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Today we will explore hydrophobicity
and the chemistry of proteins using
selected JCE resources

 JCE articles
» Classroom Activity
 Featured Molecules

* Multimedia problems
* Video
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Proteins are ...

Polymers
Carbohydrates

. Without covalent
bonds

D. Free of the
element sulfur

E. Aand D

A.
B.
C
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Polymers
Proteins are polymers of amino acids.

(S)-glutamic acid (S)-methionine
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Where can you start if you need
background information on a topic

you need to teach?

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Search JOE Indlex

Search for topics s
Keywords for

of interest using
the JCE Index =

Search for Laboratores

http://www.|ce.divched.org/
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To teach students about the
importance of hydrophobicity in
protein folding, | need to understand it

Iinformation + Textbooks +« Media * Resources

The Real Reason Why Oil and Water Don’'t Mix

Todd P. Silverstein®

Chemisry Department, Willametle University, Salem, OF 973070

Background

et introductony chermistey textbooks imclude in their
diseussian of solubility amd I:rli"u.':ilJ”:iI':.‘ e farmaus ruale of
thumb, “like dissolves like®, The cnverse of this mle, thal
mnpalar selutes are insaluble in pelar solvents, s often me
Terred 1o as the I|'r-:||:l.||:lJ:l.|I:l:in:'e'I!I|-1.'I. This elfect forme: the basis
lor many important chemical phenomena: the cleaning
action of soaps and detergents, the inluenee of saofactancs
an suelace tension. the formation of biclegical membrases,
anad thee stabilization of pretein strsctuee ane all based in
large part o the ydraphohicity of nonpaolar groops. In deeie
coxplanation al the hyclophebas el intnxluciory chesmistry
tesstbsks alten rely priamarily on the concepts of enclalpy and
intermalecular farees, Boecause the solution process i gen
crally discussed after enthalpy, but lslore anteogy oo fres
cnergy, authors ave el wicke liche choiee but to emphasize
entisalpy over entrapy when explaining e termodynamie
basis of “like dissolves like® and the hydroohobde effecn

miechanical analysis of thee hydnophobie effect. Smnebos the
iclesas stressed in Clwese papers and many others have boen
largely overlooked in mntreduwctonry and orgamic chemistey
textbaks. ! T this paper 1 owill describe the scope af the
prohilen, present termodynamie data alng with o generally
aveeplod model that explains the hydrophobie effect, and
recomrmend how textbook authors shauld appreoach the
frrialelean.

Discussion

First comsider the discussion al the inmmdscibility of oc
tarw and water quated aboase The choice al octane as salate
s fortuitons becavse dissolving octane in water is. as these
authirs poopoase, slight Iy endathernmie. Howewer, this is not
the main reason why octane does ol spentaneansly dis
solve inowater. In fect, dissolving samaller bydrecarbans such
as elthane. propane, bBulande, anel penlane i waler is acia
ally an eroifermde process see Table 110 Even for beocane,
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The main reason why hexane ——H
does not dissolve in wateris

A. The process is endothermic (enthalpy
effect is unfavorable)

B. There is no hydrogen bonding between
hexane and water

C. There is increased order in the aqueous
phase (entropy effect is unfavorable)
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Decreased Entropy

 \Water molecules form a distorted ice-like

structure to surround the non-polar
solute.

* Non-polar solute is prohibited from free
movement, in a water “cage”’.

=\ Type Structure 1 Structure Il
4 M Biogenic Thermogenic
5" P .- A
Type L —r—

M WEB
‘- SEMINARS&

http://nsdl.org



JCE online search turns up
more information

Synthesis and Self-Assembly of the “Tennis Ball” Dimer w
and Subsequent Encapsulation of Methane

An Advanced Organic Chemistry Laboratery Experiment

Fraser Hof, Liam €. Palmer, and Julius Rebek Jr.”

