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Kas peaksime rohkem ette võtma, et päästa kultuurimonumete korrosiooni eest?

8.-9. klasside (keemia) moodul

pronksi korrosiooni ja metallide reaktiivsusrea kohta.
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Sisu: 

Mitmed skulptuurid omavad erilist tähtsust maailma ajaloos ning moodustavad olulise osa meie edasipärandatavast  kultuuripärandist. Kahjuks on aga mitmetel monumentidel tänapäeval näha lagunemismärke. Nii mõnedki pronkskujud on kaotanud olulisi detaile ning nende väljanägemine on hakanud rohkem meenutama augulist sõela. Mis on nendel pronkskujudel viga? Kas on midagi, mida meie saaksime teha, et neid skulptuure päästa? Kas teadus saab appi tulla?

	Sisaldatavad osad

	1. 
	Õpilaste tegevused

(õpilastele)
	Kirjeldab detailselt stsenaariumi ja ülesandeid, mida õpilased peaksid sooritama

	2.
	Õpetamisjuhend
	Soovitatav õpetamise strateegia

	3. 
	Hindamine
	Annab soovitatud kujundava hindamise strateegiaid

	4.
	Lisateave õpetajale
	Paneb teoreetilise füüsika sõnadesse ja pakub välja oodatud arvutused


Üldised eesmärgid/oskused:   Õpilased peavad oskama:
· Otsustada, kas selleks, et päästa kultuurimonumente, on piisavalt ette võetud.

· Lahendada probleemi selle kohta, kuidas päästa ja kaitsta pronkskujusid.

· Teha koostööd grupiliikmena katse kavandamisel ja otsuste langetamisel.

· Suhelda suuliselt ja kirjalikult rakendades loodusteadusi, mis seonduvad metallide korrosiooniga.

· Arendada metallide reaktiivsusrida, mis sisaldab nii vesinikku kui ka süsinikku.

· Kasutada reaktiivsusrida, et kirjeldada vaatlusi, mis tehti kahe metalli kokku panekul elektrolüüdi juuresolekul.

Õppekava sisu: Korrosioon, reaktiivsusrida
Tegevused:  Erinevad katsed selleks, et tuletada elektrokeemilist rida, arutelu sotsiaalteaduslikul teemal sellest, kas piisavalt on võetud ette, et kaitsta kultuurimonumente.

Oodatav aeg:  4 õppetundi

See unikaalne õpetamise-õppimise materjal on mõeldud juhendiks õpetajale, et viimasel oleks võimalus edendada õpilaste teaduslikku kirjaoskust, mõistes õppimist 4. alal –intellektuaalne areng, teaduse protsess ja olemus, isiklik areng ja sotsiaalne areng.

Selle unikaalsus põhineb lähenemisel loodusteaduse tundidele, mis on kujundatud olemaks populaarne ja asjakohane. Sellepärast on  see lähenemine tahtlikult ühiskonnast teadusesse ja üritab vastata spetsiaalselt õpilaste õppimisvajadustele.

Seda unikaalsust tõestab:

1. ühiskonnaga seotud ja teemakohane pealkiri (õpilase juhendis toetatud stsenaariumiga);

2. õpilasekeskne rõhk teadusliku probleemi lahendamisel, hõlmates erinevate  hariduslike ja teaduslike eesmärkide õppimist;

3. sotsiaal-teaduslik otsusetegemine, et seostada omandatud loodusteadused ühiskondlike vajadustega. Seda on vaja vastutustundlikuks käitumiseks.
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Kas me peaksime rohkem ette võtma, et päästa kultuurimonumente korrosiooni eest?
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Õpilaste tegevused

Stsenaarium

Erinevad ilusad pronksskulptuurid kaunistavad mitmeid linnu ja külasid, eriti Ida-Euroopas. Pronks on väga hea metall skulptuuride valmistamiseks, kuna ta ei ole nii pehme kui vask ega nii kõva kui raud. Keerulist kunstitööd on võimalik valmistada nii nikerdamise kui ka heleda ja tumeda matrejali kasutamise abil (tume, antud juhul, oleks vase oksiid vask(2)oksiid) 

Mitmeid suurepäraseid skulptuure võib näha Sankt-Peterburis, linnas, kus elab 4 miljonit inimest ning mis on tuntud kui üks suuremaid kaubanduskeskusi Kirde-Euroopas. Sankt-Peterburi iseloomustab sisukas kultuuriajalugu ning selle linna skulptuurid meenutavad ta suursugusust minevikuaegadest. 

Kuid prokskujudega, mis on paljastatud atmosfäärile, kaasneb mitmeid probleeme. Need probleemid on Sankt-Peterburis väga levinud. Skulptuurid on kaetud, eriti põhja lähedalt, väikeste aukudega. Samuti võib märgata, et skulptuurid on kaetud ebaühtlase rohelise/valge filmiga, mis varjab originaalset pronksi värvi ja suurejoonelist kunstitööd.
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Sinu ülesanded

3-4listes rühmades , 

1.
Arutlege, miks on skulptuuridel on näha lagunemisjälgi. Koosta nimekiri põhjustest, mis tunduvad võimalikud.

2.
Arulege, kuidas on seda olukorda võimalik laboris uurida. Mõelge välja uurimustöö läbiviimise plaan ja pakkuge välja vajaminev laborivarustus. 

