1 EMR energy calculation
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LDE Planck relation 001
001 10.0 points
What is the energy, in Joules, of a photon
of wavelength 200 nm? What bond energy
would this correspond to, in kJ - mol 17
1.9.94 x 1072 J; 5.99 kJ - mol ™
2. 1.32 x 1074 J; 7.95 x 1072 kJ - mol ™!
3.9.94 x 10717 J; 1.65 x 10~4® kJ - mol ™!
4.1.32x107% J;7.95 x 1071 kJ - mol !
5.1.32 x 10721 J; 795 kJ - mol !

6.9.94 x 1071° J; 599 kJ - mol ™! correct

u’tw\ PN A 9 rven L\,C. v YA a&o.\,.ms

Knaw Yo mebTe convessTms

AR T AP < ot
0= 7% 107> 107% pt 0%

S onm c=3x 10 m/s
h=6.626x 107347 -s.
For a photon ¢ = AV, 80
E=hv= L
A

where c is the speed of light and h is Planck’s
constant.

= (6.63x 10734 J-5) (3% 10° m/s)
1 10 nm

‘200 pm 1lm
—904x107197]

23 -1
04 % 10719 7)(6.022 x 10% mol ™) )
¢ ! = 599 kJ - mol ™



2 Rybgerg equation application
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Which of the following electronic transitions

f
or a hydrogen atom would correspond to the

highest ener issi
em ]
series? 8y emission found in the Balmer

1. n=4 to n=2 correct
2. n=3 to n=2
3. n=2 ton=4
4.n=1 to n=2
5.n=2 ton=1

6. n=3 ton=1

Explanation:

The Balmer series is electronics transitions
the involve n=2 and some higher principle en-
ergy level (n greater than 2) for the hydrogen
atom. An emission occurs when an electron
moves from some energy level to a lower en-
ergy level. Combining these constraints, n=4
to n=2 will be the highest energy emission
in the Balmer series, of the available answer
choices.



3 Failures of classical mechanics theory
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Which of the following _statement(s) is/are
true?

I) The failure of classical mechanics to pre-

dict the absorptions/emission spectra of

g;s% is called the ultraviolet catastro-
phe.

II) Quantum mechanics accurately pre-

dicted the behavior of blackbody radi-
ators.

III) The emission spectra of gases are dis-
crete rather than continuous.

IV} Any frequency of light will eject an elec-
Fron from a metal surface as long as the
Intensity is sufficient,.

1. IT and III correct
2. [T and IV

3., Iland IV
4. 11, II1, and IV

5. I and ITI

Explanation:

Classical mechanics predicted that the
power radiated by a blackbody radiator would
be proportional to the square of the fre-
quency at which it emitted radiation, and
thus approach infinity as the frequency in-
creased. This was false, since at higher fre-
quencies blackbody radiators emit less, not
more power. This was termed the ultraviolet
catastrophe. Classical mechanics also pre-
dicted that the energy (velocity) of electrons
emitted from a metal surface is proportional
to the intensity of light. In reality, the en-
ergy (velocity) is only dependent upon the
frequency of light. Once the threshold fre-
quency is reached, however, the number of
emitted electrons is proportional to the in-
tensity of light. Classical mechanics also
fails in explaining the discrete lines in ab-
sorption/emission spectrum, which are due to
discrete energy levels of electrons in atoms.

provided that Az is greater than unity (and
vice versa).

II is false because an electron can only be
observed in one place at one time, although
there may be an equal probability of observing
it at two different places.

III is true because quantum mechanics can
only give probabilities of a particle having
a certain position or momentum and not an
exact value.



4 Uncertainty principle theory

m AN A X 3’%
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1. 1T and III -
e & s
LDE Uncertainty Principle Theory 001 2.Iand Il
004 10.0 points n2p CL
Which of the following are true consequences 3. I only 50
of the uncertainty principle?
I) The uncertainty in an electron’s momen- 4. TII only correct @ V\/\
ﬁ L]
tum can never be less than —; 5. Tand I1T '
II) An electron can be measured in two e —[_G
places at once; 6. Il only

III) Electrons and other particles do not have _g A C,\
a well-defined position or momentum — .
like particles in classical mechanics do. Explanation:

h
T is false because Ap may be less than ) j)f ol a 4 ‘ ) ’ ﬁ

[ve a T5m
T ran
-

Y



5 de Broglie equation calcuiation
plug amd chug
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Consider a flea of mass 4.5 x 10™* g moving
at 1.0 m/s midway through its jump. What
is its de Broglie wavelength?

1.2.9818 x 107%¥ m

2,1.4725 x 107 m

3.2.9818 x 107" m

4. 1.47244 x 10~%" m correct

Explanation:
001
m = 0.00045 g x 0001ke _ 45 1077 kg
a=ho
p m-v

| 6.626 % 107 ke
(4.5 x 1077 kg)(1 m/s)
=1.47244 x 107" m




6 Schrodinger equation & P in a B theorv

Quantum mechanics— Schrodinger equation theory
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Quantum mechanics application - Particle in a box
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LDE schrodinger equation 01
006 10.0 points
thu.:-h .of the following statements about the
chrédinger equation is incorrect?

1. There are both kinetj
: ic and potenti -
ergy terms in the equation g e

b2. The Flydrogen atom solution is simplified
y changing to spherical coordinates.

3. The classical standing wave equation so-
lution for a guitar string yields the same solu-
tion as the particle in a box case.

4. Setting the potential energy term to zero
allows the accurate calculation of wave equa-
tion solutions for the hydrogen atom. cor-
rect

5. The principle, angular momentum and
magnetic quantum numbers yield information
about energy (size), shape and orientation of
the electron orbits.

