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ODYSSry

e %000 Molecular Explorers

Molecular Modeling
Using Science to Teach Science



What Is DYSSEY ?

Sefe'%’s Molecular Explorer

How Is It Unigue ?

3D Visualization & Simulation

a) Atthe Molecular Level...Always

b) Very Science-Based...Always
(Closely Related to “Real”
Molecular Modeling Programs)

c) Explorable...Always




ODDYSSEY and the NGSS®

¢ %ef09's Molecular Explorer

Content AND Practices AND Crosscutting Concepts

Traditional

NGSS Couple Content with Practices

*NGSS is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that developed
the Next Generation Science Standards was involved in the production of, and does not endorse, this product.



ODYSSEY and AP® Chemistry”

¢ %080 Molecular Explorer

Knowledge + Skill = Exam Question
Big Ideas

Y
Enduring Understandings

Essential Knowledge <> Sciences Practices

Learning Objectives

*AP® is a trademark registered and/or owned by the College Board, which
was not involved in the production of, and does not endorse, this product.
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How Can &P YSSEY Be Used?

0 %e8e%% [Molecular Explor

Direct Demonstrations

(“The Molecular Perspective”)

Inquiry/Exploration
(Ask Leading Questions!)

Computer Lab Experiments

(Complement Wet Lab)

Take-Home Labs
Enrichment
Self-Study

Teacher Computer

Classroom
Computers

Student
Computers



DDYSSFrYy

e %e00%s Molecular Explorer

User Input Functions
Touchscreen, Trackpad, Mouse



ODYSSEY How Do | Manipulate the Models?

¢ %efee's Molecular Explorer

In-Program Reference:
Help Menu

(Tailored for Windows/Macintosh)

File Edit View Style Tools Build Electrons Snapshot Help

O x e ) ) I User Input Functions... I i

New Sample Build . Minimize Validity Formula Name

List of Molecular Labs

HOME

Odyssey Manual

About Odyssey...



BI)YSSFEY |/jain 3D Functions

e %e00%s Molecular Explorer

" Drag (Touchscreen)
( Rotate T~ Left Button + Drag (Trackpad / Mouse)

/ Long Press + Drag (touchscreen)
D TranSIate :’ Right Button + Drag (Win Touchpad / Mouse)

C 3 + Button + Drag (Mac Trackpad)

e

PinCh (Touchscreen / Trackpad)

-
J Zoom
™ Scroll Wheel (Mouse)

Further options are available, especially for older computers
— Consult User Input Functions... in the Help menu




@DYSSEY Models with Multiple Molecules

® Molc

Rotate / Translate

(d CTRL key not held down —>  Entire Model
( = All Molecules)

Rotate / Translate

J CTRL key held down —  Selected
Molecule Only




DY SSE Y Manipulating a Selected Bond

O Double-tap / double-click on bond to

select it (Red wrap-around arrow confirms selection)

 ALT key not held down —

Rotate Model Translate Model
d ALT key held down —
Rotate Around Bond Change Bond Length
Drag (Touchscreen) Long Press + Drag (Touchscreen)
Left Button + Drag nght Button + Drag

(.. n Button + Drag (Mac Trackpad)



DDYSSry

¢ Moleculoar Explorer

Visualization

Model Styles and Other Display Options



DDYSSEY \\hat Style Should | Choose?

¢ %efe%s Molecular Explorer

A Start with Space Filling — it shows what things “really look like”
o Molecular shape
o Packing in solids and liquids &
o Emptiness of gases
[ To see details, switch to Ball and Spoke (or Ball and Wire)
o Covalent bonds | ~
o Distance / Angle measurements !
d Tube — very useful in conjunction with hydrogen bonds >

A Wire — useful for the solvent of solutions N

> Ball and Spoke is the default style for the build panels
> Use Space Filling for gases...or you will hardly see anything !



