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CHM 1311 - B                                     First Midterm                                 Nov 25 – 2019 
 
     (Prof. S. Gambarotta) 
 
 
 
 Your Name: ___________________                         Student #: ______________ 

Readable please 
 

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             /4 6             /3 
2             /1 7             /3 
3             /1 8             /3 
4             /2 9             /5 
5             /1 

 
Total/23 = 
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. ( 4 points) A piece of rhodium metal whose mass is 4.35 g is heated to 100.0 °C and then 
dropped into an ice calorimeter. As the Rh metal cools to 0.0 °C, 0.316 g of ice melts (it takes 
6.01 kJ of heat to melt exactly 1 mole of ice). What is the molar heat capacity of rhodium? DHfus 
(ice) = 6.01 kJ/mol 
 

To work a problem involving heat transfers, it is useful to set up a block diagram illustrating the 
process. In this problem, a rhodium block transfers energy to ice: 

 

 

 
 
 

 

 

 
 

ice Rh Rh Rh ice ice fus

ice fus Rh

ice fus

Rh

Thus,                    , and 
Substituting gives        
Solve for , the heat capacity of rhodium:

Here are the data needed for the c

= - = D = D
D = - D

- D
=
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n H n C T
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n HC
n T

Rh ice

3
fus

ice fus

Rh

alculation:
4.35 g 0.319 g0.04227 mol    = 0.01771 mol 

102.91 g/mol 18.01 g/mol
0.0 °C 100.0 °C 100.0 °C

6.01 kJ/mol 6.01 10  J/mol
Substitute and evaluate :

(0.0

= = = = =

D = - = -

D = = ´

- D -
= =

D

m mn n
M M

T
H

C
n HC
n T

3
1 11771 mol)(6.01 10  J/mol) 25.2 J mol  °C

(0.04227 mol )( 100.0 °C )
- -´

=
-



  pag. 
 

3   

2.    (1 point) Phosgene (Cl2C=O) is a highly toxic gas that was used for chemical warfare during 
World War I. Use the bond energies below to estimate the energy change that occurs when 
carbon monoxide and chlorine combine to make phosgene. 

C≡O + Cl–Cl → Cl2C=O 

Bond  No. Energy (kJ/mol) Bond No. Energy (kJ/mol) 
C≡O  1 1070 C–Cl 2 330 
Cl–Cl  1 240 C=O 1 750 

 
 
 

To estimate the energy change in a reaction, determine Lewis structures to obtain types of bonds, 
list the number of bonds of each type in reactants and products, and subtract the sum of 
average bond energies for products from the sum of average bond energies for reactants, 
using values below. 

ΔEreaction  [1 mol(1070 kJ/mol) + 1 mol(240 kJ/mol)] – [2 mol(330 kJ/mol) + 1 mol(750 
kJ/mol)] = 1310 kJ – 1410 kJ = –100 kJ 

 

3.  (1 point) A flask containing argon gas is connected to an open-ended mercury manometer. 
The open end is exposed to the atmosphere, where the prevailing pressure is 720 torr. The 
mercury level in the open arm is 50 mm/Hg below that in the arm connected to the flask of 
argon. What is the argon pressure, in torr? 
 
Pint = Pext = Patm = PAr  +  PHg   
 
Patm – PHg  = PAr  720 - 50 =  670 torr 

 
 
 
 
 
 
 
 
 
 
4. (2 points) Aluminum metal shavings (10.0 g) are placed in 100 mL of 6.00 M hydrochloric 
acid. What is the maximum volume of hydrogen, measured at STP (273K, 101.325 kPa), which 
can be produced? 
 

@
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2Al(s)    +    6HCl(aq)    ®    2AlCl3(aq)    +    3H2(g) 
 
Find the limiting reagent: 
 
Based on Al:  10.0/26.98 x 3/2 =  0.557 moles of H2 
 
Based on HCl: 0.1 x 6.00 x 3/6 = 0.3 moles of H2 
 
 
Maximum moles of H2 are 0.3 which at STP converts to 6.81 L 
 
 
 
 
5. (1 point) For the following reaction, K = 0.262 at 1000°C: 
 

 
 

At equilibrium,  is 1.22 bar. What is the equilibrium partial pressure of CH4(g)? 
 
 
 

 
 
6. (3 points) Compound A decomposes according to the following equation: 
 

 
 

A sealed 1.00-L container initially contains 1.75 × 10−3 mol of A(g), 1.25 × 10−3 mol of B(g), and 
6.50 × 10−4 mol of C(g) at 100°C. At equilibrium, [A] is 2.15 × 10−3 mol/L. Find [B] and [C]. 
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7.  (3 points) In the following pairs, which has the strongest bond according to MO theory? 

 

The stability of a diatomic molecule is determined by the number of bonding and antibonding 
electrons. To compare species, determine how many valence electrons each species 
possesses, and then place the electrons in the available orbitals, following the Pauli and 
aufbau principles. Here are the configurations for the three neutral species: 

 

 

(a) To make O2+, an antibonding electron is removed from O2, so O2+ has a stronger bond. 
(b) An electron added to CO to produce CO– occupies an antibonding orbital, so CO has a 
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stronger bond. (c) An antibonding electron is removed from F2 to produce F2+, so F2+ has a 
stronger bond. 

 
 
8.  (3 points) At least three possible mechanisms exist for the 

 
 

(a) The rate law is that for an elementary bimolecular reaction: Rate = k[H2][X2]. 

(b) When a first step is rate-determining, it determines the rate law: Rate = k[X2]. 

(c) The rate law is determined by the rate-determining step: Rate = k2[X][H2]. 

Set the rates equal for the forward and reverse first step: k1[X2] = k–1[X]2 

Solve this equality for  

Substitute into the rate expression:  

 
 
 
9.  (5 points) Acetaldehyde decomposes to methane and carbon monoxide 
 
 

[ ] [ ] [ ]
1/2

1/21 
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(a) Prepare first-order and second-order plots and look for linear behaviour: 

t s 0 1000 2000 3000 4000 
c M 0.250 0.118 0.0770 0.0572 0.0455 

 
 0.000 0.751 1.18 1.47 1.70 

 
M–1 0.00 4.47 8.99 13.5 18.0 

 

The second-order plot is linear, so rate = k[CH3CHO]2 

(b) Determine the rate constant from the slope of the second-order plot: 

 

0[A]ln 
[A]

æ ö
ç ÷
è ø

0

1 1
[A] [A]

-

1 1
3 1 118.0 M 0.00 Mslope = 4.5  10  M  s

4000 s 0 s
k

- -
- - --

= = ´
-
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(c) Use Equation 13-5, suitably rearranged: 

 

  

0

0

1 1
3

3 1 1

1 1
[A] [A]

100% 75%[A]  = 0.250 M and [A] = 0.250 M 0.0625 M
100%

16.0 M 4.00 M = = 2.7  10  s
4.5  10  M  s

kt

t
- -

- - -

= -

-æ ö =ç ÷
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