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es interesante para que el docente explore esta diversidad y aclare qué le
compete a la ciencia para diferenciarla de las creencias y las preconcepciones.

Otra forma de dirigir la propuesta presentada, podría ser situando al
alumno en los comienzos de la vida en la tierra, planteando como situación
problema: cómo se llega a la diversidad que hoy se observa. A partir de ello
se pueden indagar los mecanismos evolutivos desde distintas posturas:
DARWIN, LAMARCK, neutralismos, equilibrios puntuados, de forma tal, que
ayuden a realizar conexiones con nuevas estructuras conceptuales.

Una recomendación adicional es, que se debe tener especial cuidado en
reforzar las explicaciones científicas sobre el origen de la vida como un
proceso natural en la tierra, y en segundo lugar, explicar porqué no se
forma vida espontáneamente en épocas recientes. Como toda teoría científica,
dado el tiempo y las condiciones definidas para su origen, la vida debería
originarse nuevamente para que la teoría sea válida, aunque sea imposible
de concretar porque las condiciones del universo variaron enormemente.
Se dejan de lado así, teorías que sugieren un origen extraterrestre de la vida
(por ejemplo, que fue “sembrada” por otros seres inteligentes, o que las
primeras células llegaron a la tierra en un asteroide u otro cuerpo estelar
que colisionó con ella) y explicaciones que se apoyan en la creación de la
vida por un ser superior.

CONCLUSIONES
¨ Se reconoce la necesidad de implementar nuevas estrategias con los

estudiantes para desarrollar la comprensión como una meta superadora
a la reproducción de la información.

¨ El desarrollo de aprendizajes comprensivos implica siempre interacción,
comunicación y co-construcción del conocimiento.

¨ Existe un marco teórico y unas estrategias presentadas por el modelo de
EpC, las cuales pueden optimizar los resultados de la enseñanza en
términos de la comprensión.

¨ Una buena selección de los tópicos generativos, tanto el marco concep-
tual, como las estrategias son necesarias.

¨ Hay que presentar y posibilitar un amplio repertorio de desempeños
asociados a la indagación científica, potenciando los procesos de
comprensión a partir de lo que el alumno ya sabe.

¨ Es importante a la hora de definir un tópico generativo considerar su
significado, la motivación que despierta y la posibilidad de integración
conceptual.

¨ Los tópicos generativos permiten abordar un tema desde varios enfoques
tendientes a enseñar formas de pensamiento.
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INTRODUCTION
To implement a laboratory experiment for students at our school, em-

ploying computer-controlled data acquisition, we have used suitable de-
vices, which were able to do accurate measurements. Avogadro’s number
(N

A
) was estimated by means of Hoffman electrolysis apparatus (Hoffman

electrolysis 2001) and a current sensor (Current sensor 1999) interfaced
with a computer using Datastudio Program (Data studio 2001). The soft-
ware allowed the collection and display of real-time data of electric charge
due to water electrolysis.

Optimum hydrogen volume (H
2
) that could be used, with respect to

atmospheric pressure (P
1
), for calculating N

A
 with an error varying be-

tween 0.01 to 2% of accepted value, was investigated. Hydrogen volumes
and atmospheric pressures considered in this study were ranging from 4 to
30 mL and 96.0 to 105.0 KPa, respectively.

Temperature of the laboratory and total charge (Q) obtained by data
acquisition system, for each experiment, were recorded. The height (h),
between the liquid (Na

2
SO

4
 solution) level, which is in contact with atmo-
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Resumen

Se describe un experimento de laboratorio para optimizar el volumen de hidrógeno,
con respecto a la presión atmosférica, para determinar el número de Avogadro. El
método está basado en el uso de una computadora y un aparato de electrólisis. Este
trabajo involucra un experimento clásico de físico química, utilizando un sistema de
análisis moderno de adquisición de datos. Los volúmenes de hidrógeno para obtener
valores exactos de N

A
 estuvieron entre 7 y 30 mL. Los valores del número del Avogadro

determinados eran iguales o menores (<) a 2% comparando con los valores aceptables.
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spheric pressure and hydrogen level touching the solution, was measured
accurately three times and the average value was taken.

It was found that, in the range of H
2
 volume from 7 to 30 mL and

atmospheric pressure from 96.0 to 105.0 KPa, the average calculated
Avogadro’s number was in the interval of 0.01 to 2% of the accepted value,
6.022 x 1023. Each experiment was repeated three times and the average
value of N

A 
taken with an error of ± 0.4.

This work presents a precision, student laboratory experiment of water
electrolysis, based on computer assisted data acquisition, to computerize
Avogadro’s number. Results were presented and discussed.

Theory
Avogadro’s number can be determined in several ways. This laboratory

experiment was using Hoffman electrolysis apparatus, a power supply
delivering 24 V and Science Workshop interface 750 with a current sensor
and Datastudio software incorporated in a computer.

The electrolysis of the solution is described by the following reactions.
(http://chemed.chem.purdue/demos/moviessheets/20.2html)

a) At negative electrode (cathode).
2 H

2
O (l) + 2 e- à  H

2 
(g) + 2 OH-

Na+ (aq) + e- à   Na (s)
b) At positive electrode (anode).

2 SO
4
2- (aq) à  S

2
O

8
 (aq) + 2 e-

2 H
2
O (l) à  O

2
 (g) + 4 H+ (aq) + 4 e-

Combining the two half reactions so that electrons are conserved, we
obtain the following equations.

