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ABSTRACT
A hands-on activity is presented for elementary school students to discover the composition

of matter and its consequences on chemical and physical properties. Natural forms of carbon
(coal, graphite and diamond), synthesized forms (charcoal and activated carbon), and the
differences in their physical properties are listed and discussed. Students built a flat hexagonal
portion of the graphene sheets of graphite and a tetrahedral portion of the 3D structure of
diamond. They experimented with conductivity of a graphite pencil and compared it with that
of a wood stick and a copper wire. They also explored adsorption properties of activated

carbon by decolorizing a grenadine solution.

KEYWORDS
Elementary / Middle School Science, Hands-On Learning / Manipulatives, Demonstrations,

Conductivity, Descriptive Chemistry, Dyes /Pigments, Separation Science, Solid State

Chemistry, Surface Science.
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INTRODUCTION

In most countries of the world, effort has increased to enhance scientific education, in order
for future citizens to better understand their surrounding world and be able to analyze
political decisions e.g. in terms of health or environment. Efforts are often conducted jointly
between educators and scientists’? and many outstanding approaches have been employed3*
to fight against “chemophobia”® and transfer chemistry knowledge in informal settings®”. The
hands-on activity on carbonaceous materials presented in this article was initially set up for
“Chimie & Terroir”$, an out-of-class scientific outreach event, organized by “Chimie et
Société”?, a division of the Fondation de la Maison de la Chimie!’. It was conducted twice with
300 students each time over three days and was part of the action “Caravane de la chimie”"!.
Following a demand from teachers, the activity was proposed in class, in line with the
program!? of Cycle 3 of French elementary schools (ages 9-11). The following acquisition of
skills in science and technology is recommended: “Acquire the scientific language necessary to
analyze and describe the observations and experiments allowing understanding the world around us,
using texts and diagrams; conduct experiments to acquire spatial and temporal benchmarks and notions
of scale; describe the state and constitution of matter on a macroscopic scale; identify the main families
of materials and their classification according to their physical and chemical properties”. We report
here on how the activity was transferred to a class so as to provide teachers with materials and

instructions for reproducing it.

THE ACTIVITY

The activity was conducted in a class of fifteen children, aged 10, in two sessions of one
hour each. The teacher used the activity during further science class (one hour weekly for four
weeks). It is recommended that this activity is conducted after introducing atom composition

through the activity reported by L. Cipolla and L. A. Ferrari's.

During the first part of the first session (first 30min), discussion was conducted with the
students to:
e list carbonaceous materials accessible in everyday life and separate natural from
synthesized materials;
e explain that carbon occurs naturally on earth as coal, graphite and diamond;

e identify the location of coal and diamond on earth;
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e explain the formation of coal and diamond, and that of charcoal and activated carbon;
e list the physical properties of coal, charcoal, activated carbon and diamond and
identify the differences.
During the second part of the first session (second 30min), each student successively:
e built the flat hexagonal arrangement of carbon in graphite to observe the planar
organization;
e Dbuilt the tetrahedral arrangement of carbon in diamond and associate the tetrahedrons
to figure out the three-dimensional organization.
During the second session (1hr), students ran experiments to:
e compare the electrical conductivity of a wood chopstick, a graphite pencil and a copper
wire;
e explore the adsorption properties of activated carbon by decolorizing a grenadine
solution.
The students filled a worksheet after each period (Supporting Information 1 “student
worksheet”, p. 5-8). In a final discussion, students were asked to list the properties they had

collected from the experiments.
Carbonaceous materials: natural and synthesized

When asking the students what kind of carbonaceous materials they knew and for what
use, they cited charcoal and coal. This was an opportunity to make the difference between
natural and synthesized carbonaceous materials by listing them on a whiteboard (Table 1),
and to add new entries. We showed samples of lignite, anthracite (Figure 1), charcoal,

activated carbon and a fabric made of woven carbon fibers.