DDYSSEY Custom Visualization (1)

®e Molecular Explorer

Molecular Shape / Polarity

(1 Space Filling style — Approximate Shape

(1 Outer Surface — True Shape
(Electron Cloud, ~98% of the total density)

J Polarity Map — True Shape + Polarity




@OBDYSSEY Custom Visualization (l1)

®e Molc Explc

Molecular Shape / Polarity

] Dipole Arrow(s) —
Combine with Ball and Wire
(or Wire) style

+0.258 -
. s —‘0.258

‘0.258



@BDYSSEY Custom Visualization (IV)

¢ Moleculoar Explo

Gas Laws / Kinetic Theory

] Collisions —
select Molecule-Wall

— Concept of “Pressure”

[ Trails — Right-click on an atom
and select Set Trail




@OODYSSEY Custom Visualization (1)

®%efe'%'s Molc

Intermolecular Forces

(J Space Filling style

— Dispersion forces

(] Dipole Arrows
CH,CL, () (Combine with the Hide style)

— Dipole-dipole forces

(J Hydrogen Bonds

(Combine with the Tube style)
— Hydrogen bonding forces

H,0 (1)




DDYSSEY

e®ees Moulecular Explorer

Dynamics
Starting and Controlling Simulations



BIVYSSFEY \olecular Dynamics (1)

e %e00%s Molecular Explorer

> «10.00 x 102 5 1>

Selecting Atoms ﬁ ﬁ ﬁ
Go/Stop Toggle Go Back / Go Forward

(Continuous Simulation) (Step-by-Step)

~10 s (femtoseconds) < Actual Molecular Time Step
(as assigned by the program)

Time Scales | ~10!2s (picoseconds) <« Typical “Step-by-Step” Interval

~10°s (nanoseconds) < Maximum Length of Simulations
(long simulations of hours duration)



DI)YSSEY \olecular Dynamics ()

e %e00%s Molecular Explorer

Slowing Down (and Speeding Up)

Build Electrons Snapshot Help

o & L < == - & & K

» Validity Formula Name  Electrons , Compare  Properties Plots Periodic Table Clear Hide Text Search

/ —

Add Property. . I:hI: Statets
(Lower Left Corner) Chfc:':‘iﬁ‘

»

System vt
Atom 4 ‘
Molecule 4 I Time Step I <:|
Geometry 4 ime
Thermodynamics * Speed, System Avg
Energy 4 Speed, Molecule

seiasial 4 Collision Frequency (Per Molecule)
4 Collision Density (Molecule-Molecule) .
{ er 4 Collision Densiz (Molecule-Wall) Sel eCt FI el d and

Type In New Number

I

» «7.00 x 1025 I»
+ Add Property v ¥ Delete B

<system> 18.7503 = l



DI)YSSEY Molecular Dynamics (lll)

e %000 Molecular Explorers

Slowing Down (and Speeding Up)

Smaller Time Step Larger Time Step

\ /

Number of Computational Steps
Per Minute of Wall-Clock Time (!) Stays the Same

— T~

Simulation Effectively Simulation Effectively
Slows Down Speeds Up
...but should not significantly increase
Can always reduce step size or may provoke a numerical
the time step size... instability (and possibly program crash)

(— automatically assigned time step is already “large”)




ODYSSry

e %000 Molecular Explorers

Building
From Molecules to Simulation Cells



@MDY SSEY Simple Building

0 %e80%% [Molecular Explorer

File Edit View Style Tools Build Elec

Molecules, Solids

D X e D

New Sample = Buyjd

HOME S Add Atoms

Water: Molect Delete Atoms

Solid

(Template-Based)

Make Bond
Break Bond

Simulation Cell

—

Cancel Building

Entry-Level
Common Valences '@
(~Organic)

File Edit View Style Tools glld Tonic Solids -
D + :C- - o
New Sample = Add Atoms , Minimize g |A-B, Sodium Chloride Type A

A-B, Cesium Chloride Type

p [X] A-B, Nickel Arsenide Type

A-B, Wurtzite Type

Entry-Level >
“ ed ;C_ ;N ;P -H TR s T A nl T v
Solid . . N < >
/C= N= O- X Y Z
Nucleotide c o NaCl
| TNY -LE s = - 7 2 2
— H,O _ )
S sN S- -Br ~ Na, Sodium +1 &
>Si- | ON- | =S -1 ¥ Cl, Chlorine 1 5
Groups | | Alkenyl <
Rings | Benzene ~

Set Charges...




