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ENERGY
- thermodynamics: the study of energy transfer

Conservation of energy: Energy may change form, but the overall amount of energy
remains constant. "first |aw of thermodynamics'

- ... but what IS energy”?

- energy is the ability to do "work"

T

motion of maftter

Kinds of energy? maS

- Kinetic energy: energy of matter in motion FN <~ m v

L
o
velocity

- Potential energy: energy of matter that is being acted on by a field
of force (like gravity)
\_a

/ / / / When the ball falls, its

potential energy is converted
7 gravity to kinetic!




- What sort of energy concerns chemists? Energy that is absorbed or released during
chemical reactions.

- Energy can be stored in chemicals ... molecules and atoms.

INTERNAL ENERGY: "U"

/t related to the kinetic and potential energy of atoms,
molecules, and their component parts.

- We measure energy fransfer ... which is called HEAT. (HEAT is the flow of energy from
an area of higher temperature to an area of lower tfemperature)

Q’.\f\ﬁa{

SYSTEM: the object or material under study
SURROUNDINGS: everything else

Type of process Energy is ... Sign of Q Temp of SURROUNDINGS ...
ENDOTHERMIC fransferred from
SURROUNDINGS + decreases
to SYSTEM
fransferred from .
EXOTHERMIC SYSTEM 16 _ iINnCcreases

SURROUNDINGS
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This reaction is EXOTHERMIC. Energy is
fransferred from the reactants and
products (the SYSTEM) to the water in
the flask, the flask itself, etc. (the
SURROUNDINGS)

3 M NaCl ~ 10, ~U4p°C

m Ba(on), -8H0s) «ZNH M0 6) —PZNHy (g) 10 HLO() &(uoﬁ{m

'J; Nhyly | 15°C
C

This reaction is ENDOTHERMIC. Energy is
fransferred from the room/flask/etc.
(the SURROUNDINGS) to the reaction
itself (the SYSTEM).

N Hﬁ) [ HLG/
(3 U_U\JO})) 7_(.[»(1)) ] L0°C
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ENERGY UNITS

- calorie (cal): the amount of energy required to change the temperature of one gram of water by
one degree Celsius (or Kelvin)

. 5 lg 2 Il for water
A~ _____>/ (AN~
(o) (b}
O add one ] C
calorie of
energy

- Calories in food? The "Calorie" that is given on American food labels is actually
the kilocalorie (kcal)

- Joule (J): Sl unit for energy. It's defined based on the equation for kinetic energy.
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4184 J =1 cal

- the Joule is a small unit. For most reactions at lab scale,
we'll use kilojoules (kJ).



CALORIMETRY - measurement of heat

HL (Ml.} + NO\DH kwt)% H,LO Jf }\JQ(\UA%)

50. mL
50. mL 2.0 M NaOH
2.0 M HCI
The acid and base

solufions are mostly
water ... we'll assume o)
that the two solutions ] 7 C
are essentially pure
water for heat transfer

PUTPOSES.. / / / / /

Assuming that no heat is lost from the water to the surrounding air,
- Conservation of energy. The terms add to
Q. *Q.=° o
N - zero because they have opposite signs.

reaction water

Initial temperature of solutfions:

0
Final femperature of mixture: 2 5 ’ O C

... If we knew something about the WATER, we could use that to find the heat of
the REACTION!



SPECIFIC HEAT

- d measured quantity. The amount of energy required to change the tfemperature of one
gram of a particular substance by one degree Celsius.

- Specific heat information for common substances is readily available. For water,

Hlgu .~ .00 &=
\C)UL -_— SDL

(2 = mx $xAT

M = MaAss This is ALWAYS final temp minus
s = specific heat /iniTiCﬂ tfemp!
AT = Tfinal - Tinitial | <

- For objects, like reaction vessels, you might know the HEAT CAPACITY, which is the
amount of energy required to change the temperature of an object by one degree Celsius

UY\,\\—S . 3/ or C&v\/
°C °C

Q = C Y AT

Cc = heat capacity




’ H(_\ (o“l.\ +- N;,\DH kwt)% H'LO (0) t MD«C\[{ML)

50. mL
50. mL 2.0 M NaOH
2.0 M HCI
Density of aqueous solutions is about

The acid and bsae 1.0 g/mL
solutions are mostly N
water ... we'll assume [ s } : 7 °
that the two solutions Initial femperature of solutions: C

a/roeérsiiﬂz'g;%fsfer / / // Final temperature of mixture: 35-006
PUIPOSES. 0 +5D
B £ Q=0 Q= Mo S ¥ ATy (100.4) (418475 ) (350°C-10°C)
Quw = SSEH.IL S
O < $$64.27L3 =0, Q= —SSEY,9L)

To report the energy change in this reaction to others, we should express it in terms
of heat transfer per mole of something. A different amount of reactant would
have a different Q

V“U\H(, * D.0SOL N 1.0n 1] = 0D mut HC Q/eo’rofreoc’rion"
|’ -
@W __Sgétlujld:‘*géoooz T.“Sé,l(—:—'

Reyn = mileS WL~ O D mot A Mo\ mo



One problem ...

