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Implementation of Simple Logic Gates on Gold-Ammonia Bonding Patterns in Different Charge States
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We propose an approach for encoding the gold-ammonia bonding patterns on the conformational manifold of the Au n Z -(NH 3 ) m , Z = 0, ±1, clusters in order to implement simple unary and binary logic gate operations. The gold-ammonia bonding patterns are governed by two different basic ingredients: the anchoring Au-N bond and the nonconventional N-H⋅⋅⋅Au hydrogen bond, and exhibit distinct characteristics as the charge of the cluster varies within Z = 0, ±1. The conformers of the small cluster, Au Z -(NH 3 ) 2 , and of the nanometric size one, Au 20 Z , are chosen as illustrative examples. The dependence of the bonding patterns on the overall charge state of the cluster allows to implement the logic gates NOT, FAN-OUT, AND, NAND, OR, NOR, INH, XOR, and XNOR and to identify the outputs using an IR readout protocol.

Introduction

The implementation of logic gates on molecular systems is a field of intense activity. Early molecular realizations of logic gates relied on chemical and photochemical addressing in solution. [1][2][3] Faster implementations of logic gates based on optical addressing with laser pulses were proposed by Kompa and Levine [4] which led to further implementations of optical molecular logic machines up to a full adder and finite state machines by Levine and collaborators. [5][6][7][8][9][10] In parallel, several groups have shown that it is possible realize complex combinational logic circuits at the molecular scale, up to half and full addition or subtraction using various external perturbations, i.e., chemical, biochemical, photochemical, optical, electrochemical, electrical, to address the system, encode the inputs and perform the logic operations. [11][12][13][START_REF] Ellenbogen | Proc. IEEE[END_REF][START_REF] Raymo | [END_REF][16][17][18][19][20][21][22][23][24][25][26] We propose here another approach for implementing molecular logic gates.

We suggest that logic operations can be implemented on the bonding patterns of the different conformers of a molecular system by inducing transitions between these patterns using external perturbation such as charge alternation or optical excitation.

To illustrate this 'bond encoding' approach, we consider the gold-ammonia bonding patterns of the Au Z -(NH 3 ) 2 and of the Au 20 Z -NH 3 , Z = 0, ±1, clusters that we recently computationally characterized. [27] As for other complexes between gold clusters and organic molecules that we have previously studied, [28][29][30] the bonding patterns of the gold ammonia clusters are governed by the Au-N anchoring and by the nonconventional N-H⋅⋅⋅Au hydrogen bonding interactions. The nonconventional X-H ⋅⋅⋅Au (X = N, O, F) hydrogen bonds act in synergy with the anchoring ones and have since been characterized experimentally in similar complexes. [31][32][33] The charge state of the interacting gold cluster significantly influences the interplay between the excitation can be encoded into binary variables to implement simple logic gates. [START_REF] Mano | Logic and Computer Design Fundamentals[END_REF] Each binary input is encoded into a specific bond being 'on' or 'off'. The applied perturbation induces transitions between conformers characterized by different bonding patterns and these transitions implement the logic operations. In the specific implementation of binary gates discussed here, the output is determined by the energetic order of the conformer reached by the application of the perturbation.

We propose to identify the conformers through their IR spectrum.

The bonding encoding approach has the potential to be more compact in terms of the encoding than other approaches to molecular logic, since a given family of complexes can possess a set of several addressable bonds. In the simple example of the Au Z -(NH 3 ) 2 , Z = 0, ±1, family of conformers as well as for the nanometric size Au 20 Z -NH 3 complex that we use below, the bonding patterns are made of three kinds of bonds that interchange as the overall charge of the complex is modified.

