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EXPERIMENT 8
Heats of lonic Reaction

[t is desired in this experiment to determine the heat of ionization of water:

H,O(/) = H"(ag) + OH (aq) AH, ()

and the heat of the second ionization of malonic acid (HOOC-—CH,—COOH, hereinafter
designated H,R):

HR (ag) = H*(ag) + R’ (aq) Aﬁ_, (2)

These will be obtained by studying experimentally with a solution calorimeter the heat of
reaction of an aqueous HCI solution with an aqueous NaOH solution, for which the ionic

reaction is
H*(ag) + OH (ag) = H,0()  AH, (3)

and that of the reaction of an aqueous NaHR solution with an aqueous NaOH solution,
HR (aq) + OH (aq) = R* (ag) + H,O(l)  AH, “)

The last two equations can be written in the general form
A + B = products (5)

where A represents the acid ion and B the basic ion.

THEORY

A general discussion of calorimetric measurements is presented in the section, Prin-
ciples of Calorimetry, which should be reviewed in connection with this experiment. We
shall not consider here the concentration dependence of these enthalpy changes. Such con-
centration dependence is generally a small effect, since the heats of dilution involved are
usually much smaller than the heats of chemical reaction (indeed they are zero for perfect
solutions). Since we are dealing here with solutions of moderate concentration, particu-
larly in the case of the NaOH solution, it may be useful to make parallel determinations of
heats of dilution of the solutions concerned by a procedure similar to that described here
if time permits.

~ EXPERIMENTAL

In this experiment 500 mL of solution A, with a precisely known concentration in the
neighborhood of 0.25 M, is reacted with S0 mL of solution B at a concentration sufficient
to provide a slight excess over the amount required to react with solution A. The reaction is
carried out in the solution calorimeter shown in Fig. 1. The calorimeter is a vacuum Dewar



168 Chapter VI Thermochemistry

FIGURE 1

Solution calorimeter.
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flask containing a motor-driven stirrer, a heating coil of precisely known electrical resis-
tance, and a precision thermometer. Various methods of mixing the two solutions might be
employed; here we use an inner vessel having an outlet hole plugged by stopcock grease,
which can be blown out by applying air pressure at the top.

For determining the heat capacity, a dc electric current of about 1.5 A is passed
through a heating coil of ~6% resistance during a known time interval. The magnitude of
the current is measured as a function of time by determining the potential difference devel-
oped across a standard resistance in series with the coil. The electrical circuit is shown in
Fig. 2.

[t is recommended that two complete runs be made with HCl and NaOH and two with
NaHR and NaOH.

Procedure. It is advisable to carry out a test of the electrical heating procedure in
advance of the actual runs. This will also provide a chance to check on the heating-coil
resistance R, under actual operating conditions (i.e., when the coil is hot). Place roughly
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350 mL of water in the calorimeter and introduce the stirrer-heater unit and thermometer.
\ake the electrical connections as shown in Fig. 2. Turn on the stirring motor and then
n on the current to the heater: never pass current through the heating coil when it is not
anmersed in a liquid, as it will overheat and may burn out. Measure the potential difference
across the heating coil by throwing the DPDT (double-pole, double-throw) switch to the
ioht; Le., measure the voltage drop between binding posts C and D on the stirrer—heater
it (see Fig. 1). Then measure V, across the standard resistor in series with the heater by
owing the DPDT switch to the left: i.e.. measure the voltage drop between A and B on
1eater supply unit. The heater resistance can then be calculated from the known value
R, and the measured ratio V,/V,. Also note the rate of temperature rise during heating.
\J1 of these observations will be use ml during the actual runs.

Voltage measurements are best made with a good-quality digital voltmeter (DVM)
o & high impedance. Such a meter, which can be read easily and rapidly. will facili-
de measurements during the actual heaung runs. Voltage measurements can also be made
I a potentiometer, sce Chapter XVI for a description of both digital multimeters and
entiometers. Either of two alternate procedures can be used to determine the electrical
vork dissipated inside the calorimeter during a heating run: (a) measure both V, and V,
a function of time and use Eq. (VI-9a); or (b) measure only V,, as a function of time,
ume that R, is constant with the value determined above, and use Eq. (VI-9h). [fa DVM
used, procedure (a) is recommended. If a potentiometer is used, procedure (b) is prefer-
¢ since potentiometer readings are somewhat time-consuming and, furthermore, a high-
istance potential divider would be needed in order to measure V. In this case, the value

¢, will be provided by the instructor
Fill a S00-mL volumetric flask with solution .
W uhm a few tenths of a degree of 25.0°C. (. \(i]U\l the temperature by swirling under
hot or cold water before the flask has been entirely filled, then make up to the
k) Potu the solution into the clean and reasonably dry calorimeter and allow the flask

. the temperature of which should

drain for a minute. Work a plug of stopcock grease into the capillary hole in the bottom

{ the inner vessel. The glass must be absolutely dry, or the grease will not stick. Pipette
i 30 mL of solution B. Place the inner vessel in the calorimeter carcfully.

