New Jersey Science League
Chemistry Il Exam January 2014
Answer the following questions on the answer sheet provided. Each correct response is worth 4 points.
Use the letters in parentheses for your answers. Choose the letter that best completes or answers the item.
Be certain that erasures are complete. Please PRINT your name, school area code, and which test you are
taking on the scan-tron.
1. Potassium perchlorate is prepared by three successive chemical reactions.

Cly(g) +2KOH(agq) — KCl(aqg) + KCIO(aq) + H,O(l)
3KCIO(ag) — 2KCI(s) + KCIO3(s)
4 KCIO5(s) — 3 KCIO,(s) + KCI(s)

If the overall reaction percent yield is 50%, how many moles of potassium perchlorate will be produced
from 284 grams of Cl, gas?

A. 0.25 mol B. 0.50 mol C. 1.0 mol D. 2.0 mol
2. The correct chemical formula of ammonium arsenite is

A. AMAsO, B. Am;AsO, C. NH,AsO; D. (NH4)3A503

3. The thermal decomposition of mercury (I1) thiocyanate is known as Pharaoh’s Snake experiment. The
equation is given below.

__H(SCN), + __ 0, - __ HgS + _ C3Ny + __ CO, + __ SO,

If the equation is balanced using the smallest whole number coefficients, what will be the coefficient of
0,?

A.3 B. 4 C.5 D.6

4. A student prepares a calibration curve for Cu* ions by dissolving 9.66 grams of Cu(NO3),-3H,0 in
water to make 1.00 liter of ag. solution. The student runs out of Cu(NOs),-3H,0 and wants to use
CuS0,-5H,0 instead. In order to obtain the same Cu® ion concentration, how many grams of
CuSQ4-5H,0 should she dissolve in water to make 1.00 liter aqueous solution?

A.934¢ B.9.66 g C.9.98¢g D. %x 9.66

5. Which of the following quantities contain the highest number of carbon atoms?
A. 2.0 g CaCO; B. 0.92 g Ca(CN), C.0.80 g CaC, D. 0.36 g CsH1206

6. 250.0 mL of 0.24 M HCI solution are added to a beaker containing 250.0 mL 0.12 M NaOH solution.
After the reaction is completed, the contents of the beaker are evaporated to dryness. What is the mass of
the residue in the beaker?

A.0.88¢ B.18g¢g C.364¢g D.54¢g
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7. Which one of the following is equivalent to 1.020 dm?® ?
A. 1020. cm® B. 102.0 cm® C.102 cm® D. 1060. cm®

8. A compound consists of C, H, O and B. The combustion of 388 mg of this compound releases 880 mg
of CO,, 270 mg of H,O and 70 mg of B,Os. What is the empirical formula of the compound?
C=12;B=11,0=16and H=1.
A. CzHgBOg B C5H10803 C CloHloBO D C10H15BO3
9. 2.0 moles of X and 2.0 moles of Y react according to the equation given below. The reaction yield
1.75 mol of Q. What is the percent yield of the reaction?
2X +3Y > 3Q

A. 50% B.67% C. 75% D. 88%

10. What is the oxidation state of Mo in ammonium molybdate, (NH,),M00,?
A. +6 B. +5 C.+4 D. +2
11. Which of the following equations is NOT a redox reaction?

A.KOy(s) + CO,(g) — O2(9g) + K,COs(s)

B. Cr(s) + Sg(s) — CryS5(s)

C. NaHCO; (s) — Na,COs(s) + CO,(g) + H,0(g)
D. CsHe(I) +O2(g) — CO2(9) + H0(9)

12. The average atomic mass of chlorine is 35.5. Chlorine-35 and chlorine-37 are the two naturally
occurring isotopes of chlorine. What is the ratio of the natural abundances of these two isotopes?

A 14 B.4:1 C.1:2 D.31

13. The following conversion factors are given.
1 foot = 12 inches 1 yard = 3 feet 1760 yards = 1 mile
3 miles =1 league linch=2.54cm

How many kilometers are there in 1.00 league?
A. 1.76 km B. 4.38 km C. 4.83km D. 5.28 km
14. The third ionization energy of vanadium is required to carry out which of the following processes?

A.V¥(g) + e > V*(g) B. V¥(g) - V¥(g) +¢
C.3V(g) -3V (g) + 3¢ D.V(g) - V¥ (g) + 3¢

15. A chemist wants to determine the iron content in a breakfast cereal. For this purpose, the chemist prepares the
following calibration curve for the complexed iron (111) ion in the aqueous solution.
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The total volume of the final solution is 1.00 L. It has an absorbance of 0.790 at the calibration wavelength. What is
the iron content of the cereal sample?