Encoding classical bits into bonds is somewhat analogous to the approach known as vibrational quantum computing [START_REF] Tesch | [END_REF][36][37][38] in the sense that it requires addressable bonds (which each corresponds to a vibrational mode) as the inputs to the logic gate. The difference is that in our approach, the changes of the bonding patterns due to an external perturbation (charge alternation or optical excitation) implement the logic gate, not the transitions within the vibrational manifold induced by external IR laser pulses as is the case in vibrational quantum computing. IR pulse with a carrier frequency of ≈ 2400 cm -1 while one needs a VIS carrier frequency of about 17500 cm -1 to induce the transition between the two conformers on the Z = -1 potential energy surface (PES). In addition, conformers I and II have significantly different dipole moments and polarizabilities, the dipole moment of conformer II is zero due to symmetry. These different electrostatic properties can be used to select one or the other conformer in the logic schemes discussed in Section 3.2 below (see also discussion in Appendix). The alternation Z ⇒ Z' can be achieved either by using different metallic supporters or/and applied voltage, [39][40][41][42] by the optical 'negative ion -to neutral -to positive ion', NeNePo experimental setup [43][44][45][46], or by resonant photoionization. [47] For Z = 0, conformer I has one anchoring Au-N The NOT gate operates on the conformational manifold of Au Z -(NH 3 ) 2 in the 0-charge state (see Figure 1). One possible implementation is to encode the input as a IR laser pulse that induces the transition between the ground state |0〉 (conformer I)

and the lowest excited state |1〉 (conformer II). According to Figure 1 H⋅⋅⋅N 2 H-bond whose computed vibrational frequency is equal to 3291 cm -1 (see Table 1). If the output is taken to be the presence or absence of the anchoring Au-N 2 bond, the IR excitation implements simultaneously a FAN-OUT or identity operation, in which the value of the bit is transmitted to a next step for a further logic operation.

The truth tables of these two operations are given in Table 2. Note that the symmetric and asymmetric stretching vibrational frequencies describing the anchoring bonds in conformer II are equal to 155 and 175 cm -1 , respectively (see Table 1). They are quite different for the ν(Au-N 1 ) frequency of conformer I (314 cm -1 ) so that both the NOT and the FAN-OUT outputs can be reliably distinguished by IR spectroscopy.

Table 2. Physical implementation of the NOT and the one bit FAN-OUT operation on the conformational manifold of Au-(NH 3 ) 2 in the 0-charge state.

Input ≡ IR excitation pulse NOT ≡ N 1 -H⋅⋅⋅N 2 FAN-OUT ≡ Au-N 2 0 ('off') 1 0 1 ('on') 0 1
Another way to design a NOT gate, which uses the same manner of encoding the output as the two input binary gates discussed below is the following. The bond input is the presence or the absence of the N 1 -H⋅⋅⋅N 2 bond and the output is the energetic ordering on the 0-charge state conformational manifold: the lowest one |0〉 corresponds to the logic value '0' and the highest one |1〉 to the logic value '1'. This leads to the implementation of the truth table given in Table 3. Within this implementation, the conformers are readout by a vibrational frequency that is specific for their bonding pattern, either the ν(Au-N) or the ν σ (H⋅⋅⋅N 2 ) and ν(N 1 -H⋅⋅⋅N 2 ) modes. Let us first consider the charge alternation Z = 0 ⇒ Z = +1. In the logic schemes for two input binary gates, the output is the energetic ordering of the conformers on the Z = 0 and Z = +1 PES's, as in Table 3 above. The first input (Input 1) corresponds to a specific bond within a given conformer on the neutral or positively charged PES. The bond will be set to the input value by optical excitation, IR for the Z = 0 PES and VIS for the Z = +1 PES. The second input (Input 2) corresponds to the ionization process that induces charge alternation: Z = 0 corresponds to the logic value '0', ionization is 'off' and Z = +1 to the logic value '1', ionization is 'on'. Keeping this encoding for the second input, we design simultaneously a XOR gate when the first input is the Au-N 2 bond being 'off' or 'on' and a NOT-XOR (NXOR) gate when the first input is encoded in the bond N 1 -H⋅⋅⋅N 2 , as is shown in the implementation of the truth tables, Tables 4 and5. Note that the first two lines of Table 4 correspond to the implementation of the NOT gate given in 4.