MM@LM $'1SL'M? ?"“’l C'/W-efJ “ﬁ‘:}"“"‘ to V ,KE, ¥, E

V=9
adle

Explanation:

Setting the potential energy term to zero is
from the particle in a box model. The particle
in a box model is useful for practice because
it is so simple to analyze - it does not give
accurate solutions to real atoms, which are
far more complicated.



7 Quantum number rules

Undostemd  aud <pply V2u bowndeq cmdtinn £, Y

W=
JQ.: O, \,2:-- V\.“"l 5‘14_?.&

s P
myl = --.‘Q’ .-..)O;‘—“t.fﬂ NMI»»LM

Which of the following sets of quantum num-
bers are invalid, i.e. violate one or more
boundary conditions?

1
Dn=3¢=2,my= —2,ms=+§

1
IT) n=9,€:5,mg=6,m3=+§
II) n=2,£ = 1,my = 0, m, = +1

1
IV) n=2,6=0,m; = 0,m, = +5
1
Vin=1£=0,mp=0,m; = ~3

1.LIL IV

2. ITT only
3.LIV

4. II, ITI correct
5.1 III, IV

6. I only

7. II only

l) Z, veey o .2.#\-!—/1-, M\Cl S

Given s'agc._'F-c bomcle

crmdNrrn- dasc.. du what
She/ls, S‘n&fl.ﬂal oYt e

JL(,LM ok “a”"d

Explanation:

Set II and III are invalid. For II, mj = 6 is
disallowed because ¢ = 5. For III, ms = +1

is disallowed because m, may only be +% or
1

5"
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S Electronic configurations

M tan -O@CA/MI,
Du I-Jt// LL 7‘1/0—4" XM ’VLM .V & SIQ(CJG - ‘;’ 0 —F # “9
1 su vh daclvmie cmufipwatim fo
,.J.}/ ruﬂed o’-b 2> S v
'7’“ dm‘l" vz.-’\-éﬂ q e EH’C-], CNCSJ EA—rj_,(F-f], CXe]
-@WJ?K ™ Lg VAL handa J) &&c/-/ﬂw — Sh‘§4d/5
Sollmed o sEqURMCE

F) Ve Vi /)@ & Qx Lansked.

Write the electron conﬁgu_ra,tion for P.
1. 15?252 258 345
2. 152252 2p° 352 3p°
3. 152252 2p% 352 3p3 correct

4. 15% 252 2p 3,5

Explanation:

P has atomic number 15, Follow the pyra-
mid



10 ENC, sheilding and periodicity theory
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LDE periodic trend theory 001
010 10.0 points
Which of the following BEST describes the
purpose of effective nuclear charge?

1. It is used to rationalize chemical bonding
in covalently bonded molecules.

2. It is a measure of how many protons a
given atom has which is useful because of
variations from isotope to isotope.

3. It is a method to evaluate how much at-
traction a given electron “feels” from the nu-
cleus so that periodic trends can be predicted
and rationalized. correct

4. It is used to determine the number of
valence electrons of a given species.

3. It exists only to torture foolish CH 301
students who did not study.

6. It is a measure of the effect of filled and
half-filled subshells on the stability of atoms
and ions.

) . .
.?M:'o:l:rc.-\-«-ﬂ Follow  STmple avgunits
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11  Ranking periodic trends
Ranking periodic trends without exceptions, atomic radius
S TA lend's
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12 Lattice energy ranking

Lﬂ.;HTC,C -?/VLE.!"ﬁv_] Sc_a.an.:, W-TL\ CLI.M/ﬁ'e CLMLSI-?(‘-é. So \(‘ML CL\N r(
at—vls-}\) owmd Y m have vambed (atfe vy
EXSW?PQC EML‘_ CeaO qu Mc[ Kcl

2 = +2 -3 4]~

'?"’5—‘" SJ'QJP) %?‘qv\ c,kn-u(-( C*:;\D MﬂC kel
Sw S"!"—\P) SH+ bc‘ Mo.ﬂu’“ n CL\M,{ kC‘ 4 C"OJM‘}D

Yh~d shyp Sovt 5‘1 ST, WM o S-'wvuu So
? Mqo c.‘\ﬁ-v(-c ‘LMS?L, &:; /ﬂ-vf-u )<CI < C&O<M60

LDE Ranking trends 002
011 10.0 points
ChemPrin3e T02 07 Rank the following species in terms of in-
. 012 10.0 points creasing electron affinity: Sulfur (S), Rubid-
Which of the following has the highest lattice ium (Rb), Germanium (Ge), Krypton (Kr),
energy? Floruine (F)
1. CaQ 1. Not enough information
2. MgO correct 2.Ge<Rb<S<F<Kr
3. NaCl 3.Rb<Ge<S<F<Kr
4. BaO 4. Kr < Rb < Ge < S < F correct
5. KI 5. Kr<Ge<Rb«<S<F

6. F<Ge<S<Rb<Kr

Explanation:

Elements’ electron affinities increase across
a given period and up and given group. Noble
gases (i.e. Kr) have an electron affinity of
essentially zero. Rb is greater than zero, Ge

io arantar than Rh Q i cvwactan +haw 1 o d



13  Determining formulas from line drawings
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Determine the molecular formula for the
molecule:

Cl

=

. CgH4Cl

b3

. C4H1o Clp

3. CgH4Cl» correct

W

. C¢HeCla

(=]

. CsHg

(=]

. C4H4Clo



14  Lewis structures — multiple bonds

o vl bads.
Lovk oF bomch 9] molecdis. Praw Yhewm. whieh h :J-?Np
- " e Yo 'S eemsw
Howt 3 Ta ¥re S slep procass, "% M:Mkﬁflm&s

VK\A.H-‘:;alt lQMdS lal/‘ Sl\ﬁ""-;’\s +D M‘LLt — o = ’ A +D Jr‘u -
Wt o o T2 ‘?Mm mnl T de Londs So gy dat hnve

