g Chemistry 1220, Section 1
First Hour Exam
February 4, 2002

Dr. Alexander I. Boldyrev

Instructions:

Do not begin until 8:30 AM. The exam must be turned in by 9:20 AM.

= The exam has 25 questions. Each question is worth 4 points for a total of 100 points. A
periodic table is located on the last page.

= Use only a #2 pencil to mark the answer on the ScanTron sheet. Yow will tumn in only the
ScanTron sheet and you may keep the rest of the exam. Your exam results will be emailed to

you. You can check your answers with the answer key that will be posted on-line on the next
day after the exam.

= On the ScanTron sheet print your name and identification number in the areas indicated.

Indicate a four character code (any combination of letters and numbers) under "version#" for the
purpose of reporting final grades.
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Information

For the reaction aA + bB =cC+ dD

rate= -1 AAL__1AIB1_ | TAIC],
a At b At c At
c d
i, = Loy
[AF[B]

1% order reactions:
In[A]=kt+n[A]
t1/2=0.693/k

2™ order reactions:

[A], [Al,

1
fyp=——
172 k[A]O

Arrhenius

Ink=-(E./RT) + InA

In(k)/ky)=E./R(1/T5-1/T))
=8.314 J/(molK)

K=K (RT)"

R=0.0821 L-atm/(mol'K)

g, <X o INHIOH']
(HX] [NH,]

KaxKy=Ky, pK; + pKp =pK,,= 14.00

L AID)

d At




(1) Of the following, only are not valid units for a reaction rate

QmollL

b) M/s
¢} mol/hr
d) g/s

(2) Which substance in the reaction below either appears or disappears the fastest?
4NH; + 70; = 4NO; + 6H,0
a NH3
2
C) NO,

d) HO
€) The rates of appearance/disappearance are the same for all of these.

(3) The rate law of a reaction is rate = k[A]"*. The units of k, if the reaction is second order in A,
are

— ¢
Ms rote = k'-YAIZ K = _r_“_i.z
@M‘ls‘l M - L'Al
) 1/ LI .
3) llixl g ke - M k = _L_
e) s/M> S NK M:S

(4) A reaction was found to be third order in A. Increasing the concentration of A by a factor 3
will cause the reaction rate to

a) remain constant
increase by a factor of 27 \"a,‘LQ =k Y A-J
¢) increase by a factor 9

. 32 3
d) ftriple . ) = ]
e) decrease by a factor of the cube root of 3 WL{? = W (% ) P\hl 24 Iﬂ [A]




(5) Use the information below to determine the order of the reaction in reactant B.

A+B—-P
Experiment Initial

Number [A] (M) [B] M) Rate (M/s)

1 0.273 0.763 2.83

2 0.273 1.526 7.83

3 0.819 0.763 25.47

' m oo

b 2 rbe, = DAV TBA" [ vk, b7 (a1
% reder = kA1 CRAT | R BT DB,
d) 4

0 a= (B oy i m=o [,;l']am?f_g

(6) The reaction A — B is first order in [A]. The half-life of this reaction is s.

Time (s)  [A] (M)

—= 0.0 1.60
—=5.0 MQ_/"/Q_ C\Aﬂm\aﬁ
10.0 0.40
15.0 0.20
20.0 0.10
a) 23
b) 10.0
50
d) 020
e) -5.0

(7) In the potential energy profile of a reaction, the species that exists at the maximum on the
curve is called the

a) product

ctivated complex
¢) activation energy
d) enthalpy of reaction
e) atomic state

El'lﬂ'gy —_—

Reaction pathway 4




(8) In general, as temperature goes up, reaction rate

a) goes up if the reaction is exothermic
b) _goes up if the reaction is endothermic
oes up regardless of whether the reaction is exothermic or endothermic
d) stays the same regardless of whether the reaction is exothermic or endothermic
€) stays the same if the reaction is first order

(9) The mechanism for formation of the product X is:

A+B—>C+_[_)_
B+D—-X ~

The intermediate reactant in the reaction is

a) A
b) B

&

e) X

(10) At equilibrium,

all chemical processes have ceased

he rate of the forward reaction equals that of the reverse
c) the rate constant for the forward reaction equals that of the reverse
d) none of the above

(11) Which is the correct equilibrium constant expression for the Haber process (production

of ammonia gas from nitrogen and hydrogen gases)?