Natural forms of carbon and applications | Synthetized forms of carbon and applications

Coal: heating Charcoal: barbecue

Lignite: heating Activated carbon: aquarium, water and air

Anthracite: heating purification, medicine

C . . Carbon fibers: carbon composites (tennis racket,
raphite: pencil ;

bicycle frame)

Diamond: jewelry, abrasives o )
Synthetic diamond : abrasives

Table 1. Classification of current natural and synthetic carbonaceous materials. The words in green correspond to
most frequent answers by students. The table is not exhaustive of all applications of carbonaceous materials but
limited to few known uses in everyday life.
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Charcoal is actually made of 70-90% of carbon, but is man-made by the pyrolysis of wood,
called carbonization. However, the carbonization process is a rapid process (2-4 days)
compared to the natural formation of coal, a fossil fuel resulting from the decomposition of
plants'*16. Diamond is another natural form of carbon but can also be synthesized (e.g. by
chemical vapor deposition from methane', or at high pressure and temperature from
graphite'®). Activated carbon and carbon fibers are other examples of synthesized forms of
carbon. Activated carbon is produced in two stages: (1) the carbonization of various starting
materials (wood, peat, lignite, bones, coconut shell, bio wastes, etc) and (2) a treatment that
removes the 10-30% remaining organic residues from charcoal and generates porosity!*2.
Activated carbon offers a large adsorbent surface area that can be used, e.g. for drinking water
filtration, air purification, supported catalysis. Carbon fibers are used in composite materials
and are prepared from synthetic polymers following three stages: (1) oxidative stabilization of

the polymers, (2) carbonization and (3) graphitization?'.

The natural forms of carbon: formation of coal and diamond

A short video (e.g.2?) explaining the formation of coal was used at the beginning of the
activity to focus attention and help to understand? the transformation of vegetation into coal.
Nowadays extracted coal results from vegetation that was transformed typically over 300 to
500 million years: the first plants appeared at the Devonian period (360-420 million years ago,
MYA), the Carboniferous period (300-360 MYA) and the Permian period (250-300 MYA)
provided 13% and 30% of coal resources, respectively; 12% of resources come from Jurassic
(145-200 MYA) and 15% from lower Cretaceous (100-145 MYA) periods; Paleogene period (23-
66 MYA) mainly resulted in lignite.#?. Sedimentation and movements of the earth crust
buried the altered vegetation that was exposed to high temperatures and pressures and
progressively transformed it into peat, lignite, coal, anthracite and graphite. This
transformation is called coalification and the degree of coalification is measured by the carbon
content: from 50 % in wood, 50-55 % in peat to more than 90% in anthracite and 100% in

graphite (Figure 1).
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Coal formation

Sedimentation Peat Lignite Anthracite
of plants | High heat and pressure
Coalification duration and carbon content

Lignite Coal Anthracite
65-75% C 80-90% C 95% C Graphite
100% C
65 millions years 300-500 millions years

- Carbon content

Water content

Figure 1. The steps and duration of the coalification process: from plants to graphite.

Diamond is another natural form of carbon containing 100% of carbon, however, the formation
of diamond requires more extreme conditions of temperature and pressure compared to coal.
Moreover, diamond is formed at deeper conditions than coal, at a minimum of 150 km from
the earth’s surface versus a maximum of 3 km for coal, corresponding to the portion of the
earth crust dating back more than 1.5 billion years?*. Consequently, diamond formation
occurred far before plants occupied earth. These long periods of time were not easy for
students to grasp at their age. A geological time scale starting at the earth’s formation was
used to illustrate the timing of diamond formation, the presence of the first plants, the
Carboniferous period, the period of dinosaurs, and the first humans in comparison to the

duration of human being lifetimes (Figure 2).
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Figure 2. This geological time scale can be set up on a 5m ribbon to figure out duration by transposing time to
distances. Men appear at 5 mm, dinosaurs at 25 cm, coal formation at 36 cm, first plants at 42 cm, first animals as
worms at 60 cm, diamond at 1.5m, and earth at 4.6 m. Each millimeter represents 1 million years.

