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Making the Chemical Connection

Introduction

This document aims to 

(i) give a detailed account of how the grant-holders tackled the project, 

(ii) to describe the outcomes

(iii) provide examples of material used

(iv) identify strengths and weaknesses of the approach

Objectives of project

(1)  To develop a series of hands-on activities and workshops that explain both the nature of the research in the Chemistry Department at the University of Edinburgh, and the way in which research chemists solve problems.

(2)  To develop displays which show chemistry in action and which can be interpreted easily by members of the public.

(3)  To develop a series of entertaining and informative lectures that incorporate demonstrations to illustrate research topics currently studied in the Department.

(4)  To design a web page that describes chemistry research in language that is easy for non-scientists to follow.

(5)  To train both staff and postgraduate students in the skills required to communicate their science to the public.

(6)  To produce a good practice guide based on the results of the project so that future EPSRC grant-holders (both at Edinburgh and elsewhere) are better able to present their science to the public.  

The first stages of the project involved talking to researchers in the Department about their individual research interests.  Four themes were then identified and given the following titles:  “Living in a Material World”;  “Hot Chemistry”; “Exciting Electrons”;  “Metals in Medicine”.  

It was the original intention to develop all four of these themes, but given the amount of work required to produce suitable material for each of them, a decision was taken after 6 months of the project to concentrate initially on only two of them, namely “Living in a Material World” and “Hot Chemistry”, and ensure that time and resources were dedicated to delivering the material to the target audiences.  Given the final numbers and ranges of audience targeted, we believe that this was the correct strategy.  

A key component in the development of the material for the public lectures was to ensure that the lectures contained a large number of relevant, stimulating demonstrations that were clearly visible to all of the audience.  This was particularly important when audiences as large as 500 were anticipated.  We therefore opted for a combination of Powerpoint presentations projected via a data projector (for flexibility and ease of displaying graphics and digitally captured images), and the use of a “visualiser” – a device for capturing images and displaying on a large screen.  This piece of equipment proved invaluable on account of its ability to focus on relatively small objects, e.g. a small-scale reaction in a test tube, hence ensuring that the whole audience was able to see the reaction.  This was particularly important as it allowed reactions to be demonstrated vividly, but on a scale that ensured safety, e.g. the reaction between sodium and water.  

As an example of the thinking that went into devising a demonstration lecture, we present below an outline of the lecture entitled “Living in a Material World”.  This was of approximately one hour duration.  

1.
The lecture was introduced with a picture of the pop-star Madonna and with the soundtrack of Living in a Material World.  This introduced the concept of a material – the usual example of a material being fabric.  This led onto how we can change the properties of a fabric, e.g. change its colour by dyeing.  This was illustrated with a demonstration of dyeing using indigo (with references to woad, ancient Picts, Braveheart, and denim), and a multi-coloured dyeing experiment illustrating the preference for certain materials for particular dyes.  Another example was given by illustrating how fabrics could be made fire-resistant.

2.
The next step was to explain to the audience that a chemist’s definition of a material is more wide-ranging, covering areas from cement to paints to silicon chips, and that chemists play key roles in the discovery and development of materials.  This then led to a description of some of the earliest materials scientists – the alchemists who were trying to transform base metals into silver and gold.  This process was then “illustrated” using a demonstration that turns shiny penny coins first into “silver” and then into “gold”.  In fact the first coating is zinc, and this then alloys with copper to form brass.  This allowed us to engage the audience and ask (a) whether they believed us, and (b) how one could test whether the coin was gold, i.e. this starts to explore the properties of materials and the methods of research.  The plating process was then explained in terms of transfer of electrons (oxidation and reduction), and the link made between chemistry and electricity. 

3.
The next demonstration built on this concept by electrochemically depositing iron onto a piece of copper.  How do we then show that the deposited metal is indeed iron?  This was demonstrated by dissolving the deposited metal in dilute hydrochloric acid and then adding potassium ferricyanide to the solution – the blue pigment Prussian blue is formed, which is a common visual test for iron(II) ions.  Prussin blue is a well-known pigment found in inks – the colour is caused by movement of electrons within the molecule (analogies with origin of colours in organic dyes seen earlier).  

