Take notes          Take notes          Take notes            Take notes
Unit 8
Heat (Internal Energy)-

The TOTAL amount of energy (potential and kinetic) in a substance.

***Temperature- The AVERAGE kinetic energy of the molecules in a substance.  (this definition is represented by the Kelvin scale)  The Kelvin scale is an absolute scale
or

or how hot or cold something is compared to a given  standard (this definition is represented by the Celsius or Fahrenheit scales.  Not as useful in chemistry)

Absolute zero- The temperature where any substance has no internal energy.  All motion stops, theoretically. 0 K
Celsius
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0K
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· Kelvin scale must be used in PV/T = PV/T.

· Note the change in one degree on the Kelvin and Celsius scales is the same, so we can use Kelvins or Degrees Celsius for ∆T (changes in temperatures)
equation in the reference tables!!!
K = oC + 273

Converting from Celsius to Kelvin. (add 273)

Kelvin to Celsius. (subtract 273)
Temperature vs. Heat - 

Pot A has 1000g of boiling water and pot B has 100g of boiling water at 1 atmosphere.

  


They have the same temperature

Which is 373K. (or 1000C or 2120F)

but

The water in beaker A contains ten times the heat.

Why?

Temp is average KE so the number of molecules does not matter.  The molecules in both beakers on average have the same energy

Heat is the total energy of all the molecules so heat is dependent on mass.  
What has more heat a hot cup of tea or the pile of February snow we shoveled out of our driveways?

The snow has more heat – it might seem cold but water freezes at 273 kelvins which is a lot higher average kinetic energy compared to 0 kelvins!
MEMORIZE: 

· Heat can be gained or lost.

· Heat always flows from hot to cold 

· Heat flows until temperature is equalized

Vapor pressure: pressure exerted by the motion of molecules in a liquid.  

Vapor pressures are higher at higher temperatures

Vapor pressures are higher for volatile substances 
Volatile substances are nonpolar molecules with weak intermolecular forces.  (Van der Waals) – Means they become gases easily

Boiling- occurs when the vapor pressure of a substance equals air pressure.

Water can be boiled at room temperature!!!

SEE TABLE H

Calculating heat flow (represented by letter q) – 

the SI unit for heat or energy is a Joule (or J)
Specific heat- (Heat capacity)-A measure of how much energy it takes to raise or lower a materials temperature.

High specific heat means it takes comparatively a lot of energy to warm or substance or you need to remove a lot of energy to cool it. 
Water has a very high specific heat!  (What is it?)
 (its on your reference tables!)

c = 4.18 J/g-K 

*That’s why large bodies of water effect the weather so much. 

The equation for the amount of heat flow required to change a substance’s temperature:

equations are on the reference tables!!!
q=mC(T
q=heat (J)
m= mass (g)
(T=change in temperature (K or oC) 

C=specific heat (J/g-K can also be J/g-oC)
Example 1:  How much energy is required to raise the temperature of 30.g of water from 10 to 35 degrees Celsius?

Q=?

c=4.18 J/g-K   
m=30. g

(t=25 K

Q= (30. g)(4.18 J/g-K)(25 K)

Q=3135 J (3100 J)
Example 2: What is the specific heat of a substance when 3000J of heat raises 25g of the substance from 250C to 2500C

c=?

Q=3000 J

(t=225 K

m= 25 g

Q=mc(t or c=Q/m(t

c
=

3000J



25 g X 225 K

c
=
.53 J/g-K
Example 3:  1 gram of substance starts off at an initial temperature of 25oC.  It has a specific heat of 2 J/g-K.  20J of energy is removed from it.  What is the final temperature.

Q=mc(t remember (t  is change in temperature
so..
Q=mc(t  

Or (t  = Q/mc
 (t  =   20 J / (1 g x 2 J/g-K)   

(t  =   10oC (not the final answer!!!!)

Energy was removed so its 10o cooler
25oC – 10oC

= 15oC

Heat energy (q) is also required to change the phase of a substance.  
· These energy changes the potential energy of the substance by breaking intermolecular attractions.

· The temperature remains constant (i.e. the average kinetic energy does not change) (They move differently but not faster)
heat of fusion – (Hf) the amount of heat per unit mass it takes to change the substance from solid to liquid or vice versa.)