3.
Kui õpetaja on teie plaanid heaks kiitnud teostage katsed, et uurida (a) raua ja (b) happe mõju vasele (pronksile). 

4.
Korraldage sarnaseid katseid kasutades teisi metalle (need metallid pakub välja õpetaja)  

5
Tõlgenda eksperimentide tulemusi ja sellest tuletage erinevate metallide suhteline reaktiivsuse järjestus.

6.
Kaalutlege võimalikke lahendusi monumentide lagunemise probleemile. Pange oma lahedus(ed) kirja.

7..
Koostage ja kandge ette esitlus katsetulemustest ja väljapakutud lahendustest moumentide lagunemise peatamiseks. 

8.
Vastake järgmistele küsimustele:


*
Millised muutused keskkonnas on kõige ohtlikumad metallist monumentidele?


*
Miks on monumentide kaitsmise problem kõigile väga tähtis?


*
Arvatakse, et süsinikdioksiid õhus on peamine pronkskujude korrosiooni põhjustaja.  Kas nõustute sellega ja kui nii, siis miks ?

9.
Kasutades multimeetrit (või milliammeetrit või voltmeetrit) välmises vooluringis, mis on ühendatud kahe erineva metalliga, katsuge esile tuua effekt, mis ilmneb, kui kaks erinevat metalli on üheduses elektrolüüdiga (kasuta soolveelahuses leotatud filtrit). Koosta metallide reaktiivsust illustreeriv järjestus. Võrdle seda oma varasema järjestusega ja proovi tuletada vase ja vesiniku koht selles järjestuses.

[image: image20.png]AL C A S 3




[image: image21.jpg]



10.
Arutle selle üle, kas rohkem peaks ette võtma, et kaitsta pronksskulptuure. Kui arvad nii, siis selgita, mida peaks ette võtma. Pane tähelepanelikult kirja rühmade otsuste põhjendused nii, et neid saaks võrrelda teiste rühmade poolt välja käidud põhjendustega.  

11.
Proovige kogu klassiga jõuda üksmeelele, kas peaksime tegema rohkem, et päästa kultuurimonumente korrosiooni eest. Kas me peaksime rohkem ette võtma, et päästa kultuurimonumente korrosiooni eest?
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Õpetamise juhend

See moodul hõlmab

a)
skulptuuride korrosiooni  probleemi lahendamise ülesandena

b)
uuringuid, mida õpilased saavad läbi viia, ning mis on seotud probleemiga laboris

c)
otsuse tegemise ülesannet, kus õpilased esitavad oma vaateid probleemi kohta ja põhjendavad seda.

Õpitulemused

Esimene õppetund

Selle tunni lõpuks peaksid õpilased olema võimelised :

· tulema välja ideedega, miks pronksskulptuurid korrodeeruvad.

· välja pakkuma viise, kuidas probleemi saaks laboris uurida.

Teine õppetund

Selle tunni lõpuks peaksid õpilased olema võimelised :
· kavandama ja läbi viima katseid, mis on seotud raua ja vase korrosiooniga.

· selgitama katsete tulemusi ja eriti seda, miks raud kiiremini korrodeerub, kui ta on kontaktis vasega.

Kolmas õppetund

Selle tunni lõpuks peaksid õpilased olema võimelised :
· esitama oma tulemusi teistele rühmadele.

· volta sammast üles seadma.

· mõõtma voolu, kui kaks erinevat metalli ( või metall pluss süsinik) on asetatud elektrolüüti ja ühendatud väliselt multimeetri kaudu.

· vastama selgitust nõudvatele küsimustele kultuurimonumentide korrosiooni kohta.

Neljas õppetund

Selle tunni lõpuks peaksid õpilased olema võimelised:

· selgitama viisi, kuidas metallidele ja süsinikule saab kiirust lisada elektrokeemilises jadas.

· arutlema, kas peaksime rohkem ette võtma, et päästa kultuurimonumente.
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Õpetamise strateegia

1.
Õpilased võiksid tunni alguses arutleda, mis nende arust põhjustab monumentide korrosiooni. Nii tehes näitavad õpilased täpselt, mida nad teavad monumentidest ja metallide korrosioonist. Neid tegevusi läbi viies on oluline, et õpetaja aktsepteerib kõiki vastuseid ja ei mõista valet vastust kohe hukka. Oleks hea, kui saadud vastused kirjutatakse tahvlile. Kirjutades keskele pealkirja (monumentide korrosioon), tekib tahvlile diagramm probleemiga seotud mõtetest. 

2.
Sellele võib järgneda rühmasisene arutelu, kus avaldatakse arvamust, kuidas saaks probleemi laboris uurida. Õpetaja peaks õpilasi informeerima, et pronksi asemel kasutatakse vaske ja, et katseid peaks kavandama täpselt nii, nagu need päriselt looduses aset leiavad. Kuid peab tegema ka teisi katseid, mille kaudu saab uurida võimalikke lahendusi probleemile või vähemalt leida, kuidas on võimalik proleemi minimaliseerida.

3.
Põhinedes arutelul, kavandavad seejärel õpilased katseid, et uurida korrosiooni. Kuna katsete tegemine võtab aega, oleks mõistlik katsed ette valmistada ühes tunnis ja alles järgnevas tunnis teha vaatlused ja neil põhinevad järeldused.

