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Abstract

In this paper, we carried out systematic study about C/P binary non-metal cluster
anion C,P,, (m=1-5, n=1-7). In the way of analysis and compare of the structures
and energies, we discuss and summarize the structural rules, and the result can
interpret the parity alternation in the time-flight mass spectra of C/P anions binary
cluster. The outcome can serve as helpful guidelines for the further study on theoretical
study of binary clusters. Knowledge acquired in this aspect can provide helpful
information for the synthesis of a variety of novel cluster-assembled materials.

Five series according to the value of m will be displayed, they are C,P (n=2-7),
CyP2 (n=1-7), C,P; (n=2-8), C,Ps (n=1-7), C,Ps (n=1-7). In each series, we have
designed numerous models using molecular graphics software, then carried out
geometry optimizations and calculations on vibrational frequency by B3LYP density
functional method. After comparing the total energies of the isomers, we confirmed the
most stable structures and analysised their molecular orbits and value bond structures.
We also calculated the electron affinities (EA), the energy difference ( A E,),
atomization energies ( A E,), incremental binding energy ( A E'), which can explain the
odd-even alternation in time-flight mass spectra of C,Py, binary cluster anion.

1.C,P

The most stable structures of C,P (n=2-7) are the linear “C,P” model with the
phosphorus atom at the end of C, chain. The delocalized © bond favor the reduction of
the total energies. The electron affinities and incremental binding energy are high for
odd n and low for even n. The energy difference of the adjacent clusters is high-even
and low-odd. All reflect that C,P with odd n are more stable and match with the
peaks intensity of laser mass spectra. No matter what the n is, the CC bond lengths of

C, chain have long-short alternation. But the terminal CP bond lengths are short for



odd n and long for even n.

2.C,Py

The ground structures of C,P, (n=1-7) are also linear with the two phosphorus
atoms at the either side of the C, chain. Bigger the n is, more weakly the phosphorus
atoms participate in forming the m bond. They have the same odd-even alternation of
electron affinities, energy difference and incremental binding energy with C,P , so
C,P, with odd n is more stable. The CC bond distance distribution of C, units are
more cumulenic when n is odd and more polyacetylenic when n is even.

3.C,P3

In the ground structures of C,P3 (n=3-8), one phosphorus atom locate at one end
of carbon chain, while P,C three-number ring at the other end. Cyclic ® bond can be
formed in the whole molecular. The alternate behaviors in electron affinity, energy
difference and incremental binding energy with odd and even “n” match the peak
pattern observed in laser-induced mass spectra of C,P; (n=2-8) which are high for
even n and low for odd n. The CC bond lengths of C,, unit with even n have long-short
alternation bearing the characteristic of polyacetylene. And the terminal CP bond
lengths are long for odd n and short for even n.

4.C,Ps

The most stable structure of CP, is planar five-number ring. C,P4 is the
structure with “C,P” ring and “C,P3” ring sharing the same C, edge. C4P4 and C¢P4
have the same ground structures characteristic with “P;C” ring at one end of carbon
line, and one phosphorus atom at the other end. Like CsP4 and CsP4 , in the most
stable structure of C;P4 , one end of carbon chain connect P; ring which bend to the C,
and the other end of C, connect one phosphorus atom.

5.CyPs

When one end of C, chain connected CP,4 ring and the other end connected one



phosphorus atoms, it make the most stable structures of C,Ps (n=1-7). The n bond
always stably delocalized on the P,C, unit which is the middle part of the molecular.
The two phosphors atoms in the CP4 ring which far from the carbon chain can be part
of the m bond, but when the size of molecular is bigger, it is weaker. They exhibit the
same odd-even alternation of electron affinities, energy difference and incremental
binding energy with C,P; , which is in good agreement with the high-even and
low-odd tendency in experimental observation. The C, unit bearing CC bond lengths
long/short alternation are polyacetylene-like, while the CP bond length vary with the

parity of n, which favor the = bond of even n.

All the C, unit of the clusters mentioned above are straight line with phosphorus
atom(s) connect at the either end of the C, chain. When the phosphorus atom number
at one end is bigger than 1, the phosphorus atoms will form ring with the terminal
carbon atom, or form ring themselves then connect to carbon chain(like C;P4 , CsPy4
C;P4 ). Except the most stable structures of CsP4 , CsP4 , C;P4 , all other ground
structures are planar. Expect a number of individual isomers, the structures with carbon
and phosphorus atoms connected alternately are unstable. Most of the stable models
have carbon units C, in the forms of ring or chain connecting to different P, P,, P3, P4
or Ps units.

In the mass spectra, the peaks of C,P and C,P, show high-odd and low-even
alternation, which is opposite to C,P; and C,Ps . The electron affinities, energy
difference and incremental binding energy explain the experiment observations. While

the peaks of C,P, did not been seen in mass spectra.
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Fig. 2.1 Mass spectrum of binary cluster anions, each series of anionic cluster (with
same m) is marked with a symbol, and the number on each symbol represents the

number of carbon atoms in the cluster.
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