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1. (3 points) Fill the spaces with the correct word/-s in the next statements. (Correct statements mark as 

+0.3 points). 

A In the following cell: 𝑀𝑔 (𝑠) | 𝑀𝑔2+(0.1 𝑀) ‖  𝑀𝑔2+(0.5 𝑀) | 𝑀𝑔 (𝑠)  the more 

_______________solution is reduced in the cathode. 

Concentrated 

 

B Given the following standard reduction potentials: Ag+/Ag = +0.80 V and Cl2/Cl− = +1.36 

V. ___________is a stronger oxidizing agent than_____________. 

Cl2/Ag+ 

 

C 
__________________ is a type of corrosion which occurs when a tensile stress is 

applied on the material under a corrosive environment. 

Stress corrosion cracking 

 

D 
A radical is stabilized by resonance and hyperconjugation (an electron interaction 

between a ____________ bond and a __________ orbital). 

sigma; p 

 

 

 

 

 

E 
A SN2 reaction predominates in _______________ solvents, when a _____________ 

carbocation is formed, and the better the nucleophile is. 

aprotic; primary 
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G 

Given the following benzoic acids: 

COOH COOH

NO2 CH3

I II  

Compound I has _____________acidity than compound II, because nitro group is an 

_________________________ group. 

higher; electron withdrawing 

 

H In an _____________________ inhibition, the inhibitor can bind ONLY to enzyme-

substrate complex, not to free enzyme. 

uncompetitive 

 

I Fatty acids are composed of a long hydrocarbon chain (__________) ranging from 4 to 

36 carbons long and a terminal _________________ group (head). 

tail; carboxyl 

 

F 
Trans-disubstituted alkenes present a _______________ melting point than the 

corresponding cis-disubstituted. 

higher 
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J 
A nucleotide has three characteristic components: (1) a nitrogenous base, (2) a 

______________, and (3) one or more phosphates. The molecule without a phosphate 

group is called a ___________________. 

pentose; nucleoside 

 

2. (1.5 points) Consider the electrolysis of an aqueous solution of KBr: 

a) (1 p) Write the half-reactions and indicate the products formed at the anode and cathode. 

b) (0.5 p) If the initial concentration of the salt (KBr in aqueous solution) is 0.5 M. Determine the pH of 

the medium after electrolysis. 

Data: E0(K+/K) = − 2.93 V; E0(Br2/Br−) = + 1.07 V; E0 (O2/H2O, H+) = + 1.23 V; E0 (H2O/H2, OH−) = ─ 0.83 V. 

SOLUTION 

a) 

Oxidation (Anode)   2 Br−  ─› Br2 + 2 e−              E0 = −1.07 V 

           2 H2O  ─› O2 + 4 e−  +  4H+      E0 = −1.23 V  

Reduction (Cathode)   K+ + e−  ─› K           E0 = -2.93 V 

             2 H2O + 2 e−  ─›  H2 + 2 OH−     E0 = −0.83 V 

Overall Reaction   2 Br- + 2 H2O ─› Br2 + H2 + 2 OH−           E0 = − 0.73 V 

Br2 is produced at the anode and H2 at the cathode. 

b) 

[Br-] = [OH-] = 0.5 M →  pH = 13.7. 

3. (1.75 points) Answer the following questions: 

a) (0.75 p) Write the name including the absolute configuration of the following compounds. (Hint: 

when alcohol group is not the main functional group, that is denominated as “hydroxy-“ before the 

name of the main chain) 

H3C
OH

OH

O

1. 2. 3.NH2

H3C
H

COOH
H3C

CH3

H CH2
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b) (1 p) Starting from the eclipsed conformation (A) for butane, draw and indicate the type of 

conformation using the Newman projections for B, C, D, and E according to the rotation of the C2−C3 

bond indicated in the following graph. Deduce which of the structures is more stable and why. 

 

SOLUTION 

a) 1. (2R)-2-hydroxypentanoic acid 
2. (2S)-2-aminopropanoic acid 

3. (3R)-3-methylpent-1-ene 

b) There are two different types of alternate arrangements in butane. One in which the two 
terminal methyl groups are separated by 180 degrees (anti), and two in which they are 
separated by 30 degrees (gauche). They are connected by two types of alternate conformations: 
one in which the two methyl groups pass between each other, and two in which the methyl 
groups pass through hydrogen atoms.  

 

(A) Eclipsed 

 

(B) Gauche 

 
(C) Eclipsed 

 

(D) Anti 

 
 

The most stable one is D, where the two methyl groups are in the ANTI position.  
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4. (2.25 points) Complete the following schemes: 

a) (0.75 p) 

CH3-MgBr

H3O+

PBr3

Br

Ether
NaBH4

OH

A

 

b) (0.75 p) 

B

1. NaOH, H2O

CH3-CH2-CN

2. H3O+

1. LiAlH4

2. H2O

1. CH3I exc

2. Ag2O

3. OH-, 

+
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c) (0.75 p) 

Cl

COOH

C

HNO3

(H2SO4)

CH3

Cl

CH3Cl

AlCl3

CH3Cl

AlCl3

Cl

 

SOLUTION 

A

O

CH3-MgBr

H3O+

OH

PBr3

Br

Ether

NaBH4

OH
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B

1. NaOH, H2O

CH3-CH2-CN

2. H3O+

1. LiAlH4

2. H2O

CH3-CH2-COOH CH3-CH2-CH2-NH2

1. CH3I exc

2. Ag2O

3. OH-, 

CH3-CH2=CH2 +    N(CH3)3 

 

Cl

COOH

C

HNO3

(H2SO4)

COOH

NO2

CH3

Cl

CH3 CH3

CH3

H3C

CH3Cl

AlCl3

CH3Cl

AlCl3

Cl

No reaction
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5. (1.5 points) A compound with the formula C3H5BrO2 exhibits the following 1H-NMR, 13C-NMR, and IR 

spectra, respectively: 

1H-NMR:  = 2.93 (t, 2 H), 3.57 (t, 2 H), >9.0 (low field,1 H very broad) ppm. 

13C-NMR:  = 24.3, 38.6, 178.6 ppm. 

IR: characteristic bands 3067, 1717 cm−1. 

a) (0.25 p) Determine the degree of unsaturation. 

b) (1.25 p) Justify its structure. 

SOLUTION 

a) 𝑫𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝒖𝒏𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒊𝒐𝒏 = (𝟑 + 𝟏) −
(𝟓+𝟏)

𝟐
= 𝟏 (1 double bond or ring) 

b) IR spectrum gives the information that there is a possible carboxylic acid in the structure. Carbon 
spectrum exhibits a peak corresponding to a quaternary carbon at 178.6 ppm. 

Therefore, regarding the NMR spectra, the proposed structure would be the following: 

Br OH

O

178.6

38.6

24.3

>9

2.93
3.57
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ANNEX 
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