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Chem 1061-003 Midsemester Exam 2 (Ch. 5-7) Prof. John Ellis

March 12, 2014 Form 1A

Instructions: DO NOT OPEN THE EXAM UNTIL TOLD TO DO SO.

. This is a closed book and notes exam. Calculators and the information sheet may
not be exchanged between students during the exam. You must not consult other
students or their exams in any manner during this exam period. Please use the
periodic table appended to this exam or the one on the wall. No other periodic
table may be used on this exam.

. You will have about 60 minutes to work the exam (unless you arrived late!).

. The test contains 20 multiple choice questions worth 5 points each. Select the best
choice for each. For the multiple choice questions with numerical answers, select
the answer that is the closest to the number you calculate. There is NO partial
credit on any questions.

. Mark all your answers on the answer sheet in the spaces provided with a number 2
pencil and hand it in when finished. We will only grade the answer sheet. You
should do your work right on the test sheets. You can keep the exam so if you
mark your answers there also, you can evaluate your performance from the posted
answer key. Be sure that your answers on the answer sheet and this exam are
identicall However, remember that the answers shown on the answer sheet
represent the only valid record of your exam.

On your answer sheet make sure your name and X500(Internet ID) are bubbled in
correctly. Also, be sure to sign your name.

5. The Answer Sheet will be collected promptly at 10:00 p.m.

STOP AND WAIT UNTIL THE EXAM STARTS

Keep this exam for your own records!
Only hand in the answer sheet.



Form 1A Chemistry 1061-003 Midsemester Exam 2
March 12, 2014 Dr. John E. Ellis

1.  The density of a gas at 100°C and 300 torr is 0.490 gL™. Identify the gas.

H

a. 2
b. CH,
c. N,
d O,
e. F

2. Which value of the angular momentum or “shape” quantum number 1, corresponds
to a d orbital?

® a0 oo
O, O

3. Aluminum carbide undergoes hydrolysis to generate methane gas, CH,, and
aluminum hydroxide. What is the correct formula of aluminum carbide?

a. ALGC
b. AIC
c¢. AlG,
d. AlLG
e. ALC

4.  If 5.00 moles of H, and 2.00 moles of O, reactin a 22.4 L flask to produce water,
determine the final pressure in the flask at 0°C, assuming a quantitative reaction and
ignoring the very small vapor pressure of water. (Hint: first balance the equation and
then determine the quantity of gases after the reaction.)

a. 3.00 atm
b. 2.00 atm
c. 1.00 atm
d. 0.50 atm
e. 0.00 atm
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5. Which gas is the most likely to behave ideally, i.e. obey the ideal gas law?

neon
helium
fluorine
nitrogen
oxygen

o an o

6. Which compound is the reducing agent in the following reaction?
2 KMnO, + CH,OH + 2HF — CO, + 2KF + 2MnQO, + 2H,0O

KMnO,
MnQO,
HF

CO,
CH,OH

R O

7. Which of the following 0.100 M aqueous solutions will have the lowest electrical
conductivity?

sulfuric acid
nitric acid
hydrochloric acid
phosphoric acid
perchloric acid

® o TP

8. Which is the correct equation representing the standard enthalpy of formation of
CO(g), where AH% = -110.5 kJ/mol and C(s) is graphite?

a. 2C(s) + O,(g) — 2CO(g)

b. C(s) + (1/2)0,(g) — CO(g)
c. C(s) + O(g) — CO(g)

d. C(s) + CO,(g) - 2CO(g)

e. CO(g) — Cl(s) + (1/2)O(g)
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9. If a 70.0% yield of C,H,, was obtained from 150g of C;HO, what mass of the
product, C,,H,, was isolated from the following reaction? (C;H,O, MM = 58.0;
CpHi,, MM = 160, where MM = molar mass in grams)

4CH,O — C,H, + 41,0

a. 724 g
b. 103 g
c. 788¢g
d 496¢g
e. 480¢g

10.  Which substance has a standard enthalpy of formation defined to be zero?

a. O,(g)
b. He(l)
c  H(g)
d. Na(g)
e.  HOW)

