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Name (in ink)

Student Number (in ink)

Fall 2013 SC/CHEM 1000 A - Quiz #1
October 3, 2013

Calculators are permitted.

Answer all questions on this paper; additional paper for rough work is not permitted.
You may carry out your work in pencil if you wish, but please write your final answer
in_ink.

Time Allowad: 50 minutes Total Marks = 30

1. (4 pts) Students at the University of Washington built a car propelled by compressed nitrogen
gas (see hitp://www.youtube.com/watch?v=uV5YsAdA9Lg for a video of this car). The gas was
obtained by boiling liquid nitrogen stored in a 182 L tank. Calculate the volume of Ny(g) is
released at 0.927 atm pressure and 25°C from a full tank of liquid nitrogen (density of Na(/) =
0.808 g mL™).

.28 « 10° L
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2. (4 pts) Self-contained self-rescue emergency breathing devices are used in spacecraft, deep-sea
diving. submarines. mines, and pretty much anywhere you might be trapped for some period of
time without access to air. These devices, shown in the advertisement below, convert CO- into
05 via the following reaction:

4 KOxA(s) +2 COa(g) 2 2 K2COs(s) + 3 Ox(g)

An average human adult takes about 15 breaths
per minute, and exhales about 23 mL of CO,
with each breath. If you’re trapped in an air
tight cave at 0.963 atm ambient pressure and
11°C, and your only source of oxygen is one of
these breathing devices containing 1.0 kg of
potassium superoxide (KO.), how long do you
have to live (in hours)?

CRanpencaten Jer GGRY K Farnise
! 1 !




Page 3 of 7

3. For most practical purposes, nitrogen behaves as an ideal gas at room temperature and normal.
aimospheric pressures. However, at very high pressures, non-idealities become pronounced.

(a) (3 pts) Use the van der Waals equation to calculate the pressure of 300 mol of N> gas in a
20.0 L vessel at 20°C. The van der Waals constants for N, are a = 1.39 L? atm mol™, and b =
0.0391 L moi™.

559 atm

(b) (2 pts) Use the ideal gas law to estimate the pressure under the same conditions.

561 atm
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4. A space capsule contains a pressurized atmosphere of 79% N and 21% Oa (by mole %) at 822
torr and 25°C. A small particle of space dust moving at 25,000 mph strikes the capsule and
punctures a tiny circular hole 0.030 mm in diameter, through which the atmosphere slowly leaks
out.

(a) (2 pts) Calculate the partial pressure (in torr) of Oz in the capsule
(T3 torr

(b} (4 pts) Derive an equation for the Z of O, in terms of partial pressure of O (po2) and other
KNOWN quantities. Your equation MUST NOT contain V, N, or n, since you don’t know these
values.

70 = PeeNa  ((8RT N2
__LTET T MD;

(c) (3 pts) If your equation above is correct, you should get Z(05) = 2.48X 1077 s'm™>,
Calculate the effusion rate of Oa through the hole.

13 -

(ote = [- 753 = 107

(d) (2 pts) If 24 g of O, leaks out of the capsule, the astronaut will die. How long does he have to
live (in hours)?

1.6 h
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5. An open-ended manometer is connected to a gas filled vessel, as shown in the diagram below.

p wlﬂj | # Prer

The gas exerts pressure p on side A of the tube. Side C is exposed to ambient barometric

pressure {pr.) of 775 torr. Section B is filled with mercury. Height /= 142 mm, A% = 27 mm, and
the inside diameter of the tube is 1.00 cm.

(a) (2 pts) What is the pressure of the gas in the vessel?

DL tore

(b) (4 pts) What is the total force (in newtons) the gas is exerting on the mercury in side A?

5. 3N
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Equations
PV = nRT 7 =l 8RT)=
YAy aM
AU = g + w L
~ (3RTY"
H=U=+ BV o v
w= - [PdV Z°R,
3 S
U = —uRT .
2
h
AxAp 2 —
P 4z
E = me?
E = hv

Fundamental Constants

Na = 6.022 X 20% mol?
= 9.807 m s!
W= 2.179 X 10 g
2.998 X 10° m st
= -1.602 X 10 * ¢
= 6.626 X 103 g g
= 8.314 Jmol' K?! = 0.08206 L, atm K* mol }
= 9.109 X 103 kg
= 1.673 X 10 ¥7 kg
. 23 1
= 1.381 X 102 J K

FROo0 a0
(]

~ 3

Useful Data

Prgiy = 13.6 g cm?

Puzoiy = 1.00 g cm?
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Name {in ink)

Student Number (in ink)

Fall 2013 SC/CHEM 1000 A - Quiz #2
October 24, 2013

Calculators are permitted.

Answer all questions on this paper; additional paper for rough work is not permitted.
You may carry out your work in pencil if you wish, but please write your final answer
in ink.

Time Allowed: 50 minutes Total Marks = 30

1. A 104 kg fullback runs the 40 yd dash at a measured speed of 31.4+0.16 km h™'.

(a) (2 pts) What is his de Broglie wavelength in meters?

730 107,

(b) (2 pts) What is the uncertainty (in meters) in his position at the moment the measurement was
taken (0.16 km h™ is the uncertainty in his measured speed)?

2

i..‘x‘o—oom

(c} (2 pts) If the fullback weighed as much as an electron (9.109 X 107 kg), what would be the
uncertainty (in meters) in his position at the moment the measurement was taken?

.34 10
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2. The human eye is a complex sensing device for light in the range 390 nm < A < 750 nm. The
optic nerve needs a minimum of 2.0 X 1077 J of energy to trigger a series of impulses the
eventually reach the brain.

(2) (2 pts) How many photons of red light (705 nm) are needed?

—7 \ Phdon%

(b) (2 pts) How many photons of biue light (475 nm) are needed?

4 8 P\'\(ﬁo NS
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3. 1.00 mol of neon gas is confined within a cylinder by a piston. The gas is then heated from
0°C t0 819°C and the piston moves upwards, maintaining a constant pressure of 1.00 atm. The
molar heat capacity of Ne(g) at constant pressure is 20.8 J mol™ K.

(a) (1 pt} How much heat (in joules) was required for this process?

.70 0% 7T

(b) (2 pts) Calculate the work done by the expanding gas in joules.

—(.91 x 10° 7T

(¢) (2 pts) What would be the final temperature of the gas if the same amount of heat was added,
but the piston was not allowed to move (thus, the pressure rises)?

1565 °C
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4. (4 pts) Write the electron configuration (in spdf notation) for each of the following atoms in
their ground states.

@Ag (kel 4d' 5"

by Ge TAr] 30 4™ 4p”

©Ar (Acd or [He] 3™ 3p°

@8r [Ar] 34" 45> 4p°

@Po [xe] 48" 54 (s™ bpt

(HZr Tkel 48™ 58

@Mo [ kel 445 5s'

MW [Xel 40 547 (s

5. (4 pts) Identify which of the following combinations of quantum number are allowed and

which are not. [f'a combination is NOT allowed, show what’s wrong. I'll do the first one for you
as a sample.

n | m allowed? what’s wrong?
0 1 +1 no n=0

2 0 -1 NO [mi > 4§

4 3 -1 YES

3 1 0 YEes

5 2 +3 NO font >4

2 2 +1 NO L=m

7 1 +2 NO fni > 1

3 1 -2 NO im\ >}

3 -1 0 NO P<C
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6. (5 pts) Charcoal is primarily elemental carbon. Determine the mass of CO» produced by

burning enough carbon to produce 5.00 X 10° kJ of heat. The enthalpy of formation of COx(g) is
-393.5 kJ mol”".

