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Kinetic Energy
One of Many Types of Energy

] Kinetic Energy is due to the
motion of an object.

8§ KE =2mv?
8 (m =mass, v = velocity)
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UNITS: Celsius (°C) & Kelvin (K)
Temperature is NOT ENERGY

“Temperature (sometimes called thermodynamic temperature)
is a measure of the average kinetic energy of the particles in a
system. Adding heat (energy) to a system causes

its temperature to rise.”
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Thermoregulation
HOT (higher energy) — cold (lower energy)

Surroundings Surroundings

System System

Your Your

Thermoregulation balance involves the heat transfer
to or from your body, and to or from the
surroundings

Your “Body Mass” is important to Thermoregulation; subcutaneous adipose tissue (fat) provides an insulating
layer that impedes heat loss. This can be an or a di ing on the
Do you know your Body Mass Index? See the NIH link below:

http://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi-m.htm




Thermoregulation: heat transfer to or from your
body, and to or from the surroundings
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Hyperthermia Hypothermia  Fever

Feveris a temperature above your normal temperature due to an increase in the body's
temperature set-point. Hyperthermia is an increase in body P over your
set-point, due to either too much heat production or not enough heat loss. Hypothermia is a
decrease in body temperature over your temperature set-point, due to too much heat loss.

Hyperthermia

Thermoregulation: heat transfer to or from your
body, and to or from the surroundings

Prolonged wet-

NOAA national weather service: heat index
temperature (F)
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bulb temperature
exceeding 35 °C
(95°F)[is fatal to
most people
since net heat
gain ogcurs
instead of loss.

Globallwet-bulb
temperatures

have anly rarely
exceeded 35 °C

Thermoregulation: heat transfer to or from our body,
and to or from the surroundings
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/coobod.htmitc1

Heat Exchange
Direction of arrows denotes direction of heat transfer

If your core body
temperature
drops to below
35°C (95°F) you
are

‘hypothermic’;
@ 28°C (82°F),
comatose;
Swiss systeml?! Symptoms Bydegree®  Temperature <28°C (82°F) in
Stage 1 Awake and shivering Mild 92-35°C (89.6-95.0°F) | arrhythmia, and

Stage2  Drowsyand notshivering Moderate 28-32°C (82.4-89.6°F) <20°C (68°F)
Stage3  Unconscious, notshivering  Severe  20-28 °C (68.0-82.4°F)  clinically dead.

100 67 95 103 121121 (95°F), but
globatwarming
Likelihood of Heat Disorders with Prolonged Exposure or Strenuous Activity Will affect this.
O caution [0 Extreme Caution @ Danger [ Extreme Danger
and hand of a BMI >30 female (A) and a BMI <30 female (B).
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David M Savastano et al. Am J Clin Nutr 2009;90:1124-1131

Increased heat production is associated with BMI >30;

To regulate body temperature, those individuals must increase their heat dissipation through their hands.

Is Dr. R's hand temperature above normal?
©2009 by American Society for Nutriton

Stage 4 No vital signs Profound <20 °C (68.0 °F)
radiation, conduction, convection, evaporation
Hypothermia
Heat Exchange

Exo- and Endo- thermic Processes & Reactions
(Exergonic and Endergonic)

reactant(s) —— product(s)

Two types of thermochemical

reactions:

s Exothermic: Heat is a reaction product; the heat
flows to the surroundings. The amount is the
difference between the products minus the reactants

....Itis a negative value for the reaction.

s Endothermic: Heat is a reactant; the heat flows from
the surroundings. The amount is the difference
between the products minus the reactants...It is a
positive value for the reaction.

System System

Heat Heat




[ Why can you burn the top of your mouth with hot pizza
just out of the oven and not the bottom?
(The top & bottom are at the same temperature!!!)

http://chemconnections.org/general/movies/Pizza-thermo%202.mp4

e LopUns:
Substance Specific Heat Capac g~ K
Elements J/(gK)
Aluminum, Al 0.900 or
s
ron, Fe .4 .
Copper, Cu 0387 J/(mol-K)
Gold, Au 0.129
Compounds
cvm(m'();ula.ov'lla(l) 470, Energy :
ater, A .
Ethyl ag::gr;ol, as joule (J)
Ethylene él)ycol, g c_alone (g)
(CH,OH), (1) 2.42 kilocalorie (C)
tetrachloride, Kilowatt hour (kWh)
CCly(l) 0.862 .
Solid materials Chemical
:I:Vc»od i ‘1),;3 Nuclear
omen ¢ Electrical
Gl 0.84 _
Gr:ﬁle 0.79 Light (solar)
Steel 0.45

Motion (kinetic)

*At 298 K (25°C).

