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0 Tube Search

https://www.youtube.com/watch?v=RfzYI7LI5Ug

Heat of Reaction & Heat Exchange
Exo- and Endo- thermic Reactions
(Exergonic and Endergonic)

reactant(s) ——s product(s)

Two types of thermochemical

reactions:

8 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.

Temperature vs.
Energy (Heat)

Temperature relates to the random motion of
particles. If motion ceases, then in theory
absolute zero (0 Kelvin) is possible.

8 Heat of reaction involves transfer of energy
due to the different energies of reactants and
products. Temperature is not energy, but it
relates to an energy state.

HOT (higher energy)— cold (lower energy)

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




Substance

Elements J/(g . K)
Aluminum, Al 0.900 or
Graphite, C 0.711
Iron, Fe 0.450 .
Copper, Cu 0.387 J/(mOI K)
Gold, Au 0.129
Compounds
cvlr;mo?‘la,o:’)ﬂs(l) 410, Energy :

fater, b N
Ethyl ag::t‘)r;ol, as joule (J)
Ethylene g‘u)ycol, é cglone (g)

(CH,OH), (1) 242 kilocalorie (C)

tetrachloride, Kilowatt hour (kWh)

CCly(l) 0.862 . ’
Solid materials Light (radiant)
Wood 1.76 Motion (kinetic)
Cement 0.88 i
Glass 084 Electn_cal
Granite 0.79 Chemical
-steel 0.45 Nuclear energy

29 KO Gravitational

(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.

Cp UNITS:

‘ Specific Heat Interactive Simulation
i Ich 120/Flash. P it _hnnk_ html

P e -0/ ]
Specific Heat Capacity Description
Material Block Mass
The block s ready to be
©50g heated
©10.0g
Tt T,
o initial final
Flame Duration 20,0 °C 20.0 °C
<JERCIC]
3 seconds
| Hoat |
| Reset_|

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.

Answer

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 previous table,
0.13 J/g°C, for comparison.)

A.YES  0.13J/g°C =48.8 /15 grams 25°C
B. NO

C. Cannot determine from the data.

Surroundings Surroundings
System System
Heat Heat
AH >0 AH <0
Endothermic Exothermic

Human obesity (BMI >30) is associated with increased heat production; however, subcutaneous adipose
tissue (fat) provides an insulating layer that impedes heat loss. This can be an advantage or a disadvantage
depending on the surroundings. 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 our body,
and to or from the surroundings

I
NOAA national weather service: heat index Ty core
temperature (*F) body
808284 86 68 90 92 %4 96 98 100102104 106108110 tempprature

40 808183 85 83 91 94 97 101105 10874 118 24 Nl N
45 8082 84 87 89 93 96 100 104109 114 119 124 IR drops to below

50 8183 85 86 91 95 99 103 108 113 116 124 N NI 35°C|(95°F),

55 8184 86 89 93 97 101106 112 117 ¥

60 8284 88 91 95 100 105 110 116 1 you gre .
Relative 65 6285 89 93 98 103 {108 114 12 ‘hypothermic’,
Hu(v;:lry 70 8386 90 @ 31°C (88°F)

75 8488 92 97 10 109 116 124
80 8489 94 100106 113 121 I comatose,
85 8590 96 102110 147 @ 26{28°C
90 8591 98 108113 122

(79-8R°F)

95 8693 100 108 117
100 67 95 103 12 121 1| arrhythmia and
deatt




Thermoregulation: heat transfer to or from our body,
and to or from the surroundings
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/coobod. htmi#c1

Heat Exchange

Direction of arrows denoles direction of heat transfer

If your core

o Snomvat body
I m o ﬂm.w temperature
‘o ¥ /) &€ _ " drops to below
D 4 35°C (95°F),
you are
‘hypothermic’,
31°C (88°F)
108 gas and heat p comatose,
e 26-28°C
(79-82°F) in
arrhythmia and
finally death

radiation, conduction, convection, evaporation

FASEB

(~37°C)

Prostaglandines
Cytokines etc. ©

Controller in CNS

Heat Formation

Heat Absorption
Heat Dissipation
Heat Resistance

o, Disturbance [~ Heat Formation
Variables | Ambient Temperature

Actual

Value Controlled System:

Internal Body Core

Controlled Variable:
Core Body Temperature

FASEB J.
Moo 1 April 2009
| Oisturbance Feedoward Conrol  596.2

The relative heat capacity (Cp) of an obese person (BMI >30) is higher than that
of a lean person. It has a pronounced effect on thermoregulation and cooling of
the body.
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Abdominal (left) and right-hand (right) thermograms of an obese female (A) and a normal
-weight female (B).
A Obese

°c
36

David M Savastano et al. Am J Clin Nutr 2009;90:1124-1131

Increased heat production is associated with obesity; however, subcutaneous adipose tissue provides an
insulating layer particularly around the abdomen, which impedes heat loss. To regulate body temperature,
obese individuals must increase their heat dissipation, one way is through their hands.

©2009 by American Society for Nutrion

Two General Types of Energy

] Potential: due to an object’s position
or material’s composition - which can
be converted to work

] Kinetic: due to motion of an object

8 KE =/2mv?
8 (m = mass, v = velocity)

10 - @

21 , [~ Daily solar energy falling on Earth H
107 | Energy of a strong ND x Heat is energy.
10‘9 JA earthquake ha | Ll

15, Daily electrical output of Hoover Dam
10 " J 11000 tons of
10'2 g coal burned -

10° 4 41 ton of TNT exploded
| /-1 kilowatt-hour of
108 J.-\_electrlcal energy
Heat released from >

How many
different other
types of energy
are included in

10% J{ combustion of 1 mol glucose the graphic?

100 J 41 calorie (4.184 J) kg . m? . - .
107 4 ']—?—N'III—PH-XH—\\-5_(-\
1076 J+
10 J 1~ Heat absorbed during division of one bacterial cell .UNITS"

1072 g 4 Energy from fission of one *°U atom joule (J)
1075 J ’ calorie (c)

1018 4] Q kilocalorie (C)
102 g} Average kinetic energy of a molecule in air at 300 K Kilowatt hour
(kWh)

Substance

H,0

HO | 203

100° =|

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

sS55Il Sg

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

Heat @ constant Pressure (Enthalpy) AH

sS51Sg

H,0 () @ 25°C
AH =C, liq x mass x AT
H AH=?kJ
o
H,0() @0°C AHyg, = 6.009 kJ/mol
o
- HQO (S) @0 AHQuslon =?kJ
Substance | Specific Heat H,0 (s) @-25°C AH =C, ice x mass x AT
WO, | 4is AH=7?kJ

HO, | 203

Process Path  AH = AH,, +AH,q0, +AH;q
If 50.0 g of ice @ -25 °C warms

Heat @ constant Pressure (Enthalpy) AH

sS51Sg

H,0 (1) @ 25°C

AH = C, liq x mass x AT
H AH=5.22kJ

H,0 () @ 0°C

AHygi0n = 6.009 kJ/mol
o
o@eore AHyygi0n = 16.69 kJ

AH =C, ice x mass x AT
AH =254 kJ
Process Path  AH = AH,, +AH,g00 +AH,q
If 50.0 g of ice @ -25 °C warms 5
to 25 °C what is AH of the AH =1
process? AH =24.45kJ

Substance | Specific Heat

H, O (s) @- 25 °C

HO | 418

HO, | 203

to 25°C whatis AHof the ~ AH=7?
process? AH =7 kJ
AH =J or kJ AHdeposit\on= (')
cal or kecal
AHgongensation= () AHggjification= ()
50 50g 508
H,0 (1) 0 () H0 ()
100°C 25°C fp. ks
°C
& cooling « coolina
E _ll heating l Il heafing
<EO) 5 [l ; < »
- b.p. e m.p. =
., °C @ ., °C @ .
AHvaporizatlon= (+) AHlus\0n= (+)

AHgpimation= (+)

QUESTION

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

Answer

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

1. Fusion A) endothermic
AHjgon= (+)

QUESTION

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

2. Vaporization

Answer

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

2. Vaporization A) endothermic
AH

vaponzation= (+)

QUESTION

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

3. Condensation

Answer

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

3. Condensation B) exothermic

AH¢ongensation= ()