== L,wds . OZ—, CZ.H":#. 3 CO2 = NL ) Co Hz for‘zﬁli:h fc(;)rfhtszrﬁ)élei“:;sniisdzh(e}fgﬁﬁgt es
2 r=oey]
* iH-C-N:
4. :ﬁ;g;ﬁ;
5 H—é—N
6. :g—o=N

9. H—C=N: correct

10 H-¢-N

Explanation:
The Lewis formula for hydrogen cyanide

FTTMRTY =



15  Lewis structures - multiple central atoms

Re able to draw a sHnctiue wFa Move Vao ome Camkad afam.
The lc.cca w» Fo gwead out ot rmg TR Py Tuedsy Atoms o
ontsnhe  C ‘\l-m.u,s H, “"“‘ﬂn Lulo‘q.,,) often &%y g =0)

Than a2ogn 2 or ¥ +o P-‘H?Mdu) wmake bovds T et e/
S on exba 275 g cenbd atomus FHow vnnke Suve ocked

P

S sakeofiel by shaotag.

Hid & OStew we §iad 0wk of qon dvew shucke comtedty by aok
T Rasiads
Y2t nuwwbn ) bonding €S, mLmaﬂfe"s) loav\c‘s‘ W«‘:‘Vd—ﬂ:{ l:«'-‘.fs

Which of the following is the correct Lewis
structure of hydroxylamine (NH2OH)?

H
H H
\ 3. tIN=0
] \
g. ‘N — 0% correct | H
l H
H H H
.
4. N=0:
.
H H



i6 Lewis structures — resonance

A treve &€
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How many resonance structures are there
for the NOj3 polyatomic ion?

1. This molecule does not exhibit reso-

nance.
2.9 ExPla.nation: o ) o
=6= o
3.1 | o H o
N N
. DR . ~ t
4 07 oy o7 o
5.5 - - - _ - o=
01
6. 3 correct I
N
P N
07 "0




17  Lewis structures — formal charge application

.

I/lon wo bl be q e :Slrdwc;l'wu.o don Ccomp Nt Mc! MkeJ
har Y Leot sle.c;}\-»a. Ln--.:,tf. o 'F,qm—a Cha (-

l/(m w:l[ MLA( !’9 dran T W‘Qlcng&e, GrmdTE N FC. ) MC!
wh.cheves ha, T2 gm,ﬂﬂg,‘f \/.aﬂMﬂv o aisae o bt
E xampl %o = LT, Yhew w

¥ Valwis Fc Vel wis

. I1 and III onl
unemprinde 02 76 1. lan v 6
o017 10.0 points . 2. None of these is important.
Which of the three Lewis structures is
the most important for the fulminate 100 3. All of these are important.
-7
(CNO™Y’ 4. TII only
1
p -3 T 5.1 and I1I only
1 —N=9Q
h 6.1 and II only
-~ 1 -1
1) 1 + 5 7. 11 only correct
C=N—0¢
10 8. T only
-2+
111) N = 5 Explanation:
- = The Lewis structure _1 +1 _"1
C=N—0:

is probably the most important as it is the

structure with the formal charges of the indi-
vidual atoms closest to zero.

HJL!CL



18  VSEPR - electronic & molecular geometries

Vr0ow a shake Cont € vk veqms fooria "d“‘{“”r“ permeity
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AR s bawt

Brodbelt 08 04
018 10.0 points
ICl3 is sp*d hybridized. What is the electronic
and molecular geometry?

. 2 . Expla,natio_ﬂf . tells us that there are
- HERS S aniial; sessere The hybrid Zahzﬁactron density- ThIe?rk?i

5 regions of high the bonded Cl atoms.

2. octahedral; T-shaped jons are irs of elec-
; /Y g;;ii :-:Eo regions roust be 10%1};521013;1)011 ds
3. tetrahedral: i tral 1 atomm. .
edral; pyramidal 1;1.02;;2 nt:llegf;ﬂa idal electrclmc geometry
. o Y.
4. trigonal planar; trigonal planar and T-shaped molecular geometry |

5. trigonal bipyramidal; T-shaped correct



19 VSEPR - molecular polaritv

Drow imdedoa. Lok S 2 PIM% 3] s.,fmmelvu,.

A—@ 2 A'@ (4
ARs  AByUy A ove
[A. R J vt ple
ARS '5(5
A B Us
F F
\ C/
C =
I) / \
H H
F H
\C = C/
I) p \
H F
F H
\C C/
I1I) ) \
F H
Which of the following ;:nolecules is/are po-

lar?

AR.u

}4—3314{ J,Q a~t ¢ Pré&uf-

A'{-}?LM?_ styl MM(-'-CJ

ARy
ARl
ABsU

1. 11, 111

2.1, 11

3. III only

4. II only

5. 1, III correct
6. L only

7.1, 11, II

Explanation:

Molecule IT is symmetrical and therefore its
individual dipole moments cancel, making it
non-polar. Molecules I and ITI are asymmet-
rical and therefore polar.