Graphite and diamond are both made of carbon

Children have all used graphite pencils and seen diamonds on rings. They were asked to
list the differences between graphite and diamond in terms of color and hardness: graphite is
black and soft, while diamond is transparent and hard. We explained that, although they look
very different, both graphite and diamond are made of 100% carbon. If we used a microscope
that magnifies 10 billion times, we could see how carbon atoms are organized in graphite and
diamond. This would help understanding their properties. Note that the activity described by
L. Cipolla and L. A. Ferrari® on atom composition had been conducted prior to that on
carbonaceous materials, including the association of atoms into molecules with the example
of water and methane molecules. We could therefore explain that each carbon atom has four
electrons to share with neighbors. When two atoms engage one electron each, a bond is
formed. In diamond, carbon atoms engage all their four electrons to bond to four other carbon
atoms arranged at the apex of triangular shaped pyramids named tetrahedrons. In graphite,
carbon atoms bond to three other carbon atoms and form flat hexagons?”. As reported by
Siodtak? and Kao?, three-dimensional visualization of the organization of atoms in matter is
useful for understanding their properties. The students built hexagons using toothpicks and
polystyrene balls® (see templates in Supporting Information 2, p. 2). Bottle caps could also be
used?®. They were able to figure out that the hexagons are planar. They connected their own

hexagon to others to form the hexagonal pavement emulating the structure of one layer in
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graphite, named graphene. They then built the tetrahedral arrangement of carbon in diamond
(see template in Supporting Information 2, p. 3) and connected them together. They could
compare the planar (two-dimensional) arrangement in graphite to the three-dimensional

arrangement in diamond (Figure 3).

Graphite

Diamond

Figure 3. The organization of carbon atoms in graphite and diamond; construction of the hexagonal and
tetrahedral units and assemblies of the units in two-dimension for graphite and in three dimensions for diamond.

Properties of graphite and diamond: hardness, color and conductivity

In graphite, the carbon richer form of coal, the hexagonal sheets are stacked, and gas is
present between layers?; this organization makes the layers able to slip over each other, which
explains that graphite is a soft material. Graphite is used in pencils and layers of graphene are
deposited on paper during writing. In diamond, carbon atoms are strongly bonded in all
directions thereby forming a structure which cannot be easily deformed: diamond is a hard

material.

In graphite, each carbon atom has one delocalized electron (contributing to delocalized n-
bonds). These delocalized electrons form a cloud over and below each layer; this electronic
cloud absorbs light and can support electrical transport. In diamond, carbon atoms use all their
four electrons (in o bonds) to bond to four other carbon atoms; there are no delocalized
electrons to block light transmission or support electrical transport. Therefore, graphite is

black and conductive while diamond is transparent and insulating.
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For reasons of availability, experiments focused on graphite-containing materials: the
graphite stick of a pencil was used for the conductivity experiment and the adsorption

properties were explored using activated carbon for aquarium use.

Conductivity of graphite: light a bulb

A flash light equipped with clips (Figure 4), was given to the students. They successively
connected the clips to a wood chopstick, a graphite pencil (carpenter pencil) and a copper
wire and observed the brightness of the bulb; they concluded that wood is an insulator, and

the graphite pencil conducts less than the copper wire. We explained that:

e Wood, which transforms into graphite after coalification, is made of cellulose and
lignin, i.e. organic matter containing carbon, hydrogen and oxygen atoms organized
in such a way that no electrons are available to transport electricity. Wood is

insulating;

e The graphite pencil contains conducting graphite, in which delocalized electrons

support the transport of electricity, and clay which is insulating;

e Copper is a metal which conducts electricity as graphite but better than the mixture of

graphite and clay, explaining that the bulb is brighter.

Figure 4. A flash light with switch externalized: the switch is replaced by clips. The students connect the clips to a
chopstick, a graphite pencil and a copper wire and observe the brightness of the bulb.

