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Geometry optimizations and fragmentation energies of the series of hydrogen cyanide borane(1) oligomers
(up to hexamers) and their dehydrogenated analogues are presented. Structural parameters are examined at
different computational levels: MBPT(2) (second-order many-body perturbation theory), SDQ-MBPT(4)
(fourth-order many-body perturbation theory limited to singly-, doubly-, and quadruply excited configurations),

and DFT-B3LYP (density functional theory with Becke’s three-parameter hybrid functional using the Lee
Yang—Parr correlation functional). These oligomers seem to be suitable input for the models of the polymer
chain because of their periodic structure emerging from successive HCNBH or HCNB addition. The stability

of the oligomers in terms of initial “cracking” of the weakest bond is fairly high, ranging from 97 to 443
kJ/mol for the HCNBH series and from 329 to 589 kJ/mol for the HCNB series.

Introduction We propose two models. The first one, which we denote the
Sustained experimentaP and theoretic&r 0 interest in the ~ (HCNBH), model, is generated by repeating the basic HCNBH
B/C/N materials is motivated by the possibility to adjust their C€ll- In the second one we detach hydrogen from boron, thus

electrical, thermal, and mechanical properties by varying the OUr basic cell is HCNB. Since we want to work with closed-
B/C/N ratio. One of the key roles in understanding these Shell molecules, the simplest way to achieve this is the
properties is the elucidation of the detailed structure (e.g., termination of the chain with a hydrogen atom. However, the
graphitic-like networks, nanotubes, or linear arrangements). In molecular formula depends in this case on the number of HCNB
this study we investigate theoretically the possibility of the Units ). If nis even, itis convenient to adopt the H(HCNB)
formation of finite linear B/C/N chains from hydrogen cyanide model; if nis odd, the (HCNBjH model. To generalize this
borane(l) as models for these materials. notation we will use in the text the fOI‘mu{EH} (HCNB)nH

The idea to model oligomers from hydrogen cyanide borane-  One can anticipate the impact of electron-donor and electron-
(1), e.g., 142-2-azonia-1-borata-2-propyne (HCNBH) and 2-azo- acceptor parts in the potential polymer chain to its band struc-
nia-1-11-borata-2-propynyl radical (HCNB), is closely related ture, and hence to its possible electrical conductitAty.
to our previous calculatiorid:13 We have showit that three Suitable substitution of the B and N atoms into the polyacetylene
forms of (HCNBH) exhibit remarkable thermodynamic stability chain combined with the substitution of hydrogen atoms by
with respect to acyclic monomers (HCNBH osBCN) or cyclic electron donating groups can tune its band gap and, hence, the
borazirene. The open-chain plangrisomer of (HCNBH) conductivity to the values comparable with related polymers
consists of two &N—B segments and can be considered as (e.g., polyacetylene, polyparaphenylene, or polypyrrole). One
the starting point for the polymer modeling. However, the can test this assumption on a quasi-infinite chain using thé%PC
crucial problem of geometry and stability of longer chains (finite periodic cluster) model. However, the necessary starting
leading to polymers is an open question. The symmetry of the point for these calculations is the investigation of oligomers
oligomers simplifies the choice of the reference cell in polymer (dimers, trimers, tetramers, etc). The topic of this paper is to
modeling. Careful investigations of the above-mentioned prop- derive the possible geometry of the reference cell and to test
erties in oligomer series must precede any polymer modeling. the stability (or better: thermal viability) of the chain built from

 Dedicated to Professoridovt Treindl on his 70th birthday. it. The reason for finding the best physical model is that in the
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TABLE 1: Comparison of MBPT(2), SDQ-MBPT(4), and
DFT Geometries for HCNBH (Figure 1A)2
CH CN NB BH HCN CNB NBH

MBPT(2) 1.103 1.313 1.255 1.162 107.51 174.39 179.59
SDQ-MBPT(4) 1.121 1.319 1.284 1.170 106.40 173.07 179.99
DFT 1.117 1.298 1.285 1.165 109.05 173.40 178.80

alengths in A, angles in degrees.

and DFT for smaller systems represents a systematic way to
numerically control the quality of geometry parameters. Results
of these optimizations are summarized in part Il. In our
discussion we focus on (1) the central parts of the oligomer
chain which are important for the selection of the reference cell,
(2) the effect of the terminal part on the geometry of the central
part, and (3) the parameters (linearity, periodicity, bond length
alternation) that might affect electric properties. Afterward, we
suggest the geometry of the (HCNBHand {H} (HCNB),H
reference cell, based on the optimized oligomer geometries.
Finally in part 11, various fragmentation reactions are proposed
to investigate the energetics of the initial “cracking” of the
oligomers.

