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PERIODIC TABLE OF THE ELEMENTS

tiz = (In2/k), In2 = 0.693
nFe = RTInK

AG® = - nFE°

§= kHP

Constants
R =8.314 Jemol oK'
= 8.314 LekPae mol™eK"!
= 8.206x 10 LeatmemoleK"'
=62.363 Letorremol oK'
1 atm =760 Torr
=1.01x10° Pa
=0.0821 L atm /K mol
=8.314 L kPa/K mol
¢ =2.99x10% m/s
h=6.63x10% J.s
A o=1.05x10"J.s
F = 96,500 Coulombs/mole
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Formulae

v=R(>1/n? - 1/m?), R =3.29%10" Hz
AE® = E°(cathode) - E°(anode)
_ AE=AE° - (0.05916/n)log Q
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1. Which of the following statements is true regarding electromagnetic radiation?

A)

B)
Y

D)

E)

Electromagnetic radiation with a wavelength of 400 nm travels faster than that with a wavelength of
600 nm.

The frequency of electromagnetic radiation determines how fast it travels.

Electromagnetic radiation with a wavelength of 400 nm has a frequency that is smaller than that with a
wavelength of 600 nm.

Electromagnetic radiation with a wavelength of 600 nm travels faster than that with a wavelength of
400 nm.

Electromagnetic radiation with a wavelength of 600 nm has a frequency that is smaller than that with a .
wavelength of 400 nm.

2. Which one of the following statements is incorrect?

A)

B)

O

D)
E)

For a one-dimensional particle in a box, as the mass of the particle becomes larger the separation
between neighboring energy levels increases. '

For a one-dimensional particle in a box, the separation between neighboring energy levels decreases as
the length of the container increases. , ,

For a one-dimensional particle in a box, the separation between neighboring energy levels becomes
zero when the walls of the box are infinitely far apart,

Argon atoms in a cylinder can be treated as though their translational energy were not quantized.

A billiard ball on a table has a completely negligible zero-point energy.

3. Which of the following is correct with respect to the photoelectric effect?

A)

B)
O
D)

A plot of the kinetic energy of the ejected electrons versus the frequency of the incident radiation has a
slope that is equal to the value of the work function.

All metals have the same work function.

The kinetic energy of the ejected electrons increases with the intensity of the incident radiation.

A plot of the kinetic energy of the ejected electrons versus the frequency of the incident radiation is
linear.

4. For dinitrogen monoxide, the arrangement of the atoms is N-N-O. In the Lewis structure with a double bond
between NN and NO, the formal charges on N, N, and O, respectively, are’
A)0,-1,+1; B)-1,+1,0; 00, +1,-1; D)0,0,0; E) 2,+I,+]

5. Which of the following has resonance structures?

A} XeOF, B) NpH, C) CH;CONH D) H,CO
6. What is the shape of IF,™?

A)  tetrahedral D)  square planar

B)  seesaw E)  T-shaped

C)  trigonal bipyramidal
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7. What is the hybridization of the bolded atoms NNC, from left to right, in azidocarbonamide,
H,NC(O)NNC(O)NH,?
A)  sp’, sp, sp? D)  sp,sp, sp?
B) spz, sp, sp3 E) spz, sp’, sp2

C)  sph sp, sp

- A system had 150 kJ of work done on it and its internal energy increased by 60 kJ. How much energy did the

system gain or lose as heat?

A)  The system lost 90 kJ of energy as heat.

B)  The system lost 210 kJ of energy as heat.
C)  The system gained 60 kJ of energy as heat.
D)  The system gained 90 kJ of energy as heat.
E)  The system gained 210 kJ of energy as heat.

- When 2.00 kJ of energy is transferred as heat to nitrogen in a cylinder fitted with a piston at an external

pressure of 2.00 atm, the nitrogen gas expands from 2.00 to 5.00 L against this constant pressure. What is AU
for the process?

A) 0.608 kJ B) +2.61kJ C) -2.61kJ D)y o E) +1.39kJ

If an isolated system contained +5 kJ of energy, after 100 years AU =

A)  impossible to determine D) o0kJ
B)  slightly less than +5 kJ E) 5kJ
C) +5kJ

Calculate the change in entropy of a large pail of water after 200 J of energy is reversibly transferred to the
water at 20°C,

A) 0733 1K D) +0.733 1K™
B) 40683 JK™ - E) -200J)K!
C) -0.683 1K™ -

Consider the following processes, which of these processes leads to an increase in entropy? (Treat all gases
as ideal.) .

1. The pressure of one mole of oxygen gas is allowed to double isothermally.

2. Carbon dioxide is allowed to expand isothermally to 10 times its original volume.

3. The temperature of one mole of helium is increased 25°C at constant pressure,

4. Nitrogen gas is compressed isothermally to one half its original volume,

5. A glass of water loses 100 J of energy reversibly at 30°C,

A) land4 B) 5 C) 3ands D) 2and3 E) land2

The molar ertropy of a compound at 298 K is equal to the area under the curve obtained by plotting (from T
=0to T=298 K)

A)  C,versus T. D)  Cy/Tversus T.

