CHEM 1AA3: Intro. Chemistry |I W%w@f

Ch.12: Liquids, Solids & Chemistry
Intermolecular Forces
(12.1-12.4)
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12.1: Intermolecular Forces

In pure substances:
* van der Waals forces &

» Dipole-dipole forces ©

« Hydrogen-bonding forces ©

In solutions we also see:
* lon-dipole forces =

* J|onicinteractions ©&



saba
Sticky Note
ex. iodine. a very symetrical, diatomic molecule.. nonpolar.

saba
Sticky Note
acetone. keytone. has dipole. because of diff in EN

saba
Sticky Note
water is EXTREME dipole dipole

saba
Sticky Note
this is an error... can der waals is not supposed to be there... London dispersion/induced dipole is supposed to be there...

dipole dipole, h bond and london are alll together called van der waals

saba
Sticky Note
ex. hydrated ion

saba
Sticky Note
ex. hydrated ion


London (dispersion) forces

» Also called induced dipole-induced dipole forces
(a) nonpolar molecule,

(b) experiences &
(c) which inducesa © B
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(a)
Fig. 12-2, p. 499

* |Instantaneous dipoles propagate ©

* Force strength depends on polarizability (the tendency
for charge separation to occur).



saba
Sticky Note
at any time the electron can experience fluctuation ... because lectron is always moving, it become polar sometimes and then goes back to non polar.. the fluctuation in polarity is very temorary.. because it passes on the dipole to the next electron, and pass the potatoe.. and then as soon as it passes it on, it goes back to nonpolar. 

saba
Sticky Note
an instantious diple.

saba
Sticky Note
dipole in the neighbour.

saba
Sticky Note
the bigger the atom.. the more electrons.. the greater the polairization.

saba
Sticky Note
throughout the sample

saba
Sticky Note
when the dipole is passed on, it creates differences in electrons.. some are now positive some are negetive. this creates attarction because electron.
dipole is not permanent.

saba
Sticky Note
this polarizability occurs just because electrons are alwways dynamic and moving.


London (dispersion) forces

Forces strength increases with:
- atomic number and size of the molecule (because of polarizability):

Molecule Melting point
Cl, = Table 9-5 (p. 381)
! =

- linear versus branched structures (because of increased intermolecular

contact area):
H

H—C—H =
B u uon H M II' ’l’ ®
H—C——C—C—C—H He—t—t=t Fig. 12-3

H H H H H H H

® H—C—H

H



saba
Sticky Note
172 K

saba
Sticky Note
387 K

saba
Sticky Note
spherical shape

saba
Sticky Note
pentane

saba
Sticky Note
neopentane

saba
Sticky Note
structiral arrangment: has more surface area where they can touch... like lasaghnia layers. on top of each other, whereas the spheral one, two balls next to eah can only touch at one place.


Dipole-dipole forces

* QOccur in polar molecules (molecules with permanent dipoles)

— polar molecules have bond dipoles and asymmetric shape (e.g.
acetone is polar, while carbon dioxide is not polar)

« Being polar increases b.p. over dispersion forces alone
— e.g., N, (77K), NO (121 K), 0, (90 K) &

Fig. 12-4



saba
Sticky Note
big diff between LD and DD is that LD dipole is temporarily.. but DD has permanent or net dipole.

saba
Sticky Note
C and O have EN so they are polar... but bonded together they are not polar because they cross eachother out.

saba
Sticky Note
why is polarity proportional with bp.

because the bigger the molcue, the more electron, the more kinetics and so higher bp

why tho? google it.


= Hydrogen bonding

 Between an H atom in a polar bond (i.e., H-N, H-O, or H-F)
and another electronegative atom (i.e., N, O, or F)

* One H-bond is small, but many are mighty.

Base-pairing in DNA Base-pairing in ammonia

Hen o 0= B
N

N \]’N guanine
NNy oon-N (@) :
dR H H
cyt(ocs)ine 0 H-N _N H
"N NL/,Q H >
dR o) . adenine
_ dR  (A) H
thymine p. 495
(M (9" ed.)

= hydrogen bond

dR = deoxyribose



saba
Sticky Note
does NH4 have hdrogen bonds.
no.. even thought it does have H that is connected to NOF..but the other thing.. wtf then

saba
Sticky Note
two things have to happen... H has to be connected to very EN molecule.. so NOF.... second is hat H has to be connected to soething of lone pair... again NOF


Effects of Hydrogen bonding

400 —
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Molecular mass, u
Fig. 12-5



saba
Sticky Note
H2O

saba
Sticky Note
HF

saba
Sticky Note
NH3

saba
Sticky Note
the boiing points are increasing because of london dispersion. 

saba
Sticky Note
HF is way more EN then oxygen.. so why isnt at the top... well because when you draw the struture of H-F and N-H-H-H 

H2O has two lone pairs on the O which balances out. but HF the F has thre elong pairs that dont balance,
and NH3 has one lone pair.. again unbalanced

saba
Sticky Note
DD force


How mighty are those H-bonds?

