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Please keep your work covered and keep your eyes on your
own paper! Cheating or any appearance of cheating will result
in an F in the course and possible expulsion from the
University.

A periodic table, formula sheet. You may rip these 2 pages off

of the exam and use them fo cover your work.

You have 80 minutes to complete the exam.
For each question, please write your final answer in the space provided.
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Note




1. Elemental analysis of an organic liquid (100g) composed of carbon,
hydrogen and nitrogen, CxH,N;, with a fishy odour gives the following
elemental mass percentages: C 71.22 %; N 13.84 %. Vaporization of
250 mg of the compound in a 150 mL bulb at 150 C give a pressure of
435 torr.

a) (b points) Determine the empirical formula for this compound.
b) (5 points)What is the molecular formula?

100g sample

C 71.22g, 12 g/mole moles: 71.22/12 = 5.935 moles

N 13.84 g, 14 g/mole: 13.84/14 = 0.9886 moles

H: 100g-71.22g-13.84g = 14.94 g, 1g/mole: 14.94/1 = 14.94

Divide each by smallest number of moles in hopes of getting whole numbers:
€ 5.935 moles/0.9886=6.0

N 0.9886 moles/0.9886 =1

H: 14.94/0.9886=15.1

CeHisN

Empirical Formula: ____ CeHisN

Mass = 250 x 1073 g

V =0.15L

T =150+273 = 423 K

P =435 torr/760 = 0.573 atm

NexHynz=PV/RT = 0.573*0.15/(0.08206*423) = 2.476x10°°
MM = g/mole = 250x107 g/2.476x107* moles = 100.96 g/mole
MM of empirical formula = 6(12)+15(1) +14 =101

MMexpt/ MMenpirica =100.96/101 =1

CeH15N
Molecular Formula: CeH15N




2.  You have two solutions, the first containing 100.0 ml of 1.50 M calcium
nitrate (Ca(NO3)2) and the second containing 75.0 ml of 3.00 M ammonium
sulphate (NH4)2S04.

a) (3 points)Identify the ions present in each of the solutions (give
the chemical formula for the ions, including appropriate charge).

Ca® NO; NHs* S04%

b) (1 point) Will a precipitation reaction occur?

Answer: yes

¢) (1 point) If so, which species precipitates?

Precipitate: CaSO4

d) (1 point) Write the neft ionic equation:
Ca?*(aq) +S04%"(aq) > CaS04(s)

e) (4 points) What is the mass of the precipitate?

Moles Ca® : 0.100L x 1.5 M = 0.15 moles

Moles SO4%: 0.075 L x 3M = 0.225 moles

Ca®"is limiting

Moles CaSO4 = 0.15 moles

Mass CaSO4= 0.15 moles x (40 +32+4(16))g/mole = 20.4 g

Bonus (2 points) What is the concentration of NH4" in the solution at the end
of the reaction?
Moles of NH4" = 0.225 moles SO4% x 2 NH4*/1 SO4* = 0.45 moles

Concentration = moles /L = 0.45 moles / (0.175 L) = 257 M



3. a) (2.5 points) What mass of K2CrOg is needed to prepare exactly
0.25L of a 0.250M KzCrOg4 solution in H20?

Petrucci P125 10™ edition

b) (2.5 points) A solution is prepared by dissolving 25.0 mL ethanol,
CH3CH>0H (d=0.789 g/mL), in enough water to produce 250.0 mL solution.
What is the molarity of ethanol in solution?

Petrucci p124 10™ edition



4. (10 points) A piece of sodium metal reacts completely with water as
2Na(s) + 2H20 (1) > 2NaOH (aq) +H2(qg)

The hydrogen generated is collected over water at 25 °C. The volume of the

gas collected is 246 ml at 1.0 atm. Calculate the number of grams of Na

used in the reaction. The vapour pressure of water at 25 °C is 23.8 mm Hg.

T=273+25 =298 K

V=246 m| =0.246 L

Pr=1 atm = PHz + Pyater vapour

Puater vapour = 23.8mm Hg/760 = 0.0313 atm

PH2 = 1 atm-0.0313atm=0.969 atm

Ni2=PV/RT = 0.969(.246L)/(0.08206*298) = 9.7x10°> moles of Ha

Now look at balance chemical reaction:
Moles Na = 9.7x1073 moles of H2 x 2 Na/1 Hz = 1.95x10°3 moles of Na

Mass Na = moles x MM(Na) = 1.95x10™® moles of Na x 23 g/mole = 0.448 g



5. a) (2.5 points) The pressure inside a hydrogen-filled container was
2.10 atm at 21°C . What would the pressure be if the container was
heated to 93°C?

