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Overview

Delaware

Unzversity research, centered on hydrothermal vents, has been integrated into the 9" grade physical science curticulum.

PBL. activities have been designed to highlight the significance of the material covered in the Delaware State Standards.

Technology 1s central to the project allowing students to gain valuable web-based experience.

Qualitative analysis experiment relates oxidation numbers and chemical bonding to unique natural environments.

Abstract

Presented here 1s a project developed for 9th grade Physical Science students aimed
at introducing them to a collaborative research effort between the Department of
Chemistry & Biochemistry and the College of Marine Studies a the University of
Delaware. The focus of our research is understanding metal sulfide cluster
formation using mass spectrometry. By characterizing the environmentally
significant reactions between metal clusters and hydrogen sulfide we can better
describe the chemistry taking place near hydrothermal vents and the bioavailibility
of metals in aqueous environments. PBL. activities have been designed for two

different class settings. In the first case, the project was designed to bridge the

entire semester in Wh1ch students used wiki pages to post their work. The newest adaptation 1s an abbreviated version which
can be completed i1n two class periods. In both cases, the final aspect of the activity is a presentation of my graduate research
and how it relates to what the students are learning in Physical Science

Learning Goals

Graduate Fellow

m Technological experience
m Familiarization with PBL activities

Teacher

m Exposure to university research

m Technological experience
m Familiarization with PBIL. activities

m Develop classroom management/communication skills

Student

m Exposure to cutting edge research

m Technological experience
m Meet specific Delaware State Standards

In the spirit of the GK-12 fellowship program, this activity
is designed to not only enhance student understanding, but
also provide valuable educational experiences for both the
teacher and graduate fellow. Broadly listed are the goals set
out for this activity.

A special thanks goes to Terry Blanch (St. Georges) and Kevin Madigan (Delcastle),the GK-12 teachers that
have helped with the project.

Online Expeditions: A website designed for high school education by the University of Delaware College of

Marine & Earth Studies and the Sea Grant College Program.
www.ocean.udel.edu/ expeditions
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m Problem Based Learning activity focused on
hydrothermal vents from a geochemical

perspective.

m Project is introduced by showing images of hydrothermal
vents and the creatures that inhabit this unique ecosystem.

Understandmg Hydrothermal Vents

Abbreviated Version

m Students work in groups (2-3 students) to scientifically address the question: “What is the smoke?’

m This is a web-based project which takes advantage of the Online Expeditions site set up by the University of Delaware College

of Marine & Earth Studies.
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Unexplored before 1977, hydrothermal vents (aka: 'black
& smokers') represent a unique environment on our planet.
g In spite of their inaccessibility, they continue to be the

focus of much investigation and research, the results of
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i - which are helping to answer many scientific questions. Imagine that you and
your partner are the first scientists to ever see a hydrothermal vent. As you

plunge deep into the abyss near the Mid-COcean Ridge system you see them...

Toxic Cl—EMlStry Chimneys reaching as high as a 15 story building with billowing smoke stacks
shooting from their tops. Amazed, you lean over to your fellow scientist and ask
"How can there be smoke underwater? This is CRAZY! What is the smoke?"

Online Fxpeditions

How VENTS work? Your Task: Thinking like a Geochemist, describe the chemical makeup of the
'smoke' coming from these undernwater chimneys. Use the links to the left (see
click here) to work through Parts 1-3 under Your Task (see above). This should

help you answer the question... W"’h 9 t i g .th e Smokp 0

Lost CITY expedition
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So, where to begin? Whenever faced with a tough
problem, start with the basics. Hydrothermal

A . : :“ Vents...What are they? Where do you find them? You

9, ¢lick here. Y have 10 min to work through this section....GO!

; k GeosFarth
(think minersis, rocks, soil, water, stmosphere)

Toxic CHEMistry .
Chemist

somecne who i8 interested in the properties

Online Expeditions
and reactions of matter (atoms snd molecules).

How VENTS work?

Lost CITY expedition
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Now lets get down to business! You remember way back
when we learned about Physical properties...Well, now it's
time to dust off that piece of knowledge and use it. To

""o elick here!l scientifically describe hydrothermal vent 'smoke’

we need to understand the physical properties near hydrothermal vents. What is
it like inside the vent? How do the physical properties change as you move away

from the vent?
Toxic CHEMistry

What about chemical properties? What atoms, ions, or molecules make up the
'smoke'? What reactions are taking place?

Phy sical.

lproperties)

Online Expeditions
How VENTS work?
s Chemical

Lost CITY expedition
(properties)

PBL Design for 9" Grade Science

e Setting up the Problem

Because this activity is designed for 9" grade
students, we help them address the question
by breaking it into three separate tasks. These
tasks are designed to help direct their research
and keep the students focused.