_[NH,)
a) TATA: - Nz_(%) *‘%"{2_(63 é:" 2LM3(6)
[NH,]
[N, 1[H,]
[H,T
[N, 1[NH, T
[N,I[H,T
[NH:,]2
[N, [H,T
[NH;]

b)
c)
4
€)




(12) Consider the gaseous equilibrium: 2A 2B + C
Determine the value of the missing B concentration at equilibrium

Exp# [A] at equilibrium [B] at equilibrium [C] at equilibrium
1 0.10 M 0.15M 0.20M
020 M 0.50 M 0.072M
3 035M 2 ] ? 0.15M
CRICe 2

a) 0.37 K= e H W = c&[q CUZO) 2 0.4

b) 0.35 CAT= I (00} ‘

c) 0.40 > 12‘ 2.

0.61 I -

CE)DG) ol Ie], = ke LAY | @us)(03y) - 03]

(pi=Ve31 =061 ¢ (0.4%)

(13) Which of the reactants and/or products do not appear in the properly written
heterogeneous K, expression for the reaction:

NiCO;s (s) + 2H" (aq)  Ni** (aq) + CO; (g) + H,0 (1)?

a) NiCOs; (s) only » 4, 24
b) CO; (g) + H;0 (I . = [ni] Ceo, |
¢) H'(aq) and Ni** (aq) C [ sz.
d) COs(g) only
NiCO; (s) and Hz0 (1)

(14)  Consider the following reaction at equilibrium:
2NH; (g)= N2 (g) +3H2 (g) AH’=+92.4 kJ/mol
Adding N; (g) to the system at equilibrium will

a) decrease the concentration of NH;3 (g) at equilibrium
decrease the concentration of H, (g) at equilibrium

¢) increase the value of the equilibrium constant

d) cause the reaction to shift to the right

e) remove all of the H; (g)




(15) Consider the following reaction at equilibrium:
25802 (g) + 02 (2) 2805 (g) AH°=-99 kI/mol
If the temperature is increased, then when the total pressure is held constant

@the concentration of SO3 will decrease
b) the partial pressure of SO, will decrease
¢) the total volume of the system will decrease
d) the partial pressure of Oy will decrease

(16) The effect of a catalyst on a chemical reaction is to

lower the energy of the transition state
L)

accelerate the forward reaction only
c) make reactions more exothermic
d) increase the entropy change associated with a reaction
e) react with product, effectively removing it and shifting the equilibrium to the right

(17) According to Arrhenius, an acid is a substance that

a) is capable of accepting one or more H"
écauses an increase in the concentration of H' in aqueous solutions
¢) can accept a pair of electrons to form a coordinate covalent bond
d) reacts with the solvent to form the cation formed by autoionization of that solvent
¢) tastes bitter

(18) Which one of following is not a Bronsted-Lowry acid?

a) (CH3);NH'
b) CH;COOH
c¢) HF

d) HNO,

Sy IO,




(19) A substance that is capable of acting as both acid and as base is

a) autosomal

b) conjugated
mphoteric

d) autocratic

¢) contrapunctal

(20} The concentration of water in pure water is approximately M
a) 18 4000 _Z;: y
b) 100 U 2 — Q0O
55 TH0 ) qg TR M ~ STM
d) 0.100 4.
e) 83 Mmoc

(21) The conjugate base of HSOy4 is

a) OH'

b) H,SO4
éﬁsof'

d) HSO,"
e) H3;SO.

