Univerzita Karlova, Piirodovédecka fakulta
Katedra u¢itelstvi a didaktiky chemie

Charles University, Faculty of Science
Department of Teaching and Didactics of Chemistry

Doktorsky studijni program: Vzthvani v chemii
Ph.D. study program: Education in Chemistry

Autoreferat diserini prace
Summary of the Ph.D. Thesis

el 165 )

M

(0]

NG
SR
[estes
5
=

/'I
Ak

I:
&
=
04

Organokovové slouceniny ve vyuce chemie

Organometallic Compounds in Chemistry Education

Mgr. FrantiSek Houser

Skolitel/Supervisordoc. RNDr. Helena Klimova, CSc.
Skolitel - konzultant/Supervisor - consultaptof. RNDr. Petr Stépni¢ka, Ph.D.

Praha, 2016



Abstrakt

Prace se vénuje problematice organokovovych slouCenin ve vyuce chemie na ¢eskych
stiednich Skoldch. V ramci prace je analyzovano jaky prostor ve vyuce davaji tomuto
tématu ramcové a Skolni vzdélavaci programy. Dale jsou v praci zhlediska tématu
organokovovych sloucCenin analyzovany béZné pouZivané stifedoSkolské ucebnice
chemie a orientacné zjiStén zdjem pedagogi o nové pripravené materialy k tomuto
tématu. Jako reakce na zavéry provedenych analyz byl pripraven vykladovy text
k tématu organokovovych sloutenin urc¢eny pro pedagogy, kteii jej mohou vyuzit
k vlastnimu vzdélavani i k pripravé vyuky. Druhym hlavnim vystupem této prace je sada
testovych uloh vztahujicich se kvytvorenému vykladovému textu o organokovovych
slouceninach. Tyto ulohy nejsou urcené jen pro testovani zvladnuti tématu
organokovovych sloucenin Zaky, ale slouzi také jako navrh tUrovné zvladnuti tohoto
tématu, které by Zaci zejména gymnazii a stfednich odbornych $kol, méli dosahnout.
Vykladovy text i sada testovych tuloh byly ovéreny u pedagogii vyucujicich chemii
prostiednictvim primych rozhovora a nasledné do nich byly zapracovany pripominky
vzeslé z rozhovort.



Abstract

The thesis is devoted to organometallic compounds teaching problematics at Czech
secondary schools. In this thesis it is analyzed what space in the schooling is given this
theme by educational programs. Furthermore, the thesis are in terms of the theme of
organometallic compounds analyzed secondary school textbooks commonly used
chemical education, and there is estimated interest of teachers for the newly prepared
materials on this topic as well. As a reaction to the conclusions of the analyzes was
prepared explanatory text on the topic of organometallic compounds intended for
teachers who can use it for their own learning and to prepare theirs lessons as well. The
second main output of this work is a set of test tasks relating to the created explanatory
text of organometallic compounds. These questions are not only intended for testing
mastering the topic of organometallic compounds by pupils, but also serves as an
mastery-level proposal of the topic that students especially in grammar schools and
secondary vocational schools should achieve. Explanatory text and a set of test tasks
were verified by teachers teaching chemistry through direct interview method and then
there were incorporated comments emerged in the interviews into them.



Uvod a cile prace

Prirodni védy vcetné predmétu chemie nepatii v soucasné dobé mezi oblibené a
preferované predméty. Vyuka chemie proto zlstava zhlediska naplné ve starych
osvédcenych kolejich a napln predmétu se spiSe jen redukuje nez, aby se aktualizovala
novymi poznatky s postupujicim vyvojem ve svété védy. Ve vyuce se upousti od blizsiho
vysvétleni zakladii chemickych principli a omezuje se pouze na vyklad nejvyznamnéjsich
sloucenin s maximalnim dopadem do béZného Zivota a jejich konkrétniho vyuZiti.

Organokovové slouCeniny a na né navazujici chemicka katalyza jsou témata, ktera jsou
velmi aktudlni a presto, Ze se v béZném Zivoté tyto slouc¢eniny nedostanou lidem do ruky
primo sami o sobé, produkty vyrob, pro néz jsou organokovové slouceniny nezbytné,
ovliviiuji Zivot a urcuji Zivotni standard obyvatel zejména vyspélych zemi vice, nez si
mnoho z nich dokaze pripustit.

Presto se ale tomuto tématu ve vyuce vénuje jen malo pozornosti a podobné je tomu i
v dostupnych stfedoskolskych u¢ebnicich. Udajné je toto téma velmi obtiZné. Je pravda,
Ze pro vyklad organokovovych sloucenin je nezbytny zaklad z urcitych oblasti obecné,
anorganické a organické chemie, presto ale podle mého soudu neni z hlediska slozitosti
myslenkovych operaci nutnych kjeho pochopeni narocnéjSi neZ jind témata, napf.
sacharidy nebo zaklady biochemie. Ulohou didaktiky je zjednodusit védecké poznatky a
priblizit je Zaklim a studentiim na riiznych stupnich vzdélavani. Naplni této disertacni
prace je téma organokovovych sloucenin a jeho upraveni a priblizeni potfebam
stredoskolského vzdélani.

Hlavnim cilem diserta¢ni prace Organokovové slouCeniny ve vyuce chemie je
prozkoumat moznosti ve vyuce tématu organokovovych sloucenin na strednich skolach
a vytvorit nové didaktické texty, ze kterych by ucitelé mohli pfi vyuce tohoto tématu
vychazet. Tohoto cile bude dosazZeno naplnénim dil¢ich cili této prace:

* Analyzovat z hlediska obsahu tématu organokovovych sloucenin urcujici kurikularni
dokumenty.

* Analyzovat z hlediska obsahu tématu organokovovych slouCenin dostupné
stredoSkolské ucebnice chemie.

* Analyzovat soucasny stav védy poznani v oblasti organokovovych sloucenin.

