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Periodictableof the element¢PTE) resultsessentiato understanaur natureandplacein whole of

beings.The samehappensvith our food, drugs,materialsetc Ideasin PTE shouldbe valuedby the
numberof questionsthat generateA seriesof questionsis risento introducePTE helpingcreative
thinking. A needexiststo developPTE andits educationtheoreticaland experimentalresearcho

understandPTE propertiesandlaw. Objectiveof this reportis to presenta teachingmodulebased
oninquiry-basedearning:rising questionsanswersaandworkingguidefor PTE subjectstudy. Work
is performedfrom viewpoint of empirical didacticsand usesexperientialmethodologybasedon

inquiry-basedlearning. It accomplishesPTE experimentalintroduction and its application to

chemistry,physicsandeducatiorvia atipic examplesOpenproblemremainsn PTE: situatingH

(in groupl but havingnothingto dowith alkalines).Risk is observedn PTE use.Futuretrendsare
analyzedtowardsaperiodictableof molecules?t is still to be exploredmethodologicabpplication
of the approachenriching presentteachingtechniquesimplementingnew methodsin learning
situationsis technicallysimple but checkingusefulnessan practiceof teachingis extraordinarily
complexrequiringresarchthat hardly began.The PTE representsan opportunity for integrating
teachingandresearclinto EuropearSpacdor HigherEducationfESHE).
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Empirical chemometrics,Qualitative chemistry, Empirical definition, Ordering concept, Doubly
connected arrangement,Core—valencegap, Scientific achievement,Empirical fact, Empirical

didactics]nquiry-basedearning,PreconceptPhilosophicatiscussionCulture.



INTRODUCTION

In chemistry,the first systematiacorrelationscomefrom Lavoisier'slaw of conservationof mass
and energy followed by Dalton conception of structural matter. Nevertheless,Meyer and
Mendeleyewverethe first onesto placethe quantitativestrucure—activity/propertyrelationships
(QSARs/QSPRsin the centreof chemistrywith their vision of the empirical periodictable of the

element¢PTE); e.g, atomicvolumewasthe first PTE property(cf. Fig. 1) measuredy Meyerin

anattemptto systematizeehemical-elementsrdering:alkaline-elementvolumeresultsthe greatest
from the elementsn the correspondingeriod. However,with the adventof quantumtheory (QT)

the relationsamongelementsof periodsanddown groupsof PTE acquiredin-depth quanttative,

meaningrelating the elementaryelectronicstructurewith the observedatomic reactivity, which in

everyaspectesultsacertainmanifestatiorof QSPRpair, whichis quantifiedsincethe derivationof

the associatecequation.Whentwo atoms comeinto contactwith eachother they perturb the

electrondistributionwithin oneanotherwhich interplay betweenthe electrostatiqpotentialsof the

two atomsin manyinstancess rathersubtlebut in somecasest leadsto unexpectecffectswhen
the two atomsareallowedto bind to eachother. Problemg(e.g, reactivity, mutual polarizability)

that occurwhentwo atomscomeinto intimatecontactare,however ableto betackledvia QT.
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Fig. 1. Variation of atomic volumes with atomic number.

The PTE (cf. Fig. 2) illustratesthe ability of chemiststo summarizea lot of informationin a

two-dimensional2D) representatione.g, alkalineswith the greateswvolumein the corresponding

periodlie in group1A. The PTE was relatedto electronconfigurations[1-16]. The PTE results

essentiato understandur natureandplacein the whole of beings.The samehappenswith food,

drugsmaterialsetc Elementemergence(nucleosynthesigh physicswasexplained17-19].
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Fig. 2. PTE: American Standard Code for Information Interchange (ASCII)-art representation.

Studiesreportedstudents’alternativeconceptionsghat associateghe formation of chemical
bonds with obtaining a complete shell (octet rule, OR) [20]. This view forces to introduce
differentiatedteachimg strategiedacing that thematic[21]. In this group Valero Molina reported
PTE andits relationshipwith daily life [22]. Earlier publications presentedempirical didactics
[23—25], resonancén interactinginduced-dipolepolarizingforcefields [26], its implementationin
chemical education[27] and tool for macromolecular-structurénterrogation/retrieval[28]. The
objectiveof the presenteportis to presentiteachingmodulebasedon inquiry-basedearningfor a
methodologicabpproximationto PTE study. The goal is to facilitate and implementan authentic
andquestion-basedpproachfor sciencestudentsThe activity is basedon empirical didactics.In
the last years, the interestfor interdisciplinarity in educationrose and showedin many didactic
renewalprojects,which is becaus®f the fact that in the presentreality onefinds many problems
that cannotbesolvedin oneonly subject.The multidisciplinarity focus movescloserthe university
to therealismasit allowsthe studyof the problemsas theyare,extendghe curiosity, andincreases
the observationand researchcapacitiesthat are restrictedvia partial studies. New didactical
techniguesrebasedn empiricalfields, e.g, problemsolving, plannedlearningand computer-code

