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Investigation 5
Earthquakes, Volcanoes, and Mountains
Background Information

In this investigation you will plot the locations of earthquakes,
volcanoes, and major mountain ranges on a world map. You will
then search for patterns and relationships between these three
events or features, and compare the locations of these features
to a map of major plate boundaries. You will then conduct further
research about these events and features and presen’r your maps

and findings to the class.

In the Digging Deeper reading section you will learn about the -
nature of earthquakes, the relationship between earthquakes and
plate movement, The nature of volcanoes, the relationship
between volcanoes and plate movements, the association of
earthquakes and volcanoes, and the nature of mountain building.

A1 the conclusion of this investigation, you will develop a
better understanding of the causes of earthquakes, volcanoes,
and mountain building in relation o plate tectonics.
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Blackline Master Our Dynamic Planet 5.1

World Map
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Blackline Master Our Dynamic Planet 5.2

Seismograph Station Results for Five Days

Table 1: Subset of Seismograph Station Results for One Week

Latitude | Longitude Depth Magnitude Occurrence
(kilometers) (Richter Scale) Region

47°N 151°E 141 “3/2-5 )| Kuril Islands

28° 178°W 155 (5.0 | Kermadec Islands

30°N 52°E 33 4.2 Iran

36°N 140°E 69 4.7 Honshu, Japan

34°N 103°E 33 4.3 Gansu, China

40°S 177°E 27 4.8 New Zealand

0°N 36°E 10 4.6 Kenya, Africa

38°N 21°E 33 4.6 lonian Sea

16°N 47°W 10 4.7 N. Mid-Atlantic Ridge

6°S 147°E 100 4.4 New Guinea

55°N 164°W 150 4.5 Unimak Island, Alaska

24°S 67°W 176 4.1 Argentina

13°N 91°W 33 4.2 Guatemala coast

4°N 76°W 171 (56 Colombia

40°N 125°W 2 4.5 N. California coast

5°S 102°E 33 4.4 S. Sumatra, Indonesia

44°S 16°W 10 4.6 S. Mid-Atlantic Ridge

51°N 179°E 33 4.4 Aleutian Islands

15°S 71°W 150 4.2 Peru

49°N 128°W 10 4.7 Vancouver, Canada

35°N 103°E 33 4.3 Gansu, China

Use with Qur Dynamic Planet Investigation 5: Earthquakes, Volcanoes, and Mountains
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Blackline Master Our Dynamic Planet 5.3

Table 1: Global Volcanic Activity Over
One-Month Period

Table 2: Global Volcanic Activity Over One-Month Period

Latitude |Longitude Location Region
1°S 29°E Nyamuragira Congo, Eastern Africa
38°N 15°E Stromboli Aeolian Islands, Italy
37°N 15°E Etna Sicily, Italy
15°S 71°W Sabancaya Peru
0° 78°W Guagua Pichincha Ecuador
12°N 87°W San Cristobal Nicaragua
0° 91°W Cerro Azul Galapagos, Ecuador
19°N 103°W Colima Western Mexico
19°N 155°W Kilauea Hawaii, USA
56°N 161°E Shiveluch Kamchatka, Russia
54°N 159°E Karymsky Kamchatka, Russia
43°N 144°E Akan Hokkaido, Japan
39°N 141°E Iwate Honshu, Japan
42°N 140°E Komaga-take Hokkaido, Japan
1°S 101°E Kerinci Sumatra, Indonesia
4°5 145°E Manam Papua, New Guinea
5°§ 148°E Langila Papua, New Guinea
15°S 167°E Aoba Vanuatu
16°N 62°W Soufriere Hills Montserrat, West Indies
12°N 86°W Masaya Nicaragua
37°N 25°W Sete Cidades Azores

Use with Our Dynamic Planet Investigation S: Earthquakes, Volcanoes, and Mountains
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Blackline Master Qur Dynamic Planet 5.4

Major World Mountain Chains
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Investigation 6: Earth’s Moving Continents
Background Information

Do you think that the continents and oceans have always been in the same
place that they are today? This question challenges you to think about the
“permanence” of continents and ocean basins, and is the focus of
Tnvestigation 6: Earth's Moving Continents.

In this investigation, you will explore the evidence needed to evaluate
Wihether or not continents and oceans have moved over time. You will
sxamine the fit"6f the continents across the Atlantic ocean, thepatterns.of
mountain belts; evidence from fossils, and evidence from glaciers to
reconstruct what the Earth's continents and oceans looked like 250 million

years ago.

You will review the theory of continental drift, the concept of
supercontinents, (including Pangea), and the breakup of Pangea.. In effect,
this investigation challenges you to relate the events you have studied (the
causes and locations of earthquakes, volcanoes, and mountains) to evidence
for a scientific theory that explains the occurrence of these events and
features of the Earth.
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Glossopteris

Lystrosaurus

Cynognathus

Bi Mesosaurus

About the lilustration

This is a generalized map of what Pangea probably looked like. There are a
number of versions of Pangea reconstruction in the geoscience literature, but
they differ only in minor details. There is general agreement that Pangea looked
about like this when it was fully assembled. Students may wonder why their
reconstructions of past continents look so different from this one. The primary
reason for the difference is that students used the current appearance of
continents to construct their maps (which include portions of continents that
did not exist 250 million years ago), whereas this diagram would have been
constructed only upon the basis of rocks at least 250 million years old.
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Blackline Master Our Dynamic Planet 6.5

Pangea

250 million years ago

© It's About Time, Inc.
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Blackline Master Our Dynamic Planet 6.6

Breakup of Pangea

&2

A
g

('pangea

BN
A

Sl e

Permian Triassic
250 million years ago 200 million years ago

Jurassic Cretaceous
135 million years ago 65 million years ago

v
(>~ Antarctica =2
Present Day

Use with Our Dynamic Planet Investigation 6: Earth’s Moving Continents
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Grade 8 Science

Ms. D’Andrea

Dynamic Planet
Final Assessment Review Sheet

]

I
' i — 1 - [-Y i
' 1. What is the difference between a physical model and a conceptual model?
s 2. What is the difference between a compress;onai (P) wave and a shear (S) wave?
& - 3. What is subduction? ‘/7'<" o e T T
¢ NGO ~4. What is meant by refractlon’f"_ £ ] Sy { -
\ 5. How does the oceanic crust dlffer frbm the continental crust‘? ;
8. What do the Earth’s crust and mantle have in common?-
~7.) How would you describe the Earth’s outer core? . 2 r L1V A
A0 8 What process in the mantle plays an important role in rnovmg Earth S hthosphenc °MJ - UC
< %‘7 1 . i ‘ ‘ V758
U5 9. What happens ata dlvergent plate boundary? L e afal R bar i i
10. What happens at a transform plate boundary? 9t ed -
“11. What is the difference between an earthquake s eplcenter and rts focus'?
12 How does a tsunami form?h., /-, : R epn, . /
¥3. What name did Alfred Wegener give to his theory of honzontal rovimasit of thé e
Earth’s crust? © ¢n 4, 4 !“ i
14. What name did Alfred Wegener glve to hlS proposed single supercontment‘? W
A5, Which kinds of evidence did Wegener give to support his theory? t ¢ ¢ FaTRa . o

16. Why did most scientists of the 1920s reject Wegener's theory?/ . .. =" | Al

17. What is the San Andreas Fault in southern California, an example of'? o i ,
18. New lithosphere is created at whatty of plate boundary? | con op Nag YhE DoAY
19. What is magma? )¢/ i ;? g7

20. How would you best descnbe the movement of Earth s |Ith05p eric plates in terms of

: speed'? ‘- { s for]#

21. Where do most earthquakes occur? '

f?li 7



Label the following diagram and explain why many earthquakes and volcances occur at

the boundary depicted here. 3
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10.

11,

Grade 8 Science
Ms. D'Andrea

Dynamic Planet
Final Assessment Review Sheet - Key

A physical model is a structure a scientist builds to represent something
else and a conceptual model is a scientist constructs in his or her mind.

A compressional wave or P wave is the fastest kind of seismic wave, while a
shear wave or S wave is a seismic wave that cannot travel through liquids.

Subduction is a process that consumes ocean crust where two plates meet.

Refraction is the bending of a wave due to changes in its velocity.

Oceanic crust is thinner than continental crust.

The Earth's crust and mantle represent layers of the earth, however, they
differ in chemical composition, thickness, and density and are separated by
the Moho discontinuity.

The Earth's core is made of high-temperature liquid iron.

Mantle convection plays an important role in moving Earth'’s lithospheric
plates.

New crust is formed and spreads apart at a divergent plate boundary.
One plate slides past another horizontally at a transform plate boundary.

The epicenter of an earthquake is the point on the Earth's surface directly
about the focus.



iz,

13.

14.

15:

16.

17.

18.

19:

A tsunami (giant sea wave) may form when an earthquake occurs on the sea
floor.

Continental drift was the name Alfred Wegener gave to his theory of
horizontal movement of the Earth's crust.

Wegener called his proposed single supercontinent, Pangea.

The geographic fit of the continents was one piece of evidence Wegener
used to support his theory of continental drift.

Most scientists of the 1920s rejected Wegener's theory of continental drift
because they felt that a mechanism for continents to plow through oceanic
crust is lacking.

The San Andreas Fault in southern California is an example of a boundary
between two plates that are sliding past one another.