Adsorption properties of activated carbon, a synthesized form of carbon: decolorizing

grenadine

The students received a column (see alternative equipment in Supporting Information 2,
p.7) and filled it with activated carbon and water (Figure 5). Help was given by the teacher to

avoid air entrapment while packing the column. They added 200mL of a solution of grenadine
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(or food coloring) to the column and collected the filtrate at 1 drop per second. They observed
that the liquid filtered is colorless. We explained that the color is due to a dye contained in the
grenadine syrup. When water and grenadine are passed through activated carbon, the dye is
trapped in the pores of the surface of activated carbon: we used an egg box and ping-pong
balls to illustrate the adsorption process (See Supporting Information 2, p. 7). The dye is
separated from water and grenadine, it accumulates on the surface of the activated carbon and
can be removed from it. Teachers can find additional information on the adsorption of a dye

on activated carbon in the laboratory experiment for undergraduate students published in this

journal by A. Martins and N. Nunes®.

Figure 5. from left to right: preparation of the column, water and grenadine solution, colorless filtrate.

MATERIALS AND HAZARDS

Grain-like “JBL Carbomec-activ” activated carbon was purchased from an aquarium store.
The amount of activated carbon necessary for each chromatography column was previously
washed with water to eliminate dust and stored in vials to minimize manipulation by the
students. Grenadine syrup (containing Carminic acid-E120) or liquid food coloring (red-
Azorubine-E122, yellow-Tartrazine-E102 or blue-Brilliant Blue FCF-E133) available in food
stores can be used as the colored solution. Either a solution of grenadine syrup in tap water

(1/1 in volume), or 2 drops of food coloring added to 200mL of tap water, was prepared.

FINAL DEBRIEFING AND CONCLUSION
At the end of the activity, the students were asked to tell what they had learned from the

experiments. Through this first oral evaluation, we noticed that they understood well that two
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materials made of the same element can have different properties (macroscopic scale) due to
their solid state arrangement (microscopic scale). They also explored separation techniques
using the adsorption properties of activated carbon. This activity developed manual skills and
collaboration during the experiments. As mentioned in the description of the activity, the
teacher continued the activity during other science courses. In addition to the documents filled
during the activity, each student wrote a personal report. The teacher helped the students
understand how to choose among the observations in order to draw conclusions using
appropriate vocabulary. They also presented their work orally to their school mates in the

form of a poster exhibition.

The activity proposed on carbonaceous materials has been built to answer the skills
recommended by the program of Cycle 3 in science and technology'. It offers ideas that any
teacher of other countries can use in their class. The relationship between experiments and
skills is as follows:

o The access to experiments based on known materials and the use of simple equipment
allows students “understanding the world around us”. They “acquire the scientific languages
necessary to analyze the observations and experiments” by filling the student worksheets.
They write personal reports and draw schemes of the experiments “to describe their
observations using texts and diagrams”;

e The geological timescale of the student worksheet allows “acquiring temporal
benchmarks”. The construction of the hexagonal sheets of graphite and tetrahedral
structures of diamond and their associations in three directions to figure out the
material, agree with “conduct experimental approach to acquire spatial benchmarks and
notions of scale”;

e The macroscopic properties of graphite and diamond (color, hardness) are easy to list
by the students to “describe the state and constitution of matter on a macroscopic scale”;

o The experiments with conductivity and adsorption help the students to identify
electrical conductors, insulators and adsorbent materials as “main families of materials”
and to classify them “according to their physical and chemical properties”.

ASSOCIATED CONTENT

Supporting Information (after references)
Filel: Teacher-student worksheets.
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File 2: Templates to build the hexagonal and tetrahedral carbon arrangements; equipment
for conductivity and adsorption experiments; general poster of the activity.
AUTHOR INFORMATION

Corresponding Author
*E-mail: lydie.valade@lcc-toulouse.fr, chimieetsociete@maisondelachimie.com

ACKNOWLEDGMENTS
The authors acknowledge “Chimie et Société” (Fondation de la maison de la chimie), the

elementary school of Tarabel for allowing the activity and the students of the class of Laurence
Toral for their enthusiastic participation. CNRS-LCC is acknowledged for hosting the “Chimie

et Société Occitanie” association. A. X. is acknowledged for his careful reading.

REFERENCES

(1) Crosby, G. The Necessary Role of Scientists in the Education of Elementary
Teachers. Journal of Chemical Education 1997, 74 (3), 271.