implementationThis methodologyallowedthe Instituteto developaresearclinein the application
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of the Empirical Didacticsof Chemistry,PhysicsandBiology, and Computer-AidedDesign(CAD)
andDevelopment.The following sectionexposepenquestionsin PTE educationalintroduction.
The nextsectionpresentghe working guide. Following that, two sectionsstatean open question
and risk observedin PTE use. Next, a future prospectof a periodic table of moleculesis
communicatedT he following sectionillustratesthe resultsanddivulgesthe discussiormadeon its

findings.Finally, the lastsectionwrapsup the discussiorwith concludingremarks.

OPENQUESTIONSIN THE EDUCATIONAL INTRODUCTION OF THE PERIODICTABLE
The ideason PTE shouldbe valuedby the numbe of questionsthat they generate Schwarzand
Richroseaseriesof questiongQs) to introducePTE andprovidedanswerqAs) [29].

Q1. Why arethe halogensandalkali metalsamongthefirst groupstreatedin chemistrycourses?
Al. A few groupsbeforeandaftertheinert gasefsorm PTE empiricaland theoreticabackbone
Q2. Whatis the physicalorigin of the periods’lengths?

A2. A largeenergygap existsamongthe atomicouter-coreshellsls/2—6pandthe following valence
shells,which causeshe exceptional positionof the inert gasesandadjacengroupsjust beforeand
after them. The sequenceof orbital-energydistancesforms the quantum-chemicabrigin of the
periodiclaw (PL) periodicityof 2, 8, 8, 18,18 and32.

Q3. Why arethe closedp® shelk of theinert gasesnorestablethan other closedshells,viz. s* and
d'° of chemicallyactive metals(of groups2, 12 and10) [30]?

A3. A little abovens?, np shellexistsanda little above(n — 1)d, ns shellexists;no pronounced
energygapsexist The near-degenerais-p)* and(d-s)'° shellsarenot really closed.

Q4. Textbooksgive the electronconfigurationof the transitionelementsisns?(n — 1)d°? with a few
exceptiongG is the numberof valenceelectronor groupnumberin PTE andn, the mainquantum
numberor period number).Why is transition-metalchemistry practically pure d-atomic orbital

(AO) chemistry[31]?



A4. For all chemicallybonded transition-metalatoms, (n — 1)d <ns, energeticallyand spatially
(n—1)dis always occupiedfirst in the transition-metakationsM%". The leading configuration of
M% of chargesy from G to O is (n— 1d°ns’. Only the chemicallylessimportantfree neutral
atomsin vacuumpresenanexceptionahs occupation.

Q5. He, Be—Raand Zn—Hg presentan outer ns? configuration. Should one count them as s-block
elementsBhouldthefirst andlastelement®f the lanthanoidandactinoidseriesyiz. La, Ac andLu,
Lr, becountedasd- or f-elementg32]?

A5. More importantthannomenclaturarethe facts of chemicalbehaviourdependingn the outer-
coreshellsandfrontier orbitals(FOs). Groups-2—12netalsdiffer in their outer-coreandvalenceFO
shells;e.g, the alkaline-earthelementsMg—Ra presentouter (n — 1)F cores,while the group-12
element¥n, Cd andHg showouter(n — 1)d° cores Helium(He) differsmorebecausé exhibitsan
inactivels® shellwithout valenceFOs nearby.In period n, bondedY, La andAc atomsfrom group
3.0to the last elementsof the f-series,Lu andLr from group 3.14, present(n — 2)d°(n — 1) to
(n— 2)f4(n — 1)@ coreshellswith somewhadifferentatomicandionic radii (lanthanoidan actinoid
contractions)33,34].

Q6. Are the (n + |, n) Madelungandtriad rulesbasicchemicalprinciples?

A6. The Madelungrule was constructedor neutral,free,chemicallyunboundatoms.lts statement
that ns is occupiedbefore(n — 1)dappliesonly to thefirst two groups of PTE. The sequencef
atomicnl shellschangedrom the coreto valenceregionandchangesn the valenceshellfrom the
first two to thelatergroups.Thetriad conceptis aPL corollary, which follows quantum-chemically
from the above-mentionedore—valencgapsabovelsandnp, n < 6.

