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Heat Inquiry

Heat is the flow of energy which changes the temperature of an object. Temperature is
a measure of the average thermal energy of particles in a substance.

1. You place identical pots on the stove and heat them equally. Pot A contains 100. g of water; pot B
contains 1000. g of water. Both pots start out at 20 C.

] E i ’
2. If you wanted to heat both pots of water until they boiled, \wich pot would boil first? Why?

3. When both pots are boiling, what is the temperature in A? B?

4. Compare the amount of heat contained by the water i@ach pot. Are they the same or different? If
they are different, explain why and indicate which ongou may think has more (or less).

5. Based upon these questions, indicate one factor involved in determining the heat content of a
substance.
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Now assume you have the identical pots of water on the stove but this time they both have ekac
1.00 gram of water. You heat pot A from 2@ to 50C and pot B from 20C to 9CC.

= =

B

6. Which sample of water has the greater heat content? Why?

7. Use you answer to question 6 to indicate a second factor in determining the heat conterf
a substance.

Part Il

Use the following models to answer theuestions below. Block A and B are made of different substances
but contain the same mass and are at the same initial temperature.

A A

Heat

Temperature

10°C 10°C
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1. The same amount of heat (Q) is added to both blocks. Which block will end up at the higher
temperature?

If you wanted to raise the temperature of 1g of water IC you would have to addt.18J of heat
energy (Q). So we aadevelop a constant for water where 4.18J per 1 gram causes €1

temperature change:
J

4.189°C

2. If you have 1g of water and you wanted to heat it from 1€ to 1I°C how much heat energy
(Q) would you need to add?

3. If you have 10 g of water and gu wanted to heat it from 10C to 12°C how much heat energy (Q)
would you need to add?

4. If you have 10 g of water and you wanted to heat it from EC to 20C how much heat energy (Q)
would you need to add?

Application
If you wanted to heat a beket containing 37g of water and you wanted to heat it up 2&
how much heat (Q) would you need to add?



4

W

Ms. Wolfin

Regents ChemistryJnit 3: Heat/Energy

Lesson 3.1: What is Heat?

Objective:
Determine the direction of heat flow

|1)Which statement is true?

(a) At a given temperature, the tempature value is a measure of the total kinetic energy of all
the molecules.

(b) At a givertemperature, all the particles have the same amount of kinetic energy.
(c) At a given temperature, the average kinetic energy of the molecules is constantly changing.

(d) At agiven temperature, the temperature value is a measure of the average kinetic eneadjythad
molecules.

2.) In which sample do the particles have the highest average kinetic energy?
(a) HOy at55xC (b )Begyat75xC (c) NaGlgat 30xC (d) Mgs)at 17xC

3.) Which sample has particles with tlesvestaverage kinetic

energy?
(a) 1.0g ofdat 50.°C (b) 2.0g ofdat 30.°C
(c) 7.0g ofdat 40.°C (d) 9.0g ofdat 20.°C

4.) ObjectAat 40°C and objedBat 80.°C are placed in contact with each other. Which statement
describes the heat flow between the objects?

(a)Heat flows from objecAto objectB.

(b)Heat flows from objecBto objectA.

(c)Heat flows in both directions between the objects.
(d)No heat flow ocurs between the objects.

5) Draw a model to describe what happens to the heat energy when a container of water at 10C is placed in ¢
room at 24C.

6.) A person with a body temperature of 37°C holds an ice cube with a temperatdf€ af a room
where the air temperature is 20.°C. Ttieection of heat flow is

(a)from the person to the ice, only

(b)from the person to the ice and air, and from the air to the ice
(c)from the ice to the person, only

(d)from the ice to the person and air, ani the air to the person

5
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7) What occurs when a 3§ram aluminum cube at 100.°C is placed in 90. grams of water at 25°C in an
insulated cup?

(1)Heat is transferred from the aluminum to the water, and the temperature of the water decreases.
(2)Heat istransferred from the aluminum to the water, and the temperature of the water increases.
(3)Heat is transferred from the water to the aluminum, and the temperature of the water decreases.
(4)Heat is transferred from the water to the aluminum, and the temperataf the water increases.

REGENTS PRACTI|CE

1. A cube of iron at 20.°C is placed in contact with a
cube of copper at 60.°C. Which statement describes
the initial flow of heat between the cubes?

A) Heat flows from the copper cube to the iron
cube.

B) Heat flows from the iron cube to the copper
cube.

C) Heat flows in both directions between the cubes.