55.9 4 co
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7. (2 pts) For each of the following electron configurations for neutral atoms, identify if it
represents a ground or excited state.

(a) [Ar] 3dP45°4p’  EXC\TED
(b) [Ne] 3s73p° GROCUND
(c) [Ne) 3s73p%3d'  EACA\TED

(d) [Ar] 34"%s' GRCUND



Equations

l >
PV =nRT z, =N _SRT) ’ ( ghs
" 4V[ M i
AU=q+w v
—— [3RTY:
H=U+PV U pars =(T/f_) e = 3
. Teup = 0.732R
Z;ffRH
w=- IPdV E.=- 2 Perig = 0.155R
U= %HRT _NM
5 | L )=AF 11 PN,
AxAp = :‘—-— A R \T, T,
T
E =mc® 1=
Z, mv
qg,=G,-N, - <N
E - hv | | 1 ; X_, +X” Al
. (sm*)}é - (2127*)-""5
Hy =| —— "mp =|—
M M
Fundamental Constants
Na=6.022 X 10** mol
£=9807ms’"
Ru=2.179 X 107'%)
c=2998X 10°ms"’
"=-1.602X 10"°C
h=6.626X10*Js
R=8.314 ) mol' K'=0.08206 L atm K mol™
m,=9.109 X 10°' kg
m,=1.673 X 102 kg
k=1.381 X 10> JK"
Useful Data
Sy, =4.1841g" °C! Prg(1) =136 g cm™

Sice=2.011g"oC"
AH. (H;0) = 44.0 kJ mol”
AHY (H:0) = 6.01 kJ mol

finx

Puo(l)=100gcm™3
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)(V— nb) = nRT

lrce= 7'\/5

er =0.225R

ro, = 0414R
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Name (in ink)

Student Number (in ink)

Fall 2013 SC/CHEM 1000 A - Quiz #3
November 21, 2013

Calculators are permitted.

Answer ali questions on this paper; additional paper for rough work is not permitted.
You may carry out your work in pencil if you wish, but please write your final answer
in ink.

Time Allowed: 50 minutes Total Marks = 30

1. (4 pts) The commercial product known as OxyClean is a mild bleach that oxidizes extensively
delocalized organic molecules — the kind of molecule most commonly responsible for household
stains. OxyClean is simply sodium percarbonate. The percarbonate ion is CO4>. Draw the most
plausible Lewis structure for percarbonate, relaxing as many degrees of charge separation as
possible. Your structure MUST include all lone pairs, any equivalent resonance structures, and
all formal charges on each atom.
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2. A chemist theorizes that pentaoxoxenate ion, XeOs", might be possible to exist. She claims
the molecule should have all 5 oxygen atoms equivalent to each other through 5 equivalent

resonance structures, enhancing its stability.

{a} (1 pt) In her Lewis diagram below, draw the other four resonance structures.

O =
5 - e cY
P \ l =
N N N
o s ~ = ~ N ' —
\ / PRN \XeéO\H xe~ O f_;)ke‘/‘ > \Xe/Q‘
/.‘\ f‘b\-‘. e?/{'a\\o‘ //gn\d\ 6/'b°~\?_€_)
g gl SO % Y 9 9 © O

{b) (1 pt) Her Lewis structure contains 4 O atoms and one O atom with a 0 formal charge. But
all four oxygens are equivalent, and therefore should have the same charge. With all 5 resonance
structures taken together, what would that charge be?

R

5

() (2 pts) Use VSEPR theory to predict the 3-dimensional shape of the XeOs" ion. What is the
local symmetry of the Xe atom?
O h

(d) (2 pts) Please draw the ion below using the conventional dotted and exploded line
representations for the three dimensionality.

O-~. -0

(e) (2 pt) What is the orbital hybridization on the Xe atom?

epd”®
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3. Consider the tetrafluorobromate ion, BrF4,

(a) (2 pts) Draw the Lewis structure for this ion.

i Fl

(b} (1 pt) Which atom carries the negative charge?
Bc

(c) (3 pts) Draw a Valence Bond Theory diagram (the little boxes with electron arrows to
represent hybrids and orbitals) for this ion. Since all four fluorine atoms are equivalent, please

ONLY include one fluorine in your diagram for clarity.
LP P gp 3 ]2

P e 24
B WIS (T 1
3y 3 ,./I dw
F 7l ?ﬁl//\a//

3 OTHER HMBRIDS
foR & Bor®s

—

(d) (3 pts) Draw the best VSEPR structure for BrF4", making sure your structure is the one that
minimizes electron repulsions. Make sure you draw the structure using dotted and exploded lines
to properly represent the three dimensionality.

Fe. F SQUARE PLAMNAR
S ‘6 . C’\C’Dmeﬂa«% MlM”VlIZES
'

M \% (P~ LP INTERACTIONS
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4. (3 pts) Predict which of the following species will be diamagnetic and which will be
paramagnetic.

@o* DIA
(b) Co* P AEA
(©In" DIA
d)Zn* DA
©No PARA
(HNO. DIA

3. (2 pts) ldentify which of the following molecules will have an exactly zero dipole moment.

(a) formaldehyde (H.CO)

(c) oxygen difluoride (F-0)

eride (BeF-) >
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6. (4 pts) All ketones are in equilibrium with their enol form, as shown below for acetone.

O OH

ch CH3 H3C CH2
acetone acetone enol

The equilibrium greatly favors the ketone form. Nevertheless, organic chemists believe that many
reactions of ketones actually occur through their enol. Using the table of bond dissociation
energies provided in this quiz, please estimate the enthalpy of the above tautomerization between
acetone and its enol (in other words, the AH of the above reaction).

+ 62 kT ol



Egquations
1
PV = aRT z, =£(_8RT :
" A\ M
AU=q+w Y
- (3RT\":
H=U+PV Upns = (_A/[_J Apcc = 3
. Teuy = 0.732R
Z;ffRH
w=- [Pdv En=——03 Terig = 0.155R
= %I!RT NM
2 [ P)oAH (11 P=vn
—_— s e———] — e — A
AxAp 2 4—’ £} rR\1 T,
T
E = mc’ = i
A4 mv
q,=G,~-N - N
E = hv e ;Ac. xy
- (8RTY? — _(2RTY"
ity =| —— llmp =| —
M M

Fundamental Constants

Na =6.022 X 10°* mol”
2=9.807ms’
Ry=2.179X 10"%J
¢=2.998X 10°m s’
"=-1602X10"°C
h=6.626 X105

R=28314Jmol' K’ =0.08206 L atm K”' mol”

m.=9.109 X 10°' kg
m, = 1.673 X 107 kg
k=1381X1032)K"

Useful Data

Sy =4.184 ) g oC”!
Sie=2.01Jg" °C"!

AH! (H20) = 44.0 k) mol”
AH® (H20)=6.01 k) mol”

fus

Prg (=136 gcm™

Py o(l) =1.00 g om™
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(P + ?) (V — nb) = nRT

lece = T'\/g
U e 0.225R
ro, = 0.414R
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TABLE 10.3 Some Average Bond Energies®

Bond Bond Bond

Energy, Energy Energy
Bond kd/mol Bond kd/mol Bond kd/mol
H~- 1l 436 C--C 37 N-=-N 163
H—-C 414 C=C 61l N==N 418
H—N 389 C=C 837 N==N 946
H—0 46 C =N 305 N-O 222
== S 368 C=N 615 N =0 590
H- F 565 Ce=N 891 Q-0 142
H—C 431 C--0 36t 0:==0 198
H--Br 304 C=0 736" st 159
H—I 297 c-Ql 339 i - 243

Br--Br 193
1--1 151
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General Chemistry CHEM 1000

Student ID: Student Name:

FIRST TEST
CHEM 1000-B
OCTOBER 01,2013

DURATION: 50 MINUTES

Aid allowed: non-programmable calculators.