Q7. Canoneextrapolatehe trendsof the chemicalpropertiesof the elenentsin PTE with the help
of Madelungrule up to nuclearchargesof Z = 120,2000r 1000?

A7. Of courseonecannot The commonverticaland horizontaltrendsbeginto changesignificantly
alreadybelowperiod6. Owingto the short nuclearlifetimes,only little condensed-phasghemistry

andgas-phasspectroscopwill existfrom period-7endonward.



Q8. Why doesalargeenergygapappeamlbovethe outernp shells?

A8. Thefollowing relationholdsfor outershells:

(n-Dp <<(n-2)f <(n-1)d<ns< np=<<... (1)
Q9. Do valenceconfigurationsalonedeterminghe chemistry?

A9. The occupiederbitalsvalenceconfigurationof an elements importantdeterminingits chemical
behaviourhowever,its propertiesalsodependon the lowestvirtual orbitals,energiesand spatial
extensionf FOs and,in the caseof heavyelementspn the spin—orbitsplittings In addition,the
extensiorandsoftnesf the outer-coreshells is important.

Q10.If the orbitalenergyof 4sis alwaysabovethat of 3d, how doesoneaccant for the fact that a
4s orbital must be usedbefore3d in orderto obtain electronconfigurationsin accordwith PTE
[35-38]?

A10. The explanationfollows quite simply from the variational basisof the selfconsistentfield
[SCF]model:sinceit is thetotal energyandnot the sum of the orbital energieswhich is minimized,
no a priori reasonexiststo expectthat using the lowest energyorbitals necessaryeadsto the
lowesttotal energy.

Q11.Why is Ti?* notisoelectroniavith Ca[Ar]4s>?

A11. CationTi?" is [Ar]3d? ratherthan[Ar]4s?.

WORKING GUIDE

Casanovédreixasand del Barrio Estévezrose questionsproviding answers.We plan activities,
neither objectivesnor contentsto help teachersstimulate inquiry-basedlearning. We propose
thinking andarsweringindividually the following questions.Pendingproblemscan be worked in

groups.

Q12.(a) Whatdoesit mearthatfor H, Z = 1?(b) In addition,for U, Z = 92?

Al2. (a) For H, Z = 1 indicatesthat it presentneprotonin the nucleusand one electra in the

shell.(b) For U, Z = 92pointsto it contains92 protonsand92 electrons.



Q13.Whatdoesit meanthat a neutralatom of an elementpresentsaatomicnumberZ = 7 andmass
numberA = 15?

Al13. These mean that it contains seven protons, seven electrms and eight neutrons
(A —Z = neutronnumber).

Q14.Whatdoesit mearthat anelectronis designedy 2,1, 0, 1/2?

Al4. It meanghatit is foundin the secondshell,in subshelp andorbital p,, andpositive spin 1/2.
Electronconfiguration:2p,".

Q15.Do observePauliexclusionprinciple the following pairs of electrons?a) (2, 1, 1, 1/2) and(2,
1,1,-1/2).(b) (1,0, 0, 1/2)and(2, 0, 0, 1/2).(c) (2, 0, 0, 1/2)and(2, 1, 0, 1/2).

Al5. Yes. (a) Two electronswith the samelevel (n = 2), sublevel(2p) and orbital (2p,), and
differentspin. (b) Two electronswith differentlevel (n = 1andn = 2),the samesublevel(s) andthe
samespin. (c) Two electronswith the samdevel (n = 2), differentsublevels, p) andthe samespin.
Q16.(a) Whatdoesthe hydrogerion (H") mean?b) How doesthe HCI moleculeseparatén ions?
Al6. (a) TheH" is anH atomthat lost the uniqueelectrorthat it presentedit is, so,acationandits

positive chargeis symbolizedas superindex(b) The HCI is a gasthat on dissolvingin water is

separatednto two ions,the H* cationandCI~ anion,accordingto the reactionrHCI — H* + CI".

Q17.Whatdoesthe sodiumcation(Na") mean?

Al17.TheNa' is aNaatomthat lost oneelectron;i.e, it presentsl1 protonsand10 electronsthat
is why the positive signin the formulation.

Q18. Sodium (Na), Z = 11, presentselectronconfiguration 12s°2p®3s' or abbreviatedNe] 3s";

whichwill beits configurationon losingthe electronof thelastshell?