Finding heat (Q) required to melt or ‘fuse’ a substance

Q=mHf
heat of vaporization (Hv) the amount of heat per unit mass it takes to change the substance from liquid to gas or vice versa.

Finding heat (Q) required to boil or condense a substance

Q=mHv

Hv for water is 2259J/g

Hf for water is 333.6J/g 
· both of these are on your reference tables

Heating/cooling curves-are graphs that display temperature vs. Heat or heating time

Use sheet instead of notes?
Objective- 1) do the necessary calculations to draw the heating curve for 10g of water starting at 0 K to 500K. 2) Make a rough sketch of the curve in your notes.

See reference tables:

*Caution- the specific heat of ice and steam are not the same as liquid water.  

*Use 2 J/g-k for ice and steam.

Answers: rounded to the nearest hundred

Q between 0-273 


= 5500J

Q of fusion





= 3300

Q between 273 and 373 
= 4200

Q of vaporization



= 22600

Q between 373 and 500
= 2500

Q TOTAL






=38100J

Heating curve       Temperature (K) on the y axis


500














  E


400





  




D

300


 C











A - solid



B












C - liquid
200














E - gas


 A

100






B – melting (solidifying in reverse)








D – boiling (condensing in reverse)
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Heat added (Joules)

Kinetic energy is gained during intervals
A, C, and E

Because Ave. KE is temperature
Just look at the y axis!

Potential energy is gained during the phase changes B and D.

Internal energy goes up A,B,C,D, and E
More on Phase changes:

Triple point graphs (graph itself is not on regents but it helps with terms)
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For dry ice (CO2) the triple point it above room temperature
Don’t need to know critical or triple point
Sublimation – phase change directly from solid to gas, (Freeze drying)
(At STP dry ice CO2)
Deposition - phase change directly from gas to solid

Exercise name phase change:
H20(g)

 H2O(l)

H20(s)

 H2O(l)

H2 (g)

 H2 (s)

C0(l)


 CO(g)

CO2(s)

 CO2(g) (dry ice)(I2)
N2(l)


 N2 (s)

Exothermic – (outer – heat) 

heat is produced by a reaction
Stored energy PE gets converted in KE 

i.e. temperature goes up 
Energy will come out (heat, light, sound,)

If you touch it may feel hot or warm
Exothermic chemical changes

Explosions

lighting a match, lighter, or grill
firefly

Hand warmers

Exothermic Physical changes

condensation H20(g)

 H2O(l)

deposition     H20(g)

 H2O(s)

freezing

   H20(l)

 H2O(s)

"The products will have less Pot. energy than reactants"

Energy comes out (exo)
Endothermic - (inner – heat) 

when heat is absorbed by a reaction

(Takes KE from surroundings and stored it as PE)
Energy will go in 

Will feel cool or cold spontaneously (unless you keep heating it)

Endothermic chemical changes
Cold Pack

Photosynthesis (remember this is where all fossil fuel PE comes from)
Endothermic Physical changes
boiling(evap.)  H20(l)

 H2O(g)

sublimation     H20(s)

 H2O(g)

melting 

     H20(s)

 H2O(l)

"The products have more PE than reactants"
Energy went in (endo)
Naked human in space (shaded from the suns rays)

Facts water boils immediately from tongue nasal cavities skin pores etc…

Assumption

M = 100g ?  (about 3.5 oz.)
Boiling and evaporation is a physical change and endothermic process 

Q = mHf
m = 100g 

Hv = 2260 J/g

Q =  (100g ) (2260 J/g)

Q = 226000 J of heat loss almost immediately (less than one second)

Body temperature would lower

Q = mcΔT

c = 4.18 J/g•K

assumption – most materials have a much lower specific heat (c) than water so I say

m = 50kg  (about a 110 lbs of water)

226,000J = 50,000g (4.18 J/g•K) ΔT

ΔT ≈1K or 1oC or2oF

True there is no conductive heat loss, but the body gives off infrared radiation constantly. 

This is electromagnetic in nature and CAN travel through a vacuum.

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/bodrad.html
≈ 1000 watts (8 times faster than at room temperature or under earth vacuum conditions)

1000 watts is a Joule for every second.
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