« Demonstration: 2 magazines with pages interwoven

* Mythbusters video of phone books:

=



saba
Sticky Note
layering page on page on page of two diff phone books and see.... nothing can tear them apart.
why?
HBONDS. because thier made of cellulose.. lots of OH. cellulose is in plants.. because paper is made of trees,

saba
Sticky Note
they are very nighty, 8000 lb force to seperate,


lonic Interactions

 lonic interactions are very favourable in solids, but are
weaker in solution, and can even be unfavourable in
water, where solvation of the individual ions by water can

be more favourable than the ionic interactions

Solid NaCl Aqueous NaCl solution

H\

HoH H-Q, O

H’O O\H H H
H-O,
H\O Q/H @I)’H @ H

: H H H H

"H S P

Melting point = 801 °C

?ﬁ Chem 9
1AA3

http://www.ck12.org/flexr/chapter/2325/ & JLM Visuals



saba
Sticky Note
ion-ion bonds are veryyy strong.. whybecaue were have diff dipoles and great attraction?
have very high melting pointg


saba
Sticky Note
positive dipole of water attarcts to negetive of Cl


lonic Interactions: Applications

= Layer-by-layer
polyelectrolyte deposition - %

SR o
()
g? 1. Polyanion
i —>
ﬁ'g 2. Wash
o
5
Analogous polymer shells may one | | “#
day be used to protect c 5 = ] =
transplanted donor cells from the e i i i e
hosts’ immune system: = |0 = | Nt
Encapsulated Islets of Langerhans S05~ Na'

for Type 1 diabetics. They can
produce and release insulin, but
are protected from immune
rejection.



saba
Sticky Note
take a substrate and drip it in polyanion solution, and they see a bunch of polyanion stick on it... then they dip it in polycation.. and they stick on... they do this for 2000 layers!!!
we care because islets of langerhans can be put into polyanions solutions, so they cant get rejected by the body... for diabetic pp.


Relative Strengths of IMFs: A summary

« All molecules have dispersion (London) forces

« The range of strength for each force type overlaps, but
approximately:

Interaction Interaction energy (kJ/mol)*

Dispersion
Dipole
Hydrogen bonding
lonic
C-C covalent bond

*values from p. 507, Petrucci 10" ed.




12.2: Impact of IMF Strength in Liquids

Physical property Effect of increasing IMF

Boiling point (b.p.)
Vapour pressure
Melting Point (m.p.)
Viscosity

e.g., more H-bonding = higher viscosity (measured in cP, centipoise)




iClicker Question #1




Vapours/Solids/Melts

« IMFs do not have a significant effect on gases,

* Melting point of a solid is

« Vaporizing from a liquid to a vapour

« Vapour pressure vs. T plots give boiling/condensation
points at different pressures

(Note: You are not responsible for Clausius-Clapeyron eq., p. 516)




P..vsT

vap
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Normal boiling point
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Temperature, °C

* P4 is influenced by IMF strength




12.3: Solids (and Liquids & Vapours)

 If we extend the diagram by adding in solids, then we
have a diagram that captures many phase transitions:

Solid > Liquid | > Vapour




12.4: Phase diagrams

: D
Phase diagram for CO,
72.9 atn
O - triple point:
all 3 phases in § 9~
equilibrium 2% Critical
ala point
5.1 atm

C - critical point:

beyond C is a

supercritical fluid
| atm

Normal melting point

=785%C: =356.7°C 31%C
/ Temperature (not to scale)

Fig. 12-28




Critical Point Drying

Jet
Propulsion
Lab

Conventional drying involves
liquid-gas phase boundaries

Freeze-drying involves a solid-
gas boundary which can still
collapse fragile structures.

Supercritical Drying avoids any
phase boundaries, and is hence
used to dry the biological
samples, and areo-gels (0.1%
solid) used as heat shields on

space shuttles
<71 ch 18
e




The critical point

* At the critical point:
— Density of liquid and vapour are
— Surface tension of liquid approaches
— The interface between (I) and (g)
— Ocecurs at the critical temperature (T,) & pressure (P.)

I gas
interface r

liquid

L l
Below T, Approaching T, AtT

Fig. 12-11




Supercritical Fluids

Depending on path taken from vapour to liquid, the phase transition
may not be visible because of critical point (e.g. supercritical drying).
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Pressure (not to scale)

Fig. 12-29

C

Temperature (not to scale)

7] Chem 20

K
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How does it work?




iClicker Question #2

?ﬁ Chem 21
1AA3




Supercritical CO,: A “Green” Solution

* An alternative to dry cleaning solvent tetrachloroethylene

— Problems with chlorinated solvents:

* release of Cl-containing compounds into the atmosphere:
Cle radicals damage the ozone layer

» tetrachloroethylene is a probable carcinogen for dry
cleaning workers

» Other applications of supercritical CO.,:
— solvent for synthetic organic chemistry (e.g., drug synthesis)

— caffeine extraction from coffee (decaffeination); replaced
extraction with methylene chloride




Key concepts

Intermolecular forces

Vapour pressure

Phase changes

Phase diagrams






