tion reactions,

Styrofoam cups (2)
Bunsen burner
ring stand and ring
wire gauze
thermometers (2)

400-mL beaker

WORK IN PAIRS.

act to forim water.

vii oo - 280-mb-beaker—- o -

Heat of Neutralization

To measure, using a calorimeter, the energy changes accompanying newtraliza-

1 M HCI

1 M NaOH

1 M acetic acid (HC:H,0,)

50-mL graduated cylinder

cardboard square with hole in center

-spit-oneshole-rubberstopper——-—~ -~ = =

Every chemical chango is accompanled by a change in enexgy, usually in the
form of heat, The energy change of a reaction that occurs at constant pressure
Is termed the heat of reaction or the enthalpy change. The symbol AH (the
symbol A means “change in"} is used to denote the enthalpy change, If heat is .
evolved, the xeaction is exothermic (AH < 0); and if heat is absorbed, the re-
' action is endothermic (AH > Q). In this experiment you will measure the heat
» of neutralizaiion (or the enthalpy of neutralization) when an acid and a base re-

This quantity of heat is measured expesrimentally by allowing the reaction
to fake place in a thermally insulated vessel called a calorimeter. The heat lib-
erated in the nevtralization wiil cause an increase In the temperature of the so-
lution and of the calorimeter, If the calorimeter were perfect, no heat would be
radiated to the laboratory. The calorimeter you will use in this experiment is

shown in Figure 25.1,

Because we are concerned with the heat of the reaction and because

some heat s absorbed by the calorimeter itself, we must know the amount of

hent absorbed by the calorimeter, This requires that we determine the heat ca-
pacity uof the calorimeter. By “heat capacity of the calorimeter” we mean the
amount of heat (that is, the number of joules) required to raise its temperature
I kelvin, which Is the same as 1°C. In this experiment, the temperature of the
calorimeler and its contents is measured before and after the reaction. The
! change in the enthalpy, AH, is equal to the product of the temperature change,

By

AT, times the heat capacity of the calorimeter and its contents:

OBJECTIVE

APPARATUS
AND CHEMICALS

DISCUSSION
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Figure . 1 Asimple
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rubber stoppet
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AH = AT'(heat capacity of calorimeter + heat capacity of contents) [1]

Note the nunerieal difference on the Celsius seale is the same ae the seznarioal
difference on the kelvin scale where AT is the difference between the final and

initial temperatures.

The heat capacity of the calorimeter is determined by measuring the tem-
perature change that occurs when a known amount of hot water is added to a
known amount of cold water in the calorimeter, The heat lost by the warm wa-
ter is equal to the heat gained by the cold water and the calorimeter. (We as-
sume no heat is lost to the laboratory.) For example, if 71 equals the tempera-
ture of a calorimeter and 50 mL of cooler water, if T> equals the temperature of
50 mL of warmer water added to 4, and If T} equals the temperature after mix-
ing, then the heat lost by the warmer water 1s '

Heat lost by warmer water = (73 -~ T) X 50 g X 4.18 VKg 2]

"The specific heat of water is 4,184 J/K-g, and the density of water is 1.00 g/l
T itcat gained by the cooler water is

Heat gained by cooler water = (T, — Ti) X 50 g X 4.18 J/Kg (3]

s heat lost to the calorimeter is the difference between heat lost by the
sitteet water and that gained by the cooler water:

(heat lost by warmer water) — (heat gained by coaler water)
= hent lost to calorimeter

S ntating Bguations [2] aud {3] we have



Te

(T~ T) X 50 g x 4.18 J/Kgl — [(Ty — T1) X 50 g % 4,18 JKg)

= (Iy — T\) X heat capacity of calorimeter  [4]

Noto that the heat lost to the colorimeter equals its temperature change times
its heat capacity, Thus by measuring Ti, T3, and T}, the heat capacity of the
calorimeter can be caleulated from Equation [4]. This is illustrated in
Example 25,1,

EXAMPLE . 1

Glven the following data, calculate the heat lost by the warmer water, the heat lost to
the cooler water, the heat lost to the calorimeter, and the heat capacity of the
catorimeter;

Temperature of 50 mL warmer water: 37.9°C =1
Temperaturs of 50 mL cooler water: 20,9°C = T}
Temperature after mixing: 29.1°C == T;

Solutions The heat lost by the warmer water, where AT = 37.9°C — 29,1°C, s
BBK X 350gxX4.18 MKg = 18407

The heat’gainqct by the cooler waler, where AT = 29.1°C - 209°C,is. .. .