Input 1 ≡ N 1 -H⋅⋅⋅N 2 0 ≡ 'off', 1 ≡ 'on' Input 2 ≡ Ionization Output = Energetic ordering 0 0 1 (II on the Z = 0 PES) 1 0 0 (I on the Z = 0 PES) 0 1 0 (II on the Z = +1 PES) 1 1 1 (I on the Z = +1 PES)
The two conformers I and II in the Z = -1 charge state are quasi-degenerate (see Figure 1). In terms of logic encoding of the output, they both correspond to the same logic value that we can define either as '0' or '1'. In the implementation of the NOR and OR, AND and NAND and the INH gates, the first input is the N 1 -H⋅⋅⋅N 2 bond that can be 'on' or 'off' and the second input is the charge alternation as for the XOR and the NXOR gates above, but now between the Z = 0 and Z = -1 charge states. For the charge alternation, one can use to complementary encodings: (i) The transition from Z = 0 ⇒ Z = -1 is performed by electron attachment, that is 'electron attachment off' means logic value '0' and to be in the Z = 0 charge state and 'electron attachment on' means logic value '1' and to be in the Z = -1 state. The complementary logic encoding is (ii) by electron detachment, that is, 'electron detachment off' means to be in the Z = -1 state with logic value 0 and 'electron detachment on' to be in the Z = 0 charge state with logic value '1'. We also use complementary encodings for input 1, the N 1 -H⋅⋅⋅N 2 bond that can be 'on' or 'off' is associated either with logic values '1' and '0', or with '0' and '1' respectively.

For the NOR gate implementation, we use the bond N 1 -H⋅⋅⋅N 2 for input 1, with the encoding bond 'on' corresponds to logic value '1' and bond 'off' to logic value '0'. The second input is an electron attachment, so that the logic value '0' corresponds to the neutral, Z = 0, conformers and the logic value '1' to the negatively charged, Z = -1 ones. The NOR implementation is given in Table 6. Both quasi-degenerate conformers of the Z = -1 charge state are encoded into the logic value '0'. For implementing an AND gate, we use the complementary logic encoding for bond input. The logic value '1' is associated with the N 1 -H⋅⋅⋅N 2 as being 'off' and the logic value '0' with the bond being 'on'. Input 2 is an electron detachment (ionization). The logic value '1' is associated with electron detachment from Z = -1 so that the complex is in the 0-charge state and the logic value '0' when electron detachment is 'off' and the complex remains in -1-charge state (see Table 7 below), the two quasi-degenerate conformers in the -1-charge state correspond to the logic value '0'. The OR logic gate is obtained by using the same encoding for input 1: the logic value '1' is associated with the N 1 -H⋅⋅⋅N 2 as being 'off' and the logic value '0' with the bond as being 'on'. Input 2 is electron attachment as for the NOR gate (Table 6). In addition, the two quasi-degenerate negatively charged conformers are associated with the logic value '1'. The implementation of the truth table is given in Table 8. In order to implement the NAND gate, we use the same encoding of inputs 1 and 2 as in the implementation of the NOR gate ( respectively, where of course the N 1 -H⋅⋅⋅N 2 bond needs to be replaced by the Au a -N one. Note to conclude that one can also implement a NOT gate on neutral charge state of Au 20 -NH 3 using the Au a -N instead of the N 1 -H⋅⋅⋅N 2 bond in Table 3 above. On the other hand, the implementation of the XOR and NXOR gates (Tables 4 and5) is not possible with only one NH 3 molecule anchored on Au 20 . Work is in progress to find the adequate nanometric size cluster that will allow such implementations. 

Concluding Remarks

We have shown that the computed bonding patterns of a small cluster like Au-(NH 3 ) 2 , complemented by charge alternation and optical excitation processes, can be used for implementing several logic gates such as NOT, XOR, NXOR, OR, NOR, AND, NAND and INH, that form various combinations of complete (or universal) sets of gates for designing the combinational circuits corresponding Boolean functions. We also give preliminary results that show that most of these logic gate implementations can be generalized to nanometric size clusters, such as Au 20 -NH 3 .

Several issues need to be addressed before practical implementations of the bond encoding approach proposed here can be realized. Among them is the design of precise encoding procedures based on experimental measurements and of concatenation schemes for transferring the output of a gate to another gate, either between two clusters or within the same cluster. More work is also needed to check whether the bond encoding approach can be useful for the implementation of finite state machines [START_REF] Gill | Linear Sequential Circuits[END_REF][START_REF] Kohavi | Switching and Finite Automata Theory[END_REF] using bond encoding for the memory unit.