New lithosphere is added to plates at a boundary between two plates that
are moving apart.

Magma is the term used for molten rock within the Earth.

20. The Earth's lithospheric plates move at speeds that average 5 centimeters

2t

per year.

Most earthquakes occur along plate boundaries.



trench

continental
crust

oceanic :

crust
/
lithosphere— \
asthenosphere . lithosphere—
boundary asthenosphere
boundary

S e 7

The boundary shown in the diagram is a subduction zone. At this kind of plate
boundary, Two lithospheric plates move toward one another and an oceanic
lithospheric plate is forced below another plate. This oceanic plate is driven down
into the mantle is a process called subduction. The interaction of these two plates
generates forces that build up the lithosphere. These forces can cause
earthquakes, which are the plate’s way of relieving the built-up stress. At a certain
depth the subducting plate heats up enough o give off water or maybe even melt.
This causes volcanoes to occur and explains why volcanoes are common near

subduction zones.
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Science Video: The Atom

All matter is made up of
meaning, "uncuttable.”

Atoms are mostly __ / s space.

The middle of the atom is called the _-
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(‘“10. It's the number of AR O in the nucleus of an atom that
\_~" distinguishes one atom from another.

Elements are grouped into ik on a table called

Yecaed fc or [ lepan;
{

EIZ. Each element has a one or two letter  — 10T < . Wi

/13. Each element has an atomic number equal to the number of
. iniTs nucleus.

14, By smashing atoms we can learn I L !

15. Inside protons and neutrons are even smaller particles called

Y i1t bt & )

16. Everything in the universe is either ' - or maiter.

7 Heat, light, and sound are examples of different forms of

18. The element | { ¥/ is found in every living thing
- it's the key T%lfe The branch of saence devoted to the study of this
elementis called! /Lo~ (9anic chemistry.
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Science Video: The Atom

All matter is madeupof _ | ~* , from the Greek word atomos,
meaning, "uncuttable.”

Atoms are mostly ___ : space.

The middle of the atom is called the f g .. It contains
, which carry a (+) charge, and /) { , which do
not carry a charge. They are 1 :

Buzzing around the atom's nucleus are negatively charged particles called

|
is the flow of electrons from one atom to

another.

Atoms are so small, you could put one million of them on

{

L\

Atoms are the basic __ of all
matter. '

Atoms combine to make

H20is The chemical formula for , and is two

parts _. | LS and one part
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14. By smashing atoms we can learn ”1 U T 0
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16. Everything in the universe is either | e 7 or matter.

17. Heat, light, and sound are examples of different forms of _

18. The element Sl is found in every living thing
- it's the key T}_Hlfe The branch of scuence devoted to the study of this
element is called —cbe Dot (9anic chemistry.

{
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Chapter 5

Exploratnon Worksheet

Making the Case, page 88

Your goal to prepare a case for or against the particle | Safety Alert!
theory of matter @ @
You Will Need Part 1: A Thought Experiment 7
. red food coloring What to Do

- an eyedropper

« a stirring rod

« a 100 mL beaker
« 500 mL of sand

= water

« 500 mL of dried peas
or beans

« 40 mL of rubbing
alcohol

4 large containers
« 25 mL of salt

« 2 graduated
cylinders

« a funnel
. a stopwatch or clock

Read the observation and inferences about liquid ahdfr_ozen water. Then

answer the questions that follow. ol Conis bl [
ONIY @it iis

T 4 . \ @

(€ ¢ ‘;r PO b

Observation € Codlrat™Ng v [l
, | £

In the freezer, ice cubes become smaller over time. b-’ 05 | oge An
Questions \ §

Where does the ice go?

’ ) o (i . lr % "%
r‘( I kf(} ¢ /F OB T IR |

\J \
« How does it disappear? \1

A

. C?n ice be prevented from disappearing? , /

Yops gt d—Frpo-2 ta( /

Inference and Possible Explanation -
« Perhaps ice (water) is made up of particles. '

/
« Maybe some of these particles escape/ﬁ:om the so solid stafeto form a
gas, which floated away. y
Gk

ﬂ(\f A ‘. e 3

i

Follow-Up ‘-\ = /
-__\‘__ _—
1. Name another substance that changes d1rect1y froma sohd into a
gas. , ( /
\ b i i
A(:('J iy“: 't : N | \{':'- S
r 1

SclENcEPLUS « LEVeLBLue 11




Name Date Class

-3

Exploration 1 Worksheet, continued

@ .

2. Could a gas change directly into a solid? If so, thinkl of some examples.

| IR

1
N\ ) N } / 1N ) )
f/p( - el Nealr e mgllle | f dp;,;

3. Do these observations and explanations support the idea that water is
made up of particles? Why or why not?

A

L

NA

) 5 i
e gCC \nqier
Ny 1 b

Part 2: Seeing  What is the largest amount of water in which you could dissolve a drop of red

Red food coloring and still detect its color? Here is a way to find out.
@ What to Do )
: = ‘ o Ol Thoroughly dissolve a arop of food coloring in 50 mL of water.
J 1 ] 0 Nile 2. Now divide this solution into two equal parts.
K & ~ 3. Wash 25 mL down the sink, and add 25 mL of water to what remains.
4. Once again the total volume of the solution is 50 mL. Is the solution still

colored red?
o

5. The concentration of the food coloring has been diluted to one-half of the

:l [ ) f I/ original amount. Repeat the dilution process once more. Can you still see
the r\ed coloring in the water?

HRW material copyrighted under notice appearing earlier in this work.

/ Il \ /
V_.{ -‘{’-f”'" Lok S
6. Your beaker now contains one-quarter of the original drop of food color-
ing. Repeat the procedure—keeping accurate records below—until you
no l‘on er see the red color.
U T ) . b //J
v L\ - N
1 . [ Al ’3\' |
//
5‘} g

12  UNIT2 « PARTICLES
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Date Class

Exploration 1 Worksheet, continued

Questions

Before going on to Part 3, discuss the following questions with a partner and
write your conclusions in the space provided:

1. Is the color spread evenly throughout the solution, or are bits of food col-
oring clumped together? \ ]

j{:’:;’ni- ‘A (PR { (¥ {
A ' _ Ak [’
~, L]
)

2. Do you think there may be some food coloring left in the solution at the
end, even though you cannot see any? How much of the food coloring do
you have in the beaker of water at the end of the experiment? How do you

~ know? : : .
L7 N IV S i A

-

g,
a3

3. If matter is made up of particles, what can you infer about the size of the
f’o_“(_)d-coloring particles?

. ' S D ) e
A% 4 ; { sl

4. Does the experiment support the particle theory of matter? Why or why
not?

‘.‘ p ~ e

ip oot OCe  yorr SROAl

\

oA 7 .‘:! : X Vo » O W o rfo

SCIENCEPLUS + LEVELBLUE 13
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Exploration 1 Worksheet, continued

Part 3: Pour What to Do

Judgment 1. Fill three large containers with the substances listed below. Do not mix
Prica peay the substances.

« dried peas or beans

» sand
¢ water

2. Now pour each substance into an empty container.

3. Did either of the first two substances resemble water in the way they
poured?

Ja4 N G U | Il G

KD:/ y : ‘ i, ~ I'., .V‘;f v ‘I. -

L,r" wgy |/l { 7 AL [ 7 y (T

\ |

) O fa f/ 1 'f M~

4. What might you infer about Tlatter from this experiment?

L? \)/ {:—\\ ,u_’_-j ] i,- 17 ..‘ O

& '

[

Iustration also on page 89 B ! 4 ' o \ : ¥ 1 } (T

of your textbook l'

Part 4: When What to Do

T+1+2 Carry out the following three activities. After making careful observations, use
% them to develop inferences about the unseen structure of matter.

To read volume, locate the curve at the top of the liquid. Read at eye level
the lowest point of the curve.

1. Pour 50 mL of sand into a 100 mL graduated cylinder. Then pour 50 mL of
water into another 100 mL graduated cylinder. Carefully pour the water
into the sand. Record the volume of the mixture. Suggest an explanation
for why the combined volume is not 100 mL.

(32 il The - gder=nacli ey Llle 1.

R Wk d
> v DacEr ST A

[ i
Al T l
\ |

Yo fjf ¢ ClOg
I

14 UNIT2 < PARTICLES

9
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Name Date Class

Exploration 1 Worksheet, continued

2. Put 25 mL of salt into a graduated cylinder. Add enough water to bring the
combined volume of salt and water to 100 mL. Without spilling the con-
tents, gently shake the cylinder for a minute or two. Record the volume
after shakmg How do you explain the ﬁnal vo}ume of salt and water?

[)(H {r 0 701 "] W “ U[GJ,/{J({ nlo

, E O PR R P Yo W | 5
"‘ L\ t L (\.I\ J[ p { | _D“ I:J {)(’l‘r }( C ("J ) :[’l Lt CTd ./
7 T

o M + he “at 4
\J

3. Pour 50 mL of water into a graduated cylinder. Then pour 40 mL of alco-
hol into a second cylinder. Pour the alcohol into the water and stir. Is the
vo]ume of the two combined hqulds 90 mL.? Explam

1 [ ~ . - G — \ f \,‘. -
jrr( 1[ x/rh ¢ o SA0s¢ To_ b HS

[

i
N
PO

3 | A/ (
/ S Plya Hi/o

Drawing Do your observations support the idea that matter co ésts of particles? Why
Conclusions or why not? Summarize your case for or against a par/gcle theory of matter.