DDYSSEY \olecule Building (I)

e %000’ Moulecular Explorer

 Initial single click on background
— Start molecule (first building block)

WOME  Untiuat

s  Single click on yellow spoke (free valence)
sz — Continue with the same molecule
J Double-click on background N
— Start new (additional) molecule -
LB

Doubie-cliek backround t start new, select cpen valenoss ta add

 Close the build panel with its Close & button
(Starting a simulation ®» will also close the build panel)

a9




DDYSSEY Molecule Building (I

¢ %080 Molecular Explorer

- L0

(J Hydrogens can be
. added manually...
“N= :o- -F ' -H
...or are filled in automatically . =«

as soon as the build panel is closed !

File Edit View Style Tools Build Electron:

D + [ ) L .
New Sample ~ Add Atoms . Minimize Validit File Edit View Style ild  Elec

HOME U v il
Entry-Level

] Deleting is modal S

New Sample = Delete Atoms » Minimize \

HOME Untitled1 &

— Will keep deleting until T
returning to “Add Atoms”

Break Bond

Simulation Cell

Cancel Building

d Always Minimize Be (or run a simulation ®» )
when done building!



WDYSSFEY Building of Gases and Liquids (1)

¢ %efe%'s Molecular Explorer

1 Must build molecule first
(Mixture: need one molecule for each of the components) Gas or Liquid

ew Styl uil
File Edit View Style Tools Build 0 /
~ New Sample il
0 2 e HOME V| o
New Sample  Add Atoms , Minimize

HOME U v Add A(oms Vacuum Gas Liquid Solid
Te ure: o
Entry-Level Delete Atoms - ‘
Make Bond

O Then use Simulation Cell ke B
panel :> —

Cancel Building

AAAAA
P 1 >N 2P -H I

sssss

l

File Edit View Style Tools Build Electr File Edit View Style Tools Build Elect:
Y 0 & £
D @ [Eg New Sample = Simulation Cell » Minimize W

New Sample Simulation Cell » Minimize Ve

HOME Untitled1 © HOME Untitled1

%]
a
: Vacuum Gas Liquid Solid
Vacuum Gas Liquid Solid y
Pressu re DenSIt Set Density and Number of Molecules ~
Temperature: _25 Ature: _ o
Pressure: |1 | atm Demp __0 5 gfem?
. :
” o i) | # of Molecules 1 D i ]
Cell Ratio: Cell Ratio:
X Y Z X Y 7
Periodic Boundary Conditions: L 1 q 1 d
Gas e ek
Apply

Apply



WDDYSSFEY Building of Gases and Liquids (Il

0. %e00%% Molecular Explorer

(] Don’t exceed ~1,000 atoms” total
...or things may get very slow!

*atoms, not molecules

d Argon is excellent for

Gas Laws / Kinetic Theory
(computationally “cheap”)

J Build Gases at ~10 atm (rather than ~1 atm)
— More collisions, “better” (faster) equilibrium

1 Build Liquids at slightly reduced density
(such as 0.9 g/cm3 instead of 1.0 g/cm?3)

— More mobility, faster equilibrium



DDYSSEY Advanced Building

® %000 Molecular Explorer

Unusual Bond Orders, Inorganic Compounds, Complexes

File Edit View Style Tools Build
B + Ee
New Sample = Add Atoms » Minimize

HOME Untitled1 B
| Entry-Level

@ Pop-Up Periodic Table

olld
Peptide
Nuclleotide

Ar

Coordination % v A; Arg
-. '.—

Blcin ofF ne
Aisi|p sfaa
K Cafse| T v cr|mn Fe co| | cu|zn] Gal Ge|as] se  Br ke
. Rb| st ¥ |2 |Nb Mol Te Ru|Rh P Mg cd|1n snsb Te| T Xe