Answer all questions in the space provided on the examination paper. Please read each
question carefully and answer only what is asked in each question.

Neat writing is highly appreciated. Read each question carefully before answering,
All answers must be in ink.

This test has 7 pages

Total Marks are 30

Question | Question 1 Question 2 | Question 3 Question 4 Total
Grade 8 7 7 8 30

Marks




Q.1.2) The pressurized habitat of a Moon colony contains air at a pressure sufficient to raise a
76.0 cm column of mercury in a barometer on Earth. Estimate the height of the column
of mercury in a barometer that operates inside the habitat. The acceleration of the
Moon's gravity is only 0.165 times as large as that of the Earth's. [3]

AT

b)  The binary compound of alkali and alkali-earth metals and hydrogen reacts with water to
liberate Ha(g). The H; from the reaction of a sample of CaH, with an excess of water fills
a volume of 0.490 L above the water. The temperature of the gas is 35°C and the total
pressure is 758 Torr. Determine the mass of H; liberated and the mass of CaH, that
reacted. Vapor pressure of H>O at 35°C = 42.25 mmHg [51
The unbalanced equation for the reaction is given below:

CaHy(s) +Hy0(/) — Ca®*(ag) + OH'(aq) + Ha(g)

moss H, = 0.0365g = 0.0374

MAsS CC\\-\;L = Q. %8"\‘8



Q.2.a) A baker uses sodium hydrogen carbonate (baking soda) as the leavening agent in a
banana nut quick bread. The baking soda decomposes according to two possible
reactions:

i) 2NaHCO;3(s) — Na;COy(s) + H.0(7) + COs(g)
if) NaHCOj3(s) + H'(ag) — H20(/) + COx(g) + Na*(ag)

Calculate the volume (in mL) of COQ; that form at 200°C and 0.975 atm per gram of
NaHCO; by each of the reaction processes. (4]

i) N = 237w

ll) \/= 47"\‘\\{1\,.

b) Suppose you have a 22L cylinder of helium at a pressure of 152 bar and a temperature of
31°C. How many balloons can you fill, each with a volume of 5.0 L, on a day when the
atmospheric pressure is 1.00 bar and the temperature is 22°C? (3}

6%9 balloons



Q.3.a) A 1.005 g sample of an unknown gas with empirical formula CH,, exerts a pressure of
95.3 kPain a 371 mL container at 23°C. What is the molar mass and molecular
formula of the gas? [4]

C"JH\O

b)  Atagiven pressure and temperature, it takes 4.85 min for 1.5 L sample of He to effuse
through a membrane, How long does it take for 1.5 L of F; to effuse under the same
conditions? [3]

4.9 o



Q.4.a} House hold bleach (e.g. Javex) contains sodium hypochlorite (NaOCl), that decomposes
in water according to the following unbalanced equation.

© NaClO(ag) + H,0(!) — Na*(ag) + OH (ag) + Chi(g) + Os(g)

If a 15 mL aqueous bleach sample containing 5.45% NaOCl is allowed to decompose
completely than how many mL of Ox(g) at 22°C and 755 mmHg can be liberated. Density of
aqueous bleach solution is 1.12 g/mL. [4]

1% Al

b}  In an environmental laboratory an urban air sample was brought in for analysis. The
chemist found that it contained 78.08% N3, 20.95% O, 0.93% Ar, and 0.036% CO». He
recorded a barometric pressure of 748 mmHg. Calculate partial pressures of each gas
in the air sample. 4]

M = 58 ot

PO = \5—] mmHg

-
—

PCOQ = O 2.—, mmHj

PA.. = 7 O N\mHﬂ



R =8.314472 JK 'mol™ = 0.0820574L atm K™ mol” = 8.314472 m’P, mol''K™ =

62.364 L Torr K mol!

linch=254cm lem’=1mL; 1Nm’=1P,

k= 1.38066 x 10 JK! 12inch=1f 11b=45359g 1.6km=1 mile

1 standard atmosphere = 1.013 x 10° Pa = 760 Torr (mmHg) = 1.013 bar dy, = 13.6 g/mL
Avogadro’s number (N4) = 6.02214199 x 10* molecules mol

Acceleration due to gravity (Earth): 9.807 m/s

rate of effusion= Z,.A

ﬁZ:iE;; = 'ﬁ% where Rate (A) & B are rate of effusion of A & B

0°C =273.15K

respectively

[3RT [8RT 3RT
Urms = 4 |——— Hay = | —— Um =, |——
M M v M
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Q.1.a) A research chemist working with gaseous samples held a sample of an inert gas in a
cylinder with a moveable piston of 16.0 cm? cross sectional area. The piston that was initially
held at 250.0 cm mark moved to 500.0 cm mark when gas was allowed to expand at a constant
temperature. Calculate the work (in Jules) done by the gas if it expands (/) against a vacuum
and (ii} against a constant external pressure of 102 bar. [4]

) W= 0

i) W= 4.08x10%7

b} During the manufacture of sulfuric acid, SO, is oxidized to SO; according to the following
thermo-chemical equation:

SOz (g) + 1/2 Oa(g) — SOs(g) AH = -99.1 kJ/mol

Calculate the heat released when 74.6 g of SO, is converted to SO; under constant-pressure
(1 bar) condition. 2]

—“ 115 kJ



Q.2.a) A quantity of 1.435 g of naphthalene (CioHs), a pungent-smelling substance used in
moth repellents, was burned in a constant-volume bomb calorimeter. Consequently, the
temperature of the water rose from 20.28°C to 25.95°C. If the heat capacity of the bomb plus
water was 10.17 kJ/°C. Calculate the heat of combustion of naphthalene on a molar basis.

[4]

~ 5151 x 103 KJ

mo|

b) Pentaborane (BsHy) is a colorless, highly reactive liquid that will burst into flame or even
explode when exposed to oxygen. The reaction is as follows:

2BsHo(H + 120:(g) — 5B;04(s) + 9H,O()

In the 1950's, Pentaborane was considered as a potential rocket fuel because it produces a large
amount of heat per gram. However, the solid B,O, formed by the combustion of BsHy is an
abrasive that would quickly destroy the nozzle of the rocket, and so the idea was abandoned.
Calculate the kJ of heat released per gram of the compound reacted with oxygen.