L/ v/ ({ £os . JC

W .A_/_/v u—f\ “In YV ¥~ Ld u,/f/.,,/(/
i . / ( L o /
ood v Pl 4 Taf
/'a oz d o P Mas
" g/ ) , ) '
MC r,““(U L(/ £l Al oxteir L Qe

" ~1 4
M“/ %(/Q K/.,_ o _‘ ) "T’_\- 2 4} v,&;-h‘{}{@ dA
N Z///W/f// 1 AP nade TR

i a sl o v
.',:j,-r"_,./.,-';;_-__ N " L/ ‘ ' ; Y O
wg s /'} ! . . Vi " / ‘
N AN A V' - WY/ 7 M Ay S e Y Y
2O A LA 2L AN 7 AT A) « 7] A
U = ) b -~ £
—F w4 /,,» A j/” C Oty AU
- -!" ! .‘;." ~ / . {/ [
A ' ki ( X —N\ 7 ‘ 4
—A RS : 1 A Y LN 2T IO
LAY -~ v

A A
(. [/ —x2 XA by / 24 F . ' N
»///LO / _\)\_ "L/J /’T‘/,}/‘k‘ n’, K/L‘ j . /’ V7 AL ,
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Name. /r s Period 2 Date

Physical Pr't:»per“hec of Maﬁer

{
1. Write a description of the physical properties of one household object. You may be
asked To read your description aloud, while class members try o identify the object.

Ia ‘ !l M 5 e ‘.7 e ‘i . | o
20 g Rnst”= 000 Al s
L% “
e —tk
: Cs S W
¥ ; l g ;
rli' . \ ‘1'. F o
7 St I ¢ ¢
2. Describe one way for each ¢f the foilowmg objects fo under‘go)a physucal change. ,
¥ i \._- "1 1"‘ 1";'1, -—_uu___——‘“
\ § N R N e
a. apencil- | . ./ e
L / '
5 \ TG ‘.\ il
b. analuminum can-, [ /| - Ll L
A . r
c. asugarcube- [{/rlin g, p NUd
2 \
d. firewood - | )
. - avi ;‘{' /—‘:t- 3 T
; ~{ A f A
e. a paper clip - f( |L
( P EL
X .",7 Iy C “ ) . \ \ A\
f. water - 25 Vi | AP . '"-T-l-“,r_ ,
L \“‘-L‘r,'{/‘ ]
¢ VA
(o | ,1. yv e \ ,‘I o
g acloud- m ¥ & \ QS
h. hair- |
2. Denmsity— D=m. _
Vo ¥
You can rearrange the equation for density to find mass and volume, as shown
below: 7
m= DV V=m
D

Find the density of a substance with a mass of B kg and a volume of 43m".

Q.
- - ) [ A . b |
) yv I / = 24 A {ff. Fry e
/[ 4= \ | - )/'\
I ,(ﬂ (’\‘.\i' l’;;[r::j" ‘:VJ/"‘, e y / :
SO
—r / ; )
1‘. - 1 \
\




/Mﬂi

h“

"\
\
\,
\
\\ -

)
(Jver : v p

oy
\
'y
C

W Q

) N

_ i : )
" £ O “ me ;2/’““‘ . (o¥ / 0rmo lag
I (“ °Fy "
UAA [
0 Q/@bt b. Suppose you have a lead ball with a mass of 454 g. W?cfn is its volume?
e LMot
U O00.0 900 3sp? ;%%%T
~/{ (o

D,O(MH,‘ ”W(/é J/ o

et Wha'r is the mass of 15mL sample of mercury?

O O(/(J?S\' (Q - 203,99
}Q‘ =125 1. b /3 |

Tjjj/ ( 7 ,{/ d. A block of pine wood has a mass of 120 gand a vo]ume of 300 cm®. What is the

densnTy of ﬂ/ua wood? Would this block of pine float in a pool of water? Explain.

/6/ JO\J = i ( % wiv |d IT’/

__(/ J_D_‘/" (( r‘(‘ J';‘, Al

— L2 Y L N

y, - : r_ _ % oo 1# . /‘.
Bbeol =S99 kgll? eoc lua, |
e. A sample of metal has a mass of 4,059 g and a volume of 453 cm®. What metal
is this?

QD q( 3 ) .
5'. / ( /J / n o gt

Lopp
//; Ua ( g‘/ﬁ—) //“

4, L|51 five (5) physical proper'hes of w ! _
¢ \\ <€ 172<
:1 ; [olor 2 5 ti ), {”J o)

i
\“' VAN

L

Jb ffw/ (L,,' relit{ Sl VO |

i _ L :
p]huq pd e
| LR | f'.f 0 W
(Oq&u() ;(TJ(I{[ ver s T“ \/ !\ f’ i(Q el o ohy’ .
n )‘ fa 1/\ {\O (/l 1 = Ok (/ / ¥ C ‘,\{_i&'l\{,lg : ‘i'.\'\'.il W >

5. How could you determine 'rhe relative densities of lmundﬂf
6 umelp

[O\/ '/ct. Y / by maoss an\ o Um

/’lm \ e /
[ ( g -/-\' / e Z i F-/ o = e e _; 1 )i
~ Wy Ll._i V¢ 3 atte fen CMNeTA- Jc 'S
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&
C.

How could vou determine thet o coin is not pure silver?

. F;ﬂ ({ { éa; '(:(/ 19

.

4

Substance

Helium (ges)

Cxygen (gas)

Water (liquic)

iron pyriie (sclid)

[ Zinc (solid)

=

)

\

2 Q’Q@‘" (1

Density
(g/em3)

0.00C1€€2
D.001221
1.00

.02

71

(5]

Substance
Copper (solid}
Silver (soiid)
Lead (solid)
Mercury (liquid}

Coid (solic)

at 20°C and normal atmospheric pressure

]

—~

(@ /N

/
deng



VOCABULARY BUILDER -

Name: Fr‘? (ClAr s .; [

EUREKA, EINSTEIN!

First, study “Happy Anniversary, Einstein!” on p. 12. Then, solve the clues below to complete
this crossword puzzle. To spell out the bonus words, unscramble the letters in parentheses.
11

i

8'_:'“ 1 v | -
'? (: - I \‘{ (‘;

i

1 [; ’ Q7 ’.. >

ACROSS DOWN 7~ ) _ i
1. Albert Einstein’s area of science expertise: N yLrt U j;:,"i(':). are negatively charged particles.

. B 4 %/_ N G I describes the number of waves
2. Thespeedof _ _ __ _ is about 300,000 kilometers “‘passing per second.

0 mil d.

(186,000 miles) per secon . ~10. The formula E=mc? is part of Einstein’s Special

3. The random, jerky movement of tiny particles Theory of _(E)_ e
ended insid ater droplet is called P v
Shel HRce a'tw oD 2 @ Light is made up of individual particles of energy
()_____ _motion. v e
- s : called_ (Do _ & 2.
articles of two or more atoms \Fet . ’ ;
@K—) ———————— AL DtICICS 12. Thé _(@\ . ~'_is the highest point on a wave.

joined together.
BONUS: Einstein quotes

: instein’s multiple discoveries in 1905
N3 glecause 1?;?’::‘:2;::; ;Eeei b ,‘lscovenf?s‘,) me’ar > a.“If we knew what it was we were doing, it would
e year Ee e CERNESE not be called , would it?”

& A plant scientistis calleda___(H____. b. “Imagination is _*{_ important than knowledge.”

7 An __())_is the smallest unit of an element.
\
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ANSWERS ON TE 8

Name:

. RESEARCH SKILLS

ARLCTIC EXPEDITION

In “Treacherous Travels” (p. 18), you learned about the Arctic environment. Now, you wonder: What kind of
wildlife calls this cold and icy place home? To find out, you take off on an Arctic adventure. Head “Up North”

(see box, below) and dig for the information to fill in your “Travel J ournal” (below).

UP NORTH

www.thearctic.is/ index.htnﬂ

www.mnh.si.edu/arctic/htmil/wildlife.htmi

TRAVEL JOURNAL
1. You arrive in the Arctic. Unfamiliar with your new
surroundings, you seek out some people for sumva]
advijce. You travel to the homeland of the

K p /¢ . people. This native group from
western Siberia in northern Russia lives along the
River Ob. You make friends with them by helping
them catch some _[ < —their primary
source of food and money.

2. Your new friends warn you to keep your eyes
open: You must watch out for __ (%1 2! } §
This huge sea mammal’s fur appelars whlte—ma.lcmg
it hard to spot against the ice and snow. It is a very
strong and dangerous animal and it may attack you.
Also, pay attention to the = 1 0 .Inthe
wintertime, this sneaky mammal survives by
following other predators and eating their leftovers.
Be careful not to leave scraps of food around your
camp, or you may have some hungry visitors looking
for their next meal.

3. The Arctic has more wildlife than you expected.
You're surprised to catch a glimpse of a tald
| ~12/9, the national bird of the United States;

you've never even seen one back home! You read in
your guidebook and learn that these birds used to be
seen throughout the U.S. and Canada. They are now
mostly seen in isolated regions like the Arctic
because _ have disturbed much of their

A o ik Wbl evees, Besuresto have
your camera ready: These majestic creatures catch
fish with their {2 .lwhile flying close to the

surface of waters. Your friends will want to see a
photo of that!