A.1.29mg B. 2.82 mg C.5.59 mg D. 18.2mg

16. When the following chemical equation is balanced in acidic medium, what is the smallest whole-number
coefficient of CI,?

__H"+_CI'+__MnOs - _Clhb+_ Mn*+ H0
Al B.3 C.5 D.7
17. Which reaction does NOT produce a solid precipitate?

A. AgNOs(aq) + NaxS(aq) -

B. BaClx(aq) + (NH4)2SO4(aq) —
C. Pb(NO3),(aq) + K;SOq4(aq) —
D. NaOH(aq) + HC,H30,(aq) —

18. A sample of 5.00 g of an unknown metal carbonate, MCQOs, is strongly heated. The decomposition reaction is
represented by the following equation:

MCO; — MO + CO,
If only 2.80 g of MO are produced, what is the identity of the unknown metal?

A. Ca B. Mg C.Zn D. Fe

19. Which of the following equations correctly represents the net ionic reaction when a solution of potassium
hydroxide and a solution of iron (111) sulfate are mixed?

A. 6K" + 350,7(ag) — 3K,S04(s)

B. 60H (aq) + 2Fe**(aq) — 2Fe(OH)s(s)

C.30H + Fe** — Fe(OH)s(s)

D. 6K*(aq) + 60H (aq) + 2Fe**(aq) + 350,> — 2Fe(OH)s(s) + 6K*(aq) + 350.%(aq)

20. When ammonium nitrite, NH4NO,, dissolves in water to form an aqueous solution, which ions will be present in
this solution?

A. N,H, and O, B. NH," and NO, C. NH," and NOy D. NH,*, N* and O%

21. Complete combustion of a sample of a compound made only of carbon and hydrogen in excess
oxygen produces equimolar quantities of CO, and H,O. Which of the following could be the molecular
formula of this compound?
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A. CgHyy B. CsHyo C. CeHyo D. CgHs
22. Green light has sufficient energy to break the bond between two chlorine atoms. Yellow light cannot
break the bond between two chlorine atoms. Which of the following statements are correct? Use these
values for the average bond strengths: Br-Br (193 kJ/mol) and CI-Cl (233 kJ/mol).

I. Blue light can break the bond between two chlorine atoms.

I1. Red light can break the bond between two chlorine atoms.

I11. Green light can break the bond between two bromine atoms.

A.Only land Il B.Only Il and I C.Onlyland Il D. I, Il and Il
23. A student wants to determine the density of a plastic piece. Preliminary experiments indicate that the
density of the plastic is greater than 0.85 g/ml, but less dense than water. In order to determine the density
of the plastic piece, the student will form an aqueous solution having the same density as the plastic piece.
Which of the following liquids should be mixed with water to form a solution having the same density as

the plastic piece?

Liquid Density g/ml Miscibility with water

Mineral Oil 0.85 Not miscible

Alcohol 0.78 Miscible

Glycerol 1.26 Miscible

Methylene chloride 1.33 Not miscible

A. Alcohol B. Mineral Oil C. glycerol D. methylene chloride

24. When mixed, which of the following set of solutions will produce the largest mass of precipitate?
0.20 M Na,CO3

0.10 M of CaCl,

A. 2.0mL 1.0 mL
B. 1.0 mL 3.0 mL
C. 2.5 mL 2.0mL
D. 3.0mL 1.0 mL

25. A student determines the density of a solid substance (not soluble in water) using the method of water
displacement. Assuming that the substance is totally submerged into water, which of the following
statements regarding the density of the object is(are) correct?
The calculated density of the substance would be
I. too high if some of the water in the graduated cylinder splashes out when the sample is dropped

into the cylinder.

I1. too low if the air bubbles are adhered to the submerged sample when the volume of the sample

plus water is determined.
A.Only |

B. Only 1l

C. Both I and Il

D. Neither I nor Il
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3. A 8.D 13.C 18. A 23. A
4.C 9.D 14. B 19.C 24.C
5.C 10. A 15.C 20.B 25.C

New Jersey Science League
Chemistry Il Exam February 2014
Answer the following questions on the answer sheet provided. Each correct response is worth 4 points. Use the
letters in parentheses for your answers. Choose the letter that best completes or answers the item. Be certain that
erasures are complete. Please PRINT your name, school area code, and which test you are taking on the scan-tron.