AH®% for BsHg = 73.2 kJ/mol. [4]

AH% (B;03) =-1273.5 kJ/mol

AH’ (H,0) = -285.8 kJ/mol)

12.0 k3
3



Q.3.a) Calculate the amount of energy (in kJ) necded to heat 346 g of liquid water from 0°C
to 182°C. Assume that the specific heat capacity of water is 4.184 J/g.C over the entire liquid
range and that the specific heat of steam is 1.99 J/g.°C. 4

AHygp (H20) = 40.79 kJ/mol

185 k3

b) Ammonia reacts with oxygen to form NO, a toxic gas according to the following reaction:

4NHs(g) + 50:(g) — 4NO(g) + 6H.O()) AHpy?
Calculate enthalpy of the above reaction. [4]
1/2 Na(g) + 3/2 Hx(g) — NHi(g) AH% = -46.1 kJ/mol
1/2 Na(g) + 172 Ox(g) — NO(g) AH’r =+90.3 kJ/mol
Ha(g) + 172 0x(g) — H.O() AH% =-285.8 kJ/mol

-1169.2 «J



Q.4.a) Suppose you mix together 50.0 mL of 1.00 M HC] with 60.0 mL of 1.00 MNaOHina
coffee cup calorimeter. The initial temperature of the solutions was 23.5°C., Following the
reaction, the final temperature was 29.5°C. Calculate AH for this reaction per mole of acid

that reacts. Assume that the densities of all of the solutions are 1.0 g/mL and that their specific
heat capacities are 4.18 J/g.K. [4]

=56 kJ

mol yey

b) Barcode readers are commonly used in grocery stores and many other places to track the
inventory and to process orders. The red light emitted by a barcode scanner has a frequency of
4.62 x 105", Calculate the wavelength of this light (in nm) and its energy. [4}

A = 64q hm

E=3.06x107"7



12inch=1ft 11b=453.59g 1.6km=1mile

1Cal = 1kcal =4.184 kJ

Avogadro’s number (NA) = 6.02214199 x 10* molecules mol”! 1000 mL =1L
0°C=273.15K lem’=1mL, k= 1.38066 x 103 JK' 1 inch=2.54 cm
Specific heat of water = 4.184 J g °C!
q=mcAT Volume of cylinder= Axh
c=vh E=hv  c=30x108m/s h=6.626x10%]s
AH = AU + PAY Qeal = Ceat X AT AU=q+w

~9
bvimvi = 0 m
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Neat writing is highly appreciated. Read each question carefully before answering. You must write
your final answer in

ink (not with pencil).

This test has 7 pages

Total Marks are 30
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Marks




Q.1.a) Microwave ovens work by irradiating food with microwave radiation, which is absorbed and
converted into heat. Assuming that radiation with A = 15.0 cm is used, that all the energy is converted
to heat, and that 4.184 J is needed to raise the temperature of 1.00 g of water by 1.00°C, how many
photons are necessary to raise the temperature of a 350 mL cup of water from 20°C to 95°C. density
of H,O = 1.00 g/mL [4]

g‘ 3 X lozg{)ho‘h)ns

b)  Calculate percent ionic character in H-F and H-Br bond and predict which has higher ionic
character? Dipole moment of HF = 1.86 D and for HBr = 0.82D. [3]
H-F =91.7 pm, H-Br = 141.4 pm,

O/o 'omc character W = 42.3°

o . - 2-' . 90
A H0NC Chamc-\-er‘HBr 12 /



Q.2.a) A minimum energy of 7.21 x 10"°J is required to produce the photoelectric effect in chromium
metal.
a) what is the minimum frequency of light needed to remove an electron from chromium? [2)

.09 x 105!

b) In an experiment electrons in an hydrogen atom were promoted to higher energy states by shinning
a laser of appropriate wavelength. An electron from the excited state than emitted light of 434.1 nm
falling in the visible portion of electromagnetic spectrum and returned to a lower state. What state
electron was promoted to? [4]

eleciron was preweoted Yo n=5



Q.3.a) Which of the following ions are likely to form? Give reasoning. [1]
i) s> unstable
i)y Si* Reachve
i)  Sr** wit\ form stable ion , 1soélectronic o Kr

b)  Anelectron is moving at a speed of 8.0 x 10° m/s. If the uncertainty in measuring the speed is 1.0
percent of the speed, calculate the uncertainty in the electron's position. The mass of the electron is
9.1094 x 10 kg. (3]

7. 2 X ‘Ozfm

¢)  Broccoli, cabbage, and kale contain compounds that break down in the human body to form
isothiocyanates, whose presence may reduce the risk of certain types of cancer. The simplest
isothiocyanates is methyl isothiocyanate, CH;NCS. Draw the Lewis structure for CH;NCS, including
all resonance forms. Assign formal charges and determine which structure is likely to contribute the
most to bonding. Predict the electron group and molecular geometry of central atoms.  [4]

B

NI T

/ 1/2\C§S- \—\-é‘,o/‘\\:gh‘»g..:
H \ 3 o jt z 4

i 4 i

C, = Axq Td 109.5° C,= Axqg Td 025"
N, = A,E bent 120° Na= Ax, linear [§p°
Cs ™ Ax, lwear 1§0° Cs = A¢, linear 180°
g"r = AXQ.E:’_ 4

Stucture A is more favoured.



Q.4.a) Ground state electron configurations listed here are incorrect. Explain what mistakes have been
made in each and write the correct electron configurations. [1.5]

i) 1522522134332313 e~ were filed 0 n=3 befork Ap orbitald , Al; [Ne] 352 3P1
i) s 23 2p ‘oo many e~ B Should have ls’Zs’ZP

iti) 15°25°2p" nobel element Ne cgnﬁgura‘\"\on , tot F- 15?252 ZPS

b)  Group the species that are isoelectronic: Be?, F, Fe**, N*, He, §%, Co™, Ar. (2]

L85 ac] L6, W] (Rt o™ e, e

¢)  Inthe visible portion of the atomic emission spectrum of hydrogen, are there any bright lines due to
electron transitions to the » =1 state? Explain your answer. (13

NO tansiion ni— n, £all ww OV region

c)  Tell which of the following combinations of quantum numbers are not allowed. Explain your
answers, [1]
an=3,1=0,ml=-1 =0, my=0
byn=3,1=1,ml=1
c)n=4,l=4,ml=0 n:q-’ .Q_M‘J.S{' be n_‘

d)  Two atoms have the electron configurations 15?2s?2p® and 1s*25?2p®3s'. The first ionization energy of
one is 2080 kJ/mol, and that of the other is 496 kJ/mol. Match each ionization energy with one of the
given electron configurations. Justify your choice. [1]

182 282 2pb 33" —> 44 kJ/mol
1% 25? 2pb —> 2080 kI /mol

e)  Draw the shape of all d orblta] with correct labels. [2.5]
Y b
d vz dx% 3 :
X



1.6 km = 1 mile E;= ionization energy

1Cal = Ikeal = 4,184 kJ, Specific heat of water = 4.184 J g’ °C”! AE = ri( - L,
Avogadro’s number (NA) = 6.02214199 x 10” molecules mol™ n2  n2
¢=3.00 x10*ms™ 1m =10°nm = 10'° A = 10" pm

h: 6.626 x 10 J.s = 6.626 x 10> kgm®/s electron charge =1.602x 10"°C  p=&d

mass of e=9.11 x 10*' kg
c=vh Ry: 2.179 x 107"%) (Ax)(Amv) = h/4n 1 DB =3.34 x 10”* coulomb.meter
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Fall 2013 SC/CHEM 1000 C - Quiz #1
October 1, 2013

Calculators are permitted. Answer all questions in the space provided on this paper;
additionai paper for rough work is not permitted.

All final answers must be written in ink!

Important Note: The last page of this quiziis a reference page that may be removed if you
wish. You will need information from this sheet to answer some of the questions.

Time Allowed: 50 minutes Total Marks = 30

Marks
4 1. A scuba diver releases a balloon containing 115 L of air from the ocean floor
where the water temperature is 18°C. When the balloon reaches the water surface
the balloon has expanded to a volume of 352 L. If the temperature of the water at
the surface is 24°C and the atmospheric pressure is 1.05 atm, what is the pressure
experienced by the diver at the ocean floor?

315 am



Page 2 of 6

Marks

4 2 Helium effuses twice as fast as a certain gaseous hydrocarbon at the same
temperature. What is the probable molecular formula for this hydrocarbon?

CHa

5 3. A 30.0 mL flask contains 0.078 g of a gaseous oxide of sulfur at a pressure of

750 mmHg and a temperature of 22°C. Is this oxide SO, or SO,? Your answer must
be supported by a calculation to receive any credit.

