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History of Chemistry in School Curricula  Activities for Students 
1. Introduction  

In the last decades school curricula for basic and secondary schools have changed in many aspects. Contents were modified, and new approaches have been tried in different places, all over the world. Some new trends correspond to the inclusion of topics on History of  Science. However there is a lack of teaching materials available for use by teachers in the classroom1, and those that exist seldom present a view of Science that is, not only a mere collection of facts, but an evolution that is a consequence of a long process of construction.  This is particularly valid in the case of chemistry and an analysis of school manuals of different times, for different levels2,3, showed that, although in some cases there are historical notes, these are mostly short biographies of more well known chemists, or simple curiosities. The references are scarce and usually very superficial. Frequently only the names of eminent scientists are mentioned, sometimes with some references to their contributions. However, most often, the real importance of their work for the progress of science is overlooked, and there isn’t usually any historical perspective of the evolution of chemical ideas4. Also, the materials that can be found usually do not include results of research on History of Science. In order to help students understand how Science has been constructed, the teaching materials should contain not only information about historical facts, but also about the processes of Science5,6. Materials of this kind were prepared with the help of historians of Science and curriculum developers. The teaching materials with an historical framework here presented include activities for students, sometimes with an experimental component. Some historical experiments can be used, in laboratories with students, to complement the activities. The performance of these experiments in conditions similar to the originally described by their authors, together with a discussion of the conceptual frameworks involved, can be of great value in education. Another approach to using historical topics corresponds to present the reconstitution of experiments included in ancient manuals with original equipment in many cases still existing in old schools, in conditions similar to those used in the past. Some experiments with ancient equipment are also illustrated. 

                                                1  Shortland, M. and Warwick, Eds., 1989. Teaching the History of Science, Blackwell, Oxford. 2  Granito, F., 2005, Masters’ Degree Thesis, University of Lisbon, Portugal. 3  Cruz, M., 2005, Masters’ Degree Thesis, University of Lisbon, Portugal. 4  Knight, D.M., 1995. Ideas in Chemistry: A History of Science, Rutgers University Press. 5  Partington, J.R., 1945. História de la Química, Espasa-Calpe, Madrid. 6 Serres, M., 1989. Éléments d’Histoire des Sciences, Bordas, Paris. 
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2. Activities for students 

The activities presented here7 are based on research on History of Chemistry undertaken for Masters' Degree Theses that were done in the scope of the Masters’ Degree Course for in-service teachers (“Curso de Mestrado em Química para o Ensino") of the Faculty of Sciences of the University of Lisbon. In the curricular part of this course there was a discipline called "Evolution of concepts along the History of Chemistry"8 and several teachers decided to choose topics on History of Chemistry for their theses, undertaking relevant historical research, mainly related to 19th and early 20th century Chemistry in Portugal. Finally, based on their results, teaching modules with activities for students were prepared, from which, some examples were chosen. The examples selected detail an activity related to an alleged fraud of Port Wines, based on real research works of Ferreira da Silva around 19009, and another one based on the isolation of cinchonine, the first quina alkaloid isolated by Bernardino Antonio Gomes in 181410. These activities include an historical background on the evolution of Chemistry in Portugal as well as the biographies of the Portuguese chemists referred. The possibility of undertaking some experimental activities is facilitated by the presentation of protocols for simple experiments related to the topics.  Other activities presented here are based on the analysis of the first volumes (1905-1914) of the Revista de Chimica Pura e Applicada, the first Journal of Chemistry in Portugal and exploit, for example, the evolution of tables of Atomic Weights and related concepts11. Finally there are activities related to the use, in demonstration by the teacher, of ancient materials existing in an old school, thus “bringing to life” pieces of equipment unknown by students and almost forgotten by many teachers12.   These are only a few examples of how we can integrate topics on History of Chemistry in the curricula, either by using case studies on actual scientific researches undertaken in the past, or looking at the evolution of concepts with the presentation of original texts of papers from different scientists or articles in journals referring the given concepts. 
2.1. Activities based on the works of Ferreira da Silva (1853-1923) 