4.
Kuna rauda ja vaske sisaldavate katsete läbiviimisel on soovitav kasutada agari lahust, peavad õpilased järgima katsete instruktsioone. 

5.
Pärast katsete ülesseadmist peab need mõneks päevaks seisma jätma.. Pärast selle aja möödumist saavad õpilased grupisiseselt oma katsete tulemusi vaadelda ja üritada neid tõlgendada. Õpetaja peab jälgima, et see arutelu põhineb monumendi probleemi lahenduse leidmisel. 

6.
Rühmad saavad oma lahendusi teistele rühmadele ette kanda. See tähendab ka teoreetliste seletuste andmist ja esitatud küsimustele vastamist.

7.
Seejärel saavad õpilased uurida raua/vase reaktsiooni., ühendades multimeeter välimise vooluringiga, et näidata, et korrosioon sisaldab endas elektronide voolu.

Abivahend klassisiseseks arueluks

1.
Kasutades raamatukogu või muid vahendeid, loe vajalikku kirjandust;

2.
Hõlma rühma esitluse tegemisel korrosiooni kaitsest järgnevaid teemasid :


Korrosiooni vastu kaitsmist kasutati juba kaua aega tagasi (Rhodose kolossi hävinemine, muistses Kreekas skulptuuri kaitsmise viisid, rüütli laskemoona korrosioon).


Kaasaegsed korrosiooni kaitse tehnoloogiad (pihustamine, oksiidekihiga värvimine, sulfiidid, naturaalne ja sünteetiline vaha, polübutüülmetakrüül ja teised).
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Eesmärkide täitmine

	EESMÄRGID
	Seda saavutatakse

	1.
Näidata õpilastele, miks teaduslikud teadmised on olulised praktiliste ja sotsiaalsete probleemide lahendamisel.
	arutledes monumentide korrosiooni probleemi

viies läbi praktilisi uurimisi, et parmini mõista teoreetlist tausta. Samuti vastates esitatud küsimustele.

	2.  
Probleemi, kuidas päästa ja kaitsta kultuurimonumente, lahendamine.
	viies läbi katseid ja tõlgendades saadud tulemusi.

	3.
Koostöö tegemine rühma liikmena.
	arutledes rühmasiseselt ja tehes korrosiooniga seonduvaid katseid.

	4.
Suuliselt ja kirjalikult suhtlemine.
	arutledes rühmasiseselt ja esitades arutelu tulemusi ülejäänule klassile.

	5.
Õpilaste teadmiste arendamine keemilise ja elektrokeemilise korrosiooni vallas, põhinedes linnades hävinevate skulptuuride näidetel.
	omavahel arutledes, seejärel esitades oma lahendused monumentide korrosiooni probleemile ja tuletades metallidele elektrokeemiline jada.

	6.           Otsustamine, kas peaksime rohkem ette võtme, et päästa kultuurimonumente.
	kui õpilased võtavad osa aruteludest, võttes arvesse kultuurilist pärandit, teaduslikku/tehnoloogilist oskust, maksumuse tegureid ja oskustööliste saadaval olevust jne. 


Should we do more to save Cultural Monuments from Corrosion ?

Assessment of student gains and progress is important. The following suggestions are directly based on the learning objectives/competencies, or their breakdown into specific learning outcomes for individual lessons.  Although three different approaches are given to illustrate how student assessment can be tackled, it must be stressed that there is no expectation that a teacher

1. uses all three approaches at the same time

2. assesses all students in every lesson

3. assesses all students in the same respects

4. undertakes individual assessment, if group assessment is preferred

5. assesses students when clearly the teacher’s time is better spent guiding students in a teaching mode.

The three approaches are :

· Part A is related to assessment directed at the learning skills to be acquired.

· Part B is related to assessment per lesson (as it is suggested in the module).

· Part C is related to assessment per teacher strategy adopted b the teacher (i.e. marking written work; observation of students; oral communication with students)

The suggested emphasis is on ‘assessment for learning’ so that the assessment is carried out to help students more than it is a measure of attainment. This emphasis is intended to guide the teacher as to where future emphasis needs to be placed in the teaching and to guide the students to appreciate their strengths and weaknesses. Finally, stress is placed on the fact that the three approaches are suggested strategies and not definitive.

Part A
Assessment by Skills (Formative Assessment strategy)

Able to award a social value grade (objective 1)


The teacher observes the group discussions


x
Unable to appreciate the problem and make a decision.


√
Recognises that the corrosion of monuments is a problem and can make a decision on  action which should be taken to stop the corrosion. 


√√.
Appreciates the cultural importance of preserving monuments. Able to make a justified decision and willing to support restoration once a solution has been found to the corrosion problem.

Able to award a science method grade (objective 2)


The teacher listens to the group discussions. The teacher asks questions in the group as appropriate.

x
Students can put forward few ideas of how to investigate the problem, but is able to follow experimental instructions.


√
Students can make suggestions to investigate the corrosion problem based on ideas of redox.


√√
Students appreciate that the problem is linked to an electrochemical process and can suggest a range of experiments to be undertaken to investigate the problem. 

Able to award a personal skill grade (objectives 3 and 4)


The teacher observes the students in their groups



x
Group cooperation was not well organised. At best only partial interest in carrying out the investigation.


√
Able to follow the experimental instructions and set up the experiments. Group willing to cooperate together, but the cooperation is not efficient, as measured by the time involved in setting up the range of experiments.