TABLE 2: Comparison of MBPT(2), SDQ-MBPT(4), and
DFT Geometries for H,CNB (Figure 2A)2

CH

CN NB HCN CNB

MBPT(2) 1.099 1.100 1.272 1.398 120.71 122.23 156.65
SDQ-MBPT(4) 1.100 1.101 1.272 1.407 120.54 122.73 147.17
DFT 1.102 1.102 1.259 1.385 121.68 121.69 179.95

alengths in A, angles in degrees.

Computational Details

Gradient geometry optimizations have been performed with
experienc® 18 provides numerous documentation that small Gaussian 92' at SCF, MBPT(2), and DFT-B3LYP levels and
change in the polymer reference cell geometry (especially bond with the ACES2 prograf at the SDQ-MBPT(4) level. For the
lengths) may cause a considerable change in band gap valueperturbation calculations the core orbitals were frozen. The DZP

To better understand this effect we have to consider the effectpasis séB24was used in the majority of calculations. In addition,
of the Peierls transitidi on the bond length alternation and we used the larger cc-PVTZ ba¥idor selected single-point
hence, on the electrical conductivity. Polyacetylene is a par- calculations. The former basis set has been successfully used
ticularly important example, for, in this case theband is in numerous correlated studies and has been advocated as a
half filled, what may eventually result in semiconducting or “minimal correlated basisfor larger systemg®27 The SCF
even metallic properties. According to Peierls, because of the geometries were used as a starting guess for higher level runs.
strong intrachain bonding, theelectrons are delocalized along  The first part of the calculations includes the comparison of
the polymer chain. When the band is half filled, the tendency MBPT(2), SDQ-MBPT(4), and DFT-B3LYP methods for
toward spontaneous symmetry breaking is particularly strong smaller systems. The two former methods represent the most
and it leads to a pairing of successive sites along the chain.popular and affordable correlated levels of geometry optimiza-
This pairing opens the band gap and leads to bond lengthtion that are used for comparison with the DFT approach. SDQ-
alternatior?? MBPT(4) can be treated as an approximation to the more rigor-

It means that, by the removing of the bond length alternation, ous but also more demanding CCSD model (coupled cluster
it is easy to construct theonphysicalpolymer model with singles and doubles). Due to computational reasons, these ex-
metallic conduction properties. To avoid this, we have to proceed ploratory calculations were limited to dimers. In the second step
with the geometry optimization as rigorously as possible. we have performed DFT optimizations of relaxed oligomers.

In the next section, we describe the computational procedure.All resulting geometries were subjected to a harmonic frequency
The Results and Discussion section is divided into three parts.check. Full geometry details can be found elsewR&rEhe
In part | we compare the optimization performance of dif- stability of the oligomers with respect to initial “cracking” was
ferent methods (MBPT(2), SDQ-MBPT(4), and DFT-B3LYP) also investigated. To assist the selection of the potential frag-
and discuss the differences between DFT and MBPT optimized ments we have performed additional SCF bond orders calcula-
parameters. However, due to computational limitations the tions?® (using the program GAMESY at equilibrium oligomer
geometry optimizations ddll oligomers up to the hexamer in  geometries. The lowest bond orders (and the corresponding
both (HCNBH), and{H} (HCNB),H models are possible only  Mulliken overlap populations) were taken as indicators of the
with the DFT method. Nevertheless, the comparison of MBPT weakest bonds.

TABLE 3: Comparison of MBPT(2), SDQ-MBPT(4), and DFT Geometries for the Dimer (HCNBH),2°

CH CN NB BC BH HCN CNB NBH NBC BCH BCN
MBPT(2) 1.071 1.181 1.482 1.466 1.190 179.37 179.09 115.01 113.28 121.36 124.69
1.096 1.372 1.265 1.168 113.96 179.81 179.98
SDQ-MBPT(4) 1.074 1.166 1.513 1.461 1.193 180.00 180.00 113.79 113.18 121.67 124.91
1.098 1.383 1.259 1172 113.42 180.00 180.00
DFT 1.080 1.179 1.449 1.477 1.191 148.94 176.06 116.23 115.14 120.59 125.46
1.097 1.353 1.258 1.166 113.95 179.72 179.86

alengths in A, angles in degredsTwo different values for some parameters correspond to the two inequivalent monomer units.

