Cl}em stry 231 Fall 20184 Oregon State University
llr’ October23;:2014 Drs. Nafshun, Watson, Nyman, Barth, Burand
Ote §, 201y
Instructions: You should have with you several number two pencils, an eraser, your 3" x 5" note card, a
calculator, and your University ID Card. If you have notes or a phone with you, place them in a sealed

backpack and place the backpack OUT OF SIGHT or place the notes directly on the table at the front of the
roomn.

Fill in the front page of the Scantron sheet with your last name, first name, middle initial, student identification
number, and section number (below). Leave the test form number blank.

Section 001 (MWF 8am with Dr. Nafshun)
Section 002 (MWF 9am with Dr, Nafshun)
Section 003 (MWF 10am with Dr, Nafshun)
Section 004 (MWF 11am with Dr. Watson)
Section 005 (MWF 1pm with Dr, Nyman)
Section 006 (MWF 2pm with Dr. Barth)
Section 007 (MWF 3pm with Dr. Burand)

This exam consists of%ltkple-chowe questions; each h((ﬁ%mts attached. When you finish this exam,
proceed to the proctor. Flash your OSU ID Card and submit your completed Scantron form. You may take
your notecard and this exam packet with you.
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Synihol

 Multiplier

exa E 1,000,600,000,000,000,000
peta P 1,000,000,000,060,000
tera 1 1,000,000,000,000
giga G 1,000,000,000

mega M 1,000,000

kilo k 1000

deci d 0.1

centi c .01

milli m 0.001

micro H 0.000001

nano n 0.000000001

pico p 0.000000000001

femto f 0.000000000000001
atto a 0.000000000000000001

1 inch = 2.54 cm (exact)

I mile = 1.60934 km

1600 mL=1L

1 mL =1 cm®

1 mole (Na) = 6.022 x 162

¢=3.00x 10* m/s

h=6.626 x 10%¢]

im=1x10nm

Hydroxide |OH-

Cyanide CN-

Nitrate NOy

Acetate CH,COO"

Carbonate |[COs*

Phosphate |POs*

Hydronium | H;0*

Ammonium |NHy"

Sulfate SO4%

Materiat Specific Heat

1/g°C
HOo 0 4,184
CH,CH,OH () 242
Pb (s) 0.128
Au(s) 0.128
Ag (s) 0.235
Cu () 0.385
Fe (s) 0.449
Al (s) 0.903
Sand 0.84
Granite 0.790




Wavelength (in meters}

8 x 10°7 gx 107

Visible Light

7x 107

4x107
Wavelength (in meters)
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h=6.626x 10 s V=— E=hy
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— By 1?_2 ? Ry =2.180 x 10°'® J/photon Ry =10973731.6 m*!
H 2
kgem?® 2
1j=1 s electron mass = 9.10938 x 10" kg E=mc
E¥Y=H¥ AE=qtw W =-PAV
AH = AE - PAV P(r) = 4 n 12 42 (Ax)(mAv) > h/4n
I = —heR../ n* En = -RZ%/n?




1. A student combusts a compound in a bomb calorimeter, and the temperature of the calorimeter increases from
25,62 °C to 27.42 °C. The calorimeter has a constant of 91.82 J/°C. How many significant figures can the student report
for the AE in this reaction?

a) 1
) Y ) N e = j
b) 2 b - (F? .82 %y H!’f‘% AL S
C) /5 - 3 [
C.) - (ﬁ VLR 3/@;_3 .80 C)
d) 4 wﬂwa.. 4 r—_a.mw;_mg B
= o B
e 5
|67,
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2. A solid cube Is measured to be 0.451 inches on each side. The mass of the cube is 12.9 g. Which of the following
metals is this cube most likely to be?

a) Yttrium {4.45 g/cm?) €= OMShin
b) Lead (11.3 g/cm?) 5= omstia (25 ) s 1S an
Yoaas
¢) Iridium (22.4 g/cm?) 3
_ \ :33—“ \\\\Scym)'f’: LSOcm>
d) Tellurium (4.95 g/fcm?) '
L e T X AN~ A o
e)/\l\hobaum (8.58 g/cm?) Q\w NB ':”}":‘;“’:_ﬁ S RAES5AY W

g R

3. Which of the following statements about subatomic particles is TRUE?

a) (A neutral atom

cont;TlT; the same number of protons and e!éctron§\>
b) Protons have about thé .sz;lr"ﬁe haés a§ éiecfrons@{
¢} Electrons make up most of the mass of an atom?;{
d} Protons an@g{fﬁﬁé have opposite, but equal in magnitude, charges.

e) Neutrons and f@.@ﬁgare found in the nucleus of an atom.



