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Daily tip for running science class discussions and groupwork.

News
University of California - Riverside: 18-Jan-2007, 14:00 Eastern US Time


Walking small

Californian molecule walks in a straight line and carries a tiny shopping bag in each hand.

First they designed a molecule that could move in a straight line on a flat surface. Now Ludwig Bartels and his research team have found a way to attach a payload. Two carbon dioxide molecules, one “under each arm”, make the nano-walker the world’s first molecule carrier.

The work of Ludwig Bartels and his colleagues will be published on Thursday, Jan. 18 in Science Express. It will appear later in the print-version of the journal Science.

“This is an unprecedented step forward towards the realisation of molecular-scale machinery,” said Bartels. He is associate professor of chemistry at UC Riverside. He is also a member of UCR's Center for Nanoscale Science and Engineering. 

These experiments demonstrate a way of transporting molecules reliably, he said. “This will become as important to the molecular machinery of the future as trucks and conveyor belts are for factories of today.” 

The last paper Bartels and his team published on the subject led to a great deal of interest. It was included in the American Institute of Physics “Top 25 Physics Stories for 2005.” 

The new molecule carrier runs on a copper surface. It can pick up and release one or two carbon dioxide (CO2) molecules and carry them along in a straight path. 

Carrying the load slows the molecule down, Bartels said. “Attachment of one CO2 molecule makes the carrier need twice as much energy for a step.” 

With two packages it uses three times the energy: “This is not unlike a human being carrying heavy loads in one or both hands.” 

Using machines at the scale of single molecules will be the most efficient way to build objects or deliver material, Bartels said. It resembles the way nature does it. 

“The molecule carrier transports carbon dioxide across a surface. In the human body, the molecule haemoglobin carries oxygen from and carbon dioxide to the lungs, thereby allowing us to breathe – and to live.”

The research is still in its infancy. In 2005 the team invented the molecular walker. It moved in a straight line rather than “hopping around in all directions”, as a normal molecule would. 

“Now it can carry a load,” Bartels said.

The continuing evolution of these molecular machines will take some time. “Ten years ago, a cell phone could just place calls, nothing else. Now it plays MP3-files, organises your day, lets you send emails and browse the web.” 

The molecule walker and carrier is called anthraquinone. This is an organic compound, widely used in the pulp industry. It helps turn cellulose from wood into paper. 

Anthraquinone is also the parent substance of a large group of dyes and pigments. The molecule consists of three fused benzene rings with one oxygen atom on each side. Its chemical formula is C14 H8O2.

The UCR study used a scanning tunnelling microscope in Bartels's laboratory. This gives a clear picture of separate molecules. The experiments were done on a highly polished copper surface. This had been cleaned so that only the desired molecules were present. 

A single anthraquinone molecule appears in Bartels’s microscope as a rectangle with slightly rounded edges.

Bartels said his team will be now be looking at the next step for their molecule walker and carrier. 

“We would like to be able to make one go around corners, rotate its cargo or send out photons to tell us where it is.”

### 

All experiments of this study were conducted in the Bartels Lab by graduate students Greg Pawin, Ki-Young Kwon, Xing Lin and Tong Jiao as well as post-docs Kin Wong and Richard Fawcett and undergraduate student Urvinee Solanki. They had help in understanding details of the attachment process by Theoretical Physicists Sergey Stolbov and Talat Rahman of the University of Central Florida.

The US Department of Energy funded the research. Additional support came from the Petroleum Research Fund and the Air Force Office of Scientific Research. The San Diego Supercomputer Center provided computational resources.

550 words

Flesch reading ease: 60.3

Flesch-Kincaid Grade level: 8.1

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to helppupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow – which are known collectively as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
attachment
something fixed on

2
benzene
a clear, colourless flammable liquid made from petroleum and used to make detergents, insecticides, motor fuels and many other chemicals

3
carbon dioxide
gas breathed out by living things, and present at low levels in the atmosphere

4
cell
the building block of all living things except viruses

5
chemical formula
set of symbols showing what a compound is made of

6
colleagues
people who work together

7
compound
a substance made of two or more elements connected closely together

8
continuing
carrying on

9
design
think up and create plans for

10
desired
wanted

11
efficient
doing work well; effective; not wasteful

12
energy
ability to do work

13
evolution
gradually getting better

14
experiment
a practical test done to shed light on a theory

15
fused
linked

16
haemoglobin
a protein in red blood cells that carries oxygen from the lungs around the body, and carbon dioxide back to the lungs

17
hypothesis
a tentative explanation that leads to predictions that can be tested by experiment

