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LAST NAME:

FIRST NAME:

Student Number:

CHM 1311 D
Midterm #1
Fall 2017

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 8 pages in this test, for a total of 40 marks. 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.

Make sure that units are included in your final answer.

You have 90 minutes to complete the test.
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Question 1. Short answer questions (1 mark each)

a) A 5.00 L flask is filled with argon gas at 1.35 atm and 31.0 °C. After a 3.00 mol sample of nitrogen
gas is added at this temperature, what is the partial pressure of argon?

'OA«"'['?’S atm

b) Are the bond energies used to estimate reaction energies exothermic or endothermic?

RE.> O L ENDoTHERMLC
(EnEQGY (S NREDED To BREAK A BonD)

c) At constant pressure an ideal gas inside a piston contracted, involving 250 J of work and releasing
500 J of heat. What is the value of AE for the gas in this process?

Lb:fS-OOT ANLO =20

wWw=2507T AU~ B W .
=500 f250)
=z -72507%

d) A micropipette can remove 1 mL of liquid from a solution to an accuracy of 1 uL. How many
significant figures should you use to record the volume of the aliquot of solution removed by this
pipette? g si¢  Fles

(1000.7 § uL)

e) Write the chemical symbol for the element containing 13 protons, 10 electrons and 14 neutrons.

Q?A["”F

f) If the standard heat of formation of liquid H,O is -285 kJ mol™, then what will be the heat of the
reverse reaction performed with 0.50 mol of liquid H,O?

AN -D NG x6.S o |

"(-135 'AIMQ['I)(OASW[): 143 kY

—_
=

Question 2. Short calculations

a) What is the root mean squared speed of an oxygen (O) molecule at 298 K? (2 marks)

— | arT _ | 2 (8> T KMl ) (248K
v M ) (wmémf“)('o's'ﬁj")

Z 4819 mls
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b) How many millimeters thick is a square piece of aluminum (density =2.70 g cm™) measuring
22.86 cm in length and width, with a mass of 2.568 g? (2 marks)

dem - m  h= _m
\Y; ?<h £ xd
= 2.54¢€

(a2.9¢ m)‘(aqojcm")

- Z6.06132 cm
=z 0. 0I32LmmMm

c) Calculate the change in volume for an ideal gas that does 325 J of work at a pressure of 1.0 atm and

298 K. (2 marks)
W= - 325) = -ph v
z W — M
PV 277 oantons o)

3 91 w0~ M'B

= %21 L

d) 4.00 L of an ideal gas at 20.0 °C is put into a refrigerator, causing a 4-fold decrease in the
temperature of this gas. What is the new volume of this gas? (2 marks)

ViTo (’-l.()OL) (2509 15 0)K

Yﬁ - \ll Vo Vg, =
) _[:" —]’—: T, (g__] 55 + :10_07/<

= 3. &80 L

e) Ifittakes 22 hours for a helium-filled balloon to shrink to half its original volume at 298 K, 1.0 atm
due to effusion, how long would it take for the balloon to shrink to half its original volume under

the same conditions, if it was instead filled with oxygen? (2 marks)

RATE e Mo, %ﬂ; .
< _ = He =

- =
Rave Oz Mue mﬂ_,—sti’_/tfg— €y

- 29 houlS JM

£,

2z

o003 j/'nol

26X Would
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f) What would the concentration of potassium be if a 35.0 mL sample of 0.025 M K,SO4 was added to
50.0 mL of 0.50 M K3PO4? (3 marks)

2mol KT 3Imel K©
CK" - nk" - CK)_)oLI V I(z 30.]‘ m50q + C K5 PO-( Vk3 p°~| x | ol K}POA’
Vv

Ni.sou ¥ VK; foq

2(025M)(35 0 ml)(2) F (0.50M) (SomL))
CBS'O > 50 AO)ML-

=6.090 M

Question 3.

A customer to a pawn shop wants to sell a ring weighing 13.3g. To determine the composition of the
ring the pawn shop owner places it into a pot of boiling water. The hot is then transferred to a coffee
cup calorimeter containing 25.0 mL of room temperature (25.0°C) water. Using the data in the table
below, determine what this ring made out of, given that the temperature of the water in the calorimeter

rose to 26.2 °C? (4 marks)

Specific heat capacities (J g~ °ch

liquid water 4.184 Cjﬂw& = - 5 H.0

old 0.126 _ - _ 7
lgarass 0.380 Me Cr (T,_fl—.lr{) = - My.0 Cuoo (H_ T teo )
stainless steel 0.500

Cﬂ = MH-LO C.H_‘Q CT?-’T-I,M._o\
Mg (Tq_ 'TJ’H\O)

’—'Q_.j, 6 me) (.00 3/MLB(L{» 194 327q")(26.2-25.0)°C
(.5 (262~ 160 .05 C

- O.llé rﬁ-—l aL—I

ZHEAT CAPACITY dF bLoLD

L RING 'S mMaAdE OF GoaLp
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Question 4. Answer the questions below. You may need to use data provided on the equation sheet

a) Calculate the standard combustion enthalpy for liquid butanol. (3 marks)

C"IHIDOM) +601CJ\ —> L{CO:L(S) + 5/",_0(@)

EVAH'I},P%DQLTS - é\;AH?,.lEM-m,\,rs
1 AH'; (601-(3’-) +5 AH}?(st.(o)) - A”’; (Cquo(ol)
4(-373. 5 kT mel") +5(-235.33 kTmol”) = (-327.0 KT mol")

n

AHg

A\

»

2"267€ 2 kS mol™

b) Calculate AE}, . for the standard combustion of liquid butanol. (3 marks)

NE, - b Ha- RT8Ngas
~20762 kT el = (3 304 T Kmol ") (298:5K) (4-¢ ) (167KT T)