4. How many moles of Kr are contained in 398 mg of Kv?

a) (4.75 x 10° moles K . U o\
398 11679 Vi ( R

3
- __..H/) w ‘"\‘“{S)ug ol ¥.F
B 9

b) 33.4moles Kr
¢} 2.11x10*moles Kr
d) 2.99 x 10® moles Kr

e} 1.19 x 10" moles Kr

5. The fictional element Beaverium (Bv) has two stable isotopes: 1By {mass = 144.9362 amu) and **®Bv (mass =
147.,9177 amu). Which of the following could not be the average atomic mass of Beaverium?

a) 145.7731 amu
b} 144,9968 amu

¢) 1463214 amu

ey

.) 147.9882 amu Con hok e, 9-:1&{'(”&P ”i”(’(aﬁ P T I e Laias ¥ \7_@,
o balrudaen AMUGY 62 EA\NT NTTemn
e} "any of these could be the average atomic mass based on the information given

- L
Y OSZW \0@““ (’;05-“"’

6. How many total eiectrons are present in 0.1415g o@de ions
a) 2.23 x 102 electrons 2o \ el A

oA \hq O L '
b) 3.20 x 10 electrons t) Vel g )

2. b
c) 4.26 x 10% electrons 2 5 popdimel O -
d) 8.84x 10* electrons o é'b;::@)fw:f@wg—v > s
e Bty O,00 %tbq Mﬁ\ { o \
e) 6.33 x 10% e!ectro@ -
v 5 3D O ers
o v ., \Oe” . T
5. 311D O rene (\\ \C)“”M) = 5,33%ID =2




7. Which of the following pairs of formulas and names are incorrect?

a) (Fes(POs); iron () .pht;s;ﬂ;fé".\“) s e nd b Yo ., (€04 ),

b) NH40H, 'am'n'}o.nium ﬁ‘ydrldx.ide s q{ A

¢} CaCly; calcium chloride ©F \r (i) grespln i th-
d) AI(NO;); -6H,0; aluminum nitrate hexahydrate o \“'&‘ﬁc ;:éj;)

e} TIiS;; titanium (IV) sulfide o ¥

8. How many grams of water are in 16.00 g of FeSOs4 -4H,0? Molar Mass of FeSQa -4H,0 = 224.0 g/mol,

a)¢5.149 LY \ ° y
1606 Feson M0 ( ) = 007y mol Fe st UMD
b) 4.571 22N 0 9
¢) 6.429 A M D o\ T 50y Py 6 Q tf fﬁb ‘W‘Pi}”“— ),, 6.28 57 mo\ H,0
d) 3.502 Lol fadogita®
el 4.857 0. 2651 mo) Voo (l'if’ig% ) 5449 o W0

8. Aqueous iron(li) chloride reacts with aqueous sodium phosphate to produce solid iron(li) phosphate and agueous
sodium chloride. Which represents a balanced equation of this?

a) 3 FeCl(aq) + NasPO4(aq) > Fex(PO4):(s) + 3 NaCl {aq)
b} FeClz(ag) + NasPO4(aq) — Fes{PO4)2(s) + NaCl (aq)
c) FeClg (aq) + Na3P04 (aq} — FezPO4 (s) + 3 NaCl (aq)

(d) 3FeCh, (aq) + 2 NasPOs (aq) — Fes(PO4)a {s) + 6 NaCl ‘aq’ \)

e) 3FeClx(aq) + NasPOs{aq) — 2 Fea(PO4)z (s) + 3 NaCE {aq)

2y Fel,(er) 42 NayQ0ulay) = Foof0y),, (9= o ac (ag )



10. 8.84 g of a compound is analyzed and found to contain 3.53 g of C, 0.295 g of H, 4.08 g of N, and 0.935 g of O.
Which of the following could be the molecular formula for this compound?

) onoNu:;) \bu\*«\br‘ 353$Q( ‘l :m&\>;53 6. 284 mol € /0.05 w4
b) c4H8N602f‘§ o3

) GHNO © 2954 W AL > 61,293 wat ¥ /0 0 SBY
. Vand &
d) CSH10N303 t-%
Vored | o656
e) CgHgNgOa HEB o (= ” ;w;) e 0,29 { mo) M/
L r-mcg‘l . . o g %‘
. - e Vo B, W el O/ o050
N 6. 95540 (\%b.aaj> o.05% o /
N
X s g e O

< \*.wiﬁr\\ L3N \
11, Consider the following reaction:

N2 (g) + 3Hzég —> ZNHa(g)

What mass of hydrgéen&s muit be reacted in excess nitrogen gas to give a theoretical yield of 75.0 g of NH; gas?

a) 6.60gH, <
\ Yy g\
b}, 133gH£3 (> 15 04 \’r\;;,& e W o) WLy
-------- \‘*?\933
c) 46.5gH;
d) 113gH, (D) N0 o Py, (D kel *f"jw w aibo vel by
Mf»\ﬂ\‘“b
e) 592gH;