Electrodeposition of metals is very common – chromium, silver, gold, copper, zinc can all be plated in this way and usually in aqueous solution.  However, what happens when attempts are made to electrodeposit more electropositive metals such as aluminium and titanium from aqueous solution?  The result is that water is split into hydrogen and oxygen – demonstrated by electrolysing water, collecting gases, and igniting.  How, therefore, do we extract these metals?  Usually need electrolysis at very high temperatures, but chemists at Edinburgh have developed routes that operate at ambient temperatures (patent pending) – illustrated by image of titanium-coated copper foil.  

4.
It is not just metal films that interest us – metal oxides play a key role, e.g. rust (less desirable example) and the oxide films on metals such as titanium and aluminium that protect them from further reaction.  This is illustrated by a piece of titanium turbine, and by heating titanium in air to give varying thicknesses of titanium oxide films leading to iridescent colours characteristic of titanium jewellery.  Also illustrated by reaction of aluminium foil with sodium hydroxide solution – metal oxide layer removed and bare metal then reacts vigorously with aqueous solution releasing hydrogen gas, thereby illustrating why oven cleaners should not be used on aluminium surfaces.  There are many important oxides, exemplified by indium tin oxide (ITO), a transparent, electrically conducting oxide used in liquid crystal displays and solar cells.  The conductivity of this material can be illustrated by connecting  an electronic “siren” across a piece of ITO on glass.  This was linked to research underway in the Department on smoothing of ITO films for use in displays.  Other important oxides include superconducting materials.  The phenomenon of superconductivity was described and applications highlighted e.g. magnetic resonance imaging, Japanese bullet train. Meissner effect demonstrated using YBCO pellet and strong magnet. The importance of research into magnetism and the quest for room temperature superconductors was explained, with links made to work being carried out in the Department.  

5.
It is not just oxides that are important – nitrides also have their uses, e.g. titanium nitride.  This compound has a multitude of uses, e.g. electronic components, anti-reflective coatings, hard, wear-resistant coatings for engine components and medical implants.  Existing routes require high temperatures (need to break dinitrogen molecule apart), but chemists at Edinburgh have discovered an electrochemical route that operates at ambient temperatures and uses liquid ammonia.  Illustrated by  some interesting properties of liquid ammonia - sodium reacts violently with water but in ammonia there is no violent reaction and a blue colour is observed.  If a Scottish pound note is immersed in the liquid, it shrinks to less than half its size – an unusual solvent!   

6.
The next section dealt with adhesives and the need to be able to join pieces of metal together.  Schematic illustration of current technology for glueing metal components that involves roughening the metal with corrosive reagents.  An alternative developed in Edinburgh involves the design of molecules that bind strongly to the unroughened surface of the metal – adhesion promoters.  Demonstration of comparative strengths of glues using lap-shear test – attaching bags of apples (connection with Isaac Newton) to two metal-metal glued samples.  The one without the adhesion promoter is easily disrupted, but the one with the promoter present remains unbroken even when very heavily loaded. 

7.
Lecture concluded with emphasis on wide-ranging nature of “materials”, their importance in everyday life, and the contribution that chemists make to discovering and developing new materials.  

Depending on the audience, other topics were introduced, e.g. chemistry under high pressure, allotropes of carbon, and properties of oxidising materials.  The material was very adaptable and could be adapted to suit the age-range or scientific knowledge of the audience.  Evidence for the success of this approach comes from the very positive feedback from two very different types of audience – a group of schoolchildren aged 12-14 and a group of retired businessmen with average age 70-75.  

The equipment required for this lecture fitted into the boot of a car and was easily transported by two people.  Setting up times were generally in the order of one hour, but on one occasion we managed this in 20 minutes!  

