1. In a biochemical system where water molecules are extensively engaged in transient
hydrogen bonding networks, which of the following statements BEST explains how this
behavior contributes to the unusually high boiling point of water compared to other
molecules of similar molecular weight?

A. The permanent covalent stabilization between oxygen atoms creates rigid molecular assemblies
requiring high thermal energy to disrupt

B. The continuous formation and rupture of hydrogen bonds create a dynamic but collectively
strong intermolecular network requiring significant energy input to separate molecules

C. The dipole moment of water eliminates intermolecular repulsion, allowing closer packing and
thus higher boiling points

D. The electron delocalization across hydrogen bonds forms resonance structures that stabilize
liquid water

2. Considering Coulomb’s law and the dielectric constant of water, which of the following
scenarios most accurately describes how water facilitates ionic dissociation?

A. By increasing electrostatic attraction between ions, thus stabilizing ion pairs
B. By decreasing the effective charge of ions through proton transfer

C. By reducing electrostatic interactions between oppositely charged ions, allowing them to
separate more easily

D. By forming covalent bonds with ions, thus shielding their charges

3. In the context of biochemical hydrolysis reactions, water acts primarily as:
A. An electrophile donating electron pairs to nucleophiles

B. A nucleophile whose lone pair electrons attack electron-deficient centers

C. A radical species initiating chain reactions

D. A catalyst that lowers activation energy without participating directly

4. Which statement BEST explains why hydrogen bonds in water are described as both weak
and yet critically important?

A. They are weaker than ionic bonds but stronger than covalent bonds

B. Individually weak but collectively create significant structural and thermodynamic effects
C. They only exist in solid water and disappear in liquid state

D. They require enzymatic catalysis to form

5. A decrease in the dielectric constant of a solvent (e.g., adding ethanol to water) will MOST
likely:

A. Increase solubility of ionic compounds due to enhanced polarity

B. Decrease solubility of ionic compounds due to stronger ion—ion attraction

C. Have no effect on ionic interactions

D. Convert ionic bonds into covalent bonds

6. Water’s ability to act as both an acid and a base is BEST described by:
A. Its ability to donate electrons in redox reactions

B. Its amphoteric nature allowing proton donation and acceptance

C. Its nonpolar character enabling hydrophobic interactions

D. Its resonance stabilization between H and O atoms
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. The equationg reflects:

. The rate of water hydrolysis
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A
B. The equilibrium constant for water dissociation
C. The buffering capacity of water

D

. The strength of hydrogen bonding

At 25°C, if pH + pOHt 14 in a solution, the MOST likely explanation is:
. Measurement error or non-aqueous environment

. Presence of strong acids only

. Absence of hydrogen bonding
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. Complete ionization of water

. Which statement BEST describes the behavior of protons in aqueous solution?
. They exist freely as Ha ions

. They remain permanently bound to a single water molecule

. They exist as hydronium and larger protonated clusters
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. They form covalent bonds with hydroxide ions only

10. Hydrolysis of peptide bonds involves:

A. Electrophilic attack by water on nitrogen

B. Nucleophilic attack by water on carbonyl carbon
C. Radical cleavage of C—N bonds

D. Proton abstraction without bond cleavage

11. The pH scale is logarithmic because:

A. Hydrogen ion concentration changes linearly

B. Biological systems require exponential representation of ion concentration
C. pH is unrelated to concentration

D. Logarithms simplify ionic bonding

12. Which factor MOST strongly influences the pKa of a functional group in proteins?
A. Molecular weight

B. Local environment and solvent exposure

C. Number of carbon atoms

D. Presence of double bonds only

13. When a weak acid is placed in a medium with lower dielectric constant:

A. Its pKa decreases
B. Its pKa increases
C. Its ionization becomes complete
D. Its structure changes irreversibly

14. Which statement BEST explains nucleophile-electrophile interactions?

A. Nucleophiles donate electron pairs to electron-deficient centers



B. Electrophiles donate electrons to nucleophiles
C. Both species are always charged
D. Only covalent bonds are formed

15. Hydrogen bonds in water have a half-life of approximately:
A. Seconds

B. Milliseconds

C. Microseconds

D. Hours

16. The unusually high surface tension of water is primarily due to:
A. Covalent bonding

B. Hydrogen bonding

C. lonic bonding

D. Van der Waals forces only

17. In biochemical systems, nucleophiles include all EXCEPT:

A. Oxygen in alcohols

B. Nitrogen in amines

C. Sulfur in thiols

D. Carbonyl carbon in ketones

18. Which is the BEST definition of pH?

A. Log of hydroxide concentration

B. Negative log of hydrogen ion concentration
C. Ratio of acid to base

D. Total ionic strength

19. Water dissociation is BEST described as:
A. Intramolecular proton transfer

B. Intermolecular proton transfer

C. Electron transfer reaction

D. Oxidation-reduction process

20. Which statement about hydrogen bonds is CORRECT?
A. They are stronger than covalent bonds

B. They require high energy to form

C. They are transient and reversible

D. They only occur in proteins

21. In acidic conditions:
A. [ElE-increases @l
B. [{EEm:] increases H5 o

C. pH increases



D. Kw changes

22. Which of the following BEST explains why water dissolves salts effectively?

A. Covalent bond formation

B. High dielectric constant

C. Low polarity

D. Weak intermolecular forces

23. The conjugate base of an acid is:

A. The protonated form

B. The unprotonated form

C. Always neutral

D. Always positively charged

24. Which process produces water as a product?
A. Hydrolysis

B. Condensation reactions

C. lonization

D. Oxidation

25. Which property of water allows stabilization of charged biomolecules?

A. Low viscosity

B. High dielectric constant
C. Neutral pH

D. Low boiling point

26. pKais BEST described as:

A. Strength of base only

B. pH at complete ionization

C. Measure of acid dissociation tendency
D. Total proton concentration

27. When pH = pKa:

A. Acid fully ionized

B. Base dominates

C. Acid and conjugate base are equal
D. No ionization occurs

28. Which of the following is an electrophile?

A. Amine nitrogen
B. Thiol sulfur

C. Carbonyl carbon
D. Hydroxide ion

29. Which factor MOST affects enzyme activity related to pH?



A. Molecular weight

B. lonization of functional groups
C. Number of hydrogen atoms
D. Temperature only

30. Water’s dipole arises from:

A. Symmetrical electron distribution

B. Equal electronegativity

C. Unequal electron sharing between O and H
D. Absence of lone pairs

Calculation Questions

31. A 0.05 M solution of lactic acid (pKa = 3.86) is prepared. Calculate:
1. The pH of the solution _

2. The percentage of ionized (Am) form

3. The percentage of unionized (HA) form

32. A buffer system contains an imidazole group (pKa = 6.8). If the pH of the solution is 7.4,
calculate:

1. Ratio of protonated to unprotonated forms

2. Percentage of protonated form

3. Predict what happens if pH drops to 6.5 (calculate new percentage)

Model Answers
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23.
24,
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pH = 2.97 | lonized= 11.3% | Unionized= 88.7%
Ratio= 1:4 | Protonated = 20% | At pH 6.5= 66%



