Advances in Chemical Engineering and Science, 2024, 14, 113-124
https://www.scirp.org/journal/aces

ISSN Online: 2160-0406

ISSN Print: 2160-0392

/
oo Resmurch
0.00 Publishing

Determination of Latent Heats of Vaporization

and Fusion

Lahbib Abbas?*, Lahcen Bih2, Khalid Yamni3, Abderrahim Elyahyaouy#, Abdelmalik El Attaouis,

Zahra Ramzié

!Chemistry Department, Faculty of Science and Technology, Moulay Ismail University Meknes, Er-Rachidia, Morocco

“Engineering Sciences and Professions Laboratory, National School of Arts and Crafts, Moulay Ismail University Meknes, Meknes,

Morocco

*Materials, Membranes and Nanotechnology, Chemistry Department, Faculty of Sciences, Moulay Ismail University Meknes,

Zitoune Meknés, Morocco

“Physics Department, Faculty of Sciences, Ibn Tofail University, Kenitra, Morocco
*Laboratory of Molecular Chemistry, Materials and Environment (LCM2E), Multidisciplinary Faculty of Nador, Mohamed 1st

University Oujda, Nador, Morocco

¢Laboratory of SCIMATOP, Chemistry Department, Faculty of Sciences Semlalia, Cadi Ayyad University, Marrakech, Morocco

Email: *1.abbas@umi.ac.ma, bihlahcen@yahoo.fr, k yamni@umi.ac.ma, abderrahim.elyahyaouy@uit.ac.ma,
aatiaoui_19@hotmail.com, zahramzi80@gmail.com

How to cite this paper: Abbas, L., Bih, L.,
Yamni, K., Elyahyaouy, A., El Attaoui, A. and
Ramzi, Z. (2024) Determination of Latent
Heats of Vaporization and Fusion. Advances
in Chemical Engineering and Science, 14,
113-124.

https://doi.org/10.4236/aces.2024.143007

Received: January 26, 2024
Accepted: May 19, 2024
Published: May 22, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Water is the most abundant liquid on the surface of the earth. It is a liquid
whose properties are quite surprising, both as a pure liquid and as a solvent.
Water is a very cohesive liquid: its melting and vaporization temperatures are
very high for a liquid that is neither ionic nor metallic, and whose molar mass
is low. Thus, water remains liquid at atmospheric pressure up to 100°C while
similar molecules such as H2S, H2Se, H2Te for example would give a vapori-
zation temperature close to —80°C. This cohesion is in fact ensured by hy-
drogen bonds between water molecules. This type of bonds between neigh-
boring molecules, hydrogen bonds, is quite often found in chemistry [1] [2].
Any change in the state of aggregation of a substance occurs with the absorp-
tion or release of a certain amount of latent heat of transformation. Latent
heat of fusion, vaporization or sublimation is the ratio of the energy supplied
as heat to the mass of the substance that is melted, vaporized or sublimated.
As a result of the reversibility of the processes, the fusion heat is equal to the
heat released in the reverse process: crystallization and solidification heat.
And likewise the heat of vaporization is equal to the heat of condensation.
This equality of heat is often used to determine experimentally either of these
quantities. There are two main measurement methods: 1) Direct measure-
ment using the calorimeter, 2) Indirect measure based on the use of the
Vant’Hoff relationship. The objective of this work is to measure the latent
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heat of water vaporization and verify the compatibility of the experimental
values with the values given by the tables using the indirect method.

Keywords

Latent Heat of Vaporization, Latent Heat of Fusion, Calorimetry,
Relationship of Vant’Hoff

1. Introduction

Under constant pressure, any change of state occurs at constant T°. This involves
a certain amount of heat corresponding to the energy required for the modifica-
tion of the body at the molecular level.

