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1675 kJ of energy is added to 8.90 L of water at  
18.0oC.  What is the new temperature of the water?

Warm Up

Sep 254:25 PM

17.3 Heat in Change of State 

Heat in Changes of State.pptx

Check for up to date version with butane 
correct
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Oct 102:38 PM

10 g ice x  1 mol  x   6.01 kJ
18.0g 1 mol

3.335 kJ  3335 J 
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Ice   2.10 J/gC 

Liquid 4.18 J/g C

Steam  1.70  J/g C

table 17.1
Remind

Specific heat of water

Oct 211:13 PM

What we've looked at so far...

• Energy changes when the temperature changes       
(heating water from 20 oC to 50oC)

• Energy changes when the temperature remains the same.     
(melting of ice at 0oC)

Temperature
(oC)

Time

Heating Curve of Water

Δ Energy total (Δ Etotal) = q (solid, liquid, gas)+ ΔH (solid, fus, cond, vap)

100 liquid/vapor

vap
or

Heat or 

Hvap

qg

15

What is the energy required  if you heat 10.0g of ice at 
20.oC until it is water at 30.oC?

Total energy combines both of these energy 
changes together.

You use as many q's andΔH as required by the 
information from the question and the graph you 
sketch out.  
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What if you heat 10.0g of ice at 20. oC until it is 
water at 30.oC?

Mar 1610:40 PM
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What we've looked at so far...

• Energy changes when the temperature changes       
(heating water from 20 oC to 50oC)

• Energy changes when the temperature remains the same.     
(melting of ice at 0oC)

What if you heat 10. g of ice at 20. oC until it is 
water at 30.oC?

Temperature
(oC)

Time

Heating Curve of Water

Mar 2612:15 PM

What could this represent for a heating curve of 
water?
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Total Energy Changes
Ex.      Calculate the total energy change if 2.50 g of steam at 120.0oC 

is completely converted to ice at 0.0oC. 

ΔEtotal = 

Oct 211:43 PM

Total Energy Changes
Ex.      Calculate the total energy change if 2.50 g of steam at 120.0oC 
is completely converted to ice at 0.00 oC. 

ΔEtotal = 

First draw a heating curve
120

total Energy = 
7.6 KJ



Day 26  total energy intro.notebook

7

March 01, 2019

Mar 139:29 AM

Homework

Section Review 17.3

Page 526 Q 2731
#1  A sample of water with a mass of 23.0 grams at a 
temperature of 46.0 C increases to 40.0 C.

A) sketch out a heat curve

B) Calculate the total heat needed.

#2  A 10.0 kg grams of steam at a temperature of 130.0 C 
is converted to ice at a final temperature of 15.0 C.

A) sketch out a heat curve

B) Calculate the total energy change.

Oct 118:50 AM

A sample of water with a mass of 23.0 grams at 
a temperature of 46.0 C increases to 40.0 C.

A) sketch out a heat curve

B) Calculate the total heat needed.
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answer

Oct 118:50 AM

A 10.0 kg grams of steam at a temperature of 
130.0 C is converted to ice at a final 
temperature of 15.0 C.

A) sketch out a heat curve

B) Calculate the total energy change.
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answer

Oct 226:26 PM

Worksheet

ANS to HeatingCooling Calcs.pdf

HeatingCurveofWaterWorksheet.pdf

ANS to heating Cooling 6 question with more space.docx

Heating Curve of water Calculations involving phase change  913 more room.docx
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Monday, March 19
• Complete in class assignment 
• Complete guided reading for section 17.4

Oct 211:43 PM

Total Energy Changes
Ex.      Calculate the total energy change if 2.50 g of steam at 120.0oC 

is completely converted to ice at 0.0oC. 

ΔEtotal = 
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     Worksheet 55

Total Energy Changes

1) 1273 KJ    1270 KJ

2) 7231 J  7000 J
3) 478 KJ
4) 252670 KJ  300000 KJ

5) 539880 KJ  500000 KJ

Oct 243:26 PM
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Inert A substance that is not chemically reactive.

Oct 161:35 PM
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Oct 161:41 PM
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Mar 1610:40 PM
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Attachments

Heat in Changes of State.pptx

ANS to HeatingCooling Calcs.pdf

HeatingCurveofWaterWorksheet.pdf

ANS to heating Cooling 6 question with more space.docx

Heating Curve of water Calculations involving phase change  913 more room.docx


Heat in Changes of State

Chemistry 122









State Changes – Warm Up

What is the difference between water molecules in the liquid state compared to the gaseous state?

Are liquid water molecules attracted to one another?

What must happen, then, for liquid water to change to a gas?

So, is this state change endothermic or exothermic?









Heats of Fusion and Solidification

All solids absorb heat as they melt to become liquids (ex. ice to water)

This results in a change of state rather than change of temperature

The temperature remains constant

Molar heat of fusion is the amount of heat required to melt one mole of substance

∆Hfus

Molar heat of solidification is the amount of heat released to convert a liquid to a solid.