82K X 50g X 4.18 J/Kg = 17101
The heat lost to the calorimeter is
18407 — 17107 = 130 ]
The heat capacity of the calorimeter is, therefore,

130K/8.2 K = 16 JJK

Once the heat capacity of the calorimeter is determined, Equation (1] can
bo used to determine the AH for the neutralization reaction. Example 25.2 il-
lustrates such a calculation,

EXAMPLE . "2

Given the following data, calculats the heat gained by the solution, the heat gained
by the calorimeter, and the heat of reaction;

Temperature of 50 mL of acid before mixing: 21,0°C
Temperature of 50 mL of base before mixing: 21.0°C
Tomperature of 100 mL of solution after mixing: 27.5°C

Assume that the denshty of these solutlons is 1,00 gimL,
* Solutlon: The heat galned by the solution, where AT = 27.5°C — 21.0°C, is

_ 65K X 100g x4.18)/Kg =27201
The heat gained by (he calorimeter, where AT = 27.5°C — 21,0°C, is
65K X 16K = 1041



The heat of reaction is therefore

21703 + 104 ) = 2820 )

or

2.82k]

PROCEDURE | A Heat Capacity of Calorimeter

Construet a calorimeter similar to the one shown in Pigure 25.1 by nesting two -
Styrofoam cups together. Use a cork borer to make a hole in the lid just big
enough to admit the thermometer and slip the thermormeter into a split one-
hole rubber stopper to prevent the thermometer from entering too deeply into
the calorimeter, The thermometer should not touch the bottom of the cup. Rest
the entire apparatus in a 400-mL beaker to provide stability.

Place exactly 50 mL of tap water in the calorimeter cup and replace the
cover and thermometer. Allow 5 to 10 min for the system to reach thermal
equifibrium; then record the temperature to the nearest 0.1°C.

Place exactly 50 mL of water in a 250-mL beaker and heat the water with
a low flame until the temperatuse is approximately 15--20°C above room tem-
perature, Do not heat to boiling, or appreciable water wil be lost, leading to an

R -A--r-erroneouswpesult,-AllcwMhe—hcLwater—xo—slandior-a—mlnuteuor-{,wo;quickly--n...

record its terperature to the nearest 0.1°C and pour it as completely as possi-
ble into the calorimeter, Replace the lid with the thermometer and carefully
stir the water with the thermometer. Observe the temperature for the next 3
min and record the temperature every 15 s, Plot the temperature as a function
of time, as shown in Figure 25,2, Determine AT from your curve and then do
the calculations indicated on the report sheet. )

B. Heat of Neutrallzation of HCH-NaOH

Dry she calorimeter and the thermometer with a towel. Carefully measure
501 . of 1.0 M NaOH and add it to the calorimeter. Place the lid on the
cala, ameter but leave the thermometer out. Measure out exactly 50 mL of
1.0 5 HCl into a dry beaker. Allow it to stand near the calorimeter for 3 to
4 min Measure the temperature of the acid; rinse the thermometer with tap

Temperature of
ST T —— / solution after mixing

Tempefature
change {AT)

ar
E™

/’l‘cmpcmum of sotution before mixing

T

2
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water and wipe dry, Insert the thermometer into the calorimeter and measure
the temperatute of the NaOH solution.

The temperatures of the NaOH and the HCI should not differ by more
than 0.5°C, If the difference is greater than 0.5°C, adjust the temparature of
the HCH by either warming it by holding the beaker in your hands or cooling
the outside of the beaker with tap water until the temperature of the HCI is
within 0.5°C of that of the NaOH,

Record the temperature of the NaOH solution. Lift the lid and carefully
add the 1.0 M HCI all at once, Be careful not to splash any on the upper sides
of the cup, Stir the solution gently with the thermometer and record the tem-
perature as @ function of time every 15 s for the next 3 min. Construct a tem-
perature-versus-lime curve and determine AT. Caleulate the heat of neutraliza-
tion per mole of water formed. You may assuine that the NeCl solution has the

same density and specific heat as water,

C. Heat of Neutrallzation of HCzH;O,-NaOH

Follow the same procedure as in Pari B but substitite 1.0 M HC,H,0; for
1.0 M HCl. Calculate the heat of neutralization per mole of water formed.

REVIEW QUESTIONS

Before beginning this experiment in the laboratory, you should be able to an-
swer the following questions: .

1. Define endothermic and exothermic reactions in terms of the sign of AH,

2, A 425 mL sample of water was cooled from 50.0°C to 10°C. How much
heat was lost?

3. Define heat capacity.

4. How many joules are required to change the temperature of 80.0 g of wa-
ter from 23.3°C to 38.8°C?

5. Define specific heat

6. Calculate the final temperatures when 50 mL of water at 40°C are added
to 25 mL of water at 20°C, '

7. Describe how you could determine the heat capacity of a metal by using
the apparatus and techniques in this experiment.

8. A picce of metal welghing 5.10 g at a temperature of 48.6°C was placed

into 20.00 mL of water in a calotimeter at 22.1°C, and the final equi-

librivm temperatore was found to be 28.2°C. What Is the heat capacity of

the metal?

If the heat capacity of methanol s 2.51 J/K-g, how many joules are nec-

essary to raise the temperature of 50,0 g of methanol from 18°C to 33°C?

When & 3.25 g sample of solid sodium hydroxide was dissolved in a

calorimeter in 100,0 g of water, the temperature rose from 23.9°C to

32,0°C. Calculate AH (in k}/mot NaOH) for the solution process:

NaOH(s) —— Na*(aq) + OHlaq)

Asstime it’s a perfect calorimeter and that the specific heat of the solution
is the same as that of pure water.
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