4. As you trek across the frozen Arctic Ocean, you
look down and spy a whlte whale more commonly
known asthe (. ¢ & - . These animals
are very social. It’s believed that they can 71__
their > ©v“ That helps them communicate with
each other. These creatures make a lot of sounds.
They are so “talkative” that they have been
nicknamed _. 7% . Soundis
Important to the survival of these animals: They use
C , a process that uses sound

{ ‘l.-‘-‘- AT 07
to find the distance of prey. : !

5. No visit to the Arctic is complete without seeing
reindeers. You meet a scientist, who tells you about
the two ways that reindeer hair helps the animal
brave the cold environment. Write down the two
ways 1‘t)ef(})rc-:' you forget.

,'(; N

AR

6. At the end of your journey, you sit down to warm
up with a cup of hot cocoa. You decide to write a
letter to your friends back home. Use a separate ‘
sheet of paper to write this letter. Be sure to include
the following: :

--‘A description of an Arctic bird and a mammal you
found interesting. For example: What do they eat,
where do they live, etc.? ‘

- Draw a picture of each of the two animals.

)
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Arctic Studies Center

Tufted Puffin
Photo © Eric P. Hoberg

Tufted Puffin

Fratercula cirrhata.

Tufted Puffins breed only on islands and rocky cliffs in
the arctic waters of the North Pacific, which includes
the Arctic, Bering, and Okhotsk seas. They are most
commonly seen flying near land, coming or leaving the
breeding colonies to feed their young. Tufted Puffins
are the size of pigeons, but weigh nearly twice as much
(1 kg, 21bs)! In flight they look like flying cigars,
moving very quickly close to water. They feed by
diving, then flying under water with their wings in
pursuit of small minnow-like fish. Puffins hold the fish
in their bills until they return to the nest to feed the
puffin chicks. Sometimes a parent puffin will carry a
dozen fish carefully arranged head-to-tail in their bills!
How do they do that? No one knows, because no one
has watched puffins long enough under water.

Puffins breed in holes they dig into the ground and
build their nests. Puffin chicks will come out only
when they are ready to fly; before then they will never
see the light or go outside. Puffins breed in colonies,
some with only a few nests and some very large. The
largest colony 1s found on Talan Island in the Okhotsk
Sea and has more than one million nests!

http://www.mnbh.si.edu/arctic/html/puffin. html
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Arctic Wildlife - Arctic Studies Center

Muskox
Photo © Eric P. Hoberg

Sl R s ’

Muskox
Photo © Eric P. Hoberg

Muskox

Ovibos moschatus

Muskox are large animals that look a lot like bison, but
have wool like sheep. Their long brown wool hangs
almost to their feet! If you visit Alaska you will find
woven musk ox wool scarves at many tourist shops.
Most of the arctic tundra was host to the musk ox long
ago. Neolithic hunters hunted them almost to
extinction. Today they can be found in northemn
Canada roaming wild, and on farms in Unalakleet,
Alaska where they are raised for wool.

Muskox roam wild in herds of 10-20 individuals.
When they are threatened by a wolf their main
predator (other than man) they will form a circle
around their young to protect them. Muskox have been
known to scoop up wolves with their horns, hurl them
into the air and then stomp them under hoof. Although
this may seem violent, muskox are mainly peaceful
animals who eat only plants. Their name comes {rom
the musky smell of their urine which is especially
strong in mating season. Muskox usually bear one calf
every two years.

http://www.mnh si.edu/arctic/html/musk_ox.html
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The Properties of Water

Guide for |

Headmg

% How does the

chemical sitruciure

of water mole-
cules cause them
ip stick together?

_ 4 How does waier
dissolve other
polar substances?

# What are the three
states in which
water exisis on
Earth?

ﬁ

\

water molecule is made up of two hydrogen atoms bonded to an
{ S oxygen atom. Each end of a water molecule has a slight electric

tjmroe A molecule that has electrically charged areas is called al polar ,

@ol ecule The positive hr yda‘ocen ends of one water molecule attract

—#he negative oxygen ends of nearby water molecules. As a result, the
waier molfcuies isﬁd to stick tovether. p—

among its polar molecules. Q{Ji‘face tension | 1s the tightness across the
surface of water that is caused by polar molecules pulling on each other.
Lapillary action is the combined force of attraction among water mol-
ecules and with the molecules of surrounding materials.

A solution is a mixture that forms when one substance dissolves

ﬂnother _The substance that does the dissolving is called the,solvent One

M}Olar substances. -
Water exists in three states, or forms sohd, hqu]d, and gas. Tee isa
ﬁ___,/

Golid, water is a  liguid, and water vapor is a gas. Change of state is
related to lEITIPEI'dtUI'C which is a measurement of the average speed of
molecules. When the temperature reaches 0°C, the solid ice melts and
becomes liquid water. At 100°C, liquid water boils and the molecules

have enough energy to escape the liquid and become water vapor; Liquid )

anter a]so becomes a gas through tvapora_tmn ‘which is the process by
which molecules at the surface of a liquid absorb enough energy to

change to the gaseous state.

The process by which a gas changes to a liquid is called condensation.
As the temperature of the gas cools down to 100°C, the molecules sTow
down and begin to change back to the liquid state. When water cools
below 4°C, the molecules line vp in a crystal structure. Water molecules
take up more space in this crystal structure than as a liquid. This means

that ice is less dense than liquid water, and thus floats on liquid water.
~Specific heat is the amount of heat needed to increase the‘féga-pera“—;
/ture of a certaimamount of a substance. Compared to other substances,

‘water requires a lot of heat toincrease its temperature.

season that water is able to dissolve many ‘substances is that it is |
polar. The charged ends of the water molecule attract the molecules |



The Properties of Water

4 Understanding Main ideas

Label the parts of this water molecule by
writing the name of the element and the

electrical charge in items 1 through 3.

Answer the following questions on a

separate sheet of paper.

4. Why is water considered a polar
substance?- ! t, .‘i“; _— YU

5. What property of water allows fish

in a lake to survwe winter’s rreezmg temperamres

loo Iy e” {/f‘i o\ o

O]}‘ Lhe *

1. Element YL & U
L e -
/ Charge
B, g { N,
2. Element L ke
Charge '

AR

A v
7 a2 me a4y Charﬂe ":i

? L(,(g ,)ﬂp)\"_.
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Qld gx

6. What happens to the molecules of water vapor whten the ?"fverature of the

gas cools to 100°C? { ) f% 4]

7. Why is water often called the, “universal solvent™

rl( b

# Building Vocabulary ,
LA

{ 14 | B

S~ OThot= oA

EL A RS S '} 44

e e —

Match each term with its definition f"y writing the letter of the correct fzefmr;on in

the right column on the line beside t the t

p 8. capillary action
f 9. condensation

CI‘J 10. evaporation

! \ _ 11. specific heat

( Z 12. solution

rm in the left column.

. a mixture that forms when one substance
issolves ancther

B, form of
or gas

“t. the tightness across the surface of water caused
by the polar molecules pulling on each other

d. the process by which molecules at the surface
of a liquid absorb enough energy to change

to the gaseous state

a substance, including sohd, hiquid,

S} 13. solvent e, the combined force of attraction among

water molecules and with the molecules of
currourding materials

__b__ 14. state

E 3 15. surface tensicn

rh

oy e
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E.thyi alcohol - Wikipedia, the free encyclopedia

Y .

Ethyl alcohol

’_ m Wikipedia, the free encyclopedia.
_ -edirected from Ethanol)

Ethyl alcohol, also known as ethanol or grain alcohol, is a flammable,
colorless chemical compound. one of the alcohols that is most often found
in alcoholic beverages. In common parlance. it is often referred to simply as
alcohol. Its chemical formula is C,H OI.

This article is mostly about ethanol as a chemical compound. For beverages
containing ethanol, see alcoholic beverages. For the use of ethanol as a fuel,
see alcohol fuel.

Contents
1 History
2 Production
3 Use
4 See also
3 External links

History

Ethanol has been known to humans since prehistory as the active ingredient
of alcoholic beverages. Its isolation as a relatively pure compound was
probably achieved first by Islamic alchemists who developed the art of
distillation. such as Geber (721-815) and Al-Razi (864-930).

,

v Production

Ethanol for use in alcoholic
beverages is produced by
fermentation: it is a product of
sugarmetabolism in certain
species of yeast in the absence
of oxygen. The process of
culturing yeast under
conditions to produce alcohol
is referred to as brewing. Yeasts
can grow in the presence of up
to only about 14% alcohol. but
the concentration of alcohol in
the final product can be
increased by distillation.