√√.
The group work well together and are able to carry out all planning and experimental stages smoothly and efficiently.

Able to award a science concept grade (objective 5)


The teacher observes the groupwork and the group presentation. The teacher asks questions as appropriate.

x
Poor interpretation of the experimental results. Very superficial suggestions for solving the problem. 


√
Able to interpret the results obtained for the experiments and recognise the corrosion problem when copper is in contact with iron and the role played by salt in the corrosion of copper. 


√√
Able to interpret the experiments, appreciate the role of salt in aiding corrosion  and put forward a range of interesting and novel ways of solving the problem. 

Summative Assessment strategies

Able to award a social value grade (objective 1)


The teacher reads the answers to the questions posed


x
Only superficial reasons are put forward as to why protect the monuments i.e. to make them look nice.


√
Able to suggest why the protection of monuments are important from a societal viewpoint.


√√
Able to consider the protection of monuments from a number of viewpoints and suggest the importance of protection the monuments from these positions.

Able to award a science method grade (objective 2)


The teacher reads the solutions given in the presentation by the group.


x
Few recommendations offered and presented in a very vague manner.


√
At least one recommendation is given for the iron-copper corrosion problem and the corrosion of the copper in the air, but the solutions tend to overlap.


√√.
A number of interesting and diverse recommendations are given that could have practical application.

Able to award personal skills grade (objective 4)


The teachers reads the material used of the presentation by the group.


x
Materials not logically presented. Observations not systematically recorded. Explanations missing. Not able to comment on possible changes in the environment that are dangerous for monuments.


√
Material presented well, with observations given systematically and explanations offered. Able to suggest what changes in the environment are dangerous for monuments.


√√
Use of communication approaches beyond the written word included to aid comprehension of the material. Very clearly able to indicate the environmental dangers to monuments and how these are created.

Able to award a science conceptual grade (objective 5)


The teacher reads the observations and explanations offered in the presentation by the group.


x
Poor recording of the observations. No explanations offered for the observations made.


√
Observations recorded well. Explanations offered in each case for the corrosion, but the role of the salt is not fully understood.



√√
Good recording of the observations and the explanations. Good understanding shown for the role played by the salt in the reactions.

Part B
Assessment by Lesson

Lesson 1

	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1


	Writes a plan or report of an investigation
	Puts forward an appropriate research/ scientific question and/or knows the purpose of the investigation/experiment.
	

	
	
	Creates an appropriate investigation or experimental plan to the level of detail required by the teacher.
	

	
	
	Puts forward an appropriate prediction/hypotheses.
	

	
	
	Develops an appropriate procedure (including apparatus/chemicals required and safety procedures required) and indicates variables to control.
	

	2
	Record experimental data collected
	Makes and Records observations/data collected appropriately (in terms of numbers of observations deemed acceptable/accuracy recorded/errors given)
	

	3
	Interpret or calculate from data collected and making conclusions
	Interprets data collected in a justifiable manner including the use of appropriate graphs, tables and symbols. 
	

	
	
	Draws appropriate conclusions related to the research/scientific question.
	

	4
	Answers questions


	Provides correct written answers to questions given orally or in written format.
	

	
	
	Provides answers in sufficient detail especially when called upon to give an opinion or decision .
	


Lesson 2

	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1


	Functioning in the group during experimentation or discussion


	Contributes to the group discussion during the inquiry phases (raising questions, planning investigation/experiment, putting forward hypotheses/predictions, analyzing data, drawing conclusions, making justified decisions). 
	

	
	
	Cooperates with others in a group and fully participates in the work of the group.
	

	
	
	Illustrates leadership skills – guiding the group by thinking creatively and helping those needing assistance (cognitive or psychomotor); summarising outcomes.
	

	
	
	Shows tolerance with, and gives encouragement to, the group members.
	

	2


	Performing the investigation or experiment
	Understands the objectives of the investigation/experimental work and knows which tests and measurements to perform.
	

	
	
	Performs the investigation/experiment according to the instructions/plan created.
	

	
	
	Uses lab tools and the measurement equipment in a safe and appropriate manner.
	

	
	
	Behaves in a safe manner with respect to him/herself and to others.
	

	
	
	Maintains an orderly and clean work table.
	

	3


	Presenting the investigation or experiment orally


	Presents the activity in a clear and practical manner with justified decisions.
	

	
	
	Presents by illustrating knowledge and understanding of the subject.
	

	
	
	Uses precise and appropriate scientific terms and language.
	

	
	
	Presents with clarity and confidence using an audible voice.
	


Lesson 3

	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1


	Presenting the results orally


	Presents the results in a clear and practical manner with justified decisions.
	

	
	
	Presents by illustrating knowledge and understanding of the subject.
	

	
	
	Uses precise and appropriate scientific terms and language.
	

	
	
	Presents with clarity and confidence using an audible voice.
	

	2


	Performing the investigation or experiment
	Understands the objectives of the investigation/experimental work and understand the role of the multimeter.
	

	
	
	Performs the experiments according to the instructions/plan created.
	

	
	
	Uses the multimeter in an appropriate manner.
	

	3


	Functioning in the group during experimentation or discussion


	Contributes to the group discussion during the inquiry phases (raising questions, planning investigation/experiment, putting forward hypotheses/predictions, analyzing data, drawing conclusions, making justified decisions). 
	

