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Density functional theory calculations are presented for the geometrical isomers of the cyanopolyacetylenes
H(C=C),C=N (n = 1-3). The structures, harmonic frequencies and dipole moments are computed. employing
the 6-311G** basis set. The energies of barrier to isomerization (¢xchange of carbon and nitrogen atoms) are
also computed in order to estimate the stability of the isomers in interstellar space.

Introduction

Carbon clusters with bonds to the nitrogen atoms have
been paid much attention recently due to their astrophysical
abundance, A variety of nitrogen-containing carbon clusters
were observed in interstellar clouds along with those mixed
with other heteroatoms such as 0. $*° and Si.” Among
these carbon clusters, cyanopolyacetylenes. H{C=C),C=N
with long carbon chains. up to HC;)N.® were observed in
interstellar medium. The structures and vibrational frequen-
cies were measured, and numerous ab initio computations”™'?
were also carried out.

In contrast to the cyanopolyacetylenes. studies on their
geometrical isomers were relatively scarce. It is well known
that the cyanopolyacetylenes are the lowest-energy struc-
tures, and the abundance of the geometrical isomers of cyano-
polyacetylenes is considered to be smaller than the cyano-
polyacetylenes in interstellar medium. The relative abundance
of HCN and HNC is a good example, and the ratio [HCN]/
[HNC] was estimated'” to be 1.55. However. HC;NC'™ and
HNC:."”* which are the isomers of HC:N, do exist in inter-
stellar medium. Further experimental studies may lead to
observation of other isomers with longer carbon chains, and
computational studies on them will surely help elucidate
their structures and spectroscopic properties.

Another motivation to study the geometrical isomers of
cyvanopolyacetylenes is the fact that the bonding to the nitro-
gen atoms may change the structure and chemical reactivity
of the carbon clusters. It was found that lowest-energy struc-
tures of the pure carbon clusters up to Cjo are linear. The
cyanopolyacetylenes. with alternating single and triple bonds.
are also known to be linear up to HC))N. The chemical
bonds ot the geometrical isomers of H(C=C),C=N are. how-
ever. much more complicated. and no simple canonical
structures may be assigned for these molecules. Presumably.
several resonance structures due to the unpaired electrons of
the nitrogen atom may contribute to the overall bonding
character. as is the case for H:C,O [Ref. 16] (n=2-6}). In the
present article. we predict the structures and the spectroscopic
properties of the geometrical isomers of H(C=C),C=N (n =
1-3) employing the density functional theory (BLYP/6-
311G**) method. which we tfound very economical and also
accurate compared with other correlated methods for the
carbon clusters in a number of previous works.'*" The rela-

tive stability of some isomers is also studied by computing
the energies of the barriers to isomerization.

Computational Methods

In this study all the calculations were carried out using the
GAUSSIAN 94 set of programs™’ on DEC alpha work sta-
tions. The density functional theory with the exchange func-
tional by Becke™ and correlation functional by Lee er al.™
{(BLYP) were employved with the 6-311G** basis sets. All
the molecules studied in this work are planar, except for a
transition state. Dipole moments and rotational constants
were computed along with the harmonic frequencies. The
structures of the transition states were obtained by verifying
that one of the harmonic frequencies be imaginary. Energy
barriers for the isomerization reactions (exchange of carbon
and nitrogen atoms) were computed by subtracting the ener-
gies of the stationary structures from those of the transition
states, including the zero-point energies.

Results

Table 1 presents the relative energies of the cyanopoly-
acetylenes H(C=C),C=N (n = 1-3) and their geometrical iso-
mers. The cyanopolyvacetylenes H(C=C)C=N are the most
stable., and other isomers are 20-80 kecal‘mol higher in ener-
gies. The HC2,NC (n = 1-3) molecules. which are formed by
the exchange of the terminal carbon and the nitrogen atoms,
are the second most stable structures. lving about 27 keal/
mol above the corresponding ¢yanopolyvacetylenes. On the
other hand, HCNCs, (n = 1-3) molecules are tound to be the
least stable. 70-80 keal‘'mol higher in energies than the corre-
sponding cyanopolyacetylenes. Isomers with the H-N bond-
ing. HNCa,+1. are predicted to be the third most stable struc-
tures in each series. Those with the generic structures of
HCNC3, are found to be the least stable. when the zero point
energies are considered. These differences in energies bet-
ween the isomers would. of course, determine their relative
abundance in interstellar space. The dipole moments of the
molecules given in Table 2 are rather large. up to more than
11 Debye for HNC7 and HCNC. indicating that they may be
studied by microwave and intrared spectroscopy. The com-
puted rotational constants are presented in Table 3. It can be
seen that the computed values compare very well with the
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Table 1. Relative energies of H(C=C),C=N (n=1-3} and their
isomers
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Table 3. Rotational constants (MHz) of H(C=C),C=N (n=1-3)
and their isomers

