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Chemistry 2713 Name: ________________________ 

Biochemistry Student Number: _______________ 

Winter 2018 

Midterm Exam #1 
 

 
Answer all questions on the test.  Each multiple choice question has a value of two points and must be 
answered in pencil on the bubble sheet provided.  The value for each short answer question is given with 
the questions. 
 
The final page of the exam has equations and other relevant information.  Feel free to remove this page, 
but the rest of the midterm and the bubble sheet must be submitted to receive marks for all questions. 
 
Programmable calculators are not allowed. 
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Question 1 
The molecule shown below does not contain a/an _________ functional group. 
 

 
 
a. alcohol 
b. carbonyl 
c. ester 
d. ether 
e. ketone 

 
Question 2 
The functional group circled in the molecule is a/an: 
 

 
 
a. alcohol 
b. aldehyde 
c. amide 
d. amine 
e. ether 

 
Question 3 
Aromatic molecules follow what pattern of the number of electrons in their π-electron cloud?  
 
a. 2n 
b. 2n+2 
c. 2n+4 
d. 4n 
e. 4n+2 
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Question 4 
Which of the following molecules is aromatic? 
 

    
A B C D 

 
a. A 
b. B 
c. C 
d. D 
e. none of the molecules are aromatic 

 
Question 5 
What type of mechanism is shown by the following reaction scheme: 
 

 
 
a. SN1 
b. SN2 
c. E1 
d. E1cb 
e. E2 

 
Question 6 
What type of mechanism is shown by the following reaction scheme: 
 

 
 
a. SN1 
b. SN2 
c. E1 
d. E1cb 
e. E2 
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Question 7 
What type of mechanism is shown by the following reaction scheme: 
 

 
 
a. SN1 
b. SN2 
c. E1 
d. E1cb 
e. E2 

 
 
Question 8 
Cytosine, shown below, is an example of what class of organic base? 
 

 
 
a. purines 
b. purimides 
c. pyridines 
d. pyrimidines 
e. pyrroles 

 
Question 9 
Polypeptides are an example of what type of molecule? 
 
a. carbohydrates 
b. clathrates 
c. DNA 
d. macromolecules 
e. metabolites 
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Question 10 
Peptide bonds are formed through condensation reactions between 
 
a. amides and amines 
b. amides and carboxylic acids 
c. amines and carboxylic acids 
d. amines and esters 
e. carboxylic acids and esters 

 
Question 11 
Organisms that obtain energy by degrading food molecules obtained by consuming other organisms 
are called: 
 
a. anabolic 
b. autotrophs 
c. catabolic 
d. heterotrophs 
e. foodtrophs 

 
Question 12 
The metabolic pathway that involves the degradation of large, complex molecules into smaller, simpler 
products is called: 
 
a. anabolic 
b. autotropic 
c. catabolic 
d. heterobolic 
e. syntholic 

 
Question 13 
Molecules that have both an affinity towards water (water-loving) and are repelled by water are called: 
 
a. aquatropic 
b. hydrophobic 
c. hydrophilic 
d. amphipathic 
e. ambiphilic 

 
Question 14 
When small amounts of fatty acids salts are added to water, __________ form(s). 
 
a. macromolecules 
b. clathrates 
c. micelles 
d. osmosis 
e. zeolytes 
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Question 15 
When cells are in a solution with higher solute concentration than in the cells, this is known as a(n) 
_____ solution. 
 
a. equitonic 
b. hypertonic 
c. hypotonic 
d. isotonic 
e. subtonic 

 

Question 16 
Rank the following bases by decreasing base strength: 
 

 
 
a. Aniline > Diethylamine > Ethylamine > Pyridine 
b. Diethylamine > Ethylamine > Aniline > Pyridine 
c. Diethylamine > Ethylamine > Pyridine > Aniline 
d. Ethylamine > Diethylamine > Aniline > Pyridine 
e. Ethylamine > Diethylamine > Pyridine > Aniline 

 
Question 17 
Rank the following types of non-covalent bonding by the strength of the interaction: 
 

