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ABSTRACT

This work reports a study performed involving 26d&ints of an undergraduate basic
chemistry course class at Federal University of Grande do Norte, Brazil. The study was
performed in order to evaluate the misconceptidraithybridization that students bring from
high school courses and how to overcame such nespbions. Methane, ammonia and water
molecules were employed as examples. The equatvas introduced in order to promote a most
profound and mature interpretation of the hybritiranotation. The sp4 and spwater hybrid
orbitals were used to illustrate the interpretatibat can be given to the n value. In the same
direction, a graphic “paint analogy” was employedjive a proper interpretation to the n value.
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INTRODUCTION

Despite some criticism [1], atomic hybrid orbitatdl have a role to perform in chemistry
[2], in both research and teaching. In high sclab@mistry courses, hybridization it is a theme
that is a little confusing to most of the studerntsundergraduate chemistry courses (general
chemistry), such theme is introduced a second tmité, no different approaches. Note that, in
Brazil, the general chemistry textbooks are traedlagenerally, from American editions, from
several authors (James Brady, Peter Atkins, TheoBoown, etc.) and, in such textbooks, the
subject hybridization is presented in a similar m&mas it is presented in high school chemistry
textbooks of Brazilian authors.

In such texts (both, high school and college cheg)isan interpretation to the notatior’sp
is that it represents four hybrid orbitals, madethmy “mixing” of one s and three p orbitals. That
is, the subscript 3 represents the number of gadsinvolved in the hybridization. However, this
is a misinterpretation. For example, if the pregiaoterpretation was right, the hybridization of
nitrogen (in ammonia), and oxygen (in water), mhessp3 too, but this is not the case.

The present work reports a study performed invgi\dé students of a undergraduate basic
chemistry course class at Federal University of Grande do Norte, Brazil. The study was
performed in order to evaluate the misconceptidmmsithybridization that students brings from

high school courses and how to overcame such nmispdions.
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METHODOLOGY

The study was conducted along the first semeste20df6 with 26 students of an
undergraduate basic chemistry class at Federalesity of Rio Grande do Norte, Brazil. The
subject hybridization was introduced as part ofdghemical bond study, specifically the covalent
bond type (employing the valence bond theory). Silgiect was introduced, as classically done,
by considering the hybridization of carbon, in nzath (CH4, s§).

First, it was verified that to all students, hylwation was understood as a physical
phenomenon. It was necessary to explain/clarifyt thybridization is, in fact, a post facto
manipulation of the atomic orbitals wave functiomsorder to obtain “suitable” combinations
(hybrid wavefunctions, associated with hybrid aalsi} that can, in the methane case, for example,
account to the number of formed bonds, as weleasrtolecular geometry.

As a first approach to promote a most profound ammture interpretation of the
hybridization notation, it was asked to the studemhat was the hybridizations of carbon (in
methane), nitrogen (in ammonia) and oxygen (in vyate

Repeating what they have learned in the high sdeattbooks (and what it is presented in
many college basic chemistry textbooks, too), ttayed that, in all three cases, the central atom
exhibited a sp3 hybridization.

The three considered molecules where chosen takimgccount that carbon, nitrogen and
oxygen have increasing atomic numbers (6, 7 anespectively), and that, in all three molecules,
there is a total of four electrons pairs around ¢batral atom. So, for the three considered
molecules, four hybrid orbitals are employed, &hem been “constructed” from one s and three

p atomic orbitals (2s and 2p orbitals).
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However, as is known, a sp3 hybridization is asded with a tetrahedral geometry/angle
(109.5°). So, the challenge presented to the staisas: if in ammonia the bond angle is 107° and
in water the bond angle is 104.5°, how the hybaitian could be of the sp3 type?

Two thirds of the students have so employed thenea shell electrons pair repulsion
(VSEPR) theory in order to explain the “deviatiossiown by ammonia and water in relation to

the 109.5° tetrahedral angle, arguing that theitligation in such molecules are, anyway, sp3.
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Figure 1. Hybrid orbitals to ammonia (left) and arafright) molecules (reproduced from:
http://courses.chem.psu.edu/chem210/mol-galleryidigation/hybrids.html.

104.5°

At this point, the following formula was introducealthe students:

n=A*=-1/cosf 1)
in which@ is the angle between the hybrid orbitals. Thigifiola provides the n value in"Spybrids
orbitals.