* Vytvorit didaktické texty k podpoie vyuky tématu organokovovych sloucenin tak,
aby mély odpovidajici odbornou a didaktickou droven, aby zahrnovaly dilezité
principy chemickych déji, aby zdlraznily priklady slouCenin svyznamnym
dopadem do praxe a béZného Zivota a aby zohlednovali vztah k Zivotnimu prostredi.

* Navrhnout uroven zvladnuti tématu organokovovych slou¢enin odpovidajici stiedni
skole

» Ziskat zpétnou vazbu od vyucujicich ohledné drovné zpracovani a moZznosti pouZziti
vytvotrenych didaktickych texti a na zakladé tohoto hodnoceni didaktické texty
pripadné upravit do finalni podoby.



Metodika a material

Prvni kapitolou disertac¢ni prace je stru¢ny prehled historie oboru organokovové chemie
svyznamnymi milniky a dtlezitymi slouc¢eninami, které nasli vyznamné uplatnéni
v praxi. Historii organokovovych sloucenin nasleduji kapitoly s analyzami urcujicich
kurikularnich dokumentd (RVP, SVP a pozadavky i maturité), sanalyzou ucebnic a
dotaznikovym Setfenim, které predchazely tvorbé vykladového textu o organokovovych
slouceninach a vytvoreni uloh ktomuto tématu. VSechny analyzy byly provedeny
s ohledem na vyskyt a pozadavky na téma organokovovych sloucenin ve vyuce.

Analyzy RVP, SVP a pozadavki k maturité

Zprovedené analyzy ramcovych vzdélavacich programl vyplyva, Ze téma
organokovovych sloucenin neni pfimo vyZadovano pro vyuku chemie na strednich
Skolach, ale tento urcujici dokument dava prostor skoldm organokovové slouceniny do
vyuky chemie zaclenit. Nasledujici analyza Skolnich vzdélavacich programii potvrdila, Ze
mnoho Skol tento prostor vyuZzilo a téma organokovovych slou¢enin do vyuky zaradilo.
V nékterych Skolach jsou organokovové slouceniny vyclenény zvlast jako samostatné
téma, v jinych Skolach je téma organokovovych sloucenin v urcitém rozsahu zaclenéno
do jinych tematickych okruhii. Katalog poZadavkl k maturité zminuje organoprvkové i
organokovové slouceniny a vyZaduje nékteré kompetence primo spojené stimto
tématem.

Analyzy ucebnic

Kontrastem k zavériim analyz RVP a SVP a pozadavkiim k maturité je zavér provedené
analyzy ucebnic pouZivanych v Ceské republice. Téma organokovovych slou¢enin bud
do Ceskych ucebnic chemie neni zaclenéné viibec, nebo je mu vyclenén jen velmi maly
prostor. Pokud ucebnice téma organokovovych slouCenin zminuji, byva zjednoduseni
tohoto tématu tak veliké, Ze se jeho napli omezuje na definici a nékolik
nejvyznamnéjsich prikladd. V razeni prikladli organokovovych sloucenin ani v celém
tématu neni Zadny systém. Kazdy autor ucebnice povaZzuje za dtilezité odlisSné priklady
organokovovych sloucenin.

Dotaznikového Setieni

Dalsi analyzou bylo provedené dotaznikové Setieni v ramci Operacniho programu Praha
- Adaptabilita (OPPA). Uéastnikéim pirednasek poradanych v ramci tohoto programu byl
predloZzen dotaznik, zjehoZ vyhodnoceni vyplyva, Ze wucitelé maji o téma
organokovovych sloucenin a souvisejicim tématem o chemické katalyze zajem. DalSim
zavérem je, Ze rozsah zpracovani tohoto tématu v ucebnicich je nedostatecny a ucitelé jej
casto musi doplnovat vlastnimi materidly. VSichni dotazani ucitelé shodné odpovédéli,
Ze souhlasi s tvrzenim, Ze by organokovové slouceniny mély byt zarazeny v priméreném
rozsahu jiZ na strednich Skolach, a Ze by méli zajem o nové pripravené materialy
zamérené na téma organokovovych sloucenin.



Nové vytvoreny vykladovy text

Z provedenych analyz vyplyva, Ze ma smysl vénovat se tématu organokovovych
sloucenin ve vyuce a Ze je vhodné vytvorit nové materialy, které se budou
organokovovymi slouc¢eninami zabyvat. Jako reakce na tento zavér vznikl didakticky
vykladovy text na téma organokovové slouceniny, ktery je jednim z hlavnich vystupi
této disertacni prace.

Jako stéZejni ¢ast podkladovych materidli pro tvorbu vykladového textu bylo pouzito
nékolik monografii, které shrnuji stav poznani v oboru organokovovych sloucenin a
vénuji se jim v celé své Siri. Jedna se o Organometallic Chemistry and Catalysis autora
D. Astruca (2007), The Organometallic Chemistry of The Transitional Metals autora R.
Crabtreeho (2005), Organometallics autorti A. Salzera a Ch. Elsenbroicha (1992) a
Applications of Organometallics Compounds autora 1. Omae (1998). Ve vSech pripadech
se jedna o anglicky psané vysoce odborné monografie, jejichZ obalky jsou na obr. 1 a
obr. 2. Dale bylo jako podkladovy material pro tvorbu vykladového textu pouzito cesky
psané skriptum D. Dvotaka Chemie organokovovych sloucenin prechodnych kovii (VSCHT)
a dal$i monografie, které obsahuji organokovové slouceniny pouze jako jednu z kapitol
napi. Organic Chemistry autora F. A. Cyreyho (2008), dale bakalarska prace V. Peskové
Speciace cinu ve vzorcich Zivotniho prostredi, védecké c¢lanky, prezentace s tématem
organokovovych sloucenin a webové stranky uvedené seznamu pouzitych zdroju.

