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shown in Table 3. The set with t =2.2  gives the dipole moment closest to its 
experimental value (the values 3.84, 3.96, and 3.97 debye are given in the 
literature ; see Maryott and Buckley 1953). Figure 1 shows a comparison of the 
experimental virial coefficients with those calculated using these values of the 
constants. Constants found in this way can be used for interpolation and extra- 
polation of virial coefficient data and with appropriate combining rules for 
estimating virial coefficients of mixtures containing polar gases (cf. Hirschfelder, 
Curtiss, and Bird 1953, p. 222). 
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THERMODYNAMIC FUNCTIONS OF FORMALDEHYDE* 

Thermodynamic properties of ideal gaseous formaldehyde have been caIcu- 
lated from recent accurate infra-red and microwave spectroscopic data. The 
results obtained differ considerably from the latest published thermodynamic 
data. 

The thermodynamic functions of formaldehyde have been previously 
calculated by Stevenson and Beach (1938) and by Thompson (1941). The 
calculations of Stevenson and Beach are based on old physical constants and on 
inaccurate molecular data so that the resultant functions are considerably 
different from the true functions. Thompson has used more recent molecular 
data but his results are somewhat inconsistent, particularly a t  high temperatures. 

Recently accurately determined fundamental frequencies and moments of 
inertia of the formaldehyde molecule make it worthwhile to recalculate the 
thermodynamic functions of formaldehyde. 

CaZouZations 
The fundamental frequencies used are given by Herzberg (1945) and these 

are 1167, 1280, 1503, 1744, 2780, and 2874 cm-l. The moments of inertia have 
been determined from accurate microwave spectra of formaldehyde (Lawrence 
and Strandberg 1951 ; Erlandsson 1956). The three moment~s are 2.974, 21 ~603, 
and 24 a668 x 10-do g cm2. 

* Manuscript received June 2, 1959. 
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Assuming harmonic vibrations, no rotational distortion, and no rotation- 
vibration coupling the standard equations of statistical mechanics can be used. 
When the necessary data become available to correct for above assumptions 
the corrections can be expressed in the form of Ill', log IT, and power series of T, 
and added to the calculated functions (Kassel 1936). 

For consistency with existing thermodynamic functions of .compounds the 
fundamental constants from Rossini et al. (1952) have been used, and the principal 
constant R was taken as 1.98719 cal/deg mole. The resultant equation for the 
translational and rotational contributions to the free energy function was 

-3R log (IJJ,) +R log s, 

where Po is the free energy of the ideal gaseous molecule, H: is the value of the 
free energy ats0 OK, T is the absolute temperature, n!i the molecular weight, I,, 
I,, and I, the principal moments of inertia, and s the symmetry number. The 
related equations can be found in standard textbooks (Herzberg 1945) or reviews 
(Wilson 1940). The calculations have been carried out from first principles 
using a calculating machine, and these have been checked using tables of Einstein 
functions (Sherman and Ewe11 1942). 

TABLE 1 
THERMODYNAMIC BUNCTIOXS OF FORMALDEHYDE IX IDEAL GA8EOCS STATE 

Results 
The calculated results are given in Table 1. The results are given to five 

significant figures although the accuracy does not in general warrant more than 
four figures. The extra figure will be useful for interpolation and calculation of 
differences, and will allow the addition of anharmonicity and other correction 
terms without recalculation of the functions. 
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GENERAL THEORY OF ALTERNSTIKO CURRENT POLAROGRAPHY 
FOR ELECTRODE REACTIOXS PRECEDED BY SLOW CHEMICAL 

REACTIOKS* 

There are many electrode processes in which the electrochemical reaction is 
coupled with a slow chemical reaction. Such electrode processes constitute an 
important subject for study. 

The theoretical treatment of the kinetics of electrode processes has been 
based essentially on one of two different standpoints. Gerischer (1951, 1952, 
1 9 5 3 ~ ~  19533,1953c) and others have argued from considerations of an equivalent 
circuit. These authors have treated electrode processes with different types of 
rate-determining steps, and have derived expressions for the equivalent circuit 
elements. 

A second approach is that of Breyer and Hacobian (1954). The latter 
have based their treatment on the direct measurement of the alternating current. 
They have presented clear theoretical arguments to show that both the measure- 
ment of alternating currents and the interpretation of alternating current against 
direct voltage curves is simpler and less ambiguous than the impedance measure- 
ments and their interpretation in the equivalent circuit method. Breyer, Bauer, 
and Hacobian (1966), however, have only considered electrode processes with a 
single rate-determining step. 

In  the present work, general expressions are developed for the magnitude 
and the phase of the alternating polarographic current resulting from electrode 
reactions preceded by a first-order kinetic reaction in solution. 

The general reaction considered is : 
kl Ks,h 

Y - + O + R ,  
kz 

where the oxidant 0 fs generated by a slow chemical reaction (with rate constants 
k, and k,) from the substance Y. The reductant R results from the electrode 
reaction which is characterized by a single, heterogeneous rate constant 
following Delahay (1954). The differential equations for the system are set up 
by applying Fick's laws of diffusion. General solutions for the concentrations of 
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