	
	
	Cooperates with others in a group and fully participates in the work of the group.
	

	
	
	Illustrates leadership skills – guiding the group by thinking creatively and helping those needing assistance (cognitive or psychomotor); summarising outcomes.
	

	
	
	Shows tolerance with, and gives encouragement to, the group members.
	


Lesson 4

	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1
	Gives explanations


	Provides correct explanations based on the electrochemical series
	

	2
	Scientific or socio-scientific reasoning
	Illustrates creative thinking/procedures in suggesting whether it is appropriate to save cultural monuments
	

	
	
	Gives a justified socio-scientific decision to an issue or concern, correctly highlighting the scientific component 
	


Part C
Assessment by Teacher Strategy

Student assessment tool based on the Teacher's Marking of Written Material

	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1


	Writes a plan of an investigation
	Puts forward an appropriate research/ scientific question and/or knows the purpose of the investigation/experiment
	

	
	
	Creates an appropriate investigation or experimental plan to the level of detail required by the teacher
	

	
	
	Puts forward an appropriate prediction/hypotheses
	

	
	
	Develops an appropriate procedure (including apparatus/chemicals required and safety procedures required) and indicates variables to control
	

	2
	Record experimental data collected
	Makes and Records observations/data collected appropriately (in terms of numbers of observations deemed acceptable/accuracy recorded/errors given)
	

	3
	Interpret or calculate from data collected and making conclusions
	Interprets data collected in a justifiable manner including the use of appropriate graphs, tables and symbols 
	

	
	
	Draws appropriate conclusions related to the research/scientific question
	

	4


	Answers questions


	Provides correct written answers to questions given orally or in written format
	

	
	
	Provides answers in sufficient detail especially when called upon to give an opinion or decision 
	

	5
	Scientific or socio-scientific reasoning
	Illustrates creative thinking/procedures in solving problems 
	

	
	
	Gives a justified socio-scientific decision to an issue or concern, correctly highlighting the scientific component 
	


Student Assessment tool based on the Teacher's Observations
	
	Dimension
	Criteria for evaluation

The student:
	Mark/grade given (x,√,√√)

	1


	Functioning in the group during experimentation or discussion


	Contributes to the group discussion during the inquiry phases (raising questions, planning investigation/experiment, putting forward hypotheses/predictions, analyzing data, drawing conclusions, making justified decisions). 
	

	
	
	Cooperates with others in a group and fully participates in the work of the group.
	

	
	
	Illustrates leadership skills – guiding the group by thinking creatively and helping those needing assistance (cognitive or psychomotor); summarising outcomes.
	

	
	
	Shows tolerance with, and gives encouragement to, the group members.
	

	2


	Performing the investigation or experiment
	Understands the objectives of the investigation/experimental work and knows which tests and measurements to perform.
	

	
	
	Performs the investigation/experiment according to the instructions/plan created.
	

	
	
	Uses lab tools and the measurement equipment in a safe and appropriate manner.
	

	
	
	Behaves in a safe manner with respect to him/herself and to others.
	

	
	
	Maintains an orderly and clean work table.
	

	3


	Presenting the investigation or experiment orally


	Presents the activity in a clear and practical manner with justified decisions.
	

	
	
	Presents by illustrating knowledge and understanding of the subject.
	

	
	
	Uses precise and appropriate scientific terms and language.
	

	
	
	Presents with clarity and confidence using an audible voice.
	


Should we do more to save Cultural Monuments from Corrosion ?

Teacher Notes

Student worksheet 1     Reacting copper and iron (and zinc)

Procedure: 

1. Prepare 200 ml of agar-agar solution. Measure out a mass of 2.0 grams of powdered agar-agar. Heat 200 ml of water to boiling. Remove the water from the heat and add the agar-agar powder slowly while constantly stirring. Once the agar has dissolved, add 5 drops of phenolphthalein solution  or 5 drops of bromothymol blue. 

2. Take two nails (or strips of pure iron) and wrap them in the strips of metal. One nail should be wrapped with zinc metal and the other nail wrapped with copper metal. Place these two wrapped nails into a petri dish. Be sure the nails do not touch. (The zinc and copper metals should be rubbed down and cleaned with sandpaper before they are wrapped around the nails). Make sure the nails are not galvanized or have some other type of coating. The idea is to use iron. 

3. Slowly pour the agar-agar solution into the petri dishes to a depth of about 0.5 cm above the nails and metals. 

4. Allow the petri dishes to remain untouched for a day or two. From time to time make observations. At the end of the next day and then at the end of the second day make and record observations. 

Questions: 

1. What changes did you observe in the petri dish? Why did the color changes occur where they did? 
2. In which nail did the iron of the nail corrode? 

3. Why did the iron nail corrode in the one situation and not in the other? 

4. Explain "corrosion" or "rust" in an electrochemical point of view. 

5. What does the "pink" color (if phenolphthalein was used) indicate? 

6. What is a cathode and what is an anode? 

7. What is oxidation? 

Teacher notes

Materials: - 
· Iron nails 

· Petri dishes 

· Agar-Agar solution 

· Phenolphthalein solution 

· Strips of zinc and copper metal 

· Sandpaper 
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Figure 1. Using Phenolphthalein as indicator.
Iron wrapped in zinc is on the left and iron wrapped in copper is on the right.