11. At 25°C, the following heats of reaction are known:

AH (K])
2CIF + O, — CLO + F,0 167.4
CLO + 3F,0 — 2CIF, + 20, 3414
CIF + F, — CIF, -108.7

At the same temperature, calculate AH for the reaction: 2 F,0 — 2F, + O,

+217.4 K]
43.4K]
1874 K]
+43.4 K]
217.4K]

© oo o

12.  On earth, the ionization energy of hydrogen is 1312 kJ/mol. On a distant planet, it
is so hot that all hydrogen atoms have their electron in the quantum state with
n =5. On this distant planet, the ionization energy of hydrogen in kJ/mol is:

a. 656
b. 328
c. 262
d. 82
e. b2
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13. 130 mL of gas is collected over water at 22°C and 753 torr. What volume (in mL)
will the dry gas occupy at STP? Vapor pressure of water at 22°C is 20 torr.

116 mL
119 mL
127 mL
130 mL
133 mL

RNl

14.  When 0.200 g of graphite is completely burned in a calorimeter containing 3800 g of
water, a temperature increase of 0.42°C was observed. The heat capacity of water is
4.184 joule/ g-K. Assume no heat is absorbed by the colorimeter in this process.
Calculate the enthalpy of combustion of 6.00 g of graphite (or elemental carbon).

a. -27.5kJ/mol
b. -33.3kJ/mol
c. -52.5kJ/mol
d. 200 kJ/mol
e. -401 kJ/mol

15.  Using the enthalpies of combustion for C,H,(-2341 kJ/mol), C,Hy (-2755 kJ/mol),
and H, (-286 kJ/ mol), calculate AH for the following reaction in kJ/mol:

CH, + 2H, — CH,

Hint: First write equations for the full combustion (reaction with O,) of C,H,, C,H,,
and H,, then add these together in the correct proportions so they provide the
desired equation, shown above.

-128
-158
+128
+158
-5382

N

16. A sample of compound containing only the elements C, O, and F contains 21.2%
carbon and 50.4% fluorine by mass. Determine the empirical formula of this

substance.

C,OF
COF,
C,0F,
COF
C,0,F,

®onop
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17.  Calculate the maximum wavelength of light in nanometers (nm) required to remove
an electron from a hydrogen atom from the n = 3 energy level.

103nm
274 nm
821 nm
13300 nm
39900 nm

©an o

18.  When the electron in atomic hydrogen makes a transition from n = 6 to n = 2 which
of the following statements are true?

Energy is emitted.

Energy is absorbed.

The electron gains energy.

The electron loses energy.

The electron cannot make this transition.

G whe

W W >

~

P o0 T
RPN RE

19.  When a mole of NH, forms from the elements, 42.2 kJ of energy is released as heat.
What is AH for this reaction for the formation of 34.0 g of NH,? (Molecular mass of

NH; is 17.0 gmol™)
a. -21.1KJ
b,  -422K]
C. -84.4 kJ
d. 422K
e.  +844K]

