AMERICAN CHEMICAL SOCIETY
HIGH SCHOOL CHEMISTRY SCHOLARSHIP EXAMINATION
APRIL 17, 1999

MULTIPLE CHOICE
Directions: Choose the single best answer in each of the following and darken the
corresponding letter on your answer sheet. The scoreis based on correct
answers only - there is no penalty for incorrect guesses.
1. Thereare 100 questions and 2h30min will be allowed.
2. Cadlculators are permitted, but stored programs and information are not allowed.
3. You may write on the exam. Y ou may keep this exam; it does not need to be returned.

4. Useof significant digits and correct units may be considered in the choice of the best answer.

5. A periodic table is on the last page (and may be detached).

R = 8.314 Jmol K =.08205 L atm/mol K
Ng = 6.022 x 1023 mol-1

1 atm = 101,325 Pa

lcal =4.184J
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The number of significant digitsin the mass 0.05010 g is

a 3 b. 5

c. 4 d. 6
Which isthe largest mass?

a. 1000 mg b. 1000 g
c. 1000 kg d. 1000 g

What is the mass of a 55.5-mL sample of concentrated sulfuric acid (density 1.84 g/mL)?

a. 3029 b. 57.3g
c. 1021g d. 112.2 g

What is the best answer to the following expression: 12.125 + 0.530 + 71.4

a. 84.055 b. 84.06
c. 84 d. 84.1

The melting point of mercury is235 K. This corresponds to:

a. -38°C b. -20°C
c. 20°C d. 38°C

A solution is an example of:

a. ahomogeneous mixture b. a heterogeneous mixture
c. aneement d. a compound

Which one of the following is not a correct match of name and formula?

a. K9S0y, potassium sulfite b. Ca(CN)», calcium cyanide
C. (NHg)2COg3, ammonium carbonate d. FeClg, iron(ll) chloride

A correct name for ClOg" is

chloriteion
perchlorateion

a. hypochloriteion b.
c. chlorateion d.
Which of the following is an akaline earth metal ?

a. Na b. Cl
c. Ba d. Cu

How many electrons doestheion CI™ have?

a. 17 b. 18
c. 35 d. 37

The massin grams of 2.00 moles of BaClp-2H20 is

a. 208 b. 244
c. 416 d. 488
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Element X consists of a single isotope and its atoms have a mass 1.583 times the mass of an atom of the
isotope carbon-12. The atomic weight of element X is

a. 15.83 b. 19.00
c. 7.58 d. none of the above.

The average mass of one atom of calcium, Ca, is

a. 1.66x1024g b. 6.66x 1023 g
c. 40.08 g d. 1.00g

The percentage by mass of nitrogen in NH4;NO; is

a. 333 b. 175
c. 35 d. 60
Which of the following is an empirical formula?

a. CH, b. CsHs
c. H,O, d. CsHg

A compound containing only Gaand P is found in the light-emitting diode used in some calculator displays
and contains 69.24 % Ga. What isits empirical formula?

a. GaP b. GaP;
c. GaP, d. None of the above
Consider thereaction: 4 NH3(g) + 5 O2(g) --> 4 NO(g) + 6 H2O(g)
How many moles of ammonia gas (NH3) are required to completely react with 1.35 mol of O2 gas?
a. 1.08 mol b. 1.35 mol
c. 1.68 mol d. 6.75 mal
Consider the following reaction:

P4.(s) +502(9) @ P4010
How many grams of P401( are produced when 24.8 g of P4 reacts with 6.4 g of O2?
a. 114g b. 31.2g
c. 45.2¢ d. 56.89g
When the equation below is balanced, what is the coefficient for H,O?

PCls + H,O @ POCI; + HCI

b. 2
none of the above

o
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o
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A student prepared ethyl bromide, CoHsBr, from ethanol and PBr3 by the reaction:
3 CoH50H(l) + PBr3(l) --> 3 CoHsBr(l) + H3PO3(l)

If 50.0 g of CoH5Br were obtained when 24.0 g of ethanol were reacted with an excess of PBr3, what was the
percentage yield of this reaction?

a. 33.3% b. 42.3%
c. 50.0% d. 88.1%

How many atoms of carbon are present in 10.5 g of table sugar, C1o0H220117?
a. 0.0307 b. 0.368
c. 1.848x 10% d. 2.218 x 10*

How many mL of 0.54 M NaCl , “physiological saline”, can be prepared via the dilution of 250 mL of a 6.00
M NaCl solution?

a. 2250 b. 81.0

c. 1500 d. 2778

What mass of sodium hydroxide, NaOH, is needed to make 250 mL of a 2.50M solution?

a. 1.25¢g b. 2509

c. 100g d. 156 g

To calculate the heat of fusion of H2O, one needs the heat(s) of formation of

a. Ho0 (liquid). b. H20 (solid).
c. Ho0 (solid) and H20 (liquid). d. H20 (gas), H20 (liquid), and H20 (solid).