AE (keal/mol) MP2/4-31G%*°  BLYP/6-311G** Txp.

HC-N 0.0° HC-N 556.8 361,743 s64.0°

HCNC 27.8(26.7) HCNC 5748 579,071 582.4¢

HCNC: 66.4 (64.5) HCNC 590.6 593.840

HCNC 50,2 (57.3) HCNC, 599.2 601.449

HCNG, 74.0(71.7) HONG, 601.1 602.520

HCNCs 62.6 (60.7) HCNC 597.1 597,200

HONG 73.4 (75.7) HONC 583.9 584,320

HNC: 49.6 (48.4) HNC 567.9 567,540

HC:N 0.7 HCN 1312.9 1325.686 13313

HCNC 27.7(26.9) HCNC 1381.3 1390.844 1401

HCNC= 68.1(71.8) HCNC 1432.570

HCNG 58.7(37.4) HCNC; 1438.823

HONC, 77.2(74.8) HONC. 1404.060

HNCs 48.3(47.0) HNCs 13444 1342.950

HC:N 0.0° HON 4491.7 4526.427 4549.1¢

HCNC 27.1(26.6) HCINC 4885.8 4917.071 4967.8"

HONC: 70.7 (68.8) HONG, 4921.768

HNC, 44.9 (43.6) HNC, 4612.4 4605.690 4668.3°
“The energies of [1CsN. [ICsN. and [IC/N are —169 58410 (—169 55788). ﬁgﬁzl

—243.74126 (24570494}, and -321.90609 (—321.85911) Tlarmes, re-
spectively. The energies in the parentheses are those including the zero-
point eneray. "Zero-point energies included.

experimental observations. the agreement being better than
the MP2/4-31G** results by da Silva er @l > Since the struc-
tures of many molecules listed in Table 2 are quasilinear. as
described below. their rotational constants comprise two
very similar ones with the remaining one very large. There-
fore, we list only one of the rotational constants for most
molecules in Table 2. with the exception of HNC3, for which
the two rotational constants are somewhat ditferent due to

Table 2. Dipole moments {Debye) of H{C=C),C=N (n= 1-3) and
their isomers

N pp—— — ﬂ
HCN 1,93 5.30
HCNC 3.75 3.487 3.81
HCNC- 7.14 7.97
HCNC; 6.56 6.08
HCNC, .73 9.25
HCNCs 8.34 7.45
HCNCe 11.93 10.06
HNC- 11.50 8.25
HCN 4,33 4.53 4,33
HCNC 343 3.253 3.39
HCNG: 6.97
HCNCs 5.63
HCNC, 8.34
HNC; 8.35 6.73
HCN 3.70 3.7 3.6
HCNC 3.08 2.98
HCNC, 6.52
HNG, 597 5.14

“Ref. 24. "Ref. 26. ‘Ref. 27. “Ref 25, ‘Ref. 28. Ref. 29. *Ref. 15, The
other two rotational constants were not reported. "in GHz.

the clear nonlinearity of the molecule.