20.  Of the following types of radiation, how many have an energy per photon lower
than that of infrared light?

visible blue microwave radio frequency
visible green visible red ultraviolet

o p_.O _O"QJ
Ok WON P

- End of Exam -
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Activity Series Solubility Guidelines for Ionic Compounds in Water
of Metals Soluble Exceptions
Li NH," None
K Na* None
+
Ba K None
Ca NOy None
Na ClOy None
Mg C2H302- None
Al Cl, Br, I’ Cu’, Ag Hg,”, and Pb** compounds
Mn o Ba7+ Sr**, Ca®*, Ag*, and Pb** compounds
%:n Insoluble Exceptlons
Fr OH’ Li*, Na*, K¥, Ba¥", Sr*", Ca™* compounds
CZ s* Mg*, Ca2+, 812+ and Ba%*, Li*, Na*, K*, NH," compounds
c CO,* Li*, Na", K*, NH," compounds
N(i) PO Li*, Na*, K", NH," compounds
Sn . 8
Pb speed of light = ¢ =2.9979 x 10° m/s
H, Planck's constant = h = 6.626 x 10-34 Jes
Cu Ep = -2.178 x 10°18 J(Z2/n2)/atom = -1312.0 k] (Z2/n?)/mol
Hg E =1.197 x 10°/ X for E in k] /mol, A in nm
Ag E = 2.31 x 10°19 kJepm (Q1Q2/d); Emolar = 1.39 x 10° kJ epm (Q1Q2/d).
Au Py - nR,,.T
N, = 6.022 x 10* mol”
R, = 0.0821 Leatm emol Lo K1 =8.314 JeKemol?!
molar volume of an ideal gas at STP =22.414 L
STP=0°Cand 1 atm pressure; 0K=-2732°C
1 atm = 101.3 kPa = 14.7 Ib/in® = 760 torr
AH°rxn = ZnpAHf® (products) - EnyAH{° (reactants)
AH®yn = SBE (reactant bonds broken) - £BE (product bonds formed)
PERIODIC CHART OF THE ELEMENTS INERT
A A ULIB IYB VB VIB YIB Yl IB 1B 1o IYA YA VIA VIIA GASES
T T 2
I‘UI;!W 1.00797 !-I!U?S
3. 1 5 [} i 8 9 10
6.9?!9 940|2e2 10.811 {12.0112(14.0067 [15.9994 | 18.9984 ] 20.183
11 12 13 14' 15 16 17 18
22 Sgﬁ 24.39 26.9015 2&0;6 30,9739 32,064 |35.453 | 39.948
19 21 ZZ_ 23 24 25 26 27 28. 29 30 31 32 33 34 35 36
K [Cal|Sc|Ti|V |CrIMn|Fe[Co|Ni|Cul|Zn|Ga|Ge|As |Se|Br [Kr
39.102 | 40.08 |44.956 | 47.90 | 50.942 [51.996 |54.9380 55.847 |58.9332| 56.71 | 63.54 | 65.37 | £9.72 | 72.59 |74.9216| 78.96 [79.909 | 63.80
37 38 349 40 41 42 43 44 45 46 47 48 49 S0 >1 52 53 54
RBRb|Sr Zr INb|Mo|Tc |Ru |BRh [Pd Aag In [Sn|Sb|Te
8547 | 67.62 [88.805 | 91.22 [92.906 | 95.94 (99) 101.07 |102.905| 106.4 |107.870 |124U 114,82 | 118,69 | 121,75 | 127.60 |126.904 ] 131.30
5 56 W 72 73 14 5 76 77 78 79 B1 82 03 B4 B85 B.

S(ba
132905 137.34

Hi |Ta|W |Re|Os|Ir |Pt|Au mg Tl |Pb[Bi [PolAt |Rn

204.37 | 207.19 [208.880( [210) | (210) ] [222)

138,91 | 176.48 |180.946| 163.85 [ 166.2 | 180.2 | 182.2 | 185.08 [196.967
87 88 (489 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
Fr ¢ |Rf IDb|Sg|Bh|Hs Mt 2017217
(223} | [226) | (227 | (261) | (2621 | (26 (262) | (265) | (266) | [271) | (2721 | (277)

comnmoh Isotope

Atomic weights corrected to
conform to the 1963 values of tha
Commission on Atoinic Weighis.

The group designetions used
here ere \he former Chemice
Abstract Sarvice nunbers

Numbars in perenthasis semass % Lanthanide Senes
numnbers of most steble ormost

58 50|80 b1 62 63 64 65 66 67 (i 69 1] n

Nd Pm|Sm|Eu|Gd|Tb B_y Ho |Er [Tm|Y

r
140,12 |140.907 | 144.24 | (147) | 150.35 | 151.95 [ 157.25 |158.924 0 |64 930 167.26 [166.934 | 173,04 [ 17497

t Actinile Series
90 g1 92 a3 494 §5 96 97 9 100 [ 101 102 [ 163

PulAm/(Cm|Bk |Cf |[Es FmMd|No

a P r
292.036 | 230 [230.03 | (230 | (242) [(243) [ 247 | (247 | (2400 | (3540 | (250} | (256) | (256) | (257)
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Form 1A Chemistry 1061-003 Midsemester Exam 2
March 12, 2014 AVgeA ¢ oN tmem = ¢2. Dr. John E. Ellis

