DEPARTMENT OF CHEMISTRY
a_ e ea Sample Midterm Questions

UNIVERSITY Chemistry 1110 (Modern Chemistry 1)

Name:

Student ID Number:

Instructions:

1. Put your name on this exam paper!!! Questions are to be answered directly on these papers.

2. Allowed external materials: calculator (any type)

3. Print or write legibly!

4 The final 2 sheets of this exam paper are a periodic table and a formula sheet. Feel free to remove
them if desired.

5. There are xxx points on the exam. Time allowed = 55 minutes.

NOTE: Some of these could be asked as multiple choice too. Obviously, on the real exam, you will have
more room to fill in the full solution! These questions are longer than the actual midterm would be!

1. Water-free ethanol can be made by the following synthetic route,
H H H H
\ / | |
P:Q\-+H—O—H-——>H—$—$—O—H
H H H H

estimate AH° for the reaction from the bond enthalpies supplied (see Table 8.4).

2. Draw Lewis structures for the following (including resonance and formal charges if necessary),
(@) POCl, (b) SO

3. Predict the VValence-Shell Electron-Pair Repulsion (VSEPR) Theory shape of the following:

§=ﬁ=§
0O
.

A

F—p—

4. Draw the following orbitals (include the axis system you are using): p,, S, d,,.



Give a valid set of quantum numbers for an electron (4 quantum numbers!) in the following orbitals:
3d, 5f, 2s.

Balance the following nuclear equations by supplying the missing particle (in these cases, only 1
particle is missing). Note the following shorthand conventions: %e (positron), %e (B-particle), n
(neutron), 4He (a-particle). Note that the solution isn't necessarily one of these 4 particles! (4 points)

(a) 222Rn N 218P0 +

(b) 238U + 12C N + 61n

Calculate the energy released in the nuclear reactions given in Question 6. Nuclear exact masses are
as follows: *?Rn (222.0175777), *®*Po (218.0089730), “He (4.002603254), ***U (238.0507882),
12C (12 (exact)), >Cf (244.066001), 'n (1.00866).

Predict the colour of the hydrogen emission line for the transition between the n =4 and n = 2 energy
levels.

Iron workers temper their metals by repeatedly heating the metal (in a charcoal flame) and cooling
in a bucket of water. A wrought-iron candelabra, mass 550. g at a temperature of a charcoal flame
(1400. K) is dunked into a bucket containing 10.00 L of water at 0°C. Recalling that water has a
density of (exactly) 1 g/mL, what is the final temperature of the water and iron? Specific heats are:
Swarer = 418 JK* gt s, =045 K gt



Okay, here's some real multiple choice questions:

Question 10:
Q) What is this orbital?
Z @  3p,
A (b) 3py
A (©) 3d,2.2
=D -
X
(e) 3s

(i) A particular X-ray microscope can measure the position of a particle to within 5.0 x 10** m.
What is the minimum error in the momentum (mv)?

(@) 1.1x10*kgms™
(b) 42x102kgms*
() 11x10*kgms*
d 2n

€ hi2n

(iii)  Radon-222 (% RN ) has a half-life of 3.82 minutes and decays by o-emission. What is the
daughter nucleus?
@) not enough information given (need to know the angular momentum)
b ZoPo
€ At
@ “gRn (+or)

222
(e) g7 Fr



(iv)  Element number 116 has been temporarily named ununhexium (Uuh). It has an electron
configuration [Rn]5f** 6d™ 7s? 7p*. What is likely to be the most stable ion?

(@)  Uuh*®
(b)  Uuh®
(c)  Uuh*
(d)  Uuh?
(e)  Uuh?