6 H
2
O (l) à  2 H

2 
(g) + O

2
 (g) + 4 H+ (aq) + 4 OH- (aq)

OR
2 H

2
O (l) à  2 H

2 
(g) + O

2
 (g)

The produced, hydrogen and oxygen are both considered as ideal gases.
Therefore, the relation PV = nRT could be applied to these gases. Two
gases coexist in the gaseous phase: hydrogen (H

2
) and water vapour (H

2
O).

The vapour pressure of water is described by Antoine’s Equation.
(Lauge ‘s Handbook,1995, Notes de cours,2000)

(1)

P0 is the vapour pressure of water in PASCAL,
t represents the temperature in degree Celsius
The total pressure above the solution is the sum of partial pressures.

(2)

The difference of pressure between two points separated by a height
(h), between the solution level, which is in contact with atmospheric pres-
sure and the H

2 
level communicating with the liquid, is given by.

(3)

l iqui d  is the volume density of liquid = 1000 kg.m-3,
 g represents the acceleration of gravity = 9.381 m.s-2,
 h is the height between P

1
 (atmospheric pressure) and P

2 
(hydrogen

pressure and water vapour pressure) , in m.
Substituting equations (1) and (3) in equation (2), we obtain the equa-

tion describing the hydrogen pressure (P
H2

).

(4)

The total charge is determined by Datastudio software. The charge
represents the area under the curve of current versus time and is de-
scribed by

Charge = 
0

.
t

Id t∫         (5)

From the equations described previously, we could derive expressions
for e/K

B
 and N

A
.

e/KB   

2
2 H

QT

P V
=         (6)

Where e is the electron charge (=1.6 x 10-19 C) , K
B
 is the Boatmann’s

constant (= 1.3806 x 10-23 J.s), Q is the total charge in C, T represents the
temperature in Kelvin, P

H2
 pressure due to hydrogen gas , in Pa and V is the

volume of H
2
 in m3.

2

0 1750. 286
log 10. 23

( 235)H OP
t

= −
+

2 2

0
t H H OP P P= +

2 1t l iqui dP P P ghρ= = +

2 2

0
H t H OP P P= −

Figure 3. Hoffman electrolysis apparatus

Avogadro’s number is given by

 A

B

R
N

K
=         (7)

Where N
A
 represents Avogadro’s, R is the gas constant = 8.31 and K

B 
is

Boltzmann’s constant.

EXPERIMENTAL DETAILS
The columns of the electrolysis apparatus

were filled with a solution containing approxi-
mately 15 g of sodium sulphate (Na

2
SO

4
) in 200

mL of distilled water and then the valves were
closed hermetically. A power source of 24 V
was connected via a current sensor to the elec-
trodes of the apparatus. The sensor was attached
to science workshop interface 750 and this lat-
ter was connected to a computer, as shown in
figure 1. Electric charges obtained through wa-

ter electrolysis, by
Datastudio soft-
ware, were re-
corded for each
volume of H

2
,

from 4 to 30 mL.

              Figure 2. Graph of electrical charge of water electrolysis

A typical graphic representing electric charge of electrolysis was given
in figure 2. The height between the liquid, which is in contact with the
atmospheric pressure and the level of H

2
 in contact with the solution, was

measure accurately for each volume, as illustrated in figure 3. Room tem-
perature and atmospheric pressure from 96.0 to 105.0 KPa were taken to
perform the calculation of Avogadro’s number.

To study the reproducibility of computed Avogadro’s number, each
experiment was repeated three times and the average value was taken.
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RESULTS AND DISCUSSION
 The experiments were performed in the physics laboratory at the Higher

School of Technology, University of Quebec. N
A
 was calculated using

equation (7). The average value of three measurements was recorded with
an error of ± 0.04.

Experimental results were shown in figures 4 and 5, where the differ-
ence between estimated and accepted values of N

A 
was plotted as a function

of hydrogen volume, with variable atmospheric pressures.

Figure 4. Difference between experimental and theoretical values of N
A
 versus vol-

ume of H
2

Figure 5. Difference between experimental and theoretical values of N
A
 versus vol-

ume of H
2

As can be shown in figure 4, the error between experimental and theo-
retical value of N

A
 decreased to less than 1% and then increased, as the

volume of hydrogen increased, for atmospheric pressure range 101.3 to

Atm ospheric pressur e  
(KPa) 

Range of hydr ogen  vol um e  
(m L) 

101.3 
102.0 
103.0 
104.0 
105.0 

10  -  25 
10  -  20 
8   -  16 
8  -   14 
7   -  12 

100.0 
99.0 
98.0 
97.0 
96.0 

14  -  30 
17  -  30 
20  -  30 

/ 
/ 
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105.0 KPa. Where as in figure 5, in the interval of 100.0 to 98.0 KPa, the
difference between calculated and accepted value of Avogadro’s number
deceased exponentially as the volume of H

2
 increased. For pressure 97.0

and 96.0 KPa, the difference between measured and accepted value of N
A

decreased up to 2.1% and 3.1%, respectively; as the hydrogen volume
increased.

The results of hydrogen volumes, which were necessary to obtain
Avogadro’s numbers = 2% compared to accepted values, were given in
table 1. The variation within the three measured values of N

A 
for each

volume was ± 0.04, the reproducibility of obtained results was satisfied.

Table1. Range of hydrogen volume to calculate accurate Avogadro’s number

CONCLUSIONS
The experimental results are very satisfying, being in excellent agree-

ment with the theoretical value of Avogadro’s number. This laboratory
experiment can be very interesting learning tool for introductory chemistry
students. Teachers and students using computer controlled data acquisition
system and Hoffman electrolysis apparatus could work with hydrogen
volumes, from 7-30 mL with an error < 2% between calculated an accepted
value of Avogadro’s number.
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