When balancing chemical equations, reduce all coefficients to the lowest whole numbers.
1. Two identical containers are at the same temperature. First one contains one mole of CH, and
the second contains one mole of SF4. Which of following statements is true?

A. The SF, gas has a higher pressure.

B. The CH, gas has a greater density.

C. Deviations from ideal gas behavior are smaller for the CH, gas.

D. The average kinetic energy of SF, molecules is greater than that of CH, molecules.

2. Which one of the following molecules has an overall dipole moment?
A. CO, B. XeF, C. BF; D. SO,

3. Which of the following best describes the molecular geometry of XeOF,?
A. See-saw B. "T" shaped C. trigonal bipryamidal D. Square pyramidal

4. The density of a pure CH, sample confined in a rigid container is 1.60 g/L at -73.0°C. What
would be the pressure in the container if the temperature is changed to 127.0°C?

A. 1.64 atm B. 2.46 atm C. 0.820 atm D. 3.28 atm
5. For the following reactions, the given enthalpy changes are expressed per mole of product
formed.
AH = -241.8 kJ mol *
AH =-393.5 kJ mol *

AH = —84.68 kJ mol *

H2(9) + ¥202(g) — H20(9)
C(s) + Oax(g) — CO2(9)
2C(s) + 3H2(g) — C2Hg(9)

Given the thermochemical equations above, what is the standard enthalpy change, in kJ, for the
complete combustion of one mole of C,Hg?
A.—985.3 B. —1428 C.—720.0 D. —866.2

6. A rigid box contains some oxygen at 25°C. A second gas is introduced into the box. The mass
of the gas in the box is doubled and the number of moles is tripled. What is the identity of the
second gas?

A. CH, B. O, C.CO, D. Ne
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7. Calculate the energy (in eV) needed to excite an electron in a H atom from its ground state to
n=4? 1eV =1.609x10™J.
A.-13.6 eV B.-12.7eV C.12.7eV D.13.6 eV

8. Two gases, Y and Z, are simultaneously introduced from the opposite ends into a 100-cm
glass tube. If the two gases meet at the midpoint of the glass tube which of the following choices
is most probable?

GasY GasZ
A. CO HCI
B. NH3 CO,
C. CO N>
D. CHsNH, CO,

9. Which of the following pure substances does not exhibit hydrogen bonding in the liquid state?

A. CH3F B. HF C. CH3NH; D. CH3;COOH
10.
Substance Vapor pressure at 25°C
CH3OH (1) 127 torr
CsHs (1) 98 torr
HCHO (I) 25 torr
CH3COOH (1) 15 torr

Based on the data table given above, which of the following substances has the strongest
intermolecular forces in their liquid state?
A. CH;0H B. CeHs C.HCHO D. CH;COOH

11.100.0 mL of a 0.10 M Ca(NOg); are added to 100.0 mL of a 0.20 M Na,CO3 solution. What
is the molar concentration of the nitrate ions in the final solution?

A.0.020 M B.0.10 M C.0.20M D.040M

12. An sp hybridized central atom can be used to describe the bonding in
A. H,O B. NH; C. HCN D. H,CO

13. When 1.50 grams of a compound containing only carbon, hydrogen, nitrogen and oxygen is
burned completely in excess O, 1.729g CO,, 0.585gNO and 1.23 g H,O are produced.
What is the empirical formula for the compound?

A. C;H;0O;N B. C2H1402N C. CH;ON D. C;H;0ON;
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14. Based on periodic trends and the table below, which of the following are the most probable
values of the atomic radius, ionic radius and the first ionization energy of sodium, respectively?

Element Atomic radius lonic Radius First lonization Energy
Lithium 152 pm 76 pm 520 kJ/mole
Magnesium 160 pm 66pm 737 kdJ/mole
Sodium pm pm kJ/mole
A. 190 pm, 66 pm, 496 kJ/mol
B. 190 pm, 97 pm, 496 kJ/mol
C. 148 pm, 66 pm, 597 kJ/mol
D. 148 pm, 97 pm, 597 kJ/mol
15. Which statement about the properties of water is incorrect?
A. Water is a good solvent for CH,.
B. Water expands as it freezes.
C. The density of water is greater than that of ice.
D. Water molecules are V-shaped (bent).
16. Which of the following compounds has the most covalent character?
A. Snly B. SnF, C.LiF D. CS,

17. When added to 10.0 mL 0.10 M AgNOj; solution, which of the following solutions will give

the largest mass of precipitate?
A.10.0 mL 0.10 M KBr
B. 10.0 mL 0.30 M KBr
C. 40.0 mL 0.20 M KClI
D. 10.0 mL 0.10 M KI
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18. The reaction involved in the purification of nickel is given below.