Water vaporization enthalpy, also known as vaporization heat, is the amount
of energy required to vaporize a given amount of water at a given pressure and
temperature. At normal atmospheric pressure (1 atm) and a temperature of
100°C, the water vaporization enthalpy is about 40.7 kJ/mol. This means pro-
viding 40.7 k] of energy to spray a mole of water at this temperature.

When heating water, the following balance is established:
H,0(1)=2H,0(g)

The knowledge of the water vapor pressure in equilibrium, at each tempera-
ture allows to draw the curve P(Hzo)g = f(1/T), it is very easy to determine the
heat of vaporization since it is directly proportional to dP(HZO)g /dT, ie., the
slope of the tangent to this curve, for the temperature under consideration.

Indeed the equilibrium constant K, depends on the temperature according to
the Vant’Hoff relation [3] [4] [5] [6] [7]:

din(K,) _aH

- 1
dT RT? (v

A Hy: is the latent heat of water vaporization; 7: temperature and R: the perfect
gas constant.

For the water balance studied K, = P(HZO) (partial pressure of water in the

g
steam state).
Assuming that AH7 does not depend on temperature, Equation (1) is ob-

tained:

In(P %
RT

(H20)9 ) =A-

(2)

The graphic representation In[P(Hzo)gJ as a function of 1/7 must therefore
provide a line, whose angular coefficient is:
AIn(P(HZO)g) _ AH-;

A@T) R ¥
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Hence

A In(P(HZO)g)

AYT)

Calorimetry is the part of thermodynamics that involves measuring heat ex-

AH; =-R

change. The experiments are carried out under constant external pressure (equal
to atmospheric pressure). The heat transfer received by the system during the
transformations performed in this experiment is therefore equal to the enthalpy
variation of this system [3] [8] [9] [10] [11]. The heat capacities of the bodies
studied are assumed to be constant over the temperature range considered. The
heat transfer to be measured, heats up a given quantity of water.

The experiments take place in an enclosure that is sufficiently insulated to
prevent heat exchange with the outside world (for a reasonable period of time).
This enclosure is called a calorimeter. The inner chamber and the calorimeter
accessories (stirrer and thermometer) are involved in heat exchange, since their

temperature varies from the initial to the final value.

2. Experimental Procedure

2.1. Determining the Heat of Vaporization from the Steam
Pressure Curve

To determine the value of the latent heat of water vaporization, the following
assembly is performed (Figure 1).

A volume of 1500 ml of distilled water is introduced into the large beaker (2 1)
and placed on the heating magnetic stirrer.

We squeeze on the base of the test tube (10 ml) a clamp, then we introduce
into this test tube 8 ml of distilled water, then we mouth it with the thumb, we
spill it and we immerse it in the large beaker.

The clamp, in the vertical position, in the axis of the specimen, is fixed at its

other end, by another clamp to the gantry support.

Ay 7
Thermometer | h _-J:‘,:l Air
| —————
hl h2
— =—— Dig2l
Stand > ; . : .
— < —— Wather
Magnetic bar
-{::::
v | °° —_— Agitator
chauffeur

Figure 1. Diagram of experimental set-up.

DOI: 10.4236/aces.2024.143007 115 Advances in Chemical Engineering and Science


https://doi.org/10.4236/aces.2024.143007

L. Abbas et al.

Also insert the magnet bar and thermometer into the large beaker holding the
thermometer with a clamp at the gantry stand and turn on the magnetic stirrer.
Then measure the height h, between the bottom of the meniscus of the bubble,
and the surface of the water in contact with the atmosphere.

To remedy the problem of measuring the height hi, it is necessary to fix a ruler

of 30 cm, in vertical position, with a clamp outside of large beaker (2 1).

2.2. Determining the Heat of Fusion Using the Calorimetric
Mixture Method

Experiments take place in an enclosure that is sufficiently insulated to prevent
heat exchange with the outside world. This enclosure is called a calorimeter. The
inner chamber and the calorimeter accessories (stirrer and thermometer) are
involved in heat exchange, as their temperature varies from the initial to the final
value (Figure 2).