D) Heat does not flow between the cubes.

o

. Given samples of water:
Sample 1: 100. grams of water at 10.°C
Sample 2: 100. grams of water at 20.°C

Compared to sample 1, sample 2 contains

A) molecules with a lower average kinetic energy
B) molecules with a lower average velocity

C) less heat energy

D) more heat energy

o

. In a laboratory where the air temperature is 22°C, a
steel cylinder at 100.°C 1s submerged in a sample of
water at 40.°C. In this system, heat flows from

A) both the air and the water to the cylinder

B) both the cylinder and the air to the water

() the air to the water and from the water to the
cylinder

D) the cylinder to the water and from the water to
the air

ASSESS YOURSELF ON THIS LESSON:

If you missed any regents practice questions you showddse for extra help and/or revatch the
lesson video assignment
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Lesso3.2: Energy Changes durinceRctions

Objective:
Determine change in heat in a reaction

Table | Practice:

1. Are the following endo or
exothermic?

CH+ ZQA

Ho+ IzA 2HI

CQ+ 2HO 2CHOH + S@A 2CQ + 4H0 + 1452kJ

The dissolving of NaOH

A

25.69kJ + NN " © NH + NG The dissolving of LiBr

2. Circle the morestable compound in each pair: (Exothermic reactions aneenstable)
The formation of: H2Og) OR H0Oy) The formation of: NHB& OR ARGs
The formation of: HI OR NO The formation of: CHs OR CHa

3. Circle the compound which is more likely to formesach pair: (Exothermic reactions occur more

readily)
CQ from dementsORCQ from CO NO OR NO
CHs OR GCHo NH OR HI

4. Will the following feel hot or cold?

Dissolving KNO Dissolving LiBr
Burning CHin & Forming AdGs
REGENTS PRACTICE S Gi .
5. Given the equation

z MEE 2= X I+1— L2+ 35 kcal
4. When NH4NO3 1s dissolved in water, the temperature

of the water decreases. When NaOH is dissolved in a This equation shows that the formation of an iodine
separate water sample, the temperature of the water molecule is an
increases. Based on these observations, 1t can be

; Z N A) exothermic process in which energy 1s absorbed
concluded that the dissolving of ) ae o By 15

B) exothermic process in which energy is released

A) both salts 1s endothermic C) endothermic process in which energy is absorbed

B) both salts 1s exothermic D) endothermic process in which energy is released

C) NH4NOs is endothermic and the dissolving of 6. According to Reference Table I, which gas is formed
NaOH is exothermic from its elements as a result of an endothermic

D) NH4NO:3 1s exothermic and the dissolving of reaction?

NaOH is endothermic A) CO: B) NO: C) H:0 D) C:Hs
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Lesson 3.3Calculaing Heat

Objective:
Calculate heat, specific heat mass and change in temperature of a reaction

Specific heat is defined as the amount of heat (in ) needed to raise gram of a substance __ @C.

Every substance has its own specific hegpending on the bonds and forces it has.

1. Atthe park, why do you tend to steer clear of metal benches and prefer wooden picnic benches?
Which has a lower specific heat?

2. Explain in terms of specific heat why during the month of October on Largllgie air temperature
fluctuates between 60F during the day and 4& at night yet the ocean water temperature is
consistently 65F?

Define the folbwing terms with units: q: C:
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Answe the following questions using the heat formula. Show work with units

3. A 5.00 gram sample of water is heated so that its temperature increases from 10.0°C to 15.0°C. What is t
total amount of energy absorbed by the water?

4. When asample 025.0 g of water is cooled from 20.0°C to 10.0°C, what is the number of Joules of
energy released?

5. A sample of water is heated from 10.0°C to 15.0°C by adding 125.58 Joules of heat. What is the mass of
the water?

6. How manyoules of heaenergy are released when 50.0 grams of water are cooled from 70.0 °C to 60.0 °C’

7. What is the total number of joules of heat energy absorbed when the temperature of 200.0 grams of wate!
is raised from 10.0 °C to 40.0 °C?



74

W

Mis. Wolfin

Regents ChemistryJnit 3: Heat/Energy

8. When 418. joles of heat energy are added to 10.0 grams of water at 20.0 °C, what will the final
temperature of the water be?

9. How many kJ of heat energy are absorbed when 100.0 g of wegdneated from 20.0 °C to 30.0 °C?

10.The temperature of a samplef water in the liquid phase is raised 30.0 °C by the addition of 3762 J. What i<
the mass of the water?

REGENTS PRACT|CE

1. The temperature of a sample of water changes from 4. A 36-gram sample of water has an initial temperature
10.°C to 20.°C when the water absorbs 420 Joules of of 22°C. After the sample absorbs 1200 joules of heat
heat. What is the mass of the sample? energy, the final temperature of the sample is
A)10g B) 10.g A) 8.0°C B) 14°C C) 30.°C D) 55°C
C) 100 g D) 1000 ¢ 5. When 200 grams of water cools from 50.°C to 25°C,

2. An 80.0-gram sample of water at 10.0°C absorbs the total amount of heat energy released by the water
1680 Joules of heat energy. What is the final is
temperature of the water? A) 42kJ B) 21kJ C) 34] D) 17)

A) 50.0°C B) 15.0°C 6. What is the total number of Joules of heat energy
C) 5.00°C D) 4.00°C absorbed by 15 grams of water when it is heated from
3. The temperature of a sample of water changes from 30.°C to 40.°C?