An exothermic reaction is always characterized by a negative

a. enthalpy change. b. free energy change.
C. entropy change. d. amount of work done on the system.

The specific heat (in Jg-9C) is given in parentheses after each of the following metals: Li (3.56), Ga(0.372),
Ni(0.444) and Au(0.129). If the same amount of heat is added to 200.0-g samples of each of the metals, al at
the same initial temperature, which metal will attain the lowest final temperature?

a. Li b. Ga
c. Ni d. Au

In which of the following processes will the DS be positive?

a. H2O(l) ---> H20(s) b. H2(g) ---> 2 H(g)

c. COx(g) ---> CO2(s) d. Nat(g) + e(g) ---> Na(g)
The reason ethylene glycol (antifreeze) is added to water in acar radiator is that:
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a. heat isreleased in forming the solution and this process thaws the ice.
b. the freezing point of the solution is lower than that of pure water.

c. theboiling point of the solution is lower than that of pure water.

d. it's cheaper than adding NaCl to the water.

A reaction mixture with alarge equilibrium constant would:

a. have avery negative DG° b. have avery positive DG°
c. be composed primarily of starting material at equilibrium d. have aDG° equa to zero

Which of the following electron configuration is not possible?

a. 1s°25°2p° b. 1s°25°2p°
c. 1s2s°2d® d. 1s%2s"

Every electron in an atom can be described by a set of four quantum numbers,
(n, I, m|, mg). The quantum number m| represents

a. the shape of an orbital.

b. the number of electrons in the outermost energy level.
c. the magnetic properties of an electron.

d. the orientation of an orbital.

The principal quantum number of the valence electronsin an atom of lead is:

b. 4

a.
C. d. 6

3
5
Which of the following ground-state el ectronic configurations is not correct?

a. Cr: [Ar] 3d6 b. Ca: [Ar] 452

c. Zn: [Ar] 3d104s2 d. I: [Kr] 4d105s25p5

From a consideration of electron configurations, which of the elements indicated
below would be classified as a transition element?

a. 1s22522pB3s23p° b. 1522522p63s230452
c. 1s22522pB3s23p04s23d° d. 1522522pB3s23045230 10406

The number of unpaired electrons in the ground-state electron configuration of Cl is:

a. 0 b. 1
c. 2 d. 3
Which of the following elements is the most el ectronegative?

K
Li

a. Mg

b.
c. Ca d.

Which of the following elements has the largest ionization energy?



a F .
c. C d. B

38. What is the maximum number of electrons that can occupy a 4p orbital?

a 2 b. 3

c. 6 d. 10
39. Which of the following speciesis isoelectronic to Ar

a. Kr b. Ne

c. K d. cl
40. The elements having the smallest atomic radii are found in the

a. lower left corner of the periodic table.

b. upper left corner of the periodic table.

¢. middle of the periodic table.

d. upper right corner of the periodic table.
41.  Which of the following element is diamagnetic?

a Cl b. Na

c. Mg d. None of the above

42. The energy released when an electron is added to a monoatomic halogen is known as:

a. dissociation energy b. ionization energy
c. €eectron affinity d. Gibb's free energy
43. If the formulafor europium nitrate is Eu(NOg),, the formula for the sulfate of europium would be expected to
be
a. Eu(SOgy)2 b. EuSO,
44. The smaller the difference in electronegativity,
45, the more ionic the bond
46. the more covalent the bond
47. the more polar the bond
a. 1only b. 2 only
C. 3only d. 2 and 3 only

45. Inwhich of the compounds is the octet rule violated by the central atom?
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a. PF3 b. SiFg
C. CIF3 d. OF,

A bond in which an electron pair is equally shared by two atomsis

a. ionic. b. polar covalent.
C. dipolar. d. nonpolar covalent.

The total number of valence e ectrons in the acetate ion, CH3COO' is

a. 22 b. 23
C. 24 d. 36
The number of nonbonding valence electrons in the molecule CH3NH> is

a 0 b. 1
C. 2 d. 4

. Which of the following speciesis best described by writing three Lewis structures?

2-
) SO3 b. SO32
C. SF4 d. SO4

The concept of resonance describes molecular structures which have:

several different geometrical arrangements.
no suitable single Lewis electron-dot formula.
electrons resonating.

resonating structures.

aoop

The only molecule below that contains a multiple bond is

a  CFa b. CH20
. NHg d. Fy

Which of the following speciesislinear?

a. clod b. HOH
C. HOF d. OoCO

Which of the following moleculesis polar?

a. H,0O b. HCI
NI3 d. All of the above species are polar.

