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omets have always been a compelling topic cometary materials from the comet Wild 2 in 
for scientific investigation. After all, they are January of 2004 and will then return those samples Cformed from the same materials that formed to Earth for analysis.

the sun and planets billions of years ago. They even 
contain many of the organic materials thought to be 

Katie Harris spoke to Dr. Scott Sandford, co-essential for the origin of life. The study of 
investigator of the STARDUST Mission, a member cometary material could potentially teach us about 
of Ames' Astrophysics Branch and co-leader of the evolution of heavenly bodies and perhaps of life 
Ames' Astrochemistry Laboratory.itself.

In 1999, a collaborative space mission called 
STARDUST was launched by a team of NASA 
scientists, university and industry partners. The 
STARDUST mission will collect interstellar dust and 

Cometary Material

Dr. Scott Sandford

http://library.thinkquest.org/C003763/index.php?page=interview06

Dr. Scott Sandford is 
posing with an 
astrophysical 
environment simulation 
chamber. This device 
allows him to simulate 
the environmental 
conditions found in 
interstellar dense 
molecular clouds, 
comets, and the surfaces 
of icy satellites in the 
outer solar system. These 
conditions include very 
low temperatures, low 
pressures, and high 
radiation fields. 
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Astrobiology:  What are the scientific objectives 
of the STARDUST mission?

Astrobiology:  How is the STARDUST mission 
unique in comparison to previous comet rendezvous 
missions?

Astrobiology:  How will these dust samples be 
sent down to Earth?

Dr. Sandford:  Well, in a nutshell, the main 
objectives are to simply get as good as possible an 
understanding of the composition of comets, or at 
least the refractory dust that comes from comets.

Dr. Sandford: The thing that is totally unique 
about this mission is that we will be bringing a 
sample back to Earth for study as opposed to other 
missions which have only made in-situ 
measurements and observations. The fact that the 
cometary sample comes back to laboratories on 
Earth gives us the capability to do all kinds of things 
you could never do on a typical comet rendezvous 
mission.

Dr. Sandford: They are coming back to Earth on a 
return capsule. When the spacecraft collects dust in 
the collector, the collector folds up into a clam-like 
structure. The whole spacecraft then comes back to 
Earth and the spacecraft uses orientation motors to 
line-up the return capsule for an appropriate 
atmospheric entry. It then kicks the return capsule 
loose and the spacecraft itself diverts so and 
misses the Earth entirely to go back out into deep 
space. The capsule, a blunt-shaped object 
somewhat similar to the old Apollo vehicles, re-
enters the atmosphere on its own using shielding 
and decelerates much in the same way as a 
meteorite decelerates.
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The primary goal of the STARDUST mission is to 
collect comet dust and volatile samples from the 
comet Wild 2 (pictured above) and return them to 
Earth. Photo courtesy K. Meech
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Astrobiology:  Are there any dangers of 
biocontamination (from microbes on Earth getting 
on the spacecraft or possible microbes in the dust 
getting to Earth)?

Astrobiology:  Where does interstellar dust come 
from and why is it of such great interest to 
scientists?

Since the dust grains are extremely small, they can 
decelerate in the upper atmosphere without burning 
up. That dust eventually settles onto the ground. 
The Earth accumulates tons of comet dust 
everyday. The net result is that we are not bringing 
anything back on this mission that isn’t arriving on 

Dr. Sandford:  Anytime you study organics, you the Earth in much vaster quantities daily.
get used to the fact that there is always some 
amount of contamination of whatever you are 
studying with other organics around it. When we 
study the organics brought back from the comet, 
there will almost definitely be trace amounts of 
organics of terrestrial origin mixed in the cometary 
organics. There are multiple ways this type of 