(2) Szteinberg, G.; Balicki, S.; Banks, G.; Clinchot, M.; Cullipher, S.; Huie, R.; Lambertz,
J.; Lewis, R.; Ngai, C.; Weinrich, M.et al. Collaborative Professional Development in
Chemistry Education Research: Bridging the Gap between Research and Practice.
Journal of Chemical Education 2014, 91 (9), 1401.

(3) Wally, L. M.; Levinger, N. E.; Grainger, D. W. Employing Popular Children's
Literature to Teach Elementary School Chemistry: An Engaging Outreach Program.
Journal of Chemical Education 2005, 82 (10), 1489.

(4) Morais, C. Storytelling with Chemistry and Related Hands-On Activities: Informal
Learning Experiences to Prevent "Chemophobia" and Promote Young Children's
Scientific Literacy. Journal of Chemical Education 2015, 92 (1), 58.

(5) Laszlo, P. On the Self-Image of Chemists, 1950-2000. International Journal for
Philosophy of Chemistry 2006, 12 (1), 99.

(6) Mikou, A.; Bensalah, A. Diffuser la Culture Scientifique et technique au Maroc /
Diffusing Scientific and Technical Culture in Morocco. La Lettre de I’'OCIM 2012,

DOI:DOI : 10.4000/0cim.1071 DOI : 10.4000/0cim.1071(141), 16.

L. Valade et al., Classroom activity Page 11/13


mailto:lydie.valade@lcc-toulouse.fr
mailto:chimieetsociete@maisondelachimie.com

(7)

(12)

(18)

Ouali, A. Les rencontres chimie & terroir, une passerelle entre chimie et grand public
L'Actualité Chimique 2015, (396), 47.

Rencontres Chimie & Terroir, http:/ /www.chimieetsociete.org/en/chemistry-

soil/about-chimie-terroir.html.

Chimie et Société, http://www.chimieetsociete.org/en/chemistry-society/about-

us.html.

Fondation de la Maison de la Chimie, http://www.maisondelachimie.com/.

Valade, L.; Pellegatta, J.-L.; Viala, F.; Vitorge, M.-C. Chemistry hands-on workshops:
booklet for animators / Ateliers de découverte de la chimie : fascicule pour les

animateurs. 2018, https://hal.archives-ouvertes.fr/hal-02066686.

MEN. Programme d'enseignement du cycle 3. Bulletin Officiel de l'Education Nationale
Special N°11 2015, (26 November 2015),

http:/ /www.education.gouv.fr/pid285/bulletin_officiel.html?cid bo=94708.

Cipolla, L.; Ferrari, L. A. Big Atoms for Small Children: Building Atomic Models from
Common Materials To Better Visualize and Conceptualize Atomic Structure. Journal
of Chemical Education 2016, 93 (6), 1068.

Tarbuck, E. J.; Lutgens, F. K.; Tasa, D. G. Earth Science; 14th ed.; Pearson, 2015.
Schobert, H. H. The Geochemistry of Coal. Part I. The Classification and Origin of
Coal. Journal of Chemical Education 1989, 66 (3), 242.

Schobert, H. H. The Geochemistry of Coal. Part II. The Components of Coal. Journal
of Chemical Education 1989, 66 (4), 290.

Werner, M.; Locher, R. Growth and application of undoped and doped diamond
films. Reports on Progress in Physics 1998, 61 (12), 1665.

Meihua, H.; Ning, B.; Shangsheng, L.; Taichao, S.; Qiang, H.; Xiaopeng, J.; Hongan,
M. Studies on synthesis and growth mechanism of high quality sheet cubic diamond
crystals under high pressure and high temperature conditions. International Journal
of Refractory Metals and Hard Materials 2015, 48, 61.

Hernandez Montoya, V.; Bonilla Petriciolet, A. Lignocellulosic Precursors Used in the
Synthesis of Activated Carbon - Characterization Techniques and Applications in the

Wastewater Treatment;, InTech, 2012.