S pouZitim téchto odbornych textli byl vytvoren didakticky vykladovy text, pomoci
néhoZ si mohou ucitelé upevnit a rozsirit vlastni znalosti z oblasti chemie. Dale mohou
ucCitelé pouzit tento didakticky text pri pripravé vlastni vyucovaci hodiny a to pro
béZnou vyuku nebo i seminare urcené pro pripravu k maturité, k prijimacim zkouskam a
ke studiu na vysoké skole.
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Obr.1: Obdlky Astruc a Crabtree
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Obr.2: Obdlky Omae a Elsenbroich

Vykladovy text respektuje rozdéleni, jaké se nejcastéji pouziva v odbornych textech o
organokovovych slouceninach. Z odbornych monografii byly do vykladového textu
vybrany nejvyznamnéjsi pojmy, ptiklady diileZitych sloucenin a sloucenin s praktickym
vyznamem. Ve vykladovém textu jsou zminéné principy chemickych déji a vyrob
svyznamnym dopadem na styl a Uroven Zivota zejména v hospodarsky vyspélych
zemich. Cely vykladovy text je ve srovnani s odbornymi texty vyrazné jednodussi ke
Cteni a je mnohonasobné zredukovany, co se tyce Sife obsahu. Pri transformaci textu
zvédecké drovné do uUrovné stredoSkolského vzdélavani je nutnym predpokladem
zachovani odborné spravnosti a je nutné dbat na to, aby pri zjednoduSovani nevznikaly
z odborného hlediska zavadéjici myslenkové konstrukce. Pro potieby vzdélavani v Ceské
republice je vykladovy text cely v ceském jazyce, a je provazany sdalSimi tématy
zejména z predmétu chemie, ale i biologie nebo fyziky. Vazby s ostatnimi tématy a
predméty zajistuji moZnost pouZiti tématu o organokovovych slouceninach pro
upevnéni poznatkii a principli zdfive probranych témat zejména v organické,
anorganické, fyzikalni chemii a biochemii.

K zprehlednéni vykladového textu slouzi i nékolik grafickych prvki. K vymezeni nového
pojmu byva pouzita kurziva p¥i jeho prvnim uvedeni v textu a ke zdlraznéni dilezitého
slova nebo souslovi je pouZito tu¢né pismo. Cely vykladovy text je rozdélen do dvou
nesymetrickych sloupct. Hlavni Siroky sloupec je urceny pro vyklad a vysvétleni
zakladniho obsahu textu. Na pravé strané kazdé stranky textu je uzsi sloupec s odliSnym
typem a velikosti pisma, ktery je urcen pro informace navic, detailnéjsi vysvétleni nebo
pripomenuti poznatkli zjinych oblasti chemie potfebnych pro pochopeni vykladu
v hlavnim sloupci.



Obrazky a schémata jsou zarazeny v obou sloupcich podle toho, jestli se jejich obsah
vztahuje kzakladnimu obsahu kapitoly nebo krozsifujicimu obsahu v postrannim
sloupci. Vykladovy text zahrnuje nékolik barevnych obrazk v mistech, kde je to
vyznamné, ale neni jich priliS§ mnoho, aby se ndklady na pripadny tisk téchto material
spiSe pribliZily u¢ebnicim, u kterych se hledi na nizkou potizovaci cenu.

Soubor uloh k tématu organokovové slouceniny

Na vykladovy text o organokovovych slouc¢eninach navazuje soubor Sedesati tii dloh
k tématu organokovové slouceniny, ze kterych ucitelé mohou vybirat pripripravé
didaktického zkuSebniho testu (testy ke Kklasifikatnim a hodnoticim ucellim), dstnim
zkouSeni nebo pri pripravé kontrolnich testli, které maji vyznamnou motiva¢ni funkci.
Funkci souboru uloh vypracovanych vramci této disertaCni prace neni jen zjiStovat
porozuméni a osvojeni znalosti z problematiky organokovovych sloucenin Zaky, ale
nastavenim obtiZznosti téchto otazek, tzn. ur¢enim narokl k pisemnému nebo tUstnimu
zkouSeni, lze nastavit poZadovanou uroven znalosti problematiky organokovovych
sloucenin pro potieby stiednich Skol, zejména gymnazii a odbornych stfednich Skol
vyucujicich chemické obory a obory, ve kterych je kladen diiraz na chemii. Soubor uloh
svou strukturou odpovida strukture vykladového textu a je rozdélen do ctyt okruht.
Okruh Vymezeni organokovovych sloucenin obsahuje pét uloh V1 az V5, okruh lontové
organokovové slouceniny obsahuje devét tloh 11 az 19, okruh Kovalentni organokovové
slouceniny obsahuje dvacet devét uloh K1 az K29 a posledni okruh Organokovové
slouceniny s prechodnymi kovy obsahuje dvacet uloh P1 aZ P20. Rozdily v poctu uloh
v kazdém okruhu jsou dany obsahlosti odpovidajicich kapitol ve vykladovém textu.
Ulohy jsou zaméfeny na zakladni a nejdiilezitéjsi znalosti uvedené ve vykladovém textu.

Ulohy ptipravené ktématu organokovovych sloucenin se li$i svou naroc¢nosti. Pro
rozliSeni uloh ztohoto hlediska je pouZita revidovand Bloomova taxonomie. Zvladnuti
uloh ktématu organokovovych sloucenin vyZaduje myslenkové operace revidované
Bloomovy taxonomie zapamatovat, rozumét, aplikovat, analyzovat. Kazda vyssi
kategorie revidované Bloomovy taxonomie piredpokladd zvladnuti myslenkovych
operaci kategorie piredeslé. Ulohy, které by vyZadovaly myslenkové operace hodnotit a
tvorit podle revidované Bloomovy taxonomie by byly v ramci tématu organokovovych
sloucenin pro uroven strednich Skol prili§ obtiZzné, a proto ulohy s témito operacemi
nejsou vsouboru dloh zahrnuty. Z hlediska typu se jednd o oteviené Siroké ulohy
produkéni, otevirené ulohy se stru¢nou odpovédi produkeni, oteviené tlohy se stru¢nou
odpovédi doplnovaci, uzaviené ulohy se stru¢nou odpovédi doplnovaci, dichotomické
ulohy, ulohy s vybérem odpovédi (jedna spravna odpovéd’), prifazovaci dlohy a dlohy
poiadaci.