A18. On losing the electronof the last shell, Na becomedNa’, of configuration1s2s°2p®, i.e., the
configurationof Ne.

Q19.(a) In which groupandperiod of PTE is found an elementwhich hasatomicnumberZ = 17?

(b) Whichpropertiescanbededucedccordingto its positionin PTE?



A19. (a) First, oneshouldobtainthe electronconfiguration: 1s22s2p®3s?3p°. It is seenthat the last
electronlevelis 3, soit mustbefoundin period3. The sumof the electrons2 + 5 = 7indicatesthat
it liesin the groupof the halogens(b) It is anonmetathat will presentigh electronegativityit will
tendto form ionic compoundswith valence—1 with metals,acquiringOR, andwill form molecular
acidicoxides.

Q20.Whatdoesthe chlorideanion(CI") mean?

A20. The CI” is aCl atomthat gainedoneelectronj.e., it presentd.7 protonsand 18 electronsthat
is why the negativesignin the formulaton.

Q21. Chlorine(Cl), Z = 17, presentsonfiguration1s2s2p®3s?3p° or abbreviatedNe] 3s23p°>; it
tendsto gainanelectronWhichwill beits electronconfigurationon gainingthis electron?

A21. The CI” acquireghe electronconfigurationof the followinginert gas,15°2s°2p°3s?3p®, Ar.
Q22.An elementhat havea configurationin its last shellof 55°5p?, in which group and period of
PTE is foundandwhichis its atomicnumber?

A22. Giventhatthe quantumlevelis 5, it is deducedhat it correspond$o period5; the sumof the
electrongyives4. Its atomicnumberis obtainedaddingthe previouslevels,takinginto accountthat
the configurationsof the d andf sublevelsarefilled in the penultimateandantepenultimatdevels:
Z=2(level1:2) + 8(level2:2 + 6)+ 8 (level 3:2 + 6) + 18(level 4:2 + 6 + 100f the 3d) + 14(level
5:2 + 10of the4d +20f the5p) = 50.1t is Sn.

Q23. The following electronconfigurations,in ground state, are incorrect: (a) 1s2s2p*3s'; (b)
1°25°2p%3s23p®3dP; (c) 1s°25°2p”. Indicatethe reason.

A23. (a)lt isincorrectbecausédeforefilling the 3s orbital, the 2p orbitals must be completedwith
six electrons(b) It is incorrectbecauséeforefilling the 3d orbitals, the electronsmust be placedin
the 4s orbital, which presentdesserenergythan3d. (c) It is incorrectbecauséhe 1sorbital presents
moreelectronghanis due(maximumz2).

Q24.Whichelementaremonovalent?

A24. Alkaline metalsaremonovalen(they presenbnly anelectronin the lastshell).



Q25.Whichelementsanform bivalentcations?

A25. Oxygen(0), Ca,Mg, Cd, Zn, etc candevelopbivalentcations:0?*, C&*, Mg?*, Cd#*, Zn?*,
etc.

Q26.Whichelementsanform trivalentcations?

A26. Aluminum (Al), Ni, Fe,Co, etc candeveloptrivalentcations:Al**, Ni®*, Fe**, Co®, etc
Q27.In additionto inertgaseswhich speciepresenOR configuration?

A27. As well asinert gasescation Na" (1s°2s°2p®), anion CI~ (1s2s2p®3s°3p®) and cation Fe?*

(15°25°2p°3s23p°3d°) show OR configuration.

OPENQUESTIONIN THE PERIODICTABLE OF THE ELEMENTS
Q28. A problemremaingn PTE:the situationof H. It liesin group| (it presentsa uniqueelectron)
but it hasnothingto dowith alkalinemetals.n whichgroupof PTE shouldoneplaceH?

A28. Chemically,H is anelemenmoresimilarto halogenghanto alkalines.

RISK OBSERVEDIN THE USEOF THE PERIODICTABLE OF THE ELEMENTS

Q29.While geologistsandmining engineersneasurgéhe abundancef anelementn the Earth’s crust
in terms of massas a proportionof total mass,doesit makemore sensefor chemiststo quote
abundancén termsof the numberof atomspern atoms,i.e., molarabundanc¢39]?

A29. This may besuitablefor geologistandmining engineersut for chemistsit would makemore

sensdo recka abundancen termsof the numberof atomspern atoms,i.e.,, molarabundance.

TOWARDS A PERIODICTABLE OF MOLECULES?