L. Valade et al., Classroom activity Page 12 /13


http://www.chimieetsociete.org/en/chemistry-soil/about-chimie-terroir.html
http://www.chimieetsociete.org/en/chemistry-soil/about-chimie-terroir.html
http://www.chimieetsociete.org/en/chemistry-society/about-us.html
http://www.chimieetsociete.org/en/chemistry-society/about-us.html
http://www.maisondelachimie.com/
https://hal.archives-ouvertes.fr/hal-02066686
http://www.education.gouv.fr/pid285/bulletin_officiel.html?cid_bo=94708

(20)

Kibami, D. Synthesis and Characterization of Activated Carbon for removal of Pb; Lap
Lambert Academic Publishing, 2017.

Park, S.-J.; Heo, G.-Y. In Carbon Fibers; Park, S.-J., Ed.; Springer Netherlands:
Dordrecht, 2015, DOI:10.1007/978-94-017-9478-7_2 10.1007/978-94-017-9478-
7_2.

Let see how coal is formed, 2014, https://www.youtube.com /watch?v=nlYz4Ck3w-k.

Blonder, R.; Jonatan, M.; Bar-Dov, Z.; Benny, N.; Rap, S.; Sakhnini, S. Can You
Tube it? Providing Chemistry Teachers with Technological Tools and Enhancing their
Self-Efficacy Beliefs. Chemistry Education Research and Practice 2013, 14 (3), 269.
Planete-Energies. Coal, Still a Growing Energy Resource. Feature Reports 2015,

DOI:https:/ /www.planete-energies.com/en/medias/reports/coal-still-growing-

energy-resource https://www.planete-energies.com/en/medias/reports/coal-still-

growing-energy-resource(7 July 2015), https://www.planete.

Thomas, L. Coal Geology; 2nd ed.; Wiley, 2012.

Carlson, R. W. The Mantle and Core; Elsevier Science, 2005.

Tee, P. A. H.; Tonge, B. L. The Physical and Chemical Character of Graphite. Journal
of Chemical Education 1963, 40 (3), 117.

Siodtak, D. Building Large Molecular Models with Plastic Screw-On Bottle Caps and
Sturdy Connectors. Journal of Chemical Education 2017, 94 (2), 256.

Kao, J. Y.; Yang, M.-H.; Lee, C.-Y. From Desktop Toy to Educational Aid: Neo
Magnets as an Alternative to Ball-and-Stick Models in Representing Carbon
Fullerenes. Journal of Chemical Education 2015, 92 (11), 1871.

Polystyrene balls (3cm) can be found in DIY shops.

Lavrakas, V. Textbook errors: Guest column. XII: The Lubricating Properties of
Graphite. Journal of Chemical Education 1957, 34 (5), 240.

Martins, A.; Nunes, N. Adsorption of a Textile Dye on Commercial Activated Carbon:
A Simple Experiment to Explore the Role of Surface Chemistry and Ionic Strength.

Journal of Chemical Education 2015, 92 (1), 143.

L. Valade et al., Classroom activity Page 13/13


https://www.youtube.com/watch?v=nIYz4Ck3w-k
https://www.planete-energies.com/en/medias/reports/coal-still-growing-energy-resource
https://www.planete-energies.com/en/medias/reports/coal-still-growing-energy-resource
https://www.planete-energies.com/en/medias/reports/coal-still-growing-energy-resource(7
https://www.planete-energies.com/en/medias/reports/coal-still-growing-energy-resource(7
https://www.planete/




A classroom activity on carbonaceous materials:
Construction of graphite and diamond and experiments

with electrical and adsorption properties

Lydie Valade, Jean-Louis Pellegatta, Myriam Dubreuil and Laurence Toral

TEACHER WORKSHEET FOR THE ACTIVITY

This form can be used when the activity is conducted in class. The blank

student form for duplication is at the end of the document.
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The age of earth is 4.6 billion years.
Coal formation started 360 million years ago.
Coal results from the slow decomposition of plants.

Diamond formation is *older/yeouneser than coal formation.

First human being appeared 5 million years ago.

