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Fall 2015

Please keep your work covered at all times 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.

There are 9 pages in this test. A periodic table and data sheets are provided at the
end. You may rip these pages off of the exam and use them to cover your work
during the test. Any scratch work should be done on the back of these pages.

Please show all work to receive partial credit.

You have 75 minutes to complete the test.
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#1. (12 points) Short Answer Questions

a) Give the molecular formula for potassium dihydrogen phosphate:
KH,PO4
b) What is the common name of CuQO?
Cupric oxide
¢) What is the name of the anion that is derived from HNQO;3?
nitrate

d) If the temperature of an ideal gas is raised from 25°C to 50°C its volume will:

A) increase to double its size B) decrease to half its size C) neither A nor B

e) Describe one difference between an ideal gas molecule and a real gas molecule.
Real gas molecules have volume, ideal gas molecules have no volume.
Real gas molecules interact, ideal gas molecules do not interact.

f) Complete the table:

Chemical symbol Mass number Number of Number of Number of
protons electrons neutrons
3(3) Ca™ 43 20 18 23

g) Given that the area of the earth’s oceans is 3.6x10° km?, with an average depth of 3800 m,

how many litres of water is in the ocean?

I m?

1000 m)3(1000 L)
km

(3.6x10° km*)(3.800 km)( 1

=14x10"L

h) How many molecules of sugar are in 1.0 mL of a 0.010 mol L' solution?
N=nN,=cVN,
= (0.010 mol L")(0.00] L)(6.022><1023 molecules mol’l)

=6.0x10" molecules of sugar

i) What are the products of combustion of gasoline (assuming that gasoline is composed of
compounds that only contain hydrogen and carbon)?
COx(g) and H,0O(g)
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Question 2.

A mixture of CO; and Kr exerts a pressure of 0.717 bar in its container. Since Kr is expensive,
you wish to recover it from the mixture. After the CO, is completely removed by absorption with
NaOH(s), the pressure in the container is 0.256 bar.

a) What is the mole fraction of Kr and CO,? (2 marks)

Since the partial pressure of Kr in the original mixture is the same as the total pressure after the
CO2 is removed:

Pxr = Xx:ePr

_ Pxe _ 0.256 bar _ 03570

& p, 0717 bar

Xco, + X =1
Xco, = 1= Xx, =1-0.3570=0.6430

Therefore the mole fraction of Kr is 0.357 and the mole fraction of CO, is 0.647.

b) What is the density of the Kr if the container is at 298.15 K after the CO; has been
removed? (2 marks)

oM (0.256 bar)(83.80 g m(’l_l) 0.865 o L'
1 = B . g

d=
RT  (0.08314 bar LK™ mol")(298.15 K)

<|3

¢) Suppose the container had a small hole through which the original gas mixture can effuse.
Which gas will be lost more quickly? Calculate how many times faster it will be lost. (2

marks)
Effusion rate CO, M,  [83.80 g mol” _138
Effusion rate Kr M, 4401 gmol"

CO; will be lost more quickly — it will be lost 1.38 times more quickly than Kr.
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Question 3.

a) When 0.435 g of platinum is heated in fluorine, 0.689 g of a dark red volatile solid forms.
What is the empirical formula of this product? (4 marks)

my 0435
M, 195.1 gmol’

Ny, =

=0.002230 mol

my _my—my 0689 g-0435g _ 001337 mol

ng = .
M, M, 19.00 g mol

Pt 0.002230 F 001337 = PtFﬁ

0.002230 0.002230

b) Suppose fluorine was a limiting reagent, such that 0.155 g of platinum remains after all the
fluorine has been consumed. Calculate the percent yield of this reaction. How many grams of
product would be produced? (3 marks)

% yeild = actual yield «100% = actual reactant used «100% = My initial ~ My, remaining «100%

theoretical yield reactant available

M initial

% yeild = 2332 8=0155 8 1000, 6439
0435 ¢

% yeild

product = 100(7 x mproduct,maximum possible
0

=0443 ¢

= 0.643%0.689 g
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Question 4.

When an aqueous solution containing 0.250 mol of lead(IT)acetate (formula Pb(CH3CQO5); ) is
added to 145 mL of 3.65 mol/L sodium chloride, the insoluble solid lead(II)chloride will
precipitate out of the solution, with aqueous sodium acetate Na(CH3CO3) as the other product of
the reaction.

a) What is the mass of lead(I)chloride that will precipitate? (5 marks)
Pb(CH3C02)2 (aq) + 2NaC1(aq) — PbCl, (s) + 2Na(CH3C02)

Nyoer =€V =(3.65 mol L)(0.145 L) = 0.5292 mol

e % 1 mol PbCl,
PbCl, NaCl 2 InOl NaCl

Since 0.250 mol of lead(IT)acetate will form 0.250 mol of PbCl,, which is smaller than the number
of moles of PbCl, that would be produced if all the NaCl reacted, this is the limiting reagent.