Priloha sulohami je rozdélena do dvou c¢asti. V prvni ¢asti je uvedeno zadani tuloh
s vynechanym mistem pro spravné odpovédi. V druhé casti je uvedeno vzorové reSeni
uloh a navic je u kazdé ulohy uveden typ o jakou tlohu se jedna.



Vyhodnoceni vykladového textu a uloh k organokovovym slou¢eninam

Osobni rizeny strukturovany rozhovor byl zvolen jako vhodny nastroj k ziskani zpétné
vazby a vyhodnoceni zpracovani didaktickych texti o organokovovych slouceninach, a
to jak vykladového textu, tak i sady testovych tloh. Cilem rozhovorti s uciteli chemie na
stiednich $kolach v réiznych ¢astech Ceské republiky bylo zjistit piistup vyucujicich k
vyuce organokovovych sloucenin, dostupnost ucebnich materialii, které se vztahuji k
zminénému tématu, postoj k otdzkam spojenym s pouzitim novych didaktickych textd,
posouzeni urovné zpracovani didaktickych texti o organokovovych slouceninach,
odhalenti jejich nedostatki, a k zhodnoceni drovné obtiZnosti daného tématu pro stiedni
Skoly.

VSechny rozhovory byly provedeny v prostredi, které si zvolili dotazovani. Ani vjednom
ptripadé nebyl rozhovor narusen jakymkoli vnéjsim vlivem. VSechny rozhovory byly
provedeny bez pritomnosti tfeti osoby a to bud osobné nebo pomoci videokonference
prostrednictvim softwarového komunika¢niho nastroje Skype. Osm dotazovanych
uprednostnilo rozhovor pomoci Skype pravdépodobné zdiivodu flexibilnéjSiho
naplanovani terminu rozhovoru a dva dotazovani dali prednost osobnimu setkani.
Tazatel si v priibéhu rozhovoru délal pisemné poznamky a v pripadé videokonference si
cely rozhovor nahral a ulozil v digitalni podobé pomoci softwarového nastroje Pamela
for Skype. Na kazdy rozhovor bylo pldnovano 30-45 minut, do nichZ byl zahrnut i tivod,
kratké uvedeni do problematiky, tedy ceho se bude rozhovor tykat, a ujisténi o
diskrétnosti a anonymité. Navic bylo zdlraznéno, Ze rozhovor slouzi pouze k ucelu
disertacni prace a nahravky rozhovorti nebudou ptistupny zadné tieti osobé.

Diskuse

PrestoZe, Ze se v dotaznikovém Setfeni i v hodnoceni didaktickych testli vétSina
respondentt shodla na tom, Ze jsou organokovové slouceniny zajimavym tématem pro
vyuku na strednich Skoldch, kontrastem ktomu je zplisob a omezeny rozsah jak se
k tomuto tématu ve vyuce pristupuje. Ve vyuce byva toto téma omezeno na minimum
nebo vynechano zcela. Tomuto stavu odpovida i stav zpracovani tohoto tématu
v ucebnicich, které byly podrobné analyzovany.

Castokrat jsem se v priibéhu vypracovavani této prace setkal s nazorem, Ze toto téma je
velmi obtizné nebo primo priliS obtiZzné. Jsem si jisty, Ze jind témata anorganické,
organické i dalSich oblasti chemie jsou ve své plné $ifi na trovni védeckého poznani
velmi obtiZznad jak z hlediska poctu pojmi, tak zhlediska obtiZnosti pochopeni jejich
chemickych principii. Pfesto se témto oblastem v chemii ucitelé vénuji a to tak, Ze se
jejich rozsah ve vyuce sorganokovovymi slou¢eninami neda srovnavat. Ulohou
didaktiky je zjednodusit a priblizit dané téma z roviny védeckych poznatkli na uroven
urcitého stupné vzdélavani. V oblastech anorganické, organické chemie a dalSich toto
pribliZeni bylo jiZ provedeno a didaktika jej neustale zdokonaluje a aktualizuje. Neni
skutecnym dlivodem toho, Ze se organokovovym slou¢enindm ucitelé ve vyuce nevénuji
to, Ze uvedené zjednoduseni a pribliZzeni tohoto tématu nebylo zatim provedeno?



Z hodnoceni vyplyva, Ze vykladovy text obsahuje mnoho pojmii. Podobné napt. zaklady
biochemie stoji na osvojeni velkého poctu pojmi a presto chemie na stfednich Skolach
k zakladiim biochemie a ptirodnim latkdm sméruje. Vyhodou organokovovych sloucenin
je, Ze pojmy, které téma obsahuje, jsou na sobé Casto nezavislé a ucitel ma volbu vybrat
si z vykladového textu kapitoly nebo ¢asti, které bude chtit pri vyuce pouzit. Tato prace
predstavuje téma organokovovych sloucenin zpracované a zjednodusené v celé své Siri a
nepiedpoklada se, Ze by se mél vykladovy text zaradit do vyuky jako celek, ale naopak se
predpoklada, Ze dalsi krok ve zjednoduSeni tématu udélaji sami ucitelé tim, Ze si
vyberou vhodné kapitoly pro sviij typ Skoly a ¢asovou dotaci svych hodin. V tomto
ohledu by vystupy této prace mély ucitelim podstatné ulehcit praci, protoze se nebudou
muset probirat obsahlymi védeckymi publikacemi a prezentacemi, Casto psanymi
v anglicting, ale maji ve vykladovém textu piehledné shrnuto, a jak vyplyva z hodnoceni,
dobre vysvétleno to nejdilezitéjsi z celého tématu zhruba na padesati strankach.
Tomuto odpovida i hodnoceni ucitelli, kde se napriklad uvadi, Ze text je prili$ rozsahly a
svym rozsahem odpovida spiSe vysoké skole.