TABLE 4: Comparison of MBPT(2), SDQ-MBPT(4), and DFT Geometries for the Dimer H(HCNB),H2P

CH CN NB BC HCN CNB NBC BCH BCN

MBPT(2) 1.095 1.280 1.317 1.440 120.71 178.16 177.52 119.03 125.01
1.095 1.372 1.267 115.97 179.45

SDQ-MBPT(4) 1.095 1.271 1.321 1.432 120.92 177.94 177.56 119.32 124.99
1.093 1.379 1.258 115.69 179.35

DFT 1.095 1.273 1.310 1.434 120.97 179.07 177.38 118.12 126.18
1.096 1.361 1.256 115.70 178.87

alengths in A, angles in degredsTwo different values for some parameters correspond to the two inequivalent monomer units.
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SCHEME 1. DFT-B3LYP fractional charges of the The differences between MBPT(2) and DFT are acceptably
H3TC~N®*B?~ segment in (HCNBH), (MBPT(2) data in small for both the bond lengths and bond angles. We suppose
parentheses) that experimental bond lengths would fall into the interval
H H bracketed by MBPT(2) and DFT results, since MBPT(2)
o~ -B. / optimization usually overshoots bond leng#kg! The largest
\\EN [-0.415 (-0.324) deviation occurs for the (HCNBH,) for which the difference
\\Cf/ S~ N0‘338 (0.314) between DFT and SDQ-MBPT(4) single BN bonds is 4.2%
S y (Table 3). Keeping in mind that we are using a minimal
/ S5~-0.261 (-0.181) -eping i :
/ C\\‘ 0226 (0.240) correlated basis, this difference is acceptable. As for bond angles,
H H™ ' the most striking deviation is for the terminal HCN angle of

the same dimer, DFT providing a considerably lower value
(148.9) than MBPT(2) or SDQ-MBPT(4) (180D Apparently

I. Comparison of Geometries. The results of geometry the DFT-B3LYP approach slightly exaggerates the charge
optimizations (selected bond lengths and angles) for monomersdistribution. In other words, in contrast to MBPT(2), it does
and dimers at three computational levels are collected in Tablesnot predict the carbon to be sp-hybridized areddsto favor
1-4. sp?. This tendency can be found also in Mulliken fractional

Results and Discussion

E)

Figure 1. Selected optimized internal coordinates of oligomers in the HCNBH series (bonds lengths in A, bond angles in degrees): (A) monomer;
(B) dimer; (C) trimer; (D) tetramer; (E) pentamer.
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Figure 2. Selected optimized internal coordinates and the fragmentation energies of oligomers in HCNB series. For details see Figure 1.

charges of the BfCo~N°+B%~ segment (see Scheme 1, MBPT- Finally, we have to stress that for geometry optimization of
(2) values are in parentheses). However, this bending of terminallarge molecules the DFT-B3LYP approach is the usual alterna-
hydrogen has a relatively small effect on energies. The MBPT- tive, combining efficiency and computational reliabilfty33

(2) energy difference between DFT and MBPT(2) geometries Oliphant and Bartlett have shown that the performance of DFT
is —21.8 kJ/mol. Relatedly, the corresponding energy difference for geometry optimizations of molecules containing hydrogen
calculated at the DFT level is4.1 kJ/mol, which indicates that ~ and first-row atoms agrees well with experimental resilts.

the DFT-B3LYP potential energy surface might be rather flat ||, DFT-B3LYP/DZP Geometry Optimizations. The results
and less sensitive for H-bendings. Conversely, DFT optimization of geometry optimizations of oligomers up to hexamers are
leads to linear CNB in LCNB (Table 1), while MBPT(2) and  summarized in Figures 1 and 2. The convergence of important
SDQ-MBPT(4) giveJCNB around 150. The geometry dif- bond lengths observed in central monomeric units is documented
ferences at terminal atoms should have a marginal effect onin Figures 3 and 4. Before we proceed to the geometry analysis,
the central part of the chain with the increasing size of the oligo- let us comment on one feature of the HCNBH monomer.
mer (see the next section). Overall, the agreement of all threeBecause it is isoelectronic with HCCCH, which is a ground-
methods for the central part of the dimers is satisfactory and state triple€°3¢ we have calculated also singigtiplet gaps
justifies the use of the DFT-B3LYP model for higher oligomers. for the monomer and the dimer. The HCNBH itself is a ground-
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Figure 3. Converging sequence with optimized bond lengths in the
HCNBH series with increasing number of monomeric units. Squares
refer to BC, diamonds to BN, and crosses to CN bonds, respectively.
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Figure 4. Converging sequence with optimized bond lengths in the
HCNB series with increasing number of monomeric units (cf. Figure

3). Bold squares, bold diamonds and bold crosses refer to alternating

BC, BN, and CN bonds, respectively.

state singlet, though the triplet lies above the singlet just 14.3
(SDQ-MBPT(4)) or 12.4 kJ/mol (using the more elaborate
CCSD(T) modeY). The respective DFT estimate of the energy

Pappoveet al.