We found that two people were required to deliver the lecture.  This ensured that the transitions between Powerpoint and demonstrations were smooth and that a person was always on hand to assist with demonstrations.  It also allowed dialogue between the two presenters, as well as showing the audience two different presentational styles.  After each lecture, questions were invited from the audience.  These were often wide-ranging and very penetrating, and sometimes required a degree of lateral, quick-thinking from the presenters in order to answer them.  Questions asked after the early lectures influenced the way that we presented some of the material in subsequent lectures.  

List of events

Date


Venue




Number in 

Age range

audience/workshop


17th March 

St Leonards School, 


100


16-18

24th March

Edinburgh Women’s 


10


25-60




Science Forum

St Andrews

2-9th April

EISF Workshops (4 per day)

total 250

8-55


15th April

Edinburgh International

50


8-75




Science Festival (EISF)

12th June

Schools visit



30


16-18




to Edinburgh University

21st June

Chemistry Teachers 


50


25-60




Conference, Edinburgh

24-27th July

Newcastle Royal Grammar

100 (20 in

12-18









workshop)




Newcastle Girls Grammar

40


16-18




Dame Allan’s High School

30


16-18

31st October

Video conference with

20


16-18




Forres Academy

9th November

Edinburgh PROBUS


50


65-80




group



27-29th November
Tobermory High School

150


12-75

Oban High School

70 (30 in

14-18

workshop)

6th December

Elgin Academy


65


12-18









(40 in 

workshop)

7th December

Forres Academy


65 


12-18









(40 in









workshop)

7th December 

Charleston Academy


65


12-18









(40 in









workshop)

8th December

Inverness High School

65


12-18









(40 in 

workshop)

7th December

RSC Christmas Lecture

250


12-18




Manchester

11th December

RSC Christmas Lecture

500


12-18




Edinburgh

12th December

RSC Christmas Lecture

350


12-18




Kirkcaldy, Fife

14th December

The High School of


20


16-17




Glasgow

15th December

Glasgow Academy


50


13-14









(80 in









workshop)
Over 2100 people saw the demonstration lecture and 540 people took part in workshop activities.

Hands-on workshops

Having developed the demonstration lecture, similar concepts were used to devise a hands-on workshop of variable length 30-45 minutes depending on time-constraints.  Some of the demonstrations were directly transferable from the lecture if sufficiently safe, but additional ones were added (see attached work-sheet).  Close supervision and attention to safety was required.  Laboratory coats and safety glasses were worn at all times – this “dressing up” proved to be very popular.  It was particularly important to realise that manual dexterity in measuring and pouring reagents was very varied – plastic apparatus was used wherever possible!  A ratio of one assistant to four participants was found to be optimal.  When delivering the workshops to younger pupils, we occasionally involved older pupils to help demonstrate the techniques – this worked very well, with both age groups benefiting and allowed a larger number of pupils to participate in the workshops.  The workshops were undoubtedly very effective and popular.  It is clear that people enjoy performing experiments and making discoveries for themselves.  In addition the workshops proved an ideal vehicle for introducing research methodologies to non-scientists

Development of displays/posters

We now have display material on the two topics that can be mounted on display boards.  These displays were used at the Edinburgh International Science Festival and at events hosted in the Chemistry Department.  Whilst very effective for local presentations, we chose not to take display boards to many of the other external venues on account of their weight, bulk, and time required for assembly.  Instead we produced eye-catching laminated posters that advertised the Chemical Connection web-site.    

Web-site

We employed the services of a professional graphic designer to develop the web-site www.chem.ed.ac.uk/chemcon.  Although the designer had some scientific background, she was not a chemist by training and so approached the design and content from a very different angle.  As a consequence, the language used to explain the concepts is less formal than would have been the case had a chemist written the text.  The material contained in this site is based at the moment only on the materials theme, although there are plans to develop the other themes.  So far we have concentrated on developing the format of the web-site and how best to incorporate the material – the other themes will be mounted in the near future using this format.  

Given the vast number of web-sites now in existence, it is important to advertise the existence of the Chemical Connection web-site.  This was achieved by displaying the laminated posters at events, and by mailing schools with smaller A4 posters and customised postcards - samples of these are enclosed.  The effectiveness of the web-site is difficult to judge – we have tended to regard it as a secondary means of engaging people. 