Dapartmant of Chemistry amd the Skagge Insie for Chamizal Bialogy, The Serpps Research Inshitute, La Jolla, CA,
R203F-1000, ','-ebal.@au.r.-pp:.&!u

(Research: Science and kdueation ]

aditac] by

Advanced ChL‘IIII:-.fF}" Classreom and Lobeorato ry Joseph | BelBronc
Cormouwh Colege

Herersar, WH 01755

Hydrophobic Solvation: Aqueous Methane Solutions

Oliver Konrad
Univarsitdl Hambung, Instilul Kir Physikalische Chemis, MartinlutherKing Platz &, DK207144 Homburg, Germany

Timm Lankau®
Denartmant of Chemisiry. Room 303, National Tsina Hua University. 101 EvanaFu Bsad Sec. 2. Heinche 300. Taiwon:

Gas Clathrate Hydrates Experiment w
for High School Projects and Undergraduate Laboratories

Melissa R. Prado, Annie Pham, Robert E. Ferazzi, Kimberly Edwards, and Kenneth €. Janda®
Dapartmant of Chamistry, Univarsity of California, Irvine, Invine, Cb $2497; *kejanda@uci adu WEB
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Which amino acid side chain will be more
soluble in water? Stamp your answer

Gray=Carbon White=Hydrogen
Red=0xygen =Sulfur
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a Featured Molecules

* Molecules can be manipulated.

« Students can get a sense of their
three-dimensional structures.

» Crystal structure of a-(1—3)-
galactosyltransferase (GTB)
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Protein Folding

* Agqueous Solution

* Hydrophobic/non-
polar side chains will
fold away from the
water.

* Hydrophilic/polar side
chains will fold to be
near the water. image Credit: Peng laboratory

http://folding.uchc.edu/Research.htm




If you placed an unfolded protein in hexane,
what would you expect to happen?

A. It would fold the normal way.
B. It would not fold at all.

C. It would fold in a different way—with more
hydrophilic/polar side chains in the center of
the structure and more hydrophobic/non-
polar side chains on the outside.
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How can | help my students

2!

e understand protein folding?

Chemistry Comes Alive videos
— Alkanes in Motion video
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Multimedia problems

a2

* Your students can work
their way through
problems designed to
educate.

* Floating Squares problem
teaches students about
polarity.

* Floating squares video
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What do these two
pictures suggest
about the densities of
the three liquids?

Which liquid has the highest density?

Stamp your answer

Water

ccl,

C6H14




A hands-on option in the JCE

Classroom activities
— Colorful lather printing

—Magic sand (hydrophobic
sand)
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Instructor Information JCE Classroom Activity: #89

Colorful Lather Printing

Susan A. S. Hershberger,” Matt Nance, Arlyne M. Sarquis, and Lynn M. Hogue
Center for Chemistry Education, Miami University, Middletown, OH 45042; *hershbss@muohio.edu

* Use shaving cream
and food coloring to
create art like this

Students have fun
learning about polarity
and hydrophobicity

s and, in particular, a discussion of foams as colloids. The
careers of consumer product chemists (1) and the chemistry of other consumer products may also be relevant. Paper
marbling is an ancient art, so the Activity can be effectively integrated with art or history lessons.

Abovut the Activity

Activities that foster creativity as students learn chemistry concepts are popular among educators who believe that
“fun, discovery, and creativity” should be part of the exploration of chemistry (2). In this Activity, students first observe
how food color spreads into water, paper, and shaving cream (which contains both polar and nonpolar components)
and then observe the affinity that paper (cellulose) has for polar substances.

When a water drop is added to the surface of shaving cream tinted with food color, the color instantaneously disappears
in the lather at the point of conract. The eftect is similar to the demonstration where black pepper floating on the
surface of water munedmtel} spleads when soap or detergent contacts the water. Smps and OthEI surfactants are

SRS -SSR . AP i -+ AU U, JUNPRINU ;- JNN | NP (- J— 8y e LEE¥_ K W ERw

o} pa:npmdm aq Apw Ajagoy u

S N £
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Safety Matters

 All JCE classroom

activities include

safety considerations.

For this activity
shaving cream can
Irritate skin, so wash
it off after use.

(" JCE Classroom Activity: #89
Colorful Lather Printing

Paper marbling has been popular for centuries. In a Japanese version called swor’ magash {meaning “ink-floating™), .
hydrophobic, carbon-based inks are dropped onto water and blown across the surface ta produce swicls like these seen
i lished markle. Rice paper lifts the ink off the surface of the water. [n this Activi will investigate the art and
science of the creation of coloriul markled paper patrerns wsing shaving cream and food color. Shaving cream contains
soap, which consisss of long lonic species that have a hydrophilic (“water } head and a hydmphakic (“water
hating”} tail. Paper contains cellulose, which is a polymer of glucose (see below), as well as other chemical substances.