30,
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4 4. Calculate the root-mean-square speed of Ar atoms at a temperature at which the
average kinetic energy is 5.18 kJ/mol.

509 m /s

2 5. Using the diagram to the right, for which gas, H,, O,
or CO,, is the effect of the volume occupied by the
gas molecules more importantthan the intermolecular
forces at a pressure of 200 atm? Briefly explain the
reason for your choice.

Compressibility factor, PY/rRT

\'\g —> it shows q posihve

C\e\ﬂa'hoﬂ ‘Rﬂ)m idﬁG‘ 200 400 600 800 1000

Pressure, atm

beh awvouyr
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5 6. The following chemical equation describes the overall reaction that occurs in an
automobile air bag:

20 NaNy(s) + 6 SiO,(s) + 4 KNO4(s ) — 32 N,(g) + 5 Na,SiO,(s) + K,SiO,(s)

Calculate how many grams of sodium azide, NaN,, are needed to inflate a 3.25 L
bag to a pressure of 1.25 atm at a temperature of 22°C.

6.823
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6 7. Give clear, concise answers to each of the following. Lengthy answers will NOT
be marked.

a) Which one of the assumptions in the Kinetic Molecular Theory most readily
explains the observation that gases are relatively easy to compress?

Wolecules Occupy  Veny e volume

('mos’t of the contamnmer ig empﬁ‘j Space)

b} Use the Kinetic Molecular Theory to explain why a decrease in volume produces
an increase in pressure for a gas at constant temperature.

C\ec_reqs'mj the volume increages the number of collisions
Wit the walls of the container gnd therefore nCregset

the pressure (Note: the humber of gas molecules
ond  their enegy doeS NOT Change_)

c) Dalton’s law makes an assumption about intermolecular forces in a mixture of
gases. Whatis it?

wermdecular Rreey are nedi gible
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Reference Page for CHEM 1000C Quiz 1

Constants:

R =8.314472 JK'mol” = 0.0820574 L atm K mol"
k =1.38066 x 102 J K’

g = 9.80665 m s?

1.00 atm = 1.013 x 10° Pa = 760 Torr (mm Hg)
tmL=1cm’

N, =6.02214199x10% mol"’

0°C =273.15K

n=3.14159

density of water = 0.99707 g/mL @ 25°C
density of mercury = 13.5340 g/mL @25°C

1inch = 2.54 cm
Equations:
2RT 8RT 3RT 7= PV
Un = Uaw = Ums = -
M M M nRT
1N N
Zw =zvuav ZA=\/§nd2uavv
Z . == NY y=—g VY
Mo 2 TV V2rd? N
volume of a sphere = 4/3xr° surface area of a sphere = 4xr2
circumference of a sphere = 2ar diameter of sphere = 2r
area of a circle = zr?
circumference of a circle = 2ar diameter of circle = 2r
Atomic Weights (g/mol):
H 1.00794 He 4.00260 C 12.0107 N 14.0067

0O 15.9994 Na 22.9898 S 32.065 Ar 39.948



Name:

Student Number:

Fall 2013 SC/CHEM 1000 C - Quiz #2
October 22, 2013

Calculators are permitted. Answer all questions in the space provided on this paper;
additional paper for rough work is not permitted.

All final answers must be written in ink!

Important Note: The last page of this quizis a reference page that may be removed if you
wish. You will need information from this sheet to answer some of the questions.

Time Aliowed: 50 minutes Total Marks = 30

Marks
4 1. a) Briefly define the term “state function”.

A property  That- hog a umique valie when the state
of the sydem is defined.

b) Under what conditions is the heat of reaction equal to AU?

ConsStant volume

c) Solid ice melts to liquid water without a change in temperature. Is this process
endothermic, exothermic, or neither? WHY?

ehdothermic — Hhermal energy must be absorled
bg '\—\{\E SO\'\d ice Jfo OVerCome -Hf\e G'HYC{C"HVC
force that hold 1 together if it TS fo et
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Marks

4 2. Consider a mixture of air and gasoline vapour confined
in a cylinder with a movable piston for a lid. Assume the
combustion of this mixture provides 245 J of energy and all
of this is converted into work to push up the piston (i.e. no
heat is produced). If the initial volume of the gases in the
cylinder was 45.0 cm®, to what volume will the gases
expand if the piston moves against a constant external
pressure of 0.727 atm?

3377 L

4 3. Calculate the change in internal energy for the following reaction at 1.00 atm and
25° C:

2 CO(g) + O,(g) ~ 2 CO,(g) AH® = -566.0 kJ

-563.5 ]
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Marks
5 4. Given the following data:
P,(s) + 6 Cl(g) - 4 PCl,(g) AH =-12256 kJ
P.{s) + 5 O4q) -~ P,0,,(s) AH =-2967.3 kJ
PCly(g) + Cl(g9) - PCI{g) AH=-842kJ

PCl,(g) + ¥2 O,(g) ~ CI,PO(g) AH =-285.7 kJ
Calculate the AH for the following reaction:

P,O,o{s) + 6 PCl,{g) ~ 10 CI,PO(g)

“b\10kJ

4 5. The first ionization energy of gold is 890.1 kJ/mol. Is light with a wavelength of
225 nm capable of ionizing a gold atom in the gas phase? (In other words, can light
of this wavelength remove an electron from a gold atom in the gas phase.) Show
all of your calculations.

s hght does rl_pj; have enough  energy
Yo remove an elechon  fom gold
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Marks

2 6. Provide two reasons why the Bohr Model is no longer accepted as an
accurate description of the hydrogen atom.

Any 2 of the Fol\owmg may be uted +o angwer the quesHon
Reason 1:

* one quadtum number 1S not Sutficient 4o explain the 4rends v the
Perodic Takle

* i Cannot explain Yhe " fine Shucture” in igh resolution atomic Spechrol
Reason 2:

‘i camnot explain the effect of magnehic felds on atomic Spectr

s orbirale ave sphenwd (ie. 3D not cyrcular (i.e. 2D)

* the Bor model does nol provide an explanation for the fixed zuank
4 7. ldentify each of the followingois githe'raground gtate or excited state. Also ' quanti zed

identify the atom for each configuration. Orbits
electron configuration | excited or ground state? atom identity
1s%2s%3p! excied B
1522522p® ground Ne
15%25%2p*3s’ evciked F
[Ar}4s?3d°4p’ excited Fe
3 8. a)Arrange the foliowing atoms in order of size: Ga, Ge, In
Smallest Intermediate Largest
Ge Gao Ih
b) Arrange the following atoms in order of first ionization energy: Rb, Be, Na
Smallest Intermediate Largest
Rb Na Be
¢) Arrange the following atoms in order of increasing electron affinity: P, Ge, Si
Smallest Intermediate Largest
(least exothermic) (most exothermic)

Ge Si P




Reference Page for CHEM 1000C Quiz 2

Constants:

0°C =273.15K 1mL=1cm® 1nm =10°m

R =8.314472 JK'mol” = 0.0820574 L atm K™ mol" N, =6.02214199x10% mol”
1.00 atm = 1.013 x 10° Pa = 760 torr (mm Hg) k =1.38066 x 102 J K
R,=2179 X 10" J a,=53 pm

h =6.62606876 x 10% J s € =2.99792458 x 10° m 5™
Properties of Water:

specific heat of H,0(l) = 4.184 J g"' °C" specific heat of H,O(s) =2.11 J g °C"
AH°(H,O(l)) = -285.8 kJ mol” @ 298K AH(H,0(g)) = -241.8 kJ mol"' @ 298K
heat of fusion for water = 6.01 kJ mol" density of water = 1.00 g mL"

heat of vaporization of water = 44.0 kJ mol™

Some Standard Enthalpies of Formation at 298K:

Substance | AH,° (kJ/mol)
CO,(g) -393.5

IL_C.Hy(g) -103.8

Atomic Weights (g/mol):
H1.00794, C 12.0107, O 15.9994, N 14.00674, Mg 24.3050

Periodic Table:

| [} 2
H H | He
| POT94 100794 | 4.002602
3 4 H ] 7 L 9 10
Li |Be Bl|C|N]J|O | F |Ne
6.947 9012182 50311 $20107 | 14006741 159994 Li3.9984039 201197
1 12 1 14 15 1.3 1? L}
Na |Mg Al Si | P | S | Ci|Ar
22439770 | 24 )00 26981538 280853 13097761 | 11066 354317 | v

13 10 b1 21' 23 14 28 26 7 2l_ 29 o n 32 3 p1 35
K {Ca |Sc | Ti|V |Cr|Mn|Fe|Co|Ni|Cul|Zn|Ga|Gel|lAs | Se | Br|Kr
300981 | 40078 |44955010F 47807 309418 519961 | 54.03804%] 35048 |53933200] S5B&9I4 | 63 546 [ 1% 69723 1261 T492160 7196 T9.904 A1t0
7 pl ] 39 40 a1 43 4) 4 L} 4“% 47 48 L 0 H] 12 53 $4
Rb |Sr 1Y | Zr INb|[Mo| Tc {|Ru|Rh |Pd |[Ag |Cd | In | Sn | Sb | Te I | Xe
$34678 | 8762 508 | 91224 | 929060 95.94 [t19] 10087 {10290550] 10542 | 1076582 | 112411 13918 | 118710 20260 | £27.60 {i26.90447| 13129
L1 56 87 kr} T4 7 r. 3 ™ kil 1] 3 31 4 | H (3

T ” [ 1]
Cs [Ba |La | Hf [ Ta | W |Re | Qs | Ir PtAqu TI | Pb | Bi [ Po | At {Rn

13190545] 137337 | 100 9035] 17849 | uaow47o] 18304 | 135207 | 10020 | wvaaer | rosove |ionedess| oo 1043333| 2072 10392028 (209) (210} | {211

7 " 19 104 105 106 107 108 109 10 1t s 14 173 us

Fr Ra | Ac Rf | Db Sg Bh | Hs Mt fre )

ey ey | | ey | wen | o)) | ey | asn ) asey | een | em | am (237) (239) {293
5] ] 0 ] 5] 3} o 3 € [ [ 9 70 7l

Ce| PrINd: Pm|Sm{Eu |[Gd| Tb!Dy|Ho | Er [Tm |Yb |Lu

140016 |140.90765| 14424 {145) 15036 | 151964 | 15725 |usae2syd] 162750 Busd.93003) 1673e eapaazt] imor | awr
90 1 u 93 9 95 9% 97 9 99 100 01 102 03

Pa| U NE Pu | Ami{Cm | Bk | Cf | Es |Fm |Md |No | Lr

232038 238 03588] 2] (D (244) {243 {247} {247} {2511 125%) 2571 254 (1591 1262)
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Student Number:

Fall 2013 SC/CHEM 1000 C - Quiz #3
November 19, 2013

Calculators are permitted.
Answer ali questions on this paper; additional paper for rough work is not permitted.

Time Allowed: 50 minutes Total Marks = 30

Marks
6 1. The molar heat of vaporization of a certain liquid is 9.933 kJ/mol. The vapour
pressure of this liquid is 50.0 mmHg at -23.0 °C. At what temperature will the
vapour pressure be 300.0 mmHg? Give your answer in °C.

l271°¢C



Page 2 of 6

Marks
$5 2. a) Draw three resonance structures for OCN- (carbon is the central atom in the
structure; note that this is an anion). Show all lone pair electrons in the structure.

Assign formal charges to the atoms in each structure. Label the three structures as
X,Yand Z

X _ Y
[:0-c=nt] [o C= N]
- 2 g o -

Z

[jo=c -1y

+( 2 -2

b) Which one of the three structures is the most plausible one? (That is, is it
structure X, Y or Z2?).

(ie. the stuctwe [0 ~C = N::l—

c) Provide two reasons why the structure selected in part b is the most plausible
one.

— the formal charges are ag small as postible

~ the hegahve C‘:\arﬂe i¢ on the most

e\eC‘rmneﬂ akve element
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Marks
5 3. a) Draw the most plausible Lewis structure for PBr,. Show all lone pair electrons
in the structure.

:E’):’ — P - B
l
: By

b) What is the shape of this molecule? "fﬁgoﬂﬂ‘ Dy rawdal

c) Is this molecule polar? _ \J&S
[

4]
d) What is the ideal bond angle in this molecule? (04.5

) The bond angle measured in the molecule will differ from the ideal bond angle.
Briefly explain how it will differ and why?

The measured bond angle Wi be less than the
ideal bond angle because the repulsion between

the lone pair of elechong gn the P ong the
bonding  pair electons in  P-gr is greater han

e vepulsions  between e bonding pairs.

lie. \p~bp > lp —bp)
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4 4. The allene molecule has the following Lewis structure:

H H
\

a) What is the hybridization of the center carbon atom?

Sp
b) Are the four hydrogen atoms in the same plane or is the CH, plane at one end

of the molecule perpendicular to the CH, plane at the other end? Briefly explain your
answer.

—CH, planes ave perpendicular to one ancther

—~ Ye P._.O(-\D'\-\—Q\S must overlap fo form the ¢ -bonds
(i.e. ¥oe doude bonds) ang therefore they mugt be properly

aigned: s s only posSible W one Set of p- orbitals
is perpendicular Yo e other

c) Briefly describe the important distinctions between ¢ and & bonds.

A v (ie. sigma) bond forms along the internuckar aug

(often involves Yhe overlap of hybnd orbitals)

A v (e F-') bond forms above and below dhe internuclear

ais (i always involues  he overlap of gtomic orbitale -
?

ofden \Pk b\hL Sometimes “d“ Orbijralg)
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4 5. a)ln a crystalline solid composed of nonpolar molecules, what would be the
dominant type of intermolecular force?

london  or o\'\SPerS'\Oﬂ forces

b) If wet laundry is hung outside on a clothesline on a cold winter day, it will freeze.
However, the clothes will eventually dry under these conditions. What process
makes this possible?

Sublimation

¢) What kind of molecules tend to have high polarizabilities? Provide two features
of these molecules.

large and e\Oﬂgoc\ed

d) Distinguish between intermolecular and intramolecular forces.

intermolecular  forces arve between mdecules

intramolecalar  forces are within molecyleg
———— —————
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6 6. Aluminum crystallizes in a face-centered cubic structure. The radius of an
aluminum atom is 143.1 pm.

a) What is the volume of the unit cell for aluminum in cm??

b-63) x 107 %m?

b) What is the density of aluminum in g/fem>?