B)  InC, versus T. E)  C,versus I/T.

C)  In(Cy/T) versus T. -
X
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14. Calculate ASioa1 for the isothermal irreversible free expansion of 1.00 mol of ideal gas from 8.00 L, to 20.00
Lat298 K,
Ay 0 : Dy -152 JK'mol™
B) +152 JK'mol” E) -76 JK" mol”

C) +7.6 JK'mol™

15. The standard free energy of formation of CS,(1) is 65.27 kJ mol™" at 298 K. This means that at 298 K
A} CSy(l) will not spontaneously form C(s) + 2S(s).
B)  CSy(h)is thermodynamically unstable.
C) CSyDis thermodynamically stable.
D) No catalyst can be found to decompose CSy(1) into its elements,
E)  CSy(1) has a negative entropy.

16. Estimate the enthalpy of vaporization of water given that at 25°C and 35°C jts vapor pressure is 23.8 and 42
Torr, respectively, Assume that the enthalpy of vaporization is independent of the temperature.
A) 415 Tmol™ D) 521 kImol
B) 221 kJmol™ E) 434 kJmol"
C) 415 kImoll

17. Which of the following liquids freeze at a lower temperature when pressure is applied?
A)  water D)  methanol

B)  acetic acid E)  carbon tetrachloride
C)  benzene

18. The phase diagram for sulfur is given below.

4 -
Salid 424 K, 1300 atm

Fressure, attn | | Rhommbic Liquid

Monaclinic

Solid

\l

(as

-

IR K, 10t "

—————————.
Temperature, K

Which of the following is true?

A)  Sulfur has 2 triple points, ’ . )éj w
B)  Moneslinic sulfur does not sublime, ,’j}
C)  Sulfur has 0 triple points. «é}:’”
D)  Sulfur has 3 triple points. Sy

E)  Rhombic sulfur cannot be directly converted to liquid.
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19. Consider the following reaction;
CO(g) + 2Ha(g)-»CH;0H(g)
At room temperature, X is approximately 2x10*, but at a higher temperature K is substantially smaller.
Which of the following is true? '
A)  The reaction is endothermic.
B)  The value of K, for this reaction is smaller at all temperatures,
C)  Atthe higher temperature, more CH;0H(g) is produced.
D)  The reaction is exothermic.
E)  The reaction becomes Sspontancous at higher temperatures.

20. The standard potential of the Cu®*/Cu electrode is +0.34 V and the standard potential of the cell
Pb(s) | Pb™(aq) | | Cu?*(aq) | Cu(s)
is +0.47 V. What is the standard potential of the Pb**/Pb electrode?
Ay 026V B) +081V ) -081v D) -013V  E) +0.13V

21. If the standard potentials for the couples Cu™*/Cu, Ag'/Ag, and Fe**/Fe are +0.34, +0.80, and -0.44 V,
respectively, which is the strongest reducing agent?

A) Fe  B) Ag 0 Ag" D) Cu E) Fe*

22. A first-order reaction has a rate constant of 0.00300 s™'. The time required for 60% reaction is
A) 153s. B) 73.9s. C) 170s. D) 133s. E) 305s.

23. Technetium-99 (9>9Tc), used to image the heart and brain, has a half-life of 6.00 h. What fraction of #Tc
remains in the body after 1 day?

A) 0.0625 B) 0.250 C) 0.0313 D) 0.125

24. For a second-order reaction, a straight line is obtained from a plot of

A)  1/[A]vst. D) In[A]vst.
B)  In(1/t) vs [A]. E)y  In(t) vs [A]
C) [A]vst.

25. A catalyst facilitates a reaction by
A)  increasing the activation energy for the reverse reaction.
B)  lowering the activation energy of the reaction.
C) - shifting the position of the equilibrium of the reaction.
D)  decreasing the temperature at which the reaction will proceed spontaneously.
E)  making the reaction more exothermic,

26. Which of the following molecules would require the most energy to split into gaseous atoms?
A) O B) N & Cl, Dy co '
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27. Hydrogen can be made from fossil fuels in a series of two catalyzed reactions. One of these reactions, the
re-forming reaction, is
A) Zn(s) + 2HCl(aq) — ZnCly(aq) + Hy(g).
B) CHu(g) + H20(g) - CO(g) + 3Hy(g).
C) Cu(s) + 2H'(aq) - Cu**(aq) + Hy(g).
D) CH3;0H(l) —» 2Hx(g) + CO(g).