The structures of the geometrical isomers of H(C=C),C=N
{n = 1-3) are given in Table 4-Table § (it should be noted that
the two molecules, HC:NC and HCNC, and the cyanopoly-
acetylenes H(C=C),C=N (n = 1-3) were already reported in
our previous publication’”). The isomers of HC:N are linear,
except HNCs. The latter molecule is predicted to be highly
bent but planar (C; symmetry), with the H-N-C angle of
135.2°, Of the isomers of HC:N, HCNC, and HNCss are pre-
dicted to be bent. Only HCNC,; and HNC- are predicted to

Table 4. Bond lengths {A). bond angles and harmonic frequencies
{em ™) of TICNC- and TINC

. BLYP! . BLYP! CEPA-1/
HONG: 3y HNG, 6-311G** 118 cGTO°
H-C| 1.063 HN 1.014 1.0038
C-N 1178 N-C, 1.203 1.1928
N-C» 1.281 C-Ca 1.307 1.3076
CaeCs 1.277 CaCs 1.282 1.2745

ZHNC, 135.2° 136.1°
ZNC Cs 173.6° 173.8°
LCCaCy 177.2° 175.0°
vi{) 3143665 wilA)) 3586 (278)
vi{G) 21720617y wHA)) 2218 (1085)
(o) 1926(159)  wA) 1869 (15)
Va{ &) 954 (1) V(AT 932(3)
V() 505 (0.8) V(A 628 (317)
ve( 1) 186 (2) V(A 557(0.5)
V() 155 (57) viA) 511¢116)
V(A 174(3)
va(A) 159(3)

“Ref. 24. *Ref. 27. ‘Ref. 23,

“Ref. 30. “Intensities in km/mole.
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Table 5. Bond lengths {(A). bond angles and harmonic frequencies (em™) of HCaNCs. HCNC,. HNCs and HC:NC:

HC:NC; BLYP/6-311G** HONC, BLYP/6-311G** HNCs BLYP/6-311G** HCINC: BLYPi6-311G**
H-C, 1.068 H-C, 1.075 H-N 1.017 H-C, 1.069
C-C. 1.218 C-N 1.196 N-C, 1.215 C-Ca 1.225
C:-N 1.291 N-C- 1.261 C-Ca 1.296 C-Cy 1.337
N-C3 1.201 (e 1.260 Ca-Ca 1.270 Ci-N 1.192
C3-Cy 1.304 Ci-Cy 1.310 C5-Cy 1.303 N-Cy 1.273
Cy=Cs 1,285 Cy=Cs 1.288 Ce=Cs 1.290 CyeCs 1.283

Z HC\N 151.1¢ ZHNC, 131.0°
Z NG 174.3° LNC(C 172.3°
ZNCCs 179.8° L0 176.4°
ZCACHC 179.6° L0, 179.6°
ZCCaCs 179.8° L CyCsCe 179.3°
vi{o) 3409 (145) Vi(AT) 3312 {314y vi{A") 3536 (288) VI{T) 3395 (174
V(o) 2268 (1263)" Va(A') 2225 (1939} va(A') 2238 (3537) V(T 2238 (374
vi{O) 2162 (146) Vi A" 2101 (60) ViAT) 2122 (134) vi{<) 2098 (273)
\Z1{e]] 19508 (150) va(A') 1857 (404) VoA 1825 (370) Vi{G) 1917 (464)
vs{C) 1221 (0.8} Vi( A"} 1284 (0.4} vi(A') 1250(2) vi{(T) 1197 (1)
Ve(O) 672{0.6) Ve(A') 659 (0.1) valA') 689 (605) ve{G) 663 (0.5)
V(1) 37540 Vi A") 491 (3} vi{A') 643 (39) Vi) 583 (41)
Va(TT) 485(%) vi(A”) 487 (5) valA”) 553(3) V() 4541
Ve(TT) 392(0.8) Vel A') 444 (2} Va(A) 546 (4 Vo{ ) 403 (1)
Vi) 188(7) VidA™) 444 (1) VialA™) S13(1) Via{ ) 224 (4
Vi) 80{0.9) vi{A") 359 (479) vi{A") 173 (46) Vi) 103 (2)
Via(A') 208 (11) Vi{AT) 222(6)
Vis(A”) 207 (12y vis(A) 2169
Via(A") 89 (0.2} Vi AT) 97 (6)
vis(A”) 88(1) vis(AT) 93(2)

“Intensities in km‘mole.