Pokud jde o obtiZnost myslenkovych operaci potiebnych k vysvétleni principli v tématu
organokovovych sloucenin, i vtomto ohledu si myslim, Ze se do vyuky na stfednich
Skolach standardné zarazuje obtiznéjsi ucivo. Napf. pribéh energie aktivovaného a
neaktivovaného komplexu v ramci chemické katalyzy je ndro¢ny na abstraktni mysleni
nebo struktura vldken polysacharidli a nukleovych kyselin jsou ndro¢né na prostorovou
predstavivost. Zhlediska naro¢nosti mysSlenkovych operaci jsou ztématu
organokovovych sloucenin nejnaroc¢néjsi pravdépodobné princip [3-eliminace, princip
metateze a princip zpétné m-donace.

Je pravda, Ze pro vyklad organokovovych sloucenin je nezbytny zaklad z urcitych oblasti
obecné, anorganické a organické chemie. Do vykladového textu byly ale zamérné
zatazeny takové priklady ligandi, se kterymi se Zaci setkaji v organické chemii. Nad
ramec bézné probiraného uciva obecné a anorganické chemie byla do vykladového textu
zarazeno pouze vysveétleni zpétné m-donace. Jinak obsahuje vykladovy text principy a
fakta zminované v obecné chemii jako jsou atomové orbitaly, chemicka vazba nebo
z anorganické chemie komplexni slouceniny a prechodné kovy. Timto se téma
organokovovych sloucenin stava prileZitosti, jak je na vysoce aktualni a zajimavé
problematice mozné zopakovat a upevnit predchozi probrané ucivo.

Jak bylo potvrzeno vyhodnocenim, vystupem této disertacni prace je zajimavy, pro
vyuku a ucitele pouzitelny vykladovy text a to z hlediska vSech dulezitych kritérii, ktera
ma takovy text splnovat, jako jsou: prehlednost, srozumitelnost a pochopitelnost,
zameéteni na praxi, propojeni s ostatnimi disciplinami, grafického zpracovani a jinych. Po
zhodnoceni vykladového textu uciteli byla napln znovu finalné revidovana.

Jesté kladnéji nez vykladovy text, doslova jako viidnéjsi, byly hodnoceny ulohy k tématu
organokovovych sloucenin. Presto se ale také v hodnocenti jejich obtiZznosti odrazi diraz
riznych Skol na vyuku chemie, ptficemZ pro stiedni pedagogickou skolu byly otazky



logicky priliS obtizné, stfedni odborné Skoly a stifedni primyslova skola je hodnotily
jako narocné, ale gymnazia je hodnotila jako vyhovujici.

Podrobnéjsi prizkum moZnosti vyuky organokovovych sloucenin na stiednich skolach
riznych typl je nAmétem k dalsi praci, protoze svym rozsahem presahuje zadani této
disertacni prace. Bylo by v ni mozné prozkoumat pevnost zadkladi nutnych pro vyuku
organokovovych sloucenin, navrhnout typy Skol, ve kterych by bylo organokovové
slouceniny mozné vyucovat, navrhnout vhodny rozsah a ro¢nik a ziskat zpétnou vazbu
od vice ucitelti na vhodnych typech Skol, coZ se v ramci této prace ukazalo jako velmi
obtiZny ukol.

Organokovové slouceniny jsou téma velmi aktudlni, vyzvou je ale najit pro néj vice
adresatd a odbératelli a cituji komentat z rozhovoru 2: ,Chtélo by to udélat organokoviim
vétsi reklamu.“

Zavér

Hlavnim cilem disertacni prace Organokovové slouceniny ve vyuce chemie bylo
prozkoumat mozZnosti zatfazeni tématu organokovovych sloucenin do vyuky na
strednich Skolach a vytvorit didakticky text, ze kterého by ucitelé mohli pri vyuce tohoto
tématu vychazet.

Prvni Kkapitola této prace popisuje problematiku organokovovych sloucenin
v chronologickém sledu a uvadi historicky vyznamné milniky v tomto oboru chemie.
Druhd kapitola analyzuje z hlediska obsahu tématu organokovovych sloucenin urcujici
kurikularni dokumenty a to zejména ramcové a Skolni vzdélavaci programy. Ve treti
kapitole této prace jsou z hlediska vyuky organokovovych sloucenin podrobeny analyze
dostupné stredosSkolské ucebnice chemie. Vramci ctvrté Kkapitoly je provedeno
dotaznikové Setreni mezi uciteli chemie s cilem odhalit, jestli maji ucitelé zajem o nové
zpracovani tématu organokovovych sloucenin. Pata kapitola sumarizuje vysledky a
zavéry provedenych analyz a uvadji, Ze téma organokovovych sloucenin je aktualni a ma
smysl vénovat se tématu organokovovych slou¢enin ve vyuce. Sesta kapitola, ktera je
nejrozsahlejsi kapitolou této prace, obsahuje vlastni nové vytvoreny vykladovy text o
organokovovych slouceninach. V tomto textu jsou organokovové slouceniny rozdéleny
do ¢ty podkapitol: Uvod korganokovovym slou¢enindm, lontové organokovové
slouceniny, Kovalentni organokovové slouceniny a Organokovové slouceniny
prechodnych kovil. Zodbornych monografii byly do vykladového textu vybrany
nejvyznamnéjsi pojmy a priklady diileZitych sloucenin. Diiraz byl kladen na zaclenéni
priklad s praktickym vyznamem. Ve vykladovém textu jsou zminény principy
chemickych déjli a vyrob s vyznamnym dopadem na styl a iroven Zivota. Sedma kapitola
této prace obsahuje sadu testovych uloh k tématu organokovovych sloucenin. Tyto tlohy
jsou svou obtiZnosti navrzeny pro uroven stiednich Skol a je na né moZzné odpovédét na
zakladé vykladového textu uvedeného v predchozi kapitole. Osmd, posledni, kapitola
této prace obsahuje zpétnou vazbu od ucitelli, se kterymi byly metodou osobniho



rozhovoru zhodnoceny jak vykladovy text, tak i testové otazky ktématu
organokovovych sloucenin.



