mol + 15.999 g/mol + 1.0079 g/mol = 56.11 g/mol 

 

(b) In a dilution, the number of moles of solute remains constant whereas volume 
increases, so cfVf= ciVi. The starting volume is 25.00 mL and the final volume is 
100.00 mL: 

2
3 2

3
2

3 3 2

3 [Se 6 OH SeO 3 H O 4 e ]

        4 [Cr(OH) 3 e Cr 3 OH ] 
3 Se 4 Cr(OH) 6 OH 3 SeO 4 Cr 9 H O

- - -

- -

- -

+ ® + +

+ + ® +
+ + ® + +

nc
V

=
mn
M

=

3

K OH

4.75 g 1 mol 10  mL 0.308 M
275 mL 56.11 g 1 L

nc c c
V + -

æ öæ öæ ö= = = = =ç ÷ç ÷ç ÷
è øè øè ø
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 4.	(4	points)		 	
Neutrons,	like	electrons	and	photons,	are	particle–waves	whose	diffraction	
patterns	can	be	used	to	determine	the	structures	of	molecules.	Calculate	the	
kinetic	energy	of	a	neutron	with	a	wavelength	of	75	pm.	
	

Use the equation for electrons from Table 4-1. The neutron mass is 1.6749 × 10–27 kg. 
First convert wavelength into metres: 

 

 

 

	
	
 
 
 
 
5. 	(1	point)	

		The	binding	energy	of	electrons	to	a	chromium	metal	
surface	is	7.21	×	10−19	J.	Calculate	(a)	the	longest	
wavelength	of	light	that	will	eject	electrons	from	
chromium	metal;	(b)	the	frequency	required	to	give	
electrons	with	kinetic	energy	of	2.5	×	10−19;	and	(c)	the	
wavelength	of	the	light	in	Part	(b).	
	

(a) The longest wavelength that will eject electrons corresponds to a photon with energy 

equal to the binding energy:  

i i
f K OH

f

(0.308 M)(25.00 mL) 0.0770 M
100. mL

cVc c c
V + -= = = = =

12
11

34
3

27 11

10  mλ 75 pm = 7.5  10  m
1 pm

6.626  10  J s = = = 5.3  10  m/s
λ (1.6749  10  kg)(7.5  10  m)
hv
m

-
-

-

- -

æ ö
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1
2

E mv=

27 3 2
20 2 2 20

kinetic
(1.6749  10 kg)(5.3  10  m/s) 2.3  10  kg m  s 2.3  10 J

2
E

-
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E
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(b) First determine the energy of the photon, using Ebinding = Ephoton – Ekinetic; then 
calculate the frequency from Ephoton = hν: 

Ephoton = Ebinding + Ekinetic = (7.21 × 10–19 J) + (2.5 × 10–19 J) = 9.7 × 10–19 J 

 

	
	
	
	

6. (1	point)	
	

	For	the	following	sets	of	quantum	numbers,	determine	which	describe	actual	
orbitals	and	which	are	non-existent.	For	each	one	that	is	non-existent,	list	the	
restriction	that	forbids	it:	

	

Remember that n must be a positive integer, l is restricted to zero and positive integers 

less than n, ml is restricted to integers between –l and +l, and ms =  or . (a) 

Non-existent: l must be positive; (b) actual; (c) non-existent: ml cannot be larger 
than l; and (d) actual. 

	
	

7. (2	points)		
			Draw	the	Lewis	structures	for	the	two	possible	arrangements	of	the	N2O	
molecule,	NNO	and	NON.	Experiments	show	that	the	molecule	is	linear	and	has	
a	dipole	moment.	What	is	the	arrangement	of	atoms?	Justify	your	choice.	

	

34 8
7

19

(6.626  10  J s)(2.998  10  m/s)λ = = 2.76  10  m or 276 nm
7.21  10  J

-
-

-

´ ´
´

´
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8
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9.7  10  J       = 1.5  10  s
6.626  10  J s

2.998  10  m/s(c) λ = = 2.0  10  m or 200 nm
1.5  10  s

E
v

h
c
v

-
-

-

-
-

´
= = ´

´
´

= ´
´

1
2

+
1
2

-



																																																																																																																																																					Pag.	 6	

Determine the Lewis structures using standard procedures. Both molecules have 2(5) + 6 
= 16 valence electrons. Two pairs are required for the bonding framework, and each 
outer atom receives three pairs: 

 

Because these molecules contain only Row 2 atoms, we need to complete the octets. This 
can be accomplished by shifting two electron pairs to make double bonds: 

 

Molecules have dipole moments only if they are non-symmetrical. A linear N–O–N 
structure would not have a dipole moment, because the N–O dipole would exactly 
cancel the O–N dipole. Thus, N2O must have the structure N–N–O if it is to have a 
dipole moment. 

	
	

8. (1	point)	
	Identify	the	hybrid	orbitals	used	by	the	inner	atoms	for:	
SO3,	SO2,	CHCl3,	PBr3	
	

. Use the Lewis structure of the molecule: (a) sp2 hybrids; (b) sp2 hybrids; (c) 
sp3 hybrids (d) sp3 hybrids. 

 
 

9. 	(1	point)	
		Both	PF3	and	PF5	are	known	compounds.	NF3	also	exists,	
but	NF5	does	not.	Why	is	there	no	molecule	with	the	
formula	NF5?	

	

The Lewis structures of molecules with formula XF3 show octets around the 
inner atom and FCX = 0, making them stable. Compounds with formula 
XF5 also have FCX = 0 but have five electron pairs associated with the 
inner atom. This is possible for phosphorus, a third-row element that has d 
orbitals available for bonding. It is not possible for nitrogen, a second-row 
element that lacks valence d orbitals: 
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10. 	(2	points)	
	 	 Use	molecular	orbital	diagram	to	rank	the	bond	energies	of	the	
following	diatomic	species	from	weakest	to	strongest:	
	

H2,	H2-	and	H22-	

	
	

H22-			H2-					H2	
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