20 VB theory - sigma and pi bonds
Proaw a shinchee . Cowd Al T2 Fwsd bands Thiee &
v éW\JS 11le Tert o€ = o9 = o~d ove T L:AA:LJ

O %
I I s I0v and 20
%‘5&}'/\/\ ¥ < T Sven 4. C-C. bowmd, 1 C-Obme
L ¥ L
G C-Hbamds, 3 C-Cbrds, 1 O-C bond

LDE VB Sigma Pi Bonds 004
020 10.0 points
How many sigma (o) and pi (7} bonds are in
the Lewis structure for C(COOH)4?
1.80,4w
2.120,47
3.120,0

4.16 0,07



21 VB theory - identifying hybrid orbits

. I Cowt QQ (NM V\.@L\ V(%Trw:. Uze +«L!~:+¢J
D v A S hmchee :
mj—— Ao W brd-2al m

o 3
3 S\b?_ 5P3 H 5.‘2' h fsP
spd Jee L CoGNo .
9 >p = i 021  10.0 points
d'}P; C_, (s' 5 % Sp 2 Give the hybridization of each central atom:
% d,z_stb-s’ /'F K H P nitrogen, middle carbon, right carbon.
H
. !
H—N= (Ij - (Il —H
HO H

1. .sp3, spz, sp3

2, s;pz, sp, sp2

3. spz, sp2, sp3 correct
4. .5p2, spz, sp2

5. sp, sp, sp

6. spg, .sp3, sp3

7. .spz, sp‘q’, 3p3

8. sp, sp®, sp®

Explanation:

Hybridization is chosen based on the elec-
tronic geometry around the central atom,
which is based on the number of RI-IED
around the central atom. The RHED are
three, three, and four.




22 MO theory - AOs that comprise MOs
' Pk o bowd. TF ¥ & §5at (sage) T
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LDE VB Hybridization 002
022 10.0 points
Consider the thionoester molecule

/S
4
H—C H V
\ |
O0—C—H 1. 25,3p

H 2. 2p, 3p correct
What orbitals were used to form the 7 (pi)
bond? 3. sp?, 35

4. Sps, 3p

3. Spa, 3s



23

MO theory - bond order cale

F—N m MO Rarsm QN ./G.Q;Njo ﬂ C‘-“ﬂ'l“wj Z_\{_ a&{\f
qi’(; — Fo na~— PN & %
“2p - —:—-ﬁ'— G———Tj'f; 1\ &Q Q/w C 0y
“"i—ﬁ_“%—"ﬂ‘s \[?& \ 9/1\(_, \,@9 u}ks“r\ ¢
w — < Q<L 05 o gy O‘A':r*’
TSI A
- — M'é-!"“‘l"“ C’i’> ~ L;MC{
frad wp A T bondia & (nmd) — T2 h 100 = ba
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LDE Bond Order 009
023 10.0 points

All of the species below have the same bond
order except for one of them. Which is it?

1. Hf
2.F;
3.H;
4. Nef

5. By correct

Explanation:
All of the species have a bond order of 0.5
except for By, which has a bond order of 1.5.




24 MO theory — magnetism

Deraw The okt
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LDE Paramagnetism 004
024 10.0 points
Which of the following species is/are param-
agnetic?
I) Li;
IT) O
IIT) Hi

1. II and IIT

2. IT only
3.land II Explanation:
Li, and H'z" both have an odd number
4. I only of electrons and therefore must be paramag-
netic. Os has 16 tota]l electrons, the last two
5. I and III of which must go into separate degenerate 7*
anti-bonding orbitals.
6. III only

7.1, II and III correct



25  Dalton's law of partial pressures calculation
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2.0 g of Hy and 8.0 g of He are put in a 22.« Explanation:

liter container at 0°C. The total pressure is g, = 2 g2. mol =1 mol VvV =224L

g

1. 10.0 atm. g = g4- mol _ 5 Ttopel = 3 MOL
g

2. 5.0 atm. T =0°C+273=273K -

Applying the ideal gas law equation,

3. 3.0 atm. correct PV =nRT
nRT

4. 1.0 atm. P= v

P mol) (0.08206 L£2%) (273 K)

224L
= 3.00032 atm
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Combined gas law calculation
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Explanation:
Py = 1201 torr
Vi=401

€ ath est o, o
QG sey, ‘-denc?w?f‘ Am.1q &C"‘u«ﬁ C—“EC.‘«-Q&J‘H‘A«)

Chomce ¢ —> '_\_Sﬁ&

sof

Py = 760 torr
I =27315K

Ti = 50° + 273.15 = 393.15 K
Using the Combined Gag Law,

Vi Bwy

3

15

and recalling that STP implies standard tem-
perature (273.15 K) and pressure (1 atm or

760 torr), we have

_PVin
Yo = TP

__ (1201 torr) (40.0 L) (273.15 K}
- (323.15 K) (760 torr)

= 53.4302 1.,



27  Relating number density to pressure

— 7 .
C;FV_—MRT The de oot om0 Qg# & wF wazded becanme BSU«‘,("'FM
=9 ~ . F* o Tus huctise.
b T
C7P:,_3_% NR}L ¢ ,A—;Mﬁeﬂs."-j oyo2e WP, P A oSalinp,
: s
p —_ -—v-:\—-'lw ¢A1> Toba%u.?)? %g—eaufp o
A B m o Thove & no\V T eguatim (THE3 P aliedy)
Explanation:
Mass Density and Pressure By thoughtful substitutions and rearrange-
027 10.0 points ment, the ideal gas law can be used to relate
A sample of nitrous oxide gas (NO) has a the mass density of a gas to its pressure.
density of 12 g L™!. What pressure does the PV =nRT )
sample exert at 27 °C? Recalling that a number of moles (n) is
equal to a mass {m) divided by a molecular
1. 61.6 atm weight (M.W.), we can substitute into the
ideal gas law.
2. not enough information n= MH;%
3. 997.9 atm PV = WRT
4. 1.0 atm

5. 9.9 atm correct



28  Gas reaction stoichiometry and PV = nRT
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For the reaction

2 HC1 4+ NagCO3 — 2 NaCl + H,0 4+ CO-

179.2 liters of CO2 is collected at STP. How
many moles of NaCl are also formed?