TABLE 5: DFT-B3LYP/DZP Fragmentation Energies and
Enthalpies (kJ/mol) in the HCNBH Series (see also Figure 1)

DzP cc-PVTZ
process AE AHo  AE

(1) (HCNBH),— 2HCNBH 441.F 416.1 443.0
(2) (HCNBHi— HCNBH + (HCNBH), 208.9 193.0 201.5
(3) (HCNBH),— 2(HCNBH), 111.2 1005 97.2
(4) (HCNBH)— HCNBH + (HCNBH);  343.7 323.6 338.7
(5) (HCNBH)— (HCNBH), + (HCNBH); 222.0 207.6 207.5
(6) (HCNBH)s— HCNBH + (HCNBH), 319.7 300.2 311.7
(7) (HCNBH)— 2(HCNBH); 353.3 335.1
(8) (HCNBH)— (HCNBH),+(HCNBH), 218.4 204.5
(9) (HCNBH)— HCNBH+(HCNBH)s 340.1 320.3

a Other levels of theory: SDQ-MBPT(4)/DZP 449.7; CCSD(T)/DZP
449.9 kJ/mol.

weak: indeed, the molecule is unstable with respect to the
corresponding fragmentation. Full optimization of the tetramer
leads to a stable bent-chain structure with positive (though
relatively low) fragmentation energy (see section ). The
tetramer possess local translational symmetry of BNC subunits.
If one considers the pertinent H atoms as well, the reference
cell can be modeled from the dimeric (HCNBHE.g., —B4-
(H)N5C6(H)B7(H)N8C9(H- in Figure 1D). The neighboring
BNCH segments in (HCNBH)are almost perpendicular to each
other, and each BNCHBHNC sequence is nearly planar. The
electron population is higher in the central part of the oligomer
for this rotated structure than for the planar one. This fact also
explains the lower stability of the planar (HCNBH)ligomers,

n > 2. The fifth representative of this series is the fully relaxed
pentamer. Similarly to the tetramer, this structure also represents
a bent chain with a well developed dimeric central part in which
the two HCNBH subunits resemble tBeisomer of (HCNBH).

The dihedral angle in both centraHB—C—B sequences is
approximately 178 i.e., almost perfect planarity is recovered
(see Figure 1E, reading atoms from right to left). In addition,
the dihedral angles in the+B—C—H sequence are also very
close to 180. However, the dihedral angles describing the
torsion of hydrogen atomsithin the HCNBH subunits are still
irregular. All structures belonging to the (HCNBHeries are
depicted in Figure 1. From Figures 1 and 3, the very good
convergency of bond lengths along the HCNBH chain for the
highest oligomers (the oscillations do not exceed 0.01 A) is
evident. However, there is no alternation of bond lengths in
the HCNBH series.

Because our ultimate goal is to find the stable geometry not
only for this particular model but also for related models, we
decided to modify the original (HCNBR}tructure by eliminat-
ing the boron-bound hydrogen atoms. This led to i -

gap for the monomer is even smaller (singlet and triplet states (HCNB),H model with sp-hybridized boron and single/double

are practically indistinguishable). However, the singleiplet

gap for the dimer calculated from CCSD(T) and DFT energies
becomes significantly larger (83.4 and 67.3 kJ/mol, respec-
tively). We do not expect any dramatic changes from ZPV

bond alternation (hereafter called the HCNB series). Here, one
can expect higher stability due to better electron density
saturation on electron-deficient boron atoms. All structures
belonging to the HCNB series are depicted in Figure 2.

