" One problem ...

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

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

2000 Jeep Cherokee vs 2008 Toyota Prius. The Jeep will use much more

fuel than the Prius even though they start and end from exactly 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 condifion. At constant pressure, we
can define a state function called ENTHALPY (H)

H=U+PV
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... we record the "enthalpy change of reaction” in our data books.

AH



“*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

- is like a regular chemical equation, except that phase labels are REQUIRED and the

enthalpy for the reaction is given along with the equation.

CHq (O LRy £+ qDL(:D —> 3 COL(g\«— 3H,00¢) AU =—1%00 kT

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

release energy.

NH= -1€00 k3 ... what does this mean?

L wi\ CHgCOCH; = — 1§00 kD
Yyl O7 = —\§0Y kD

Upol COq = —\§00 KT

?) o\ H'),O = ——\%Ud K

We freat the enthalpy
change as if it's
another product of
the reaction!
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(Mo (0 Lty (1) + MO g) — 30, (o)« 3H000) 5 AR ==1%00 kT
What would be the enthapy change when 25 g of water are produced by the reaction?

1 - Convert 25 g water fo moles using formula weight.
2 - Convert moles water to enthalpy change using THERMOchemical equation.

16,0V g 10 2 mol Moo | nel Uy = — 1800 kT

s\ Hq0 - 3
28.0gUy0 v 22 L y 1600 k3 :J_%3O vl
\%,Ukbgww Ymel O |
This reaction is EXOTHERMIC: Energy is released This also equals &, provided
from the reaction mixture to the surroundings. the pressure is constant.

(True for all combustions...)

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 tfo vapor)

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

/T\\ Phase changes require energy, foo!



" 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(S)ﬁ C(S,yn\pk”’g) -+ O'L(‘]> —’—’7‘ (,01(93 ;AH -‘-_,.30’3/’5 L_’j

Zhec;’r of formation of carbon dioxide AH or M \
”Qn\'ky\ My o(\ cv!‘n,\(,. boon "
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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.

AH?,OL(Q) < I"/J/mo|

- What are formation reactions good for?

.. finding enthalpies for more interesting reactions!



161 Let's say we would like to find the enthalpy of reaction for this equation: Ff‘om

. P -
LCo Holy) +50,(a) — 4 (0, (q) t2H20(q); AWz ﬁ:—efrf
Hess' Law: If you add two reactions fo get a new reaction, their enthalpies also add. y.

Gt LC) +  Hily) —> CaMely )  DH =107
COq 1 LCQ <+ 01(3) — COL(s) AU = ~-393.S

: l W 241
e H1(y) + 5 00lg) 7 H0Cg) DK s
Colg by ) —> L Co) F|Hy( OH = =167
CLHLL3> — (Z_CLS) +|H (3) DH <= =-126-7
Cepy * Ouly) = (00 (y) A4 = =3935
(_CSB - O'L(j) — COL(&) AW = =393.S
ey * Ouly)  — (00 () AW = —=393.5
C ) + O'L(g) — COL(S) AU = ~393.S
\
H = 0, ( — My O (a)
1)+ > q) 20 (4 T
1(q)|x 3 010g) — My.0 (4) DH: —241 3

LLHL(g) « S0 lg) —7 Yo lg)+ LH0(0)

AH=7(0-21(.7) FH(=-393-s) +2(-24.5) =23 kT




2 Hess' Law using enthalpy of formation:

AH < ;AHQ‘GNMV& - E/NL,MLHAFS
AW = (L{an.s) « 1(’1“‘"%3>'“ (2(2ua) «S (o))

C 0 (Y, 0,

02
=280 LS [

* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

- Enthalpy of formation of an element at ifs
standard state is zero

See Appendix C in the

textbook for enthalpy - Watch phase labels. You will usually find
of formation dafa: SEVERAL enthalpies of formation for a given
P A-8to A-11 substance in different phases!

- For ionic substances in solution, remember that
they exist as free ions, so look up the agueous
IONS!




1 Example problems: FORMULA WEIGHTS in g/mol
1,616 3100 1%.00_ in purple
LHL(g) ~ Oy (3) —> 2H0 () j 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.

L.olbg iy =wol Ho | 9 v g = 4 &H |eF }\/3 > Io:é’

102 - _ _
)100 lr\f:j HZ X 9 \ mol Hq Y& |3 ~-\0 0006 k)

* -
K L.016 g, Lwmst (o per kg Hy,
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DHUOo (1) * O lg) —5> L (0, 4) + LALO {e)

If 50.3 kd of heat was released when 5.48 g of formic acid are burned at
constant pressure, then what is the enthalpy change of this reaction per

i id?
mole of formic acid” Q ¢omiher prefs v

QT. - SO.‘S Lf’j ). QH = o \ H,(,H,O(L

Find moles formic acid: Y. 0L6 2 W{ l'w?, = vl H( HOq

So

/AH~‘"S[9..3V—S =472 WY

- o

O MIOELLEL mel (U0, imel H{HO,

Based on the calculation above, can we complete this thermochemical equation?
LHCHoL (1) * Oy (g) —F L L0 L) + L0 (1) DH = = BHY T

In the calorimetry experment, we found the enthalpy change PER MOLE of formic acid,
while the thermmochemical equation is written per TWO moles of formic acid. So, we
need to double the enthalpy change here ...
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What is the enthalpy change when 150. L of nitrogen monoxide are formed by this
reaction at 25.0 C and 1.50 atm pressure?

1 - Convert 150. L of NO tfo moles using ideal gas equation.
2 - Convert moles NO to enthalpy change using thermochemical equation.

DO PV=nRT [ P=,S0utm Rz 6,056 22
mol +
nN= PV |y = \Se,L

— T-1C 0% = v94.2
iy
m , - (\,SD WFM)(\SO'\’) :c‘;'}qq(g'}/j/%"f,?mﬂ NO
i QO.D Lok LF&ML/)(ZQ%'Z\\O

Homel MO ==906W]

=906 W3]
H mel MO

—2Log0O W3

\J

() 9.194%LLE1 Fmel NO x
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3HU.0%6y mol Heo’r of formation / enthalpy of formation! _
—'),o SO -18S ¢ -296,% _J AH ; l(J/mo

3)"? 3 01(9) — ZH’LO(Q) '\'2501(93 (Anpﬁ’ndm ()

Who’r is the enthalpy change at standard conditions when 25.0 grams of
hydrogen sulfide gas is reacted?

1 - Calculate the enthalpy change of the reaction as written using HEATS OF FORMATION
2 - Convert 25.0 g of hydrogen sulfide to moles using formula weight.
3 - Convert moles hydrogen sulfide to enthalpy change using THERMOCHEMICAL equation.

AH = inP orobvd éBMF,rcmHJg
© = EL (~es.g) =< L{-29¢. {;)} t’l[ 109,50) JcSLo)] RPN

Complete the thermochemical equation:

LHLS(g) + 304 (g) — 2H0(Q) ¥ LSDy (g) 5 Bz —1124.2 4T
DU 0Ghg oS = mel W2l | Longl WS-V 242 (T

ol W2 -l L kg
25041y S ——— = - |’z,w3/
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