Ni(s) + x CO(g) — Ni(CO)(g)
If a 11.74 g sample of nickel sample requires 3.32 L of CO at 10.0 atm and 500 K, what is the
value of x?

A.2 B. 3 C.4 D.6
19. The following figure shows the —
contents and pressures of three vessels of =
gas which are joined by a completely He
evacuated connecting tube. After the valves 1.0 atm
on the vessels are opened, the final pressure 10L
is measured and found to be 0.952 atm.
What is the total volume of the connecting
tube? All vessels are at a constant
temperature of 25°C?
A.0.50 L B.125L C.0.10L D. 0.050 L

20. The electrical conductance of a Ba(OH), solution slowly decreases upon addition of a dilute solution
of Na,SO, to a minimum, and then, slowly increases. Which of the following choices help to explain this
observation?

I. lons are removed from the solution due to precipitation
I1. Water is formed in the reaction.

A.Only | B.Only Il C.Both land 1l D. Neither I nor 1l
21. In which of the following is the nitrogen-to-nitrogen distance the greatest?
A. N B. N3 C. N2H4 D. N2H,

22. During the complete combustion of C,H,, what change in hybridization do the carbon atoms
undergo?
A.sptosp B. sp® to sp° C. sp to sp? D. sp® to sp

23. Refer to the unbalanced equation shown below.
Cro42_aq + HSHOz_aq + H+aq 4 HSHOg_aq + CI’Og_aq + HZO

Which of the following statements is CORRECT?
A. In the balanced equation the coefficient of H 4 is equal to that of H,O.
B. Total number of electrons exchanged in the balanced reaction is 6.
C. Cris oxidized.
D. O is reduced.

24. Which of the following orbitals has a radial node?

A. ls B. 2s C. 2py D. 2p,



25. Based on the information provided in the table provided below, which compound has the

largest molecular mass?

Compound Comment Percentage by
weight
Responsible of green color of the plants; it has 1
A Chiorophyll atom of Mg per molecule 2.72% Mg
B. Cobalamine Vitamin B-12; it has 1 atom of Co per 4.25% Co
molecule
2,3,78 Potent poison, environmental pollutant; it has 4
C tetrachlorodibenzodioxin atoms gf chlc;rine er moIecSIe , 44.1% ClI
(TCDD) b : 47
D. FK506 Immunosuppressant; it has 1 atom of N per 1.74% N
molecule.
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1. What mass of propane, C3Hg, would need to be combusted in order to convert 2.00 kg of water
that is initially at 20.0°C to steam at 100.0°C? Assume that all of the heat generated goes

directly into heating the water. Enthalpy of combustion of gaseous propane is -2202 kJ/mol. Heat
of vaporization of water is 2260 kJ/kg.

A. 613

B.74.8 g

C.925¢

D.104 g

2. According to the VSEPR Theory, which of the following species has a different shape than

the others?
A. SNF;

B. SO,Cl,

C. XeO3

D. SO~

3. Given the following bond energies, calculate the enthalpy change of the following

substitution reaction.

C,He + Br. — C,HsBr + H.

Bond

Bond Energy
kJ/mol




H-H 435
Br-Br 193
H-C 414
H-Br 366
C-C 348
C-Br 285
A.0kJ B. -128 kJ C.129 kJ D. 698 kJ

4. Windex® is a commercial cleansing product used to clean windows. One of the active
ingredients in Windex® is ammonia. The ammonia content of this product can be determined by
converting first the ammonia to ammonium ions. Then, the ammonium ions are precipitated with
chloroplatinic acid to form solid ammonium hexachloroplatinate, (NH,4),PtCle. Lastly, the salt is
decomposed by heat to give solid platinum according to the reaction given below.
(NH,),PtCls —™2 5 Pt(s) + 2NHs(g) + 2HCI(g) + 2Clx(g)

When the reaction is terminated, the precipitate was filtered, washed and dried completely. What
is the percent ammonia in Windex if a 2.000 g sample of Windex gave rise to 0.650 g of solid
platinum?