The first activities presented here are based on work of the Portuguese chemist Ferreira da Silva (1853-1923)13, eminent Professor of the University of Porto, Member of the Academy of Sciences of Lisbon, one of the founders of the Revista de Chimica Pura e Applicada, the first Portuguese chemistry journal, and of the Portuguese Chemical Society, and also director of the Municipal Chemistry Laboratory of Porto (Laboratorio Chimico Municipal do Porto). This Laboratory, inspired by its equivalent in Paris, was proposed in 1881 by the Mayor of the 
                                                7  Details about these activities can be obtained from the authors. 8 The course was taught by M. E. Maia from 2002 until 2007. 9 Cristina Alegre, "O papel do Laboratório Municipal de Chimica do Porto e de Ferreira da Silva na implementação e Ensino da Química no fim do século XIX”, Unpublished Masters’ Degree Thesis, University of Lisbon, 2006 10 Sandra Domingos Lopes, “Alcalóides: Episódios Históricos do Século XIX em Portugal – Apresentação de dois Projectos para o Ensino Secundário”, Unpublished Masters’ Degree Thesis, University of Lisbon, 2006 11 Susana Santos, “Contributo da Revista de Chimica Pura e Applicada para o Ensino da Química na actualidade” Unpublished Masters’ Degree Thesis, University of Lisbon, 2005 12 Maria Gonçalves da Cruz, “Do Instrumento ao Laboratório”, Unpublished Masters’ Degree Thesis, University of Lisbon, 2004. 13  Cabral, J., Ferreira da Silva e a Química Analítica no Porto,        http://zircon.dcsa.fct.unl.pt/dspace/bitstream/123456789/250/1/22-6.PDF, accessed December 2008 
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city, in order to control the quality of different food products, in particular water, oil, wine and dairy products, as well as for toxicological and other analysis in forensic cases. Built and equipped under the supervision of Ferreira da Silva, it opened to the public in 1884. The work in the Laboratory, which was closed in 1907, and later reopened and closed again in a long and politically controversial process, had high quality, internationally recognized.   After this introduction, and a short biography of this scientist, three activities are proposed to students. They are related to an alleged fraud in Port wines, which could compromise its trade, namely to Brasil, because of an accusation of salicylation (addition of salicylic acid as preservative) of the wine. This case, that started with an embargo to the import of Port wine in Rio de Janeiro in 1900 and had serious economic consequences, involved not only Ferreira da Silva but also some international experts, well known chemists of the time, Pellet and Berthelot among others, and its solution was favourable to Portuguese interests. In relation to this case three activities are proposed to students.  
Activity I – Bulletin of analysis of wines of the Municipal Laboratory of Porto 

1. Planning  
Analyze the bulletin of analysis of wine used in the Municipal Laboratory of Porto and elaborate, in group, an experimental protocol to determine one of the analysis parameters. 

2. Experimentation  
Carry out the experiment proposed by another group.
Elaborate a report.  

3. Reflection, Discussion & Presentation  
Identify the flaws of the protocol and the practical difficulties. 
Refer aspects to improve. 
Communicate the results. 

Fig. 1 – Original of the Bulletin of analysis“Catalogo da bibliotheca e dos apparelhos, utensilios e reagentes  do laboratório municipal do Porto” Ferreira da Silva, A. J. (1894)
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Activity II – The ”Salicylation” of wines 

1. Read, and interpret the text“Sobre uma causa de êrro na investigação do ácido salicilico nos vinhos portugueses”, by Ferreira da Silva presented by Berthelot in the Academy of Sciences of Paris (13th August 1900)14.2. Identify the scientific problem faced by Ferreira da Silva How did Ferreira da Silva solve the problem? 3. Discuss the detection limits of both methods used by Ferreira da Silva in the detection of salicylic acid. 4.  Discuss the title of the article.  5. Research and communicationWho was Berthelot?
Activity III– Limits of detection 

1. Analyse, Compare and Conclude Analysis of the results obtained by Ferreira da Silva about the detection limits of salicylic acid in wines, using iron chloride.- Identify for each method the limits of detection of salicylic acid.- Compare and discuss the efficiency of the methods.2. Experiment and Compare- Preparation of standard solutions - Measurement of absorbance - Comparison of the result obtained with the value considered the true value and evaluation of the method in terms of precision and exactitude.  

