“"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.

CUy CO LAy )+ 4o L) —> 3 (0, ()« 3HL000) A =—1%00 kT

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

release energy.

A H= -1€00 kJ .. what does this mean?

A wi\ CHgCOCH; = —\609 KD
Y ol Og9 = —\§0Y kI

Upul COq = —\§0I KT

VU wmo\ M0 = —\§0d KT

We freat the enthalpy
change as if it's
another product of
the reaction!



1

(Mo (0 CHy (0) + 4o (g = ) (0, (g)+ 3H000) ;A =—=1%00 kT
What would be the enthapy change when 25 g of water are produced by the reaction?

1 - Convert mass of water to moles using the formula weight.
2 - Convert moles of water to enthalpy change using thermochemical equation

1006 10 = mol O | 2 ol HyO = ~ 1600 KT

| KO ~\%00 K
gl H e * =[~%20 kI
> 5 'LOX \‘GfO((oﬂH'LO A mol H'LO © j

This reaction is EXOTHERMIC! Energy is CT“'S equals Q, o '0?9 as
released from the reaction to the pressure 15 constan
surroundings. (True for all combustion reactions!)

A few more terms related to enthalpy:

- Enthalpy of vaporization / heat of vaporization: The enthalpy change on vaporizing one mole of a
substance. (from liquid fo 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, 100!



" FORMATION REACTIONS

- A reaction that forms exactly one mole of the specified substance from its elements at their
STANDARD STATE at 256C and 1 atm pressure.

C‘OZ f)) C,(S 9rapk|}'¢) -~ O (9) —] (,01(9) AH 1 =235 B/S L)

Zhec::’r of formation of carbon dioxide AH or AW )
Tenbing) 0y o(\ ("thar,. Fion "

—_—
—

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 sftandard state at 25C and 1 atm is ZERO.

AHOQ.,OL(g) < O A’J/mo|

- What are formation reactions good for?

.. finding enthalpies for more interesting reactions!



18 |et's say we would like to find the enthalpy of reaction for this equation: >
LCy Holy) + 50,(a) — 4 (0, (q) t2H20(q); AWz ]
Hess' Law: If you add fwo reactions fo get a new reaction, their enthalpies also add.

My 2+ Holy) — Calgly) DM =110.7
C 0y Cey « Oply) —> C0uly) DW= -393.5

: l W 241,
e H(y) + 5 00lg) T M 0Cg) OH s
Cole by ) — 2 () T|H( DH = <1167
Caly Ly ) —> L C o THLy) DH = -110-7
C () 0?.(3) — Cot(s) AU = ~393.S
(_ ()~ 0'2__(3) — COL(&) Al = ~393.S
ey * Ouly) = (00 (y) AW = —393.5S
Ce) + Oly) — CO'L(S) AW = ~393.S
\
H = 0, ( — My O (a)
BN 01 9) 20 (g e
10q)|x 32 010g)  — MO (g)  pue —2a0 g

LLHL(g) « SO lg) —7 Yo lg)+ LH0(0)

AH=2(-226.7) ¥ (=393 5) +2(-241,5) =P2S1 kT




1w Hess' Law using enfthalpy of formation:

A Ho< g AN F\( orvduky EAH L mucl'wxlrg

Cz“L

DH = (H("39§.S)‘<'L(“U‘III?) ) <'L(”“HS(°3

—L3 I ND

S
-~

* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

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

See Appendix C in the

textobook for enthalpy - Watch phase labels. You will usually find
of formation dafa: SEVERAL enthalpies of formation for a given
P A-8t0 A-T1 substance in different phases!

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




160 Exgmp|e prob|em5; FORMULA WEIGHTS in g/mol
1,616 3200 1%.00_ in purple
LHL(g)~ Oy (g) —> 2H0(g) | AH=—H% k3T

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

1 - Convert the 1.00 kg of hydrogen to moles (convert to grams, then use formula weight)
2 - Convert the moles hydrogen to enthalpy change using thermochemical equation

')..vno\ H«L_— "‘Ll.(él'{ “(j

%..0LlG 2 Hi = mol Ho ] IP(j ~ \D%J

o 5 444 K
1,00 k0 K J (™ ~HEH XS -;[fn?poao lea Y
5 MR Rj .06 o Ha b Lol He D ety Mo




“ FW: yp,oLb 31,00 4y, ol 1%.¢2,
LHUOy ) + O L) — L0, (5) + LHLO (1)

If 50.3 kJ of heat was released when 5.48 g of formic acid are burned af
constant pressure, then what is the enthalpy change of this reaction per
mole of formic acid? Q

Q=-503KkT AH-=

mal HCHOL
Find moles formic acid:
S,"LC( H('HO&X = 0. UFDET wel \ _
f] L{(D-Olég HCHUZ
NE Q _ —$0.3 lJ ~l—y22 van)]
mﬁ"HCHOL O.l[?OéS‘mo‘u HLHO’L yrol H (MO

Based on the calculation above, can we complete this thermmochemical equation?
LHCHOL (1) + Oy lg) —5 L €05 + L0 (1) D= —FHY T

We calculated the heat PER MOLE OF FORMIC ACID. This equation is based on the
combusion of TWO MOLES of formic acid, so we must double the value.



