CALORIMETRY

- the measurement of heat. How do we measure heat flow?

0.20 mol A
When we add the
reactant to water,
it decomposes -
heating the water.
100 g water ? 100 g water
A->B+C A->B+C
2LSoC 3g0C

... what is Q for this reaction?
Assuming that no heat is lost from the water o the surrounding air,
- Conservation of energy. The tferms add to
Q. +Q, =® s
N " zero because they have opposite signs.
reaction  water

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



SPECIFIC HEAT

- a measured quantity. The amount of energy required fo change the femperature of one
gram of a particular substance by one degree Celsius.

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

Hgu 3 .~ |.o00 &
99 — SOL

(0 = mx $xAT

M = Mass This is ALWAYS final temp minus
s = specific heat /iniTiO| 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

Unitg§ - 3/ or (,a-\/
°C °C

Q = C AT

Cc = heat capacity




0.20 mol A

When we add the
reactant to water, Specific heat of water:
it decomposes - y
100 g water heating the wo’re& 100 g water %4 /9%
A->B+C A->B+C
2LSoC 3¢ 0C

Q ‘\’Q -0 Qw: mws\uAT\"
¢ W = (1004)(4.\8H ;Y_%)C%%-zs“c)
=SY439.23

Qr+5439.2.3 =0 ;| & = —s43tL >

To report the energy change in this reactrion to others, we should express it in terms

of heat transfer per mole of something. A different amount of reactant would
have a diffferent Q

-SY439.729
™ p Qe = L = ~270003 - -_7_7
Cyn moles N O.2LO0Oms) A mol A m]A

This number is called the
"heat of reaction”




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.

- 5O 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 stafe function called ENTHALPY (H)

H=U+PV

A )"\ = ®\, Cuackenl () regoure

... 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.

C Mo (O CHy () + Hoold —> 3 (0, Lg)+ 3H2000) s A =—1%00 kT

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

A U= -1€00 k3 .. what does this mean?

" o = —\E0Y kT We freat the enthalpy
4w\ CHyCOCH; change as if it's
Y ol Og = —\EUI KT another product of
2%

the reaction!
Uipul COq = —\§0I KT

VU wmo\ M0 = —\§0d KT




CHq (0 Lty (1) + HOo ) — 30, ()« 3HL0(0) ; Ar=—1%00 kT

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

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

8,01 g H20 = L mol HoO  Bumol HLO = —1€0OKT
1 wme\l Hy O — 10O KD f——q
13 O © 2 —|— 4 it l/,
g H’L X |‘B'07.3 Hy O hS 3m0| HLO 4\(630 \\\)

This reaction is J IXhIS is equal to
EXOTHERMIC! Q at contant pressure
(energy released

fo surroundings, warming

the surroundings)

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, 100!



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)ﬁ C(S,g/’&p‘\.l"'f) -+ O'L("]> —’—’7‘ (,01(93 ;AH -‘-_,_‘30’3/’6 )‘_'j

Zhecrr of formation of carbon dioxide AH or M \
”e/\\'kb\ My o(\ c’r)fn,\(,. boon "

\ , 3 —_—
C—o(,fo)q" Ctglc,fhf‘r\\lﬂf) —+ _rZ'OLCQ)_a (0(.9)/ AH—_”D'S }'f\J

—_—
—

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(g) < O I’(J/mo|

- What are formation reactions good for?

.. finding enthalpies for more interesting reactions!



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

7_C9_H1(9) + 50103) — Y 601('6) 4 2LH,0 (9) A .PN'LSH ¥SY)
Hess' Law: If you add fwo reactions to get a new reaction, their enthalpies also add.