A\ taa

(3) Gobowstat, (2623 >% \3.% o Vo

12. Indium can react with oxygen gas to form indium(ili) oxide. If this reaction has a percent yield of 63,8%, how many
mol of indium must be reacted in excess oxygen to vield 3,00 mol of indium{i!l) oxide?

a) 5.74molln 3
b) 4.70 molIn 2 In (5) * ‘*S;C)as(‘}) 7 T0,05

s

c)/940 rﬁot In ) g)\mm\ AR

pa r———— e

S U 3 Naxl Mb‘
d) 3 00 mol In

e} 6.00molin Lot \
Ll e U0 mel TN

0,638




13. Consider the following reaction:
4 C;HiOF (g) +90:{g) —»8C0.{(g) +6H0(g) +2F:(g)

When 5.82 mol of C;H;0F and 10.35 mol of 0 are initially present in the reaction mixture, how much of which reactant
will remain after the reaction goes to completion?

a} 1.15 mol O; remain o ]
HBzmal G0, OF ( 1) D ) .69 mol 0, v otd e

u.g,gfﬁ L) C)Z ;.“) \. -gi:!\\

b) 4.53 mol C;H3OF remain W el N

) 1.22 mol CzH:OF remain )
d).' 2.97 mol C,H:0F remain

W35 wel 0y ("—4 ol ‘3?”3@%) L U o ol LWl OF e v be
. L~ BT R T -

e} 2.75 mol O; remain
we e

S@zwel M bawel = 1027 wol
CT_H\,JC)‘: 1‘¢Ma.'.h

14, What mass of stones {Cs = 0.841 J/g-°C} that are heated to 815.0 °C must be added to 750.0 g of water (C; = 4.184
)/g:°C) initially at 22.3 °C to raise the temperature of the water to the boiling point {100.0 °C)?

a) 793 g stones t

b) @ b shargy v %H?,D |

c) 445 g stones (tﬂ)@-%‘\\ﬁ/,\‘cﬁr?@c; B‘S.ol) v~ Casoo ﬁ)xq X 3'/? ,oF LC’@.O"Q, 22.3,%)
d) 366 g stones

e) 557 gstones M= YHox 2




15. Consider the combustion of ethanol, C;HsOH:
CaHsOH(N + 30:(g) > 3H20(l) + ZCOZ(Q)

Use Hess’ law to calculate AH® for this reaction. Equations that may be of use:

3 CaHalg) + 302(g) >2H:0(/) + 2C0O4{g) AH® =-1411 k) ‘YAaey
I Cerephite(s) + 3Ha{g) +%02{g) -> C2HsOH(/) AH® = =278 kI A< Do avd wse
1. C;Ha(g) + H20() > CHsOH() bH =-44k) T \Wo

a) 632k

et CangOH =7 Cyfly+ W D e THY eI

) D N A |

G ez ‘*?><\ 130, 2vp o gen,  DHET —AHL S

e) -2348kl

CaHeoN s D 0p=2 LHL0 & 20 OH = 57 v

16. Calculate the standard enthalpy for the following reaction:
4NHs(g) + 702(g) -> 4NO»(g) + 6H,0(l)

Given the following values: ‘
Ricduchs ~ Reactants

A (4 00t 40,20 Voot 3+ (£ et Moo o200 Fhen)

AHy for NHs(g) = -46 ki/mol

AHf for NO:(g) = 34 kl/mol

- , i 4 WY e “1
AHfo for HZOU) =-286 kj/mOI JE—— ((q %O\NF‘B&” q[\;‘;}ft\)nl> wde (7 !ﬂbl 0 z&«. % f@ﬁ‘\)
a) —46kl
3T WY
b) =206 k)
c) -286ki

d'-/xg@

e) Cannot be determined from the information provided




17. It takes 208.4 kJ of energy to remove 1 mol of electrons from an atom on the surface of rubidium (Rb) metal. What
is the maximum wavelength of light capable of removing a single electron from an atom on the surface of solid Rb?

a) 9.532x103'nm 9

- ks ¥ . L\é \ o ¥
B sy b " C) wrln. A
Loom e 0y EYPRANNN ‘ pheted

S A R ) veen
b) 9.532x 10 nm Leza28 kD Kﬁ

\ ey :
c) 9.532x10'nm

- A o ) 3.005\03 L&}
d){’ 5.740x 10” nm> e L e Clsonld 22 .