(22)  The molar conceniration of hydroxide ion (HO") in pure water at 25° C is

S’

a
b

N’
Yt () it

x10™
x107

O

L)
N
~]

(23) What is the pH of a 0.015 M solution of Ca(OH),

12,48 Caly ey = Ca®'(ag) + 2647 (2%)
b 128 fol=0.030H pOU=-Loglon) = 162

3 103 pH= 4400 ~ 452 = £2.4Y




(24) The K, of HF is 6.8x10™*. What is the pH of a 0.35 M solution of HF?

a) 3.17 Welay) = Wileg) + PH(‘”O
Y 181 41 rp-
o) 3.62 i, = L8 1ce] - (x) (x) _6“{5*
d) 0.46 U =< = [bo.
e) 12.19 e (035>, K L 0.3

2 ¢ -
X%=035-6.8%0 = 2.38%0 " x= 0,045 ~logx = 1.8]

(25) Which one of the following is the weakest acid?

a) HF (K.=6.8x10™)
b) HCIO (K=3.0x10%
¢) HNO, (K;=4.5x10")
CN (X,=4.9x10''%)
e) Acetic acid (K,=1.8x107)




PERIODIC TABLE OF THE ELEMENTS

-Main

\\m—..nu_.:um .....! . - [ —(—m-m_._ m—.o:.—um vmnren eeens e, ./
1A2 . ’ '
1.
L
SHL 24 . 3A d4A 5A  6A
hliodl B O TR R |
3 1 5 |6 ] 7 w8
Li Be L B CU| NV OE
6.941 9.01218 \x\ .......................................... -.—..u.m:.nmm—nno: _udnwﬂm_—m R e . 10311 12011 14.0067 ...—.“.g
11 12 13 4 15 16"
Na | Mg | 3B 4B 5B 6B 7B . B 1B 2B Al Si P S
2%.989771 24305 3 4 5 4] 7 ] L n 11 12 2698154 | 28,0855 | 30.97376 | IL066
19 20. 21 . 22 23 24 25 26 27 28 29 30 3 32 33 H

K Ca Sc Ti Y Cr | Mn | Fe Co Ni Cu | Zn | Ga | Ge | As Se
39.0983 | 40.078 | 44.9559 47.88 50.9415 | 51.9961 | 54.9380 | 55847 | 58.9332 | 58.69M | &3.546 6539 8. 7261 749216 70.96

37 38 39 40 41 42 43 44 45 46 | @ 48 49 50 51 52
Rb | &r Y Zr | Nb | Mo | Tc | Ru [ Rh | Pd | Ag | Cd | In | Sn | Sb | Te
854678 | o762 | sss059 | s1.224 | 929064 | 9594 | om | 10107 |102.9055| 10642 [107.8682] 112411 | 1482 | 118770 | 120757 | 1270
55 | 36 57 72 73 | 74 75 76 77 78 &) 80 81 82 83 8
Cs Ba | *La || Hf | Ta w Re | Os Ir Pt Au | Hg | T1 Pb Bi Po
1329054 | 137327 { 138.9035| | 17849 |180.9479| 18385 | 186207 | 1502 | 19222 | 195.08 |196.9665| 20059 [2043833| 2072 |208.9804| Q09)
87 88 59 104 | 205 [ 1206 | 107 [ 1208 | 209 | 110 [ 111 | 112
Fr | Ra | TAc
(223 |26.0254{227.0278|| 261y | 2em) | w263 | @261 | @5 | @e; | wen | @@ | @™

58 59 60 61 62 63 64 65 66 67 63 69 70 2!

*Lanthanide series Ce Pr { Nd {Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er { Tm | Yb | Lu
140115 [1009077 | 14426 | (145 | 15036 | 2519¢5 | 15725 [1509254] 16250 [1649303 | 16726 |1609342| 17306 | 174967

90 91 92 93 94 95 96 97 98 93 100 101 102 103

T Actinide serics Th Pa U Np | Pu Am | Cm | Bk Ct Es Fm | Md | No Lr
2320081 [ 2310059 [235.0289 [ 237048 | (244) | 243 | 4m | an | sm | asn | osn | ase | qs9) | Qs

*The larger labels are common American usage. The smalfer labels are those recommended _uw the International Union of Pure 3nd Applied Chemistry.
The.names and symbols for clements 104 and above are still under debate.