18
laboratory
room fitted out for science experiments

19
molecular
made of relatively small number of molecules

20
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

21
nano
a prefix that means one thousand millionth; usually refers to objects that are measures in nanometres

22
nanometre
one thousand millionth of a metre

23
nanoscale
at the scale of nanometres

24
organic
to do with living things

25
payload
goods carried

26
prediction
a thing that has been said will happen before it does; a forecast

27
protein
one of many substances that are the building blocks of living cells

28
realisation
making real

29
relatively
compared to the normal

30
release
let go

31
reliable
able to be relied on; trustworthy

32
reliably
in a reliable way 

33
resemble
be like something else

34
scanning tunnelling microscope
a modern instrument with a tiny, sharp tip that forms an image of the surface of a material right down to its atoms. It does this by sending a small electric current through the tip into the surface. The current stays the same as long as the distance from the tip to the surface does. The image is built up from the small changes in position of the tip that keep the current steady, as it moves over the “bumps” that are the atoms.

35
tentative
not definite or certain

36
theory
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts. The word is often used to mean hypothesis.

37
transport
carry

38
unprecedented
never done before

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, randomly mixed, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings.  


Word
Meaning
Word should be

1
protein
something fixed on


2
relatively
a clear, colourless flammable liquid made from petroleum and used to make detergents, insecticides, motor fuels and many other chemicals


3
cell
gas breathed out by living things, and present at low levels in the atmosphere


4
design
the building block of all living things except viruses


5
compound
set of symbols showing what a compound is made of


6
experiment
people who work together


7
tentative
a substance made of two or more elements connected closely together


8
prediction
carrying on


9
benzene
think up and create plans for


10
colleagues
wanted


11
desired
doing work well; effective; not wasteful


12
reliable
ability to do work


13
energy
gradually getting better


14
resemble
a practical test done to shed light on a theory


15
unprecedented
linked


16
scanning tunnelling microscope
a protein in red blood cells that carries oxygen from the lungs around the body, and carbon dioxide back to the lungs


17
attachment
a tentative explanation that leads to predictions that can be tested by experiment


18
haemoglobin
room fitted out for science experiments


19
theory
made of relatively small number of molecules


20
hypothesis
the smallest part of a substance that can exist; made of two or more atoms joined together


21
chemical formula
a prefix that means one thousand millionth; usually refers to objects that are measures in nanometres


22
laboratory
one thousand millionth of a metre


23
carbon dioxide
at the scale of nanometres


24
reliably
to do with living things


25
realisation
goods carried


26
organic
a thing that has been said will happen before it does; a forecast


27
payload
one of many substances that are the building blocks of living cells


28
fused
making real


29
continuing
compared to the normal


30
nano
let go


31
transport
able to be relied on; trustworthy


32
molecular
in a reliable way 


33
molecule
be like something else


34
efficient
a modern instrument with a tiny, sharp tip that forms an image of the surface of a material right down to its atoms. It does this by sending a small electric current through the tip into the surface. The current stays the same as long as the distance from the tip to the surface does. The image is built up from the small changes in position of the tip that keep the current steady, as it moves over the “bumps” that are the atoms.


35
release
not definite or certain


36
evolution
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts. The word is often used to mean hypothesis.


37
nanometre
carry


38
nanoscale
never done before


Activity 2

Comprehension 

1. What did the scientists do first – before this latest research?

2. Now what have they done?

3. What is the payload made of?

4. Building machines made of just a few molecules is part of an important area of research called nanotechnology. What does Bartels compare his new molecular machine to?

5. How many molecules can this new molecule carrier pick up and transport?

6. What effect does it have on the movement of the molecule?

7. Why does it have this effect?

8. If the molecule carrier uses 1 unit of energy to take one step with no package, how many joules of energy does it use when it is carrying two carbon dioxide molecules?

9. Bartels says this way of carrying molecules resembles the way nature does it. What is the name of the molecule he gives as an example?

10. Where does it do its job?

11. What two types of molecule does it carry?

12. Molecules of which substance does it carry from the lungs to the rest of the body?

13. Do you know how this substance gets into the lungs?

14. Earlier these scientists had made a molecule that walked in a straight line. What’s so smart about that?

15. What example does Bartels use to tell people not to expect developments too quickly?

16. Why is that a good example?

17. State three applications of anthraquinone.

18. What elements is it made from?

19. Can you think what would have happened if the copper surface had not been highly polished?

20. How difficult do you think it might be to make the molecule carrier do what Bartels plans for it?

21. Can you think what you could use this molecule carrier for?

22. If you were these scientists what would you try to make the molecule do next? 

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Walking small 

Californian molecule walks in a ________ line and carries a tiny shopping bag in each ____.

