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DIFFERENTIALS

The total differential of a function f of several variables is the
sum of all partial differentials [1]. In the absence of chemical
changes, all state thermodynamic parameters are total
differentials and depend on two variables (Table 1).

Table 1. Differentials of thermodynamic parameters

dE=T.dS - p-dV + Z-u-dn.  |in the presence of chemical changes
dn. = O for each | provided that no chemical changes

dE =T-dS - p-dV In the absence of chemical changes

E = internal energy; S = entropy; V = volume; n = number of particles

[1] M. Hazewinkel, Encyclopaedia of Mathematics: An Updated and Annotated
Translation of the Soviet "Mathematical Encyclopaedia." Dordrecht,
Netherlands: Reidel, 1988, p. 228.
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OBJECTIVES

= |dentifying the heat from reversible process dQ,,, = T-dS
and mechanical work in the form of that from gquasi-static
processes dw,., = -p-dV, these two thermodynamic
guantities (dQ and dw) became total differentials. The
condensed collection of the Bridgman’s thermodynamic
equations [2] was used as starting point in this study. A
series of codification schemas were developed and
Implemented in order to obtain all first order partial
derivatives [3] (Table 2).

[2] P.W. Bridgman, A complete collection of thermodynamic formulas, Phys. Rev.
3, 1914, 273-281.

[3] L. Jantschi, General Chemistry Course, AcademicDirect Publishing House,
2013.
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BRIDGMAN’'S THERMODYNAMIC EQUATIONS

Table 2. Gradients after pressure (p), volume (V) and
temperature (T) of an unknown function (f)

Variable 2—:( T g—i . + % - '% » Z—; T % - % y Order
Z X |y fxz = fxy + fyx-yxz fzx = fyx-yzx f=E
p | T |V |[fpV=1fpT+{Tp-TpV fVp =fTp-TVp 6
p |V |T |fpT=1fpV+{Vp:VpT fTp =fVp-VTp 5
T |p |V [fTV=1Tp +fpT-pTV fVT =fpT-pVT 2
T |V |p [fTp=fTV+{VT:-VIp fpT =fVT-VpT 4
V |p |T [|fVT=1Vp +fpV-pVT fTV =fpV-pTV 1
V [T |[p [fVp=1VT +fTV-TVp fpVvV =1TV-TpV 3
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RESULTS

* |nputs: state parameters, process differentials,
thermodynamic equations and gradients.

= Qutput: first order partial derivatives, counting a
number of two-hundred and forty equations

= http://l.academicdirect.org/Chemistry/ChemPhys/
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RESULTS

State parameters _ .

|T3rpe ”Parameter HMEaIﬁng ‘ T;;;:SS d]iT;:::::er ”Meanjng |

|It1tensive ”P HPressure ‘ |Extensive||dQ ”Heat |

Ilntensive ”T HTemperature } |E;¢ensive”dtw ”Work |

Extensire|| | W olume

|Extensive|| 3 HEntropy ‘ |Extensive||dQT 7. ds ”Reversible heat |

|Extensive||E Hlnternal ENErOY ‘ |Extensive||atwc = —p: d“[,f”Quasistatic WOrk|

|Extensive N HNumber of particles ‘ Consequence

|Extensive||H @ oV HEnthapljr ‘ |1'3L re&lrersible Process 18 quasistatic|

|Extensi'ire|| A B _T8 HHe]mholtz ENErgy ‘ Equanc.:uns

|Extensive||(‘,' Y E+oV —TS HGibbs ENErZY ‘ |Equat10n ”Comments ‘
= — 3 - |ﬂ'_E' = d) + dw ”for a system with no chemical changes ‘

|Exau:t Ny HAvogradro's munber ofparhu:les‘ |d_E' —dQ Fdu+ 5y dN, |

Extensive||n = ?‘i Amount of substance (maols) | dE = dQ + dw + Z‘i p'-. ';n!_ |general levwr (ja, o Najiy )

Intensive ||V, 2 ¥ Ilclar volume E=Q+w+) f g dng Integral general law (assumes null integration constant)

i F

Tntensive ||, = % Molar entropy |'iE =dQ — priﬂ‘ 20 adins |quasistatic

Tntensive |5, 2 E Melar internal energy |dH = dQ + Vidp + 3.l | (dw = —pdV’)
m = [dA = dQ — pdV — TdS — SdT + 3, p;dn, |pmESSESS

Intensive |H,, = % Ilclar enthalpey |dG —dQ + Vdp — TdS — SdT + Zi #idﬂi|

Intensive |[4,, = % Ilolar Helmholtz energy Iﬂ'E =TdS — pdV + ¥, p,dn; Ireversible (dQ = TdS)

: : dH =TdS + Vdp + 3 p,dn; &
Intensive ||(7,, = % Ilolar Gibbs energy |a'A g éi .!U-!- . |quasistatic (dw = —pdV)
Intensive [|.J = i—ﬁ Mumber of energy components |dG =Vdp— SdT + %, pu;dn, |processess
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RESULTS
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FUTHER WORK

* The transformation of an interactive interrogation
IS conducted in our lab in order to allow selecting
the function, the variable and the constant before
generation of the thermodynamic equation first
order derivatives.
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Thank you for your attention!

E-malil me: lorentz.jantschi@gmail.com
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