∆Hsolid











∆Hfus = -∆Hsolid

The quantity of heat absorbed by a melting solid is the exact same as the amount of heat released when a liquid solidifies





Figure 17.9, page 520









Important Values to Remember





H2O(s) → H2O(l)		∆Hfus = 6.01kJ/mol





H2O(l) → H2O(s)		∆Hsolid = -6.01kJ/mol











Heats of Vaporization and Condensation

The amount of heat required to vaporize one mole of substance is called the molar heat of vaporization 

∆Hvap

This value is typically much higher that the molar heat of fusion

The amount of heat released by one mole of substance as it cools from a gas to a liquid is called its molar heat of condensation 

∆Hcond









∆Hvap = -∆Hcond



 The quantity of heat absorbed by a vaporizing liquid is the exact same as the quantity of heat released when the vapor condenses to a liquid













Important Values to Remember





H2O(l) → H2O(g)	∆Hvap = 40.71kJ/mol



H2O(g) → H2O(l)	∆Hcond = -40.71kJ/mol

















Molar Heat of Solution (∆Hsoln)

During the formation of a solution (aq), heat is either released or absorbed

The enthalpy associated with the dissolution of one mole of substance is the molar enthalpy of solution



A dissociation equation can be written to illustrate this action









Heating Curves

Page 523



Examine the graph and answer the questions on the right side of the figure





How would an increase in the rate of heating affect the heating curve?









For the remainder of class…

Questions 21 – 22, page 521

Questions 23 – 24, page 524

Guided reading, section 17.3



How much heat must be removed to freeze a tray of ice cubes if the water has a mass of 50.0g?

How many kilojoules of heat are required to vaporize 50.0g of ethanol (C2H5OH)?
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Name:__________________ Per:___ 


Worksheet- Heating Curve of Water/Calculations Involving Phase Changes  
Write all answers on your own answer sheet.  Redraw all graphs and label them.  Restate questions 
in your answers.   
 
Purpose: Examine the heating curve of water and determine what is happening at each stage.  


Heating curve of water  


The graph is not to scale but 


it is drawn to emphasize 


differences in the amount of 


time required for each of 


the 5 steps 


 


1. For each of the five stages shown on the graph, list what phase or phases are present (s, l, g?):  


 Stage 1:  Stage 2:       Stage 3:  


 Stage 4: Stage 5:      


2.  Label each of the numbers on the graph with the correct term: Phase Change or Temp Change 


3. a)  At what point on the graph (° C) is all of the ice gone? 


b) At what point on the graph (° C) is all of the liquid gone?  
 


4. Do you think heating other substances and plotting temperature vs. time would result in a similar heating 


curve as the graph above?  Why or why not? 


 


5. Heat and temperature are related, yet different.  The graph shows it’s possible to  add heat the water 


continuously, yet the temperature does not always increase.    What is the added heat energy being used to 


do in the water if it’s not making the temperature increase/making molecules move faster? 


 


6. Looking at the graph above.  For the same amount of water, does it take more heat to melt ice, or to boil 


water completely?  Explain your thinking.   


 


7. Label precisely the points that are 


on the diagram below with the 


following  terms:   


 vaporization  


 condensation 


 melting 


 freezing  


 solid, liquid, & gas 


 


8.  Label Endothermic or Exothermic 


on the diagram, above each of the 


arrows indicating a phase change. 


 







Calculations Involving Phase Changes 


 


Water vapor Csp = 1.9 J/g°C 


Liquid water Csp = 4 J/g°C 


Solid water Csp = 2.1 J/g°C 
ΔHfus = +/-334J/g 
ΔHvap = =/-2260J/g 


qfus = m x ΔHfus 


qvap  = m x ΔHvap 


q = m x Csp x ΔT 


 


For the next problems; 1st draw a phase change graph that represent the process in that problem.  2nd 


write out all equations you are using for EACH portion of the process/graph.  3rd, identify variables.  4th, 


show the work including units on all numbers.   


9. How much heat (Joules) is released when 1255 g of water vapor condenses to a liquid at 100 °C?  


 


10. A sample of water with a mass of 23.0 grams at a temperature of -46.0°C increases to 40°C.    


a) Make a phase change diagram to indicate the changes water will undergo in this problem & label each 


step.  b) How much total heat (Joules) is needed to do the problem above?  (remember, there are to do 


all the steps). 


 


11.  Suppose that you are camping in the winter.  You have 30g of ice at 0 °C that you need to melt and 


heat up so that you’ll have some warm drinking water (40 °C).   


a.  Make a phase change diagram to indicate the changes water will undergo in this problem & label each step  


b.  How much total heat (Joules) is needed to do the problem above?   


 


12.   10.0 g of steam at 120.0 °C are converted into ice at -20.0°C. 


a.  Make a graph to indicate this change. 


b.  Calculate the total energy released (J) needed to do the problem above. 


 


13.  You have 2 beakers:  one contains 30 g of water (l) at 60°C & the other has 30 g of ethyl alcohol (l) at 60°C.  


How many Joules of heat is required to heat each beaker up to 85 °C?   


(Specific heat of alcohol:  2.44 J/(g×°C), Boiling point = 78.4 °C, Latent heat of Vap. = 841 J/g) 


a.  Make a phase change diagrams for each substance 


b.  Clearly show each calculation that is needed. 
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Sketch out a heating curve for each problem					Name:_________________________
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