be completely bent isomers of HC:N, with the H-C-N and
H-N-C angles of 144.7° and 129.4°, respectively. Other iso-
mers of HC:N are either linear or quasilinear. For example.
the bond angles of HCsNC,, HC:NCy and HCaNC are very
close to 180°, as reported in Table 7 and Table 8. Thus. for
the series ot molecule studied here, those with the nitrogen
atom either bonded to the hydrogen atom or to the H-C moi-
ety are bent. while others are linear or essentially linear. The
carbon-carbon and the carbon-nitrogen bond lengths for the
isomers of H{C=C)C=N (n = 1-3) clearly show the peculiar
character of the chemical bonds of these molecules. For
example. the distance between the two terminal carbon
atoms in HCNGC; given in Table 4 is 1.277 A. considerably
larger than the C=C bond length (1.215 A) in HC:N. indicat-
ing that the carbon-carbon bonding in the former molecule is
not canonically triple. Similarly. the nitrogen-carbon dis-
tance in HCsNC (Table 6) is 1.201 A. larger than the C=N
bond length (1.177 A) in HC-N. showing that the N-C bond-
ing in HCGNC is not perfectly triple. Da Silva e al.** sug-
gested for the bonding structure in HC-NCi type of
molecules that the nitrogen atom may be regarded as divid-
ing the carbon chain in two parts with ditterent degree of
electron delocalization. such as the canonical structure H-
C=C-C=C-N=C=C=C for HC,NC;. However. this simplifi-
cation may not work well for other molecules such as
HCNC; reported in Table 8. No canonical structure could be
drawn for this molecule. and it seems that several resonance

structures may contribute. Since the pure carbon clusters
are known to be linear up to C,y. it can be seen in Table 4
Table 8 that bonding to the nitrogen atom gives substantial
changes in the geometry of the carbon chains in the isomers
of cyanopolyacetylenes.

The harmonic frequencies are also given in Table 4-Table
8. Most of the trequencies for these molecules are reported
tor the first time here. The high-frequency modes vi{o) of
the linear isomers are very similar to those of the corre-
sponding cyanopolyacetylenes. For example. the wvi(0) fre-
quency (3414 ¢cm™) of HC:NC is close to that of HC3N
(3398 cm™), while those of HC,NC, HC3NC:. and HC-NC;
are 3402, 3395 and 3409 em™'. respectively. similar to that of
HCsN (3397 cm™). Likewise. the vi(&) modes of the linear
or quasilinear HC(NC, HCsNC,, HCNC; and HC3NC, mole-
cules have the similar frequencies of 3401. 3396, 3400, and
3394 cm™. respectively, while that of HC:N is 3399 cm™.
This observation results from the fact that the v,(¢) modes
of these linear isomers are predominantly the stretching of
the C-H bond (see Figure 1), that are essentially single bond.
well isolated from the movements of other chemical bonds
with more complicated characters. Differences in other
stretching modes of the linear isomers indicate the compli-
cated changes in the character of the chemical bondings in
these molecules. For example. the v2(¢) mode of HOCNC
has the harmonic frequency of 2172 ¢cm™. smaller than that
of HC:N (2267 cm™). The v(6) modes of these two mole-
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Table 6. Bond lengths (A). bond angles and harmonic frequencies
(cm™) of HC,NC and HC,NC:
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Table 7. Bond lengths (A). bond angles and harmoni¢ frequencies
{em™") of HCsNC-and HC3NCy

CCSD(

HONC  copviz BT Heanes SRTL
(254 ¢GTOs)®

H-C, 1.0628 1.068 H-C, 1.068
C-C. 1.2101 1.224 C-Ca 1.222
.G 1.3634 1.350 CaCs 1.350
C.Cy 1.2164 1.235 .G 1.233
Ca.Cs 1.3603 1.342 Ca-N 1.27%
CaCs 1.2110 1.230 N-Cs 1.205
Cs.N 1.3067 1.299 C:.Cs 1.303
N-C- 1.1822 1.201 CeC5 1.287
V(o) 3454 3401 (156)  wiio)  3400(156)
V(o) 2312 22196} viio) 2241 (1519
Vi(O) 2262 2186 (3% V() 2212¢11)
Va(C} 2122 2073 (3% Va( o) 2090 (144)
Vi(O) 2057 1980 (112) Vi(G) 1908 (251)
Vs(C) 1307 1349 (0.1) V() 1364 (17)
V#{O) 930 948 (8) V#H{O) 938 (4)
V() 631 623 (11) V(1) 595 (41)
Vo(TT) 330 379 (30 Va{G) 305 (0.4)
Vi o) 470 481 () Vi{(TT) 496 (0.4
v(T) 458 472 (Y Vi) 474 (5)
Vi) 403 408 (0.1)  vis(m 360(2)
V() 262 279 (0 vi3(m) 214¢0.7
V0a() 163 168 (5} Vi(m 152(8)
vis(TT) &4 66 (0) V() 56(2)