A 117 % B. 567% C. 23.4% D. 35.8%

5. The following table summarizes the specific gravities of commercial concentrated acids.

Reagent Percent Specific

concentration gravity
Acetic acid 99.7% (w/w) 1.05
Hydrochloric acid 37.2% (wiw) 1.19
Nitric acid 70.5% (w/w) 1.42
Perchloric acid 86.0% (w/w) 1.71

Which of the above reagents has the highest molar concentration?

A. acetic acid B. hydrochloric acid C. nitric acid D. perchloric acid

6. A bomb calorimeter is calibrated by combusting 1.558 g of benzoic acid (MW = 122.2 g/mol)
in the chamber. The temperature of the water is increased by 2.34 K. The enthalpy of combustion
of benzoic acid is -3230 kJ/mol. After determining the calorimetric constant, the very same bomb
calorimeter is used to determine the enthalpy of combustion of liquid benzene
(MW = 78.0 g/mol). The combustion of 1.234 g of benzene increased the temperature of the
surrounding water by 2.93°C .What is the enthalpy of combustion of benzene?
A. -3259 kJ/mol B. -789 kJ/mol C. -323 kJ/mol D. -1250 kJ/mol
7. Which of the following statements is(are) correct for elemental sulfur?
I. It has more than one allotrope.
Il. Itis a solid at 1 atm and 25°C.
A.Only | B. Only 1l C.Both I and 1l D. Neither I nor 1l

8. A syringe is filled with 139-mL of air and then connected to a conical flask containing wet
iron powder in excess. When the reaction ceases, the volume of the gas in the syringe is 112-mL.
What is the volume percent content of oxygen of the air sample used in this experiment?

A.19.4 B. 20.7 C.27.0 D.29.3
9. The data table below summarizes the abundances of the major elements of the human body.

Element | Abundance (by mass) Element | Abundance (by mass)




Oxygen 61.0 % Phosphorus 1.1%
Carbon 23.8 % Sulfur 0.2 %
Hydrogen 10.0 % Silicon 0.02 %
Nitrogen 2.6 % Potassium 0.02 %
Calcium 1.4% Sodium 0.012 %

Which of the following is another way to express the abundance of sodium?
Note: ppt = parts per thousand, ppm = parts per million, ppb = parts per billion.

A. 120 ppb B. 120 ppm C. 12 ppm D. 120 ppt

10. An oxide of vanadium is 43.99% oxygen by mass. What is the empirical formula of this
oxide?

A. VO, B. VO3 C. V.03 D. V,0s
11. A cylinder of unknown volume contains neon gas, Ne(g), at 4.0 atm and 400 K. The neon gas
is then transferred to a 10.0 L gas cylinder containing Ar(g), at 6.0 atm and 400 K. If the final
total pressure at 400 K is 9.0 atm, then what is the volume of the cylinder that initially contained
the neon gas?

A.50L B.6.0L C.70L D.75L

12. Fe,O3 + NH; —» Fez0O4 + N, + H,O
When the above reaction is balanced using the smallest-whole-number coefficients, what will be
the coefficient of Fe,O3?

A.2 B.3 C.6 D.9

13. In which choice are the oxides listed in order of increasing lattice energy?
A. MgO, Na,O, A|203
B. Ca0O, MgO, Al,O3
C. Na,0, Al,Os, MgO
D. Al,Os, MgO, Na,O

14. What is the OH" ion concentration in the solution formed by mixing 50.0 mL 0.40 M NaOH
and 20.0 mL of 0.40 M Ba(OH), solutions with 80.0 mL of distilled water?
A.0.20 M B.0.24 M C.0.10M D.0.50 M

15. 1.00 g of ethanol, C,Hs0H, is introduced into a 2-L evacuated flask at 35°C. The flask is
then sealed. What mass of alcohol is present as liquid when vapor-liquid equilibrium is
established? The vapor pressure of alcohol at 35°C is 100 mmHg.

A.048¢ B. 0.52¢g C. 0.63¢g D.0.37¢g
16. For a first order reaction, the reactant concentration decreases to 42.0% of its initial value in
15 minutes. What is the value of the rate constant?

A.0.0578 min™ B. 0.693 min™ C.0.0693 min™ D. 0.0139 min™
17. The following data were obtained when the following reaction was studied.

4A+B+2C »3D + E




Initial Initial Initial Reaction rate
concentration of A | concentration of B | concentration of C mol/L.s

mol/L mol/L mol/L

0.01 0.02 0.01 1.0 x 10°

0.02 0.02 0.01 2.0 x10°

0.02 0.04 0.01 2.0 x10°

0.01 0.04 0.02 2.0 x10°

What is the unit of the rate constant for this reaction?