10°C to 20°C when the sample absorbs 418 joules of A)42] B) 63] C) 130J D) 630)
heat. What is the mass of the sample?
A)lg B) 10g

C) 100 g D) 1000 g

ASSESS YOURSELF ON THIS LESSON:

If you missed any regents practice questions you sheak me for extra help and/or #watch
the lesson video assignment

10
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Lesso3.5: CalculatindHeat of Phase Changes

Objective:
Calculate heat of phase changes using g=mHf and g=mHv

Directions:Read and answer each of the following questions. Make to show all work, include proper
units, and box your answers.

1. What is the total numbeof joules required to freeze a 10 g sample of water at 0 C?

2. How much energy is required to vaporize 10.00 g of water at its boiling point?

3. What is thetotal number of joules of heat needed to change 25 g of ice to water at 0 C?

4. Calculate the amount of energy required to hd@0. gto the following:

a. HO(s) changes toB(l) at0 C

b. HO(l) changes to4®D (s) at 0 C

c. HO(l) at 10 C changés HO(l) at 20 C

11
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Lesson 3.4-3.6: Calculating Heat of Phase Changes

Objective:
Differentiate between endothermic and exothermic
Identify a phase change as either endothermic or exothermic

1. ldentify the phase(s) represented by the followirg line segments in the diagram below:

a. AB d. DE
b. BC e. EF
c. CD
A F
D /

Temperature (°C)

Time (minutes)

2. What line segment(s) represent the melting point?

3. What line segment(s)represent the boiling point?

4. What takes more energy: to melt this substance or to vaporize it? Give evidence to support your

answer.

5. What type ofenergy is being used during the line segments AB, CD, EF?
6. What type of energy is being used during the line segments BC & DE?

7. At what point will the particles be moving the slowest?

8. If this substance wereater, at what temperature would segment BC occur? °c

9. If this substance were water, at what temperature would segment DE occur? oc

12
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Use the diagram below to answeguestions 16€14.

O O

+ gl =

A C
Solid ngmd Gas
10. Which arows in Model 1 indicate the addition of energy? and

11.Which term, endothermic or exothermic, is used to describe the situation when energy is added into a
system from thesurroundings?

12. Which arrows in Model 1 indate the release of energy? and

13.What are the names of the phase changes that involve a release of energy to the surroundings by
the system? and

14.1f a substance is a gas at room temperatutees it have strong or weak Intermolecular forces of attraction?

15.Fill in the following phase change diagram indicating the following: Melting, freezing, evaporation,
condensation, sulrhation, deposition

Solid == Liquid ==(Gas
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REGENTS PRACT|CE

1. The graph below represents the uniform heating of a
substance from the solid to the gas phase.

Temperature
w)

Time

Which line segment of the graph represents boiling?
A) A\ B) BOC Q) CD D) DL
2. Which equation represents sublimation?
A) Ix(s) — Ix(g) B) Ia(s) — I2(1)
C) In(i) — I2(g) D) Ia(1) — I2(s)

3. The graph below represents the uniform heating of a sample of a substance starting as a solid below its
melting point.

Temperature (°C)

Time (min)

Which statement describes what happens to the energy of the particles of the sample during time
interval DE?

A) Average kinetic energy increases, and potential energy remains the same.
B) Average kinetic energy decreases, and potential energy remains the same.
C) Average kinetic energy remains the same, and potential energy increases.
D) Average kinetic energy remains the same, and potential energy decreases

4. Which physical changes are endothermic?

A) melting and freezing

B) melting and evaporating

C) condensation and sublimation
D) condensation and deposition

ASSESS YOURSELF ON THIS LESSON:

If you missed angegents practice questions you should see me for extra help and/orateh the
lesson video assignment

14
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5. Label the line segments with their phasg(

6. What is this substanée melting point? iég:
(6}
7. What is this substanc¢gboiling point? = 1907
£ 160
8. Does this represent an endothermic or exothermic reacti@n’?mo—:
é 120
100
F a0
60
40
0
9. Draw six particles of thsubstance as it looks for the L I
first line segmentn the box below. wl
l {
Temp ( C) 100 { |
|
l
80 [ :
[ |
60 +—- ,
| [
/ I |
40/ | ' |

H 1
0 10 20 30 40 5060 70 80 90 100
Heat Input (kJ)

10.Draw six particles of this substance as it looks for
the last line segment in the box below.

11.What is the boiling point of this substance?