 Explanations: 

1. As can be seen in Figure 1, the iron strip which is wrapped in copper corroded. Pink color is found around the copper strip and the iron can be seen to be turning orange-yellow. This is only after 5 hours. More corrosion would be visible days later. The second strip of iron is not corroded. Pink is found on the iron and nothing by the zinc strip. The color changes occurred where they did as a result of the corrosion. 

2. In the strip of iron wrapped with copper the iron corroded. Iron metal oxidizes faster or more easily than does the copper. It is said that the iron is oxidized and the copper is reduced. What is happening is that the iron is losing electrons and the copper is gaining electrons. The copper is considered the cathode in this case and the iron is considered to be the anode. The iron metal loses electrons and turns into an iron ion according to this equation: 

Fe (s)  Fe+2 + 2 e- Equation 1.1
These two electrons travel through the iron metal to the copper. At the copper there is water and oxygen which take the two electrons and use them to form hydroxide ions as in Equation 1.2:
½ O2 (g) + H2O (l) + 2 e-  2 OH- Equation 1.2
This excess of OH- produced causes the solution next to the copper to be pink. Hydroxide ions (OH-) make a solution to be basic which turns pink in the presence of phenolphthalein.
What ultimately happens in the case of the iron metal wrapped with copper is that the iron metal loses two electrons which are used by water and oxygen to make hydroxide ions. It is evident that the hydroxide ions are formed at the copper surface because of the pink that exists around the copper. The iron ions that are formed react with oxygen and water to form "rust" as is seen in Equation 1.3:
Fe+2 + ½ O2 (g) + H2O (l)  Fe (OH)2 (s) Equation 1.3
This Fe (OH)2 (s) combines with a second molecule of Fe (OH)2 (s) in the presence of oxygen to form iron(III)oxide (the more common form of rust) and water.
2 Fe (OH)2 (s) + ½ O2 (g)  Fe2O3 (s) + 2H2O (l) Equation 1.4
Thus iron "rusts" and the copper does not react with anything.
In the other situation in which iron is wrapped with zinc the opposite occurs. In this case zinc is oxidized faster or more easily than the iron and therefore it undergoes a very similar reaction as did the iron in the last example. Here zinc loses two electrons and forms a Zn +2 ion. On the surface of the iron the same reaction occurs as did on the copper. Water and oxygen combine with the two electrons to make hydroxide ions, which turn the solution next to the iron surface pink. In this case the zinc is considered to be the anode and the iron is considered to be the cathode.
3. The iron of the nail which is covered with copper corroded. 

4. See number 1. 

5. See number 1. 

6. The pink color indicates that hydroxide ions are produced. This indicates a chemical reaction has occurred. The location of the pink indicates that the metal nearest to it was producing the hydroxide ions, and therefore, was the metal "gaining" electrons. This metal which "gained" electrons is said to have been "reduced" while the metal which "lost" the electrons is said to have been "oxidized" or "rusted" or "corroded". 

7. The cathode is the place in an electrochemical cell to where the electrons travel. 

8. The anode is the place in an electrochemical cell from where the electrons came. 

9. Oxidation is the "loss of electrons". It is usually comparable to "rusting" or "corroding" because the metal loses electrons, turns into an ion, and therefore, there are less "metal" atoms around. Thus the metal is said to have corroded. 

Reacting Copper and Zinc – the Lemon Battery


	Materials:

- a lemon
- a strip of copper
- a strip of zinc
- a voltmeter
- two cables with alligator clips
- a thermometer or clock with an LCD display
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The Lemon Battery






1. Roll the lemon firmly with the palm of your hand on a tabletop or other hard surface in order to break up some of the small sacks of juice within the lemon. 

2. Insert the two metal strips deeply into the lemon, being careful that the strips not touch each other. 

3. Using the voltmeter, measure the voltage produced between the two strips (figure 3). It should show to be about one volt. 


It is possible to use other electrolytes, whether it be an acid, base or salt solution. The lemon battery works well because the lemon juice is acidic. Try the same setup with other types of solutions. As you may know, other fruits and vegetables also contain juices rich in ions and are therefore good electrical conductors. You are not then, limited to using lemons in this type of battery, but can make batteries out of every type of fruit or vegetable that you wish. 
Like any battery, this type of battery has a limited life. The electrodes undergo chemical reactions that block the flow of electricity. The electromotive force diminishes and the battery stops working. Usually, what happens is the production of hydrogen at the copper electrode and the zinc electrode acquires deposits of oxides that act as a barrier between the metal and the electrolyte. This is referred to as the electrodes being polarized. To achieve a longer life and higher voltages and current flows, it is necessary to use electrolytes better suited for the purpose. Commercial batteries, apart from their normal electrolyte, contain chemicals with an affinity for hydrogen which combine with the hydrogen before it can polarize the electrodes.