A st B. molxL*xs™ C. Lxmol™xs™ D. L?xmol™*xs™

18. The atmospheric pressure varies with height according to the following barometric formula:
P = Pys. € (-gMh/RT)
Pgas IS the partial pressure of the gas at atmospheric pressure and sea level. M is the molecular

mass of the gas, h is the height in meters and g = 9.8 m.s™.

Assuming that air is 20% O, and 80% N at sea level and the atmospheric pressure is 1.00 atm,

what is the partial pressure of O, at a height of 46,200 feet? The temperature at this altitude is

-73.0°C. Note: 1 yard = 3 feetand 1 m = 1.1 yards.
A.0.014 atm B. 0.028 atm C.0.14 atm D. 0.28 atm

19. 100.0 mL of 0.10 M HCI is mixed with 100.0 mL of 0.10 M NaOH solution. The temperature

of the solution rises by 0.60°C. Calculate the molar enthalpy of neutralization of HCI. Assume

volumes are additive, that the specific heat of the solution is the same as that of water, and the

density of the solution after mixing is 1.15 g/mL.
A. -57.7 kJ/mol B. 57.7 kJ/mol

C. 115 kJ/mol D. -115 kJ/mol

20. 3.40 g of Na,C,0,®XH,0 were heated to drive off the water of hydration. If 2.68 g of solid
remains, what is the percent mass content of water in the hydrate?-
A.21.2% B. 25.6 % C.33.3% D. 36.4 %

21. When the following reaction is balanced, what will be the coefficient of O,?
C,H5,0, + _ O, — nCO, + nH,0O

B. " c. -2 p, 2n=3
2 2 n—1

22. The kinetic energy of an electron ejected from a metal surface that is exposed to an
electromagnetic radiation of single wavelength depends on the all of the following EXCEPT
A. Energy of the electron
B. Frequency of the monochromatic light
C. Intensity of the light
D. Nature of the metal used

A. 3n

23. The activation energy of most reactions is on the order of 50 kJ/mol. Assume kj is the rate
constant at 300 K . Which of the following best approximates the rate constant at 310 K?

A. 2k B. k;* C. ki” D. 10k,
24. In order to calculate the lattice energy of KF using Born-Haber cycle, which value is NOT
needed?

A. Enthalpy of sublimation of K(s)



B. Enthalpy of formation of KF(s)
C. Bond dissociation energy of F»(g)
D. First ionization energy of F(g)

25. When treated with excess hydrochloric acid solution, a 10.0 g sample of which of the

following metals will produce the largest volume of hydrogen at P = 101.3 kPa and T = 25°C?
A. Al B. Cr C.Zn D. Li
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When balancing chemical equations, reduce all coefficients to the lowest whole numbers.
1. One way to free metallic gold (Au) from a gold-bearing rock is to treat the rock with sodium
cyanide in the presence of excess oxygen, according to the reaction

4 Au(s) + 8 NaCN(aq) + O2(g) + 2 H,O(1) — 4 NaAu(CN),(aq) + 4 NaOH(aq)

If a particular rock containing gold required 254 mL of 0.0275 M NaCN solution in order for
all the gold to fully react, what mass of gold was in the rock?
A.0.688 g B.0.233 ¢

C.197¢ D.215¢

2. Use the following information to calculate the first ionization energy of Li.

LiF(s) — Li*(g) + F(9) 1050 kJ/mol
Li(s) + Y2F,(g) — LIiF(s) - 617 kd/mol
Fo(g) — 2 F(9) 160 kJ/mol
Li(s) — Li(g) 161 kJ/mol
F(g) +e — F(9) - 328 kJ/mol
A. -1580 kJ/mol  B. 1580 kJ/mol C. -520 kJ/mol D. 520 kJ/mol

3. Which one of the following mixtures creates a buffer solution?
A. 10.0 mL 0.10 M NaOH, 10.0 mL 0.10 M HF
B. 20.0 mL 0.10 M NaOH, 15.0 mL 0.10 M HF
C. 15.0 mL 0.10 M NaOH, 20.0 mL 0.10 M HF



D. 10.0 mL 0.10 M NaOH, 5.0 mL 0.20 M HF

4. When the pressure increases, which of the following reversible reactions will shift to the product side?
A.Ny(g) + 0y(9) S 2NO(g)
B.280,(g) +04(9) S 2 S0s(g)
C.4NH;3(g) + 50,(0) 5 4NO(g) + 6 H,0(9)
D. CusO,e5H,0(s) & CuSQO4(s) + 5H,0(g)