Student Activity

exlluloze

Try This

You will need: acrosol shaving cream (standard white trpel: paper plate; scraper such as
spatula or tongue depressor; wothpicks; food colen 34 small (-3 % 5 in) pieoes of
non-glosy, sturdy paper such as index cards, card stock, or art paper: eve dropper; water;
small transparent cup; and paper towels.

1. Read the label on a can of ac

B Safe! Shaving oeam can
g IFlabt o shin
Wash your

beareds whean pou ora dona,

ol shaving crcam. Record the list of ingredicnte

bsisczcoivas

1. Mace a drop of food color on a dean piece of non-glossy. sturdy paper, such aflan
index card., Ohserve and record how the drop sp

Fill a small. transparent cup half-full wich roem-temperature water, Witheut st

add a drop of food color te the water, Observe and record how the drop spreads.

4, Spray a pile of shaving ereum the size of your fist o

For too long

paper plate, Use a seraper such d

depressor to shape the plL-. so that the top surface is flat and slightly larger than the paper that you \.\-|l| marhle.
Apply anly 4-6 drops of food color to the shaving erearm surkace, one drop at a time, Observe and record how the .
drops spread

hpick through the shaving cream and food colar o create colored patserns. Press a 3 3 5 n. piece of
sturdy paper firmly on the shaving cream surface. What do you ohserve threugh che back of the paper?

v excess shaving crearm close to the paper with a spatula or
il pile. Observe the front of the paper. What happened?

aper off of the shaving cream. Sempe off
side of a tongue depressor and retwm it o the o

. Repear steps 5-6 1o marble additional papers \.\||]| the remaining ninred shaving cream, or move on o step 3.
A, Using a spatula or tongue depressor, mix the leftover pile of colored shaving eream uncil it is iform color, 1F

misst of the celor has already been remeoved by paper, add 1-5 more drops of fosd color before mising completely,

Using an sye dropper, apply a drop of water to the tnted shaving cream. Ohserve and recard what happens.

More Things To Try

Try the same marbling vechnique using foam purmgs soap or gel shaving cream as the base, or different artises’ paints on
standard white shaving cream, What fuctors influence your results?

Questions

|. Compare and conerast the spreading you chserved when dropping faod color ante cdean paper, into water, and onto
shaving cream. Explain your abservations.

2. Based on your chservations, what claims can vou make about the polarity of the food color and the paper? Explain.

s

Using the chemical structure of cellulose, cxplain the claims you made regarding the palarity of paper in question 2.
4. Shaving cream is a lather, similar to 2 feame A foam is 2 collaid conssting of 2 gas dispersed within a liquid. {The
liquid in shaving cream is water and scap, with larger sized seap particles dispersed in water.) What ather common
praducts are foam or lacher collords?

5. Artists have crested beaunful markle papers since the middle ages. How do you chink an artist’s understanding of
materials influences his or her werk! Explaim your answer.

Information from the %rld Wide Web [occessad Jon 2007)

Caonsumer product chemistry careers, frges) I Th w2\ Fudk
A This € Activity may be reproduced for use in the subscriber’s cdassroom. [ —
HOBB Jeurnal of Chemical Education  # Vol 84 Mo, 4 April 2007 *  www JCE DivCHED org




JCE Classroom Activity: #89 Student Activity
Colorful Lather Printing

Paper marbling has been popular for centunes. Inoa Japanese version called swon’ mageshy {meaning “ink-floanng ™, .
hydrophobic, carbon-hased inks ar dropped onto water and blown across the surface ta pn'u:]l.n.-. swirls like those seen
in p--|u-|1-.d. markle. Rice paper lifts the ink off the surface of the water. In this Activite, vou will investigate the art and
science of the oreation of calorul markled paper patterns wsing shaving cream and I-.l-.l-.‘l -|'-|--r Shaving cream contains
soap, which consiss of long lonic species that have a hydrophilic Cwater loving™) head and a hy dr-.lph shic {“water
1|..'.r|n|_l_ | tail. Paper contains cellulose, which 15 a palymer of ;;_'|||.-|'--:|. [see below), as well as other chemacal substances.