Explanation:
1. 16.0 moles correct Veo, = 1792 L
At STP we can use the standard molar
2. 4.0 moles volume, 22.4 L/mol.
3. 32.0 moles 17921 _ ¢ 60 mol COz
22.4 L/mol
4. 8.0 moles
C
8.00 mol COg % 2_1.“19%%%1 — 16.0 mol NaCl
5. 6.0 moles mo 2

6. 12.5 moles



29 Graham's law calculation
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rms velocity of He 01
029 10.0 points _
Helium has a rms velocity (vrms) t]:%a,t is 4.21
times faster than which of the following gases

Explanation:
The relationship of rms velocities between
1. argon, Ar different molecules is:
2. neon, Ne rateA  /magsB
X rateB ~ V massA
3. Xenon, Xe

Let massA be helium’s mass of 4.0 and 4.921
be heliums rate so that:

4.21 / B
5. chlorine, Cls correct = = mass

4.0
2 _ MassB
(4.21)° = 0

4. oxygen, O2

70.9 = massB
This only matches the chlorine gas, Cl,.



30 Gas non-ideality theory
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AN SiagL2r
T hes vim- \ aﬂ(.ﬁ,[ F o Which of the following does not affect the
l 'P ? L v s ideality of gases?
® W N CFE s k > I) the temperature of the gas
L Wi p IT) the density of the gas
IIT) the size of the gas molecules

1. none of the above correct
2. L II, and III

3.1 and ITI

4.1l and ITT

5. lonly

6.1and II

7. 11 only
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1. IT and III
031 10.0 points
Which of the following statements regarding 2.1 and II
intermolecular forces (IMF) is/are true?
I) Intermolecular forces result from attrac- 3. I only correct
tive forces between regions of positive
and negative charge density in neighbor- 4. I only
ing molecules.
IT) The stronger the bonds within a molecule 5. I1I only
are, the stronger the intermolecular
forces will be. 6.1, II, and III
I1I}) Only non-polar molecules have instanta- ’
neous dipoles. 7.1 and III
Explanation:

Statement I is true - all IMF result from
Coulombic attraction. Statements II and III
are both false; the strength of the bonds
within a molecule have no bearing on the
strength of the bonds between molecules; all
molecules have London forces.




32  Assigning IMF to molecules
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' 032 10.0 points
Which of the following is not correctly paired

with its dominant type of intermolecular
forces?

1. NH3, hydrogen bonding
2. CgHg (benzene), instantaneous dipoles
3. CaO0, ionic forces

4. SiHy, instantaneous dipoles

5. HBr, hydrogen bonding correct

In

o loumeh 3] c.MPow\c{s aMJ m]:ecl. Y2 c(mm

d sk
ol pus.
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Ao ~d ol

T o

Fy

Wl

Explanation:

London forces, dispersion forces, van der
Waals’ forces, instantaneous or induced
dipoles all describe the same intermolecular
force. London forces are induced, short-lived,
and very weak. Molecules and atoms can
experience London forces because they have
electron clouds. London forces result from the
distortion of the electron cloud of an atom or
molecule by the presence of nearby atoms or
molecules.

Permanent dipole-dipole interactions are
stronger than London forces and occur be-
tween polar covalent molecules due to charge
separation.

H-bonds are a special case of very strong
dipole-dipole interactions. They only occur
when H is bonded to small, highly electroneg-
ative atoms — F, O or N only.

Ion-ion interactions are the strongest due to
extreme charge separation and occur between
ions (including polyatomic ions). They can be
thought of as both inter- and intramolecular
bonding.

HBr is a polar molecule that does not con-
tain H bonds; therefore, dipole-dipole forces
will be the most significant type of intermolec-
ular forces present.
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Which of the following substances would you
predict might evaporate the fastest?
Explanation:
1. CgHis All the listed molecules are nonpolar hydro-
carbons; therefore the dominant intermolecu-
2. CypH2e lar force that exists in the condensed phase
of all listed molecules is dispersion forces.
3. C1oHoy Therefore, the molecule with the least numn-
ber of atoms and the lowest molecular weight
4. CgHy4 correct would have the lowest dispersion forces, and

therefore would evaporate the easiest,
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LDE Physical Properties 001
034 10.0 points
Which of the following statements about bojl-
ing is false?

1. The boiling point of a liquid is indepen-
dent of atmospheric pressure. correct

2. For a given pressure, the boiling point is

always at a higher temperature than melting
point.

3. Boiling occurs when Vapor pressure ex-
ceeds atmospheric pressure.

4. As intermolecular forces increase, boiling

point increases as well.

Explanation: ' )
Pﬁ)iling point is directly proportional to at

mospheric pressure.



35 Ranking physical properties by IMF |
Juu be o pe Sve (Tustomteems dip Loz Landon= aﬂi’;p-&-fs‘rm\ Tovces.

Be dL\BLe "'l—U ‘@(plﬁ-l.’\ m o\n‘gm ODM.C! ﬂxffin__c_od‘-m d'{ V‘L«Z,
most  nbT U (et heo olopersim Frce) T

Re able Yo dpay < MF’(L CMPMI(S w. T4 Ft "'LMC!.«H__‘
ond datragnish Aot type 9 boands (covld vs Kobd)

6& — - J W\-M
-{'J\\N‘ }GA S

. G A H
a@‘\)(__....«_"\\‘;! A )’ﬁg - Ces oo N M

.«’;.‘?l:;‘ ‘: F;'H o O & ¢ f(\,/,h"" (“!1' ’//‘{
: 7 ( 7 1

(+ bonc) (Twp)

e i |

' Theory behind ranking of properties of liquids (H bonding) Med T

WD
i, __,,..,—v/_{ +45 o A Eun '?‘MM P{v“' ﬂ .
TBAE\NH — H L,Mirdﬁ thot shows Uow spec:sﬁ

S Tie O, FthAH © Po—f-“oci 2 ave.
dﬁ’ RBe abtly Yo explara Ve Nends
L

mw




36

Explaining Dispersion Forces
033 10.0 points

Carbon tetrachloride (CCly) and n-octane
(CgHyg) are both non-polar molecules. At
gtandard pressure, they boil at 345 K and 399
K, respectively. Which answer choice below
correctly explains their boiling points?