First they designed a molecule that could move in _ straight line on a flat surface. Now Ludwig Bartels ___ his research team have found a way to attach _ payload. Two carbon dioxide molecules, one “under each arm”, ____ the nano-walker the world's first molecule carrier.

The work of ______ Bartels and his colleagues will be published on Thursday, ___. 18 in Science Express. It will appear later __ the print-version of the journal Science.

“This is an unprecedented ____ forward towards the realisation of molecular-scale machinery,” said Bartels. __ is associate professor of chemistry at UC Riverside. He __ also a member of UCR's Center for Nanoscale Science ___ Engineering. 

These experiments demonstrate a way of transporting molecules ________, he said. “This will become as important to ___ molecular machinery of the future as trucks and conveyor _____ are for factories of today.” 

The last paper Bartels ___ his team published on the subject led to a _____ deal of interest. It was included in the American _________ of Physics “Top 25 Physics Stories for 2005.” 

The ___ molecule carrier runs on a copper surface. It can ____ up and release one or two carbon dioxide (CO2) _________ and carry them along in a straight path. 

Carrying ___ load slows the molecule down, Bartels said. “Attachment of ___ CO2 molecule makes the carrier need twice as much ______ for a step.” 

With two packages it uses three _____ the energy: “This is not unlike a human being ________ heavy loads in one or both hands.” 

Using machines __ the scale of single molecules will be the most _________ way to build objects or deliver material, Bartels said. __ resembles the way nature does it. 

“The molecule carrier __________ carbon dioxide across a surface. In the human body, ___ molecule haemoglobin carries oxygen from and carbon dioxide to ___ lungs, thereby allowing us to breathe - and to ____.”

The research is still in its infancy. In 2005 ___ team invented the molecular walker. It moved in a ________ line rather than “hopping around in all directions”, as _ normal molecule would. 

“Now it can carry a load,” _______ said.

The continuing evolution of these molecular machines will take ____ time. “Ten years ago, a cell phone could just _____ calls, nothing else. Now it plays MP3-files, organises your ___, lets you send emails and browse the web.”

The molecule walker and carrier is called anthraquinone. This __ an organic compound, widely used in the pulp industry. __ helps turn cellulose from wood into paper. 

Anthraquinone is ____ the parent substance of a large group of dyes ___ pigments. The molecule consists of three fused benzene rings ____ one oxygen atom on each side. Its chemical formula __ C14 H8O2.

The UCR study used a scanning tunnelling microscope __ Bartels's laboratory. This gives a clear picture of separate _________. The experiments were done on a highly polished ______ surface. This had been cleaned so that only the _______ molecules were present. 

A single anthraquinone molecule appears in ________ microscope as a rectangle with slightly rounded edges.

Bartels said ___ team will be now be looking at the next ____ for their molecule walker and carrier. 

“We would like __ be able to make one go around corners, rotate ___ cargo or send out photons to tell us where __ is.”
These are all the words that belong in the blanks:
a, a, a, also, and, and, and, and, at, Bartels, Bartels’s, belts, carrying, copper, day, desired, efficient, energy, great, hand, He, his, in, in, Institute, is, is, is, It, It, it, its, Jan, live, Ludwig, make, molecules, molecules, new, one, pick, place, reliably, some, step, step, straight, straight, the, the, the, the, the, times, to, transports, with

Answer Key:

Walking small
Californian molecule walks in a straight line and carries a tiny shopping bag in each hand.

First they designed a molecule that could move in a straight line on a flat surface. Now Ludwig Bartels and his research team have found a way to attach a payload. Two carbon dioxide molecules, one “under each arm”, make the nano-walker the world's first molecule carrier.

The work of Ludwig Bartels and his colleagues will be published on Thursday, Jan. 18 in Science Express. It will appear later in the print-version of the journal Science.

“This is an unprecedented step forward towards the realisation of molecular-scale machinery,” said Bartels. He is associate professor of chemistry at UC Riverside. He is also a member of UCR's Center for Nanoscale Science and Engineering. 

These experiments demonstrate a way of transporting molecules reliably, he said. “This will become as important to the molecular machinery of the future as trucks and conveyor belts are for factories of today.” 

The last paper Bartels and his team published on the subject led to a great deal of interest. It was included in the American Institute of Physics “Top 25 Physics Stories for 2005.” 

The new molecule carrier runs on a copper surface. It can pick up and release one or two carbon dioxide (CO2) molecules and carry them along in a straight path. 