For a mixture of ethanol and
water, there is a maximum
boiling azeotrope at 95% and
5% water. For this reason,
fractional distillation of
ethanol-water mixtures (of less
than 95% cthanol) cannot
vield ethanol purer than 95%. Therefore, 95% ethanol in water is a fairly
common solvent.

flamable ethanol in a secure bottle

produce absolute cthanol, a small amount of benzene is added. and the
mixture is again fractionally distilled. Benzene forms a trinary azeotrope
with water and ethanol to remove the last of the water, and a binary

http://en. wikipedia.org/wiki/Ethanol

f2HUY WLl ;\Ml
Properties
General _
|
Name Ethanol |
H H
e
H— C — C —OH
/7_\ H H |
Chemical C.H
formula up
Molecular
i 46.069 amu
CAS number {64-17-5 :
UNnumber |1170 :
Phase behavior
Melting p;ml R
Boiling point
Critical point
63 bar
Apust! 4.9 kJ/mol
e LA
Byap!! 38.56 kJ/mol
Solubility | Soluble in water
Acid-base properties
pKa 15.9 |
i~ |7a0x(Neutral) '
— _
Liquid properties i
A ia |-277.38 Kifnol
0
Shquia | 159.9 Jimol-K
C, 112.4 J/mol-K f’
Density ) y .
\*—&-__w B ) |
o (as properties !
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azedtrope with ethanol removes most of the benzene. The resulting ethanol
is water free, for processes that require it. However, several ppm of benzene
remains, so consumption by humans leads to distinctive liver damage.

Ethanol is also used as a fuel and in a wide variety of industrial processes.
anol for industrial use is often made from petroleum feedstocks,
ccally by the catalytic hydration of ethylene (Sulphuric acid being the

usual catalyst); this is cheaper than the production by fermentation.

Ethanol for industrial use is normally made unfit for human consumption
("denatured") by the inclusion of small amounts of substances that are either
toxic (such as methanol) or unpleasant (such as denatonium benzoate), thus
avoiding the applicable taxes or inventory controls. Denatured ethanol has
the UN number UN 1987 and toxic denatured ethanol has UN 1986.

‘._’_,—-‘—"'—-F—-- - S - - . —

is used in antifreeze products for its low melting point. -

It is easily soluble in water and is itself a goodSolvent, used in perfumes,
paints and tinctures. Alcoholic drinks have a large variety of tastes because
various flavor compounds are dissolved during brewing,

A solution of 70-85% of cthanol is commonly used as a disinfectant. It kills
organisms by denaturing their proteins and dissolving their lipids and is
effective against most bacteria and fungi, and many viruses, but is ineffective
against bacterial spores. Because of this disinfectant property, alcoholic
beverages can be stored for a long time.

See also
alcohol fuel
alcoholic beverages
biodiesel

denatured alcohol

methanol
propyl alcohol

External links

1/27/05 10:22 AM

i

apl |-235.3 kikol .

.0 : |

S gas ? Jimol-K |

Co 65.21 J/mol-K |

Safety :

Acute Nausea, vomiting, CNS depression. Respiratory ‘

effects failure in severe cases. i

Chronic ) ) . |
eﬁgcts : Dependency. Liver cirrhosis.

17°C @26

Flash point

Autoignition
temperature

425°C (797°F)

Explosive
limits

3.5-15%

More information

iac | NIST WebBook (http:/Avebbook.nist.gov/cgi/chook.cgi?ID= i
Properties C64175&amp; Units=SI) \

Hazardous Chemical Database (http://ull.chemistry.uakron.edu/erd/

MaRS chemicalsl/7/6464.html)

Unless otherwise stated, all data was produced under
conditions of standard temperature and pressure.

Disclaimer and references

s Alcohol in Arabic sources (/irtp:/Avww.gabarin.com/ayh/alcohol hirnty (Geber but no mention of Al-Razi).

Retrieved from "http://en.wikipedia.org/wiki/Ethyl_alcohol”

Categories: Over-the-counter substances | Psychoactive drugs | Teratogens

» This page was last modified 04:06, 25 Jan 2005.

= All text is available under the terms of the GNU Free Documentation License (see Copyrights for details).

a
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Chemiool of the Week

ETHANOL

s=gmiwlithano! (cthyl alcohol, grain alcohol) is a clear. colorless liquid with a characteristic, agrecable Od?rfln-dﬂmw ithas
asomewhat sweet flavor, but in more concentrated solutions it has a burning tastc.«leietdl, CH3CH2OH., is an alcohol, a group of chemical

compounds whose molecules contain a hydroxyl group, —OH. bonded to a carbon atom. The word alcohol derives from Arabic al-kuhul,
which denotes a fine powder of antimony used as an eye makeup. Alcohol originally referred to any fine powder, but medieval alchemists
later applied the term to the refined products of distillation, and this led to the current usage.

Ethanol melts at —114.1°C. boils at 78.5°C, and has a density of 0.789 g/mL at 20°C. Its low freezing point has made it uscful as the
fluid in thermometers for temperatures below —40°C, the freezing point of mercury, and for other low-temperature purposes, such as for
antifreeze in automobile radiators.

Ethanol has been made since ancient times by the fermentation of sugars. All beverage ethanol and more than half of industrial
ethanol is still made by this process. Simple sugars are the raw material. Zymase, an enzyme from yeast. changes the simple sugars into
ethanol and carbon dioxide. The fermentation reaction, represented by the simple equation

CgHp0g  ——s= 2 CH;CH,0H +2CO0,

is actually very complex, and impure cultures of yeast produce varying amounts of other substances, including glycerine and various organic
acids. In the production of beverages. such as whiskey and brandy. the impuritics supply the {lavor. Starches from polatoes. corn, wheat. and
other plants can also be used in the production of ethanol by fermentation. However, the starches must first be broken down into simple
sugars. An enzyme released by germinating barley, diastase, converts starches into sugars. Thus, the germination of barley, called malting, is
the first step in brewing beer from starchy plants. such as corn and wheat.

The cthanol produced by fermentation ranges in concentration from a few percent up to about 14 percent. Above about 14 percent,
cthanol destroys the zymase enzyme and fermentation stops. Ethanol is normally concentrated by distillation of aqueous solutions, but the
composition of the vapor from aqueous ethanol is 96 percent ethanol and 4 percent water. Therefore, pure ethanol cannot be obtained by
distillation. Commercial ethanol contains 95 percent by volume of ethanol and 5 percent of water. Dehydrating agents can be used to

4™,  rtemove the remaining water and produce absolute ethanol.

Much ethanol not intended for drinking is now made synthetically, either from acetaldehyde made from acetylene, or from ethylene
made from petroleum. Ethanol can be oxidized to form first acetaldehyde and then acetic acid. It can be dehydrated to form ether. Butadiene,
used in making synthetic rubber, may be made from ethanol, as can chloroform and many other organic chemicals. Ethanol is used as an
automotive fuel by itself and can be mixed with gasoline to form gasohol. Ethanol is miscible (mixable) in all proportions with water and with
most organic solvents, It is useful as a solvent for many substances and in making perfumes, paints, lacquer, and explosives. Alcoholic
solutions of nonvolatile substances are called tinctures; if the solute is volatile, the solution is called a spirit.

Most industrial ethanol is denatured to prevent its use as a beverage. Denatured ethanol contains small amounts, I or 2 percent cach,
of several different unpleasant or poisonous substances. The removal of all these substances would involve a series of treatments more

expensive than the federal excise tax on alcoholic beverages (currently about $20 per gallon). These denaturants render ethanol unfit for
some industrial uses. In such industries undenatured ethanol is used under close federal supervision.

When an alcoholic beverage is swallowed. it passes through the stomach into the small intestine where the cthanol is rapidly
absorbed and distributed throughout the body. The ethanol enters body tissues in proportion to their water content. Therefore, more ethanol
is found in the blood and the brain than in muscle or fat tissuc. The ethanol is greatly diluted by body fluids. For example, a I-ounce shot of

100-proof” whiskey. which contains 0.5 fluid ounces of ethanol (about 15 mL), is diluted 5000-fold in a 150-pound human, producing a
0.02% blood alcohol concentration.

Ethanol is toxic, and the body begins to dispose of it immediately upon its consumption. Over 90% of it is processed by the liver. In
the liver, the alcohol dehydrogenase enzyme converts ethano! into acetaldehyde, which is itself toxic.

O
1
CH3CH20H — CHg_'C_H + 2 H

’ Acetaldehyde is destroyed almost immediately by the aldehyde dehydrogenase enzyme, which converts it to acctate ions.

http.//scifun.chem. wisc.edu/chemweek/ethanol/ethanol, himl Page 1 of 2
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A

P o>
O 0O
1 TR
CHS—C—H + Hzo e CH3—C"‘O + 3 H
f
The hydrogen atoms represented by these equations are not unattached. but are picked up by another biologically jmportam compound,
nicotinamide-adenine dinucleotide (NAD), whose function is to carry hydrogen atoms. NAD is involved in both of the above processes, being
converted to NADH.
NAD+H ——3= NADH
NADH must be recycled to NAD for the disposal of ethanol to continue. If the amount of ethanol consumed is not great, the recycling can
keep up with the disposal of ethanol. The ethanol disposal rate in a 150-pound human is about 0.5 ounce of ethanol per hour, which
corresponds to 12 ounces of beer, 4 ounces of wine, or 1 ounce of hard liquor. The figure shows how the blood alcohol level changes with
time for various doses of ethanol.
Ethanol acts as a drug affecting the central nervous system. Its 012
behavioral effects stem from its effects on the brain and not on the ]
muscles or senses themselves. It is a depressant, and depending on dose, O
can be a mild tranquilizer or a general anesthetic. It suppresses certain S 0104
brain functions. At very low doses, it can appear to be a stimulant by O 6 ounces
suppressing certain inhibitory brain functions. However. as concentration T 0.08 -
increases, further suppression of brain functions produce the classic == S
symptoms of intexication: slurred speech, unsteady walk. disturbed E
sensory perceptions, and inability to react quickly. At very high O 4
concentrations, cthanol produces general anesthesia: a highly intoxicated O .06 ounces
person will be asleep and very difficult to wake. and if awakened, unable @
to move Voluntarlly. E D.m o 2 ounces
©
Alcohol levels in the brain are difficult fo measure, and so blood 3
alcohol levels are used to assess degree of intoxication. Most people o 002 1 ounce
begin to show measurable mental impairment at around 0.05 percent O
blood alcohol. At around 0.10 percent, mental impairment will show
@™ obvious physical signs. such as an unsteady walk. Slurred speech shows up 0 T T T T T T
at around 0.135 percent. Unconsciousness results by 0.4 percent. Above 0 1 2 3 4 5 5] 7
0.5 percent, the breathing center of the brain or the beating action of hours

the heart can be anesthetized. resulting in death. Reaching this level of

blood alcohol by ingestion is unlikely, however. In a 150-pound human, it would require rapid consumption of a fifth gallon of a 100-proof
spirit.