Cl

I
c1—Cc—al

l

Cl
PV e Vg

1. CCly has a lower boiling point because its
greater molecular weight enables it to form
stronger instantaneous dipoles.

2. CgHjs has a higher boiling point because
its greater molecular weight enables it to form
stronger instantaneous dipoles.

3. CgHyg has a higher boiling point because
its electron cloud is larger and allows it to
form more instantaneous dipoles. correct

4, CgHig has a higher boiling point be-
cause its smaller gurface area allows it to form
stronger instantaneous dipoles.

5. CCly has a lower boiling point because its
smaller surface area allows it to form stronger
instantaneous dipoles.

Ranking physical properties by IMF

Explanation:
Carbon tetrachloride

)} both have

Despite the

octane is a long
electrons are acc
stantaneous dipoles.

VP IMF Ranking

035 10.0 points
Rank the compounds

CH3CH,OH CH3NH; CH3OH NaOH

in terms of increasing vapor pressure.

1. NaOH < CH3CH,OH < CH30H
< CH3NH; correct

2. CH3NH; < CH30H < CH3CH,0H
< NaOH

3. NaOH < CH3NH: < CH30H
< CH3CH20H

4. CH3;CH,0H < CH30H < CH3NH:
< NaOH

5. NaOH < CH30H < CH3NH;
< CH3CH,0H

(CCly) and n-octane

only instantaneous
fact that (CCly) has
a greater molecular weight (153.81 g mol 1)
compared to
ter boils at a substa
ture. In general,
in molecules with grea
more total electrons and &
the shape of the molecule). Since -
gkinny molecule, more of its
essible and ready to form in-

CgHis (11423 8 mol 1), the lat-
ntially higher tempera-
dispersion forces are greater
ter molecular weight.
larger surface area



37  Thermodynamic laws theory

e c,m;swa(
‘ = AUy + AUy =& 2wy 8§ SR
o \st Low AUy o o baars 5} cdleieMY

7 I o
e AUsys ~ — AUguus F1om $Lost law ] e
< ] AH —_ AM -l"PA\/ +o ‘l')wm'?{' V@&t L J\ % in orM

4 AU dly 5w o
- e WM

o AR =% Uy e s BV T o
D Am dpe&\la(w-x SM.Jj a—uO :{A\jgsw\ﬂﬂg

fowthas
o ASVM’?\/ - Assu\s-\"ASSv-/f- ‘T

v T
w lavier = begh 4 -
e AS = % (= wheh mtm:b Aj“:&“ ngl,«ﬁm 2 Aot pale o big QS

‘!_\.;é mVZ.N W“ASUM.,;
s NG =~ TAS . » hev we get % e Siqps

v e vesmctia make s
: ASS:,, = "“é_ili’.‘l-? > hev heot $onn oxo VismTe 7
’ ’ T clhuss ™ Sw{awdmgg.s

FLELBAUD

Which of the following statements concerning
the laws of thermodynamics is not true?

1. Entropy always increases in an isolated

system.
2. AUuniv =0
3. ASuniv >0

Explanation: )
Free energy is conserved in an isolated sys-

4. S = 0 for a perfect crystal at absolute tem, but not in a closed system.

Zero.

5. Free energy is conserved in a closed sys-
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PV work calculation
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For which of the following reactions at room o
temperature (25°C) would there be 5.0 kJ of
work done on the system?

ot

&

=]

. CHz0(g) + Na(g) + 2 Ha(g) —

Ql/xovu_é-ﬁQ rxu %:Tncz OLLM(‘e

v Am%a’; d’/VLc.l W l‘#/P/..j

- CHy(g) + 2 02(g) — CO2(g) + 2H20(g) by LT w«hkrch % ~2.5 1 )
. COz(g) + 2H20(g) — CHa(g) + 2 O2(g)

ak vooenr 1. Rery ermle Sigms

N3oH;(g) + CH30OH(g) correct

s

o

o]

. NoHa(g) + CH30H(g) —

. 2H204(£) = 2H20(¢) + O2(g)

. 2H20(£) + 09 (g) — 2H202(€)

CH20(g) + Na(g) + 2 Ha(g)

Explanation:

At room temperature (298 K), the

product of the gas

constant (R =

8.314J -mol ' -K™!) and T is very close

to 2.5 kJ-mol L.

Based on 5.0 kJ =

—Angys (2.5kJ -mol™!), the reaction for
which Angss = —2 will be the correct an-



39  Bomb calorimetry calculation
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039 10.0 points

If we set up a bomb calorimetry experiment to Explanation:

determine the molar internal energy of com-

bustion of ethene (Ca2H4) using 1 L of wa- _ () — 95.20°C
ter as our heat sink, 2.805 g of ethene, and AT =Tf-Ti= 58.92°C '

measure an initial and final temperature of =33.72°C=33.12K

25.20°C and 58.92°C, respectively, what will
be the experimentally determined molar in-
ternal energy of combustion of ethene? As- 1000 mL 1.00g _ 1000 g
sume the density of water is 1.00 g-mL™ m=(1L)- L mL

and the calorimeter itself absorbs no heat.
The specific heat capacity of water is 4.184

-1 gl
J-g7 KT n = 2.805 g ethene -

1. —14,110 kJ - mol™?

- —mcAT
2. —14.11 kJ - mol ™! AUrzn - __A[_I_c?_l. = R

n N 4,184 Jn K
3. ~141,100 kJ - mol ! _1000g- Hpg- 3372
. 0.1 mol
4, -1,411kJ - mol~* correct = —1,411kJ- mol

5. —141.1kJ - mol™!