> K co 8a) ta e[ To W] Re 0s v Pt [Au Hg| Tt b 81 Po |t |Rn
Bond é f - B

Order Ligands |Carbon Monoxide  ~ E@@@E@
[ ] ] e ] | ] | e o

hY

| A
| ¥ % ¥

ervan ced




@BODYSSEY Biopolymer Building

0 %e80%% [Molecular Explorer

Peptides, Oligonucleotides

New Sample Add Atoms + Mlmmze o Nucleotide - @

HOME Untitled1 B

File Edit View Style Tools Build

NH,
|Entry Level o Qij]
Peptide I omp-0-_0) N
Ad\,anced Nucleotide rhovol
HO
Peptlde 0, OH
Nucleotide B c H
— L Deoxyadenosine monophosphate
e [ 1 ][ c
Glycine (gly, G) Strand Type

gly || ala || val | leu ile (®) Single Nucleotide (DNA)

. br | thr || cys || met || phe . () Single Nucleotide (RNA)
Pept I d e T trp asp asn glu Watson'C”Ck l:l DNA (Doub|e Strand)
din arg his lys pro .
[_) DNA - RNA
Strand Type D NA -~

- (") RNA (Single Strand)
@) Single Amino Acid

() a Helix
BSheet%

a-Helix or B-Sheet

(1 Don’t exceed ~30 amino acids / ~30 base pairs
...or things may get very slow!



DDYSSry

¢ Moleculoar Explorer

Comparing

Showing Models Side-by-Side



ODYSSEY Comparing Two Models from the Same Lab

0 %e00% Molecular Explorer

»ns  Snapshot Help

» @ & i =

mula Name Electrons , Compare , Properties Plots Periodic Table

B8 Side-by-Side

Synchronize

o} L e E5] = ' B

ime  Electrons . Compare , Properties Plots Periodic Table Clear Hide Text Search

The States of Matter
Compressibility
[e] es | Misconceptions ¢
e To illustrate at the molecular level that
=45 and solids.
X how that the molecules are densely |

4 Odysseylnstructor

Select a system to use in the comparison
Is and Observation

Copper: Solid
A e 1e following tube-like simulation cells

the same model style (Space Fillin
2 fact that the first twa cells are "nan
[hus speeds up the visualization.

Search for m! tems... Cancel tof these cells easily accomodate

—~..ine the sample of copper. Since th
s, we
make

Select second model |-
for the comparison

Copper

Models can be
manipulated
individually

Choose “active” model

(has red frame around it)
by selecting its background

File Edit View Style Tools Buid Electrons Snapshot Help

- B T o =
New Sample Minimize Validity Formuia Hame
HOME  Compressibility

Copper: Solid

Selecting Atoms

e
Electrons .. Compare . Propert]

- P ®
viodic Table  Clear  Hide Test Search

- | Air: Gas Mixture

The States of Matter
Compressibility

Objectives | Misconceptions

+ To ihustiate at e moIBCUAT evel hat ity
bguids and solids

+ Toshaw that the molecules ara densaly pa

Each of the folowing tube. ke simuation cels it

Copper

con
inge the: volume of the gas-filled sir

> L Wihile, the malecules will on average be clo:
Normal /Y _Text Edit_f




DDDYSSFry

e %e00%s Molecular Explorer

»ns  Snapshot Help

» @ & i

‘mula Name  Electrons .| Com

==

B8 Side-by-Side

Synchronize

re . Properties Plots Periodic Table

compressibility

Objectives | Misconceptions

* Toilustrate at the mokecular level that
“=" 15 and solids
X how that the malecules are densely |

& Odysseyinstructor

Select a system to use in the comparison
Is and Observations

Copper. Solid
w2 following tube-like simulation cell

Water: Liquid

Air Gas Mixture Copper

the same model style (Space Fillin
2 fact that the first two cells are “nan
hus speeds up the visualization

1 of thes

I Search for more systems...