Volta’s Pile
	Materials:

- six strips or discs of copper
- six strips or discs of zinc
- filter paper
- one of the following electrolytes:
   - lemon juice
   - vinegar
   - a solution of sodium chloride (salt water)
   - a solution of copper sulfate
- a voltmeter
- a thermometer or clock with an LCD display
- two cables with alligator clips
	


Place each zinc disc on a copper disc. You should have six sets of Cu-Zn disc pairs. As shown in fig. 11, build a stack or "pile" of these pairs of discs, with a disc of electrolyte soaked filter paper separating each pair from its neighbors. Be careful that the solution does not dribble down the side of the stack as this can cause a short circuit between the elements of the pile. Note that the sequence of the elements is as follows: Cu, Zn, electrolyte, Cu, Zn, electrolyte, etc. When the device is all arranged as specified, measure the voltage between the the bottom element of Cu and the top element of Zn. You should see 6.6 volts or 1.1 volt per pair of elements. The voltage generated is also dependent upon the electrolyte used and it's concentration. As you may have done with the lemon battery, try to power a small LCD electronic device such as a clock, thermometer or even a calculator.

Measuring potentials of reduction


Another method of explaining the function of a battery lies in the oxidation reduction reactions at the electrodes. Oxidation reduction reactions involve the transfer of electrons from one chemical element to another. The tendency of an element to acquire or give up electrons is measured as electrical potential compared to that of a special hydrogen electrode, which is considered by convention to have zero electrical potential at 25°C. At this electrode, the following reaction occurs:

                                                         2H+ + 2e- <==> H2


To make these measurements, use is made of a cell with one electrode of hydrogen and the other of the material to be measured. The voltage produced indicates the potential of reduction of the new material in terms of positive or negative volts in respect to the hydrogen electrode. Chemical elements that have a positive potential of reduction tend to be reduced, that is to acquire electrons, while elements that have a negative potential tend to oxidize, that is to give up electrons.

At this point, the voltage produced by a battery can be calculated by finding the difference between the potentials of reduction of the two half cells: E = E1 - E2 as shown below.

	 
	reaction
	potential of reduction (V)

	E1
	Cu++ + 2e- = Cu
	+ 0.342

	E2
	Zn++ + 2e- = Zn
	- 0.762


In this case, the voltage generated would be:

E = +0,342 - (-0.762)
E = +1.104 V. 

	
	Materials:

- a strip of copper
- various materials to try as electrodes
- two beakers or appropriate containers
- plastic tubing
- cotton
- 50 g. of copper sulfate (CuSO4)
- 50 g. of a sulfate of the same element as the electrode you want to try
- 5 g. potassium nitrate (KNO3)
- 5g. sodium chloride (NaCl) as an alternative to the potassium nitrate
- 1/2 liter of distilled water
- a voltmeter (it is best to use a digital model because the high input impedance will not affect the voltage as much as a low impedance analog model)
- a cable with alligator clips
- sandpaper


Fill the container having the copper conductor with copper sulfate solution in the concentration of 1M. Fill the other container with the appropriate solution also in the concentration of 1M. Connect the negative side of the voltmeter to the copper electrode and the positive side to the electrode of test material and measure the voltage. 


In order to get valid test measurements, it is necessary to have clean electrodes. Use the sandpaper to clean off any oxides or any other coatings or contamination so that the surfaces of the electrodes are clean and bright. Some metals oxidize very easily, such as aluminum, titanium, and magnesium. In the case that you are using a metal that oxidizes quickly, clean the electrode with sandpaper just before placing it in the electrolyte and then, during the experiment, wait a few moments for the chemical reaction to remove the slight amount of oxide that formed while you were cleaning it. You will see the voltage slowly rise to a maximum value. Note this reading as it represents the potential of reduction of the material under test with respect to copper. If the voltage starts immediately to drop, use the highest observed reading as the maximum value.

The voltages that you record are relative to copper. In order to obtain the value relative to hydrogen, that is the standard value, you would factor out the standard value of copper (Cu/Cu++). For example, if you measure the voltage between zinc and copper with this setup, you should see -1.1 volts output. By adding -1.1 and +.34 (the standard value for copper) you get -.76 volts which is exactly the potential of reduction for zinc ( Zn/Zn++) relative to hydrogen. 

Questions on bronze monuments the teacher may wish to ask

1.
The statue of Marcus Aurelius had been on the top of Capital Hill in Rome for 2000 years. This is the only one of numerous riding cavalier statues which exists today. Others were destroyed by early Christians. At the end of the seventies it was moved to the laboratory. Much of the monument’s detail in bronze had been destroyed and looked like a sieve with many holes. The ancient gold cover existed only in the form of small islands. 


What do you think, besides time, caused the bronze destruction?

2.
Why is modern bronze, containing Zn, less stable than ancient bronze containing Sn? Why is the surface of statues made from bronze containing very little amount of Sn covered with white dots?

3.
What do you think was the reason for the Callos of Rhodes destruction, taking into consideration that this statue was made of bronze sheets, which where clamped on an iron bearing construction?

4.
Sometimes to protect bronze sculptures they are covered by special films, consists of oxides and hydrosalts of copper. Why is sulphate and nitrate but not hydrocarbonate of copper(I) and (II) formed in cities with highly developed industry for producing protection films? 

Patinas

The surface of every monument made of metal has a natural or protective-decoration cover which prevents the metal from further oxidation. These are called patinas. Patina is a more or less stable coloured film, formed as a result of complicated and multistage interactions of the upper layer of the sculpture material with acids, salts and gases in the atmosphere.

Non-natural cover are usually combinations of non-natural patinas and organic compounds, such as compositions from natural and synthetic wax, natural and synthetic drying oil, polybutylmethacril varnish and others. It is known that some monuments were painted with drying oils and covered with a black pigment. Of course in these cases the surface of the monument loses its characteristic glitter of bronze and gains a varnish-like structure. 