Training in science communication

Whilst much of the development of the material and some of its delivery has been undertaken by the grant-holders, a substantial proportion of the delivery has been done with the assistance of PhD students (a total of 15 have been involved with the project to varying degrees), many of whom are/were sponsored by the EPSRC.  Training for these students was provided by the grant-holders and by a professional science communicator who delivered a series of workshops.  The use of PhD students proved to be extremely effective and had many benefits.  The students themselves develop their communication skills to a very high level, and in one case the student has gone on to work for a media company involved in the production of educational film clips.  The students provide excellent role models for school children and go a long way to breaking down the stereotypical image of scientists.  In many cases they were talking about aspects of there own work and so inevitably their enthusiasm and excitement bubbles over when talking to audiences.

Feedback

We devised some simple questionnaires to assess the impact of our activities.  Some representative examples are appended below.

School: Tobermory

Date of Visit: 27th November 2000

Age Range:


12-14
15-16
17-18


12
15
17







Yes
Don’t Know
No
N/A

1.  Did you enjoy the demonstration?

93%
 7%



2.  Did you enjoy the Workshop?


93%
 7%




3.  Will you visit the website?


 4%
86%

10%

4.  Will you resister at the website?

 4%
72%

24%

5.  Will this help your subject choice?

55%
38%

  7%

6.  Did you get a chance to ask questions?  

100%
 

  

7.  Did you find the activities interesting?

97%
 3%

  

8.  Did you learn new things?


97%
 

  3%

9.  Will you look at materials differently?

58%
34%

  8%

10.  Would you like us to visit again?

97%
 3%

 

11.  Would you like to visit us at Edinburgh?
83%
17%

 

12.  Have you had experience of a visit like this 

before?




89%
 

 11%

13.  Has your opinion of scientific research at 

universities changed?



28%
36%

 36%

What was you favourite part?

Polymers (slime) 


21


Workshop
  

4

Semiconductors 


2

Dry Ice
 


1

Demonstration


1

How could our visit be better?

More time


2

More Demo


2

More practical


2

More loud bangs


2

More varied/interesting

2

Other comments

“Thanks!”

School: Forres Academy

Date of Visit:

Age Range:
12-14
15-16
17-18



11
25
3







Yes
Don’t Know
No
N/A

1.  Did you enjoy the demonstration?

90%
6%

3%

2.  Did you enjoy the Workshop?


71%
10%

19%*

3.  Will you visit the website?


25%
65%

10%

4.  Will you resister at the website?

11%
66%

23%

5.  Will this help your subject choice?

62%
27%

11%

6.  Did you get a chance to ask questions?

83%
 8%

  9%

7.  Did you find the activities interesting?

95%
 5%

  0%

8.  Did you learn new things?


95%
 5%

  0%

9.  Will you look at materials differently?

69%
16%

15%

10.  Would you like us to visit again?

86%
10%

 4%

11.  Would you like to visit us at Edinburgh?
56%
32%

 6%

12.  Have you had experience of a visit like this before?



32%
 6%

 57%

13.  Has your opinion of scientific research at universities changed?







59%
25%

 5%

* Some of the students only watched the demonstration owing to timetable constraints.

What was you favourite part?

Polymers (slime)

19


Gold Coin

14

Workshop

14

Dry Ice
 

7

All of it
  

3

Dye Expt.

2

Liquid N2

2

Don’t Know

2

How could our visit be better?

More time

9

Even more expts.

6

More time for workshops
4

Don’t Know

4

More Slime

4

It couldn’t

3

More fire and explosion
2

Other comments

“ I found this very useful and interesting. Please come again!”

“ We would like to visit Edinburgh and see your labs.”