Cancel cells easily accomodiale |

e M T SAMPIE Of COpper. Since th
“real size” of atoms and moleculies, we
reduction in the cell volume would maks
could be “eonsumed” when the samgple

é\ Odysseylnstructor

Look for:

Available for
comparison:
~1,800 models

| = U usu

e

X how

iron|

Iron, Solid

Iron Chloride

Iron Disulfide (Marcasite), Solid
Iran Nisilfida (Purital Salid

the
v 2 fac

thus

Cancel 1oft

nnline
"real size

Getting the Comparison Model via Search

Second model initially shown on
same scale (zoom is required)

e Sampie, 1 a
HOME  Comprassibility £
Copper: Solid

The States of Matter
Compressibility

Wodels and Dbservall

Caatt

i i Cells Highlighted
[ a-lron, Unit Cell
a-Iron, Unit Cells, GroupNof Eight

* To illustr

o

: i [ how
4 Choose Topic ? x |
Choose a topic for Iron, Solid: m
a-Iron, Packing within Unit Cell ‘ :| nefc
a-lron, Primitive Cell I

a-lron, Solid

Select second
model for the

Cang

comparison

]
"real size




DDYSSFrY

8 %e%0%'s Molecular Explorer

Build the first model...

Suitable even for...

Double-clic}

section pore . Properies Phts ke Clesr  HideTet Search

...keep the build panel open'!
(if already closed, you must reopen
it with Build — Add Atoms)

Duplication
Step

L simulation cells

O independent dynamics
of both systems

U independent electron
cloud calculations

Selecting Atoms

Comparing Two User-Built Models (1)

Selecting Atoms

Modify the second model,

finally close the build panel
(Note: Cannot reopen panel once closed)

[ 4 e = A L4 Y
Weme | Bectlns., Compare. Proemies Pais etodicTable | Gesr  Hide Tt Seaich

[ The hydrogens of the
second model will turn
into yellow spokes as
soon as a building
block is selected ]




DIDDYSSEY Comparing Two User-Built Models (I1)

8 %e%0%'s Molecular Explorer

Alternate Method

L Comparison of two simulation

Build the first molecule... cells not possible

= R S e o O Dynamics applies to the
I interacting dimer (!) of
molecules, not the two
molecules independently

O Electron cloud calculated for
the dimer (!) of molecules,
not the two molecules
independently

Double-click background to start new, select open valences to add

AN

...and simply add
another molecule

to the same model \
. Close the
(double-tap/double-click build panel

on background to start
the second molecule)

ckground to start new, select open valences to add

Selecting Atoms



DDDYSSFrYy

%080 Molecular Explorer

File Edit View Stje Tools Build T

New Sample Minimize Validity Formula Name © Compare . Properties Plots. e Text

HOME  Icevs Water O

Running Two Simulations at Once

i _, Synchronize option

» ® @ |« ® @A

Water: Solid

Selecting Atoms

The States of Matter
Comparing Ice v

Objectives | Misconcept

he “fon n
simulation cel volume can
Thermodynamics — Volur

Models and Procedut

File Edit View Style
n <
New Sample ¥

Calculating the dynamics of

two systems at once invariably
probes the limits of computational
power — expect slow simulations

Tools Build Snapshot Help
e @D (] & b ¢ 4 %] =3 4 5]
Minimize Validity Formula Name  Flect Compare , Properties Plots Periodic Table Clear Hide Text Search

HOME  Icevs Water £

Water: Solid

\Normal /{_Text Edit |

33 -

.-'r"l

One dynamics toggle

controls both simulations
(simulations progress at the same speed)

- | water: Liquid

The States of Matter
Comparing Ice wi

Objectives  Misconception

« The simuiated sa
s meliing point
diagrams

‘\

> «2.31x107s 1,

Normal Y