(Cp) Body fat: In obese mice (fat content 52.76% body wt) the heat capacity is 3.66 kJ kg-1 K-1
and in lean mice (fat content 7.55% body wt) the heat capacity is 2.65 kJ kg-1 K-1

‘ Specific Heat Interactive Simulation ‘

Ichemi20/Flash Tfic_heal_s.html
[TF i i) P — S~ |
Specific Heat Capacity
Material Block Mass
The block is ready to be
Wood__KJ ©50g heated
10.0g
Tiritial Thinal
Flame Duration 20.0°C 200 °C

3 seconds

QUESTION

The specific heat capacity of a sample that
was claimed to be gold was determined. It
required 48.8 J to raise the temperature of
15 grams of sample 25°C. Is the sample
gold? (Use the value in the table on the
previous slide, 0.13 J/g°C, for comparison.)

A. YES
B. NO
C. Cannot determine from the data.

Substance Specific Heat
L JiC g
H,O 418
HO ., | 203

id heat to

PhET/states-of
-matter_en.jnlp

http://chemconnections.org/general/movies/HeatingCurves.swf

Temperature and Physical States

sS51Sg

Time: second
ST unit

http://chemconnections.org/general/movies/HeatingCurves.swf




Temperature and Physical States

sS5lS5g

http://chemconnections.org/general/movies/HeatingCurves.swf

Energy Diagram

Heat @ constant Pressure (Enthalpy) AH
sS5lS5g
H,0 () @ 25°C

AH = C, liq x mass x AT

Heat @ constant Pressure (Enthalpy) AH

sS5lS5g

H,0 (I) @ 25 °C

AH =C, liq x mass x AT

H AH=5.22kJ
O @0C — 4 6009 klimol
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HO ., 418 AH =254kJ
0. . Process Path  AH = AH,, +AH,q0, +AH,
Al 089
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QUESTIONSs

Answer either: A) endothermic, or: B) exothermic for
each of the following 5 changes of physical state.

. Fusion

. Vaporization

. Condensation
. Sublimation

. Liquid — Solid

B WN =

QUESTION

For each of the following 5 changes of physical state
answer either: A) endothermic, or: B) exothermic

1. Fusion

f— liquid

— solid




QUESTION

Answer either: A) endothermic, or: B) exothermic for
each of the following 5 changes of physical state.

2. Vaporization -

Liquid

QUESTION

Answer either: A) endothermic, or: B) exothermic for
each of the following 5 changes of physical state.

Gas
4. Sublimation ,M T
Solid
Heat of Reaction

The heat of any reaction can be calculated from
the heat(s) of formation of products minus
reactants.

AH,,° = anAH,"(products) - 2'n,AH,(reactants)

[}

ENDOTHERMIC EXOTHERMIC

hhhhh } /;"::\7?”“(‘ activated
Endothermic AH,,,°=(+) and Exothermic AH,,°=(-)

QUESTION

Answer either: A) endothermic, or: B) exothermic for
each of the following 5 changes of physical state.

3. Condensation o

Liquid

QUESTION

Answer either: A) endothermic, or: B) exothermic for
each of the following 5 changes of physical state.

5. Liquid — Solid

Heat of Reaction

ENDOTHERMIC

e L/ ““"\ S
'7/,' an
Endergonic AH,,,°=(+) and Exergonic AH,,,°=(-)




QUESTION

Reaction pathway
(True/False) The above energy diagram represents an
exothermic reaction.

A. TRUE
B. FALSE

QUESTION

Reaction pathway

The heat of reaction represented in the above energy
diagram is: and is .

. +200 kJ and is endothermic
. -200 kJ and is exothermic

. +50 kJ and is endothermic

. -50 kJ and is endothermic

. =150 kJ and is exothermic

moow>»

Endothermic Reactions
Photosynthesis

6CO, @t 6 HZO(,) +energy —> CzH,,04 ©* 6 Oz(g)

ENDOTHERMIC

]

Sunlight Carbon dioxide Water
from air from soil
https://www.youtube.com/watch?v=eaACSEXAjhA
AH_° = anAIJ/O(products) -2 n,AHfD(reactants)

rn

AH,.,° = (+) =+ 2800 kJ/mol CeH«’zOE (glucose or fructose)

rn

(Enthalpy AH)

Endothermic Reactions
(OH),8H,0(s) + 2NH,Cl(s) — 2NH;(g) + 10H,0(l) + BaCly(s)

http://chemconnections.org/general/movies/EndotermHMVID12.MOV
AH,

rxn

° = anAHfo(produL*ts) -2 }'erI‘I/Q(reactants)

AH,,° = (+) =+ ?kJ/mol

rxn

QUESTION

Determine the heat of reaction for the reaction from the
video. The respective total heats of formation for the
total mass (total moles) of reactants is -3973 kJ and the
total products is -3811 kJ. Also, identify if the reaction is
exothermic or endothermic.

