Chemistry 201, Fall 2012

Electrostatic interactions with Spartan’l0 and Odyssey

Goal #1: Learn to correlate electrostatic potentials with atomic charges with Spartan’10
Goal #2: Learn to build and manipulate electrostatic potential maps in Spartan’10
Goal #3: Learn about hydrogen bonding and intermolecular interactions with Odyssey

Expected duration: 45-60 minutes
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In classical physics, charged particles generate electromagnetic fields. If the particle is at rest, the field is called
an electrostatic field.

Fields and forces are closely related. Both are vectors, i.e., they combine a pumber (magnitude) that
represents the strength of the field/force and a direction (arrow) that points in the direction of the
attractive/repulsive force.

The directional properties of vectors make them hard to display in 3D graphs and charts. Instead, chemists
use the electrostatic potential to display information about attraction and repulsion.

Potentials are pure numbers. The magnitude of the potential represents how strongly the charged particle
interacts with other charges. The sign of the potential tells us whether the charged particle is positively or
negatively charged.

The formula that gives a charged particle’s electrostatic potential is Q/R, where Q is the particle’s charge and
R is the distance to the particle. The potential energy of a system containing the original charge and a new

charge, Q. is given by PE = (QQ,e)/R = Quew (Q/R).
Questions
1. For which of these ions is Q>0? Na*, Mg*2, CI-, SO4

-2

2. Which of these ions create a negative electrostatic potential around themselves? Na®, Mg*2, Cl-, §-2

3. Anion creates a potential of +800 k] /mol near itself. Is this ion positively charged or negatively
charged?

4. Which of these ions creates the most negative potential at a distance of 4 A from itself? Na*, Mg*2,
Cl-, SO42

5. Referring to the ion in Q#4, where would its electrostatic potential be even more negative, at a
distance of 2 A or 6 A?

6. What should the electrostatic potential be 4 A from a neutral particle? Does this depend on distance?
Q=0 — B/R=0 4or L R
7. Calculate the PE of the three systems shown on the next page.
a.  Geometry: assume each ion is 2 A from its closest neighbor and angles are either 90" or 180"
b. Energy: calculate in units of electron? A1 and round off to closest 0.1 units
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Because chemical ions contain many charged particles, the electrostatic potential is only meaningful if we look
at it from “outside” the ion. A common device for showing electrostatic potentials is the electrostatic
potential map (or just ‘potential map’ for short). The map is drawn on a surface that represents the edge of
the molecule’s electron cloud.! Different colors are used to present different values of the potential and the
numerical values that correlate with specific potentials can be reassigned to reveal particular details.
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Download the file ions32linter.spartan to your computer and open it with Spartan. The file

contains models of 7 common ions.
A color legend ranging from -800 to +800 kJ/mol should be visible. Play with the ‘list player’ arrows,

|[:J <" until you figure out how to look at each ion individually.
CLICK Display: Properties. Play with clicking on the map and on the screen until you can reliably
get Molecule Properties and Surface Properties to appear in the window. Things to learn:

a.  What symbol marks the point where you clicked on the map?

b.  Which quantity in the window gives the potential yalue at the point where you clicked?

c.  Which quantity gives the map’s surface area?
Which ions are positively charged? Which are negatively charged?

BWE ReD

One ion carries a +1 charge and another carries a +2 charge. How can yvou distinguish them? (Hint:

use the actual value of the potential on the map to guide you.) Why do their maps have the same
COIOr? ‘&cwse 1oNnS ase same s\3e (40.,"\2 R> . ?0{'&'\'\'\& ‘FOl(mS &. \ l\e o

with Ha Qgrsef Po‘\'en‘['mg (VJ:> s 2.
One ion carries a -1 charge and another carries a -2 charge. Distinguish them. Why are their maps

nearly the same color? S # . The (tws age Aot e ‘H\.l some  s\g, but
varas by a factor of Ze,Q a_l\f R Jdoes net. Aay ?v\'mu& < =300 13 (slered

Potential maps are provided for BFy, SO42, and CH3NH;*. The following structural formulas show

the locations of formal charges in these ions as they are commonly drawn. Redraw the structural
formulas and place the charges where the maps tell you they should go.