1. The density of a gas at 100°C and 300 torr is 0.490 gL". Identify the gas.
OV = m*:(-"ﬁ-)er. [\ RT
1, n oM y MM = peLic, PSS |7 |55
.02

b. i, Mm = Q49057 0, 0921 MY

¢ N, ':E\_A 3K |/ F60%er ) -

d O, _&. .)( VIR 300 e \1 .‘%r)' 38,03/%‘“
@Fz 3.\5 Jg.‘s.:ly @_M A [\'v’\:.‘ 38'03/)4\4}]‘)

B,

2. Which value of the angular momentum or “shape” quantum number I, corresponds

to a d orbital?
R= & ) ) 3 14) 5

a. 0 _ ) l )
7. CI;); orkdd S e d L 13, A

d. 3

e. 4

3.  Aluminum carbide undergoes hydrolysis to generate methane gas, CH,, and
aluminum hydroxide. What is the correct formula of aluminum carbide?

a. ALG |
(a2, b oA Ay 4Rho — 40, + 30y
ALC, S TTis 1s TRE odby tmed SHowp

AL GorTapre AQ(34) Aavp Cle-)

4. 1f5.00 moles of H, and 2.00 moles of O, react in a 22.4 L flask to produce water,
determine the final pressure in the flask at 0°C, assuming a quantitative reaction and
_ignoring the very small vapor pressure of water. (Hint: first balance the equation and
then determine the q_liil"nﬁty of gases after the reaction.)

+  a. 3.00 atm m 5 == —
b, 200 atm _&“&i 5.00 2,00 Q.00
1.00 atm AmT Coddomty =400 =2.00 — St o Does
d. 050atm  FINAL asg htpr .00 Q.00 X g_ﬂ-;ru Coﬂi BUTE To
e. 0.00 atm ,6,,,“_.43!’;;_ G oF The

Leroa—- '}-I,{Ql_\vwl-l RKTle = 5.00,2.00 = 250 >Coo . "mww,
1S fesser v Uxetss Avn Oy SME LR( Ge a0 s e
e, olSonep |
BT ECW‘NA’M@ Mok %)(ZM)L) = 8,00 o W )
- —mal i
@- ML Nzl owany P=a5% 21)(232) = .00 oc“mJ
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5. Which gas is the most likely to behave ideally, i.e. obey the ideal gas law?

gy Bech Id)crl ﬁ*ﬂ\h'oﬁ NS '3 F‘L)Hl )OL B ’\WCA‘

helium
8%‘7, z ﬂ.};l(-)rine \,\}\a\“,, ‘:.:\17 (4- ﬂl—., u.EQA.D oui-a &. ‘L.?A
e. g;;ggﬁn Q\Afd@-—.;t Vnains  baad Cw L:ﬂh’u Q(M/{}-
Mooy, NQ’F,LJ(:]&_ +Oy ire l;ﬁi ;lukc-ﬂ.a.a_e.l('dd
wiy e Shain s ¢ W INE e
-k:. 1}«» Yo' Valwes K%‘VMW“}}J}&QS\) "::va-pf 4 e

6. Which compound is the reducing agent in the following reaction?

2 KMnO, + CH,OH + 2HF — CO, + 2KF + 2MnO, + 2H,0

2 KO, WDy Wdigoes reduciin & MOy | el KMnQy
4577, b. MnO, W .t\_& Wju‘?,a- )

Al

o Oxop (Wi ¢ J»a‘{i ON. of ~2) w=defyen o dedin b

@O (0 | Minfio. (o0 is . reduoiy opd (aulca # is

lus.-:t shockans (On -hf:nﬁr;:}id/m) e Mg )

7. Which of the following 0.100 M aqueous solutions will have the lowest electrical

conductivity? gea P m of 4&*(‘1‘1’:‘“) or @. ISl of S'ﬁ) .