Dr. Sandford:  Interstellar dust comes from all contamination can occur. Contaminants can get on 
over the universe. Different forms of dust originate the spacecraft before it is launched (thus potentially 
from different sources. As stars age and die, they 
do so in a multitude of ways. Some explode in giant 
supernovas, some bloat up and blow off outer 
layers (which is what our sun will do). Different 
stars produce different elements through nuclear 
synthesis and these elements are then distributed 
throughout space. Because of this, different kinds 
of dust grains come from different places. We have 
every reason to believe that dust in the interstellar 
medium actually comes in a wide variety of shapes, 
sizes and compositions. Comets are reservoirs of 
that original interstellar stuff that was used to form 
our solar system, we expect comets to contain this 
wide variety of materials, including high-distorting experimental results), they can get in 
temperature minerals, low-temperature minerals, during atmospheric reentry and any subsequent 
organic compounds, microdiamonds - who knows handling of the samples once they’ve been returned 
what. It will probably be a real zoo, and each to Earth can potentially result in sample 
member of that zoo most likely will have come from contamination. So if you are going to study organics 
a different place.from a comet, one of things you need is an 

experimental protocol that allows you to assess how 
much contamination there is and then deal with it.

With regards to the contamination of the Earth from 
the organics from the comet, that’s not really an 
issue because cometary dust is coming off comets 
and landing on Earth all the time. Every time a 
comet comes toward the sun, it makes a tail 
composed primarily of dust. That dust goes into 
orbit around the sun and a fraction of that dust 
ultimately ends up hitting the Earth’s atmosphere. 

”

“ The stuff we are bringing 
back isn't going to 
introduce anything to the 
Earth that hasn't already 
been here for eons.
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The universe is full of dust. And not just your average top-of-the-computer-monitor dust, we're 
talking interstellar dust.

Interstellar dust can comes in a plethora of different shapes, compositions and sizes. It can range 
from grains that are smaller than a tenth of a micron to grains that are many microns wide.

This dust can be detected from the way it blocks the light emitted from stars behind it. Large, dark 
bands or patches across galaxies are indicative of the presence of this interstellar dust.

Studying the composition of this dust may give scientists clues and insights into "the evolution of the 
sun and planets and possibly into the origin of life itself." (ST ARDUST Mission Website)

Image: This image is from Nick Strobel's Astronomy Notes web site.
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Astrobiology:  What will the information collected 
from the STARDUST mission teach us about the 
origin of life?

The other extreme is the ecopoesis version. This is 
a theory which postulates that when the planet 
Earth was formed, the interstellar materials from 
which the solar system was made contained within 
it many complex organic compounds, and these 
were used as the original building blocks to get life 
going.

In reality, we don’t really know how life got started. 
It’s quite likely that the truth lies between those 
two endpoint models. My guess is that to get life 
started, you need a lot of different kinds of 
molecules, and life is going to be willing to take 
them from wherever they can, they won’t be picky 
about whether they are interstellar in origin or not. 
In the end, we may find out that certain kinds of 
compounds, at least in the beginning, were largely 
provided by in-falling material of extraterrestrial 
origin. Other kinds of material may have been 
largely made in-situ, here on earth.

One of the things I work on is trying to understand 
what kinds of organic compounds are formed in the 
interstellar medium. If you find that dust samples 
contain some of these molecules that are of interest 
to life, that is an interesting finding because the 
process by which stars and new planets made is a 
universal one; they are all formed in dense 
molecular clouds. If you can demonstrate that 
dense molecular clouds contain important organic 
compounds, you can assume that whenever a 
planet is made at an appropriate distance from a 
star, some of these other compounds have to be 
present simply because they are made in all the Dr. Sandford:  It will give us some clues as to 
same places universally. So, for example, by both what kinds of building blocks for life were available 
observation and laboratory simulation, we know after the formation of the solar system. Broadly 
that the interstellar ices and dense clouds where speaking, you can put most origin of life models into 
stars form do in fact produce a whole series of one of two categories; one being the indigenous 
organic compounds which are potentially very and the other the ecogenous?. Basically the idea 
useful if you want to start life.postulates that at the time of the formation of 

earth, there were no interesting biological 
We’ve learned that aromatic ketones, a class of molecules present on earth; only simple gases such 
compound used by all living systems on earth to as carbon dioxide, methane and ammonia. Life was 
mediate metabolism and other biochemical generated from there with lightning, UV radiation 
processes, can be formed in the interstellar medium and other forms of chemical processing. In other 
before a planet even exists. In addition, the words, everything started on the planet.
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A microscopic image of an interstellar dust 
particle that has been captured in aerogel. Photo 
courtesy NASA.



radiation processing of interstellar ices can make a 
type of lipid. If you simulate an interstellar ice and 
irradiate it, warm it up, you are left with organic 
residue - the kind of residue that could have rained 
down on primitive earth. If you dunk the organic 
residue in water, you find that membranes 
spontaneously form, making proto-cellular 
structures from interstellar materials. So interstellar 
materials may potentially have played an important 
role in getting life started.