Fig 2 – Comparison of different methods 

                                                14 Ferreira da Silva, 1919, “A suposta salicilagem dos vinhos Portugueses no Brasil (1900-1902): Memórias, notas e documentos”. (This text can be obtained from the authors.) 

in “O Acido Salicylico e a Questão dos Vinhos Portugueses no Brasil em 1900” Pellet, H.,  Ferreira da Silva, A.J. (1906) 
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2.2. Activities based on the works of Bernardino António Gomes (1768-1823). 

Since ancient times, malaria has been a very serious disease that affects humanity. It is transmitted by a mosquito and is characterised by periodic high fevers that can be fatal, in particular for children or more fragile individuals. The antipyretic properties of the barks of cinchona trees were known since ancient times by the native populations of South America, in particular from Peru. The use of the barks in medicines against “fevers” in Europe in the 17th
century made the exploitation of cinchonas of Peru a highly productive process. The Portuguese government tried to find out an alternative in cinchona varieties existing in Brazil. By the beginning of 19th century, samples of Brazilian barks of different kinds were shipped to Portugal in order to evaluate their therapeutic properties, in particular their antipyretic properties. Clinical and chemical studies were carried out by the most eminent scientists of that time, Bernardino António Gomes15 in Lisbon and Tomé Rodrigues Sobral16 (1759-1829) in Coimbra, in order to find out the best way to use the barks and to try to identify the “antipyretic principle”. During this research, Bernardino António Gomes isolated in 1810 the first known alkaloid – the cinchonine. This discovery, which generated large controversy in Portugal, raised international interest and led in 1820 to the isolation of quinine, by Caventou and Pelletier in France17.      This is the background information used as starting point for a small research project to be carried out by students. It would be too long to detail all the steps of the activities proposed to students and so only the titles and the experimental activity are presented. 
     Planning of the Project      1st step – Presentation of an introductory text, contextualizing the subject      2nd step – Library research on relevant topics       3rd step – Group discussion in the class      4th step – Discussion of the text by Gomes on the isolation of cinchonine, with focus on the techniques described, and safety rules that nowadays should be followed      5th step – Elaboration of an experimental protocol based on the original text of Gomes       6th step – Experimental activity (described below) adapted to modern equipment and using present language and conform to safety rules      7th step – Comparison of the results obtained by students with those described by Gomes      8th step – Evaluation of the project      9th step – Communication to the school community in the school journal 
Experimental activity about the isolation of cinchonine by Bernardino GomesObjective: Extraction and purification of cinchonine from cinchona barks 

                                                15 Gomes, Bernardino António, 1812a. “Ensaio sobre o cinchonino, e sobre a sua influencia nas virtudes da quina, e d’outras cascas”. Memórias de Mathemática e Physica da Academia das Sciencias, Lisboa: Typ. da Academia Real das Sciencias de Lisboa. 16 Costa, António Amorim Da, 1986, “Thomé Rodrigues Sobral: A Química Ao Serviço Da Comunidade. História e Desenvolvimento da Ciência em Portugal”. Lisboa: Publicações II Centenário da Academia de Ciências de Lisboa, 373-401. 17 Machado, Virgílio, 1925, “O Doutor Bernardino Gomes (1768 – 1823): a sua vida e a sua obra”, Lisboa: Portvgalia Editora. 
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Safety: 