. sulfuric acid i g . . .
40’7. g. nliltric achild ml L{'L, w\M(A—\ We LMJQ M 'Co"uft(\(ho“
. hyd ic acid ’ A o
pﬁozgiogz acid Hasmn 0\\0..) 5LNS Hod P"\osp\\oroc_ s tha

e. perchloric acid tNeade. ol o N\ Ligd (WLJ»L\ T askad \.I°V‘+'
tndmbin, ’.) Low re k”\}___ﬁ\'\f"pw_-sg qw,% ol

A sved Doy et AT, Y y dm!:[ r‘! Mj
|

8. Which is the correct equation representing the standard enthgl-f);r of formation of
CO(g), where AH’ = -110.5 kJ/mol and C(s) is graphite?

¢ Lwolo of €0 Lor, (&u : ~21.0K)

X 2 2C(s) + O,(g) = 2CO(g)

A1, (&JCl) + (1/2)0,g) — CO(g)
ve Cs) + O@g) = CO(g) «——OTomic sxyeed 1S hiT The STadLe Furm

d. C(s) + COg) — 2CO(g) oF DIMWTaL Oxyéed AT 25°C, lahw P,

e. CO(g) — C(s) + (1/2)O,(g)

d e e dar rov ERALE

Coprmoud DS ("'

$PAS  Fen A\Jf Pleaws,  TRY  Wrowt o
NOT TLmNTs) Ar <LaCRWTS, AN (e €) = —AY ()
= 408k
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9. If a 70.0% yield of C,,H,, was obtained from 150g of C;H,0, what mass of the
product, C;,H,, was isolated from the following reaction? (C,H,O, MM = 58.0;
C,H,, MM = 160, where MM = molar mass in grams)
7 - (Ao (18D M CeoT Yy 13y =(—’$ (oo
4CHO — Cpl, + 4H,0 Ve T \Pigedsmiea e of FRIET g

s 'SONJOX‘SZEMW )6*3*“5‘\0 (3G,
877, @72.4g d (Iseg&d ; u:o o w\:‘%’cg\:‘)) = (034

103 g
c. 788g
d. 4956 ¥ = (Feo)(1e34) _
6 180 00 4) - :,2‘4(]

Which substance has a standard enthalpy of formation defined to be zero?

H(g) *— Poacewy s MW " °
. Na(g) & Na. 13 & SoLad =
e. H,O() «— IS NOT ad SLomo T,

"

10
’ Ox(g) ,
%’7, He(gl) —— Pe 15 4 Gay aT W, lepwa
C.
d

11. At 25°C, the following heats of reaction are known:
@) AH (KT)
S‘J‘Z 2CIF + O, — CLO + FO 4B, 1674

‘EQUCLO + 3F,0 — 2CIF, + 20, &M -3414

EQRCIF + F, — CIF, any -1087
At the same temperature, calculate AH for the reaction: 2F,0 — 2F, + O, &Py
a. +2174K Dy rlsetemerd Qo = 9+ ER2-2EQ3
b 454l o A, o AR A, 2
*’2"‘137";1% = 1634 -34l4—(=(BT) = +434K

12.  On earth, the ionization energy of hydrogen is 1312 kJ/mol. On a distant planet, it
is so hot that all hydrogen atoms have their electron in the quantum state with
n =5. On this distant planet, the ionization energy of hydrogen in k] /mol is:

V= &f :-% =0

5,7‘ a.. 656
w1 w I AE = £~ K; = 0-(-13n)

d. 82 M=s K¢= —=I3I% -
3 - S +352 I§
=
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13. 130 mL of gas is collected over water at 22°C and 753 torr. What volume (in mL)
will the dry gas occupy at STP? Vapor pressure of water at 22°Cis 20 torr.

’116 mL AT 0 )83 Aerm ) P’h«l = ﬁ{kﬁ "F“»O 233 4ur ) pu;.o =204,
§9. B 119mL 0" sz J5320 2 333 e = A1 Vi= 1300
c. 127mL . : = 295K
L nges = AV _ AV, P DAy Gas a1 STP i = 298
d, 130 mL J‘J Jr- N #:_ Sove. Eva- Vt.. J T}_: Zq{?ik] P)__: :LO"orr

!
v (0. B30 )p) 1)

14.  When 0.200 g of graphite is completely burned in a calorimeter containing 3800 g of
water, a temperature increase of 0.42°C was observed. The heat capacity of water is
4.184 joule/g-K. Assume no heat is absorbed by the colorimeter in this process.
Calculate the enthalpy of combustion of 6.00 g of graphite (or elemental carbon).