To measure the calorimeter’s heat capacity K., the following procedure is
used: Weigh the empty calorimeter (m calorimeter), then add a quantity of cold
water, noting the initial temperature 7} of the cold water, and weigh the calori-
meter again with the cold water when the temperature stabilizes to determine
the mass of cold water introduced and the equilibrium temperature of the calo-
rimeter and cold water 7,,. Heat water in a Pyrex® beaker (wait for boiling).
Then pour in a mass of hot water of known initial temperature 7, and take the
mass of (calorimeter + cold water + hot water) and the mixing temperature Tm,
when equilibrium is established between cold and hot water.

To calculate the enthalpy of fusion of ice Ls we’ll carry out the following expe-

rimental protocol:

Thermomter \

Agitator

Calorimeter = \%
\_

Figure 2. Dewar calorimeter.
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Weigh the empty calorimeter (m calorimeter), then add a quantity of distilled
water (1/3 V..), noting the initial temperature 77 of the distilled water, and
weigh the calorimeter again with the distilled water when the temperature stabi-
lizes to determine the mass of distilled water introduced and the equilibrium
temperature of the calorimeter and distilled water 7. Prepare an ice cube set at
—23°C (of mass heat capacity C water(s)) and immerse it immediately in the ca-
lorimeter water, quickly closing the lid. When the ice cube melts completely in
the calorimeter, which has a total heat capacity of K.;and contains a mass m of
distilled water, or when the temperature seems to stabilize (15 to 20 min), note

Tms. Weigh the calorimeter again and deduce the mass of ice m ice.

3. Results and Discussion

3.1. The Enthalpy of Vaporization of Water L,

The total pressure, P,(B), at point B in Figure 1 is equal to the sum of the par-

tial pressures of air, P.;, and water vapour, P(Hzo)g :

Ptot (B) = Pair + P(Hzo)g + I:)h2 (4)

On the other hand, the total pressure, P,(A4), at point A on Figure 1 is equal
to the sum of the atmospheric pressure, P, and the overpressure, P, corres-
ponding to the height A between the bottom of the meniscus and the level where
the water is in contact with the atmosphere:

Poi (A)=P.

atm

+PR, (5)

Pascal’s principle [12] [13] [14] [15] implies that the pressures measured at
points A and Bin Figure 1 are equal:

In equation, this amounts to writing that:
Ptot (A) = Ptot (B)
PIOt (A) =P ( A) + Psurface area (A)

with
P(A)= Puater I a0 Poiriage area (A) = Prtmosprerc
and
Pot (B)=P(B)+ Pytece area (B)
with

P(B)= Puater O a0d Poragearea (B) = Puir + Phz0)
After simplification:
Pater 9D + Prtmospreric = Puater I + Pair + By 014
This gives:
Par + P00 = Puater 30 + Pmosperic (6)

Wlth ]1 = ]11 - ]12.
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At T < 5°C, the partial pressure of water vapor is negligible, so P(HZO)g tend
around 0.
Hence, the relationship (6) becomes:
Pair = Pear¥ (hl - h2 ) + Patmospheric
Pair = pwater ghO + Patmospheric (7)

with iy - A, = hat T, < 5°C.
At Tj > 5°C, the partial pressure of water vapor is not negligible, so P(HZO)g is
given from (6)-(7), we deduce that:

P(Hzo)g = Puater 9 (hi - ho) (8)

Knowing that the density of water is equal to 10° kg/m’ and the acceleration
of gravity is equal to 9.81 m/s%. Hence, the pressure exerted by a column of 1 cm

of water is equivalent to 98 Pa.
P (1 cm water column) = p, ., gh =10° x9.81x1x10?
=0.98kg/cm-s® =0.98 Pa(avec h(cm))

And therefore the relation (8) becomes:

P(HZO)g =0.98x(h —hy)Pa (9)

With the unit of A;and /A is on cm.

exerted by an incom-

Generally speaking, the water vapor pressure P(Hzo)g

pressible liquid depends only on:
- The height (or depth) A;
- The density of the liquid p;
- The acceleration of gravity &
Water vapor pressure does not depend on the cross-section of the container.