The amount of hydrogen in the container and its volume remains the same, so
the quantity is constant, use the (P/T)ini =(P/T)final to solve the problem

Answer Pfinal =2.61 ATM

b) (2.5 points)At standard temperature and pressure (0 °C and 1.00
atm ), 1.00 mol of an ideal gas occupies a volume of 22.4 L. What
volume would the same amount of gas occupy at the same pressure and
65 °C?

The amount of gas and the pressure remains the same so the quantity
V/T is constant so use (V/T)ini = (V/T) final to solve: V final = 27.7

6. (Bonus 5 points) In an enclosed flask, dinitrogen tetroxide slowly warms
up to form dinitrogen tetroxide gas and nitrogen dioxide gas. At 298 K the
equilibrium is reached. If the initial concentration of dinitrogen tetroxide is
0.50 M, and no nitrogen dioxide is initially present, what are the equilibrium
concentrations? Kc = 0.0059 at 298 K

K =I[NO,]?
N,O, (9) <—— 2NO, (9) ° [N,O,]
[N;O,] [NO,]
Initial 0.50 0
Change -X +2x
Equilibrium 0.50 - x 0+ 2x

Substitute equilibrium concentrations into K. expression



Ke = 0.0059 (o.(_)_5o .

Solve the K. expression for x:
0.0059 (0.50-x ) = (2x)2

0.0029 — 0.0059x = 4x2

4x2 + 0.0059x — 0.0029 = 0

Solving Quadratic Equations: ax® + bx + ¢ = 0

—b+Ab* -4ac

2a
a=4 b=00059 c=-0.0029

X =

_ —0.0059 £/0.0059> — 4(4)(-0.0029)
2(4)

x=-0.00074 = 0';46 =-0.00074 £ 0.027

x = 0.026 or -0.028
A negative value is not possible ([NO:] cannot decrease if there is none
there to start withl), therefore, x = 0.026

Use the determined value for x to determine equilibrium concentrations

[N>O,] [NO;]
Equilibrium 0.50 - x 2%
0.50 - 0.026 2(0.026)
0.47 M 0.052 M

Substitute the calculated concentrations into the K¢
expression to check the answer.

_ (0.052)2 _
Ke= {047y =0.0058

In the problem we were given K¢ = 0.0059.

EQUATIONS SHEET



AH’n = ZnAH% (products) — SmAH% (reactants)
AS°xn = 2ZnS° (products) — =mS° (reactants)

PV = nRT AG = AH - TAS AG® = -RTInK
Vrms = (BRT/MM)"2 AE=q+w AG = AG° + RTInQ
2
(P+"”2J(V-nb)=nRT q =msAT q=CAT
14

= -PAV [A] = -kt + [A]o t12 = 0.693/k
(K2 ) _Baf1_ 1 1/[A] = kt + 1/[Alo In[A] = -kt + In[Al,

k,)] R(T, T,
Pa = XaPa° Pa = XaProtal Potal = P1 + P2+ ... Kp = K¢(RT)"
Solubility = kxPgas KE = (3/2) RT d = [P(MM)/RT]
pH = -log[H30™] pOH = -log[OH] pH + pOH =14
Ky = Ka X Kp [conjugate base]

o — o o
E cell = E reduction T E oxidation

E° = (0.0257/n)InK

E = hc/A
1 1
AE=R,|—-—
(o)
Constants:
Factors :

Avogadro’s Number (Na)
Faraday’s constant (F)
Universal Gas Constant (R)

Planck’s constant (h)
Rydberg Constant (Rn)
Speed of light(c)

x =
ax®+bx+ ¢c= 0; 2a

—b++b* -4ac

H=pKa +lo
P PR+ 0 did]

Charge (C) = current (A) x time (s)

E =E°-(0.0257/n) In Q
E =hv

6.02 x 105

96,500 C/mol e

8.314 J mol K

8.314 kg m? mol” K™ s
0.08206 L atm mol™" K’
6.626 x 10 Js

2.18x 1078y

3.00 x 108 m/s

AG = 'nFEce”

cC=Av

Conversion

1nm=10"m

1 atm = 760 torr
=760 mm Hg
=101.3 kPa
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