Carrying the load slows the molecule down, Bartels said. “Attachment of one CO2 molecule makes the carrier need twice as much energy for a step.” 

With two packages it uses three times the energy: “This is not unlike a human being carrying heavy loads in one or both hands.” 

Using machines at the scale of single molecules will be the most efficient way to build objects or deliver material, Bartels said. It resembles the way nature does it. 

“The molecule carrier transports carbon dioxide across a surface. In the human body, the molecule haemoglobin carries oxygen from and carbon dioxide to the lungs, thereby allowing us to breathe - and to live.”

The research is still in its infancy. In 2005 the team invented the molecular walker. It moved in a straight line rather than “hopping around in all directions”, as a normal molecule would. 

“Now it can carry a load,” Bartels said.

The continuing evolution of these molecular machines will take some time. “Ten years ago, a cell phone could just place calls, nothing else. Now it plays MP3-files, organises your day, lets you send emails and browse the web.” 

The molecule walker and carrier is called anthraquinone. This is an organic compound, widely used in the pulp industry. It helps turn cellulose from wood into paper. 

Anthraquinone is also the parent substance of a large group of dyes and pigments. The molecule consists of three fused benzene rings with one oxygen atom on each side. Its chemical formula is C14 H8O2.

The UCR study used a scanning tunnelling microscope in Bartels's laboratory. This gives a clear picture of separate molecules. The experiments were done on a highly polished copper surface. This had been cleaned so that only the desired molecules were present. 

A single anthraquinone molecule appears in Bartels’s microscope as a rectangle with slightly rounded edges.

Bartels said his team will be now be looking at the next step for their molecule walker and carrier. 

“We would like to be able to make one go around corners, rotate its cargo or send out photons to tell us where it is.”

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Reasons for doing the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonise too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)

Walking small

Californian molecule walks in a straight line and carries a tiny shopping bag in each hand.

First they designed a molecule that could move in a straight line on a flat surface. Now Ludwig Bartels and his research team have found a way to attach a payload. Two carbon dioxide molecules, one “under each arm”, make the nano-walker the world’s first molecule carrier.

The work of Ludwig Bartels and his colleagues will be published on Thursday, Jan. 18 in Science Express. It will appear later in the print-version of the journal Science.

“This is an unprecedented step forward towards the realisation of molecular-scale machinery,” said Bartels. He is associate professor of chemistry at UC Riverside. He is also a member of UCR's Center for Nanoscale Science and Engineering. 

These experiments demonstrate a way of transporting molecules reliably, he said. “This will become as important to the molecular machinery of the future as trucks and conveyor belts are for factories of today.” 

The last paper Bartels and his team published on the subject led to a great deal of interest. It was included in the American Institute of Physics “Top 25 Physics Stories for 2005.” 

The new molecule carrier runs on a copper surface. It can pick up and release one or two carbon dioxide (CO2) molecules and carry them along in a straight path. 

Carrying the load slows the molecule down, Bartels said. “Attachment of one CO2 molecule makes the carrier need twice as much energy for a step.” 

With two packages it uses three times the energy: “This is not unlike a human being carrying heavy loads in one or both hands.” 

Using machines at the scale of single molecules will be the most efficient way to build objects or deliver material, Bartels said. It resembles the way nature does it. 

“The molecule carrier transports carbon dioxide across a surface. In the human body, the molecule haemoglobin carries oxygen from and carbon dioxide to the lungs, thereby allowing us to breathe – and to live.”

The research is still in its infancy. In 2005 the team invented the molecular walker. It moved in a straight line rather than “hopping around in all directions”, as a normal molecule would. 

“Now it can carry a load,” Bartels said.

The continuing evolution of these molecular machines will take some time. “Ten years ago, a cell phone could just place calls, nothing else. Now it plays MP3-files, organises your day, lets you send emails and browse the web.” 

The molecule walker and carrier is called anthraquinone. This is an organic compound, widely used in the pulp industry. It helps turn cellulose from wood into paper. 

Anthraquinone is also the parent substance of a large group of dyes and pigments. The molecule consists of three fused benzene rings with one oxygen atom on each side. Its chemical formula is C14 H8O2.

The UCR study used a scanning tunnelling microscope in Bartels's laboratory. This gives a clear picture of separate molecules. The experiments were done on a highly polished copper surface. This had been cleaned so that only the desired molecules were present. 

A single anthraquinone molecule appears in Bartels’s microscope as a rectangle with slightly rounded edges.

Bartels said his team will be now be looking at the next step for their molecule walker and carrier. 