12. What is the melting point of this substance?

13. What would you expect the graph to do if the substance continued to be heated?

15
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14. Label eacletter in the heating curve with the appropriate formula (qg=Mg=mHkqg=mH)that
would be used to calculate the amount of heat for that pontiaf the graph.
100
p Ff
Heat added ——>
REGENTS PRACT|CE
1. What is the total amount of heat required to 3. How much energy is required to vaporize 10.00 grams
completely melt 347 grams of ice at its melting point? of water at its boiling point?
A) 334) B) 1,4501) A) 2.26kJ B) 3.34kJ
C) 116,000 D) 784,000 ] C) 42KkJ D) 22.6 kJ
2. What is the amount of heat required to completely 4. What is the total number of kiloJoules required to boil
melt a 200.-gram sample of H20(s) at STP? 100. grams of water at 100°C and | atmosphere?
A) 334) B) 8361 A) 22.6kJ B) 33.4klJ
C) 668001 D) 452000 C) 226kJ D) 334 kJ

ASSESBOURSELF ON THIS LESSON:

If you missed any regents practice questions you should see me for extra help and/atctethe
lesson video assignment

16
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Lessom3.6: Vapor Pressure 8able H

Objective:
To be able todetermin e vapor pressure using Table H
To be able to determine boiling point & normal boiling point using Tab le H

The graph below shows the vapor pressures of four common liquids as a function of
temperature. Refer to the graph to answer the questions that follow.

1. Which of the *™
substances has the loweast
bailing point?

(Ll Bl bl

2, Which of the
substances has a boiling point
of 100°C?

A o . . . .

i, =

i

. 4

3. Which of the }

substances has the highest '

boiling point? i

4, Which of the
substances has the highest o
vapor pressure at 40°C7

5. Which of the
substances will boil at 79°C7?

6. At what
temperature will alcohol boil
when the atmospheric pressure is 30 kFa?

Tamparalurs ("0

T At what atmospheric pressure will propanone boil at 20°C7?

a. At what atmospheric pressure will water boil at 90°C?

9. Which of the substances above has the lowest vapor pressure at 70°C?
10. As the pressure decreases, the boiling point of water (a) increases, (b)

decreases, or (C) remains the same?

11. What is the vapor pressure of water at 60°C7?

17
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Table H of your Reference Tables shows the vapor pressures of four common liquids as a
function of temperature. Refer to Table H to answer these questions.

12. As temperature increases, vapor pressure . This is true for all liquids.

13. To determine the ‘normal’ boiling point, one would find where the vapor pressure curve

intersacts the pressure axis at kPa. Why is this pressure value
significant?

14. Estimate the vapor pressure of ethanol at 70°C. Do the same for
proganone.

18, Which liguid has the highest vapor pressure at any temperature?

16. Which liguid has the weakest IMFs?

17. Which liguid is the least volatile?

18. What is the atmospheric pressure if ethanol is boiling at 65°C wday?

19. A student observes that the water in today's lab is boiling at 96°C. How do explain this, since

the water's normal boiling point is 100°C?

20, If a liguid is considered to be “volatile', then it is going 1o have, ..

1. Arelatively high or low boiling point?
2. Arelatively high or low vapor pressure?

3. Strong or weak |[MFs?

18
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Key Idea Question

Justify your answer
with an explanation or calculation.

Confidence &vel

None Moderate
Fully
1 | A metal changes temperature from 80C td
120C. Which is the temperature change i Prediscussion:
Kelvin?
a. 40 b. 273 c. 313 Post discussion:
2 | Calculate the heat released when 20§.of
water cools from 90.C to 70.C. Prediscussion:
a. 16700J c. 17000J
b. 16720J d. 20000J Post discussion:
3 | What mass of water can be heated from
60.C to 90.C using 980J of heat? Prediscusfon:
a. 2349 b. 33g c. 7.8¢g
Post discussion:
4 | Calculate the heat change by the followin
reaction: Prediscussion:
ANOA 2Nz + 20
a. +182.6kJ ¢:182.6kJ Post discussion:
b. +364.0kJ d-364.0kJ
5 | Which is the normal boiling point of water
a. 0C c. 273K Prediscussion:
b. 50C d. 373K
Post discussion:
6 | Calculate the temperature change that
occurs when 120.0 grams of a substance Prediscussion:
with a specific heat of 13/gC absorbs
560.0J of heat. Post discussion:
7 | Calculate the heat required to melt 500.0¢
of water at its melting point. Report your Prediscussion:
answer in kJ.
Post discussion:
8 | Calculate the heat of vaporization of a 60
grams sample if it vaporigeby absorbing Prediscussion:
7120J of heat.
Post discussion:
9 | Draw a heat curve labeling the places
where KineticEnergy changes and Potenti Prediscussion:
Energy changes.
Post discussion:
10 | Draw a cooling curve labeling the phases

and phase changes that occur.

Prediscussion:

Post discussion:

19