The hybridization of the central atom in a molecule is described as sp2. The arrangement in space of the
hybrid orbitals about that atom is
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a. trigonal planar b. trigonal pyramidal
C. tetrahedral d. trigonal bipyramidal

The bond order for 82 is

a. 3 b. 25
C. 2 d. 15

For a gas, which pair of variables are inversely proportional to each other? Assume all other conditions remain
constant.

a. P, T b. P,V

C. vV, T d. n P

The volume occupied by two moles of oxygen gasat STPis:

a. 224L b. 448 L

C. 11.2L d. none of the above

A cylinder of oxygen for medical use contains 35.4 L of oxygen at a pressure of 149.6 atm. What isthe
volume of this oxygen at 1.00 atm of pressure and at the same temperature?

a. 5296 L b. 0.237L
C. 354 L d. 7245 L

A deep breath of air hasavolume of 1.05 L at a pressure of 0.974 atm and body temperature, 37°C. What is
the number of moles of air in each breath?

a 0.224 mol b. 0.0402 mol
C. 0.337 mol d. 0.0273 mol

Which of the following gases will diffuse at the fastest rate at STP?

a N2O b. N2Og4
C. NO2 d. All diffuse at the same rate.

. Which of the following compoundsiis likely to be more soluble in water?

a. CH,;CH,OH b. CH5;CH,CH,OH
c. CH3;CH,CH,CH,OH d. None of the above is soluble in water

Lithium metal has a body-centered cubic unit cell. How many lithium atoms occupy each unit cell?

a.

b. 5
C. 1

9
2 d.

Which of the following molecules does not exhibit significant hydrogen bonding?

a. methane, CHy4 b. ammonia, NH3
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C. water, HoO d. hydrogen fluoride, HF

Which of the following is aweak acid?

a. HNGO; b. HCIO,4
c. CH;COOH d. HCl

What mass of solution containing 2.50% by mass potassium iodide, K1, contains 258 mg KI?

a. 10.3 g b. 1032 g
C. 166.0g d. 4159

Reagent grade “concentrated” perchloric acid is 71% by mass (weight) HCIO4. This solution has a density of
1.68 g/mL. What isthe molarity of this solution? The molar mass (gram molecular weight) of HCIO4 is 100.5
g/mol.

a. 1.2M b. 12M
C. 14M d. 42M

Which of the following agueous solutions would have the lowest freezing point?

a. 1.00M NaCl b. 1.00M CaClo
C. 1.00M C12H22011 (sucrose) d. All freeze at the same temperature.

What is the molarity of a solution which contains 8.50 g of KOH dissolved in 500 mL of water?

a. 0152M b. 152 M
c. 304M d. 0.304 M

An equilibrium is formed when H, + |, are mixed according to the following reaction:
H, (g) + Cl2 () ® 2HCl (9)
If the system is at equilibrium, what will happen when H; (g) is added to the mixture?
a. thenumber of moles of Clowill increase b. the number of moles of HCI will decrease

c. thenumber of moles of Cl,will decrease d. the number of moles of HCl will remain constant

The data below is for the reaction A ---> 2B + C. What order kinetics does this reaction follow with respect
to reactant A?

Experiment Number Initial [A] Initial Rate of Disappearance of A
1 0.100 0.060
2 0.200 0.120
3 0.300 0.180
4 0.400 0.240
a. zeo b. first
c. second d. third

A catalyst increases the rate of a chemical reaction by

a. raising the energy of the reactants.
b. increasing the activation energy.
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c.  decreasing the activation energy.
d. increasing the potential energy of the products.

Therate determining step in areaction is:

the fastest step in the reaction mechanism

the slowest step in the reaction mechanism

the step which includes the most chemical species
always the first step in the reaction mechanism

coop

If 20.0 g of aradioactive isotope areinitially present, and after 4 days there are 5.0 g remaining, then the half-
life of the isotopeis

a. 8days b. 4 days
c. 2days d. 1 day

What is the equilbrium constant expression for the following reaction?

P4(g) + 502(0) © P4O10(9)

[P,Oy] 5
- b. Ke=[O,° [P,
c [PI[O,° ¢ =[Ol [P4]
1
c.  Kc=[P4O1ql d. Kez — —
o ©[O,[P]

Consider the following equation:

CO(g) + 3Hz(g) © CHa (g) + H:0 (9)

The equilibrium composition of the above mixtureis: [CO] = 0.0613M, [H,] = 0.1839M, [H,0O] = 0.0387 and
[CH,4] = 0.0387M. What is the equilibrium constant for the above reaction?

a. 0133 b. 3.93
c. 102 d. 8.70x 1073

For the equilibrium system below, what would be the condition that would favor maximum conversion of
reactants to products?