H 4 H | H HY ol
- “r | II -l-utc:;-"':'x
& H e '\- -"-.- " H
-I':}H_\_I{'_ --'“'I-ln:f: ”: J:\ - H‘.\r"‘f—J:,_ |0 HOLY __fJ':.“-h A
H | II o

cellulase

wmgrony T T P vRmpp, o S owes

Try This
You will meed: aerosol shaving cream (standard white eype): paper plate; seraper such as Shaving cream and faod colar pre-

: 2l i . . - red Far marbling.
spatula or tongue deprosor; toothpickss food eoler; 348 small (-3 % 5 in) pices of pa g

ron-glosy, sturdy paper such as indew cards, gaed stock, or are paper; eve dropper; water;

srmall transparent cup; and paper towels

h H.! s'l'hl'l'lllH T WL LA

_| f Hl_.ld [|'||_' |||‘\-|| Ol & G ||r..||_'|||-.||| '\-|'|.|l.i|'||_l CICAm |E:;\q,||||_‘| I|||_' list -\.'\-I'.il'l|_ll;'l_1i|_'l'lr'\-
. . - kv I ikahneg iF bt o s

e g seraper such as a spatula or tongue
depressor ta shape the pile so that the top surkace is flat and slightly larger than the paper that you will marble.
Apply only 4-6 drops of food calor to the shaving eream surfaee, one drop at a time, Observe and record how the

4, Spray a pile of shaving ercum the size of vour st onto a pager plate, Use

drops spread

5. Drrapg a roothpick chrough the shaving cream and foad colar ta create colored patterns. Press a 3 2 % in. plece of

naon-plossy, sturdy paper firmly on the shaving g cream sutface. Whar do you ohserve through the back of the paper
6. Life the pager off of the shaving eream, Serape off anv excess dhaving eream dlose to the paper with a spatula or
side ol a tongue depressor and retum it o the original pile. Observe the from of the paper., %What happened

8, Usinga spatula or tongue depressor, mix the lefrover pile of colored shaving eream witil it is one uniform color, 11
st of the color has al ready been removed by paper, add 1-5 more drops of food color betore mixing completely,

__% Using an eve dropper, apply a drop of water o the tinced shaving cream. Observe and record what happens.,



| Does the paper contain
h polar substances?
Stamp your answer

Yes No
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| % More about the activity

* The Colorful Lather Printing activity allows
students to draw their own conclusions.

* They start by experimenting with water and
food color and end up experimenting with
water and lather.
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@ Magic Sand

* Unlike regular sand,
Magic Sand is
hydrophobic.

* The Magic Sand
classroom activity guides
students through a
hands-on exploration of
this fascinating material.
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A useful tutorial (not yet part
of the library)

Biomolecules Tutorial
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Chemical Education Digital
Library (ChemEd DL)...

IS starting with resources
from the JCE DLIib,
building on resources
from the ACS Education
Division and
ChemCaollective project,
and will grow from there.




W% JCEDLib *E@h

Everything we used today can be found on
the JCE DLIib

Please come and visit (after filling out the
survey)

Here is what to look for:
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Journal of Chemical Education
Published by the Division of Chemical Educeation of the American Chemical Society

| Subscriptions | Software Orders | Support | Contributors | Advertisers |

Current Iszue
Pravious [szuaz
Shmel-

Search 70F Index ) |
JCE DLib Catalog
ChemlInfo

DataDriven Exercizes
e

L —=iius
Featured Malecules
o Tt

LenCarn
QBank
SyrmMath
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Software & Video
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Support
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JCE Discussion Forurms

Bicgraphical Snapshaots
ChemEd Resource Shelf
Hal's Picks

Project Chemlab
Faviewad Wi Sites
"weh-Ed" Articles

Features

Publications

Cperations
Cutreach
Contact Us

Subscriptions, Software and more at the JCE Online Store

Safely and securely and from the convendence of your desktop, you can order Jowmnal subscriptions (new and renewal), JOF Sofware products, and JOE Books.
Check it out today!

» Shop at the 72F Online Stare

JCE Print

The Mowvember 2007 1zsue iz now available online, In this i2sue you will find articles about the chemistry of dyes and colors, forensics laboratories, web-baged
courseworls, and many other activities for the classroom and laboratory including:

Currentlssue: November 2007

® Fditorial « Opportunities for Collaborations among Scholars

Chemical Education

8 Especially for High School Teachers + Resident Experts
= Classrootmn Activity Cotnections « Window Cleaner—Mew and Improved?