The water vapor pressure F’(Hzo)g exerted by the liquid at a depth Ais:
P(Hzo)g =pxg ><(hi _hO)

From relationship (2):

):A_AHTO @)

In(P aT

(H20)9

We conclude that:

AH;
RT

In(p><g><(hi —ho)):A—

Consequently, we deduce that the latent heat of vaporization L, for an incom-
pressible liquid depends only on:
- The height (or depth) A;
- The density of the liquid p;
- The acceleration of gravity &
The latent heat of vaporization Z, does not depend on the cross-section of the

container.
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Table 1 gives the values of: 7; 1/ T3 ho; 5 Fyy o), et |n[F’(H20)gJ .

The Vant’'Hoff equation is a consequence of the second fundamental law of
thermodynamics and the Clausius-Clapeyron formula [13] [14] [15] [16]. It is
valid for any system of the described type, so also for the phenomena of fusion

and sublimation. When the water vapor pressure curve is known,

P00 =0-98(hy —hy)

It is very simple to determine the vaporization heat AH7 since it is directly
proportional to dR, . / dT, in other words to the slope of the tangent to this
curve, for the temperature under consideration. The practical determination of

AH7rwill be as follows:

The graphic representation of P(HZO) in function of 1/ 7'must therefore pro-

g
vide a line, whose angular coefficient is:

A In(P(HZO)g) B AH;

A(YT) R

Hence

with R = 8.3145 x 1072 kJ/(mol-K).

The curve In ( P(Hzo)g

From the curve of In Fihs0)

) as a function of 1/ T'is shown in Figure 3.

g
heat of water vaporization which is worth:

A In(P(Hzo)g)
A(YT)

= 41.067 ki/mol .

) in function of 1/7T one can deduce the latent

AH; =-R

°

T exp

AH

The value of the latent heat of vaporization of the water found experimentally

is slightly different from their tabulated value ( AH; theorique = 40,657 kJ/mol)

Table 1. Values of 73 1/ T} ho; Az P(HZO)Q et In|:P(H20)g:|'

T (K) 275 295 299 303 307 311 315 319 323 327 331 335

1/T: (K™) 0.0036 0.0034 0.0033 0.0033 0.0033 0.0032 0.0032 0.0031 0.0031 0.0031 0.0030 0.0030

i (cm) 6 6.09 6.1 6.15 617 6.8 6.3 6.32 6.5 6.54 7 7.05
hi— ho (cm) 0.09 0.1 015  0.17 0.8 0.3 0.32 0.5 0.54 1 1.05
R0 (Pa) 009 010 015 017 027 029 031 049 053 098 1.03

In(P(HZO)g) -243  -232 -192 -179 -129 -122 -116 -071 -0.64 -0.02 0.3
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0.5, = Graphical Representation of the
0.0 In (P p005)= FT).
-0.5-

-1.0
-1.5
-2.0 "
-2.5+

In(P(HZO)Q))

-3.01

0.0030 0.0031 0.0032 0.0033 0.0034
1T (k)

Figure 3. Graphical representation of In (F?Hzo)g) as a function of 1/ T

because of the measurement errors of the manipulator during the measurements
of the height between the bottom of the meniscus of the bubble, and the surface
of the water in contact with the atmosphere at different temperatures [16].

The relationship used to determine the relative difference in latent heat of va-

porization is:

|L\/experimental - Lvtheorique
= x100

Relative deviation(L,) N
theorique

_ |41.067 - 40.657|
~ 40657

x100 =1.008%

The value of the relative deviation of the latent heat of vaporization Ly is
about 1.008%. A very plausible deviation, given the many possible sources of er-
ror.