\

- 26%.2 kT mol”

\

Question 5.
Hydrogen gas, Hy(g) is passed over Fe,Os(s) at 400°C. Water vapour is formed together with an iron
oxide containing 72.3% Fe by mass. What is the empirical formula of this iron oxide? (4 marks)

Hatgy + Fea0500 — Fey Oy # Haly)

Nee= 7A35 _ 290 mel

55.95 mel”
Np= 100049239 = | 337 m.]
}L,.ODJ mol !
Fe..au’ Ol_']'}{_ . FeOjasy x3 = Feq Oy

t.28b

1.495¢
1
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Question 6.
For the chemical reaction:
Cly(g) +4 NaClO (agq) — 4 NaCl (aq) + 2 ClO2 (g)
1.00 L of chlorine gas at 10.0 °C, 4.66 atm was dissolved in 750.0L of 2.00 M sodium hypochlorite.

a) Assuming complete reaction, how many grams of chlorine dioxide will be produced in this reaction?
(6 marks)

Peovaced f2oM  Cly o Nge, = Ney, < 2 mol ClO, _ pV i
[ mol Clo R_RT

nc‘la2

(’:l‘éé atm )[LODL)(Z)
(6.08204 L ctw K mol D (27315 + 10.0)K

1

= 0.490 mol

Meion PROPUCED Flom NaClb: Nero, = Nuecio X L mol €105
q mael NaClO

CNecl® \/NcCIO (‘(7_)

- C?.OD M) (750.0 ML)(IO_SL mL")(’%\

"\

=6.750 Mo]
L Cly 'S Limi NN
Muo,_ < Ncio, MC(oz
:(o.ﬁon'm))(Bs‘.arSJrlr/é_00)3/»”01
= 2%
A

b) If the percent yield of the reaction is 86.4%, what is the mass of chlorine dioxide that will actually be
produced? (1 mark)

% qieed = Acruac YIELD
T™HELET cAL YIELD

)(/00°/,>

ACTUAL $ueld’

h

S RECD  y EolETCAL  YIELD
06 7

b.2c9)Ca? 14)
23.‘/(7

W

10:37
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Constants and Conversion Factors

l mmHg =1 torr 760 mmHg =1 atm

Page 7 of 8

1 atm = 101.325 kPa 1 atm = 1.013125 bar

1 bar =10’ Pa lem’=1mL=1000uL  1dm’= 1000mL=1L 1 m’=1000L
1 cal=4.1841J 1 L=1000 mL I m=100 cm 1m=1012pm
Avogadro’s Number Ny 6.022x10% mol™
Gas constant R 8.31451 J-K ' *mol™
R 0.08206 atm-L-K ™' mol™!
R 8.31451 L-kPa-K™"-mol
R 0.0831451 bar L-K™'-mol™
Data
AH?(C,H,,0(1))=-327.0 kJ mol” AH?(H,0(1))=-285.83 kI mol”
AH?(CO, (g))=-393.5 kJ mol” AH?(H,0(g)) =~241.8 kJ mol”
Equations
7(inK)=7(in °C)+273.15K p=_ N % Yield = —ctual yield
M N, theoretical yield
c(mol/L)=§ cVi=cV,=n pz%
p=dgh pV =nRT pV _pl,
T
n
pr = pitp2tpst ... p,=X,xXp, XA:n_
T
V. RT 2 2N,
_ [3RT Rate A |M, nRT n’
V=,— = pP=7——~—"a—
M Rate B M, (v—nb) "V
AE =w+ q w= F X d = _pAV qcalorimeter = Cca/AT
_ AE
reaction reactant bonds broken product bonds formed molar = 7
AH? . =Xv AH] —Xv AH' =AE __ +RTAn H=E+pV
reaction P f.p r 1o reaction reaction gas



Page 8 of 8

CHM1311D Midterm #1 2017

MAIN-GROUP go il MAIN-GROUP
ELEMENTS The Modern Periodic Table ELEMENTS
s r .
1 18
h_ Atormic number [ Metals (main-group) ._wo
e [0 Metals (transition) 314 |15 |6 |7 |00
Atomic symbol ] Metals (inner transition) :
[ Metalloids 6 [/ 8 9 | 10
2 Atomic mass (u) — e c N o F Ne
12,01 | 14.01 | 16.00 | 19.00 | 20.18
( TRANSITION ELEMENTS N 15 16 17 18
3 P S Ccl Ar
34 | 35 | 3
W 4 Se | Br | Kr
78.96 | 79.90 | 83.80
53 | 54
5 | Xe
1269 | 1313
85 | 88
6 At | Rn
(210) | (222)
17 | 18
7 Uus | Uuo
(294)
lllllllll As of June 2012, elements 114 and
s SRR Samesarns 116 have been ofclally recognized.
NG ey e e st Elements 113, 115, 117, and 118 are
' INNER TRANSITION ELEMENTS  ~ "~ ==~___ pending vorification by IUPAC.
57 [ 58 | 50 [ 60 [ 61 [ 62 [ 63 [ 64 [ 65 [ 66 [ 67 [ 68 [ 69 [ 70 [ 7
6| Lanthanides | La | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb ( Dy | Ho | Er [ Tm | Yb | Lu
138.9 | 140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 1573 | 1589 | 162.5 | 164.9 | 1673 | 168.9 | 173.0 | 175.0
89 | 90 | 91 | 92 [ 93 [ o4 | 95 | 96 | o7 | 98 | 9 [ 100 [ 101 | 102 | 108
7| Actinides Ac | Th | Pa | U [ Np | Pu [Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
(227) [ 232.0 | (231) | 238.0 | (237) | (242) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)