28. What type of particle is emitted in the transformation below?
2Ipp 5 DAy
A) aparticle B) B particle C) vy particle D) positron

29. Which of the following compounds exist as geometric isomers?
1) CH;=C(CH3)(CH,CH;)
2) CH3CH=CH(CH,CH3)
3) CICH=C(CH3)
4) CICH=C(CI1)(CH3)
A) 3and 4 B)Zand 4 C)1,2,and 4 D)1,2,3,and 4

30. The solid Zn$ has a radius ratio of 0.45 and adopts the zinc-blend structure. What is the coordination
number of Zn in ZnS?

AY2 B 6 C 12 D) 4

31. Order the following acids from weakest to strongest: HCIO, HCIO,, HCIO,, and HCIO;.
A) HCIO4 <HCIO; < HCIO, < HCIO
B) HCIO < HCIO; < HCIO, < HCIO;
C) HCIO < HCIO, < HCIO; < HC10,4
D) HCIO < HCIO, < HCIO; < HCIO,

32. What is the d-electron configuration of the tetrahedral complex ion {FeCl,]™?
A) € B) & C) &% D) ¢t

33. The lattice enthalpies of ionic compounds of fluoride tend to be very high because
A) fluorine gas is very reactive.
B) the fluoride jon is small.
C) fluoride ion has an oxidation state of ~1.
D) fluorineisa strong oxidant.

34. Which of the following complex ions has the smallest d-orbital splitting energy?
A) [CoOH)sI™*  B) [Co(NHz)l?* ) [CoCLi*™ D) [Co(CN)sJ*

-
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35. Which of the following statements is false?
A) Elements with low ionization energies commonly form ionic oxides,
B) Oxides of main-group metals are acidic.

C) Elements with intermediate ionization energies form amphoteric oxides.
D) Oxides of nonmetals are acidic,

36. Which of the following is optically active?
A) C(CH3)y B) NH,CH(CH3)COOH C) (CH3),C(NH)COOH D) NH,CH,COOH

37. All of the following are stable except
A) e By Yo, ) 2y D) 0.

38. Comparing [Co(CN)6]*~ with [CoClg]*, which of the fdllowing statements is true?
A) [Co(CN))* is diamagnetic while [CoClg]* is paramagnetic.
B) [Co(CN)6J> has more d-electrons than [CoCle]*.
C) [Co(CN)¢J*" has the Same number of d-electrons as [CoCle]*.

— _;___
D) [Co(CN)eJ* is paramagnetic while [CoClg]* is diamagnetic, /“‘
39. Which of the following are heterogeneous alloys? w‘%ﬁ.
A) tin-lead solder and bronze e
B) bronze

C) mercury amalgam and tin-lead solder
D) coinage cupronickel J

- A ’i %
‘m‘esﬂ‘

40. Oxygen can be produced in the laboratory by the following reaction:
2KCIO5(s) - 2KCl(s) + 304(g)

How many moles of potassium chlorate are needed to produce 257 mL of oxygen, collected over water at
14°C and 97.6 kPa? The Vvapor pressure of water at 14°C is 1.60 kPa.
A) 206x 107 B) 6.89 x 107 C) 7.00x107 Dy 1.55x107

41. What is the shape of BrFs?
A) square pyramidal B) trigonal bipyramidal C) octahedral D) seesaw

42. How many different isomers of all types are possible for the complex ion [Co(NCS)z(NH3)4]+?
A) 9 B)3 )6 D)2

43. If the base sequence along a portion of one strand of a double helix is CTACACG, the corresponding
sequence on the other. strand is

A) CTUCUCG, B) TCGTGTC. C) CTACACG. D)GATGTGC.




G A R 4 4 06 5 4 R 3 A 028 4 % 8 7 % 8%

#a o2 BAME PACEREZ FAMLEEL IAD>TFHERTH

44. Which of the following is diamagnetic?
A) 0" B) 0; ©) 0 D) NO,

45. The sublimation of dry ice is spontaneous at 25°C and 1 atm. What is the sign of AH® and AS®, respectively?
A) +’ + B) s C) I + D) +; -
46. For the compounds below, which statement is true?

Gl Cl Cl
\

/ Cl

A) Compounds 1 and 2 are geometric jsomers.
B) Compounds 1 and 2 are identical.

C) Compounds 1 and 2 are chiral.

D) Compound 1 is chiral.

47. Name the compound CH;COO(CH2)4CH3. :
A) pentyl acetate  B) methyl pentanoate  C) hexanoic acid D) butyl acetate

48. Astudent has injected 45.2 g of a gas into a evacuated, constant-volume container at 30 °C and atmospheric
pressure. Now the student wants to heat the gas at constant pressure by allowing some of the gas to escape

during the heating. What mass of gass must be released if the temperature is raised to 100 °C.-

A) 23.12 B) 6.74C) 36.72 D) 13.56

49. Which of the following undergo nitration faster than benzene?

A) 1,4,and5 B) land2 C) 4and5 Dy 2,3,and5

2'! 1
50. Which of the following produces a silver mirror with Tollen's reagent? /é;'k
A) CH;C(O)OCH; B) CH;OCH; C) CHyCHO D) CH3COCH; ' /;'
-
A~