While the implementation schemes that we propose are purely theoretical and may not be easily realized experimentally, the bond encoding approach appears to be rather general, versatile and transferable to larger size nanometric gold clusters on which various small organic molecules anchors using the interplay between anchoring Au-X (X = O, N, F), the nonconventional X-H⋅⋅⋅Au hydrogen bond and the conventional intermolecular X-H⋅⋅⋅X bonds. The fact that the different kinds of bonding patterns of gold-ammonia clusters identified for small clusters are also present in the nanometric size cluster Au 20 -NH 3 is promising and suggests that concatenation schemes might be devised since the larger clusters can be anchored on a surface and electrically, as well as optically addressed. charge state amounts to 125.6 kcal⋅mol -1 with respect to the dissociation limit Au + + 2NH 3 , whereas that of the conformer II, taken relative to the dissociation asymptote Au + + (NH 3 ) 2 , is equal to 80.1 kcal⋅mol -1 . From these considerations, a VIS pulse could be used to induce the transitions I → II as well as II → I for the Z = +1 charge state. For the Z = 0 one, an IR pulse of about 2400 cm -1 can be used for both ways.

The B3LYP results for the Au Z -(NH 3 ) 2 complex reported in this work (see alos ref [27]) were compared with the other commonly used exchange-correlation density functional potentials, such as PBEPBE, BLYP, and PW91PW91 (see e. g. [START_REF] Frisch | [END_REF]), together with the second-order perturbation Møller-Plesset frozen-core method (MP2). The results are summarized in Table A. A good correlation between the different methods is found for the geometric, spectroscopic, and energetic characteristics, except for the MP2 overestimation of the ∆E(I-II) in the 0-charge state comparing with the B3LYP one.

Table A. The geometric, spectroscopic, and energetic characteristics of the Au Z -(NH 3 ) 2 complex obtained by means of the exchange-correlation density functional potentials PBE (≡ PBEPBE), BLYP, and PW91 (≡ PW91PW91), and the MP2 method. The bond lengths are given in Å, bond angles in o , frequencies in cm -1 , IR activities in parentheses in km⋅mol -1 , and the ZPVE-corrected energy difference in kcal⋅mol -1 . The hydrogen atom of the N 1 H 3 molecule (the subscript 1 indicates the nitrogen atom) which participates in the hydrogen bonding with another N 2 H 3 molecule (the subscript 2 indicates the nitrogen atom) is designated by H', whereas that involved in the hydrogen bonding with Au by H''. Free hydrogens of both ammonia molecules are simply designated by H. 

  ammonia types of bonding and hence allows manipulating them. In this paper, we show how the bonding patterns of the complexes, Au Z -(NH 3 ) 2 and Au 20 Z -NH 3 , together with the alternation of their overall charge Z = 0, ±1 and optical

  As can be seen in figure1, three different kinds of bonding interactions: the anchoring Au-N, nonconventional N-H⋅⋅⋅Au and intramolecular N-H⋅⋅⋅N hydrogen bondings, govern the stability of the two neutral, positively and negatively charged conformers, conformer I and conformer II, of Au Z -(NH 3 ) 2 (Z = 0, ±1). Two of these bonds interchange as the overall charge of the complex alternates from 0 to +1. Larger complexes Au m Z -(NH 3 ) n have the potential to offer more possibilities in terms of bonding patterns.

Figure 1 .

 1 Figure1. The bonding patterns of the two lowest energy conformers of Au Z -(NH 3 ) 2 computed for the charge state Z = +1, 0, -1. The computed geometrical, energetic, and spectroscopic properties of the conformers I and II can be found in ref.[27]. Details about the transition-state linkers and the computational methodology are given in Appendix.

  , these conformers have a anchoring Au-N 1 bond in common and differ by the presence (conformer I) and the absence (conformer II) of an intermolecular N 1 -H⋅⋅⋅N 2 bond, this bond flipping being accompanied by the formation of a Au-N 2 bond in conformer II. To implement the NOT gate, we consider as the output the presence (bond 'on' ≡ 1') or the absence (bond 'off' ≡ logic value '0') of the intermolecular N 1 -

  on the Z = +1 PES)

Input 1 ≡

 1 N 1 -H⋅⋅⋅N 2 0 ≡ 'on', 1 ≡ 'off' on the Z = 0 PES)

  on the Z = -1 PES)

3 . 3 .