2-7055/0\“3



Reference Page for CHEM 1000C Quiz 3

Constants:
0°C =273.15K 1.00 atm = 1.013 x 10° Pa = 760 torr {mm Hg)
N, =6.02214199x10* molecules mol™ R =8.314472 JK"*mol" = 0.0820574 L atm K mol"

Atomic Weights (g/mol):

H1.0079, C12.011, N 14.0067, O 159994, Al26.9815

Some Average Bond Energies:

Bond | Bond Energy | Bond | Bond Energy | Bond | Bond Energy | Bond | Bond Energy
(kJ/mol) {kJ/mol) (kd/mol) (kd/mol)
H-H 436 Cc-C 347 C-N 305 N-N 163
H-C 414 C=C 611 C=N 615 N=N 418
H-N 389 C=C 837 C=N 891 N=N 946

Periodic Table:

[] 1 2
H H |He
100794 100794 | 4.002602

b 4 S 6 7 9 (L]

Li | Be B|C|N]O F | Ne
4941 2012182 10801 120107 | 14.00674 | 159994 1189934007 201797

n 12 13 1" 13 16 17 11

Na |Mg Al Si | P | S | CI|Ar
22 919770 34 3050 26.901538] 2808355 [30.973%1| 32064 35,4527 | 39948

19 22 13 4 25 26 27 18 n 4

20 b} 29 0 3 n s 16
Ca|Sc | Ti| V{Cr{Mn|Fe|Co|[Ni|Cu|Zn|Ga|Ge|As |Se | Br|Kr

90963 ) 40078 |44.955910| 47067 | 509415 | $19961 | 54.938049] $5.848 |50933200] S86934 | 63 346 6539 6971} 7261 | 7492160 | TE96 Tesod | 3380

7 | 0 % w | & < m " 3 | 46 a7 u ® 58 51 2 R
Rb|Sr |[Y | Zr INb{Mo| Tc |Ru |Rh [Pd |[Ag |Cd | In | Sn [Sb |Te | T [Xe
§5 4578 | 87462 090585 | 91324 | 9290638 | 9594 {9%) 10107 |102.90550] 10643 | 1078682 | n12ant | isasis | 118700 | 121760 | 12760 [126.90447) 13029

35 36 57 n H k] kL] k] 2 13 15 1]

k2l " ki 11 31
Cs |Ba |LalHf | Ta{ W |Re | Os | ¥r | Pt | Au TI | Pb | Bi | Po | At | Rn

132.00545) 137327 | 12890551 178.49 | 1409479 | 16384 { 186207 | 19023 | 192217 | 195.010 |196.96655 200.% 2043903 | 1072 [l00.94038f (209) (210) {117}

(34 ) 9 104 105 104 10t 104 109 1o t "z 4 [$1] ns
It |Ra |Ac | Rf (Db} Sg | Bh | Hs | Mt @
{213) (226) {227) {261} (262) {263) (262) {265) (266) (269) {212} [rep)] 28 {189) (193}

S8 (] 0 61 3] 3] [ (3 66 73 ] [ ED) T

Ce| Pr INd{ Pm|Sm|Eu | Gd | Tb | Dy | Ho | Er |Tm {Y¥b |Lu

140 116 |14090765| 14924 | (198) | 15036 | 150964 | 15223 [15a.03504] 16250 §16493032) 16726 |ses o32n| 1m0e | 17aser
90 9 [7] 9 9 5 3 9 [ 100 101 [} 103

”
Th| Pa|] U PuljAm|Cm | Bk | Cf | Es |Fm |Md |No | Lr

232 0381 1331.03580 2380209 (ZJP) (244) (143) (247) (247) {251) {152) (157} (230 (25%) (263)




Last Name (in ink): First Name (in ink):

Student Number (in ink)

Fall 2013 SC/CHEM 1000 D - Quiz #1; October 03, 2013; 8:30am

Attention: Calculators are permitted but cannot be borrowed or exchanged
during the quiz. Additional paper is not allowed. Calculations can be done in
pencil but the final answers should be in ink.

Time Allowed: 50 minutes Total Marks: 30



I. (8pts) A mixture of nitrogen and neon gases contains equal moles of each gas and has a total
mass of 10.0 g. What is the density of this gas mixture at 500 K and 15.0 atm? Assume ideal
gas behavior. Report the density in Kg/l..

0.00% K10 kg/



2. (5pts) You are given an envelope containing a piece of magnesium and a piece of zinc with
a total mass of 0.0833 grams and you are asked to calculate the mass of each individual
piece. You threw both of the pieces of Mg and Zn in concentrated sulphuric acid, together at
the same time and collect the generated H gas (see the equations below). The volume of gas
collected at 25.0°C and P = 755 torr is 59.74 mL. Calculate the mass of each piece of metal
in the envelope (myg and mz, while “m™ denotes mass).

Zn (s) + H280, (aq) --=> Ha (g) + ZnSO; (aq)
Mg (s) + H2S0, (aq) -—-> Ha (g) + MgSOy (aq)

My = 0.04514

mz,-\ - 0 3%23



3. (6pts) We have a container of a mixture of gases 1.03 mol of gas A and 0.97 mol of gas B
with a total pressure of 680 torr. If we make a tiny hole on the container so that the gases can
escape the container, gas A will have 0.76 mol and gas B will have 0.32 mol left in the
container after 12 hours of gases leaking. During this time, pressure drops to 425 torr. a)
What is the ratio of the molar masses of the two gas molecules (i.e. Ma/Mp). b) What is the
ratio of the collision frequency of the molecules A and B? Assume that both molecules have
the same diameter.

a) 0.2\

b) 0.217



4. (3pts) In the European Organization for Nuclear Research known as CERN, 27 tons of
krypton is used for one of the experiments. Although Kr is a rare and expensive gas, but its
size makes it suitable for high-resolution experiments in physics. Considering that Kr is a
noble gas, there is almost no intermolecular forces between its atoms. But what is the size of
a Kr atom if a 1.09L cylinder of 1.87mol of Kr at CERN, exerts a pressure of 27500 Pa at
298 K? Consider that Kr atoms are spherical. Report the size in m’.

5

| 4489 0" "o



5. a) (4pts) 0.97 mol of gas A occupies a volume of 1.8L and has a pressure of 650 mmHg at
32°C. Does gas A have an ideal behaviour? If not, does it show a positive deviation from
ideal behaviour or a negative deviation? (show calculations) If the gas molecules do not
occupy any space, are there any intermolecular forces between the molecules of this gas?
{explain very briefly)

There ave whermo lecular fortes, which  peduce

the  pressure, Causing heqahve devction.

b) (4pts) A molecule of H; can travel an average distance of 92nm before it collides with
another Ha molecule in a 2.09L container that has 0.87 mol of Ha(g) with a total pressure of
0.98atm. What is the temperature of the container in K? Assume the diameter of Hs to be
1.09 angstrom.

T=40K



Equations
PV=nRT

I'N

Rateof effusion=Z7 | A=——.u A
4V

wall

rate of effusionof A _ P, JM,
rate of effusionof B Py \/M,

IV

A= ~
V2rd* N

Universal Constants

R=8314Jmol’ K'=0.08205 L atm K™ mol"
Na =6.022 x 103

£g=9807ms"

Useful Conversion Factors

T=°C+274.15
| pascal = 0.00750061683 torr = 9.86923267 x 10°® amm

Useful Molar Masses

N = 14.004, Ne = 20.180, Zn = 65.38, Mg = 24.305, H = 1.008, Kr = 83.798



Last Name (in ink); First Name (in ink}:

Student Number {in ink)

Fall 2013 SC/CHEM 1000 D — Quiz #2; October 24, 2013; 8:30am

Attention: Calcuiators are permitted but cannot be borrowed or exchanged
during the quiz. Additional paper is not allowed. Calculations can be done by
pencil but the final answers should be in ink.

Time Allowed: 50 minutes Total Marks: 30

1. (4pts) By throwing a piece of sodium into an open beaker containing 30mL of water,
the temperature of water increases from 25°C to 42°C. If the heat capacity of water is
4.184 1 g™ °C’, calculate the mass of sodium in grams.

