Answer Key for FRQ Practice #4, p140

NaHCO(s) + HGH;05(ag) — NaGC,H,0,laq) + H,O(f) + CO,(g)

A student designs an experiment to study the reaction between NaHCO; and HC,H;0,. The reaction is
represented by the equation above. The student places 2.24 g of NaHCOj, in a flask and adds 60.0 mL of
0.875 M HC,H,0,. The student observes the formation of bubbles and that the flask gets cooler as the
reaction proceeds.

(a) Identify the reaction represented above as an acid-base reaction, precipitation reaction, or redox reaction.
Justify your answer.

It is an acid-base reaction. The weak acid HC,H;0, reacts with the

Wt‘:ak bﬂse HCO’;_ \-\-"lth HCEH*{DE dﬂnﬂting a pmton. ] point is Camcd for ]dcnt]f}rl"g
OR the reaction as acid-base.
It is an acid-base reaction. No solid precipitates, so it is not a | point is earned for the justification.

precipitation reaction. None of the oxidation numbers change, so it
1s not a redox reaction.

(c) The student observes that the bubbling is rapid at the beginning of the reaction and gradually slows as the
reaction continues. Explain this change in the reaction rate in terms of the collisions between reactant
particles.

As the reaction proceeds, both reactants are consumed and their
concentrations decrease. Collisions between reactant particles become
less likely as their concentations decrease, thus the reaction rate slows.

1 point is earned for a
valid explanation.

(d) In thermodynamic terms, a reaction can be driven by enthalpy, entropy, or both.

(1) Considering that the flask gets cooler as the reaction proceeds, what drives the chemical reaction
between NaHCOx(s) and HC,H,O,(ag) 7 Answer by drawing a circle around one of the choices

below.
Enthalpy only Entropy only Both enthalpy and entropy
Entropy only should be circled. | point 1s earned for circling Entropy only.

(1) Justify your selection in part (d)(1) in terms of AG®.

ﬁGD = ﬂHG _ TMG

Reactions are thermodynamically favorable when AG® is negative. Since the
reaction is endothermic (the flask gets cooler, AH® is positive), the reaction is not
driven by enthalpy, because enthalpy does not help make AG® negative. Because
there are no gases in the reactants and one of the products is a gas, AS® must be
positive, which helps make AG® negative.

| point is earned for
a valid justification.




