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3 Free Response questions, 45 minutes

CALCULATORS MAY BE USED. You will also have a periodic table, equation sheets, and the standard
reduction potential table.

Clearly show the method used and the steps involved in arriving at your answers. It is to your advantage to
do this, since you may obtain partial credit if you do and you will receive little or no credit if you do not.
Attention should be paid to significant figures.

Note: For all questions, assume that the temperature is 298 K, the pressure is 1.00 atmospheres, and
solutions are aqueous unless otherwise specified.

Record all your work on this exam; you will only be given credit for answers showing work.
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1. (23 pts) When 10.000 g of a hydrocarbon is combusted, the combustion is incomplete, forming carbon
dioxide, water, and carbon monoxide. The water is absorbed by calcium chloride in a dessicator, which
gains 15.517 g in the process. The carbon dioxide is absorbed by lithium hydroxide, which gains 22.759 g.
a. (5 pts) What is the empirical formula of the unknown compound?

155179 H0 — 0. 861 ol Hao = 1,922 mol H
L 1722molH=1749H, |[p-174=8269C
8269 C 2 0-688 ol C

1722m0) H : 0688 mal € ) G Hs)
52
b. (3 pts) At 25°C, 2.000 g of the compound is introduced to an empty 1.000-L flask. The pressure of
the gas is 641 torr. What is the molecular mass of the compound?

PV=n BT
(555) (1) = n (0. 0521) (245) 22 = [5%.0 Ymal

-

= 0.03 44 10|

c. (3 pts) What is the molecular formula of the compound?
(2Hg = 24 9
gg/lq =2

2((-1H5) = lﬂg_

d. (3 pts) Draw a Lewis structure for this compound and name it.
H H H H
\ ' ! |
H-C-C-C-c-nt butane
| | 1 1
H H H H

e. (3 pts) Label the type of hybridization present in each carbon in your Lewis structure.

sp® hybndization for €ach C

f. (3 pts) How many sigma bonds are present in the molecule you have drawn in part d?

13 o bonds

g. (3 pts) How many pi bonds are present in the molecule you have drawn in part d?

O T wonds





[image: image3.png]2. (15 pts) Consider the J.J. Thomson model of the atom.
a. (3 pts) Briefly describe one aspect of Thomson’s model that is now considered to be incorrect.

Thomson = positively chdrged atdv | negahvely chiarged
elecions throwgh e (plum pudding)

-Didnt acount for nudeus

b. (3 pts) Using the Bohr model of the atom, calculate the energy of light associated with an
electron’s transition from the first energy level to the third energy level in the hydrogen atom.
J i

LE= B (hp - W)

2.08x007 (5 - =) = 1.936x107 T

N

c. (3 pts) Calculate the frequency of the light.
Ezhv

1936501 2 6. c2exi6™ 44 - v
vz2,922 x10° &
d. (3 pts) Is light emitted or absorbed?
Energy is absorbed .
Low te ‘n‘y( ‘nm 5}‘_{3

e. (3 pts) In what region of the electromagnetic spectrum is the energy of light found? Briefly state
two unique ways to determine this using the information in the problem.

owil bein the OV spectum. Thic can b debermined by convarting
the feequensy fo wavg]mi/‘ or 'mj knowing that becamce the elocton
5 goiny fom n=l eneyy sk fo n=3 enirgy state s X i et
& lyman seciy | yohich s V.




[image: image4.png]3. (12 pts) Using basic principles of structure and bonding, explain the following differences, making sure to
refer to each of the substances or situations.

a. (3 pts) KCI has a higher melting point than KI.
Lattie ehemy is prpwhinad £ 4,%4.

r= .

Sine I has a ldrger radivs 4han A (more thergy levels
dowh a gruwy), Lattie enevgy for KT 05 [ower Paan
at of K. This means that KU nag a stiwnder (o«
bond and tus a higher melhng point

b. (3 pts) The first ionization energy of Ar is smaller than the first ionization energy of Ne.
Argon has move eiections and more energy levels man
Neon, Because of thfs, i+s vdlenwe electons are farher
owt, amd thert (s e shitlding . Thevt e, Argon
has a  Lwrer ENC, and [t would bt eagier tv rermve
an electwn, so f has a smalle, Acst (onizan'on enermy.

c. (3 pts) The carbon-carbon bond energy in benzene is not equal to the bond energy associated with a
carbon-carbon single bond, nor that L)fjca:bon—ca: double bond.