contributions, since the number of degrees of freedom does not For the HCNB series, the fully optimized geometry of the

change and the geometries in both states are similar.
One can regard thglanar Eisomer of (HCNBH)!112as a

central part of all oligomers is close to the optimized planar
geometry of the corresponding dimer (Figure 2B). With increas-

reference for calculations of higher oligomers. We will refer to ing the chain length, the differences in the shape of the central
this model as the HCNBH series. However, already in the trimer HCNB subunits are decreasing. Of course, even the geometry
the planarity and the linearity of the BNC sequence are lost of the pentamer can still be affected by boundary effects, but
(Figure 1C). This effect is due to the presence of the lone pair for the hexamer we are able to make a few rigorous observations
on the central N atom (the trimer is too short to exhibit for the polymer reference cell. First, it is the parallelism of the
delocalization effects as in tetramer or pentamer). Other CBNC subunits (maximum deviation for neighboring parallel
problems occur when optimizing the geometry of planar CBNC parts is 3.5for the tetramer, 4°7for the pentamer, and
(HCNBH),. The central BC bond in thelanartetramer is rather ~ 3.0° for the hexamer); second is the evident trend in the bond
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TABLE 6: DFT-B3LYP Fragmentation Energies (kJ/mol) and Enthalpies in HCNB Series (see also Figure2)

DzP cc-PVTZ
process AE AHok AE

(20) H(HCNB)H — H,CNB + HCNBH 501.5 476.4 499.1
(11) H(HCNB)H — HBN + HCBNCH, 599.2 574.0 581.9
(12) (HCNB)H — HCNBH + (HCNB), 502.8 479.4 498.6
(23) (HCNB)H — HCBNCH + HBNCHBN 345.2 332.4 329.3
(14) H(HCNB)H — HCNBH + H(HCNB)3 510.0 476.5
(15) H(HCNB)H — H(HCNB), + (HCNB).H 461.2 444.8 456.5
(26) H(HCNB)H — HCBNCH, + HB(NCHB),N 450.1 428.8 444.9
a7 H(HCNB)H — HBN + (HCBN)s:CH, 606.4 581.0 589.3
(18) (HCNBY}H — (HCNB),CH + HB(NCHB),N 454.1 430.7 450.9
(29) (HCNBY}H — (HCNB),H + (HCNB); 445.9 427.2 459.5
(20) (HCNBY}H — HCNB + (HCNB)H 388.4 367.7 386.6
(21) H(HCNB)H — (HCBN)sCH, + HB(NCHB):N 460.0 438.9
(22) H(HCNB)H — (HCNB),H + H(HCNB), 464.4 446.9
(23) H(HCNB)H — (HCNB)sH +H.CNB 487.4 464.6

a SDQ-MBPT(4)/DZP 460.3 kd/mol.

length alternation in the central part of the tetramer and pentamergeometry for the subsystems in the Be\Bernardi procedure.

chains (Figure 2D,E and Figure 4). In reaction 1, the BSSE corrected fragmentation enéBy.
Figures 2 and 4 document that (similarly to HCNBH chain) = 805.9 and uncorrectefiE = 835.9; in reaction 7 thAEc,.

the convergency of bond lengths is very good for the highest = 673.7 andAE = 704.4; and in reaction 8E¢,c = 510.6 and

oligomers. In addition, Figure 4 reveals clearly the bond AE = 545.9 (all in kd/mol). Thus, the error associated with the

alternation in the HCNB model recovered already in tetramer. DZP basis set¢ggsg, lies in the range 47% of the CPC-

The bond length alternation indicates that the polymeric corrected fragmentation energies. We expect that this error will

analogue of this model is likely to exist in one of two be even smaller for larger systems, because the DZP basis is

isoenergetic minima resulting from twoeresonance structurés. rather compact and BSSE decreases relatively fast with the
From the electronic structure point of view, we are dealing with distance.
the polymer analogous to polyacetylene. Tables 5 and 6 reveal also the trends in energies. For example,

We have found distinct periodicity in both series. According one can find rather stable or converging fragmentation ener-
to the geometry trends of the oligomer series we can concludegies for certain types of fragments. For instance the elimination
that it will be necessary to consider the reference cell of two of HCNBH from the dimer, trimer, and tetramer (Table 6,
(planar) units in the case of HCNB and of two (perpendicular) reactions 10, 12, and 14) require$00 kJ/mol. In both series,
units in the HCNBH series, respectively. Since the latter model the fragmentation energies and enthalpies are fairly large,
lacks planarity, one can expect larger band gap. As was men-though theAHk values are lower due to negativeZPV cor-
tioned in the previous section, for the HCNB series the deviation rections. However, the ZPV corrections should be taken with
from linearity is small, thus it is probably justified to choose caution due to the nonrigidity of the oligomers and limited appli-
the model with linear CBNC segment of the polymer chain bent cability of the harmonic approximation (there is large number
at the carbon atoms. In the HCNBH series one can expect theof low-frequency modes in higher oligomers). Fragmentation
linearity in the BNC segment, while the NCBN sector is doubly energies in the cc-PVTZ basis are slightly lower for the majority
bent. of reactions. Two exceptions are processes 1 and 19. The