@ Dres and Color » Synthesis of Triarylmethane and Xanthene Dyes Using Electrophilic Aromatic Substitution Reactions « New Analytical
Method for the Determination of Detergent Concentration in Water by Fabric Dyeing « Fabrication and Analysis of Photonic Crystals

+Why the Particle-in-a-Box Maodel Warks Well for Cyvanine Dyes but Mot for Conjugated Palyenes # Computer Bulletin Board: Beyvond
hmawnt Transforming Yisible Spectra into 24-bit Color Yalues

Movember 2007

Featured Maolecules
Molecular Models of
Drves

® Forensic Chermnistry Labs » Paint Analysis Using Visible Reflectance Spectrascopy + The Mysterious Death: an HFLC Lab Experiment
* GC-MS Analysis of y-Hydroxybutyric Acid Analogs

® Weh-Based Courseworl » Developing Web-Based Pedagogical Content Coursewark for High School Chermistry Teachers

* Biochemical Wiew; & Web Site Providing Material for Teaching Biochemistry Using Multiple Approaches « Cost-Effective Teacher
Making Student-Acguired Spectra Available wia a Web Browser

fluorescein

JCE Digital Library
JCE DLib, a collectic . of the Mational Science Digital Library (MSDL), &

atures materials in eight areas of chetnistry education.

JCE ChemlInfo: Organic

JCE Data-Driven: Data-driven exercises

JCE DigiDemos: Tested Demonstrations

Featured Molecules: Chime/IMal Interactive, 3-D Models

JCE LivTexts: Living Textbooks of Chemistry
MNew collection

¢ LJdIiB :

JCE Subscribers
Log-in
How to Log-in

Mote: Authentication of
subscriber names is now
case sensitive. Enter your
user name exacty as it
appears on your mailing
label, which is as

UPPEP" ...

F .« To Subscribe

Search JCE Index

Search Title, Authors,
Keywords for

A, “anced Search

Searcn .t -b--

JCEHS CLIC

(CLic

JCE Orline tailored
specifically for the high
zchool teacher,

JCE HE CLIC
CLIC Forurn
Special Offer: CTC

3

fOF Fornes-

Jain the ACE Oriine
caommunity and tell us what
wou think.

WCE Forums

Flease support our Adverisers

Molecular Models
.
&y

¥ s
ot

- o
L

. MATIOMAL SCIENCE DICITAL LIBRARY,

in otherfields

Farjournals

of chemistny

visit AL pjR| TCATIONS

FPublications.

Comrnents to
joeonline@chem.wisc.edu

Coprright @200z Divisionof Chemical Education, Ine., American Chemical Society.
All rights reserved



Using the typing tool, suggest topics for
our next web seminar:

1 2 3
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Go to htip://nsdl.org and click
on the K-12 audience page to:
 Download our Seminar Resource List

 Utilize our blog featuring our presenters for
the Fall Series sharing their insights on
careers in science and science education:

http://expertvoices.nsdl.org/2007fall-nsta-sems/
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luminate

Where Bright Ideas Meet.
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[ Click here 1o login now ]

Science Objects

SciGuides
Journal Articles
Books

e-Books

Boock Chapters

Cnline Short Course

Symposia

Web Seminar
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Get the Help, When You Need It

META developed the Learning Center as a professicnal development website to help
address your classroom needs and busy schedule. Using this site, you can gain
access to more than 1,200 different resources and oppartunities, such as:

|

« Over 1,000 NSTA Journal aricles (230 ofthem {-.
available FREE of charge}—many containing high-
quality lesson plans.

« More than 35 FEEE Science Ohjects (one- to two-
hour interactive simulation-oased learning
experiences).

& More than 125 e-chapters from selected books and
series (40 chapters FREE of charge}.

« FREE weekly live Web Seminars where you can interact with expers from MNASA,
MOAA FDA MSF, and the NSDL Community.

+ Maore then 20 SciGuides (A4 resource to help teachers integrate the internet into the

classroom).

PLUS: MSTA has also developed a suite of practical tools called My Liorary, My Motepad,
and My Transcript. Use these tools to organize, personalize, and document your
professional growth within the Learning Center.

Learn Mare.

http://learningcenter.nsta.org
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