


II. Results and Discussion
We speculate, that the cyanoacetylene cluster growth process begins with a gradual build-up of neutral vvan der Waals clusters, and thus. We thus begin our discussionby discussing thepresenting the relevant structures.
a. Cyanoacetylene dimer and cluster sStructures
The neutral structures of the pure cyano acetylene dimers are presented in Figure 1 displays the neutral structures of the pure cyanoacetylene dimers and.  In the Figure, we present different orientations of the cyanoacetylene molecules with respect to each one another. The least stable structure, D1, is T-shaped, with the nitrogen atom of one molecule pointing toward the other molecule’s nitrogen-bound carbon atom. A more stable structure is D2, where the two molecules are positioned on top of each other, and each nitrogen atom is closest to its paired molecule’s hydrogen atom. The linear most stable structure is the D3 structure is the most stable, in whichwith the hydrogen atom in one molecule is pointedpointing towards the nitrogen atom of the other molecule. The next stable structure is D2, where the two molecules are positioned on top of each other, and each nitrogen atom is closest to its paired molecule’s hydrogen atom. Due to the large dipole moment of Cyanoacetylene (calculates 3.84 D), the dimer structures exhibits large binding energies (BE) with respect to acetylene dimers, which has no dipole moments and BE of 1.4/1.6 kcal/mol depending on the molecular orientation.[45] The binding energy (BE) are is similar in magnitude to the BE of the hydrogen cyanide (HCN) dimer, which is -4.97 kcal/mol for the linear orientation [44].[44] Due to the large dipole moment of cyanoacetylene (calculates 3.84 D), the dimer structures exhibit large BE’s with respect to acetylene dimers, which lack dipole moments and have a BE of -1.4 or -1.6 kcal/mol, depending on the molecular orientation [45]. 
The lowest structure present here is a T-shaped  like structure, in which the nitrogen atom of one molecule points toward the second molecules as shown in structure D1.
Figures 2 and 3 presents the structures of larger pure cyanoacetylene clusters. 
The trends exhibited by the larger clusters are similar tofollow the patterns of the dimer clusters. Clusters are generally stabilized by intermolecular hydrogen-nitrogen interactions.  The interaction between a hydrogen atom in one cyanoacetylene molecule, and a nitrogen atom in the paired cyanoacetylene molecule, is favorable.
Upon ionization, the structures  of the structures, they are no longer stable on the neutral surface, and contain a large amount ofpossess excess energy and are no longer at equilibrium or stable on the neutral surface. This, which leads to relaxation processes, as demonstrated schematically in Figure 4.; before the ionization process the structures are at equilibrium on the neutral surface. After ionization they are no longer at equilibrium and poses large amount of energy. ToWe re-optimize the structures to understand what are thedetermine the optimal structures on the ionic surface, we re-optimize the structures on this surface, as shown in Figure 4. Examining the resulting structures reveals several interesting points.   

[image: ]	Comment by AL: The numbering and placement of this figure do not align with figures discussed in the text. Its placement depends on journal formatting requirements, but the author has gathered other images separately from the main text, so presumably this belongs at the end of the document. However, the image details are inconsistent with the other figures (T or Tr for Trimer? Tet or T for tetramer? BE with or without units?) and the diagrams are too small to distinguish between H, C, and N atoms. It may be constructive to include some comment or explanation with regards to ionization reducing the number of structural variations (ie, 5 neutral trimer structures, but 3 ionized trimer structures). The captions of Figures 1-3 in the full article should also restate that those structures are neutral.
Figure 14: Optimized structures obtained from the starting geometries of the structures shown in Figures 2 and 3, presented on a cationic surface. T, Tet and P represent trimer, tetramer and pentamer clusters, respectively. BE’s are presented in kcal/mol.
The resulting structures reveal aspects of cyanoacetylene cluster formation. Firstly, we do not observe any proton transfer after optimization. . (unlike the case ofThis is in contrast to pure HCN clusters,  [44] discussed later in this article which will be discuss below[44].) Secondly, in most clusters, we observe the formation of a bond after ionization. In the trimer and tetramer clusters, the bond is formedbonds form between two cyanoacetylene units. In the pentamer clusters, we observe bond formation between three cyanoacetylene units as well (Figure 4, P(a) and P(b)). SinceThe the structures were obtained viaidentified via optimization, therefore, we can conclude there is no formation barrier for their formation. However, after ionization, the system possesses a large amount of energy that, but the energy from ionization can be utilized to form additional structures. To study the evolution of the systems overwith time, we performed ab-initio molecular dynamics (AIMD) simulations, presented in the. The results are presented in the next sectionsubsequent section. 
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