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Part I. Single choice questions (4 points for each question, 80 points in total)
1. Place the following types of electromagnetic radiation in order of decreasing energy.
gammarays radio waves microwaves
(A)Radio waves > microwaves > gamma rays
(B)Gamma rays > microwaves > radio waves
(C)Radio waves > gamma rays > microwaves
(D)Gamma rays > radio waves > microwaves

2. When the following reaction goes from left side to right side, what is the base?
HCN (aq) + H20 (1) & CN! (aq) + H30" (aq)
(A) HCN (B) H20 (C) CN (D) H;0*

3. Order the following bonds from highest to the lowest bond energy?
Carbon-carbon  silicon-silicon silicon-oxygen

(A) C-C, Si-Si, Si-O (B) Si-0, C-C, Si-Si
(C) Si-0, Si-Si, C-C (D) C-C, Si-O, Si-Si
"|4. When the following organic compound is oxidized, what is the major organic product?

(A) 2-propanoic acid (B) 2-propanol

(C) 2-propanone (D) 2-propanal

(E) dimethylether

5. What is the electron configuration of Cr** ?
(A) [Ar] 4s%3d! (B) [Ar] 4s!3d?
(C) [Ar] 3d? (D) [Ar] 4s?3d

(E) None of these

6. Arrange the following compounds in increasing order of solubility in water.
(I) Butane; (IT) EtOH; (IIT) acetone; (IV) EtOEt; (V) AcOH; (VI) MeOH -

(M) KIV<II<II<VI<V (B) I<KIV<II<VI<III<V
(C) I<OI<IV<I<VI<V (D) I<IV<III<VI<II<V
(B) I<IV<III<V<II<VI

7. The pH of a 0.15 M solution of the salt NaA is 9.00. Thus, the X, for the acid HA is

(A) 1.5x107 (B) 1.7x10*
Ecg 1.2x1022 (D) 1.1x10710
E) 1.3x10"

8. Which of the following ranking is incorrect?
(A)Ionic radius: F~> Na* > Mg**
(B) Atomic radius: Li > Na >K
(C)The first ionization energy: Li>Na>K
(D)Electronegativity: F> O >N
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9. For the polystyrene (PS) with the following structure
(A)CH,=CHC¢Hs is the monomer

(B)This is a condensation polymer

(C)this is a copolymer III
(D)this substance is in a liquid state at ambient temperature. ——?—CI?‘—
H H

10. The deciding factor that makes HF a weak acid is that
(A)HF has a large bond energy
(B) The enthalpy of hydration of F~ is negative
(C)F2 has a small bond energy
(D)F has the largest ionization energy of all the halide ions
(E)the entropy for hydration of F~ is a large negative value

_|11. Which one of the following is the strongest intermolecular forces experienced by noble gases
(A)London dispersion forces

(B)Dipole-dipole interactions

(C)Hydrogen bonding

(D)Ionic bonding

(E)Polar covalent bonds

12. The main product of the following reaction is:

) - cat. Hp804
TOH e

heat
o O
A ““T)\‘H
(d) B)
o -
© \T/ (D) S e,

13. The dissolution process is exothermic if the amount of energy released in bringing about ( a )
interactions exceed the sum of the amounts of energy absorbed in overcommg ( b )and( ¢ )
interactions.

(A)Solute-solute  solvent-solvent solvent-solute
(B)Solvent-solvent solute-solute  solvent-solute
(C)Solvent-solute  solute-solute  crystal lattice

(D)Solute-solute  crystal lattice  solvent-solvent
(E)Solvent-solute  solute-solute  solvent-solvent

14. Which of the following compounds has the lowest viscosity?
(A) HOo (B) H20 (C) CH;0H (D) CH3;CH,OH (E) CH3OCHj3
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15. How many of the following processes involve an increase in the entropy of the system? Melting of a
solid, sublimation, freezing, diffusion, evaporation of liquid? ‘

(A 1 (B) 2 © 3 (D) 4 (E) 5

16. What would be the most possible pressure exerted by 10.0 moles of Hz gas confined in a volume of

2.0 L at 300 K?
(A) 102 atm (B) 112 atm (C) 116 atm (D) 123 atm (E) 150 atm

17..Which of the following compounds will undergo solvolysis most readily?
(A) CH:CHz-I (B) CH3;CHCICHCH; (C) CsHsC-Br(CH3), (D) (CH3):C-Br.

18. Which description of a catalyst is accurate?
"~ (A)Increases the amount of products present at equilibrium
(B)Increases the rate at which equilibrium is reached but decreases the equilibrium constant
(C)Increases the rate at which equilibrium is reached without changing the equilibrium constant
(D)Increases A4H for the process
(E)Higher the activation energy by changing the reaction pathways

19. Specify the hybridization of the nitrogen atom in each of the following, in order: NOs37, N2, NO;
(A) sp’,sp,sp”  (B) sphsp,sp*  (C) sphsp,sp’ (D) splspsp’ (B) sp’,sp?, sp?

20. Which aqueous solution has the highest electrical conductivity?
(A) 0.1 M CH3COOH (B) 0.1 M CH,CICOOH
(C) 0.1 M CHCI,COOH (D) 0.01 M CH3COOH
(E) 0.01 M CHCI,COOH

Part II. Long Answers questions (20 points in total)
1. What is the major product of the following reaction? (12 points)

KOC(CH3)3 NaOH CH30H
.—>
Heat
(CH3)3C -OH
(A) Br ©) Br

2. Aforensic firefighter discovered an unknown chemical reagent at the scene of an incident. He analyzed
it using FTIR and NMR. Please assist in analyzing its possible structure and provide reasons for your
suggestions. (Hints: there is only one chemical. The boiling point of the compound is below 120 °C.)

(8 points)
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