Feedback Forms

School: Elgin

Date of Visit: 7th December

Age Range:


12-14
15-16
17-18


2
23
1







Yes
Don’t Know
No


1.  Did you enjoy the demonstration?

100%




2.  Did you enjoy the Workshop?


96%
4%




3.  Will you visit the website?


27%
54%

19%

4.  Will you resister at the website?

4%
77%

19%

5.  Will this help your subject choice?

46%
46%

 8%

6.  Did you get a chance to ask questions?

96%
  4%

  

7.  Did you find the activities interesting?

100%

8.  Did you learn new things?


100%

9.  Will you look at materials differently?

50%
50%

10.  Would you like us to visit again?

85%     
15%

11.  Would you like to visit us at Edinburgh?
50%
46%

 4%

12.  Have you had experience of a visit like this before?



27%
 8%

 65%

13.  Has your opinion of scientific research at universities changed?







38%
42%

 20%

What was you favourite part?

Polymers (slime)

13


Gold Coin
 
3

Workshop
 
3

All of it
  

2

Dye Expt.
 
1

Liquid N2
  
4

Demonstrations 

5 (With a special mention for the ‘medicinal chemist’ (Shailja) [2])

Cucumber* 
 
2


Fire*

  
1 


*flame tests

How could our visit be better?

Even more expts.

3

More slime

4

It couldn’t

1

Everything else was from one individual:- Longer, more details, seeing screen clearly, different coloured background, not leaving early.

Feedback Forms

School: Charleston Academy

Date of Visit:

Age Range:


12-14
15-16
17-18



   27
  6  (some weren’t completed in the age range, probably 15-16)







Yes
Don’t Know
No


1.  Did you enjoy the demonstration?

100%


2.  Did you enjoy the Workshop?


100%




3.  Will you visit the website?


10%
59%

31%

4.  Will you register at the website?

  5%
59%

36%

5.  Will this help your subject choice?

49%    
36%

15%

6.  Did you get a chance to ask questions?  

100%
 

7.  Did you find the activities interesting?

100%

8.  Did you learn new things?


97%
 3%

  

9.  Will you look at materials differently?

59%
38%

3%

10.  Would you like us to visit again?

85%
15%

11.  Would you like to visit us at Edinburgh?
46%
49%

 5%

12.  Have you had experience of a visit like this before?



8%
 5%

 87%

13.  Has your opinion of scientific research at universities changed?







69%
23%

 8%

* Some of the students only watched the demonstration due to timetable constraints.

What was you favourite part?

Polymers (slime)
  
7


Gold Coin
  
3

Workshop

19

Dry Ice
  

3

All of it
  

3

Explosions
  
1

Microwave
  
1

Catalysis
  
1

‘Experiments’
  
1

How could our visit be better?

More time



4

More demos.



2

More time for workshops, less slides
8

More Slime



1

It couldn’t



1

More explosions



1

Hand cleaning facilities


1

Other comments

“Thanks”



2

Other examples of feedback include reports in the local and national press – some of these are attached.  One particular example that is worth mentioning in more detail is the tremendous interest in the work on adhesion promoters.  This formed part of a lecture at the Edinburgh International Science Festival and was picked up by a representative from the Press Association who interviewed one of the grant-holders.  This story was then taken up by several national newspapers and local radio, resulting in a host of e-mails/calls from a wide range of individuals and organisations.  Inevitably some were from some rather unusual individuals, e.g. the gentleman on the run from MI5 and the FBI who wanted a better glue for construction of his flying saucers, but others were from industrial companies who were interested in the technology.  In fact, several very useful collaborations and licensing opportunities arose from these contacts.  

In summary, we believe that we have convincingly shown that the combination of demonstration lectures and hands-on workshops delivered directly to schools/local communities is a very effective method of raising public awareness of scientific research.  This is a particularly important method for reaching people in geographically isolated areas.  

We were therefore disappointed not to receive funding from the EPSRC to build on this successful formula in the last round of the Partnerships for Public Awareness Awards on the grounds that our project was insufficiently innovative.  Despite this setback, we are in final negotiations with a Scottish trust and hope to secure sufficient funds to continue this work, albeit at a much reduced level.  

3
9