40  Hess' law - bond energy calculation
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040 10.0 points

Using the provided bond enthalpy data, cal-
culate the change in enthalpy for the following
reaction:

Explanation:
CH4(g) + Oz(g) «— CHzO(g) + HgO(g) AHmn
= Z BEreactants — Z BEroducts

= . -1 _
1. —349 kJ - mol~! correct [4(412 kJ-mol™") + 496 kJ - mol 1]

- [2(412 kJ - mol™?) + 743 kJ - mol~!
+ 2(463 kJ - mol-l)}
= —349 kJ-mol™?!

2. —710 kJ - mol™!

3. —577 kJ - mol~!

4.710kJ - mol ™!
5. 349 kJ - mol™!

6. 577 kJ - mol™!



41  Hess' law - AHf calculation
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041 10.0 points
Calculate the standard enthalpy of combus-
tion of butane (C4Hio(g)) at 298 K from stan-
dard enthalpy of formation data.

1, —-2877.04 kJ - mol™* correct The palanced equation 1

2. —2342.32 kJ - mol ™" (e + 1;,”_ 0y —+ 4C0a2(8) + 5H0(0)
3. —2056.49 kJ - mol ™" .
4. —895.49 kJ - mol ™" AHcomb = }: AH{ prod ™ Z Mif resct X
5. ~2843.5 kJ - mol ™ = &5 D70+ 4 B 008
—AH ? CaH10(®)
Explanation: =5 (._285.83 k3/ mol)

4 (30351 k3 /mo)}
_(—126.15 kJ /mot)
. 2877.04 kJ/mol



42  Thermodynamic conventions - signs/descriptions
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042 10.0 points S'i‘m ‘l‘?'u.% M’Jl‘H\
When wood is burning (ie. a combustion
process is occurring), which of the following A H"‘r‘@ Jﬂs"‘ﬁ’@
quantities is positive? be: rare thet
1. Change in entropy. correct C_’_.t'u.q_ A IWVERN
2. Change in Gibbs’ free energy. ford WD
bhe c g qee
3. Work. ‘VNW_J. T due

4. Change in enthalpy.

Explanation:
A burning piece of wood produces a lot
of gas and thus does expansion work on the
surroundings so work is negative, not positive.
It is an exothermic reaction (producing heat)
so enthalpy change is negative, not positive.
It happens spontaneously so change in free
energy is negative, not positive. Finally, ali
the gas produced yields an increase in entropy
g0 the change is indeed positive. E
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Which one shows the substances in the in-
creasing order of their molar entropy?

L. H20(£), Ar(g), Ne(g), COa(g)

2. H,0(£), Ne(g), Ar(g), COz(g) correct
3. None of these

4. 002(g): Ar(g)? Ne(g)) H2O(£)
5. Hzo(e)! 002(g)= Ne(g)a Ar(g)

6. CO2(g), H2O(¢), Ne(g), Ar(g)

Explanation:

For HoO entropy increases going from a
solid to a liquid to a gas. We would auto-
matically expect C(s,diamond) to have less
entropy than any liquid. Water is a molecu-
lar substance held together in the solid phase
by weak hydrogen bonds, and the carbons in
C(s,diamond) are more rigidly held in place
and will have less entropy.

The correct order is

C(s, diamond) < H;0(s) < HaO(#)

< Hz0(g)



44  Predicting changes in entropy
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044 10.0 points
Which of the reactions below will likely have
the largest increase in entropy (ASrxn)?

1. 2 CHa(g) + 203(g) -
4Hy0(g) +2CO(g)

2. Na™(g) + Ci™(g) — NaCl(s)
3. S3(g) + 9Fa(g) — 3SFs(g)

4. CsHia(£) + 802(g) —
6 HoO{g) + 5 CO2(g) correct

5. NoHi(g) + Ha(g) — 2 NHs(g)

ixplanation:
The reaction with the greatest positive
value for Ang,s will have the greatest value of
ASxn.




45  Boltzmann equation calculation

S:klw W = » -
k [w 7 H D oo o M?#DM*@L

=2 ™ (N - b=
By o Bl o Temete KX S R=vs Z xamplh

#=Y4 v Cihrd 6 vewsdh |y 2= 0.7 | 3=1] Wit 5 I B
=206 S CaHgCl 6 VOamie b l""K’:)(’n){ l‘an-.. §mcleo CHzCT

Ty Sk gy, 2

= [OMEbi2=10(z.) 2
(D= 6@%_

LDE Stat Thermo Entropy 004
045 10.0 points
What is the residual entropy of 0.5 moles of
CH3C1?

1.11.52 J -mol™! . K~?

2.0J -mol™' . K!

3.5.76 J - mol™! - K! correct
4.9.137 -mol™!. K1

Explanation:

S=k-lnW=k-In (40.5NA)

= Nak-In(2) = R In(2)
—576J -mol™!-K!



46 Second law calculation - ASsurr

Tn ededidtng ASwns | ASsys comse Fran tatle § mrbo eubgpie-,
.Bud' ASSN, Crris 4% Fasle ] Attexn

- Atlsgs 6 Make swt sicns evevchkt, AS h AH
ASew = Binedl b I ™ € Vi ghT, Sw/ OPpo? Fys
s = o qet wab gl Uae T v eqeny P et KT
Exomple Wkt © ASguw | DBSss =287k and AHp,, =6 ET of zoot
A Ssewr =7 (F_‘@_o_’i.o :ﬁ-; + 30% "'u@e‘ Hs Ocs)
Calculate ASg,,, at 298 K for the reaction 200 F ® wete oo dh&'b‘-e.ASs"j
'“' o Abfe 5 & emo so
6 C(s) + 3 Ha(g) — CeHs(£) 2 neytives, one ot —40BD ot + eIED
AH® = +49.0 kJ-mol™! and AS? = —253 From equatim o Nole 8Ssy @ hecame 2K0f2aue
JK tmol™L. and  Sue oo
R Si‘ﬁn Sl W
1. — 417 J-JK™"mol A H ‘Ffm-'-'\-ﬁ

2. +253 J’ K 1.mol ™!
3. — 164 J K 1.mol™! correct
4. +164 J- K L.mol ™!

