Heating Curve Logic: if heat is added at 10 cal/sec for 1000 sec..how many calories are added?

Mass of water | Temperature change Calories added B

100 g ~ |10°C N g 1000 sec x 10 cal/sec = 10000 cal N = _
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That means we need 1 (X of heat to raise the temperature of 1 g of water by 1 °Cl
That is called the specific heat capacity {cj 1 cal/g°C for water.

A
Knowing that, how many calories do we need to raise the temperature of 10 g of water from 50°C to 75°C?
lCed x jog r25°C = 280 ¢ P57 -SOC = LS
Here is the formal equahon for‘ what you just did qulca”}/ = ?m AT
Q = heat energy (cal) m = mass (g) - — = specific heaT (cal/g C) AT = temperature change (°C)

What about the 15" and 3™ sections of the graph? There is no temperature change..so this equation won't work..
1*" section: Lasted 800 sec, if we were adding heat at 10 cal/sec > we added 8000 calories

Those 8000 calories were able to melit 100 g of solid water. o

So..we need L) calories to melt 1 g of solid water.

1 2yt Cegunud 4o alt (5 4) 14 4] MLOS»»D?'LMC?
That is called Th@_ggj_giilﬂg_r_\_:- Hy = 88 0 cal/g for water \
Q= mek
Q = heat (cal) m = mass (9)7\ Hs = heat of fusion (cal/g)

3" section:  Lasted 5400 sec! If we added heat at 10 cal/sec > we added 54000 calories
Those 54000 calories were able to vaporize (boil) _ (0D g of liquid water.
So..we need SHL _ calories to vaporize 1 g of liquid water (turn it all into gas)

_ 1 W46-3WLLLIYL&C\ ‘)LD \)(3_{,0“& (ﬁ_)lé\)) l ﬁd__ﬂj L,_if;')’rﬂ({v
That is called the w H, = 540 cal/g for water
Q= mH

Q = heat (cal) m =mass (g) ~ H, = heat of vaporization (cal/g)

What if we had a sample of water vapor at 100°C, and cooled it off?
How much heat energy do you think would need to be removed to condense one gram of water vapor at 100°C to one

gram of liquid water at 100°C? Why do you think this? 5294 e\ 1 ‘M“CVQQL
(hint: How much heat energy had to be added to turn it into a vapor? Ther‘efor'e how rnuc heat energy would have to

be removed to reverse the process?) S29.4 el 4o U= o A4 1 '3 WAhe

How much heat energy do you think would need to be removed to solidify one gram of liquid water at 0°C to one gram

of solid ice at 0°C? Why do you think this? ~ (0 [ oA (L) e
(hint: How much heat energy had to be added to melt it? Therefore, how much heat energy would have to be removed

to reverse the process?)

~his leads us to two more equations:
Q = mH. (used when a gas condenses to become a liquid)

Q = mH, (used when a liquid freezes to become a solid)
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Jrie Problems

can be calculated using five basic equations.

Theoretical values for energy changes during the heating or cooling of a substance, or during a phase change,

Q = mcAT
(used when the temperature is changing and the
phase stays the same)

Q = mH, (used when a liquid vaporizes to become a gas)
Q = mH. (used when a gas condenses to become a liquid)

m = mass of sample
H, = heat of vaporization (for water = 539 .4 cal/g)
H. = heat of condensation (for water = 539.4 cal/g) i«

Q = heat energy
¢ = specific heat for liquid water = 1 cal/g °C
m = mass of sample
AT = change in temperature of sample in °C

Q = mH, (used when a liquid freezes

2o
7t

Q = mH; (used when a solid melts to become a quuidj

‘to become a solid)
oo le\b-pe 3
m = mass of sample

Hs = heat of fusion (for water = 79.72 cal/g)
H; = heat of solidification (for water = 79.72 cal/g) 7.

i l..},{}

The heat energy (Q) can be calculated in terms of calories
eat) M calorie is defined as the amount of energy required

The value of Q for any substance can be calculated, but no

S .ot/
) | &amoiy

(cal), kilocalories (Cal or keal), or Jjoules. (1 calorie = 4.184.3)
to raise 1.0 g of water exactly 1.0 °C.

te that each substance has unique values for specific heat

capacity (c), heat of fusion (H¢), and heat of vaporization (Hy).

hiah specific heat capacity (c) = a large amount of energy must be added in order to increase the temperature
ecific heat capacity (c) = a small amount of energy must be added in order to increase the temperature

Write a definition for specific heat capacity:

#/fuf‘@'j 5‘27w?‘7’c( o racise e

Write a definition for heat of fusion:

4’ .d‘(f‘.!"(—‘j:? y /)7 i
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Explain the difference between heat of fusion and

\~

Write a definition for heat of vaporization:

heat of solidification:

N,

W/r/:)u) necded ‘fl} Ua'_f&h%/c i j 07 o 6W \gt,{bgim(_/

Explain the difference between heat of vaporization and heat of condensation:

. J
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EXAMPLE CALORIE PROBLEMS:
For any calorie problem, you can find the requested information as long as you are given all the other information you
need. Some problems require you to use algebra to rearrange the equation to solve it.

Q = mcAT
>w much heat is required to raise the temperature of 10.0 g of water from 5.0degC to 25.0degC?
Gi= 1o Oa X 1 x 2001 = gobcd

What will be the temperature change if 100. cal of heat are added to 25 g of water?

00 ¢ ods gea x Vsl N7 2T HOC
i ("

)

Q = mH;
How much heat is needed to melt 5.0 g of ice (frozen water)?

B Sooax 71T el 0 298 caf = Hoveo!
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Q = mH,
How many grams of water can be vaporized by 750. calories of heat energy?

\736 Cd = YY\X Sz)ﬂil" (’i[) m . ],\?J"/:)Ma B IISﬁS

Q = mH; ‘
How much heat is released when 6.2 g of liquid water free;(es to become"?olid?
/‘\D\ = CQ\Z;\S X "7"\.'724 A _ \ 7v ~
“ & = H ﬁle 20y Cat - ’,_7 Hﬁ@(‘c_p _
N (W YL Al
Q=mH° ; 'r?'.‘-.‘-';-\

How many grams of water will condense if 375 calories of heat energy are removed from it?

~398el =my ~SEIHL s 0.LAS 21T 4> 0115 A
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Calorimetry

¢ Physical changes are often accompanied by the transfer of energy

e Tounderstand the transfer of energy, you must consider both the substance in
question and its surroundings
o Energy transfers that result in a temperature change for the substance and its

surroundings

*  Examples:

1.

Substance and surroundings

2
3.
4
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