Dipole-Dipole Dipole-Induced Dipole Hydrogen Bonds Induced Dipole-Induced Dipole 
 
a. Dipole-Dipole > Dipole-Induced Dipole > Induced Dipole-Induced Dipole > Hydrogen Bonds 
b. Induced Dipole-Induced Dipole > Dipole-Induced Dipole > Dipole-Dipole > Hydrogen Bonds 
c. Hydrogen Bonds > Dipole-Dipole > Dipole-Induced Dipole > Induced Dipole-Induced Dipole 
d. Hydrogen Bonds > Induced Dipole-Induced Dipole > Dipole-Induced Dipole > Dipole-Dipole 
e. Dipole-Dipole > Dipole-Induced Dipole > Hydrogen Bonds > Induced Dipole-Induced Dipole 

 
Question 18 
When blood pH falls below 7.35, a condition called _____ occurs. 
 
a. acidosis 
b. acidphilic 
c. alkaphilic 
d. alkalosis 
e. acidalkosis 
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Question 19 
Which of the following is one of the important buffers in our bodies? 
 
a. acetate buffer 
b. bicarbonate buffer 
c. carbonate buffer 
d. carbohydrate buffer 
e. none of the above are important physiological buffers 

 
Question 20 
Ammonium chloride, NH4Cl, is an example of a: 
 
a. strong acid 
b. strong base 
c. weak acid 
d. weak base 
e. buffer 

 
Question 21 
Which weak acid/conjugate base pair would be the best choice for a buffer with a pH of 4.0? 
 
a. acetic acid / acetate 
b. benzoic acid / benzoate 
c. formic acid / formate 
d. lactic acid / lactate 
e. propanoic acid / propanoate 

 
Question 22 
A semipermeable membrane separates two aqueous solutions X and Y at 20 °C.   
Determine the net flow of water (if any).  Assume 100% dissociation for salts. 
 
Solution X: 0.3 M Al(NO3)3 Solution Y: 0.4 M Mg(NO3)2 

 
a. towards X 
b. towards Y 
c. towards both X and Y 
d. no net flow 
e. need more data 
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Question 23 
Based on the pKa values given below, what will be the major form of lysine at pH 9? 
 

Amino Acid pK1 (–COOH) pK2 (–NH3
+) pK3 (–R) 

Lysine 2.18 8.95 10.79 

 

     
A B C D E 

 
 
a. A 
b. B 
c. C 
d. D 
e. E 

 
Question 24 
Asparagine is a polar amino acid, shown below at pH 7. What is the maximum theoretical number of 
water molecules that one asparagine molecule at pH 7 can hydrogen bond with (assuming they all fit)? 
 

 
 
a. 5 
b. 7 
c. 10 
d. 13 
e. 15 
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Question 25 
If a weak acid is titrated with a strong base, the pH at the equivalence point will be: 
 
a. 1 
b. <7 
c. 7 
d. >7 
e. more information is needed 

 
Question 26 
Given that blood exerts an osmotic pressure of 7.64 atm, adding blood to which if the following dilute 
NaCl solutions would result in an isotonic solution at 37 °C? (assume complete ionization)  
 
a. 0.05 M 
b. 0.15 M 
c. 0.30 M 
d. 0.60 M 
e. 1.85 M 

 
𝜋 = 𝑖𝑀𝑅𝑇 

𝑀 =
𝜋

𝑖𝑅𝑇
=

7.64 𝑎𝑡𝑚

(2)(0.08206 𝐿 ∙ 𝑏𝑎𝑟 ∙ 𝐾−1 ∙ 𝑚𝑜𝑙−1)(37 + 273𝐾)
= 0.150 𝑚𝑜𝑙 ∙ 𝐿−1 

 
Question 27 
Bovine serum albumin (BSA) is a biochemically useful protein. A 0.296 gram sample of bovine serum 
albumin is dissolved in water to make 150 mL of solution, and the osmotic pressure of the solution at 
25 °C is found to be 0.736 mbar. Calculate the molecular mass of bovine serum albumin. 
 
