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Flux  is defined by

		
Units

Concentration  in moles/liter,

[bookmark: _Hlk405018932]Flux  in (moles/liter)/(sec) = moles/(liter sec)

‘Current’  is in (cou/liter)/sec = cou/(liter sec)

Rate constant 








Rate equations equivalent to eq.  are in terms of flux, for example

[bookmark: _Hlk405012719]	 	
Rate equations equivalent to eq.  can be written in terms of current I

	 	
	 
More specifically

	 	

Ratio of Currents


	 	

Make all concentrations equal to one, to see what happens

	 	

Also, make all valences equal to one, and concentrations equal to one, to see what happens

	 	

OR
make all rate constants equal to one, and concentrations equal to one, to see what happens

	 	

Huge violations of continuity of current occur if valence changes or rate constant differences are not equal.



Difference of Currents


[bookmark: _Hlk405011489]	 	

Make all concentrations equal to one, to see what happens

[bookmark: _Hlk405011581]	 	

Also, make all valences equal to one, and concentrations equal to one, to see what happens

	 	


So in this special case, the difference in rate constants determines the imbalance of current, the violation of Kirchoff’s current law. Note if the currents flow for one second, the difference in currents  becomes the imbalance of charge, namely the violation of conservation of charge

OR
make all rate constants equal to one, and concentrations equal to one, to see what happens

		

So, imbalance of valance produces imbalance of current. If charges flow for one second, the charge imbalance is of the order of , a huge amount of charge, about 1 coulomb! 








[bookmark: _Hlk405022330]To estimate the effect on electrical potential V, we need to know the size of the system. Imagine a spherical capacitor of radius R. Its capacitance is  or numerically   where  is the relative dielectric coefficient, about 80 in water solutions at longish times (say > 10-5 sec). One coulomb of charge produces a voltage in this spherical capacitor of  in volts, i.e., a 1 nm capacitor of  produces nearly  volts, or a capacitor of 1 meter radius with ——capacitance 111 picofarads—produces nearly 1010 volts. Of course, these calculations are for current that flows a long period of time (1 second). If current flowed for 1 nsec in a structure 1 nm in radius, the electrical potential would be much less, ‘only’  volts. Potentials of this size destroy molecules (ionizing them into their constituent atoms) and even atoms (ionizing them into plasmas of electrons and nuclei) at these potentials. Molecules and even systems of molecular biology are often some 1-5 nanometer size. They breakdown when electrical potentials are 10 million to a billion times smaller than those just calculated. In fact, 0.2 volts destroys membranes and membrane proteins, judging from experiments involving lipid membranes usually some 2 nanometer thick.
We conclude that the failure of the law of mass action to conserve charge is likely to have noticeable effects.
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Voltage Dependence of Rates

Balance the equations,
Auxiliary equations needed to deal with charge
Those must be global. Those must preserve conservation of charge in a chain of reactions.
No general way to do that arises from Gutman or from reaction rate approach.
[bookmark: _GoBack]


We now introduce various representations of the voltage dependence of the rate constants. The basic approach is to introduce an expression for the voltage dependence of each rate constant, most generally derived, as far as I know, in Gutman [2]. We first introduce forms and formats familiar to some biophysicists and all physical chemists. Later we introduce the transfer coefficient in a recent corrected formulation[1] and discuss the Butler Volmer and Tafel equations (see any textbook of electrochemistry, e.g., [3, 4] used in the study of oxidation and reduction and other covalent chemical reactions in electrochemistry that are the basis of electrode plating, much electrochemical technology and are important in batteries.


		


Flux  is defined by

		
Units


Activity in moles/liter  of ions of concentration 

Flux  in (moles/liter)/(sec) = moles/(liter sec)

‘Current’  is in (cou/liter)/sec = cou/(liter sec)

Rate constant 








Rate equations equivalent to eq.  are in terms of flux, for example


	 	

Rate equations equivalent to eq.  can be written in terms of current. 

	 	

Introduce classical rate model expressions
If we use classical expressions for the rate constants as functions of electrical potential, 



Electrochemical potential of X is defined for a one one electrolyte like Na+Cl–

		









[bookmark: _Hlk405036647]and the electrochemical activity  can be defined in terms of cationic  and anionic components (see eq. (27 &(28) of [2], correcting misprints; we ignore transfer coefficients for the time being but introduce them later)

	 	
giving

	 	
and
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