                  Attention: DO NOT TASTE 
1.Preparation of the cinchona infusion   
     1.1 - Weigh 10g of cinchona bark1.2 - Smash the bark and transfer to a flask (flask 1) 1.3 - Measure 50 mL of 65% ethanol 1.4 - Add the alcohol to the content of flask 1 1.5 - Leave this macerating during 10 days  1.6 - Decant and filter the mixture 
2. Preparation of the extract from the cinchona infusion  

Attention:  The operation described in 2.1 and 2.2 should be carried out in the fume       cupboard                  Repeat 2.2 and 2.3 till you obtain a clear filtrate      2.1 - Evaporate to dryness the infusion obtained in 1       2.2 - Add distilled water to the extract, stirring with a glass rod       2.3 - Filter the mixture obtained in 2.2                  Repeat 2.2 and 2.3 till you obtain a clear filtrate. DO NOT TASTE (as said                   in the original) 
        2.4 - Evaporate all the liquid filtrate 

Fig.3 – Original text of Gomes on the extraction of cinchonine  (In Machado, Virgílio, 1925, “O Doutor Bernardino Gomes (1768 – 1823):  a sua vida e a sua obra”, Lisboa: Portvgalia Editora) 
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3. Extraction of cinchonine
   Attention: The solutions of potassium hydroxide are corrosive   3.1 - Add concentrated potassium hydroxide solution to the extract obtained in 2.4     3.2 - Filter the mixture obtained in 3.1 (Weigh previously the filter paper)  Repeat the steps 3.1 and 3.2 till you get a colorless filtrate    3.4 - Let the solid residue to dry 
   3.5 - Determine the mass of residue obtained.  

Fig.4 – Original text of Gomes on the purification of cinchonine  (In Machado, Virgílio, 1925, “O Doutor Bernardino Gomes (1768 – 1823):  a sua vida e a sua obra”, Lisboa: Portvgalia Editora) 
4. Purification of cinchonine 
   4.1 - Dissolve the impure cinchonine obtained in 3.4 in pure ethanol       4.2 - Filter the mixture obtained in 4.1     4.3 - Add distilled water to the filtrate obtained in 4.2    4.4 – Let the mixture rest in a vase covered only with paper till there is no smell of alcohol and crystals are formed    4.5 - Filter the mixture      4.6 - Let the residue dry in the filter paper. This residue is formed by small, white, very thin crystals. 
2.3. Activities based on the Revista de Chimica Pura e Applicada 

Other activities are based on the analysis of the first volumes (1905-1914) of the Revista de Chimica Pura e Applicada, the first Journal of Chemistry in Portugal, founded by Ferreira da Silva and other important chemists of the time. This journal was published from 1905 a 1956, with some interruptions. It has four series with annual volumes and is a potential source of activities with historical background. The activities presented here exploit the evolution of tables of Atomic Weights and related concepts, as a preparation for the introduction of the concept of mole. 
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Table 1 - Revista de Química Pura e Applicada

Fig 4 – Cover of the first number of the Revista (1905) 
Students’ activity about “atomic weights” 
     Part I – Research    As you already know, nowadays we call the masses of the different atoms, “relative atomic masses”.  
(�  Were the masses of the atoms always called relative atomic masses? 
��  If not, what was the previous designation? When did the change of the name occur? And why did it occur? 

     Part II – Analyze, compare and concludeAs you could find in the first part of this activity, until the middle of the 20th century the relative atomic masses were called atomic weights. In this second part you can use the tables of atomic weights from 1905 up to 1956, from the Revista, others more recent and an actual table of relative atomic masses, as well as different Periodic Tables18.
     1) Analyze in detail each one of the tables given by the teacher.      2) Identify in the tables the elements that were indicated to your group.      3) In the table of atomic weights for the year 1905 the mass of the oxygen atom (16) and of the hydrogen atom (1) were both used as standards. 
                                                18  The tables of atomic weights from the Revista can be obtained from the authors. 

