Mark Important
Points in Margin		Date:	
Mark Important
Points in Margin	Intermolecular Forces
Intermolecular Forces
Unit 11C:  Types of Intermolecular Forces
Knowledge/Understanding Goals:
· different types of intermolecular forces and what causes them
Skills:
· rank attractions from strongest to weakest based on the type of intermolecular force
	Notes:
intramolecular forces:  
intermolecular forces:  

soluble:  

miscible:  
Recall the 3 types of compounds:
_________: compound made of ions (metal + nonmetal), which have charges with integer values (±1 or more)
____________: compound made by sharing of electrons (usually all nonmetals),
____________: compound made of metal atoms with delocalized electrons

Types of intermolecular forces (IMF), strongest to weakest:

ion-ion: force of attraction between ions.  Strength of force is based on _____________________:


Bigger charges (larger values of q) mean ________________ forces.   (E.g., the attraction between a +2 ion and a −3 ion will produce a force that’s six times as strong as the attraction between a +1 ion and a −1 ion.)  If charges are the same, ____________ atoms (smaller value of d) have stronger forces.
metallic bonds:  metal atoms that delocalize their electrons and are held together by the “_______” of electrons surrounding them.
dipole-dipole:  the force of attraction between opposing ____________ charges of two polar molecules (__________).  Recall that the strength of attraction is based on the dipole moment (μ) of the molecule, given by the formula:
μ = qd
The partial charge (q ) is produced by the electronegativity difference (Δχ) between the two atoms of a polar bond.

Hydrogen bonds:  The strongest type of ____________________ forces.  Occurs in molecules that contain hydrogen (χ = 2.20) plus an element with an electronegativity larger than 3.0 (_____________).  
The hydrogen bonds that hold water molecules together are what give water its unusual properties:
· Water is more __________ as a liquid than as a solid.
· Water has an unusually high ______________ (specific heat).
· Water has a relatively high _____________ and boiling point.  (Almost all covalent compounds with a molecular weight as light as 18 amu are gases.)
· Water exhibits high _________________ and ______________________.
· Water is known as the “______________________”.
London dispersion forces (Van der Waals forces): Random movement of electrons causes _______________ dipoles to form within molecules, causing very _____ attraction.  (Named after the chemist Fritz London.)
London dispersion forces exist within all molecules, but they can only be observed when there aren’t any _____________ forces present.  The strength of the London dispersion forces is determined both by the average number of intermolecular contacts (a geometric consideration) and by the strength of those contacts (an electrostatic consideration).  A rule of thumb that works for questions on the AP exam is that molecules with higher molecular ________ usually have more ____________ and therefore more intermolecular contacts, which produces stronger dispersion forces.
Greater surface area = 
IMFs also exist between different types of molecules, such as ion-dipole attraction, or dipole-induced dipole attraction (i.e., attraction between a dipole and a molecule that only experiences dispersion forces). 
Each of these interactions would have an __________________ strength between the homogenous IMFs.

	Intermolecular Force
	Type of Compound
	Strength

	ion-ion
	ionic (metal + nonmetal)
	strongest

	metal-metal
	metallic (all metals)
	↕

	hydrogen bonds
(strong dipole-dipole)
	H with F, O, Cl, or N
	

	dipole-dipole forces
(other than hydrogen bonds)
	polar covalent
(all nonmetals)
	

	dispersion
	nonpolar covalent
(all nonmetals)
	Weakest







IMF Effect on Physical Properties
Recall that any process that breaks intramolecular forces is a _______________________, as you are breaking chemical bonds and creating new products.
[image: http://3.bp.blogspot.com/-cux3kzf4Buc/UOr8uL80P2I/AAAAAAAAAOg/sixwCHFRPNI/s1600/intra.PNG] 
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/c/c3/Wasserstoff.svg/220px-Wasserstoff.svg.png][image: https://d2gne97vdumgn3.cloudfront.net/api/file/spRpKmbQQqQBIvjVPkHP]→                   + 

Altering intermolecular forces influences how neighboring molecules interact with each other without changing the composition of the substance. Therefore, breaking intermolecular forces results in _________________.
[image: http://2.bp.blogspot.com/-F8ZDNALyPAI/UOr8m9ZxmRI/AAAAAAAAAOY/39aYsHULmW4/s1600/inter.PNG]

Intermolecular forces are responsible for many of the physical properties of chemical substances.
Phase changes: The only difference between the solid, liquid and gaseous phases of a substance is the ___________ of intermolecular forces keeping the particles of the substance in ___________.
Ex:    Ice			Water			Steam





Increased strength of IMF means more ___________ is required to break the molecules out of ordered attraction = 


Boiling Points: 

Surface Tension, Cohesion, & Adhesion: Attraction between neighboring molecules accounts for their ability to “____________” each other to support force (________________) or to “_______” other molecules along as they move (_______________).
Ex: Hydrogen bonding of water
[image: http://staff.norman.k12.ok.us/~cyohn/index_files/activity15_files/image007.gif]
Causes: 
Surface tension (sticks to _______________________)
[image: http://ch301.cm.utexas.edu/images/meniscus-support.jpg][image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcR28ECXRuiNtMXE_t8oJ-tVDLX4y22qTL7hMnf10Xov9zcTjZDTSQ]

Cohesion (sticks to _________________________)
[image: https://c2.staticflickr.com/4/3161/2679843265_e089bc7636.jpg]
Adhesion (sticks to ______________________)
[image: http://blog.aquatrols.com/wp-content/uploads/2014/08/Cohesion-and-Adhesion.jpg]
[image: http://cnx.org/content/m44392/latest/Figure_02_02_05.jpg]
Dissolving:  Because the molecules of polar liquids (especially those with hydrogen bonds) attract each other, polar liquids will:
· _____________ other polar liquids  (The two liquids are said to be _____________.)

[image: https://classconnection.s3.amazonaws.com/347/flashcards/191347/jpg/like_dissolves_like1347211885306.jpg]

· ___________ ionic salts (ionic compounds that can dissociate) or polar covalent molecules.  E.g., NaCl dissolves in H2O because the Na+ and Cl− ions dissociate.)

Ex: 			NaCl					Glucose




In general, polar liquids can dissolve ionic compounds that have relatively __________ ion-ion forces (such as ions with +1 or −1 charges).  Most polar liquids cannot dissolve most ionic compounds that have _______ charges larger than or equal to ±2.  (However, note that there are many exceptions to this rule!)
[image: ]Polar liquids will not dissolve _____________ liquids or other uncharged molecules. This is because polar liquids will form dipole-dipole bonds amongst themselves, pushing non-polar liquids out into a separate _____.  




[bookmark: _GoBack]If you mix a nonpolar liquid and a polar liquid (such as oil and water), the liquids will form two separate phases.  The popular expression to describe this phenomenon is “_________________________.”
Use this space for additional notes.  
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