2Na(s) + 2H,0 = 2NaOH(aq) + H(g)

Enthalpy of reaction for number of moles of Na is -184.00 KI mol™ and the density of
water is 1.00 g mL™. Assume that the heat capacity of the surrounding is negligible.

0.2673



2. (3pts) a) Use the provided information to calculate the heat for the following reaction:
CHa(g) + 4Cly(g) = CCla(l) + 4HCI(g)

Reaction AH® (kI mol?)
C(s} + 2H, - CH.(g) -74.8

C(s) + 2Cix(g) > CCla(l) -106.4

¥: Ha(g) + %2 Cla(g) > HCl(g) | -92.3

=40\ kT /ol

(4pts} b) Use the bond energies given at the end of the quiz to calculate the heat of
the same reaction.

- 452— kJ /ol



3. (6pts) In the following table, write the number of electrons that have the shown
quantum numbers and specifications:

Element n=3 f=2 m,=0 | Number of unpaired electrons
Kr 1 [0 [b 0
Ti 10 2 {2 2
si 4 ) 9 2
Se 18 [0 15 vl
Na I 0 b l
Cr 13 5 12 b

4. (4pts) From the list of atoms: Ca, N, Mg, Ne, ClI, §

a) Which one has the largest atomic radius?

b) Which one has the highest value for the first ionization energy?

¢) Which one has the lowest value for the first ionization energy?

d) Which one has the highest electron affinity?

Ca

Ne

Ca

Cl




5. (4pts) In order to generate X-rays, a target (normally a piece of metal) is bombarded
by high-velocity electrons. When these electrons collide with the target, they give
their kinetic energy to the electrons in the orbitals of the metal atoms of the target
and excite these electrons. Upon relaxation, these excited electrons emit their
energy in the form of X-rays. If the wavelength of the X-ray photons emitted is
9.67nm, calculate the velocity of the electrons that were used to bombard the
target. Assume that upon bombarding, all of the kinetic energy of the electrons is
transferred to the electrons inside the target atoms.

6. 72 % 10°m/s

6. (3pts) a) What would be the wavelength of the light photon that can be used to
break a Br-Br bond? Use the bond energies given in the table at the end of the quiz.

Br-Br + photon = Br + Br

619794 107

(2pts) b} Is the wavelength of this light larger or smaller than the wavelength of the
light needed to break a CI-Cl bond? (No calculation needed)

Smaller (shorter) wa\lelEnﬂJr'n

4



Equations
he
E= T =lv
AH = AU + PAY
q = mcAT
E=2%m?
Constants

Ny = 6.022 x 10* mol™?

m, (mass of electron) = 9.10938291 x 10" kg

h = 6.62606876 x 10

0°C=273.15K

k=1.38066 x 10 ) k!

€=2.99792458 x 10° m 5!

Ry=2.179x 1018}

R=8.314 ) moi? K = 0.08205 L atm K mol?

; . Average Bond Energies”

Bond Bond Bond
Energy, Energy Energy
Bond kJ/mol Bond kJ/mol Bond kJ/mol
M 430 C- G 7 N-—N 163
o C 414 C=( 6l N=N 118
H ==\ 350 Cs=C 837 N==N Gl
-0 d6- C—N Bt N—Q 0D
1 s 368 C+-:N hls N=O J490
H 1 365 C:==N 893 O-0 142
I 431 C—=0 ) Q= Jus
14 Br T4 C 0 73" F—1 15
Hot 297 - 134 C1—=Cl !
Br — DBr 13
=1 151

“though all data are lested st about the same predision (three signiticant hygares), sunmwe
values e actually known more precisely. Specificaliy, the yalues for the diatomie molve tlhes

F B HCL HB DN (NN, O (O

O 4=, L, Brs, and L are actually bond

divsin iation eneegies, rather than average bond energies
Ylhevalue torthe © - O bonds in CO2 a8 THK] mol
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Last Name (in ink): First Name (in ink):

Student Number {in ink)

Fall 2013 SC/CHEM 1000 D - Quiz #3; November 21, 2013; 8:30am

Attention: Calculators are permitted but cannot be borrowed or exchanged
during the quiz. Additional paper is not allowed. Calculations can be done by
pencil but the final answers should be in ink.

Time Allowed: 50 minutes Total Marks: 30

1. (3pts) Arrange the following molecules based on the strength of the bonds between the
two atoms forming the molecules. (Write down the arrangement by having the
strongest bond on the left and the weakest one on the right; write on the template
provided)

NaCl, LiCl, Na,S, BeCl;, Al»S3, Se0,

Lic\ - BeC\, - NaC\ S Na, S >A\233 > Se0,

Strongest Bond Weakest Bond

2. (6pts) Draw the Lewis structure of the following molecules. (Only write in the provided
box and only write the most stable structure. Show the resonance, if any).

N:H, HCN CH,Br, S0,
H

. / P — e Y oK

N=N, LB | . i\

/ W —C—Br: .S\

H | e /Y \O"
OB ¢ :O: K
e DU,




3. (2.5pts) Arrange the following molecules based on their boiling points:

Brs, N3C|, CH3CH2N Hz, N, CHaOH

Nact . CHaOH _CHCHMW,  Bra _ _ No

Highest Boiling Paint Lowest Boiling Point

4. (8pts) Based on the information provided at the end of the quiz, calculate the lattice
energy of CaCly(s) in ki/mol. The overall reaction is as follows:

Ca(s) + Cl;(g) = CaCly(s) AH%s=-795.00 kl/mol

- \7q0 k3 /mol



5. (6pts) Calculate the boiling point temperature of Acetone (in Kelvin). Acetone has a
vapour pressure of 200mmHg at 20°C. For Acetone AH,5p is 31.3 kJ/mol.

3271 K

6. Answer the following questions based on the table below, which is describing the
behaviour of Propane (C3Hg):

Condition Number Pressure of Propane (atm) Temperature (°C)
1 1.00 -42.00
2 41.9 (Critical Pressure) 96.65 (Critical Temperature)

a) (1pnt) What state(s) is (are) available when Propane is at 25.00°C and has the
pressure of 30.00atm?

Li qu\ d

b) (1pnt) When at -42.00°C, which of the following pressures can liquefy the
Propane gas? Circle the entire correct answer. If you need to revise your
answer, draw a cross on the incorrect answer and write “correct” under the
correct one.

1) 1.00atm 3)0.52atm  4) 0.66atm

¢) (2.5pts) How much of energy is needed to turn one mole of Propane from liquid to gas?

o \bqbg j/mo\



Equations

Constants and Conversions

Na = 6.022 x 102 mol™ R =8.314J mol? K = 0.08205 L atm K moi™
0°C = 273.15K 1 mmHg = 0.00131578947 atm

Useful Information

Ca(s) > Ca(g)  AH.p=121.00 kJ/motl

lonization Energies (kl/mol}:

Ca 1% ionization energy=589.50 Ca 2" ionization energy=1145.00

Electron Affinity (ki/mol):

Cl 1* electron affinity=349.00

Bond Bond Bond -
Energy. Energy Energy !
Bend kJ/mol Bond kJ/mol Bond kJ/mol
A 43 C—C 37 NN 1n3 |
" ¢ 414 C = nll N=N 418
N Y C=t hEY) N=N 4t
o 46l C-—-N 03 N==t) AL
H - R =N 613 N StH)
ot 365 LN sl O 0 142
Ho Ol 431 « QO i) -0 B Rb
o br vt U= PR bt 154
[ ME ¢ -l RE ) Cl--Ci RS
Be  Br 143
i 151
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