PATH. The amount of energy required for a process depends on how the process is carried
ouft,

Example: Driving from Florence to Columbia. How much energy is required? (gas)

Jeep Cherokee (15 mpg) vs Toyota Prius (43 mpg). The Jeep will use
much more fuel than the Prius even though they start and end at

the same place. So the fuel usage is what we call a PATH FUNCTION,
while the location is a STATE FUNCTION.

- 50 the heat of reaction depends on how the reaction is done.

- we need (for reporting) some kind of standard condition. At constant pressure, we
can define a state function called ENTHALPY (H)

H=U+PV
A )"\ = ®\ Cuackual (1 reCeure

... we record the "enthalpy change of reaction” in our data books.

DH«

SINCE the enthalpy change does NOT depend on path, this means that we can use standard values
for enthalpy to predict the heat change in reactions that we have not tested in a calorimeter.



THERMOCHEMICAL EQUATIONS

- are like regular chemical equations, except that phase labels are REQUIRED and the
enthalpy for the reaction is given.

(U CO LAY (D) + 4o () —> 3 (0, ()« 3HL000) s AR =—1%00 kT

- Why are phase labels required? Because phase changes either absorb or
release energy.

AH= -1€00 k3 .. what does this mean?

D o = —\E0d kT We treat the enthalpy
Ll CHeC (H3 change as if it's
Yol 09 = —\§0I KD another product of
n

the reaction!
Upol COq = — 00 KT

VU wo\ HaO = —\§0d KT

A few more terms related to enthalpy:

- Enthalpy of vaporization / heat of vaporization: The enthalpy change on vaporizihg one mole of a
substance. (from liquid to vapor)

- Enthalpy of fusion / heat of fusion: The enthalpy change when a mole of liquid changes to the solid
state.



(U CO R () Yoo () —> 3 (0, ()« 3HL000) A =—1%00 kT

What would be the enthapy change when 25 g of water are produced by the reaction?

1 - Convert 25 g water to moles using FORMULA WEIGHT.
2 - Convert moles water to ENTHALPY CHANGE using THERMOCHEMICAL EQUATION

Hg02 12,016 o Hyd ¥ mol HeD ‘ Amel H70 = —1Q00 3

\ H, D — Qo0 ¥3
7S¢ My d yx 0 :~83c>1(3l
g Ly x 1<g,c>1c,3Hle3m\ ) f

This is an EXOTHERMIC reaction. Energy is fransferred out of the system (the reaction) and
to the surroundings. Not that surprising if you realize that this is a COMBUSTION reaction!

-830 kJ is also equal to the HEAT (Q), provided we burn the acetone at constant
pressure!



FORMATION REACTIONS

- A reaction that forms exactly one mole of the specified substance from its elements at their
STANDARD STATE at 25C and 1 atm pressure.

COZ(O)1 C(S,grapkl—"g) - O'L(‘j> —7 CO'L(S) ;AH -:_,_‘30,3/’5 }‘j

o
/ heat of formation of carbon dioxide AH,. eor AMH )
...also called "enthalpy of formation’ t

\ . . _
COCg)~ (s, qrephibe) = _{OL(Q)"% o) s Avz—1.S ]

—_—
—

you may see fractional coefficients in these
formation reactions, because you MUST form
exactly one mole of the product!

- The heat of formation for an element in its standard state at 25C and 1 atm is ZERO.

/XH(’(.,O’L(ﬁ) < O A’J/mo|

- What are formation reactions good for?

... finding enthalpies for more interesting reactions!
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Let's say we would like to find the enthalpy of reaction for this equation: FPW‘

. P -
LCoHoly) £+ 50,(a) — 4 (0, (q) t2LH0(g); AWz Eefrj
Hess' Law: If you add two reacftions to get a new reaction, their enthalpies also add. y.

(ar 2C ) + Holy) — Celgly) DH =107
COq 1 C ) + O'L(U) — Cot(s) AU =~ -393.S

. ( T 24
e Hp(y) + 5 000g) T H00g) OH J
Colg by ) — 2 () tH ( DH = ~176.7
CLH’L("j ) — (ZC () T H (3) DH < -126.7
C () - 0'2_(3) — COL(S) AH = -=393.S
C ) + 01_(3) — COLKS) A4 = ~393.S
ey * Ouly)  — (0¢ () Al = —393.S
C ey + Oly) — CO'L(S) AH = ~393.5
\
H < 04 ( —> My O (a)
LA O q) 20 (4 T
’L(‘_’\) v 300g) — M40 (.33 AHz: ~241 .5