Sources of error when determining the latent heat of vaporization L are:

- The accuracy of measurements of the height (or depth) A and therefore the
accuracy of the corresponding heights;

- Heat exchanges between the system (water + large beaker, test tube, ther-
mometer, stirrer) and the external environment (resulting in heat loss);

- Exchanges of matter (water in its gaseous state) between the system (water +
large beaker. Test tube, thermometer, stirrer) and the external environment
(resulting in a loss of water in its gaseous state);

- Exchanges of matter (water in gaseous state) within the system between the
large beaker and the test tube (are they total or partial);

- Temperature reading on the thermometer (temperature stabilization);

- Height reading A; on the ruler (ruler is better secured by a clamp on the stand

support).

3.2. Chaleur Latente De Fusion De La Glace Ly

The mass latent heat of a substance’s change of state is the quantity of heat L re-
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quired to effect, at constant temperature, the change of state of the body’s unit
mass, with the pressure remaining constant and equal to the equilibrium pres-
sure between the two states [3] [4] [10] [11].

Q=mL Lin]J/kg

In this work, we will study a particular physical reaction corresponding to the

following change of state of water:

H,0(s) &2 H,0(l) and its associated Lz

We have seen in thermodynamics that an equilibrium between two phases of a
pure body occurs at a given Pand 7, ie. fixed. The reaction is isobaric and iso-
thermal. In this case, the enthalpy of fusion by mass A represents the amount
of heat Q per unit mass (J/kg) absorbed by the solid water to transform it into
liquid water. If the atmospheric pressure P, under which we’re working is
equal to the standard pressure 7 = 1 bar, we speak of the standard enthalpy of
fusion by mass, AgH .

- Global system S {hot water + cold water + calorimeter}

The cold system Sz {cold water introduced + calorimeter} will exchange a
quantity of heat Q; with the calorimeter (cold water is initially introduced into
the calorimeter).

- Hot system S: {hot water}. Hot water will give off a quantity of heat Q..
- The system studied is an isolated system (no exchange with the outside envi-
ronment). The calorimeter is an adiabatic chamber.

The expression for the quantity of heat released or absorbed by each of these
objects is:

- Quantity of heat received by the cold water: m; = 76 g; the temperature of the

cold-water increases from 73 = 23°C to 7}, = 22°C. Therefore:
er = I:mfr X Cwater (I ) + Kcal :| x (Tmz _Tml)

- Quantity of heat released by hot water: m.;, = 85.5 g. Initial temperature of
hot water: 7., = 52°C; Final temperature when equilibrium is reached: 7, =

35°C. Taking into account the calorimeter:
Qch = mch X Cwater (I ) X (Tmz _Tch)
- As the calorimeter is an adiabatic enclosure, everything inside is thermally
insulated; the sum of heat quantities exchanged inside the calorimeter is zero:
AU =Q,+Q, =0
The internal energy of a macroscopic system results from microscopic con-
tributions:
U = E, (microscopic) + E, (microscopic) .
In this case, there is no exchange of energy with the external environment

(neither in the form of work W, nor in the form of heat Q), so we can write:
AU =W +Q=0

If the system is isolated (ie. there is no exchange with the external environ-
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ment), the internal energy remains constant, and the change in internal energy is
zero, so AU=0.

When the final state of equilibrium is reached:
AU =0 ie Q+Q,=0;

The calorimetric equation is therefore:

[Kcal + mferater (I )](Tmz _Tml) + mcwaater (I )(Tmz _Tch ) =0

From the calorimetric equation, we derive the expression for the calorimeter’s
heat capacity K.y in J/K, given that Cyue{)) = 4.18 J/(g:K) is given by the follow-

ing equation:

_ Myater (I )I:_mfr + My, (Tmz _Tch ):'
cal T -T

ml m2

K

AN: K.y = 150 J/K.
We often talk about the water value of the calorimeter. From a thermal point
of view, this means equating the calorimeter with a fictitious mass u of liquid

water, and writing K., = #Cyae{{). We deduce the calorimeter’s water value .
Kcal