My 2+ Holy) ~—> Caiely) DH=110.7

(0 ¢ Ceey « O ly) —>  C0uly) DW= =3935
, W —241,
e H1ly) v 5 000g) ~ H00g) DM s
Coly by ) —> 2y +|H ( DH = 126-7
Colg ly ) —> 2 C o FHAy) DH = 220.7
Cepy & Ouly) — (0¢(y) Al = ~393.S
LCS) - O'L( ) — COL(S) AW = -393.S
Ly * Ouly) = (00 () Al = ~293.5
L(‘.§3 -+ O'L(j) — CO?"(S) AW = =393.S
|
H < 04 ( — My O (&)
1LA)|F L 9) 2V (g e
1(9)|x 200D — MO (g)  pps —241 s

LLaMLlg) « S0 g) —7 Yo lg) + 2Hp0(p)

AH=7(-220.7) % (=393 5) +2(-241,5) =P2S1 kT




Hess' Law using enthalpy of formation:

A H § A H( pordoLky — EAYI L rc.u(,l'wxlrg

fz”L.

DH - (H(‘S“S)—tl(*tm,g) ) (’L(zzc 7)+S(03

- | =TS\ I N

* 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!




Example proble,gws(:) o
LHL() * Op(g) —> 2H0(g) j AH=—HM kT

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

1 - Convert mass hydrogen to moles using formula weight (and definition of "kilo-")
2 - Convert moles hydrogen to energy using thermmochemical equation

2.016 g Hy > mol He ‘ Ng=10? Lmol Hy = —H%H k7

9

\,UONS Hox —2x ty=Hd8 I | 120000 k3 |per Ny
)\3 ,L,Olé)gH'L/ ’ln—\,a\ H-L

® ©,

\




FW: yp,oLb
7_'—\(,'4&),“) + 01(63 ﬁ-'LC01(53 + LAO (f)

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

A|_1 R C;\Cv'\$lrv"|r'P S 7

-

moleg HCHOq
G\: —S0.% W

Ww\ H CHO'L

g%% HCHO :O,\,lqOGSW)\H(—HUz
J LY L{(D.OLGQ H(uo,
AH_l(;\CW\SLvn'rP > _SO,'S \'(-3 — "‘H?_Ll_(}/
moleg HCHOq 0. V19063 mo\ HCHOy wo |

Based on the calculation above, can we complete this thermochemical equation?
LHCUOL (L) + Oy [9) —> Lo + L0 (L) D= —¥T9 T

We'd calculated the heat per ONE MOLE of formic acid reacting, and this
equation is written on the basis of TWO MOLES formic acid reacting.



Uiy (g) = 507,(3) —> Yo (y) + 6U0(4) y AHT ~906 kT
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 volume of NO gas fo moles using ideal gas law
2 - Convert moles NO to enthalpy using thermmochemical equation

PV2nRT | P=21,50 abnm R = 0.0%206 "m“lp';
P\/ AV 150, L . ?Pr‘)
RT | Te1serL=195.2K

ONn. - (\,%O aHn) (lSO. L)
Vo T (O,o%'w(, ‘“'“*”’)('Lc/g’v\/)

mol| - W

= 9.194g Ll MO

L‘| mol NO -~ —906 YaR)

-906 k3 -=|~,10 .
I 15UGLmil MO ¥ SN SO NJ |

@




Heat of formation / enthalpy of formation! — 0 _
-20.5D O ~28S ¢ -256,% J AH¢ 3/ mo\

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

hydrogen sulfide gas is reacted?
1 - Find the enthalpy of the reaction using Hess's Law and enthalpy of formation

2 - Convert 25.0 g of hydrogen sulfide to moles using formula weight
3 - Convert moles hydrogen sulfide to enthalpy using the therochemical equation we

created in our first step.

@ AI"l = EAHE PFU(}U(,R - 2 QH(’F rec\ola.-nf-g
=T alaes )+ 21960 ) {2 (Lo s0) + 3 (2) |

NH= -\124.L KJ

The complete thermochemical equation fqr this reaction:
LH,S(g) « 305 (g) —> 2H0(€) + 2 S0, (), DA = —1129.2 4T

340564 HaS = mal HyS ‘zm\ HS = — 1124 2T

mo\ Hy S 1124 LNT
3‘1.0%(»3 H1 S ! L mol HS | KOS
@ ®

2504 HaS x