Some types of patinas are used in the restoration of monuments around the world are made from the following chemical composition- (a) basic copper oxides (I) and (II) and (b) basic copper sulphates (I) and (II), Sb(II), Bi(III) (c) basic salts of copper (carbonates, sulphates, nitrates, chlorides)

Oxide films on the surface of small bronze objects are obtained by heating in a flame, leading to the formation of black copper oxide by oxidation by the atmosphere. Larger objects are heated in special furnaces. Making patinas is an usual operation which is made after sculptures have been cast. Sulphate films are stable only in conditions of low atmospheric humidity. Non natural patinas made on the basis of basic salts are very similar to natural patinas but they are less mechanically stable. However the quality of films influence by atmospheric conditions gets better with time, if the patina composition and way of making have been chosen correctly. It is not recommended to use non-natural patinas, containing carbonate ions in towns which are situated on the sea coast and industrial centres, because carbonate ions can be easily replaced with sulphate ions (contained in the air). In these cases, it would be better to use films, containing basic copper sulphate or nitrate (strong acid salts).

To protect monuments in coastal areas chloride ions are introduced into the composition of the patinas. Because chloride ions could be corroding agents, In the presence of a water film (on the bronze surface) copper, in the presence of chloride ions, oxidises in the air to form a thin and considerably stable light green film which protects the inner bronze layers from further oxidation.  This film (CuCl2. 3Cu(OH)2) is called atakamit.


Carbon dioxide gas causes a transformation of atakamit to the green coloured malachite CuCO3. Cu(OH)2. Green patina tends to show old age of the monument. If in the air there is a lot of sulphur compounds, this could lead to the formation of the green coloured film containing Cu(OH)2.CuSO4. Climate conditions greatly influence the physical-chemical processes occurring on the surface of the sculptures. The most important factors are compounds polluting the atmosphere and the humidity.

Possible additional tasks

1.
Bronze sculptures were created in very ancient times. In the 19th century cast iron was introduced into the practice of making sculptures. In the 20th century sculptures began to use steel and titanium. What metal is least likely to corrode ?

2.
The famous monument of the bronze cavalier in St. Petersburg is constructed on an iron arc like a horseshoe, which is connected to the bronze sculpture with the help of bronze braces. During restoration in 1978, a steel framework was not only very carefully cleaned from dirt and rust, but was painted with red lead. It was very difficult to work inside the sculpture. Infrared lamps were used to make the drying process of the paint faster. However, restorers painted the inside of the sculpture several times.


Why was this done ?


Answer:
it is necessary to isolate the iron framework from the bronze sculpture material

3.
Usually bronze sculptures have thin walls (1.5 mm up to several millimetres in thickness). They are usually fixed on the pedestal of the monument with the help of a special iron or steel framework. Unfortunately, due to the influence of accumulating water surrounding the sculpture, the bronze is being destroyed. How can you explain that in the horse sculpture, the most noticeable destruction (even holes) is on the lower part of the legs? 

Answer:
The iron framework is rusting. This is more rapid where it is in contact with the bronze. The oxidation product (rust) has a largely volume than the iron and cracks appear in the very narrow places (for example the lower parts of the legs)

4.
Cracks in bronze sculptures are often sealed with an alloy of lead and tin. What properties of these materials make them suitable for this process ? Why is their usage not the most convenient way to restore bronze sculptures?

Answer:
Lead and its alloys are fusible materials and it is thus easy to use them to restore cracks in the bronze sculptures. However, in using them we break the principle of not using different metals in contact and this leads to electrochemical corrosion.

Statue of Marcus Aurelius

Over time little cracks appeared in the gilt. Water accumulated in the cracks. This water, together with substances in the air, formed a conducting medium and allowed an electrochemical process to occur between the gold and the bronze. As a consequence the statue became an enormous battery. The metal corroded and little holes appeared in the statue.

What is bronze ?

Bronze is made from mixing copper and tin (or copper and zinc as is preferred today) in a furnace, melting the metals and, on cooling, forming sheets of a fairly soft metal that can be hammered into shapes or carved with a sharp instrument. It is a dark brown/black colour on the surface, but on scratching reveals a bright orange/brown colour similar to copper. Bronze is typically 80% copper.

The reactivity of metals can be expressed in a table, the most reactive metals given first. Such a table is given below:

Ca Mg Al Zn Fe Sn Pb H Cu Ag Au     (K and N have been omitted as their reactivity is too great to be considered for sculptures)

Although not a metal, hydrogen is included as a reference. With this, the same table can be used as an electrochemical series; metals above H establishing a negative potential compared to hydrogen and those below H, a positive potential.






Õpilasele








� INCLUDEPICTURE "http://www.funsci.com/fun3_en/electro/elec_12.gif" \* MERGEFORMATINET ���





Teacher Notes





Assessment





� INCLUDEPICTURE "http://www.funsci.com/fun3_en/electro/elec_11.gif" \* MERGEFORMATINET ���











�














Õpetajale








Developer: Andrei Zhegin and Irina Titova. Published in Supplementary Teaching Materials (eds). Jack Holbrook and Miia Rannikmae, ICASE, 1997.   Edited by: Jack Holbrook 

Institution: International Council of Associations for Science Education (ICASE)

Country: UK