“I loved the experiment we should do more of this in
Science. I liked going on the computer and learning
about Science tn our world.”

-Student Comment

Well you made it! This is our last task for the day. Lets switch our focus
a bit to how the 'smoke’ is made. Think back to when we talked about
energy transfer. ...Describe how energy is transferred in this system. To
really understand how this underwater ‘'smoke' is made we

need to understand how energy transfer and hydrothermal vents are related.
Give it a shot.... Hint: Check out How VENTS work?.

a 50 click herel
Toxic CHEMistry

Online Expeditions
How VENTS work?

Lost CITY expedition
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lons, Energy Transfer and Graduate Research

Extended Project

m Problem Based Learning activity covering
hydrothermal vents with an emphasis on
multidisciplinary research.

m Groups of 2-3 students study ‘black smokers’
from different scientific perspectives.

Phase 2:
— (Geochemist for
a day

m Students develop group wiki pages to organize their finding and record
their experimental data. —

)
Phase 3: Marine
B“’I”Ql'it for a

4 day
> B .
| m A qualitative analysis lab was developed Phase 4.
P - which has students identify an unknown ~ Oceap, ’Q”l.)h
- . ' Sl c
metal salt solution based on the color of for 4 day :

the sulfide reaction product.

Addressing Delaware State Standards

m Physical and Chemical Properties m Oxidation Numbers

m Chemical Bonding m FEnergy Transfer

Project Wiki

KATHERINE is the BESTIN. :]

Y. P m Students recorded their research

Locations of Hydrothermal Vent Sites -
Along Mid Ocean Ridges p>

in group wiki pages. e B

Q Inactive @ Sediment

Click on the area of interest ! %

(¥ : Link to more detailed Map )

=" : et * How do hydrothermal vents form?
. / s 110 \X/ S S tudents tO sx; Ork Part 2: In some areas along the Mid-Ocean Ridge, the huge plates that form the Earth's crust are moving apar, creating cracks and
Definitions " openings in the ocean floor. Seawater goes into these openings and is heated by the magma, that lies beneath the Earth's
. crust. As the water is heated, it rises and finds a path back out into the ocean through an opening in the seafloor.
On group prO] eCtS Soluble- Capable of dissolvbeing dissolved or liquified.
Insoluble-Incapable of being dissolved or liquified. * Outline the role of a geochemist

* The field of geochemistrygeochemistry involves study of the chemical composition of the Earth and other planets.
* Geochemists are geologists who specialise in chemistry. They study samples of soil, rock and other natural materials to
manitor developments in the earth's compisition,

Percipitate-to bring out prematurly, hastly, or suddenly.

individually from

‘ OXIDATION NUMBERS

external image smoker. gif
home MName of Element Oxidation Number * Descabe thashamical o TSN gt omakee
. Chlorine (CI -1
‘ stk D “black smoker e the hottest of the vents. They spew mostly iron and sulfide, which combine to form iron monosulfide. This

Zinc (Zn) +2 compound gives lhe srnoker its black Colar.

Cad_mlum Cq +2 * YWhat is the smoke?

Sodium (Na) + Swmoke is the cold water heating up from inside the vents from lava.

Iron (Fe +3

f( ) * Describe in terms of atoms, ions and molecules.
Sulfur (S) -2 The black smoke has molecules of iron, sulfide, and other mineral metals.

m Development of web-

* Describe the chemical bonding and reactions that occur
All of these molecules bond together by getting heated by the lava inside the hydrothermal vents which causes the black

Observations smoke.

Fe, Zn, and Cd all had sodium sulfide soultion added to them and went from being soluble and percipitated

based communication

‘ —Irgn Hecame sulu.j HiBEit ao0N; . This enviroment exists bec 1h Id wate f om th h ttom of the ocean goes into the hydrothermal vent and is heated by
S S -Zinc became a solid foggy colored solution. ) ot it e N i pag il e
i i i ® Cl-Chlorine (-1) ava wi explo warm the wa und it.

-Cadmium became a solid yellow solution.
® S-Sulur(-2) * Where is the ‘chemical soup’ made?

o Zinc- turned white and cloudy

: |
Cadmium- tumed yellow and cloudy -
: o lron- tumned blackish greenish liguid. = :
* ‘We found out that the unknown substance was Cadmium (i ’ -
¢

What d m bilogist d
o Marine biologists study saltwater plants and animals and how they relate to their environment and their work helps .

determine how marine ecosystems will cope with changes such as global warming, pollution, and pressure from

. fisheries.
* Review your definition of ‘chemosynthesis’ from Part Il
o Chemosynthetic microbes live on or below the seafloor, and even within the bodies of other vent
animals as symbionts.
il i

* |dentify six organisms that have been found around hydrothermal vents.
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