Dr. Sandford:  I can’t remember when I wasn’t 
interested in space. By the time I was in sixth or 
seventh grade, I had already read all of the books in 
the public library on astronomy, including some 
college textbooks. I grew up in Los Alamos, so I was 
surrounded by scientists and in the summer I would 
work in the Los Alamos Mazon Physics Facility. 
Ultimately, I got my degree in Math and Physics, 
and I ended up going to graduate school at 
Washington University in St. Louis where they have 
the Macdonnell Center for Space Sciences, so I got 
involved with astronomy and space again after a bit 
of a hiatus. There I did reasearch involving a mix of 
fields such as chemistry, physics, geology and 
minerology. I also specialized in the spectroscopy of Dr. Sandford: People shouldn’t feel like they have 
interstellar materials. Eventually I came to NASA 

to get a degree in astrobiology or astrochemistry. 
Ames as a post-doctorate and I helped set up the 

For example, over the years our lab has been 
Astrochemistry lab here. I actually took very few 

extremely productive and a lot of fun for everyone 
biology and chemistry classes in college, so I’ve had 

involved and has discovered all kinds of things. 
to learn a lot of it on my own as I go. But that’s part 

We’ve done that by having a diverse group of 
of research - you learn what you need to know as 

people with a variety of backgrounds and 
you need to know it!

expertises. Our group has had astronomers, 
physicists, biochemists, physical chemists - in other 

Astrobiology:  How did you become interested in 
astronomy and astrochemistry?

Astrobiology:  What advice do you have to offer 
to students interested in pursuing space-related 
science careers in fields such as astrobiology or 
astrochemistry?

Cometary Material

Dr. Scott Sandford

http://library.thinkquest.org/C003763/index.php?page=interview06

6

An example of protocellular genesis. A large 
chunk of protein has been contracted with a tepid 
NaCl solution. On cooling, protocells form and 
stream forth. Photo courtesy Randall Grubbs. 

“ You don't need a degree in 
astrochemistry to do 
astrochemistry.

”
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words, you don’t need a degree in astrochemistry to write a proper paper to explain it to everyone else? 
do astrochemistry. In fact, my experience has been Once you are a scientist, nobody walks up to you 
that people who focus their learning on a particular and says ‘Here’s a pot of money, go discover 
sub-area tend not to have broad enough experience something!’. The way the American system works is 
and scientific background to tackle new problems you have to write a proposal where you tell people 
as they come along. You need good expertise in a what you want to do, the reasons why you want to 
relevant field, but it doesn’t necessarily have to be do it, what you expect to learn, what it would cost, 
the field you think you want to work in. Everyone and why the science is worth the cost. Then you 
doing astrobiology right now comes to it from a have to convince a review panel to grant you the 
variety of backgrounds - I’m not sure I know anyone funding. So if you can’t write and argue well, you 
who has a degree in astrobiology. won’t get any money, and you won’t do any science. 

That is why the ability to communicate effectively is 
essential if you want to be a scientist.

Chemistry, physics, math and geology are all great 
backgrounds if you want to go into space science. 
Having a good understanding of spectroscopy is 
important. We will never get a sample of most of 
the interstellar medium, we can only look at it from 
afar, and for this reason it is important that you are 
capable of analyzing that type of material from afar. 

The main thing students need to do is to learn how 
to learn. Researchers have to learn and teach 
themselves all the time. Astrochemistry isn’t 
astronomy, or physics, or chemistry - there are very 
few books or people concentrating on the subject 
exclusively. You must be able to keep an open mind 
and be able to accumulate new facts and 
techniques and expertises as you need them.

Also, to be a good scientist today you really have to 
have good communication skills. Some people go 
into science because they hate english, but the fact 
of the matter is that you can’t be a decent scientist 
without being able to read, write and speak well. 
What good is it to discover something if you can’t 

“ The ability to 
communicate effectively is 
essential if you want to be 
a successful scientist.

”