Introduction and Objectives of the Thesis

Natural sciences including chemistry subject is not currently among the popular and
preferred subjects. Teaching chemistry therefore remains in terms of filling in the good
old tracks and content of the subject is rather just reduced in order to update new
knowledge with advancing developments in the world of science. In education waived
further explanation fundamentals of chemical principles and is confined to
interpretation of the most important compounds with maximum impact to normal life
and their specific use.

Organometallic compounds and related catalysis are topics that are very topical, and
despite the fact that in real life, people don’t get these compounds to hand directly,
products of industry for which are organometallic compounds essential, have influence
on the way of live and determine the standard of living especially in developed countries
more than many of theirs residents could admit.

Yet though this topic in education pays little attention and it is similar in available school
textbooks. Reportedly, this topic is very difficult. It is true that for interpretation of
organometallic compounds is the essential basis of certain areas of general, inorganic
and organic chemistry, but still in my opinion, it is not, in terms of the complexity of
intellectual operations necessary for its understanding, more challenging than other
topics, such as. carbohydrates or basic biochemistry. The role of didactics is to simplify
scientific findings and bring them to pupils and students at different educational levels.
The aim of this thesis is the topic of organometallic compounds and its adjustment and
approach to the needs of secondary education.

The main aim of the thesis organometallic compounds in chemistry teaching is to
explore possibilities in teaching the topic of organometallic compounds in secondary
schools and create new didactic texts, from which teachers could draw during teaching
of this topic. This will be achieved by filling partial objectives of this work:

* To analyze in terms of the organometallics topic content determining curricula

* To analyze in terms of the organometallics topic content the available high school
chemistry textbooks.

* To analyze the current state of scientific knowledge in the field of organometallic
compounds.

* Create didactic texts for teaching the topic of organometallic compounds so that
they have adequate technical and didactic level, so they include important
principles of chemical processes, so they highlight examples of compounds with a
significant impact in practice and daily life, and so they consider the relationship
to the environment.

* Propose the level of mastery of the subject of organometallic compounds
corresponding to high school.



* Getfeedback from teachers about the level of processing and possible application
of created didactic texts, and based on this assessment didactic texts edit in final
form.

Methods and Materials

The first chapter of the thesis is a brief overview of the history of organometallic
chemistry with significant milestones and important compounds that have found
significant application in practice. History of organometallic compounds following
chapters with analyses of determining curricular documents (FEP, SEP and graduation
requirements), with the analysis of textbooks and with questionnaire survey that
preceded the formation of the explanatory text about organometallic compounds and
creation test tasks on this topic. All analyses were performed with respect to the
occurrence of and requirements on the subject of organometallic compounds in
teaching.

Analyses FEP, SEP and requirements for graduation

The analysis of framework educational programs shows that the topic of organometallic
compounds is not directly required for teaching chemistry in secondary schools, but the
authoritative document gives room for schools to incorporate organometallic
compounds into the teaching of chemistry. The following analysis of school curricula
confirmed that many schools have used this space and the theme organometallic
compounds integrated into teaching. In some schools are organometallic compounds
specifically earmarked as a separate topic in other schools is a topic of organometallic
compounds in a certain extent incorporated into other topics. Requirements for
graduation catalogue mentions organoelement and organometallic compounds and it
requires some skills directly related to this topic.

Analyses of textbooks

Contrast to the conclusions of the FEP, SEP and requirements for graduation analyses is
the conclusion of the analysis of the textbooks used in the Czech Republic. The topic of
organometallic compounds either in the Czech chemistry textbooks is not included at all,
or there is reserved only a very small space for it. If organometallic compounds are
mentioned in a textbook, the simplification of the topic is so great that its content is
limited to the definition and few examples major of compounds. In the overview of
examples of organometallic compounds even in the whole topic is no system. Every
textbook author considers important different examples of organometallic compounds.

Questionnaire survey

Further analysis was a questionnaire survey in the framework of the Operational
Programme Prague - Adaptability (OPPA). Participants of lectures organized under this
program were submitted to a questionnaire from its assessment follows that teachers
have interest about the topic of organometallic compounds and the related topic of
chemical catalysis. Another conclusion is that the extent of the transformation of this
topic in textbooks is insufficient, and teachers often must supplement their own



materials. All teachers interviewed consistently said that they agree with the statement
that the organometallic compounds should be included in the reasonable extent already
in secondary schools, and that would be interested in the newly prepared materials
focused on the theme of organometallic compounds.

The newly created expository text

The analyses suggests that it makes sense to pursue a topic of organometallic
compounds in education and that it is appropriate to create new materials that
will deal with organometallic compounds. As a reaction to this conclusion, there was
created didactic explanatory text on the theme of the organometallic compounds,
which is one of the major outcomes of this thesis.

As a crucial part of the basic materials for the formation of explanatory text has been
used several monographs that summarize the state of knowledge in the field of
organometallic compounds and deal with them in their entirety. It is Organometallic
Chemistry and Catalysis by D. Astruc (2007); The Organometallic Chemistry of the
Transitional Metals by R. Crabtree (2005), Organometallics by A. Salzer, and Ch.
Elsenbroicha (1992), Applications of Organometallics Compounds by 1. Omae (1998). In
all cases, it is the English language highly specialized monographs, whose envelopes are
shown in Fig. 1 and Fig. 2. It was also as subgrade material for the formation of
expository text used Czech written textbook Organometallic Chemistry of Transition
Metals by D. Dvorak (ICT) and other monographs containing organometallic compounds
as only one example of the chapters such Organic Chemistry by F. A. Cyrey (2008),
further the thesis Speciation of tin in environmental samples by V. PeSkova, scientific
articles and presentations with the topic of organometallic compounds and the websites
mentioned in list of sources .