5. — 253 J K Lmol !

Explanation:
AH? = 49000 J - mol ! T =208 K

o Qsurr —q _AH;"J
ASaun = "1 =T 308K
_ —(+49000J +mol~1)
- 298 K
= -164.43J-K! - mol™!,




47  Spontaneity and temperature - phase changes

ABG=AR-TAS =g ot phoe chome 5o

AR =TAS Exapl Wkt & T Fui 8o bodres 75
AHye, = 90 £ T
Tphose = AA? and A yup= /o7T/1¢
= 0oO >
bbta—e&ﬂw.m g 61—,— T i[oF'V 373 2 (epdc
A vs C

e pot.ce hna Stmley 31)89""'\4 2] -

- e wAsAURS

Based on the enthalpy of sublimation
(AHg, = 393.5kJ-mol ') and entropy of
sublimation (ASsys = 2.023 kJ - mol~! - K~ )
of carbon dioxide, at what temperature does
this phase transition occur?

1. -785K

9. —78.5 °C correct
3.0.2°C

4,785°C

502K

lanation:
R N Hyy __ 3935KImol
= AS.; _ 2.023k)-mol 1 -K™

- 1945K-——785°C



48

Spontaneity and temperature - chemical reactions

AG AH- ’T' S:-,s Fan a preces= be able o <2>w
i x l‘"‘ﬂ“’" L‘L‘Tk—r A SWTJ, Ags.ls ) Ags.w, ééﬁ; ) AHs\‘j
~ VO Anfpe
— + AaOAUO“\S Lﬁ-ff“': Exa_—pnﬂd

AH’;;..;O comtbustim 3 AS;..,; (G %—92
Ss O Ssu-lf@ > A Suuuv ""\JAGS'-]) d IGWT
® D

ChemPrin3e T07 59
948 10.0 points E'x
For the reaction “"‘"Q" HLO % H ()_Q I
2C(s) + 2Hy(g) — CoHy(g) DO, A S v @ 2 55-15 @ A H‘s-,se 6559

Vle“.'-@- hoy'u-s lew T (C-IGDGC)
AH? = 4523 kJ-mol™! and AS® =

—53 07 J-K ! -mol~! at 298 K. The reverse
reaction will be spontaneous at

1. all temperatures. correct
2. temperatures below 1015 K.
3. temperatures below 985 K.
4. temperatures above 985 K.

5. no temperatures.

Explanation:

AG = AH — TAS is used to predict spon-
taneity. (AG is negative for a spontaneous
reaction.) T is always positive; for the reverse
reaction, we reverse the sign of AH and AS.
We thus have AG = (=) — T(+) for the re-
verse reaction, so AG will be negative for any
physically possible value of T'.



49  AGrxn from table values

GCven a chosod veactom

wlaed' 5 Aéﬁm ot 26OK
=AH-TAS

° uee AG Z}T R

S sl T
@ Wse COVer Sheed it
& Hat, :Cambustm resch~ 263

ChemPrin3e TO7 52
049  10.0 points
Calculate AGY for the decomposition of mer-
curv(II) oxide

2HgO(s) — 2Hg(¢) + O
AHY —~90.83 _ _2_(g)

(kJ - mol™1)
ASS 70.29 76.02  205.14
(J-K™' mol™1y

at 208 K.
1. 4+246.2 kJ - mo] 2
2. —64.5kJ - mo] 1
3. +117.1 kJ - mol™! correct
4. -117.1 kJ - mo}~1

5. —246.2 kJ - mol~!

DH= 5 AHond -5 AMre
~2(2%6> O +0)
N

e Hmt. TAS = woull smda

2y, + 0, > 20y

£S5 Sopun £ e
- 270) ~ [P0y 429
|40 — %S =325

bt came. — -
AHg=& TAS = 30-0(-325'3"' 73
- - '7ﬁ = —475
G, = ~5T72-("9
Explanation:

In order to find AG} at 298 K, we must first
calculate AH? and AS?,
ASE =2 Sigte) + S3,9) — 2 Stigor)

= . 205.14
2 (7602 Komol) +20

J
=2 (70.20 K. mol)

J
K - mol

J
K- -mo

= 216.6

AHY =2 Hygpy + Hoyg) — 2 Hiog)
=0 —2(—90.83 kJ/mol)
— 181.64 kJ/mol

AGS = AH? — T AS°
= 181.64 kJ/mol — (298 K)

< (2166 2 =
x K -mol / \1000J




50 Predicting compound stability

TS AGY © tan campord = shoid
I§ AGE @ Yoeu comprd wot shil

Use the table data
AGL.,
[ke/(mol - K)]
AgCl(s) — Ag(s) + % Clx(g) 109.7
2 Ag(s) + % Oa(g) — Agz0(s) | —10.8
3Na(8)+ Oa(g) > NOo(g) | 518
Hl{g) — %Hz(g) + % Iy (g) -1.3

to pick the thermodynamically most stable

species.
1. NOo(g)
2. Agy0(s)
3. AgCl(s) correct

4. Hl(g)
Explanation:

Because the decomposition of solid silver
chloride is highly non-spontaneous, its for-
mation is highly spontaneous and it is quite

stable.

Diawmmd s 46{? =+3k«]—/mole
5 wmot S“'Au'c

B—%L—e-—l A6€ = -l-‘f"\ &
so met stusle

Eﬂﬂ-n.og Aé_%’ - —Z??kj
Se s{-.“‘f
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