* Cross out the wrong answer

Supporting information file 1 p.1



COMPOSITION AND PROPERTIES OF COAL AND DIAMOND

Property Coal Diamond
o
Hexagon | Tetrahedron
Within one layer, each carbon atom | Each carbon atom has
Organization | has 3 neighbors. 4 neighbors.
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of carbon Hexagonal pavement in graphite. ganiz
e » in diamond.
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» o -
oo oo ®
In coal, graphite hexagonal layers, )
In diamond all carbon
named graphene, are piled with gas
Hardness ) atoms are strongly
between layers and they can slip ) ] )
attached in all directions;
one over the other; g dis *eoft / hard
iamond is / hard.
coal is *soft / hard.
Carbon atoms have 4 electrons Carbon atoms use all their
available to connect to other carbon | 4 electrons to connect to
Color atoms; in graphite, they only use 3 other carbon atoms. Light
of them. The remaining electrons goes through diamond
form a cloud that adsorbs light; without being stopped,;
coal is black. diamond is transparent.
The cloud of electrons can transport | In diamond no electrons
Conductivity electricity; are available to conduct

coal is conductive.

electricity;

diamond is insulating.

* Cross out the wrong answer
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CONDUCTIVITY OF GRAPHITE: | LIGHT ABULB

Light *ON / OFF

Light *ON / OEE

Light *ON / OEE

The material does
not conduct

electricity; it is

The material
conducts

electricity; it is

The material
conducts

electricity; it is

*conduetive / *conductive / *conductive /
insulating Hrstating Hrsutating

Wood is made of The pencil Copper is a
organic matter contains metal and better

that does not

conduct electricity.

graphite type
carbon powder
which conducts
electricity and
clay which is

insulating.

conducts
electricity than
the mixture of
graphite and
clay. The bulb
shines *more /
less than with
the pencil.

* Cross out the wrong answer
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ADSORPTION PROPERTIES OF ACTIVATED CARBON: | DISCOLOR GRENADINE

Water is

colorless.

When I add
grenadine, the

liquid is pink.

After passing over
activated carbon, the

liquid is colorless.

The liquid only

contains water.

The color is due
to a dye
contained in

grenadine.

Activated carbon
traps the dye. Only
water goes through.
This phenomenon is
called adsorption.
The surface of
activated carbon

resembles an egg box.

The dye is trapped in
the holes.
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Carbonaceous materials: Construction of graphite and
diamond and experiments with electrical and adsorption

properties

Lydie Valade, Jean-Louis Pellegatta, Myriam Dubreuil and Laurence Toral

STUDENT WORKSHEET FOR THE ACTIVITY

This form can be used when the activity is conducted in class.

GEOLOGICAL TIME SCALE
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The age of earth is years.
Coal formation started years ago.
Coal results from the slow decomposition of
Diamond formation is *older/younger than coal formation.
First human being appeared years ago.

* Cross out the wrong answer
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COMPOSITION AND PROPERTIES OF COAL AND DIAMOND

Property Coal Diamond
Within one layer, each carbon atom | Each carbon atom has
Organization | has _ neighbors. __neighbors.
i i Tetrahedrons organization
of carbon Hexagonal pavement in graphite. g
e« » in diamond.
| o]
atoms L] [ o o0 o
oo 9 [ e}
[ = [ o L o ] @
e @ e [ 4
] [ = | ] [ ]
9 [ ] ®
@ oo L
e *—e
*@ o0 ]
In coal, graphite hexagonal layers,
named graphene, are piled with gas In diamond all carbon
Hardness | petween layers and they can slip atoms are strongly
attached in all directions;
one over the other;
. -
coal is *soft / hard. diamond is *soft / hard.
Carbon atoms have 4 electrons Carbon atoms use all their
available to connect to other carbon | 4 electrons to connect to
Color atoms; in graphite, they only use 3 other carbon atoms. Light
of them. The remaining electrons goes through diamond
form a cloud that adsorbs light; without being stopped;
coal is diamond is
The cloud of electrons can transport | In diamond no electrons
Comituetivin electricity; are available to conduct
coal is electricity;

diamond is

* Cross out the wrong answer
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CONDUCTIVITY OF GRAPHITE: | LIGHT ABULB

Light *ON / OFF

Light *ON / OFF

Light *ON / OFF

The material does
not conduct

electricity; it is

The material
conducts

electricity; it is

The material
conducts

electricity; it is

*conductive / *conductive / *conductive /
insulating insulating insulating

Wood is made of The pencil Copper is a
organic matter contains metal and better

that does not

conduct electricity.

graphite type
carbon powder
which conducts
electricity and
clay which is

insulating.

conducts
electricity than
the mixture of
graphite and
clay. The bulb
shines *more /
less than with

the pencil.