—0.5292 mol x % — 02646 mol

M, =nM =(0.250 mol)(207.2 g mol " +2x35.45 g mol") = (0.250 mol)(278.1 g mol ') =69.5 g

b) What is the total number of moles of ions that will remain in solution after the reaction is
complete? (5 marks)

Since lead(Il)acetate is limiting, the only ions that will remain in the solution are from excess NaCl and
Na(CH3C02).

n =n n

NaCl, initial - NaCl, reacted

2 mol NaCl
= Myac, initial ~ Mlpocl, X 1 mol PbCl,
2
2 mol Nac
1 mol PbC12

NaCl, excess

= (0.5292 mol) - (0.250 mol) X

=0.0292 mol
2 mol Na(CH3COz)

2 mol Na(CH,CO,)
TNa(cH,co,) = Mroct, X 1 mol PbCl,

1 mol PbCl,

=0.500 mol

= (0.250 mol) x

. . y 2 mol ions n 9 2 mol ions
total ions Na(CH;CO,) 1 mol Na (CH3C02) NaCl, excess 1 mol NaCl

~0.500 molx —2MOLIONS 1295 oy 2 MmOl ions

1 mol Na(CH,CO,) 1 mol NaCl

=1.06 mol

¢) Write the balanced net ionic equation for this reaction. Be sure to indicate the phases for
each reactant and product. (1 mark)

Pb** (aq)+2CI (ag) — PbCl, (s)
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Question 5.
For the following reaction in aqueous solution:

Au(s) + NO; (aq) + Cl (aq) — AuCly (aq) + NO,(g)
0 +5 -2 -1 +3 -1 +4 -2

a) Write the oxidation numbers below each element in the reaction above. (3 marks)

b) Based on your answer in a), which compound is the oxidizing agent in this reaction? (1
mark)

NO; is the oxidizing agent (it gains electrons).

¢) Balance this equation in basic solution (5 marks).

Oxidized: Au (s) + 4 CI' (aq) — AuCl, (aq) + 3 e-

Reduced: 3 X NO;3 (aq) +3x2H'(aq) +3x1e-— 3xNO,(g) +3x H,0 ()

Au(s) + 3 NO;3 (aq) + 4 CI (ag) + 6 H (aq) — AuCly (ag) + 3 NO, (2) + 3 H,O ())

In base solution:

Au(s) + 3NO; (ag) + 4 CI” (aq) + 3 H,0 () — AuCly (aq) + 3 NO,(g) + 6 OH (aq)

Final balanced chemical equation:

Au(s) +3NOs (aq) +4 CI (ag) +3 H,O () — AuCly (aq) + 3 NO,(g) + 6 OH (aq)
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Constants and Conversion Factors

I mmHg=1torr 760 mmHg =1 atm 1 atm = 101.325 kPa 1 atm = 1.013125 bar
lem’=1mL 1dm’= 1000mL=1L 1 m’=1000L
1 cm =10 mm 1 m=10°um =10’ mm 1 km = 1000 m
Avogadro’s Number N 6.022x10* mol™
Atomic mass unit u 1.66054x107" kg
Gas constant R 8.31451 J'*K'mol™

R 8.31451 kPa-L-K ™" -mol

R 0.08206 atm-L-K™"-mol

R 8.31451 m’ Pa-K ™' -mol

R 0.0831451 bar L-K™"-mol
Equations
7(inK)=7(in °C)+273.15K n=2t % Yield — —actual yield

M theoretical yield
c(mol/L)=§ eV =cV, pV =nRT
V. pV.
h=_p22 pT=p1+p2+p3+"' pA=XAxpT
Lo
XA:n— g=m_prM EK=lmV2
n, V. RT 2
M 2
u =2 Rate 4 _ [Ms p+Z2\(V ~nb)=nRT
" M Rate B \| M V2
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"ELEMENTS The Modern Periodic Table ELEMENTS

prmm—— r \

Bk aribar I Metals (main-group)
] Metals (transition)
Atomic symbol ] Metals (inner transition)
[ Metalioids
Atomic mass (u) - L5

1

1

H
1.008

12,01 | 1401 | 16.00 | 19.00 | 20.18

TRANSITION ELEMENTS

:::::::::: As of June 2012, elements 114 and
__ nnnnnnnnnn 116 have been ofMclally recognized.

INNER TRANSITION ELEMENTS "~ ===o__ _ pending vorMication by IUPAC.

59 | 60 | 61 | 62 | 63 ,

Pr | Nd | Pm | Sm | Eu

[ 1409 | 1442 | (145) | 150.4 | 1520
9 | 92 [ 93 | 94 [ 95

Pa | U [ Np | Pu | Am

(231) | 238.0 | (237) | (242) | (243)

6| Lanthanides

fgg

SzelBcg

fs