 33 on the Z = 0 PES) Generalization to a nanometric size cluster: Au 20 -NH3 The lowest conformer of Au 20 has a T d shape with Au atoms exhibiting different Mulliken charge and coordination number depending on whether they are apex atoms (Au a ) or edge atoms (Au e ).[27,[START_REF] Li | [END_REF]52] The anchoring of a NH 3 molecule on this nanometric size cluster leads to the same kinds of bonding patterns as those identified for the smaller gold clusters which can also be manipulated by alternation of the overall charge of the cluster. The implementation of logic gates proposed in Section 3.2 for the small Au-(NH 3 ) 2 can therefore be generalized to nanometric size clusters. The latter have the advantage that they can be anchored on a surface and therefore addressed electrically. The anchoring on a surface is also essential for the concatenation of the logic gates. In this Section, we present preliminary results for the realization of some of the two input binary gates that can be implemented with the anchoring of a single NH 3 molecule on Au 20 : the OR/NOR, AND/NAND and INH gates, as well as the unary NOT gate. We start by briefly summarizing the bonding neutral and negatively charged conformers of Au 20 Z -(NH 3 ), Z = 0, -1 that are relevant for logic gate implementation. The two lowest energy conformers of the Au 20 Z -(NH 3 ) (Z = 0, -1) are shown in Figure 2. Their energy ordering on the PES exhibits the same trends as the negatively charged and neutral conformers of the Au-(NH 3 ) 2 cluster shown in Figure 1 above. The two, lowest in energy, negatively charged conformers of Au 20 -NH 3 are quasi degenerate (the computed energy difference is 0.2 kcal⋅mol -1 ). On the other hand, the two lowest neutral conformers are separated by 6.3 kcal⋅mol -1 , which corresponds to an IR optical excitation. The two conformers of the neutral charged state have distinct bond patterns. The lowest conformer, conformer I, exhibits a Au-Nanchor bond where the Au atom is a 'apex' Au atom, Au a , of the Au 20 T d cluster, with a three-fold coordination and Mulliken charge of -0.42, whereas in conformer II, the Au-N bond is weaker as it involves a six-fold coordinated Au 'edge' atom, Au e , of Mulliken charge 0.09. As a result, the two kinds of anchoring bonds can be distinguished by IR spectroscopy. The vibrational frequency of the Au a -N bond is 257 cm -1 (75) (IR activities are given in parentheses in km⋅mol-1 ) while that of the Au e -N bond of conformer II is 220 cm -1(24). This difference in the vibrational frequencies of the Au-N bonds in conformers I and II is mirrored by the N-H vibrational frequencies of the NH 3 molecule which are 3483 cm -1 (15), 3614 cm -1 (25), 3614 cm -1 (25) and 3485 cm -1 (3), 3622 cm -1 (20), 3623 cm -1 (16) respectively. In addition, the computed dipole moments of the neutral conformers I and II of Au 20 -NH 3 are 9.6 D (conformer I) and 6.6 D (conformer II), which would allow to select one or the other using their orientation properties.As is the case for Au --(NH 3 ) (see Figure1), the bonding patterns of the negatively charged Au 20 --(NH 3 ) differ significantly from the conformers of the neutral state. In one of the quasi degenerate negatively charged conformer (conformer I), the anchoring of the NH 3 molecule leads to the opening of the Au 20 pyramid and to the formation of a cyclic structure where the NH 3 molecule is linked to the Au 20 cluster by an anchoring Au-N involving an edge Au atom and by a non-conventional N-H⋅⋅⋅Au bond. In the quasidegenerate conformer II, the anchoring of the NH 3 molecule is through a Au a -N bond. The two conformers, while energetically quasi degenerate, can be distinguished by the presence or not of the vibrational frequency corresponding to the non-conventional N-H⋅⋅⋅Au bond which falls at 3342 cm -1 and is red shifted by 142 cm -1 compared to the N-H frequency of conformer II.The bonding patterns and the energetics of the negatively charged and neutral Au 20 -NH 3 cluster lead to the same schemes as those proposed in Section 3.2 above for the implementation of the family of two input binary gates where three values of the output are identical, i.e., the OR/NOR, AND/NAND and INH gates. In all implementations based on Au 20 -NH 3 , we use for input 1 the anchoring bond Au a -N instead of the intramolecular N 1 -H⋅⋅⋅N 2 bond for Au-(NH 3 ) 2 and this is the only difference with the schemes summarized in Tables 6 to 10 in Section 3.2 above. The Au a -N bond is experimentally distinguishable from the Au e -N one. It is 'on' in conformer I and 'off' in conformer II of the Z = 0 charge state, the same is true of the Z = -1 charge state with the difference that the bonding pattern of conformer II has a cyclic character. For input 2, we use the electron attachment or electron detachment processes as in Section 3.2 above. The output is the energetic order of the conformers on the PES's Z = 0 and Z = -1, taking into account that conformers I and II on the Z = -1 PES are quasi-degenerate, and therefore must be encoded into the same binary value, either 1 or 0, also as in Section 3.2 above. Note however that they can be selectively prepared as is explained in the Appendix.
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Figure 2 .