Using these specialized texts was created didactic expository text, whereby teachers can
build up and expand their own knowledge of chemistry. Additionally, teachers can use
this didactic text to prepare their lessons and for normal classes or seminars designed to
prepare for high school graduation and entrance exams to study at university.
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Expository text respects the division, which is most commonly used in scientific texts on
organometallic compounds. From scientific monographs were into the explanatory text
selected the most important concepts, examples of important compounds and
compounds with practical importance. In the explanatory texts are mentioned principles
of chemical processes and production with a significant impact on the style and quality
of life, especially in economically developed countries. Entire expository text is in



comparison with scientific texts significantly easier to read and it is much reduced, as
regards the width of the content. When transforming text from the scientific level to the
level of secondary education there is a prerequisite in preservation of scientific accuracy
and care must be taken to ensure that any, from a scientific point of view, misleading
fabrication is avoided during simplification. For education in the Czech Republic is
expository text all in Czech language, and it is linked to other topics especially in the
subject of chemistry, but also in biology or in physics. Links with other topics and
subjects ensures the possibility of using the topic of organometallic compounds for
fixing the knowledge and principles from the previously explained topics especially in
organic, inorganic, physical chemistry, and biochemistry.

To a transparency of the explanatory text serves several graphic elements. For a
definition of the new term is used in italics when first mentioned in the text and to
highlight important words or phrases is used bold. The entire expository text is divided
into two unbalanced columns. The main broad column is dedicated to the interpretation
and explanation of the basic content of the text. On the right side of each page of text is
narrower column with a different font type and size, which is intended for extra
information, detail explanation or to remind knowledge from other areas of chemistry
necessary for understanding the interpretation in the main column.

Pictures and diagrams are included in both columns, depending on whether their
content relates to the basic content of the chapter or expansion content in the side
column. Expository text includes several color pictures in places where it is important,
but there aren’t too many of them in order to that cost of printing of these materials is
rather closer to textbooks, at which is a low cost taken in account.

Task file on the topic organometallic compounds

On expository text of organometallic compounds follows a set of sixty three tasks related
to the topic organometallic compounds from which teachers can choose when preparing
a didactic examination test (tests for classification and evaluation purposes), an oral
examination or in preparation of check tests that have important motivational function.
A function of the set of tasks developed in this thesis is not only to survey pupils
understanding and mastery of knowledge of the topic organometallic compounds, but
through adjusting the difficulty of these questions, ie. determining demands to written
or oral test, you can set the required level of knowledge of the topic organometallic
compounds for the needs of secondary schools, especially secondary schools and
secondary schools teaching chemical industries and specializations with the emphasis
on chemistry. Task file in its structure corresponds to the structure of the explanatory
text so it is divided into four areas. Circuit Definition of Organometallic Compounds
contains five tasks V1 to V5, circuit lonic Organometallic compounds contains nine tasks
I1 to I9, circuit Covalent Organometallic Compound contains twenty nine tasks K1 to
K29 and the last circuit Organometallic Compounds with Transition Metals includes
twenty tasks P1 to P20. Differences in the numbers of tasks in each circuit are given the



robustness of the corresponding chapters in the explanatory text. Tasks are focused on
basic and important knowledge set out in the explanatory text.

On the subject of organometallic compounds are prepared differently demanding tasks.
For distinction of tasks in terms of demandingness is used Revised Bloom's taxonomy.
Mastering tasks to the topic of organometallic compounds requires mental operations of
Revised Bloom's taxonomy remember, understand, apply, analyze. Each higher
category Revised Bloom's taxonomy assumes mastering intellectual operations previous
categories. Tasks that require mental operations evaluate and create under the Revised
Bloom's taxonomy would be under the theme of organometallic compounds for
secondary school level too difficult, and therefore the tasks requiring these operations
are not included in the file. In terms of the type there are open extensive tasks of
production, open tasks with brief answers of production, open tasks with brief answers
of refill, closed tasks with brief answers of refill, dichotomous tasks, multiple choice
tasks (one correct answer), assignment tasks and organizing tasks in the file.

An annex with tasks is divided into two parts. The first part contains assignments of task
with skipped passages for correct answers. The second part brings up an exemplar
solution and also a description what type is each task.

Assessment of explanatory text and file of tasks on topic organometallic
compounds

Personal driven structured interview was chosen as a suitable tool for feedback and
assessment process of didactic texts about organometallic compounds, both explanatory
text and a file of test tasks. The aim of interviews with teachers of chemistry at
secondary schools in various parts of the Czech Republic should by to find out the
attitude of teachers to teaching organometallics, availability of teaching materials
related to the mentioned topic, theirs stance on issues related to the use of new didactic
texts. They should assess the quality of transformation of didactic texts on
organometallic compounds, reveal their weaknesses, and assess the level of difficulty of
the topic for secondary schools.

All interviews were conducted in an environment that chose interviewees. In neither
case was the conversation disturbed by any outside influence. All interviews were
conducted without any third party present, either in person or via videoconference
software communication tool Skype. Eight of respondents prefer to chat via Skype
probably due to flexible scheduling of interview and two respondents preferred a
personal meeting. The interviewer made written notes during the interview and in case
of video conferencing recorded and stored full interview in digital form using a software
tool Pamela for Skype. Each interview was scheduled for 30 to 45 minutes, to which was
also included an introduction, a brief introduction to the issue, that is what the interview
will cover, and the assurance of reticence and anonymity. In addition, it was stressed
that the interview serve only the purpose of the PhD thesis and recorded interviews
won't be accessible to any third party.



Discussion

Despite the fact that within the questionnaire survey and assessment of the didactic
texts majority of respondents agreed that organometallic compounds are interesting
topic to teaching in secondary schools, in contrast to it is the way and the limited scope
as the topic is approached during teaching. In teaching is this topic minimized or
omitted entirely. This state corresponds to the transformation of this topic in textbooks,
which were thoroughly analyzed.