“We would like to be able to make one go around corners, rotate its cargo or send out photons to tell us where it is.”

Activity 5
Topics for group discussion or pupil presentations

1. Pupils should investigate and present why molecules normally “hop about in all directions”.

2. Younger kids should draw their impressions of this walking and carrying molecule. At first they can use only the images created in their minds by the article, with its references to human walkers and transport vehicles. Then they can take a look at some of the diagrams of anthraquinone and carbon dioxide molecules on the web, before having another go. Comparing the two sets of drawings should be fun.

3. Older pupils should research simple machines and tools, and then apply the same concepts to devising new nanotechnology machines. To focus ideas on interesting applications, pupils should concentrate on machines that perform valuable tasks inside the human body – whether sick or healthy. 

When the inventions are complete, groups should prepare an informative brochure to explain and publicise theirs. This should include eye-catching graphics.

Links to free activities, lesson plans, and background information.

1. http://science.nasa.gov/headlines/y2002/15jan_nano.htm Medical applications of nanotechnology. Text or audio. NASA.

2. http://science.nasa.gov/headlines/y2002/15jan_nano.htm Nanotechnology opportunities and challenges. PowerPoint presentation. NASA.

3. www.nsf.gov/news/overviews/nano/screensaver.jsp Cool nanotechnology screensavers. National Science Foundation.

4. www.ipt.arc.nasa.gov/Graphics/molecular_electronics.mov Molecular Electronics: self assembly and transport by tunnelling microscopy. Video clip. NASA

5. http://www.wellcome.ac.uk/node5954.html Online magazine all about nanotechnology. Text, images, games and activities. Wellcome Trust.

6. www.aip.org/pnu/2005/split/751-2.html Previous work by Bartels’s team, listed as a top story by American Physics Institute.

7. www.nano.gov/html/facts/home_facts.html Website, FAQs and educational activities and links. National Nanotechnology Initiative.

8. www.sciencemuseum.org.uk/antenna/nano/nanoland/nanoworld.asp Duckboy in Nanoland. Science Museum, London.

9. www.sciencemuseum.org.uk/antenna/nano/ Nanotechnology: Small science, big deal. Science Museum, London.

10. http://cohesion.rice.edu/naturalsciences/nanokids/ Nanokids from Jim Tour at Rice University: “One of my graduate students, Stephanie Chanteau, had told me that she planned to leave her scientific studies because she loved art. I thought this NanoKid project would be a perfect way for her to combine her love of art with science. Then a high school student who was gifted in animation started animating the drawings. And a university music student agreed to write an original score.”

11. www.nano.gov/html/edu/JTour.html Interview with Jim Tour: “I was bothered by press reports about nanobots, that they will reproduce, do bad things, even eat us as a source of carbon! No matter how many times I said, “No, this is not going to happen. Nanomaterials are smaller than DNA; they are not going to function like that.” the reporters didn’t write about that.

So I thought, “Okay, you want nanobots, I’ll give you nanobots!” 

Links to more links

www.nanomed.hbi.ir/nano_links.htm 

www.ipt.arc.nasa.gov/gallery.html

www.nsf.gov/news/classroom/nano.jsp
www.nano.gov/html/edu/eduteach.html
http://mrsec.wisc.edu/Edetc/IPSE/educators
www.thenanotechnologygroup.org/index.cfm?content=1

Images and animations

www.nanoscience.com/education/gallery.html
http://mrsec.wisc.edu/Edetc/cineplex/STM/index.html 

www.nano.org.uk/images.htm
www.nist.gov/public_affairs/05nano_image_gallery.htm
www.nanomed.hbi.ir/nano_links.htm
http://www.wellcome.ac.uk/node5956.html

Daily tip for science class discussions and groupwork

An exciting method for promoting class discussion in the science classroom is the gallery walk. This technique involves composing answers to several open-ended questions posted at stations on classroom

walls. Upon completing one question, the student team stays together as it

rotates to another station to reflect on a new question and critique the answers left by another team.

The gallery walk culminates with each team synthesizing all comments written at their original station and sharing them through an oral presentation.
A gallery walk is a flexible discussion technique that has a variety of benefits. It is a good way to expose student misconceptions and gives students the opportunity to use the language of science rather than merely hear it in a lecture. While a traditional lecture often emphasises the presentation of facts, a gallery walk is designed to address some of science’s most fascinating open-ended questions through discussion. 

Through the formal evaluation of oral presentations, written exercises, and group interaction, the technique also offers an alternative format for assessment.

From Mark Francek. 2006. Promoting discussion in the science classroom using gallery walks. 
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