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thermodynamics  Study of NRG changes & flow of NRG.
Tellswhether areaction is possible.

system That portion of the universe on which
wefocus.

surroundings Everything outside the system.

adiabatic A change without heat transfer between
the system and its surroundings.

isothermal A change that occurs at constant
temperature.

state functions Properties that depend on theinitial and
final state, not on how the change was
made. ex: DH, temp, but not work

Energy changes can be measured using calorimetry. Often
thisinvolves heating water under controlled conditions (a
bomb calorimeter).

Three closely related terms are:

heat capacity isthe amount of heat needed to change a
system by 1°C.

molar heat capacity isthe amount of heat heeded to change
amole of asubstance by 1°C.

specific heat isthe amount of heat needed to change 1 gram
of asubstance by 1°C. (Water: 1 cal/g°C = 4.184 Jg°C)

Note that heat capacity is an extensive property whereas the
other two areintensive.

Thefirst law: “if a system undergoes some series of changes
that ultimately bringsit back toitsoriginal state, the net
energy changeiszero.”

DE =Einal - Einitial DE = 0when By = Bitial
The usefulness of thisideaisthat the internal energy, DE,

depends only on theinitial and final state, not on how you
get there. Every path you take from E iy 4 t0 Eipg takesthe

same amount of energy. (no perpetual motion)

There are two ways for a system to exchange energy with the
surroundings, heat and work . DE=qg-w
[q = heat absorbed by system, w = work done by system]

From physics, work =force” distance=F" d.
In chemistry there iselectrical work (e-*sthrough awire)
and PDV work as a gasexpands.

Use pressure = force/area and area” distance = volumeto
derivework = PDV fromwork =F ~ d.

Note that units of work are units of energy. Energy and work
aretwo forms of energy. Doing work on a system increases
the potential energy of the system.

PDV work isinL>»atm 1bam=24.2cd =101.3J

PV = nRT... work can be calculated aswork = DnRT for
chemical reactions where the # of moles of gas change, Dn.
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Q: Gasinapiston at apressure of 10 atm isallowed to
expand from 1 L to 10 L. How much work done?
A: It depends on theresisting force.
If it expands against O atm pressure,
PDV =0am” 9L =0L»tm
Expanding against 1 atm pressure, V.5 is10L
PDV=1am” 9L=9L»tm
Expanding intwo steps, first, against 2 atm, Vg =5L
PDV =2" 4L =8L%atm
then in asecond step against 1 atm, Vi, =10L
PDV =1" 5L =50L%tm... Total =13 L >atm

From the PDV work example, you can see that the more steps
(and smaller increments) you use to get the work from the
system, the more work you can get.

Thereisan upper limit to how much work can be derived
from any system. That maximum work is called the Gibb's
Free Energy, DG.

The theoretical maximum work can be achieved if the steps
are so small that they can go either way, if they are
reversible.

If achemical reaction occursin aclosed container DV =0
and soPDV work=0. DE=q-wbecomesDE=q,

In a system at constant pressure (acommon situation) the
energy changeinvolves both heat (g) & work (PDV).
DE=qg-PDV [PDV =work doneBY the system] or
q=DE+PDV qat constant pressureiscalled DH.
DH=DE+PDV or DE=DH-PDV

Thework (PDV) is generally insignificant unless the # of
moles of gas (Dn = Ngjpg - Ninitia) 1S changing. PDV = DNRT

Recall that if Dn is negative (# moles decreasing) work is
negative (work is being done ON the system).

If several reactions add up to give an overall reaction, the
DH’s of the reactions will add up to the overall DH.

Standard Heats of Formation, DH;®, are useful for this

purpose. Thisisthe energy involved in making amole of a
substance from its elements at 25°C and 1 atm pressure.

Thislaw is often written as:
DHareaction = Sl)'_|f0pr0ducts - SD"'foreactants
Note: DH;° for elementsisO.

If you are NOT using heats of formation, you need to write
out the equations to see how they combine.
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Bond energy is the amount of energy needed to BREAK a
certain bond.

Y ou can determine the approximate energy changein a
chemical reaction by summing the bond energies of the
reactants and subtracting the bond energies of the products.

Note: thisisoppositetothe Hess's Law (products-
reactants) because bond energy involvesbreaking bonds
whereas DH; involve forming bonds.

Thingsin the world tend toward lowest energy (-DH) and
also tend toward greatest disorder (+DS).

More disorder can be recognized as:
greater # of moles of gasformed
gas> liquid > solid and (aq) > (s)
greater volume formed
mixed molecules (HI) formed from diatomic molecules
example: Hy(g) +15(9) ® 2HI(g) +DS

Note: DS’ can be calculated using Hess's Law, but S° of
elementsisNOT 0. Also, S° isoften reported in JmolK
and cal/molX, notkJand kcal... watch your units!

The second law defines avalue called Gibb' s Free Energy
symbolized asDG. Thisrepresentsthe theoretical
maximum work that can be done by a system.

A reaction is spontaneous when DG is negative (DG<0). The
reverse reaction is spontaneous when DG is positive.
When DG =0, thereactionis at equilibrium.

DH DS Spontaneous....

Y+ ... a all temperatures

Yo Ya ... at LOW temperatures

+ + ... a HIGH temperatures

+ Ya the rever sereaction is spontaneous

We have been calculating DG’ values, that is, DG under
standard conditions. Once areaction begins, the
concentrations change and the value of DG isdifferent.

If DG® <0, then the reaction will proceed in aforward
direction. Asit does, however, the value of DG will increase
until the forward and reverse reactions are balanced and DG
=0. Thisiscalledequilibrium.

If DG® >0, then the rever sereaction will proceed and the
value of DG will decreaseuntil equilibrium is reached.

DG’ givesinformation about wherewe arein relation to
equilibrium. Thereisaformulathat combines DG and Keg.