 2 Figure 2. The bonding patterns of the two lowest energy conformers of Au 20 Z -(NH 3 )computed for the charge states Z = -1 and 0. The computational methodology is outlined in the Appendix. The computed geometrical, energetic, and spectroscopic properties of the conformers I and II can be found in ref.[27], as well as those of the Z = +1 conformers, not shown here.

  A for the 0-and +1-charge states, which are relevant to the logic gates discussed in Section 3.2. The binding energy of the conformer I in the +1-
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Figure A .

 A Figure A. The transition-state linkers between the conformers I and II for Z = 0, +1. Their transition frequencies are equal to 113 i and 147 i cm -1 , respectively. The bond lengths are given in Å and bond angles in o .
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encoding for the implementation of a NOT gate on the 0-charge conformational manifold of Au-(NH 3 ) 2 .

Implementation of Two Input Binary Logic Gates by Charge Alternation on Au Z -(NH 3 ) 2

  

Table 3

 3 above. The implementations of the XOR gate and of the NXOR are rather straightforward using this procedure, while it is typically harder to realize by more

	conventional molecular logic schemes because in a XOR gate when the two inputs are
	'on' simultaneously, there should be a '0' output. [48, 49]

Table 4 .

 4 Truth table for the implementation of the XOR gate of the neutral and positively charged conformers of Au-(NH 3 )

2 

. The energetic order is encoded as follows. Neutral: |0> ≡ I, |1> ≡ II; Z = +1: |0> ≡ II + , |1> ≡ I + (see also Figure

1)

.

Input 1 ≡ Au-N 2 Input 2 ≡ Output ≡ Input 1 ⊕ Input 2

Table 5 .

 5 Truth table for the implementation of the NXOR gate on the neutral and positively charged conformers of Au-(NH 3 ) 2 . Same encoding of the energetic order as in Table

  building a combinational circuit made of gates belonging to the complete set only.[START_REF] Mano | Logic and Computer Design Fundamentals[END_REF][START_REF] Nielsen | Quantum Computation and Quantum Information[END_REF] The NAND gate and the NOR gate are universal gates, and the sets {AND, XOR, NOT} or {AND, OR, NOT} form complete sets. The choice of the complete set used for building circuits depends on the set of gates that are physically available. NAND gate circuits require to being able to implement a single input gate only, but they require a lot of concatenation and wiring and for these reasons, they are not necessarily the most efficient combinational circuits at the molecular level.
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This allows to implement the family of two input binary gates where three values of the output are identical, such as the OR and NOR, AND and NAND and the INH gates. Together with the XOR and NXOR binary gates and the NOT unary gate above, they allow to build various combinations of 'complete' sets of gates for binary functions, also known as universal sets of gates. By 'complete' or 'universal', it is meant that any Boolean function can be computed by

Table 6 .

 6 Implementation of the truth table of a NOR gate on the neutral and negatively charged conformers of Au-(NH 3 ) 2 .

		Input 2 ≡	Output ≡
		Electron attachment	Energetic ordering
	0	0	1 (II on the Z = 0 PES)

Input 1 ≡ N 1 -H⋅⋅⋅N 2 0 ≡ 'off', 1 ≡ 'on'

Table 7 .