[ met oftentimes during the work on this thesis with the opinion that this topic is very
difficult or too difficult. I'm sure that other topics in inorganic, organic chemistry and
other areas are in their full width on the level of scientific knowledge are very difficult,
both in number of terms and in difficulty of understanding their chemical principles. Yet
these areas teachers devote in chemistry teaching in a way that their extent cannot be
compared with the organometallic compounds. The role of didactics is to simplify and
bring the topic out of the plane of scientific knowledge at a certain level of education. In
the areas of inorganic, organic chemistry and others, this transformation has already
been done and didactics constantly improves and updates it. Is a real reason that
teachers do not devote in teaching the organometallic compounds that simplification
and transformation of this topic has not yet been done?

The assessment shows that the expository text contains many terms. Similarly, e.g. the
basics of biochemistry includes a large number of terms yet chemistry in secondary
schools is directed to the basics of biochemistry and natural substances. The advantage
of organometallic compounds is that that the terms within the topic are often
independent of each other and the teacher has the option to choose from the
explanatory text the chapter or section that will want to use in teaching. This thesis
presents the topic of organometallic compounds transformed and simplified in its
entirety but it is not expected that there should be an explanatory text included in the
teaching as a whole, but on the contrary, it is expected that the next step in simplifying
the theme will do the teachers themselves by choosing the appropriate chapters for
their type of school and the time allocated to their lessons. In this regard, the outcomes
of this thesis should substantially relieve teachers in their work because they do not
have to go through comprehensive scientific publications and presentations, often
written in English, but they have an explanatory text summarized, and as the assessment
shows, well explained the most of the theme roughly on fifty pages. The teachers
assessment states, e.g. that the text is too extensive and its extent corresponds more to
university.

Regarding the difficulty of intellectual operations needed to explain the principles within
the topic of organometallic compounds, also in this respect I think that teaching in
secondary schools standardly include more difficult curriculum. E.g. progress of energy
an activated and inactivated complex in chemical catalysis is challenging for abstract
thinking or fiber structure of polysaccharides and nucleic acids are demanding on
spatial imagination. In terms of performance of intellectual operations are in the topic of



organometallics the most demanding principle 3-elimination, metathesis principle and
the principle of back m-donation.

It is true that for the interpretation of organometallic compounds is the basis of certain
chemistry areas essential especially general, inorganic and organic chemistry. Into
explanatory text were deliberately integrated such ligand examples, which the pupils
meet in organic chemistry. Beyond the common curriculum of general and inorganic
chemistry is in the explanatory text included only explanation of back m-donation.
Otherwise expository text includes the principles and the facts mentioned in general
chemistry, such as atomic orbitals, chemical bond in inorganic chemistry or complex
compounds and transition metals. This is why the topic of organometallic compounds
becomes an opportunity to repeat and consolidate previously learned issues on a highly
topical and interesting theme.

As confirmed by the assessment, the output of this thesis is for teaching and teachers
interesting, useful explanatory text in terms of all the important criteria that such text
should comply with such as: transparency, clarity and understandability, focus on
practice, links with other disciplines , graphic design and other. After assessment the
explanatory text by teacher it was finally revised.

Even more positively than expository text, literally as benign, they were assessed tasks
on the topic of organometallic compounds. Yet also the assessment of their difficulty
reflects the emphasis of different schools in the teaching of chemistry. For High School of
Education the tasks were logically too difficult, vocational schools and secondary
technical school evaluated it as difficult, but grammar schools assessed them as
satisfactory.

Further investigation into possibilities of organometallic compounds in teaching in
secondary schools of various types is the topic for another thesis, because its scope is
beyond the frame of this PhD thesis. It would it be possible to explore the strength of the
fundamentals necessary for teaching organometallic compounds, suggesting types of
schools, which could organometallic compounds teach, suggest a suitable size and class,
and get feedback from more teachers on appropriate types of schools, which proved in
this work to be a very difficult task.

Organometallic compounds are very topical theme, but the challenge is to find them
more recipients and listeners. Moreover here is quotation from comment in the
interview 2: "There would suitable bigger publicity to organometallics."

Conclusion

The main aim of the PhD. thesis Organometallic Compounds in Chemistry Teaching was
to explore the possibility of including the topic of organometallic compounds in teaching
in secondary schools and create didactic text from which teachers could draw up during
preparation to teaching this topic.



The first chapter of this thesis describes the issue of organometallic compounds in
chronological order and presents historically important milestones in the field of
organometallic chemistry. The second chapter analyzes in terms of organometallics
content the determining curricula, especially framework and school educational
programs. In the third chapter of this thesis are analyzed to high school available
chemistry textbook in terms of teaching organometallic compounds. In the fourth
chapter is conducted a questionnaire survey among teachers of chemistry in order to
reveal whether teachers are interested in new transformation of the topic of
organometallic compounds. The fifth chapter summarizes the results and conclusions of
the carried out analyses and it states that the topic of organometallic compounds is
topical and it gives reasons to pursue the topic of organometallic compounds in the
teaching. The sixth chapter, which is the most extensive chapter of this thesis, contains
the newly created explanatory text of organometallic compounds. Herein are
organometallic compounds divided into four subsections: Introduction to
Organometallic Compounds, lonic Organometallic Compounds, Covalent Organometallic
Compound and Organometallic Compounds of Transition Metals. Into the explanatory
text were selected the most important concepts and examples of important compounds
from used papers. Emphasis was placed on the inclusion of examples of practical
importance. Explanatory text mentions the principles of chemical processes and
production with a significant impact on the style and quality of life. The seventh chapter
of this thesis contains a set of test tasks on the topic of organometallic compounds.
These tasks are designed in its difficulty level for secondary schools, and they can be
answered on the basis of the explanatory text mentioned in the previous chapter. The
eighth, the last chapter of this thesis, contains feedback from teachers by personal
interview of both the expository text and the test tasks on the topic of organometallic
compounds.
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