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7.1 Introduction

Carbon forms the basis of life. The atom exists in different hybridization states like sp, sp2, and sp® forming diverse
bonding. Carbon has several allotropes like graphene, fullerenes, carbon nanotubes (CNTs), nanorings, etc. [1, 2]. In

1987, Baughman et al. proposed the GYfamily members (GFMs) consisting of sp and spz hybridized C atoms where
some of the C—C bonds get substituted with C—C wriple bonds, which reduces the cohesive energy. Among these, GY
is the most stable and has also been associated with potential nanoelectronics and energy storage applications. GY has

better electrical conductivity than graphene [3]. The presence of 5[}2 and sp3 hybridized carbon provides rich n-
conjugation to graphene. It also possesses evenly distributed pores permitiing water molecules to pass throughit, a
feature that has been useful in designing desalinators based on GY. GDY, a family member of graphene has been used
in separation membranes for H; purification [4]. Metal-doped GY's are also found to be well-suited for Hy storage

and Li-ion batteries [3]. GYs and GDY's have been used in electronics, phetovoltaics, and catalysis.

7.1.1 Structural Aspects of Graphyne

Graphene serves as the building block of several carbon-containing frameworks and holds the upper hand among all
the allotropes of carbon [G]. Graphene has a high carrier mobility [7] and is used in ultrahigh-speed radiofrequency
electronics [8]. However, the zero band gap holds limitations in field effect transistors(FETs) making it less useful
for nanoelectronics. Therefore, the scientists worked on finding a new system having the intrinsic energy gap, which
could be developed as a realistic candidate. Among 2D materials having structural similarity with graphene, GY [9]
(Figures 7.1 and 7.2) and GDY [10] (Figure 7.3) were created from graphene-and found to be even better in some
aspects than graphene. As discussed earlier, the discovery of GY was made-in the year 1987 [11] and the material got
attention because of its direct band energy. It has D6h/mmm symmetry.and is considered a hybrid system of graphene

(sp”C) and carbyne (spC) in which the hexagonal rings are joined by the acetylenic linkage. It possesses rich
optoelectronic and elastic characteristics due to these linkages [12]. GY is classified as a, B, and y graphyne based on
the number of these acetylenic linkages to the different hexagonal rings [5]. a Graphyne has 100% acetylenic bonds
present in each C—C bond of graphene, while in p and y graphyne, they are at select C—C bonds. In -GY, two-thirds
of the C—C bonds are acetylenic,whereas in y-GY, only one-third of such acetylenic bondsare present. The y-GY acts
as a direct band gap semiconductor having a tuneable band gap in varying circumstances [13]. a and 3-GY's are semi-
metallic and have Dirac cones [14]. The directional electrical conductivity of GY makes it superior to graphene. The
structure also has a higher degree of n-conjugation. GY also has mechanical stability and possesses high tensile
strength and stiffness [15]. Diederich initially.attempted the synthesis of GY [16]. Subsequently, the molecular
fragments of GY and GDY molecular fragments were synthesized by M.M. Haley [17]. Despite the attempts, only
trace amounts of GYs have been prepared in the laboratory. Large-area-multilayer GY films have been successfully

synthesized [18] and also GY sheets [19]. GY has a higher degree of n-conjugation owing to sp as well as sp2

hybridized C present. The carbon atoms involved in the hexagonal ring are sp? hybridized, whereas sp hybridized
carbon atoms link the two adjacent rings. The C—C bond length in the hexagonal ring has been calculated to be 1.427
A. The px, py, and s orbitals are involved in o bond tormation between the neighboring atoms in GY, whereas the p,

orbitals are involved in n-bond formation, resulting in the n-conjugation. The bond distance between a sp? and sp
hybridized C is 1.412 A and is shorter than a normal o bond (~1.470 A).
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