It must be emphasized here that, despite the fattthis equation comes from a higher
level chemistry, there is no reason to, in an ugr@deluate course, to present and use this equation
and its consequences to the interpretation of Higaiion, providing, in a freshman chemistry
course, a most profound and mature analysis othleenical bond theories than that previously
presented in high school chemistry courses/texthobrk order words, the undergraduate basic

chemistry courses must not be a simple “repetitiantl “reinforcement” of the high school
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teaching and (unfortunately) misunderstandings,comeeptions and misinterpretations of
chemistry concepts and theories.

If the bond angles 109.5°, 120° and 180° are applithe previous equation, the calculated
n values are 3, 2 and 1, respectively, providirgggh3, sp2 and sp well known hybrid orbitals
(tetrahedral, trigonal planar and linear molecgleometry, respectively), for which the value of n
really coincides with the number of p orbitals itwed in the hybridizations.

However, in water, for example, the two orbitalgdived in the O-H bonds exhibits a sp4
hybridization. So, how them (students) explain?ZhHatammonia, the 107° bond angle provides a
sp3.42 hybridization to the orbitals involved i th-H bond formation.

All students gets very surprised with this resuitst, only to the fact that a number higher
than 3 was obtained, but also to the fact thashasvn to ammonia, a not integer n value can be

obtained. At this point, the following formula wpsesented:
cosa = -1/(mn)°° 2)
that provides the angle)between two hybrid orbitals: spm and spn. It lbarverified that, when

m =n, if m = 3, 2 or 1, the calculated valuesutwill be, of course, 109.5°, 120° and 180°. The

hybridization to all orbitals in ammonia and waaee shown in Figure 1.

RESULTS AND DISCUSSION

Since the bond angles are reliable and well staddixperimental data, the maxima that
“against facts there are no arguments”, was usedrder to convince the students that the
calculated values were correct and then, that aplemical explanation/interpretation must be

provided to the n value in $pybrid orbitals.
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It must be stated here that convince the studerasange the high school interpretation of
the value of n in Sphybrid orbitals as the number of p orbitals emphbin the hybridization, was
not an easy task. It was possible to perceiventlagly students “accept” what the teacher is saying,
but are not “really convinced”.

Such resistance to new ideas or new interpretatdrield” ideas is not an exclusive
feature of the freshman student profile. Instea a recurrent fact in science. However, taking
into account that the “new” ideas considered hame, in fact, an established chemical model, the
“resistance” must be overcame, in order to ach&xeally undergraduate level teaching/learning
process.

The apparent difficulty, in the present study, wealated with the counterintuitive nature
of the obtained results: how could three 3 p olbigave raise to sp4 hybrid orbitals? However,
the counterintuitive nature of this result is cangmnce, of course, of the misinterpretation
employed in the high school courses/textbooks amdfoftunately) reinforced in many
undergraduate courses and textbooks.

In CH4, NH3 and H20 there are only three p orbitalelved in the hybridization. So, the
superscript on p must be associated with anothanimg: it is related with the percentage of p
character (that is, the “contribution” of the thpeerbitals) of the hybrid orbitals. So, a sp3 tabi
has (1/4)x 100 = 25% of s-character and 75% ofgpaddter. In water, the hybrid orbitals involved
in the O-H bond has (1/5) x 100 = 20% of s charaeael 80% of p character. On the other hand,
the orbitals associated with the electron lone paire (1/3.3)x 100 = 30.3% of s character and
69.7% of p character. So, one s orbital and thresbials could be combined in any proportion,

in order to produce hybrid orbitals.




AJCE, 2017, 7(1) ISSN 2227-5835

An analogy that was employed in the classroom agltireceived for all students was to
compare the pure s and p orbitals with cans oftptie s orbital is a can of black paint and the
three p orbitals are three cans of white painthénsp3 hybridization (CH4, for example), the four
resulting cans of paint have all the same colaait(ib, the same proportion of black and white
paints).

To water, the black paint (s orbital, in the anglog@nd the white paint (p orbitals) where
mixed in different proportions, resulting in twobdals with minor s character (sp4) and two
orbitals with higher s character (sp2.3). The gmphalogy employed in the classroom is shown
in Figure 2. A similar graphic analogy was employedlustrate the hybrid orbitals to ammonia.

The “paint analogy” was chosen taking into accdbat paint of different colors can be
mixed in any proportion (like the pure orbitalgproduce hybrid ones), but only certain proportions
are able to produce certain resulting colors (&bnly certain combination of pure orbitals can
produce hybrid orbitals that accounts to the expenital bond numbers and geometry of a given

molecule).

Figure 2. Graphic analogy employed in the classramitiustrate the contribution of one s orbital
and three p orbitals to the formation of four hgborbitals in methane (sp3) and water (sp4 and
sp2.3)
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