H=—"
Cwater (I)

AN: y=3581g.
The expression of the energy given up by the water initially present in the ca-
lorimeter, between the start of the experiment and the moment when the tem-

perature of the mixture takes the value 77,y is:
Quis = MeisCuater (1) (Trs = Trns)
AN: Qu, =108.6x4.18x(6.5-20)
Qgis =—6128.30J

The energy released by the calorimeter during the same time interval is ex-

pressed as follows:
Qear = Kea (Tm4 _Tm3)
AN: Qy, =150x(6.5—20)
Qg =—20251]

The expression for the energy received by the ice cubes during the change of

state where the temperature remains constant is given by:

Qice = mice |:Cwater (S)(Tf _Tice>+ Cwa\ter (I)(Tm4 _Tf ):I .
=20 2.09(0(-23))+2.18(6.5-0) |
Q.. =1504.81

AN: Q

ice

The expression for the energy received by the water in the ice cubes when it

has reached the final temperature of the mixture is as follows.

Qmelting = mice Lf

DOI: 10.4236/aces.2024.143007 122 Advances in Chemical Engineering and Science


https://doi.org/10.4236/aces.2024.143007

L. Abbas et al.

Since the calorimeter is thermally insulated, we can assume that the energy
received by the ice cubes is equal to the energy supplied by the calorimeter and
the water it contains.

The first principle gives:
AU = Qdis + Qcal + Qmelting + Qice = O
mice |:Lf + Cwater (S)<Tf _Tice ) + Cwater (I )(TmA _Tf ):I
+ [mdiscwater (I ) + Kcal ](Tmﬂ. _Tm ) =0

The literal expression for the latent heat of fusion of ice given the heat capaci-
ty of ice is Cyareds) = 2.09 J/(K-g) which is written as:

)+ [mdiscwater (I ) + Kcal :l(TmS _Tm4)
m

Lf = C:water (S)(Tice _Tf ) + Cwater (I )(Tf _Tm4
ice

AN: L= 332.43 k] /kg.

The value found is almost equal to the tabulated enthalpy of fusion of water L
Ly= 6 kJ/mol or 334 kJ/kg, measured at room temperature.

The relationship used to determine the relative difference in latent heat of fu-

sion is:

|Lf experimental Lf theorique

Lf theorique

_ [332.43-334]
- 334

x100

Relative deviation ( L, ) =

%100 =0.5%

The value of the relative deviation of the latent heat of fusion LV is about

0.5%. A very small change, given the many possible sources of error.

Sources of error when determining the latent heat of fusion Lrare:

- The imperfect calorimeter (not completely adiabatic enclosure);

- The accuracy of the volumes of water taken from the graduated cylinder, and
therefore the accuracy of the corresponding masses;

- Heat exchanges between the ice cube and the ambient air: the time required
to transport the ice cube and place it in the calorimeter (resulting in heat
loss);

- Temperature reading on the thermometer (temperature stabilization);

- Measuring the mass of the empty calorimeter, cold water and ice cube at
equilibrium with the balance may not be accurate.

- If the mass of the ice cube is much greater than the mass of the cold water, it
may increase the time taken to reach equilibrium H,0(s) &2 H,0(l). Con-
sequently, the increase in time to equilibrium results in heat loss.

4. Conclusions

Measurements of the latent enthalpy of vaporization were made using the indi-
rect method based on the Clausius-Clapeyron formula. The results found show
that there is no big difference between the experimental values and the tabulated

values of the latent heat of vaporization. This implies that it is an interesting
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method to determine not only the latent heat of vaporization but also the latent

heat of fusion and sublimation of a body.

The values of the relative deviation of the latent heat of vaporization and

melting are very plausible deviation, given the many possible sources of error.

These relative differences in the latent heats of vaporization and melting can be

explained by errors that are not perfectly avoided.
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