The First Law of Thermodynamics
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the important concept that the transfer of thermal energy (heat) i1s a different |
of energy than that which is done during a process of work. First, we start w.
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THE RELATIONSHIP BETWEEN HEAT AND WORK
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I. Rotating a paddle wheel immersed in the water

2. An electric motor driving a current through a coil immersed in the water
3. Compressing a cylinder of gas immersed in the water

4. Rubbing together two metal blocks immersed in the water
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Dewar flask (known more popularly as a thermos flask)
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INTERNAL ENERGY AND THE FIRST LAW OF THERMODYNAMICS
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= force X distance
=mg X (hy —hy)
= mgh, —mgh,

= potential energy at position /1, — potential energy at position A,



dv

f=ma=m—
dt
dw = f d
dv Il
dw = m—l'd! — H‘If—dl-’ = my dv
dt dt
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= the kinetic energy of the body at velocity v, (state 2)

— the kinetic energy of the body at velocity v, (state 1)
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thermal energy which transfers our of a body (an exothermic process) :

thermal energy which transfers info a body (an endothermic pro-
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Surroundings
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U’, the total internal energy, is an extensive state variable
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(U, — U}) =—w, the process was adiabatic (g = 0),
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system to be composed of but one chemical component



CONSTANT-VOLUME PROCESSES

(1sochore or 1sometric processes).

closed system

[PdV’ =0

dU’ = &g,

AU =g,
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(0U’/dT)y- is the constant-volume heat capacity



CONSTANT-PRESSURE PROCESSES AND THE ENTHALPY, H
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thermodynamic state variables

H' =U+PV’

dH' = dU"+ PdV'+V'dP

dH = dU’ + PdV’

AH' = Hy— H, = gp
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law of constant heat summation (Germain Hess, 1802—1850) and 1s commonly us
in thermochemistry.



HEAT CAPACITY
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ne, = Cp

=0

where ¢, and ¢, are the molar values of the heat capacity.
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For 1 mole of an ideal gas,

and thus, ¢, — ¢, = R.
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AU =0

and hence,

0

dU = L dV + s dT =0
dT" }

Thus, since dT = 0 (experimentally determined) and dV is not 0, the term
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In Equation 2.8, the term
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REVERSIBLE ADIABATIC PROCESSES
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reversible adiabatic process, g =0,
Cnl by o
First Law, dU = —éw



I mole of an ideal gas.

dU = c,dT

and, for a reversible adiabatic process,

dU =—-ow =—-PdV



¢, dT = —PdV
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From the 1deal gas law,
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BV = PV = PV = constant

For an 1deal gas. since

-Ii
cp=—R and ¢y = %R
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REVERSIBLE ISOTHERMAL PRESSURE OR
VOLUME CHANGES OF AN IDEAL GAS

dU’ = 8q — ow

dT'=0and dU" =0 for an ideal gas



ow =0g = PdV = RT dV/V per mole of gas

—_—

w=¢g=RTIn 4] = RT In i
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OTHER FORMS OF WORK
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Magnetic Work on a Paramagnetic Material

The work done on a material by an external magnetic field 1s given by

Sw’ = -V, HdM

M-

w=-Vu,| FHdM

M,



M and € have units of amp/m. p, the permittivity of vacuum has units of
N/amp?, and V is in units of m3. The units of work in this equation are in joules.
Both # and M are axial vectors.

dU’:Sq—ZBW,- = 8 — PdV + V€ dM

For an adiabatic process at constant volume,

(dU’), ,, = Vit dM



Thus, under the specified conditions, the internal energy, U’, of the paramagnetic
material increases when an applied magnetic field increases its magnetization. Thus,
the system is capable of doing more work, since some of the internal energy 1s avail-
able to perform work.



Electrical Work on a Dielectric Material

The work done on a dielectric material by an external electric field is given by

ow’ = -VEdD
D
w==-V| EdD
Dy

where E 1s the electric field intensity (N/coul) and D is electric displacement
(coul-m/m?). The units of work are in joules. Both E and D are polar vectors.



dU':aq—Ea = 8q — PdV + VEdD

For an adiabatic process at constant volume,

(dU’)  =VEdD

q,



Work to Create or Extend a Surface
The reversible work done in creating a new surface (in joules) of area A is given as

ow' = —ydA

havine units of J/m? and A havine units of m2. The surface enerey, . is a scaler.
= =

dU’ = 8q' - an,- =8¢ — PdV’ +ydA



For an adiabatic process at constant volume.

(dU’) . =vdA

vV
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In the text to this point, we have ignored the surface energy of a material. Our
implicit assumption has been that the volume terms are much larger than the surface
terms, and hence, the surface terms may be neglected. Surface terms need to be
included when the surface-to-volume ratio is not negligible, such as 1s the case for
small particles.



A related quantity of work 1s the reversible work necessary to increase the sur-
face area by stretching it with a stress 6. This work is given as

ow’ = —odA



Surface stress is a second-rank tensor, with units of N/m. For a liquid, the surface
stress, @, 1s 1sotropic and 1s numerically equal to the surface energy, y. which is posi-
tive. This is not necessarily the case for crystalline solids., where the surface stress
may take on positive or negative values.