LLHL(g) « SOl —7 Yo lg)+ LH0(0)

AH=2L(-116.7)FH (=393 5) +2(~241.5) =F251 kT |
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Hess' Law using enthalpy of formation:

A H § /A H? produtkg ~ EAY[ L rc.u(,lfwxlr'g

10677 ~3G5.€ —24(.%
1.C, H (9)*-50 (4) — 4 (0, c ) t1H0(q) 5 AW=

INBEIC (-39%,5 )« 2(-24t, 'g)l Yl(’Ll@?)fS(O}l

2-181| k3

* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

- Enthalpy of formation of an element at ifs

See Appendix C in the standard state is zero

textbook for enthalpy - Watch phase labels. You will usually find
of formation data: SEVERAL enthalpies of formation for a given
P A-8fo A-T1 substance in different phases!

- For ionic substances in solution, remember that
they exist as free ions, so look up the agueous
IONS!
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Example problems: FORMULA WEIGHTS in g/mol
1,616 3200 1%.00 in purple
LHL(g) ~ Oy (3) —> 2H0 () ) AH=-H¥H k3

Calculate the enthalpy change for the combustion of 1.00 kg of hydrogen gas.

1 - Convert 1.00 kg of hydrogen gas to moles using FORMULA WEIGHT
2 - Convert moles hydrogen gas to enthalpy change using THERMOCHEMICAL EQUATION

2.0l g Hy = molHy | o) Hy = —HSHKT | kg =107

\O3 ~
”\U\ Ha ﬁLl%L,M(j—-—l']_OOOO )

kj 1 016 ¢ Ha " Limol Hy po¢ l(j Ho

00113 H'L*




UnUg(q) 50401g) —> HNO(g) + 6H0(9) 5 AH= ~906 kT

What is the enthalpy change when 180. L of nitrogen monoxide are formed by this
reaction at 256.0 C and 1.50 atm pressure?

1 - Convert 1560. L of NO to moles using IDEAL GAS EQUATION
2 - Convert mol NO to enthalpy change using THERMOCHEMICAL EQUATION

O PV=ulT| P2 l,50atem V=150 L
Y\l% R= 0. ogw(jm Qe 1 18,0°C= 298K
/U' Q SO é\‘l'(h OSO L-\ H9J|C/I/|€ll 8["[9”\0] /\/O

0. 0gL06E== N 29¢. ZK}

U mol NO=-906 K3

-904L K
91946212 549 mol NO HC’ fl =206 ko)




3U.056g Ime Heat of formation / enthalpy of formation! _ o _
~20.5D 0 ~2¢s5 .0 296, | AHp &3/ mo)
LHS(g) + 304.(g) —> 2H0(0) + 25Dy g) (Aopendix f)

What is the enthalpy change at standard conditions when 25.0 grams of

hydrogen sulfide gas is reacted?
1 - Calculate the enthalpy change for the reaction AS WRITTEN with HESS'S LAW

2 - Convert 25.0 grams hydrogen sulfide to moles using FORMULA WEIGHT.
3 - Convert moles hydrogen sulfide to enthalpy change using THERMOCHEMICAL EQUATION.

AH "“‘iAH%f (Ju"u}vc,J'g B %AHCE— | l‘&!n{,J'ﬂmi'g
< [1(-15.9)x 2eas.0) J-[al-os) <300 ]

~ Y. KD @

So the TH‘_ERHI\/IOCHEI\/IICAL EQUATION is ... -
LHS(g)x 30,.(g) —> 2H0(0) + 2 S0 Lg) s oH=~1124.2 4D

16

20866 WS = mol oS | 2mel Hy S 1L kT

\ Vho\ H"LS ”"'H’Z—LI-(L }’(j-: L
’LS.Oﬁthu[.O%g%S*lM S L Y

@ ®




" CaMe(g) *50, 1) = 3C0q(q) tHHOg) jAH= 2043 3

Calculate the volume of propane gas at 25.0 C and 1.08 atm required to provide 565 kJ of
heat using the reaction above. Profane- C;v,l"\q

1 - Convert the energy requirement to moles propane using THERMOCHEMICAL EQUATION
2 - Convert moles propane to volume using IDEAL GAS EQUATION

m - — C ~= Snce the reaction is the SYSTEM here, the energy
0\ C L H % 0 | 3 L( J requirement has a NEGATIVE sign (it's LOSING, or

_ mol (o H providing) the energy...
TS6S WS x 278 = 0.276S5UD 8] mel (4 My
-10Y% [y

— - —- L,_-a\]rrh
PV=wQRT | Patofatm RZ 0.0%8206==2
\ - n (T T-715.0% ~29%. Ll

Ul s 0.27655U0 89 mul (4 H¢

 « (0:2765540 67 oo Cone Y(0-0%206522 ) (1.94.2 1)
) (\,O%cﬁ\'m)
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