A Personal Note from Prof. Shakhashiri

Serious impediments to learning, personal growth and development, and responsible behavior can be caused by alcohol and substance
abuse. The notorious national reputation of the UW-Madison campus in this regard is shameful. I urge you to follow the guidance provided by
the Office of the Dean of Students and other officials to help achieve a drug-free environment and to exercise responsible and lawful use of
alcoholic beverages.

Back to Chemical of the Week. |

-
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Methane

f ym Wikipedia, the free encyclopedia.

7 g RTINS
c mm‘pieéih’ydrocar'@ methane, is a gas with a chemical

f £CHz—

A principal component of natural gas, methane is a significant
fuel. Burning one molecule of methane in the presence of
oxygen releases one molecule of CO2 (carbon dioxide) and two

molecules oi'HEO (water):
CH, + 20, — CO, + 2H,0

Due to the heat and attack by the active species. the methane
reacts to a methyl radical {CH3). which reacts to formaldchyde

{HCHO or IIZCO). The formaldehyde reacts to a formal radical
(HCO). which then forms carbon monoxide (CO). The process is

called oxidative pyrolysis:

CH R 02 — CO + H2 + 1-120

Following oxidative pyrolysis, the H, oxidizes, forming H,0,
replenishing the active species, and releasing heat. This occurs
very quickly, usually in less than a millisecond.

H, + 12 0, = H,0

fﬂlly, the CO oxidizes, forming C()2 and releasing more heat.
1his process is generally slower than the other chemical steps,
and typically requires a few to several milliseconds to occur.

CO+120,— co,

The strength of the carbon-hydrogen covalent bond in methane
is among the strongest in all hydrocarbons, and thus its use as a
chemical feedstock is limited. The search for catalysts which can
facilitate C-H bond activation in methane and other low alkanes
is an area of research with considerable industrial significance.

Methane on Earth

Pure methan’e’-?shd(‘)rié;s'."buf when used as a fuei is usually mixed

S e

Methane is a greenhouse gas with a global warming potential of

21 (meaning that it has 21 times the warming ability of carbon
. dioxide).

TR Sl b

Principal sources are

= decomposition of organic wastes
natural sources (marshes): 23 %
s fossil fuel extraction: 20 %, see Coal bed methane
r extraction
= the processes of digestion in animals (cattle): 17 %
= bacteria found in rice plantations: 12 %

http://en.wikipedia.org/wiki/Methane

Properties

1/27/05 10:22 AM

H

C ---H

i’ Sm

General

Name

Methane

Lewis Structure:

N

Chemical
formula

Formula
weight

16.04 amu

Synonyms

Marsh gas; Methyl hydride

CAS number

74-82-8

Phase behavior

Melting
point

Boiling
point

Triple point

0.117 bar
Critical 190.6 K (-82.6°C)
point 46 bar
f'-\ﬁ,SH 1.1 kd/mol
AygpH 8.17 kJ/mol
Gas properties
0

AR gas -74.87 kJ/mol

0o _
_Sw_ . 188 J/mol-K
C
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L _ hipmass anacrobic heating or combustion

1/27/05 10:22 AM

35.69 J/mol-K

60% of the world emissions are from sources affected by humans.
They come primarily from agricultural and other human
activities. During the past 200 years. the concentration of this gas

'»lhc atmosphere doubled, passing from 0.8 to 1.7 ppm.
_mcthane is extracted from geological deposits as a "fossil fuel”
which is associated with other hydrocarbon fuels. The origin of
such deposits are being studied.

Methane can be created and used industrially, and perhaps in

nature, by chemical reactions such as the Sabatier process,
Fischer-Tropsch process, and steam reforming. Similar gases and

malterials are ollen present in geologic and volcanic processes.

Methane is also classified as a biogas because it can be created by
the (anacrobic) decomposition of certain organic matfers.

At high pressures, such as are found on the bottom of the ocean,

methane forms a solid clathrate with water. An unknown but
possibly very large quantity of methane is trapped in this form in
ocean sediments, The sudden release of large volumes of methane

from such sediments into the atmosphere has been suggested as a
possible cause for rapid global warming cvents in the carth's
distant past, such as the Paleocene-Eocene thermal maximum of

55 million vears ago.

p
Safety

Asphyxia; in severe cases unconsciousness, cardiac arrest
Acute s ! h
Sffaats or QNS injury. The cqmpqund Is transported as a cryogenic

liquid, exposure to this will obviously cause frostbite.
Chronic 299
effects
Flash point |-188°C
Autoignition 800°C
temperature
l‘_,.\'[?loswc 5-15%
limits

More info
; NIST WebBook (htip://webbook.nist.gov/cgi/ebook.cgi? ID-

Properties | 7. ¢ 8&amp: Units—S)
MSDS Hazardous Chemical Database (http://ull.chemistry.uakron.edu/erd/

chemicalsl/7/6745. html)

Methane not on Earth

g7

ST units were used where possible. Unless otherwise stated, standard

conditions were used.

Disclaimer and references

’mc has been detected or is believed to exist in several™s
locations of the solar system. It is believed to have been create
abiotic processes, with the possible exception of Mars.
r‘ “"'“'7\‘;-_,-,;‘.. .
¥ n JupTO e ———
= Mars
= Saturn
s lapetus
= Titan
#  Neptune
= Iriton
= Uranus
s Ariel
= Miranda
g Oberon
= Titania
= Umbriel
= Comet Halley
= Comet Hyakutake

—

e —— .

Methane has also been detected in interstellar clouds.

See also

methane clathrate, form of water ice which contains methane.

methanogenesis, the formation of methane by microbes.

methyl group. a functional group similar to methane

r-.

http://en.wikipedia.org/wiki/Methane

Traées of methane-gas-are-present if the thin atmosphere of the Farth's Moon.

alkane. a type of hydrocarbon of which methane is simplest member.

methanogen, archaea that produce methane as a metabolic by-product.

methanotroph, bacteria that are able to grow using methane as their only source of carbon and energy.
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Alkanes
P ‘methane | ethane | propane | butane | pentane | hexane
CyHg CoHy N THE CsH;, CiMiy
heptane i octane [ nonane | decane undecane | dodecane
Collyg CgHyg Colyy Cioth CiiHyy CiaHa6
tridecane | tetradecane | pentadecane |  hexadecane |  heptadecane | octadecane
Crsthg Cratlyo Cystly Cretlaq Cratlye Crathsg
nonadecane |  eicosanc | hencicosane | docosane | tricosane | tetracosane
CioMso Ca0M42 C21H44 CaoHye Ca3tys Ca4Hs0
pentacosane | hexacosane | heptacosane | octacosane [ nonacosane |  triacontane
CasHtsy Cagtsa CagHse CagHsg Ca9Hgg C3gHg2
hentriacontane | dotriacontane | tritriacontane | tetratriacontane | pentatriacontane | hexatriacontane
C31Hgy C32Hg4 C33tgsg C34H7g Cs5tl7, C36t74

r'_ricvcd from "http://en.wikipedia.org/wiki/Methane”

Categories: Alkanes | Greenhouse gases

» This page was last modified 12:53, 26 Jan 2005.
» All text is available under the terms of the GNU Free Documentation License (see Copyrights for details).

»
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Chemicol of the Week

METHANE

el -~

Methane is a colorless, odorless gas with a wide distribution in nature. It'is the principalcomponent of natural gas, a

mixture containing about 75% CH,, 15% ethane (CH (), and 5% other hydrocarbons, such as propane (CH ¢) and
butane(C 4H,,). The"firedamp" of coal mines is chiefly methane. Anaerobic bacterial decomposition of plant and
animalmatter, such as occurs under water, produces marsh gas, which is also methane.

Atroom temperature; methane is a gas less dense than air. It melts at —183°C and boils at —164°C. It is not very
soluble in water. Methane is combustible, and mixtures of about5 to 15 percent in air are explosive. Methane is not
toxic when inhaled, but it can produce suffocation by reducing the concentration of oxygen inhaled. A trace amount
of smelly organic sulfur compounds (fertiary-butyl mercaptan, (CH) ;CSH anddimethyl sulfide, CH;—S—CH;) is

added togive commercial natural gas a detectable odor. This is done to make gasleaks readily detectible. An

undetected gas leak could result in an explosion or asphyxiation. (The attached scratch-and-snifT sheet from Madison
Gas & Electric Company is for your use outside of class.)

