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02.15 Determination of the heat of formation for water

Principle and tasks
The standard molar enthalpy of for-
mation is defined as the heat of re-
action occurring in the direct forma-
tion of one mole of the pertinent
pure substance from the stable pure
elements at constant pressure. For
the conversion of hydrogen and oxy-
gen to water, standard enthalpies of
formation can be measured directly
using calorimetry.

High voltage supply unit, 0-10 kV 13670.93 1
Connecting cord, 30 KV, l = 1000 mm 07367.00 2
Glass jacket 02615.00 1
Calorimeter insert for glass jacket 02615.01 1
Lid for calorimeter insert 02615.02 1
Gas syringe, 100 ml, with 3-way cock 02617.00 3
Gas syringe holder with stop 02058.00 3
Silicone tubing, di = 7 mm 39296.00 1
H-base -PASS- 02009.55 1
Support rod, l = 250 mm 02031.00 2
Support rod, l = 500 mm 02032.00 1
Support rod, l = 750 mm 02033.00 1
Right angle clamp 37697.00 10
Universal clamp 37715.00 3
Weather monitor, LCD 87997.01 1
Laboratory thermometer  –10... +50 C 38034.00 2
Magnifying glass, 10�, d = 23 mm 64598.00 1
Magnetic stirrer bar, l = 30 mm 46299.02 1
Magnet, d = 10 mm, l = 200 mm 06311.00 1
Funnel, glass, do = 55 mm 34457.00 1
Graduated vessel, 1 l, with handle 36640.00 1
Laboratory balance, with data output, 620 g 45023.93 1
Steel cylinder hydrogen, 2 l, filled 41775.00 1
Steel cylinder oxygen, 2 l, filled 41778.00 1
Reducing valve for hydrogen 33484.00 1
Reducing valve for oxygen 33482.00 1
Table stand for 2 l steel cylinders 41774.00 2
Wrench for steel cylinders 40322.00 1
Rubber tubing, di = 6 mm 39282.00 3
Water, distilled, 5 l 31246.81 1

What you need:

Determination of the heat of formation
for water P3021501

Thermochemistry / Calorimetry LEC 02

What you can learn about

� 1st law of thermodynamics
� Calorimetry
� Enthalpy of reaction 
� Enthalpy of formation



Set-up and procedure
Set up the experiment as shown in Fig. 1.
Fit the calorimeter insert into the glass jacket as described in the
instruction manual. Place the lid of the calorimeter onto the
insert. The lid has two capillary tubes bent at right angles to one
another as gas inlets, one of which is fitted with two platinum
electrodes. This one must be situated below the tube without
electrodes when the calorimeter is set up.
Fill the graduated vessel with approximately 500 g of water and
determine the mass of it on the balance (= m1). Carefully pour
the water into the glass jacket through one of the vertical tubu-
lar sleeves (using a funnel) and weigh the vessel again (= m2).
Calculate the mass of the water (m(H2O) = m2 Ð m1).
Put a magnetic stirrer bar into the glass jacket and insert the
thermometers. Connect the calorimeter to the three gas syringes
using three-way cocks and take care that glass abuts on glass
in the short silicone rubber connecting tubes. Adjust the stops of
the gas syringe holders so that each syringe has a gas capacity
of exactly 100 ml.
Connect the electrodes of the calorimeter lid to the power sup-
ply unit using high-voltage connection cables. Switch on the unit
and ensure that a continuous spark is generated at the tip of the
electrode. This check is very important as, during the combus-
tion of hydrogen, an intermittent spark increases the risk of the
formation of explosive oxyhydrogen gas.
Fill the gas syringe located at top right with 100 ml of oxygen
from the steel cylinder with the three-way cock opened to the
outside. Then adjust the cock so that the syringe is connected
to the left-hand gas syringe on the other side of the calorimeter
and pump the gas there back and forth a few times. During this
procedure, the oxygen mixes with the air in the calorimeter and
at the same time the gas-tightness of the calorimeter can be
checked. Leave the top right syringe filled with 100 ml of oxygen
/ air mixture and open to the calorimeter. Fill the gas syringe at
bottom right with exactly 100 ml of hydrogen and close the
valve.
Note the initial temperature of the water as T1. Switch on the
power supply, open the valve of the syringe filled with hydrogen
gas and press the plungers of both the top and the bottom gas
syringes quickly (for a period of 4 to 5 seconds) until both
syringes are completely empty.
The hydrogen flowing into the calorimeter is ignited by the spark
and combusts to water (droplets on the calorimeter insert). The
excess oxygen / air mixture collects in the left-hand gas syringe.
Immediately after combustion, close the valve of the lower right
gas syringe and switch off the power supply. Stir the water in the
calorimeter moving a bar magnet back and forth until thermal
equilibrium is reached and both thermometers indicate the same
temperature. Record this temperature as T2 (it should be
approximately 0.5 K above the initial temperature T1). In addi-
tion, record the room temperature T (digital temperature meter)
and the atmospheric pressure p (barometer).

Theory and evaluation
The molar enthalpy of formation � fH of water is defined as the
change in enthalpy � h (heat of reaction at constant p and T) for
1 mole of formula conversions � j in accordance to the formation
reaction

H2 +  1/2 O2 S H2O

(1)

The change in enthalpy � h of the reacting system expressed
here corresponds to the heat absorbed by the calorimeter Qcal
which is accessible via equation (2).

- � h = Qcal =  � mici� T = ( m(H2O) á c(H2O) + Ccal) � T (2)

where
m(H2O) Mass of water in the calorimeter
c(H2O) Specific heat capacity of water (= 4.1868 J á g-1 á K-1)
Ccal Mean heat capacity of glass jacket calorimeter used

(= 410 J á K-1)
� T Temperature difference in K (T2 Ð T1)

Due to the following

� n (H2)  =  n (H2) � j

n (H2) Stoichiometric number (= -1)

the number of formula conversions � j for the investigated for-
mation reaction is equal in magnitude to the amount of hydrogen
converted � n. If the room temperature T and the atmospheric
pressure p are known, this value can be calculated from the vol-
ume of hydrogen V involved using the general equation of state
for ideal gases:

(3)

where
p Atmospheric pressure in Pa = N á m-2

V Hydrogen volume in m3

T Room temperature in K
R Universal gas constant (= 8.31441 J á K-1 á mol-1)

Data and results
The combustion of 100 ml of H 2 (n = 4.065 mmol) at tempera-
ture T = 296.15 K and p = 100.1 kPa produces a temperature
increase in of � T = 0.45 K. This results in a molar enthalpy of for-
mation of � BH = -277.1 kJ á mol-1 (lit. value: -286.0 kJ á mol-1).
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