a. 70 g mol–1 
b. 5600 g mol–1 
c. 12,000 g mol–1 
d. 66,000 g mol–1 
e. 410,000 g mol–1 

 
𝜋 = 𝑖𝑀𝑅𝑇 

𝑀 =
𝜋

𝑖𝑅𝑇
=

0.736 × 10−3𝑏𝑎𝑟

(1)(0.08314 𝐿 ∙ 𝑏𝑎𝑟 ∙ 𝐾−1 ∙ 𝑚𝑜𝑙−1)(25 + 273𝐾)
= 2.97 × 10−5 𝑚𝑜𝑙 ∙ 𝐿−1 

 
𝐶 = 𝑛 𝑉⁄  

𝑛 = 𝐶 × 𝑉 = (2.97 × 10−5𝑚𝑜𝑙 ∙ 𝐿−1)(0.150𝐿) = 4.46 × 10−6 𝑚𝑜𝑙 
 

𝑀𝑀 =
𝑚

𝑛
=

0.296𝑔

4.46 × 10−6𝑚𝑜𝑙
= 66,427𝑔 ∙ 𝑚𝑜𝑙−1 
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Question 28 
On average, the pH of ketchup is 3.9.  What is the average hydrogen ion concentration [H+] in ketchup? 
 
a. 3.90 × 10–7 M 
b. 3.90 × 10–5 M 
c. 1.26 × 10–4 M 
d. 1.00 × 10–3 M 
e. 7.90 × 10–3 M 

 
𝑝𝐻 = − log[𝐻+] 

[𝐻+] = 10−𝑝𝐻 = 1.26 × 10−4𝑀 

 
 
 
 
 
 
 
 
 
Question 29 
What is the pH of a buffer containing 1.30 M phenol and 1.20 M sodium phenolate? 
 
a. 4.11 
b. 8.89 
c. 9.86 
d. 9.89 
e. 9.92 

 

𝑝𝐻 = 𝑝𝐾𝑎 + log
[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
= 9.89 + log

1.2

1.3
= 9.89 − 0.03 = 9.86 
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Question 30 
What is the pH of a 0.500 M formic acid, HCOOH, solution? 
 
a. 0.30 
b. 1.72 
c. 2.03 
d. 3.45 
e. 3.75 

 
weak acid → use ICE table 

 
 HA  H+ + A– 
i 0.500  0  0 
c –x  +x  +x 
e 0.500 – x  x  x 

 

𝐾𝑎 = 1.78 × 10−4 =
𝑥2

0.500 − 𝑥
≈

𝑥2

0.500
 

𝑐ℎ𝑒𝑐𝑘 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛:
[𝐻𝐴]𝑖𝑛𝑖𝑡

𝐾𝑎
=

0.500

1.78 × 10−4
= 2809 > 400 ∴ 𝑣𝑎𝑙𝑖𝑑 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

𝑥2 = (1.78 × 10−4)(0.500) = 8.90 × 10−5 
𝑥 = 9.43 × 10−3𝑀 = [𝐻+] 

 
𝑝𝐻 = − log[𝐻+] = − log 9.43 × 10−3 = 2.03 

 
Question 31 
What is the pH of a 1.0 M sodium hydrogen tartrate, Na[HO2CCH(OH)CH(OH)CO2], solution? 
 
a. 2.20 
b. 2.89 
c. 3.64 
d. 4.40 
e. 7.29 

 
monodeprotonated diprotic acid → pH is the average of pKa values 

 

𝑝𝐻 =
𝑝𝐾𝑎1 + 𝑝𝐾𝑎2

2
=

2.89 + 4.40

2
= 3.64 
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Question 32 
If a 0.25 M buffer solution of acetic acid and sodium acetate has a pH of 4.45, what is the 
concentration of acetate? 
 
a. 0.062 M 
b. 0.082 M 
c. 0.12 M 
d. 0.17 M 
e. 0.23 M 

 

𝑝𝐻 = 4.45 = 𝑝𝐾𝑎 + log
[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
= 4.76 + log

[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
 

−0.31 = log
[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
 

[𝑏𝑎𝑠𝑒]