Methane is synthesized commercially by the distillation of bituminous coal and by heating a mixture of carbon and

hydrogen. It can be produced in the laboratory by heating sodium acetate with sodium hydroxide and by the reaction
of aluminum carbide(Al ,C5) with water.

__Inthe chemical industry, methane is a raw material for the manufacture of methanol (CH,OH), formaldehyde
: (CH,0), nitromethane (CH;3NO,), chloroform (CHCI), carbontetrachloride (CCl), and some freons

(compounds containing carbon and fluorine, and perhaps chlorine and hydrogen). The reactions of methane with
chlorine and fluorine are triggered by light. When exposed to bright visible light, mixtures of methane with chlorine or
fluorine react explosively.

The principal use of methane is as.a fuel. The combustion of methane is highly exothermic.

CH@+2048) ~— =~ CO,g+2H,00) AH=-891KJ

The energy released by the combustion of methane, in the form of natural gas, is used directly to heat homes and
commercial buildings. It is also used in the generation of electric power. During the past decade natural gas
accounted for about 1/5 of the total energy consumption worldwide, and about 1/3 in the United States. The cost of
natural gas to Wisconsin consumers is regulated by the State Public Service Commission. Madison Gas Electric
Company currently charges its residential consumers about $0.66 per 100 cubic feet.

Natural gas occurs in reservoirs beneath the surface of the earth. It is often found in conjunction with petroleum
deposits. Before it is distributed, natural gas usually undergoes some sort of processing. Usually, the heavier
hydrocarbons (propane and butane) are removed and marketed separately. Non-hydrocarbon gases. such as
hydrogen sulfide, must also be removed. The cleaned gas is then distributed throughout the country through
thousands of miles of pipeline. Local utility companies add an odorant before delivering the gas to their customers.

-~
some methane is manufactured by the distillation of coal. Coal is a combustible rock formed from the remains of

http://scifun.chem.wisc.edu/chemweek/methane/methane. himi Page 1 0f 2
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LS

““decayedvegetation. It is the only rock containing significant amounts of carbon. The elemental composition of coal
varies between 60% and 95%carbon. Coal also contains hydrogen and oxygen, with small concentrations of
nitrogen, chlorine, sulfur, and several metals. Coals are classificd by the amount of volatile material they contain, that
is,by how much of the mass is vaporized when the coal is heated to about 900°C in the absence of air. Coal that

#ontains more than 15% volatile material is called bituminous coal. Substances released from bituminous coal when it
; distilled, in addition to methane, include water, carbon dioxide, ammonia, benzene, toluene, naphthalene, and
anthracene. In addition, the distillation also yields oils, tars, and sulfur-containing products. The non-volatile
component of coal, which remains after distillation, is coke. Coke is almost pure carbon and isan excellent fuel.
However, it may contain metals, such as arsenic andlead, that can be serious pollutants if the combustion products
arcreleased into the atmosphere.

Back to Chemical of the Week. |
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John Dalton's
Thought Process

Michael Plasmeier
PD3

Observation:
Water can be
separated into
2 elements
which are
always
recovered in
the same
properties

-

1-2-05
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Question:
What could be
inferred from
this?

Model: The
balls of
modeling clay
represent an
atom.

Inference:
The particles
of different
elements
have different
masses

Explanation: The
particles of atoms have
(aidentical masses and
properties because the

because the same ratio of oxygen to
mass of hydrogen was
oxygen is observed every time.
different from An atom of 1 element

the mass of
hydrogen

can not be changés )
inta’and atom because
@different substances
were found to make up
water.
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More on the Particle Theory

' All matter is made of particles!--,,/ . /., /0 ;o

1. Why do we feel hotter on hot, humid days than on hot, dry days. Use the particle
model of matter to explain your reasoning.
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2, The following story contaiﬂs/_._aft_lea/s,t‘ﬁve observations that can be explained - .
® with the particle model. Underline them T

[
“One more dive and then we gotta go. We can’t be late for dinner again.
Mom’ll get mad.” Ben and Josh each dove off the cliff, neatly splitting
A IR 7 S ' the water. “Tt shouldn’t take too long to dry in this sun,” said Ben. “Oh
LY E46 ol g o . great,” groaned Josh. “My front tire’s flat. Guess I should've filled it 4, .1, e
| AN A “before we left. We'll have to walk it to the gas station.” With the tire |, i
. pumped up, the brothers raced home to make up for lost time. The el i
J ' , breeze felt cool on their damp skin and hair. When they got home, their' 15 <o
* ‘ mother said, “Put your wet things in the dryer and come eat. I want one ' (- 7yt
of you to mow the grass before it gets dark, while it’s still dry. There'll be
too much dew to mow in the morning.” “No prob, Mom,” said Josh,
“Ben’ll do it. Say, dinner smells great.” '

} |
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. : [0, (T Ting v
1 A r.'/f") 2 Pardicdes leave Fond and, y (g Tuie Aol N e amefl ?
L \g ) 3. A balloon had a mass of 6.2 g and a volume of 2.3 L. What might have been
i 4 / . : . .
| (0 ~ €/ - done to the balloon to bring about the changes shown in the chart?
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4. Air fresheners are often placed in different areas of a home, such as
kitchens, bathrooms, and basements. Over a period of V(eeks, the fragrant
part of the air freshener gradually disappears. ‘What happens to it? Use
the particle model to explain.
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5. Complete the concept map below using the following words:
' e @Eﬁm}g;;-eiements, atoms, nuclei, melecules; matter,
neutrons, negative charge, protons;:nucharge, positive-charge, and

compounds.

smallest particles are ‘consist of

contain



Physical Changes

Changes of state m.:o: mm.:..m_m:m or boiling are physical changes and are generally easy to reverse though the end
product may not aiways [ook exactly the same as the starting material. In physical chan 26s No new materials are
Uno_”_soa. and the particles do not orm._:mm.mmmn from gaining or josing energy. Melted wax solidifies when cooled but
uniess it is shaped or mouided it will not be the same shape as at the start. On a microscopic level althouch the same
particles are present they may be in different places within the solid. : 3 _

Ice is made up of particies of water. When it melts the water which is formed is made up the same water particles
and when it boils the steam is also made up of the same water particles. Particles stay the same unless there is a
chemical change whether the matter is solid, liquid or gas. Only their arrangement. omm.wq% and Eo<m.:rgoa changes
When substances change state there is no change in mass so if 100 g of ice is melted 100g of water are formed H_rmm
will boil to form 100g of steam (this is called "conservation of Bmmmﬂv. If this steam could be collected cooled and
condensed it would form 100g of water which could be frozen to give 100g of ice. Children often think that solids
get lighter when they melt as liquids are lighter than solids. g = )
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Name‘ /’h. . | F Sy, g Period )
- THE STZE OF PARTICLES

<«

You pour muddy water through a filter and clear water comes
out. You notice that solid material has collected on the filter.
What do these observations tell you about the relative size of

the particles that make up the mud and the water?
LAY S AT LA o ¥y VL

I . {
/l ey o~ 2 ‘_';‘

P "y
IR “ All atoms are about the same size, but vary widely in mass.
e o leal /The unit typically used to express mass of an atom is called
J4. [ the ATOMIC MASS UNIT, or amu. There are 602 billion
108 \_ trillion (6.02 X 10%°) amu in 1 gram of matter. This number is
o ‘ ~c;g_lj§d Avogadro’s number.
DA AV R oe

DIRECTIONS: MAKE A CHART WITH THE FOLLOWING
COLUMNS: Compound Name, Mass, and Total Number of
Atoms. Fill out the chart for each of the compounds found
in the table on page 97. Use the back of this paper.

)



_ Campownt
oond
chx* | gWQ$sL |
et . 9 '% Total H
- ol #ef" Btam;

f |
(a(bon 0'0 i ( 3L{ ?
s W s
viang lé . é

A 7 ‘g

| B
(; lgcos{* : ‘ L:
Flhal bl j 'jo ‘ A

o G
q




N

3 'Y
i ¥ P )
hael Vldagre we Feriod_

o y . Sk . e : et A by e
Nirections: Read SciencePlus Textbock page S7. Answer each guestion belcw.

. How does ¢ water moiacuio 'o"rr _ (’ b/e{/ﬂ[@ {/7 1
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2. Sketch c water model.
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2 How would vou describe the oxyagen side and hydrogen side of a water molecule?
Explain.
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Name This
Diagram!

Complete the diagram below by following these instructions.

a. Come up with a title for the diagram that summarizes the diagram and is
accurate, descriptive, and catchy!

b. Place one of the following words on each arrow:

- melting . vaporizing (or evaporating)
. freezing . subliming (changing directly from solid to
. condensing gas and vice versa)

Solid
Evidence

Three solids were heated, and their temperatures were plotted against the
heating time (shown at left).

VVthh substance (s) melted when heatecP How do you know?
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b. Which substance has the highest melting point?
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c. Which substance would seem to have the strongest forces of attraction ‘ Vau L

between its particles?

" 2} QF Sz Y0 Son LS l{)




. /
. | . . , ~ :Jl hﬂ
Name fw I{C Wn A0 {

Period_\) Date_ |

Seeing is Believing

1. Place a candle inside a large beaker, holding the candle in place with a piece of

modeling clay. The candle should be shorter than the beaker.