Il. Polymer Stability Prediction. In this section, we present  differences between DZP and cc-PVTZ are bracketed by 2 and
the fragmentation energies (Tables® for both series based 18 kJ/mol, thus the DZP basis performs quite well in this case.
on DFT-B3LYP/DZP and B3LYP/cc-PVTZ calculations. We  In footnotes to Tables 5 and 6 we present also the fragmentation
focus on the initial “cracking” of the polymer at its potentially energies for the dimers at higher level of theory (SDQ-MBPT-
weakest sites, not the total thermal degradation. The choice of(4) and CCSD(T)) to estimate the accuracy of the results.
our fragmentation reactions is guided by Mulliken overlap The oligomers in the HCNB series are more stable than those
populations and Mayer's bond ordétsind, consequently, we  in the HCNBH series. This can be easily explained keeping in
inspect the fragmentations of the weakest bonds. The calculatednind the electron deficiency of boron. The HCNB model (i.e.,
bond orders, as well as the bond lengths, indicate the bond lengthwithout hydrogen) can provide one extra electron for the chain
alternation in all oligomers, the weak (single) BC or CN bonds at two-coordinate boron, increasing the electron density along

alternate with the stronger ones. the BNC network and gaining additional stability to the
Let us define the fragmentation enerd¥ correspondingto  oligomer. In the HCNBH series, the fragmentation can occur
the process most likely at BC bonds (tricoordinate boron, the lowest bond
. orders), while in the HCNB series both single BC or CN bonds
oligomer— fragment(A)+ fragment(B) (1) are the possible sites for cleavage. From an energetics point of

AE=E, +E;—E @) view, the HCNB model seems to be a slightly better candidate
for the polymer. On the other hand, the HCNBH model offers
All AE values are positive, i.e., the oligomer is in each case more sites for substitution, opening greater possibility to tune
more stable than its various fragments. One can object that thethe polymer properties. To generalize a bit, both model polymers
fragmentation energies could be affected by the basis setshould be thermally viable, i.e., one can expect that they will
superposition error (BSSE). We have estimated the BSSE for not depolymerize immediately.
three reactions for dimers at the MBPT(2) level using the Boys Moreover, the stability of the particular chain becomes less
Bernardi counterpoise correction meti8d@he geometry of the  crucial if we consider the opportunity of interchain interaction.

fragments was not relaxed, since one has to use the samdn this context, the stabilization of two parallel (or antiparallel)

olig
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chains via hydrogen bonding and/or--BN donor-acceptor (8) Miyamoto, Y.; Rubio, A.; Cohen, M. L.; Louie, S. ®hys. Re.

ooy ; : iati B 1994 50, 4976.
bonding is another topic that deserves future investigation. (9) Brocks, G.J. Chem. Phys1995 102, 2522.

. (10) Bredas, J.-L.Adv. Mater. 1995 7, 263.
Conclusions (11) Cernusk, I.; Urban, M.; Ertl, P.; BartlettR. J.J. Am. Chem. Soc.
) ) ) 1992 114, 10955.
In this paper we have investigated the route to the poly-  (12) Gernugk, I.; Urban, M.; Stanton, J. F.; Bartlett, R.1J.Phys. Chem.
mer chain on the basis of the exploratory calculations of vari- 1994 98, 8653.

ous oligomers. Extending the chain up to the hexamer, one (13) Cernusk, I.; Liebman, J. FMol. Phys.1998 94, 147.

can generate oligomers of A-2-azonia-1-borata-2-propyne 559547) ';;3'. inga, E. E.; den Hoeve, W.; Wynberg, Synth. Met1993
(HCNBH) and 2-azonia-2?-borata-2-propynyl radical (HCNB) (15) Dantas, S. O.; dos Santos, M. C.; Galvao, DCBem. Phys. Lett.
in a systematic way. We have used MBPT and DFT-B3LYP 1996 256 207.

; (16) Varga, S Noga, J. Program performing electronic structure
methods and compared their performance for smaller SyStems'calcuIations of finite periodic clusters (FPC), supports SEMBPT(2)

The differences of geometry parameters optimized by .these calculations of total energies and band gaps of finite clusters with explicit
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