5. A student constructed an A | A% || B2*| B cell and measured a cell potential of 0.90 V. The next student
constructed a J | J** || A*"| A cell and measured a cell potential of 0.70 V. Then, they decided to construct a cell
using the metals J and B along with their respective aqueous solutions. What will be the cell potential of the newly

constructed cell?
C.0.20Vv D.-0.20V

A.1.60V B.-1.60 V

6. The following data were collected at 25 °C for the reaction between HB? and Y ions, shown in the equation
below:

HB* (ag) + Y (ag) S B (ag) + HY (aq)
Trial [HB?] [Y] time, s
1 3.0x10°® 0.40 98
2 3.0x10° 0.10 401
3 1.5x10° 0.40 195
Assuming a small, but constant, amount of HB? is consumed, what is the overall order of the above reaction?
A. 2 B.1 C.0 D.3

7. A student titrated 0.643 g of an unknown weak monoprotic acid with 0.100 M NaOH. The

student collected the following data:

VNaon ML pH VNaon ML pH

0.00 3.10 21.00 5.65

3.00 4,25 24.00 5.90

6.00 475 27.00 6.10

9.00 5.01 30.00 6.70

12.00 5.20 33.00 10.98

15.00 5.30 36.00 11.75

18.00 5.50 39.00 11.90

Identify the unknown acid from the data provided below:
Weak acid Chloroacetic Mandelic acid Acetic acid KHP
acid
pK, 2.86 3.41 476 5.40
Molar mass 945 152.2 60.05 204.2
A. Mandelic acid B. Acetic acid C. Chloroacetic acid D. KHP

8. A liter of solution containing 0.10 mole of acetic acid, CH3COOH and 0.100 mole of sodium
acetate, CH3COONa, provides a buffer of 4.74. Calculate the pH of the solution after addition of
0.020 mole of NaOH. K, = 1.8 x 10,

A. 3.74 B. 4.74 C.4.92 D.5.74
9. What is the pH of a 0.2 M KCN solution? K, (HCN) = 4.0 x 10™"°
A. 1.35 B.1.4 C.11.35 D.11.4

10. What is indicated when a chemical cell’s voltage E° has dropped to zero?
A\. the concentration of the reactants has increased.



B. the concentration of the products has decreased.
C. the cell reaction has reached equilibrium.
D. the cell reaction has completely stopped.

11. Which of the following sets of molecular compounds are ranked in order of increasing bond
angles?

A. BeCl,, BCl3, CCly, PCls B. H,0, NH3, CHy4, BH3

C. CH4, NHs, Hgo, C02 D. CC|4, BeC|2, PC|5, SF5

12. What concentration of aqueous NHj3 is necessary to just start precipitation of Mg(OH), from
a 0.035 M solution MgSO,? Ky, for NH3 is 1.8 x 10™ and K, for Mg(OH); is 7.0 x 107,

A.2.0x10°M B.20x 10" M C.11x10°M D.4.0x 10° M
13. The figure on the right represents a titration curve of v
A. strong acid with a strong base GO

B. a strong acid with a weak base =
C. a strong base with a strong acid .

D. a weak base with a strong acid.

2 F - g 120 Ll =]
Wiolumee of titramd added (mil)

14. It is determined that for a particular process, AH = +200.0 kJ and AS = +200.0 J/K. At what
temperature does the reaction become spontaneous?
A. 20K B. 200 K C.0°C D. 1000 K

15. A concentrated solution of sodium chloride is electrolyzed using Pt electrodes. The mass of
chlorine gas collected at the anode is 355 grams. What is the volume of the hydrogen gas
collected at the cathode at a pressure of 1.0 atm and 27 °C? The vapor pressure of water at 27 °C
is 26.7 mmHg.

A.6.40 L B.128 L C.123 L D.128 L

16. When elements 11, 12 and 13 are arranged by their increasing first ionization energies, the

correct order is
A.Na<Al<Mg B. Al <Mg < Na C. Al <Na< Mg D. Mg < Al <Na

17. Which of the following choices is NOT correct?
electron pair distribution shape according to

ion on the central atom VSEPR theory
A. NH, tetrahedral linear
B. NH," tetrahedral tetrahedral
C. I3 trigonal bipyramid linear
D. PClg octahedral octahedral

18. Some students were doing an experiment using copper (1) and thiocyanate ions to form



the thiocyanatocopper (11) ion. The thiocyanatocopper(ll) ion absorbance can be used to determine the equilibrium
constant. There is an equilibrium among Cu?* (blue), SCN™ (colorless) and CuSCN* (colorless). The equation for the
formation of the CUSCN™ is

Cu?*(aq) + SCN (aq) 5 CuSCN*(aq).
This reaction can be studied spectrophotometrically at 380 nm because
A. Cu** absorbs visible light.
B. CuSCN" does not absorb visible light but absorbs UV radiation.
C. Both Cu?* and SCN™ absorb visible light.
D. CuSCN" absorbs 380 nm radiation whereas Cu?* and SCN" do not.