“Ref. 27. The bending modes are corrected by the off-diagonal MP2
force constants. “Intensities in km/mole.

cules are antisymmetric stretching of the terminal C-C-N
and N-C-C moiety. respectively, The length of the N-C bond
in HCNGC: is 1.281 A, and is larger (that is. the bond is
weaker) than the N-C bond length {(1.172 A) in HCsN. while
the C-C bond length of HCNC: is 1.277 A. smaller {that is,
the bond is stronger) than that {(1.369 A) in HCsN, There-
fore. complicated balance of the opposing changes in the
two chemical bonds gives the overall decrease of the v2(0)
frequency in HCNC: compared with HC:sN. The v(A”) fre-
quencies of the highly bent isomers are predicted to be much
higher that the vi(6) modes of cyanopolyacetylenes: For
example. the v, frequencies of HNCi. HNCs. and HNC: are
3586. 3536. and 3515 cm™. respectively. more than 100
cm™' higher than those of HC3N. HCsN. and HC-N. Figure |
shows the origin of these differences in a simple fashion: the
vy modes of HNCay molecules are the stretching of H-N
bond mixed with small motion of N-C bond. while those of
other isomers {except HCNC;, )} are almost pure H-C stretch-
ing. Likewise. the v modes of HCNC:, molecules are about
100 cm™" lower than those of HCa,+)N. and this difference is
due to the fact that the v, modes ot HCNCs, molecules com-
prise antisymmetric stretching of the H-C-N bonding. The
lowsst-trequency bending modes also show interesting
behavior as a function of the chain length. The v-. v, and
vismodes of HC:NC. HCNC [Ret. 17]. and HCoNC are 223,
116,66 cm™., respectively. while the vs, vis. and v modes

e BLYP/ e BLYP/
HONC 6-311G** HEERCe 6-311G**
H-C, 1.069 H-C, 1.069
C-Ca 1.225 C-Ca 1.229
Ca-Cy 1.343 CaCy 1.331
C-Cy 1.243 Cy-N 1.201
Co-Cs 1.321 N-C, 1.258
Cs-N 1.198 C4-Cs 1.261
N-Cs 1.271 Cs-Cs 1.310
CeCs 1.286 CeC5 1.289
LHC C 179.8° LHC CA 179.5°
LC GG 179.9° LCC2C 179.6°
LCCGCy 179.9° L3N 179.5°
LCyCaCe 179.8° L3NGy 179.7°
LCsCeN 179.7° LN CsCe 179.5°
LCNC, 180.0° LCiCiCs 179.8°
LNCiCa 179.9° LCiCyCs 179.8°
Vi{A") 3396 (193)° Vi{AT) 3394 (260)
Va(A") 2212 (418 Va(A) 2231 (1481
Vi{A") 2151 (53) Vi(A') 2182 (895)
Vi{AT) 2058 (342) V(A" 2046 (386)
Vs(A") 1918 (684) Vi(A) 1892 (291)
Ve{A") 1334(8) Ve(A') 1395 (60)
VA A") 935(8) VA" 942(7)
vi{A") 596 (41) V(A 565 (43)
Va(A™) 594 (43) Va{A™) 562 (43)
Via{A) 541(0) ViolA') S1L{D)
Vi{AT) 5400 vi{A") 4590 (2)
Viz(A") 497 (0.1 V(AT 488 (3
V(A" 445(0. V(AT 4020
VAT 442 (0.4 VidA”) 3820
Vis(A") 394 (M Vis(A") 376(2)
ViglA™) 387 (0.4 Vis(A”) 373(3
ViHA") 256 (0.1 ViHA") 229(2)
Vig(A™) 251¢0.1 Vis(A”) 229(2)
Vis{A") 136 (8) Via{A') 147 (5
Va{A™) 74 {4 Vil A”) 146 (4
vai{A") 64 (2) Vai{A') 3941