'(]l/»\ Qb - Corbn beval &5 pepther S«?JL e o/mbtzu\f\
(7@&\2@@ "’7-+ (5cc(vm(¢"1»‘~t“‘{“ e «H{ LM'/( QHQJLS
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d/({j(er!;\f 6‘4"\@“‘-’ S’*j(& M‘O/*L(Q éb’\“/{

d. (3 pts) A 0.10-molal aqueous solution of calcium hydroxide has a higher boiling point than a 0.10-
. molal aqueous solulion of gnesiumhydroxi%t .
T Tre oA Gl OB > JiSsociodRs Yo
(o2 sod ZONT BN i wedee, Mg @W, s
RSN 3 ot otd  Thardfure dodr et dsseiade,
BecooSe o NS Tve e \ady of @O, \& \'jét
\,,0&\'\3 @N\}) e\eyedinn €GVONL N AT L i
03 wd fre walily of Mylowd, will be Gﬁ\{v
'Fhekrcwrc)ing ro fuls eguatdn, Sne W de tdla A
of e Cor«félmos/ Tre Wgws s e \\ch) ﬁc\‘\% B ot
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1. (23 pts) When 5.000 g of a hydrocarbon is combusted, the combustion is incomplete, forming carbon
dioxide, water, and carbon monoxide. The water is absorbed by calcium chloride in a dessicator, which
gains 6.432 g in the process. The carbon dioxide is absorbed by lithium hydroxide, which gains 11.125 g.
a. (5 pts) What is the empirical formula of the unknown compound? ~ D3~ Yo by e \essee of

Pan was\es t
Carzg w0 Vool Ho© 2 e -
o e = (5. 2\ \ 4 ©.3%6
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b. (3 pts) At 25°C, 1.000 g of the compound is introduced to an empty 1.000-L flask. The pressure o
the gas is 663 torr. What is the molecular mass of the compound?

=R T . 0.035% mel | weol
(%ﬁ-uﬂ}(\-wﬁ=ﬂﬁo.oﬁ\ ) (2]3k) (e g ? Ma

D NE0.035F ws\ ) N\:\’im_i\

c. (3 pts) What is the molecular formula of the compound?
Twe. A o & e moleculas vagss T Y\ vwass s Tl
ew 9 eal o (Mulal ¢

St
28.05¢
m XY D wmslendswC KRodlel T @
d. (3 pts) Draw a Lewis structure for this compound and name it.
c=C eV wl
Ny
bel the type of hybridization present in each carbon in your Lewis structure.
o C_ o  eaclh carens
&
P
3
Q e ~

f. (3 pts) How many sigma bonds are nt in the molecule you have drawn in part d?

5 o ‘eonds (4 W Gomds, & tm C=C Sond)

g. (3 pts) How many pi bonds are present in the molecule you have drawn in part d?

1T — (1 (=C \oawok)





[image: image6.png]2. (15 pts) Consider the Bohr model of the atom.
a. (3 pts) Briefly describe one aspect of Bohr’s model that is still considered to be correct, and that
was different from previous models. 3 \ (s wmodeN weacke fire  asuphtun
o @ecdeons Moge W Aved ol atund e eS|
W(\ASV\ s s C:IQ,(L,SC ‘d{bi’;’;‘“’\ U Mede  ¢Meus Yo el
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b. (3 pts) Calculate the energy of light associated with an electron’s transition from the fourth energy
level to the second energy level in the hydrogen atom.

w L L
pE= =Ry (i ~w) VIR T (5 &Lj

—_—_—

c. (3 pts) Calculate the wavelength of the light. i 5
& = BE S €.£3-167 3.0 (0
Le = = =
; /

2 4.870 Tw

4,084 167

d. (3 pts) Is light emitted or absorbed?
Bghy N ewitfed o5 T Rledvn goeg
Grown o Wigh de ew evamy  sTeke

e. (3 pts) In what region of the electromagnetic spectrum is the energy of light found? Briefly state
two unique ways to determine this using the mfomaﬁon in the problem.
TH 5 W e wsible \gak s paum, Thts
N e Fond TWRETTOWAWE My leoRdag ok
: . 5 | R i ) 0y IR .
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[image: image7.png]3. (12 pts) Using basic principles of structure and bonding, explain the following differences, making sure to
refer to each of the substances or situations.

a. (3 pts) KCI has a lower melting point than CaCl,.
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c. (3 pts) A molecule of NO, will react with another NO, molecule, but a molecule of N,O will not w0V e
\/~rem with another N,O molecule. N, e

|
Dow't M — N’W”‘DW/WW‘\{(W Y fved-
tawT oom
ev\e(s\ﬁ
0 & Ne
WS walker
Yo Pk

d. (3 pts) A 0.10-molal aqueous solution of hydrochloric acid has a higher boiling point than a 0.10- —L p)

molal aqueous solution of hydrofluoric acid, but pure hydrochloric acid has a lower boiling point
that pure hydrofluoric acid. Az <J o
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