“ Livig (g) = 501(3) —> Hvo () + 6H2L0 (4) ; AH= ~906 kT
What is the enthalpy change when 150. L of nifrogen monoxide are formed by this
reaction at 25.0 C and 1.50 atm pressure?

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

Lok

P\f-. ~RT P- l'goa{—m R = ©,0%L06 Y
ﬁﬁ"\ \J = |50.u
RT Tz LS.0°C=2%%.LK

@V\No‘_‘ (l-SOat'm)(lso.L.) = 9. 19agL mel VO

o F
(0.0%206 =227 9§ .2 K)

@ Hmel NO= — 906 k3

G AG6Lma MOy 10O KS g 560 k5 = AF
H mel MO




P 3U.0%6g fmel Heo’r of formation / enthalpy of formation! —

-0, S'() ~28S ¢ -296,% J IAHg ; lrS/Vno\
LHS(g) 3olc9) —> 2W0(0) + 2S04 (g)

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

1 - Find the enthalpy of this reaction with Hess's Law. Use enthalpies of formation.
(See Appendix C, p A-8)

2 - Convert 25.0 g of hydrogen sulfide to moles using formula weight.

3 - Convert moles hydrogen sulfide to enthalpy using thermochemical equation.

@ &H - Z AH?!prwxvoR T g AHU

f enchnabs
= I:’L (_”LC{Q ,‘Z] +'L(—'J.9L;‘Z)]~E’1(_—Zo.so}+3 fO}] = —124.,LK]

... for the reaction as written!

Thermochemical equation:

Q—-H'l )"V 301(9) )ZHLO(Q)'\_250169);&}’?1—”1"fﬂ—k3—

34.06bg 1152 mal S | Lol Heo§ = ~124.1 K3

mal M2, S —1124.24J
" <[-d12 kI
’ZGJOQ H«LSX ?)q‘o%& 26 2wl B2 S - /

® ®




164 P(‘OPW\Q
Q He (5) *301(95% (0,(q) tHHO(g) ; AH==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.

1 - Convert the energy requirement to moles propane using the thermochemical equation
2 - Convert moles propane to volume using the ideal gas equation

@ ~ 7o} KY = mol CBH%

~LOHUI KT

—S69 R X = 0.17GDSSL:I mo\ C?)H%

PV = alT | 0= 0.27655Y mo\ (g R= 0-0%206 Lixle
\jh_ﬂR‘T T:')_gro = 29¢, 2 ¢ P-—laocéo»'i'”’]

(0.276554 mol ({Hg)(070F206 i 29¢.2 1)
Q.08 atm)

16,27 L CaHg needed \

V=




END OF CHAPTER 6
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LIGHT

l )\ 2 wavelength \ j j}%\\\
N

-\ .
frequency = wavelengths / time = s™ i Hertn | Hw

- Light has properties of WAVES such as DIFFRACTION (it bends around small obstructions).

- Einstein noted that viewing light as a particle that carried an energy proportional to the
FREQUENCY could explain the PHOTOELECTRIC EFFECT!

pr\u\m b \LLQ

‘ Planck's constant: 6.6 % \plo‘“ﬁ S-s

photon = parficle or packet of light



167

(The photoelectric effect is the emission of electrons frorn a metal caused by exposure to light.
Einstein discovered that if the light were not of the correct FREQUENCY, increasing the
INTENSITY of the light would not cause electron emission. He concluded that individual

photons must have enough energy to excite an electron - i.e. they must have the appropriate
frequency.)

The photoelectric effect and Einstein's ideas about the energy content of light led us to discover
a new model for the atom! How? Let's start with the nuclear model:

Nuclear model:

- Protons and neutrons in a dense
NUCLEUS at center of atom

- Electrons in a diffuse (mostly empty)
ELECTRON CLOUD surrounding
NUCLEUS.

... SO what's wrong with the nuclear model? Among other things, it doesn't explain ...



" ATOMIC LINE SPECTRA
- if you take element and ATOMIZE it, if excited by energy it will emit light at unique frequencies. The

set of emitted frequencies is called an ATOMIC LINE SPECTRUM.

- Atomized elements will also ABSORB these same frequencies (but not others)! f’ 268
J\ r\‘) / / -
N\ o —

T \\5
Prism

% \

/ % Atomic line spectrum
/\7 Unique to each
<r’) ) S \ element.

Continuous spectrum (from
white light)

... SO, why don't atoms by themselves emit continuous spectra like a flashlight would?