QUESTION

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

4. Sublimation

Answer

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

4. Sublimation

A) endothermic

AHva\porizaﬁon= (+)

AHjgon= (+)

AHg piimation= (+)

QUESTION

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

5. Liquid — Solid

Answer

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

5. Liquid — Solid B) exothermic

AHgjigitcation= ()

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,,°=(-)

Heat of Reaction

ENDOTHERMIC

reacton pathway

Endergonic AH

BT N

o an

pys—

xn

°=(+) and Exergonic AH°=(-)

xn




QUESTION

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

A. TRUE
B. FALSE

Answer

250
200
PE
(k) 150
100

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>»

Answer

250
200
PE
(k) 150
100

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)

Plants need Emonm:

. C— ]
- pote] B | VR
, oo T= I

]

Sunlight Carbon dioxide Water
from air from soil

https:/iwww.youtube.com/watch?v=yHVhM-pLRXk
AH,

rn

° = anAIJ/O(products) -2 n,AI‘IfD(reactants)

AH,_° = (+) =+ 2800 kJ/mol CzH,,04 (glucose or fructose)
n 6' '12~6

https://www.youtube.com/watch?v=cOJ3MUpDrfl&index=2&list=PLE7B4FAD0O8F 1EBCE2

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

http://chemconnections.org/general/movies/EndotermHMVID12.MOV
AHm,o = anAHfo(produuts) -2 n,AI‘I/O(reactants)

° = (+) =+ kl/mol




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>»

Answer

Determine the heat of reaction for the following reaction.
The respective total heats of formation for the 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,CI(s) — 2NHs(g) + 10H,0(l) + BaCly(s)

. 7784 kJ, endothermic
. -7784, exothermic

. 162 kJ, endothermic

. -162 kJ, endothermic
. 162 kJ, exothermic

moow>»

AHm,o = anAHfo(produL*ts) -2 rl,Al‘Ifg(reactants)

AH,,° =-3811 kI —(-3973 kJ) =+ 162 kI/mol

Exothermic Reactions

Glycolysis: Food / eg. “Burning” Sugar —> energy
(Photosynthesis in Reverse)

CsH1205 5+ 6 Opgy—> 6 CO, ) + 6 H,0, + energy

_w SUGAR ADDICTION: ’S
W\ THE PERPETUAL CYCLE I

EXOTHERMIC

https://www.youtube.com/watch?v=EfGlznwfu9U

AH,m° = anAIJ/O(products) -2 n,AI‘IfD(reactants)

AH,m° = (-) =- 2800 kJ/mol CSH1206 (glucose or fructose)

Calorimetry (Interactive)

How much exercise do you need to burn 1 gram of sucrose?

Calorimetry Measuring Heats of Reaction S mxCpxAT=q
e e 1000. g H,0 x 4.184 J/g°C
Suose |} Lo . L x(1.7°C) =
| \ebe/ / =+7100J
5 1 =+7100J +420J
: L'_| AHggaction = 7520 J
oy /0.5009.....
=l AHggaction = -15040J/ g
ool 42057

200°C—217°C
http://chemconnections.org/general/chem120/Flash/calorimetry_s.html

AH geaction = =15 KJ 19 gierose = 3.4 KCal /9 qyorose

Exothermlc Reactions

bauid o Fine white
Fine nm "eandon dusty
powder (Rust) ‘Spheres w-d-

1 L} 4
| 2A| > Fe203 2Fe(s) + A|203

AH,,,° = - 14,455 kJ/mol
http://www.youtube.com/watch?v=rdCsbZf1_Ng

Exothermic Reactions
Combustion: Burning Carbon Compounds

CH,O, +(x+ y/4-2) 0, — xCO, + y/2H,0 +energy

EXOTHERMIC

Lﬂz@s y g

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




Exothermic Reactions

Octane (Gas) Combustion Engine

2 CgH gt 25 Oy) —> 16 CO,+18 H,0,) + energy

AH,,° =- 5,075 kJ/mol

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).

Mgy +2 H,0p— Mg(OH), (a) + Ha (g) + energy:

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

MREs: Exothermic

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

What is the room’s and your respective temperature?