[𝑎𝑐𝑖𝑑]
= 10−0.31 = 0.4898 

 
𝑙𝑒𝑡 𝑥 = [𝑏𝑎𝑠𝑒] 𝑎𝑛𝑑 [𝑎𝑐𝑖𝑑] = 0.25 − 𝑥 

 
𝑥

0.25 − 𝑥
= 0.4898 

𝑥 = 0.4898(0.25 − 𝑥) = 0.1224 − 0.4898𝑥 
1.4898𝑥 = 0.1224 

𝑥 = 0.082𝑀 = [𝑏𝑎𝑠𝑒] 
[𝑎𝑐𝑖𝑑] = 0.25 − 𝑥 = 0.25 − 0.082 = 0.168𝑀 

 
 
Question 33 
Calculate the pH during the titration of 25.00 mL of 0.1000 M NH3 with 0.1000 M HCl solution after 
25.00 mL of titrant has been added. The pKb for ammonia is 4.75. 
 
a. 2.87 
b. 3.02 
c. 3.67 
d. 5.13 
e. 5.28 

 
𝑚𝑜𝑙 𝑤𝑒𝑎𝑘 𝑏𝑎𝑠𝑒 = (0.1000𝑀)(0.02500𝐿) = 0.0025𝑚𝑜𝑙 

𝑚𝑜𝑙 𝑠𝑡𝑟𝑜𝑛𝑔 𝑎𝑐𝑖𝑑 = (0.1000𝑀)(0.02500𝐿) = 0.0025𝑚𝑜𝑙 
 

 B + H+ → HB+ 
i 0.0025  0.0025  0 
c –0.0025  –0.0025  +0.0025 
f 0  0  0.0025 

 
only weak acid remains → use ICE table 



13 
 

 

[𝐻𝐵+] =
𝑚𝑜𝑙

𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
=

0.0025𝑚𝑜𝑙

0.050𝐿
= 0.0500𝑀 

 
 HA  H+ + A– 
i 0.050  0  0 
c –x  +x  +x 
e 0.050 – x  x  x 

 
𝑝𝐾𝑎 = 𝑝𝐾𝑤 − 𝑝𝐾𝑏 = 14 − 4.75 = 9.25 

𝐾𝑎 = 10−𝑝𝐾𝑎 = 10−9.25 = 5.62 × 10−10 =
𝑥2

0.0500 − 𝑥
≈

𝑥2

0.0500
 

𝑐ℎ𝑒𝑐𝑘 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛:
[𝐻𝐴]𝑖𝑛𝑖𝑡

𝐾𝑎
=

0.0500

5.62 × 10−10
= 8.90 × 107 > 400 ∴ 𝑣𝑎𝑙𝑖𝑑 𝑎𝑠𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

𝑥2 = (5.62 × 10−10)(0.0500) = 2.81 × 10−11 
𝑥 = 5.30 × 10−6𝑀 = [𝐻+] 

 
𝑝𝐻 = − log[𝐻+] = − log 5.30 × 10−6 = 5.28 

 
Question 34 
Calculate the pH during the titration of 50.00 mL of 0.1000 M formic acid with 0.1000 M KOH solution 
after 60.00 mL of titrant has been added. 
 
a. 11.00 
b. 11.10 
c. 11.96 
d. 12.22 
e. 12.30 

 
𝑚𝑜𝑙 𝑤𝑒𝑎𝑘 𝑏𝑎𝑠𝑒 = (0.1000𝑀)(0.05000𝐿) = 0.0050𝑚𝑜𝑙 

𝑚𝑜𝑙 𝑠𝑡𝑟𝑜𝑛𝑔 𝑎𝑐𝑖𝑑 = (0.1000𝑀)(0.06000𝐿) = 0.0060𝑚𝑜𝑙 
 

 HA + OH–  → A– 
i 0.0050  0.0060  0 
c –0.0050  –0.0050  +0.0050 
f 0  0.0010  0.0050 

 
excess strong base → strong base determines pH 

 