* Cross out the wrong answer
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ADSORPTION PROPERTIES OF ACTIVATED CARBON: | DISCOLOR GRENADINE

or

Water is When I add After passing over
grenadine, the activated carbon, the

liquid is . | liquid is

The liquid only | The color is due | Activated carbon

contains . . |toa . | traps the dye. Only
contained in water goes through.
grenadine. This phenomenon is
called . The

surface of activated
carbon resembles an

egg box. The dye is

trapped in the holes.
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A classroom activity on carbonaceous materials: Construction of
graphite and diamond and experiments with electrical and adsorption
properties

Lydie Valade, Jean-Louis Pellegatta, Myriam Dubreuil and Laurence Toral

SUPPORTING INFORMATION

CONTENT

1. TEMPLATE TO BUILD THE HEXAGONAL STRUCTURE OF GRAPHITE

2. TEMPLATE OF THE SUPPORT TO BUILD THE TETRAHEDRAL ARRANGEMENT OF DIAMOND STRUCTURE
3. STUDENTS CONSTRUCTIONS OF GRAPHITE AND DIAMOND STRUCTURES

4. EQUIPMENT FOR CONDUCTIVITY

5. PREPARATION OF THE COLUMN AND ADSORPTION EXPERIMENT

6. ALTERNATIVE EQUIPMENT AND ILLUSTRATION FOR EXPLAINING ADSORPTION

7. POSTER OF COAL ACTIVITY
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TEMPLATE TO BUILD THE HEXAGONAL STRUCTURE OF GRAPHITE

Use this template to assemble polystyrene balls with toothpicks.

Supporting information file 2
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TEMPLATE OF THE SUPPORT TO BUILD THE TETRAHEDRAL ARRANGEMENT OF DIAMOND STRUCTURE

The size of the support is designed for 3 cm polystyrene balls and allows respecting the angle of 109°28' between each
bond.
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STUDENTS CONSTRUCTIONS OF GRAPHITE AND DIAMOND STRUCTURES
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EQUIPMENT FOR CONDUCTIVITY

Copper wire
Wood chopstick Flash light
Pencil Clips as switch

Supporting information file 2 p.5



PREPARATION OF THE COLUMN AND ADSORPTION EXPERIMENT

Activated
<
H:l carbon

Chromatography
column

«— Clamp

«— Stand

Beaker

Cotton ——

<—— Grenadine / 3
solution 3

—— Chromatographie
column

«— Clamp

«— Stand

—— Beaker

Adsorption using a grenadine solution or a blue food coloring
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ALTERNATIVE EQUIPMENT AND ILLUSTRATION FOR EXPLAINING ADSORPTION

Coffee filter
5 I Activated carbon
unne for aquarium use
Jar

Grenadine solution

Egg box and ping-pong balls
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POSTER OF COAL ACTIVITY

| LIGHT A BULB - | DISCOLOR GRENADINE [egee®

COAL FORMATION

o

Sedimentation Peat Lignite Anthracite

of plants [ High heat and pressure

COALIFICATION DURATION AND CARBON CONTENT

Peat Lignite Coal Anthracite .
50% C 65-75% C 80-90% C 95% C Graphite

100% C
< 10000 years 65 millions years 300-500 millions years

Carbon content

Water content

PROPERTIES OF GRAPHITE CONTAINING MATERIALS

Coal contains Graphite conducts electricity Activated carbon
graphite carbon adsorbs dyes

,\‘ Wood chopstick

*JL Light off

bS
& q_).i/p Graphite pencil
& el R B Light on
® - -

Copper wire
Light on

The more the matter conducts,

Hexagonal paving in graphite the more the bulb shines
Chimie bewsd : A fennn F
& Sociéte www.chimieetsociete. org Fondation de la Maison de la Chimie
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