97. a. 275K c\ftv-h o> CLQL =0 V) = WCAT
b. -33.3kJ f'c:m.+ c.w k':]' =0 = Gwlxqﬁ-ﬁ—j- )(OAZ)kJ

52.5k] 1 2
-200 K] (--G 681 X d 000
N "40 k - -—'—-__ L " =)
= ~209 ka v 600y L C
15.  Using the enthalpies of combustion for C,H,(-2341 kJ /mol), C,H; (-2755 kJ /mol),
and H, (-286 kJ/mol), calculate AH for the following reaction in kJ/muol:
2 EQI Cqbs 4500 — 40+ o Ak z-BALK
€Q4 CH, + 2H, — CH, Wy (|52 Cqby + 601 — 4(0p + 4h9 A = _3552”
9 FR3 W 430, — WD ARy = ~Ui kg
[ . Hint: First write equations for the full combustion (reaction with O,) of CH,, C,H,,
and H,, then add these together in the correct proportions so they provide the

desired equation, shown above. By \FSRATTIE oo c02 42643 o

a. %gg Al = Apl = DPL + 241,

e +128 - =234 —~(~23s3) +2(-28b)
d. +158 =

e. -5382 Q K8

16. A sample of compound containing only the elements C, O, and F contains 21.2%
carbon and 50.4% fluorine by mass. Determine the empirical formula of this

substance. {00 oF (Oyby cormans 2029 C ) T qao):o.@f

%(l a. CZOF l
° b. COF, o @veeded o wales . Caa O 3 Fs-aA
(C:E)OFFZ i2.0 5’;.0 9.0
C,O,F -
e 2, = C'.QQO]RQ ?.LS- - CIOI F;-SU
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17.  Calculate the maximum wavelength of light in nanometers (nm) required to remove
an electron from a hydrogen atom from the n = 3 energy level.

-0

a. 103nm 2;00 -o_ E
QL’( b. 274 nm A~ arom = Spborn
y 821 nm h=z?9 =
_ Li9axie® _ 119300 =:82; . )
ACawas 145.8 ™

. 13300 nm -[31L
e. 39900 nm <5t ?\Phcm r
(ww)

g 4-Contid = O~(=

(32,
+ (458 KJh T

18.  When the electron in atomic hydrogen makes a transition from n = 6 to n =2 which

of the following statements are true?

®Energy is emitted.
2. Energy is absorbed.

3. The electron gains energy.

q o1 The electron loses energy.

5. The electron cannot make this transition.

@Y
b. 2,4
c. 2,3
d 1,3
e. 5

19.  When a mole of NH, forms from the elements, 42.2 k] of energy is released as heat.

hzb
— N (#reTer D

(o QNW-G-\) Wfﬂi@
=2

~ Eoul s Mol
neeamve T Kind:iJ,

S AL, < O

VS L ELECTRe/

Loses trtney (Bicawst IT

IS AMoend STuGLL &> CLofte Te
ertws!

What is AH for this reaction for the formation of 34.0 g of NH;? (Molecular mass d4

NH, is 17.0 gmol™ .
16170 gmol™) Al = -4uLk3
; -21.1k]J el
0T, é 4221 e
84.41] _
q +4224] AN do- 3409 iy = (
e. +84.4 kJ

K
héeame |

2
-2 Ic\fﬁw\ NEI;QQ,) ._:i _BﬁAf
e iy i <

20.  Of the following types of radiation, how many have an energy per photon lower

than that of infrared light?
3L Lrneits w?

visible blue microwave
visible green P 1eYESY  visible red

ge 'Zo é
i ‘Z

- End of Exam -
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RESULTS ON EXAM 2

GENERALLY QUITE GOOD!
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