[𝑂𝐻−] =
𝑚𝑜𝑙

𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
=

0.0010𝑚𝑜𝑙

0.110𝐿
= 0.00909𝑀 

 
𝑝𝑂𝐻 = − log[𝑂𝐻−] = − log 0.00909 = 2.04 

𝑝𝐻 = 14 − 𝑝𝑂𝐻 = 14 − 2.04 = 11.96 
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Question 35 

A solution of an unknown monoprotic acid has an equilibrium concentration of 7.69 × 10–7 M of 
undissociated acid (i.e., HA) a pH of 5.50.  What is the identity of the acid? 
 
a. acetic acid 
b. butanoic acid 
c. formic acid 
d. lactic acid 
e. propanoic acid 

 
[𝐻+] = 10−𝑝𝐻 = 10−5.50 = 3.16 × 10−6 = [𝐴−] 

 

𝐾𝑎 =
[𝐻+][𝐴−]

[𝐻𝐴]
=

(3.16 × 10−6)(3.16 × 10−6)

7.69 × 10−7
= 1.30 × 10−5 = 𝐾𝑎(𝑝𝑟𝑜𝑝𝑎𝑛𝑜𝑖𝑐 𝑎𝑐𝑖𝑑) 

 
Question 36 (5 points) 
Sketch a rough titration curve of a weak base with strong acid.  Label the axes, identify the equivalence 
point and the optimal buffer region. 
 

 
 
  

pH

strong acid added
(mol or volume)

equivalence
point

(pH <7)

buffer region
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Question 37 (15 points) 
Draw the primary (dominant) structure of the indicated amino acids at pH 7 

 

 
 

Valine Tyrosine Lysine 

 
Question 38 (5 points) 
Draw the Lewis structure of nitromethane, CH3NO2, including all resonance structures. 
 

 
 

Bonus Question (5 points) 
Draw the E2 mechanism for the reaction of 1-bromopropane with methoxide.  
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Potentially Useful Information 

 
Equations 

pH = –log [H+] Kw = [H+][OH–] π= 𝑖MRT 

pOH = –log [OH–] Kw = Ka × Kb  

pKw = pH + pOH pKa = –log Ka  

pKw = pKa + pKb pKb = –log Kb  

𝐾𝑎 =
[H+][A−]

[HA]
 𝐾𝑏 =

[HB+][OH−]

[B]
 pH = p𝐾𝑎 + log

[A-]

[HA]
 

 
Constants 

Gas Constant, R 
0.08206 L∙atm∙K–1∙mol–1 
0.08314 L∙bar∙K–1∙mol–1 
8.314 J mol–1 K–1 

Ion Product of Water at 25 °C, Kw 1.0 × 10–14 

 
Dissociation Constants and pKa Values for Selected Monoprotic Weak Acids 

Weak Acid Ka pKa 

Acetic Acid, CH3COOH 1.76 × 10–5 4.76 

Benzoic Acid, C6H5COOH 6.31 × 10–5 4.20 

Butanoic Acid, CH3CH2CH2CH2COOH 1.54 × 10–5 4.81 

Formic Acid, HCOOH 1.78 × 10–4 3.75 

Lactic Acid, CH3CH(OH)COOH 1.38 × 10–4 3.86 

Phenol, C6H5OH 1.28 × 10–10 9.89 

Propanoic Acid, CH3CH2COOH 1.30 × 10–5 4.89 

 
Dissociation Constants and pKa Values for Selected Diprotic Weak Acids 

Acid Ka1 Ka2 pKa1 pKa2 

Ascorbic Acid, C6H8O6 1.0 × 10–5  5.0 × 10–12 5.00 11.30 

Carbonic Acid, H2CO3 4.5 × 10–7 5.61 × 10–11 6.35 10.33 

Malonic Acid, HOOCCH2COOH 1.4 × 10–3 2.0 × 10–6 2.85 5.70 

Succinic Acid, HOOC(CH2)2COOH 6.2 × 10–5 2.3 × 10–6 4.21 5.64 

Tartaric Acid, HOOCCH(OH)CH(OH)COOH 1.3 × 10–3 4.0 × 10–5 2.89 4.40 

 