 7 Implementation of an AND gate on the negatively charged and neutral Au-(NH 3 ) 2 conformers.

Table 8 .

 8 Implementation of the truth table for a OR gate on the neutral and negatively charged conformers of Au-(NH 3 ) 2 .

Table 6

 6 

): N 1 -H⋅⋅⋅N 2 being 'off' corresponds to the logic value '0' and 'on' to the logic value '1'. Input 2 is encoded as electron detachment. The difference with the encoding of the NOR gate is that the logic value '1' is associated to the two quasi-degenerate negatively charged conformers. The implementation of the truth table of the NAND gate is given in

Table 9 .Table 9 .

 99 Implementation of the truth table for a NAND gate on the neutral and negatively charged conformers of Au-(NH 3 ) 2 . ' and electron detachment for input 2. The logic value '0' is assigned to both quasidegenerate conformers in the negative charge state. This leads to the following implementation for the truth table (Table10).

	Input 1 ≡ N 1 -H⋅⋅⋅N 2	Input 2 ≡	Output ≡
	0 ≡ 'off', 1 ≡ 'on'	Electron detachment	Energetic ordering
	0	0	1 (II on the Z = -1 PES)
	1	0	1 (I on the Z = -1 PES)
	0	1	1 (II on the Z = 0 PES)
	1	1	0 (I on the Z = 0 PES)
	The INH gate is important for implementing the borrow bit of a half
	subtraction because the only pair of inputs that leads to an output ≡ 1 is the (0,1) pair

while all the other pairs lead to an output ≡ 0. The INH can be implemented using for input 1 the encoding N 1 -H⋅⋅⋅N 2 'off' means logic value '0' and 'on' means logic value

Table 10 .

 10 Implementation of the truth table for a INH gate on the neutral and negatively charged conformers of Au-(NH 3

Table 6 .

 6 Au a -N bond 'on' is associated with logic value '1' and 'off' with logic value '0' for input 1 and for input 2, the electron attachment process ('on' ≡ 1 and 'off' ≡ 1), we obtain a NOR gate whose truth table implementation is completely analogous to the NOR implementation proposed in By reversing the encoding of the Au a -N bond, that is, attributing logical value '1' when the bond is 'off' and logical value '0' when the bond is 'on', and encoding the two quasi degenerate Z = -1 conformers into logical value 1 for the output, one gets an implementation of a OR gate analogous to that of Table8. For the AND, NAND and INH implementations, we use the electron detachment process for input 2 and the truth table implementations are analogous to Tables7, 9 and 10
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Appendix: Computational Methodology and Some Computational Notes

The complexes between Au Z -(NH 3 ) 2 are computationally studied by means of the GAUSSIAN 03 package of quantum chemical programs. [START_REF] Frisch | [END_REF] The Kohn-Sham self-consistent field formalism with the hybrid density functional B3LYP potential is used in conjunction with the basis sets 6-311++G(d,p) for ammonia and the energyconsistent 19-(5s 2 5p 6 5d 10 6s 1 ) valence electron relativistic effective core potential (RECP) developed by Ermler, Christiansen and co-workers with the primitive basis set (5s5p4d) [START_REF] Ross | [END_REF] for gold. All geometrical optimizations are performed with the keywords 'Tight' and 'Int = UltraFine'. The unscaled harmonic vibrational frequencies and zero-point vibrational energies (ZPVE) are also calculated in order to distinguish minima from saddle structures.

For each charge state Z = 0, ±1, the total PES of the Au Z -(NH 3 ) 2 complex consists of two conformers only, Au Z -(NH 3 ) 2 I (conformer I) and Au Z -(NH 3 ) 2 II (conformer II), the geometries of which are shown in Figure 1. These conformers are characterized by different vibrational frequencies as summarized in Table 1. They can be selected according to their orientation properties since the conformer II has a zero dipole moment due to symmetry, whereas the conformer I has a finite one equal to 5.3 D. Conformers I and II differ also by their polarizabilities, namely 79.6 vs. 227.3. On the PES with a given Z, they are interconnected by the transition-state structures