Mix 50 mL of baking soda (50 g) with 100 mL of water, and then carefully pour this

mixture around the candle so that there is about 3 cm of candle above the surface of
the mixture.

3. Light the candle.

Question

- How might the candle be put out?
J 4 ' .Yf:ii";- 0 A TP o LAA ' 1

v d .
/
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AR
S -,t k'.-
0 mL of vinegar. Carefully squirt the vinegar down the
side of the candle. Be sure that the stream of vinegar does not touch the
candle’s flame. Use more vinegar if necessary.
_ ; ‘

1

4. Fill a dropper with 5to1
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Chapter 5 :
Exploratlon Worksheet

Fug‘.“s’..;sk.m o —

Sugar and Starch Molecules, page 99

Your goal

to investigate the properties of sugar
and starch molecules %

Safety Alert!

®®®@@

Starch and sugar are two compounds that consist of the same elements, just arranged differently.
The molecules of starch and sugar are made up of carbon, hydrogen, and oxygen atoms.
After performing the following experiment, name three differences in the properties of sugar and

starch.

You Will Need

» a graduated cylinder

» 5mL of cornstarch
« 5mL of dextrose

» ajar with a lid

- a stirring rod

» alarge beaker

« 100 mL of hot water

+ an egg
« a straight pin

« iodine solution

» Benedict’s solution
« a watch or clock

« a hot plate

> a hot-water bath

» 2 test tubes

« an oven mitt or test-

tube tongs
 an eyedropper
« latex gloves

What to Do

1

2.

Mix 5 mL of cornstarch with 5 mL of dextrose. (Dextrose is a sugar.) -

Add this mixture to 100 mL of hot water in a beaker. Stir.

Crack an egg in half, and save the larger end of the shell, which con-
tains the air sac.

. Using a straight pin, carefully remove part of the large end of the

shell to expose the air sac. Be careful not to puncture the air-sac
membrane. (You will, however, need to break the membrane that
lies flush with the eggshell.)

. Pour 5-10 mL of water into the shell, and float the shell in the sugar-

cornstarch-water mixture.

. After 15 minutes, pour half of the liquid in the eggshell into a test

tube. Pour the remaining half into another test tube.

. Test the liquid in one test tube with a few drops of iodine solution. A

blue color indicates the presence of starch. Did starch molecules
move through the air-sac membrane into the liquid in the shell?

. Test the remaining liquid by adding eight drops of Benedict’s solu-

tion to the second test tube.

Caution: Benedict’s solution can irritate the skin. Handle with
care.

Heat the liquid gently in a hot-water bath to avoid splattering. Use an
oven mitt or test-tube tongs to handle the hot test tube. A red or yel-
low color indicates the presence of sugar. Did sugar molecules pass
through the air-sac membrane?
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. Particles in Motion '
Science Assignment
Ms. D'Andrea
ANSWER THE FOLLOWING QUESTIONS IN YOUR SCIENCE:.CL, YOU CAN FIND THE ANSWERS

IN THE SOURCEBOOK SECTION OF SCIENCEPLUS, PAGES S26-5S31.

1. Explain what Joseph Black observed about water when exposed to
temperature changes.
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2. Why is it impossible under normal conditions to raise the temperature of
boiling water abol/t100°C?
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4. Look at the picture on page S27 and answer the following questions:
a. Is the surface of the water level? Explain.
b. Why does the water move up the side of the cylinder?
c. What is the curve of the water called?
d. Why does the water surface remain unbroken?
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5. Compare and contrast the cohesive bonds of solids and liquids.
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6. What example does the book give for adhesion. Explain.
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7. What is surface tension?

(Q N\esiGr O Twe lr W\W(Q { ” g poe - (¢ ﬂ\F

i | ;| V4 i r i )
tLr e gl . A ~ 4 . .f, - ; ey :
Ldee SHinat Top  of glor 1oired Dy (oNEE>D”

\) | { / / l
S % \ ~ ~ 7 /
w [fetiles g7 Ybg Top slak fagelrer
/
8. Give an example that explains the kinetic molecular theory of matter.— — ———"""
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9. Describe the textbook's example of diffusion.
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10. What happens when solids and liquids cool?
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=3 | THE PERIODIC TABLE
- (Pages 116 and 117 of Focus on Physical Science)

1. List information found in any box of the periodic table.
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2 Where are the metals located?
J" ; -‘ ' L . ‘ ‘ ra \
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3. Where are the nonmetals located?
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4. What are the elements in Groups 3 through 12 called?
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5 What do we call the letter or group of letters that
represents each element?
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6. What name is given o the elements in Group 18?
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' 7 What name is given to all vertical column in this table?
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8. What name is given to each horizontal row in this table? ‘E

Draw an electron shell diagram for Carbon below:
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Sweet Science (Page 8)
Vocabulary Challenge

Match each numbered word or group of words
with its description. Write the letter of the correct
description in the blank provided.

1. alkaloid

2. caffeine

3. chocolate solids
. tempering

. theobromine

7

phenylethylamine
fermentation
cocoa butter

A 9. nib

¥ 10. anandamide

5
<1 B
7
8

A. the inner part of a cocoa bean
-B. a process that gives chocolate its luster and
a clean snap when broken
~€. a mild stimulant that shares part of its name
with the scientific term for the cacao tree
D. a process that releases gas bubbles in bread
dough -
“Exa brain chemical that seems to play a role
in regulating mood and pain
F. compounds that give chocolate its distinctive
flavor and brown color
‘ﬁ‘_G. a stimulant in tea
H:a brain chemical that increases alertness
and relieves depression
“T~a substance that is an ingredient in many
lipsticks and lotions
\J.\a bitter-tasting compound in cocoa beans
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Challenge Your Thinking

1. Invisible The first column of the table below lists some words that describe the ways
Asrobics particles may move. Which state of matter—solid, liquid, or gas—is most likely
to exhibit each kind of movement? Suggest an everyday event that is similar to
the way particles move. One has been done for you.

Word State of matter ' ~ Your analogy
Wriggling Seid Like students wriggling while sitting in their seats
Vibrating \

Tumbling

Bouncing | '_ ;
Filving

Shaking _
Whirling : . ] y (
Sliding

2. Changes in The following pictures illustrate the behavior of particles in solids, liquids, and
Behavior gases.
B,

Iustration also on page 105 of your texdbook

Write a sentence or two that would explain to a fifth-grader what is happen-

ing in each picture. \
=1 *
!

UNIT 2 = PARTICLES
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Particleg on the Move, page 103
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Group size

Group goal

individual
responsibility

Individual
accountability

Cooperative Learning Activity

3 to 4 students

to explain what happens to the particles of
a substance during heating and cooling

Each group member should choose a role
such as designer, checker, presenter, or
materials manager.

Each member of your group should be able
to complete the section Expanding the
Model on page 104 of your textbook.

Safety Alert!

Q&P

Your model of matter is becoming more and more useful because it can explain more observations.
Now you will make a few more observations of the behavior of matter. In each instance, explain your
observations in terms of what the particles in the solid, liquid, or gas are doing.

You Will Need

« food coloring
« an eyedropper
< ice water

« hot water

« a balloon

« a plastic soft-drink
bottle

Station 1
What to Do @

into very hot water.

2. Exp]ain the difference in behavior.

- 3 ia ) / o s
A o Vi VARS Vi

AL

1. Place a drop of food coloring into very cold water and another drop

=—-= Chapter 5

. an ice chest with ice \ A/

« rubbing alcohol

« 2 microscope slides! ) |™ AT

« matches

« test-tube tongs
« a beaker

« cotton balls

« a metal lid from a jar

« perfume
« a candle

SCIENCEPLUS <« LEVEL BLUE
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Name Date Class
Exploration 6 Worksheet, continued ?
Station 2 1. Place a balloon over the mouth of a 2 L or 3 L plastic soft-drink bottle.
2. Place the bottle into a container of hot water for a few minutes.
3. Now quickly place it in a container of ice water.
_ 4. Use the particle model to explain what happens.
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Station 3 1. Heat a microscope slide with a match.
@ 2. After extinguishing the flame, place one drop of alcohol on the heated
slide and one drop on an unheated slide. e
3. Usmg the partlcle model, explain the differences you observe.
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Station 4 1. Pour ice water into a beaker. _—g
2. Now breathe on the side of the beaker. =
3. What do you observe? Explain this observation in terms of what you think §
thgv;fater molecules in your breath are doing. z
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\ Mﬁ L 4. Explain these observations in terms of what the particles of

. —~
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. Add a few drops of perfume to the coticn.

(&)

3. From how far away can vou smell the perfume?
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4, What do vou think the liquid particies that make up the perfume are
doing? ‘ , |
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Station & 1. Observe a burning candle.
C\ @ 2. What forms at the top of the candle {(not the top of the flame)?
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3. What happens after the candle is blown out?

i
PO , A
! A W ¥ UWAT

W\ A Lt x are doing. .
\ ¢ { Lgs ) [ .,
i QA Gl /0 A .
/ L : | (’/\ ~{ ! A\

J |
s 0 i \
(\ondl | a .
W | v
|1« " ;

N A
N
. 3 '/" :
[llustration aiso on page 104 £,
of your textbook P

SCIENCEPLUS + LEVELBLUE .=



CHEMISTRY THAT APPLIES
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