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Demonstrating the fundamental principles of Boolean algebra @ x y]C S ® x y]B D
through a detectable spectroscopic change upon an ionic, electronic, 0o o0lo o 0 olo o
or photonic input> has led to the interpretation of complex logic 0 1 0 1 0 1 1 1
functions such as ANDB; XOR,”8and INHIBIT-9at the molecular 1 oo 1 1 o01]o0 1
level. In some instances, the conjoined use of such logic functions 1 1 1 0 1 1 0 O

has been utilized to perform arithmetic operations involving tWo g e 1. Truth table for the inputoutput relationships of (a) a half-adder
binary digits (bits), the so-called half-add€ half-adder requires and (b) a half-subtractor. Note that the XOR logic operation for output D
two binary inputs and two binary outputs: the input variables in the half-subtractor is the same as that for output S in the half-adder.

designate the augend and addend bits; the output variables produce

the sum (S) and carry (C). This additive output is generated through Ph Ph
XOR and AND gates, respectively. While addition is an important H*

operation, digital computers also perform a variety of other o ppam—

information processing tasks. For example, it is also possible to cl tBuoK . on

implement subtraction with logic circuits in the same direct manner

as addition. A half-subtractor is a combinational circuit that subtracts

two bits and produces their differenteA half-subtractor, like a Input Output
half-adder, needs two outputs. One generates the difference (D), X y B D
and the second generates the borrow (B). These outputs are H* |tBUOK] Flussonm | Taizam
generated through XOR and INHIBIT gates, respectively. The truth 0 0 0 0
table for the input/output relationships for a half-adder and half- ? 8 8 1
subtractor is shown in Figure 1. A full-subtractor is a combinational 1 1 0 0

circuit that performs a subtraction between two bits, taking into

account that a “1” may have been borrowed by a lower significant Figure 2. The amphophilic nature of tetraphenylporphyrin (TRPisults
stage in significant changes in the transmittance (Soret) and emission bands upon

L L . . . the addition of acid or base. These changes can be interpreted in a truth
The realization that it is possible to simutaneously multiply  tapje using acid and base as the inputs. The results display a combinational
configure a system, so that complex operations involving more than circuit that subtracts.

one Boolean expression are possible through the judicial choice of
input and output signals, has brought with it an even greater
realization that single molecular entities might serve as suitable 00000
combinational circuité.However, there are a number of important 2
and practical issues that still need to be addressed before the %muonn
realization of a pragmatic molecular logic device. The use of UV |
light, which is relatively high in energy, as either an excitatory e w0 e e ars e wn av e ars
(input) or a diagnostic (output) source will undoubtably limit the wavelength (nm) wavelength (nm)
lifetime of the device. Second, the generation of regular and (9 300000 : (@ 300000
addressable arrays of the logic device is still desired. To these ends, R ’
porphyrin systems, which absorb strongly in the visible retfion s
(in low incident light) and can be manipulated to form regular arrays
on a variety of substraté8,might provide a practical approach.
Here, we describe how a simple porphyrin system, 5,10,15,20- 0 ‘ 0
tetraphenylporphyrin, (TPP can be used to optically demonstrate 575 :SL::; (:f““) 478 878 :iiel:::m :.5.:) 8
.the opere_ttlon of a half-subt.ractor in solution using acid and base Figure 3. Changes in the absorption bands of (a) TRBpbn the addition
|npgt variables and transmittance and fluorescence as the outputy (b) 0.1 Mt-BUOK, (c) 0.1 M aq HCI, and (d) a 1:1 mix of 0.1 MBUOK
variables. and 0.1 M ag HCI in DMF solution ([TPP#H= 105 M). The XOR function
Free base porphyins such as TRRidn be regarded as being is derived by monitoring the transmittance at 417 nm.
amphophilic, because the two pyrrolenine nitrogen atoms are
capable of accepting protons and the two inner peripheral NH (10-5 M) exist as the etio-type, with a single Soret bangla( 417
groups are capable of losing protons (Figuré?Zjhe weakly acidic nm, loge = 5.4) and four weaker Q-bands—(IV) occurring at
nature of the porphyrin (6, > 16) means that sodium alkoxides higher wavelength (5006700 nm, loge < 4). The sequential
are required to allow spectroscopic observation of the dianion addition of inputs H and 'BuOK to TPPH causes significant
TPP~. The generation of TPPA™ can be observed in dilute  changes to the position of the Soret band (Figure Qaand the
mineral acids. The electronic absorption spectra of TARIDMF number and position of the Q-bands within the electronic absorption
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Figure 4. Changes in the emission bands of (a) TRRHon the addition

of (b) 0.1 Mt-BuOK, (c) 0.1 M aq HCI, and (d) a 1:1 mix of 0.1 MBuOK
and 0.1 M aq HCI in DMF solution ([TPPHi= 1075 M, Aex = 397+ 2
nm.). The INHIBIT function is attributed to the emission band at 440 nm.

spectra of TPPH The spectra of either the porphyrin dianion
(Figure 3b) or the dication (Figure 3c) show little absorption in
the region 406-420 nm when compared to TPRH he resultant

Alternatively, monitoring the change in emission/at.x = 405
nm would yield the same truth table through the interchange of
inputsx andy.

In conclusion, we hope to have drawn attention to the use of
porphyrins as a viable component in the pursuit of logic-based
devices by demonstrating the first molecular half-subtrator.
Moreso, we have illustrated how cheap and readily accessible
materials can be employed as a potential cost-effective logic gate
displaying complicated operations. We are now investigating
whether other chemical inputs, for example, metalation and
subsequent axial ligation, in conjunction with electronic or photonic
inputs, give rise to other combinational circuits, including a full-
subtractor.
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