(v) Iron ore (hematite) is converted to iron metal by the reaction:
2Fe,0,(s) + 2C(s) - 4Fe(s) + 3CO,(g)
Calculate the standard enthalpy of the reaction (as written) if AH,” of Fe,O, (s) is -826 kJ/mol
and that of CO, (g) is -393.5.
@) 433 kJ/mol
(b) 472 kd/mol
(©) -433 kJ/mol
(d)  -472 kJ/mol
(e) -1220. kJ/mol



SOLUTIONS

1. (using the textbook values from Table 8.4)

Bonds “broken” = 4 C-H 1C=C 2 O-H
= 4(413) + 614 + 2(467) = 3200 kJ/mol
Bonds “created”= 5 C-H 1C-C 1C-O 10-H

5(-413) + (-347) + (-358) + (-467) =-3237 kdJ/mol

Therefore, AH® = 3200 + (-3237) = -37 kJ/mol
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3. @ effectively 3 pairs (double bonds = 1 pair), no lone pairs = trigonal planar

(b) 5 electron pairs, 1 lone pair = see-saw
(© effectively 3 pairs, 1 lone pair = bent
4, see Figure 7.14, 7.15, and 7.17
5. 3d: n=3,1=2; m,can be any of -2, -1, 0, 1, or 2; m, can be either % or -%-
5f: n=5,1=3; m,can be any of -3, -2, -1, 0, 1, 2, or 3; m, can be either %2 or -2
2s: n=2,1=0,m, =0; m, can be either % or -%

6.  (a) {He (b) #Cf

1. @ Am = 218.0089730 + 4.002603254 - 222.0175777 = -0.0060014 g/mol = -6.0014 x 10 kg
E = mc? = (-6.0014 x 10° kg/mol)(2.998 x 10® m/s)? = -5.394 x 10** J/mol

(b)  Am = 244.066001 + 6(1.00866) - 238.0507882 - 12 = 0.06719 g/mol = 0.00006719 kg/mol
E = mc? = (0.00006719 kg/mol)(2.998 x 10° m/s)? = 6.039 x 10" J/mol

AE = -2178 x 10-1‘{1(2L - 21 j =-2178x 10'%(% - iz] = 4084 x107"J
4?2

final initial

E = hc/A or & = he/E = (6.626%x10%)(2.998x10°)/4.084x10™*° =4.86x10"'m=486nm=blue or green



10.

The two final temperatures must be the same (if they weren't there would be a temperature
gradient and heat would continue to flow between them!). Thus, using g = SmAT, and noting that

Oh20 = “Ores

10.00 L of water = 10 000 mL =10 000 g H,O

note that this can be done in °C or K (actually in °C is easier because you cancel a term with the
0°C). InK,

(4.18 J/Kg)(10000 g)(T; - 273.K) = -(0.45 J/Kg)(550. g)(T; - 1400.K)

rearranged and solved for T, = 280 K (or 6.6°C)

(i) ¢ (ii) a (iii) b (iv) e (v) b



Formula Sheet:

Vv 1
w —
P

Van
VaT
I:)totaI:Pl-i-l:)z-*-"'

PV =nRT

2
(P+I\1/—?j-(V—nb): nRT

rate, U, Mg
rate, U M, .
- [3RT
U= ,|——
M m
constants:

g=smAT
q=C,AT
AH =q, = AE + PAV

E = mc?
t, = (In2) / k

N
|n[N—0j = -kt

h
= — (v =velocit
oy ( y)

Ax-AmvzL
4

1 1
AE = -2178x 10‘18J[2—— z—j
n

final initial

HY = E¥

R =0.08206 L atm/(mol K) = 8.315 kPa dm*/(mol K) = 8.315 J/(mol K) = 62.36 Torr L/(mol K)

1.000 atm = 760. Torr = 101.3 kPa
N, = 6.022 x 10® mol*

¢ =2.998 x 10° m/s

h=6.626 x10*Js

kilo = 10°
milli = 10°®
pico = 10%

STP =1.0000 atm pressure and 273.15 K

standard conditions = 1.00000 atm, 1.00000 M, and 298.15 K
rest mass of proton = 1.67262 x 10%' kg
rest mass of neutron = 1.67493 x 10? kg

centi = 107

nano = 107
Pa=Nm?

N =kg ms?
J=Nm=kgm?s?

rest mass of an electron (m,) = 9.10939 x 10* kg
elementary charge (e) = 1.60218 x 10 C

700 600 500 400 nm
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