Introduce the stirrer-heater unit and thermometer into the calorimeter, making sure

t the thermometer bulb (or any other temperature sensor) is completely immersed

wvel with or just below the heating cotl). The inner vessel should be held in a hole in the

lorimeter cover by a split stopper so that it does noi rest on the bottom of the Dewar flask.

FIGURE 2
Electrical heating cireuit for
solution calorimeter. The
standard resistor should be a
wire-wound resistor with a
low temperature coefficient
and rated for 2 W. If a heating
coil of higher resistance
(say, ~60Q is to be used,
the current can be reduced to
0.5 A and a 1-Q standard
resistor can be used.
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FIGURE 3

Schematic plot of
temperature versus time: heat
of ionic reaction.

o

Check the electrical connections to the heating coil. Connect the T tube to a compressed-air
supply; turn on the air, adjust to a barely audible flow, and attach the T tube to the top of the

- -~ . o
*inner vessel. Turn on the stirring motor.

Start temperature-time measurements. Read the thermometer every 30 s, estimat-
ing to thousandths of a degree if feasible. Tap the thermometer stem gently before each
reading. After a slight but steady rate of temperature change due to stirring and heat leak
has been observed for 5 min, initiate the reaction by blowing the contents of the inner
vessel into the surrounding solution. This is done by placing a finger over the open end
of the T tube. Release the pressure as soon as bubbling is heard. Record the time. After
15 s, blow out the inner vessel again to ensure thermal equilibrium throughout all the
solution.

After a plateau with a slight, steady rate of temperature change has prevailed for
5 min, turn on the current to the heater and record the exact time. Immediately measure the
potential difference across the standard resistor in series with the heater. Continue to make
voltage measurements approximately every 30 s, alternating between readings of V; and
V, (or readings of V; at least once every minute if a potentiometer is being used, in which
case the potentiometer should be standardized and set at the expected potential before the
current is turned on). Note the time at which each voltage reading is taken.

When a temperature rise of about 1.5°C has been obtained by electrical heating, turn
off the current, again noting the exact time. Simultaneously blow out the inner vessel
again to mix the contents with the surrounding solution. After a final plateau with a slight,
steady rate of temperature change has been achieved for about 7 min, the run may be
terminated.

CALCULATIONS

For each run, plot temperature versus time using a greatly expanded temperature scale
with an interrupted temperature axis (see Fig. VI-15). Determine the drift rates (d77dy),
and (dT/dt), before and after the chemical reaction took place and the rate (d7/dt), after
electrical heating was completed. Carry out appropriate extrapolations to determine the
temperature differences (7, — T,) and (T, — T,) shown in Fig. 3. In the case of (T; — Tp)
associated with the adiabatic reaction, use the method described in the section Principles
of Calorimetry and illustrated in Fig. VI-3b. If (d7/dt); and (dT/dt), have reasonably
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similar values, one can simplify the determination of (7, — T,) by choosing 7, as the
midpoint of the electrical heating period as illustrated in Fig. 3.

The heat capacity is determined from Egs. (VI-9) and (VI-13a). The integral in either
Eq. (VI-9a) or (VI-9b) should be evaluated graphically unless the integrand is essentially
constant during the heating period. The enthalpy change of the ionic reaction is calculated
from Eq. (VI-12a). Calculate the number of moles of reaction from the number of moles of
A (the limiting reactant) present and calculate the molar enthalpy change AH, or _\IL.

From the average values of AH, and AH, obtained above, calculate Aﬁl and AH,.

DISCUSSION

-

Using literature data for the appropriate heats of formation,' estimate the difference
between the AH, value for the concentrations employed in this experiment and the value
that would apply at infinite dilution. Compare this effect with a qualitative estimate of the
experimental uncertainty in the measured AH,. Indicate why there should be a large per-
centage error in AH, as determined here.

SAFETY ISSUES

Use a pipetting bulb; do not pipette by mouth.

APPARATUS

e — D ——

Solution calorimeter (1-L Dewar); stirrer—heater unit complete with motor and power
cord; inner vessel: precision calorimeter thermometer covering range from 19 to 35°C with
magnifying thermometer reader (can be replaced by either a resistance thermometer or a
calibrated thermistor with a resolution of #0.003°C); 0 to 30°C thermometer; two split rub-
ber stoppers; glass T tube with stopper and rubber tubing; timer; dc power-supply unit for
heater (see Fig. 2); double-pole, double-throw switch; digital multimeter or potentiometer
setup (see Chapter XVI): 15 electrical leads with lugs attached; 250-mL beaker; 500-mL
volumetric flask; 50-mL pipette; 100-mL beaker; rubber pipetting bulb.

Solutions. NaOH, concentration slightly greater than 2.5 M (0.4 L); 0.25 M HCI
(1.5 L); 0.25 M NaHC;H,O, (1.5 L the sodium acid malonate solution can be prepared by
neutralizing malonic acid with sodium hydroxide to a point just past the NaHC,H,0, end
point); stopcock grease; source of compressed air.
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