P ¢ HS+
. O- }I' I-li-f- & ] - l 9 \ £+
T 0=8=0 H=C—N-H ’r—T?ﬂ: O—SI. -0 HiC—~ N—H
o HH = o Het

8. Close your model, download the file neutrals32linter.spartan to your computer, and open it with

Spartan. How many models are there in this file?

! Strictly speaking, there is no “edge” to an electron cloud. However, the probability of finding an ¢lectron outside these
) s 2 ) ) £

surfaces is practically nil.
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9. What color feature of the potential maps in this map suggests that most of these molecules are
neutral? &uc(J Ma.fJ are een. Sowme hule rEA P(IJD blUQ U/ [t‘I'S D'F een. Bu‘l’
‘HJ LEGEND u \E‘ m,as'\’ \m?o( +m+ ‘\’}\l 1\3. P\\\ oF 'H.L Pa'}'u‘l' Laﬁ are C\DS?
efo .
10. One model is of NaCl. Use the potentials to identify the Na and CL Ll
a.  Suppose we added another CI- to this model. What color would you place it near to get the

lowest PE? BWE

b. Suppose we added another Na™ instead. What color would you place it near to get the lowest

PE? eD
c. Click on different locations in the dark blue and yellow color zones. Do they all have the
same potential> Can you account for thiss  Svre. The sam€ wlof s vsed <

e f(ange Up Pa%en‘haﬂs

11. Display Surface Properties for one model and adjust the Property Range from -400 to +400 (use the
legend to verify that this has happened).

12. Structural formulas of the other models are shown below. Draw 8- and 8+ next to any atom that has
a significant potential (>100 or <-100 k] /mol). Notice that the potentials are much closer to zero

than the potentials seen around ions. The & or ‘delta’ symbol indicates a partial or fractional charge.

5- 3- Sc; urea
B R o PHHE O SJ'H )I\ H&t
H-G-G-G-C-H W H,  FTG (767G & NN
HHHH it HHH O-H eH  Hgr
Experi o

Build any of the molecules shown below. Create a potential map and marked partially charged atoms on the
structural formula. Repeat for one other molecule.

o X N %~
‘rubbing alcohol' 1: §- | P \
s "ether" %“’ nicotine

Steps for creating potential maps:
1. Calculate geometry, energy, & electron distribution

SELECT Setup: Calculations.... If necessary, adjust menus in Calculate zone to read
Equilibrium Geometry at Ground state with Hartree-Fock 3-21G in Vacuum. CILICK Submit

2. Generate map
SELECT Display: Surfaces. CILICK Add: Electrostatic Potential Map. CI.ICK checkbox
when map is Completed

3. Adjust map colors
The default color assignment is red = most negative and dark blue = most positive. SELECT

Display: Properties, display Surface Properties, and adjust Property Range to -400 to +400 (vou
can display the Legend to verify this has happened)
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Hydrogen bonds

“Hydrogen bonds” are due to electrostatic attraction between a hydrogen with a 8+ charge and another atom
with a negative or 8- charge. Identify some molecules on the previous pages that contained suitable

hydrogens. Draw two or three of them in the box labeled hydrogen bond donors. Next, identify some

molecules that contained atoms with 8- charges. Draw two or three of them in the box labeled hydrogen

bond acceptors.

hydrogen bond donors hydrogen bond acceptors

Y PN
OH
[
ot O3 A

Next, make a drawing that pairs up a hydrogen bond donor with a hydrogen bond acceptor in a way that
creates the lowest PE (strongest attraction/hydrogen bond).

o lﬁ%ib
Hyvdrogen bonds (and other intermolecular interactions) in Odysse

—
1. Start Odyssey ‘ (/
2. SELECT Molecular Labs and perform

a.  #98. Structure & Motion in Ice
b. #99. Hydrogen Bonding in Mixtures
c. Then close the LABS tab
3. SELECT Applied Chemistry and #2 Top 10 Organic Chemicals
a. SELECT Urea — Solid
b. SELECT Style: Hydrogen bonds and rotate model to locate all hydrogen bonds between

molecules. Are these consistent with the partial charges in Q#12.
Tips for further study
On vour own, try other Molecular Labs relating to intermolecular interactions & solubility. Read Sorrell 2.8.

Try Sorrell 2.28-2.32. Learning objectives: be able to 1) identify hydrogen bond donors/acceptors, 2) draw
plausible geometries for donor-acceptor pairs, 3) rationalize/predict solubility/volatility phenomena.