Moleculeswhethernaturalor syntheticaremadefrom atoms,which arecreatedn turn from three
components:protons, neutronsand eledrons. The protons, which are positively charged, and
neutronswhich areelectricallyneutral form adensenucleuswithin the heartof eachatom, which is

surroundedy aswarmof negativelychargedelectronsHowever,when one puts atomstogetherto
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build moleculescertainatomsattractmoreof the electrondensity towardsthemselveson average
than others,which leadsto the surfaceof typical moleculesbeingelectronrich or electrostatically
negativein someareasandelectrondeficientor electrostaticallypositive in others.Thesefacts have

implicationsin rationaldrugdesign, QSAR/QSPRpharmacophorenodel etc

RESULTSAND DISCUSSION

Studentdearnmosteffectivelyaboutsciencevhenthe materialis interestingandrelevant.To begin
againthe interestin the studentghat want to study PTE, chemistry,physicsandbeyondis by far
to offer interestingcoursesandpracticalsessionsyhich allow scholarso usemodernmethodology
that put text-booktheoryin their handsin aneasy-to-usanddirect way. A seriesof questionswas
risento introducePTE andprovide creativethinking. The peergroupshadto discussand explain
thesequestionsbasedon their respectiveexperienceand expertise.The discussionwas open to
questionsandanswersAs amdter of fact, it wasnot amustto reachto a consensusThe challenge
is for teachersandthosethat work in developingrelevantdidactictools that excite the chemistsof
tomorrow. It is unknownif the training modelexperiencedvith our didacticsis goingto be exerted
or not by our future teachersn its professionalife but it is thoughtthat a first stepwastakenin
that direction.The outcomeof this teachingmodulewill be changesn classroonpractice,reflecting
improvedconceptf sciencaeading.

The PTE is empirical:moreimportantthannomenclaturearethe facts of chemicalbehaviour
dependingn the outer-coreshellsandfrontier orbitals. The PTE illustratedthe ability of chemists
to summarizenformationin a2D representatiorHlowever,anopenproblemremainsn PTE andit
Is the situationof H: it liesin groupl but it hasnothingto dowith alkalines.A risk was observedn
PTE use.Futuretrendswereanalyzedtowardsa periodictableof molecules?

Diversificationis the word of the day: we shouldusethe technologieghat bestfit our needs
in orderto solvethe problem.New paradigmsshouldbe tested.Researctanddevelopmentaskis

essentialChallengds neededor thedigital society.
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CONCLUDING REMARKS
Fromthe presenteachingmoduleof inquiry-basedearningthe following remarkscanbedrawn.

1. The generalobjectivesof this work were accomplishedthe familiarization of students
with interdisciplinarity anduseof empirical didacticmethodologybasedon inquiry-basedeaning.
An introductionvia anempiricalway for subjects,e.g, chemistry,physics,etc was solved.In the
treatmentof the periodic table, topics were avoidedand our methodologyallowed using new
examples.Naturally, in an empirical didacticsof chemisry, the knowledge of the answerto a
questionis not preciselythefinal objectivebut learningthe techniqueghat leadto its discovery.A
needexiststo developtheoreticabndexperimentatesearclon the periodictableandits didacticsto
understanderiodic propertiesand periodiclaw. Our seriesof questionsandanswerswas written
for the analysisof informationfrom the periodictable. This effort allows a better didacticstrategy
andmethodologicabdaptatiorfor study of periodictable,etc in chemicaleducationTeacherswill
find the approachuseful for demonstrationsin addition, questionscan be used by studentsto
exploreperiodictable,etc andtheirimplicationsin chemistryandits education.

2. The study of the periodictable of the elementswas includedin different phasesof the
Grade of Chemistry. Our procedurehelped understandinghe conceptsof the periodic table,
periodicpropertiesandperiodiclaw. It is still to be exploredthe methodologicabpplicationof this
approacheniching the presentteaching techniques:implementing new methods in learning
situations is technically simple but checking their usefulnessin the practice of teaching is
extraordinarilycomplexandrequiresa researchihat hardly began.The subjectof the periodictable
representan opportunityfor the integrationof teachingandresearchnto the EuropeanSpacefor
Higher Education.A work in progresswill adaptthe study of the periodic table to a learning
strategybasedn the statemenbf a situation, case-baselarningand problem-basedkarning.lIt is
interestingo studythe possiblegeneralizatiorof the conclusionsaboveto the periodicproperties

andperiodiclaw, chemistry,physicsandbeyond.
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