C (graphite) + COx(g) © 2CO(g) , DH° = 172.5kJ

a. increasethetemperature b. decrease the temperature
c. add C (graphite) d. aandc
Predict the products of the following reaction

NaCl(ag) + Pb(NOg)2(aq) --> ?
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a.  NaNOgz(s) + PbCly(s) b. PbCl(s) + NaNO3(aq)
c. NaNOgz(s) + PhClx(ag) d. Thereis no reaction.

The correct solubility product expression for PbCO; is:
a  Kg=[Pr?]?[CO)? b. Kg = [P6*] [CO4?]

[PbCO;,]

) _ [Pb*][COZ ]
- [Pb*][COZ ] )

d. K
¥ PbCO,

£

The solubility of silver chromate, Ag,CrOy,, in water at 250C is6.5x 10°M. The value of Ksp at this

temperature is

a. 20x10% b. 27x 1013
c. 55x1013 d. 1.1x 1012

The pH of acup of coffee (at 25°C) was found to be 5.12. What isthe H" concentration?
a. 759x10° M b. 0.00512 M

c. 0709 M d. 512x10°M
Which of the following aqueous solution would exhibit basic properties?

a. NH,CIO, b. Na,CO3

C. Fe(NO3)3 d CU(N03)2

What is the pH of a 0.058M solution of HCI?

a. 0.058 b. 1.44

c. 284 d. 124

In the following acid-base reaction, which of the combinations below is a conjugate acid-base pair?
HaPO4(ag) + HCOgz'(ag) ©  H2CO3(aq) + HPO42 (ag)

a. HoPO4 and HCO3™ b. HCO3™ and HoCO3

c. HxCO3 and HPO4Z d. HoPO4~ and HoCO3

A solution of 0.20 M hydrazoic acid, HN3, hasapH of 3.21. What isthe Ka of hydrazoic acid?

a 6.17x10* b. 3.21
c. 191x10° d. 0.507

If 55.6 mL of 0.125M HCl(aqg) are required to neutralize 15.0 mL of an agueous NaOH solution, what is the

molarity of the sodium hydroxide solution?
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a. 1.82x103Mm b. 0.034M
c. 0.125M d. 0.46M

Which of the following is aweak acid?
a. HF b. HCI

c. HBr d. none of the above

A 0.1M solution of an electrolyte hasapH of 3.8. The electrolyteisa

a. strong acid. b. strong base.

c. weskacid. d. weak base.

In a buffer solution,

a. thepH will changeonly dlightly upon addition of a small amount of strong acid or strong base.
b. both astrong acid and the salt of the strong acid are present.

c. theacidispolyprotic.

d. none of the aboveistrue.

An oxidation reaction is areaction where:

a. alossof eectronsoccurs b. again of electrons occurs
c. the oxidation number decreases d. aandc
What is the change of oxidation number of chlorine in the following reaction?

KCIO3 + H2SO4 ---> KHSO4 + O2 + ClO2 + H2O
a o0 b. +1
c. -1 d. +2
Which is the reducing agent in the following reaction?

47Zn+ 10 HNO; @ 4 Zn (NO3), + NH,NO; + 3 H,0

a Zn b. HNO;
c. NH4NO; d. Both Zn and HNO; are reducing agents.
Which of the following processes involve redox reactions?
a. metingofice b. reaction of HCI with NaOH

C. preparation of metals from their ores d. all of the above

Balance the following reaction that occurs in basic solution.

Og(aq) + 17 (a0) > Ij(ag) + H20()
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For each mole of oxygen consumed, how many moles of iodide ions are used?

a 1 b. 2

c. 3 d. 6

Inagalvanic (voltaic) cell,

a. oxidation occurs at the anode. b. the reaction is spontaneous
c. thepositiveions migrate toward the cathode d. all of the above

Calculate E° for the cell reaction 2 Cr(s) + 3 Cu?*(ag) ---> 3 Cu(s) + 2 Cr3*(aq).

Cr3*(ag) + 3e > Cr(s) E° = -0.74V
Cu?*(ag) + 2e --> Cu(s E° = 0.34V

a -04ov b. 0.40V
c. 1.08v d. 2.50Vv
Which of the following elements has allotropic forms?

a. carbon b. phosphorus

Cc. oxygen d. Both phosphorus and carbon have allotropic forms.

An element has the following uses or properties:

~oxide used in white paint pigments (M4+)

scomponent in high temperature, lightweight steel alloys
*heavier than aluminum, but stronger

*high corrosion resistance

The element could likely be

a. iron b. germanium
c. titanium d. tin

What is X in the following nuclear equation?

2 3 4

 H+{H-—> 5He+X
a. positron b. proton
c. €lectron d. neutron

The laboratory glassware that could most accurately measure 500 mL of a solutionisa

a. graduated cylinder. b. beaker.
c. volumetric flask. d. buret.



100. What isthe buret reading indicated below?

11

|

12

a. 11emL b. 11.68 mL
c. 1232mL d. 12.40 mL