Series Years  Number of volumes 
1st 1905-1914 10 
2nd 1916-1920 5 
3rd 1924-1942 17 
4th 1950-1956 7 
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Compare the values of the atomic weights of the elements when each one of the mass standards was used. Do not forget to check if the change of the standard implies a significant change in the values of the atomic weights. Compare them also with the most recent tables of relative atomic masses (RAM) where the standard is carbon (12).      4) According to your research is there any reason why the values of atomic weights referred to hydrogen are not indicated after 1909?      5) Analyze all the tables and compare the values of atomic weights (RAM) along time. Try to answer the following questions:      a) Which element(s) had less change in AW?      b) Which element(s) had greater change in AW?      c) Was there any element that had significant changes in consecutive years?       d) Was there any element that had no significant changes in consecutive years?       e) Which elements have AW more different from present values?      f) Are there element that changed name and or symbol in different tables?      g) What can you conclude in what concerns the evolution of the values of relative          atomic masses (atomic weights) of the elements you studied? 
     Part III - Research about the following issues     a) When did the change occur?      b) Reasons for the change of standards      c) The new definition of mole 
    Part IV - Present your conclusions to the class.  
3. Activities using ancient equipment 

Ancient schools of all levels often have old interesting chemistry equipment, more or less well preserved. This material, that in most cases is indeed already obsolete, is usually no more in use, and sometimes completely forgotten and covered with dust, just waiting to be thrown away. However, part of this equipment is still working, and constitutes a real scientific patrimony, that helps to reconstitute how chemistry was taught along time, reflecting the evolution of both chemistry as a science and of the teaching methods. This equipment can be used to present to students the reconstitution of experiments included in ancient manuals, in conditions similar to those used in the past. Whenever the schools have the adequate equipment and the necessary chemicals this can be done in demonstrations by the teacher. If not it can be shown in video or in computers. Note that many young students never saw, for example, a retort19 or a Kipp apparatus20, a polarimeter or a simple colorimeter. Some examples of simple historical experiments, recovered from ancient manuals that can be demonstrated by teachers using this old equipment are presented below. Note that we do not suggest that students perform the experiments themselves with the ancient original equipment, as it is often fragile and impossible to replace! It is important to stress that in both cases the safety rules in nowadays laboratories have to be strictly followed, what did not happen in the past21, and students should not manipulate the ancient equipment, as it can be impossible to 
                                                19 Vitorino, V, et al.“Retorts – Mythic Pieces of Chemical Equipment” Proceedings of the 5th ICHC Estoril (2005) 20 Cruz, M., 2005, Masters’ Degree Thesis, University of Lisbon 21 Quadrio, N and Maia,“Safety regulations in chemistry laboratories in schools and universities – past and present ” Proceedings of the 5th ICHC, Estoril (2005) 
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replace in case of damage.  

                                                                          Fig. 5 – Distillation using a retort and other equipment of the         Fig. 6 - Using a retort (Rodrigues, J.,     museum of School Jaime Moniz  (Photograph by M. Cruz)         Química Prática dos Lyceus, 1912)   

        Fig.7 - Use of the Kipp apparatus (Fac Simile            Fig.7 - Kipp apparatus and other equipment of the      Amado, G. Química, CEN, S. Paulo, 1937)                museum of School Jaime Moniz  (Photo by Cruz) 

              Fig.8 - Preparation of a gas using equipment of the                Fig. 9 - Collecting a gas (Rodrigues, J. ,      museum of School Jaime Moniz  (Photograph by Cruz)               Química Prática dos Lyceus, 1912)
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Conclusion 

These are only a few examples of how we can integrate topics on History of Chemistry in the curricula, either by using case studies on actual researches undertaken in the past, or looking at the evolution of concepts with the presentation of original texts of papers from different scientists or articles in journals referring the given concepts, or even doing experiments “bringing to life” interesting pieces of ancient equipment. 
Financial Support 
Project PTDC/HCT/81550/2006 financed by Fundação para a Ciência e Tecnologia, Portugal  

UNIÃO EUROPEIA - Fundos Estruturais