Ba(OH),8H,0(s) + 2NH,Cl(s) — 2NHs(g) + 10H,0(l) + BaCly(s)

. 7784 kJ, endothermic
. -7784, exothermic

. 162 kJ, endothermic
. -162 kJ, endothermic
. 162 kJ, exothermic

mooOw>»

Exothermic Reactions

Fomiquid 0 Fine white

Fine powder Sobd ron dusty
1 (m:’ ) L)

[ 27 + Fe,0, e 2Fels) + ALO, |

seo B

AH,,° = - 14,455 kJ/mol

http://www.youtube.com/watch?v=rdCsbZf1_Ng




Exothermic Reactions

Combustion: Burning Carbon Compounds

Exothermic Reactions

Octane (Gas) Combustion Engine
CH,0, +(x+ y4-2) O, - xCO, + y/2 H,0 + energy

2 CgH gyt 25 Opg) —> 16 CO,,+18 H,0, + energy

EXOTHERMIC

AH,,° =- 5,075 kJ/mol

https://www.youtube.com/watch?v=UigjFAI2uWM

http://chemconnections.org/general/movies/4StrokeEngine_Ortho_3D_Small.gif

Hot Food: MRE’s Exothermic Reaction

Enough heat to raise the temperature of
8 ounces of food to 56°C (100°F).

Mg +2 Hy,0p— Mg(OH); (aq) + Hz (g) + energy.

Enough to raise the temperature of
e O N 8 ounces of food to 56°C (100°F).

e raon b

MREs: Exothermic

Reaction
To 56°C (100°F) from what temperature?

What is the room’s and your respective temperature?

Exothermic Reactions Calorimetry Interactive
Glycolysis: Food / eg. “Burning” Sugar —> energy How many kcal of energy (food Calories) do you get from eating (burning) 1
(Photosynthesis in Heverse) gram of 1 gram of sucrose?...... from 1 mole of sucrose?
m x Cp x AT = q (heat)
CsH1205 5+ 6 Oygy—> 6 CO, ) + 6 H,0, + energy
.o SUGARADDICTION: '\
W7 THE PERPETUAL CYCLE g M~ omemme o
1.YOU EAT
S

Plassy 2. 8L00D SUGAR
Lz LEVELS SPIKE

1000. g H,0 x 4.184 J/g°C x
(1.7°C) =
=+7110J

=+7110J +420 J°C x
(1.7°C)

JWOURkrxpH4

4.HUNGER &
CRAVINGS

g = -7800 J/ 0.500 g 501080
q =-15600 J / g querose
q=-156 kd/ G gucrose

-3.7 Cal /g (kcal /g gyer0se )
http://chemconnections.org/general/chem120/Flash/calorimetry_s.html

AH geaction = =15.6 K /9 gycrose X Molar Mass
AH gezgtion = -5340 kJ /MOl g0

3.BLOOD SUGAR
'LEVELS FALL RAPIDLY

.AI‘Ifo( reactants)

200°C—217°C

OG (glucose or fructose)

sucrose [342.3 g/mol]




Calorimetry Interactive

How many kcal of energy (food Calories) do you get from eating 1 gram of
lactose versus 1 gram of sucrose?

alorimetry Measuring Heats of Reaction mx Cp X AT = q (heat)

1000. g H,0 x 4.184 J/g°C x
(1.7°C) =

=+7110J
=+7110J +420 JF°C x
(1.7°C)

AHggaction = 7800 J
/0.500 g 4o
e e AHreacion = -15600 J/ G v
vessel s 420 4°C
200°C—21.7°C

http://chemconnections.org/general/chem120/Flash/calorimetry_s.html
AH Reaction = -15.6 kJ /g sucrose = -3.7 keal /Q sucrose

=-15.6 kI /8 jactose = 3.7 kel /g jyeqose

Calorimetry Interactive

How many kcal of energy (food Calories) do you get from eating 1 gram of
lactose versus 1 gram of sucrose?

m x Cp x AT = q (heat)

1000. g H,0 x 4.184 J/g°C x

(1.7°C) =
=+7100J
=+7100J +420J/°C x
(1.7°C)
sucrose lactose AHgcio0r = -7800 J
Reaction —
Ci2H204 Ci2H2044 10.500 g e

AHggagion = 15600 J / G e

http://chemconnections.org/general/chem120/Flash/calorimetry_s.html
AH Reaction = -15.6 kJ /g sucrose = -3.7 keal /g sucrose

=-15.6 K /8 ppotose = =37 keal /g pacrose

s I i,

e %300 %
sucrose lactose
Ci2Hz:0 Ci2Hz0y TNT
Trinitrotoluene
1 s
o) aM .{ )
per mole
CHN,0¢
v L]

AH Resction = —MZZTB g'mol'=-3,225 kJ /mol 1yt

TNT
Trinitrotoluene

4 + 21 @

4 C;HsN,O  + 21 04(9)

|

6 Ny(g) + 10 H,O (a) + 28 CO, () + energy