" L E B v A o= ,E:uu B ?\\‘)'\r’ -~
e} 9.,740x 10° nm 7. G- TR

ERERAL fv\sto n
FOSIM 0 MR ETR N

18. The figure below can be labeled:

a} a2p,atomic orbital

b) a2p.atomic orbital

c) (an atomic orb(tglw\&’
d) 5.55 atomié orbital

e) a4s atomic orbital




-

a) 152252 2p6 351 3¢5

b) 152 1pb 252 2p5
c) \ 152 252 2p63s23p3
d) 1s2 252 2p6 352 3p6 452 343

e) 1s22s2 2p63s2 3¢6

e

p

. o eV
19. Give the complete electronic configuration for P,

©

20. Choose the orbital diagram that represents the ground state of N.

a) ——

-

[

AREIRENL
Qis 2s 2p

T o

b)
(][] [
Is 25 2p

c)
1] 1]

is 25 p

d
(] [1]

is 2s 2p

e)
L] tu] (o]
Is 25 2p

i

-



21. Which of the following is FALSE?

a) Nais larger than Na*
b) AI is Iargerthan APR*
c)\O is Iarger than?)? \
d) Ois }arger than Ne

e) Xe is larger than Ne

22. Place the following in order of increasing radius.
c‘;mn\{-‘éfa‘\"
Br- K* Rb*
a) Br < F«:b+ <K
bu(" < Rb+ < Br> 3v @
c) Rb* < Br < K 36 e
d) Br- < K* < Rb+ \,&.,f-cjﬁl"
e) Rb* < K* < Br-

23. Which of the following is FALSE?

Br

.

e u.«ﬁmwp‘.—m‘ﬁ"“"’w

wt Ryt
\515? 37 P
Bbe™
_ginaller
e

a) Elements in the same group have the same valence electron configuration. ~ \

b) Atomic radius of elements in a group increases as you go from top to bottom. "

c) Completety empty and completely full shells are very stable ETW

—,

d) First ionization energy of elements in the same group increases as you go from top to bottom\ -

e A!t of the above,



24, Chemical bonds form because:. .. . -
aj (ﬁomg so lowers the potential energy between the charged particles that compose atoms T
b) Domg 50 allows the bonded atoms to flt mto asmaller volume

¢) Doing so raises the potential energy of the atoms that make up the molecule, which can subsequently release this
energy by breaking the hond(s)

d} Doing so allows the bonded atoms to have a greater density

e) Doing so allows protons of one atom to combine with electrons of another to form neutrons

25, Under the Lewis model, which best explains why helium {He) obeys the duet rufe instead of the octet rufe?
a) Helium is a noble gas
b) Helium atoms almost never form covalent bonds

c) Heilum atoms are much Eess masswe than most other elements

d) Qhe n=1 quantum Ievel flllS w1th only two electrons T

e} None of the above statements are correct

26. All the carbon-carbon bonds in benzene {a Lewis structure is shown below) are known to be the same length. The
reason for this is best supported by:

a) Hund's rule

%

b} The concept of resonance \
c) The Aufbau prmmple
d} The shape of carbon’s 25 orbital

e) The shape of carbon’s 2p orbital



27. The Lewis Dot Structure of the hydroxide ion (OH") depicts:

(A)
(8)
(C)
{D)
(E)

28. Choose the best Lewis structure for NH,'".

(A)

(B)

©

There are no lone pairs of electrons.
There is one lone pair of electrons.

There are two lone pairs of electrons.

6D
XD oY
D

('f"r_'here are three lone pairs of electrons. ™

There are four lone pairs of electrons.

I
|
H==N==H
I
L. IVI s
T n 7
J
H—N;—~H
|
el IVI ot
? ¥
H~N=H
!
e E-l i
R
.
H—Twu
L. I I wd
i lf T
HwT~H
. B

- -

~

Id

’E:(




29. Choose the best Lewis structure for CHyCls,

A) H—(—C—(1—H
ST
B | .| .
= :Clm(ljw(‘l: !
!
H \
C) H—N—&—{—Ck
r]|
D) o=l
1
IIE
E) Cl=C=C|

30. The Lewis Dot Structure of H,0 depicts:

(A) There are no lone pairs of efectrons.

(B) There is one lone pair of electrons.

() = .T_here_ are two lone pairs of é:léc.irdhé;" N M
(D} There are three |6ne pairs of elédtrbﬁé.

(E) There are four lone pairs of electrons.

[TURN OVER FOR THE FINAL TWO QUESTIONS]



31. Astudent suggests a Lewis Structure for sulfate (S04*) to have two double bonds and two single bonds to the

central sulfur. The formal charge on the sulfur is;

? N J— I
’ - { W

\ \ 1
e) +4 R w\ -,

O

T

32. Which of the following would not exhibit any resonance structures?

a) 03

/'wm':\'” \ “ \
b)\CF{) : ( !
c) NO3 . \;3 - - ‘w '
d) SO~ . \ R

E) C032' v

T, s QDC,’ . Q)