19. Instant cold packs contain solid NH;NO; and a pouch of water. When the pack is squeezed,
the pouch breaks and the solid dissolves, lowering the temperature:
NH4NO3(S) s NH4N03(aq)

The final temperature in a squeezed cold pack that contains 100.0 g of NH,NO; dissolved in 250.0 mL of water is
3.00 °C. Calculate the enthalpy change of the solution. Assume a specific heat of 4.18 J/g°xC for the solution, an
initial temperature of 25.0 °C, and no heat transfer between the cold pack and the environment. (density of solution
~1.0g/mL)

A. -25.8 kd/mol B. 25.8 kJ/mol C. 36.7 kd/mol D. -36.7 kd/mol
20. A sample of sodium hydrogen carbonate-sodium chloride mixture heated in a crucible. Based on the
experimental data provided below, determine the percent mass composition of sodium hydrogen
carbonate in the mixture.

The mass of crucible and cover

The mass of crucible + cover + sample

The mass of crucible + cover + residue

The mass of crucible + cover + residue

29.123 g

30.023 g

29.725 g (after first heating)
29.713 g (after second heating)

A.31.2% B.62.4 % C.79.8% D.93.3%
21. The predicted mechanism of a reaction is shown below. What is(are) the intermediate in the
reaction?

HOOH + I — HOIlI + OH  (slow)
HOlI + | — 1, + OH (fast)
20H + 2H30+ — 4 Hzo (fast)
A. OH B. HOI C. OH and HOI D. HOI, OH and I,

22. The simplest complex reaction consists of two consecutive, irreversible elementary steps e.g.
k k
A—sB——C
An example of such a process is radioactive decay. This is one of the few kinetic schemes in

which it is fairly straightforward to solve the rate equations analytically. The change in concentration of
A[B]

B, at any given time, , is calculated as:

A. ki[A] B. -k,;[B] C. ki[A] - ko[B] D. :—l [B]
2

23. If equal volumes of equi molar concentrations of NaH,PO, and H3PO, solutions are mixed, which of
the following best describes the resulting solution? (pKa’s for HsPO,are 2.0, 6.8 and 12.1)

A. A good buffer solution at pH = 2.0

B. A good buffer solution at pH = 4.4

C. A good buffer at pH = 6.8

D. A good buffer at pH = 12.1

24. Which of the following species has a pK, = 25?
A. H,SOq B. H-C=C-H C. HNO; D. HI



25. Some physical properties of CHsF and NHjs are given in the following table. Which of the following

statements is(are) correct?

Compound Melting Point °C Boiling Point °C Solubility in water
CH,F -141.2 -78.2 2.9 g/L
NH; -17.7 -33.3 Very soluble

I. Both molecular compounds are capable of making hydrogen bonds in their liquid states.
I. CHsF has higher molecular mass therefore boils at lower temperature.

A.Only | B. Only Il C. Both I and Il D. Neither I nor 11
Chemistry Il Answer Key
Date: April 2014 Yellow test
Record the % correct onto the area record (Corrections

1. A 6. A 11.B 16. A 21.C
2.D 7.D 12. C 17. A 22.C
3.C 8.C 13. D 18. D 23. A
4.B 9.C 14. D 19.B 24. B

5. A 10. C 15. D 20.D 25.D




	11.  Which of the following equations is NOT a redox reaction?
	17. The following data were obtained when the following reaction was studied.
	Reaction rate mol/L.s
	Initial concentration of C mol/L
	Initial concentration of B mol/L
	Initial concentration of A mol/L
	0.01
	0.02
	0.01
	1.0 ( 10-5
	0.01
	0.02
	0.02
	2.0 ( 10-5
	0.01
	0.04
	0.02
	2.0 ( 10-5
	0.02
	0.04
	0.01
	2.0 ( 10-5
	What is the unit of the rate constant for this reaction?

