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A Continuous and Multi Valued System as Molecular 
Answer for Data Processing and Data Storage 

Skrollan Stockingera and Oliver Trappa*  

A molecular logic system with a quaternary basis as well as a continuous system as an 
alternative related to logic concepts was made accessible. Both systems are based on a 
mixture of benzonitrile oxide, iron(III) chloride and either zinc or sodium thiocyanate, 
analysable by photography and subsequent RGB value analysis with a common image 
processing software. The quaternary logic system increases the possible amount of data 
processing by raising the arithmetic basis whereas the continuous system could extend the 
world of multi valued logic to real floating point operations with unprecedented precision. 
Additionally both systems are long-term stable and could for example be used as high 
potential storage medium with a high data processing.  
 

Introduction 

Nowadays the demand for processing of information required 
in nearly every application rises with simultaneous decrease in 
the desired size.1 Even with an improved design miniaturization 
raises problems, for instance excessive heat formation when the 
electric conductance or power is retained.2,3 Classical systems 
of information processing based on silicon circuits using  
binary (boolean) logic are susceptible to Moore’s law which 
predicts that the number of transistors in silicon 
microprocessors double every 18 months.4 Even with 
application of new materials the performance of electronic 
devices is limited as a result of technological barriers.2 
Arithmetic systems based on molecules on the other hand offer 
a greater degree of versatility due to the synthetic accessible 
range of molecular structures5 and the achievable information 
density per mole material is only limited by Avogadro’s 
number. Traditional silicon logic systems use a binary number 
system which encodes all information in series of zeros and 
ones, expressed as low and high potential values.2 On a 
molecular level there is no reason to be restricted to binary 
systems which indicates the presence or absence of a substance. 

Based on the chemical behaviour few examples of ternary 
molecular systems addressed by their spectroscopic (mostly 
fluorescence) response upon interaction with electronically 
inputs6,7, chemical inputs8, change in the pH value9,10 or in the 
metal ion to ligand ratio11 as well as by their electronic 
behaviour (e.g. semiconductor12,13, quantum dots14) are well 
known besides a wide range of binary molecular systems. 9,15-30 
In a ternary system, three different states for output signals can 
be defined, for instance 0 for a low, 1 for a medium and 2 for a 
high signal or -1, 0 and +1, respectively.8 An increase from a 
binary to a ternary logic system is an advantage because a 
binary system needs in theory 1.59-times more components per 
gate for the same calculation as a ternary system.31 Thus a 
ternary or even higher valued system could be an opportunity 
for a higher information processing density at constant size.8,31 

But the gain obtained by the molecular approach could be even 
more than by a multi valued system. This could be the 
realization of an alternative concept related to logics.8,32 
Molecular interaction allows establishing a more flexible and 
continuous system. Thus it is worthwhile to reconsider if 
information processing has to be restricted to defined states like 
0’s and 1’s. Or could it be even proceeded to a continuous 
system where the output is represented by a continuous value or 
floating point number.33 This would facilitate an extraordinary 
boost in information processing and maybe enhance the way of 
computerization beyond the state of the art. Here we present a 
molecular system which enfolds a quaternary calculation base 
and on the other hand a continuous system which can be 
coupled to a ternary logic system to achieve an additional 
calculation enhancement. Both systems are based only on their 
reagents and chemical behaviour with a clear and defined 
design, which makes them highly attractive. Certainly, they 
require further developments to achieve the various logic 
architectures already realised by other groups, e.g. van der 
Boom1,6,7,28 or de Silva9,29,34,35. But even in its current stage 
they could already by used as chemical system for data storage 
and although multi valued systems are prone to error 
accumulation during serial operations,1,36 what so far restricted 
their application in conventional computing and data 
processing, it is a possible application and especially in 
combination with the continuous system it could promise to 
open new avenues in the design of molecular logic systems.  
  
 
Results and discussion 

We designed a system with two inputs, which provide up to 
four different states, which can be characterized by RGB value 
analysis37-39 using an image processing software. Therefore we 
identified benzonitrile oxide, iron(III)-ions and either zinc for 
the quaternary or thiocyanate-ions for the continuous system as 
suitable components. 
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systems are simply analysable by photography and a common 
image processing software to determine the corresponding 
RGB values which could be directly used as arithmetic value. 
The quaternary valued logic system increases the possible 
amount of data processed by raising the arithmetic basis 
whereas the continuous system could extend the world of multi 
valued logic to a continuous concept related to logics. In the 
continuous system several different states could be triggered 
and thereby it increases the information processing density 
rapidly. Beside their potential improvement in the area of data 
processing both systems are long-term stable and could already 
be used as a high potential storage medium (e.g. as write-once 
read-many-times (WORM) memory devices) with a high data 
processing density which is unsusceptible to magnetic fields or 
mechanic forces. 
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