“Intensities in kmimole.

of HNC;. HNCs. and HNC+ have the frequencies of 159, 93.
and 60 ¢cm™. respectively. This indicates that the molecules
become floppier as the length of the carbon chain increases.
For the quasilinear molecules listed in Table 4-Table 8, the 7
bending modes are split into two with A” and A” symmetry
with very similar frequencies. Although there exists little
experimental information to compare with the computed
vibrational frequencies of these molecules. our previous expe-
rience with the BLYP/6-311G** theory as applied to similar
carbon clusters suggests that the frequencies reported here
would agree with experimental values to within 30 cm™
without invoking the empirical scaling factors. Since the
B3LYP method tends to give inaccurate high-frequency
stretching modes for carbon clusters.'*** we did not employ
the method in this report.
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Table 8. Bond lengths {A). bond angles and harmonic frequencies (em™) of HC:NCs. HCNC, and HNC-

HC-NC; BLYP/6-311G** HCNC; BLYP/6-311G** HNC- BLYP/6-311G**
H-C, 1.067 H-C, 1.079 H-N 1.018
Ci-Ca 1.221 =N 1.203 N-C| 1.218
Ca-N 1.287 N-C. 1.258 C-Cs 1.294
N-C; 1.207 -G 1.263 Ca-(, 1.274
C -y 1.292 Ci-Cy 1.299 Ci-Cy 1.292
Ca-Cs 1.271 Co-Cs 1.270 Co-Cs 1.273
Cs-Cs 1.303 Cs-Cs 1.307 Cs-Cs 1.303
Ce-Cs 1.291 Ce-C- 1.291 Ce-Cs 1.292
LHC 179.8° ZHCON 144,7° ZHNC(C, 129.4°
£ZC N 179.7¢ ZOING; 173.2° LINC e 172.0°
LZC:NG 178.0° INCCs 179.8° LGy 176,3°
LINC;Cy 179.6° LCC3Cy 179,7° LC G0 179.4°
LC5 Ca Cs 179.7¢ ZC3CaCs 179,9° LC3CaCs 179.7°
LCyCsCy 179.8° L CaCsCy 180.0° LCaCeCy 179.9°
LCsCo C 179.9° LCCiC 179.7° LCCsCr 180.0°
VI{A) 3408 (195)° vi{A) 3260(285) vi{A) 3315(322)
ValA) 2245 (2141) va{A") 2204 (1000) Vvo(A') 2223 (1267)
Vi{A) 2150 (899) vi{ A"} 2163(2147) vi{A') 2175(2863)
Va{A) 2103 (677) va{A) 20141336) vi{A) 2036 (1561)
Vs{A) 1867 (318) vs{A") 1846 (35) vs{A) 1821 (32)
Vs{A) 1388 (18} ve( A"} 1422(7% Ve{A') 1398 (88)
vA{A) 971 (1} vo{A') 982 (6) V(A" 960 (13)
vs{A) 561 (37} vs{A') 639(3) ve(A™) 757(5)
Va{ A7} 561 (37} va{ A} 628 () vo{ A') 720(333)
Vi(A') 544 (11) Vi A’} 500 (18) vialA) 704 (616)
Vi(AT) S44.(11) vil(A') 461 (% vi{A”) 5381(0.2)
Via(A') 507 (0.6) Vi{A™) 460(2) viz{A') 5294
Vis(A) 440 (5% Vi{AT) 437(1 vis(AT) 495 (0.3)
Vi(AT) 440 (5% Vig(A') 135 (678) vii{A') 4927
Vis(A) 383 (3} vis{AT) 431 (207) vis(A) 458 (39
Vis(AT) 383 (2y Vis{A™) 244 ViglA™) 256 (0.8)
ViAdA') 224 (2y viH{A™) 241 (0.6) viHA) 253(2)
vis(AT) 224(2) Vis(A') 140 (10) vi{A™) 148 (4
Via(A') 116 (6} Vis{A™) 37(15) vis{A') 146 (9
vaalA”) 114(6) vaof A"} 61(1) vaalA™) 62(8)
va(A') 32(0.5%) vai{A') 60 {0.3) vai{A') 60 (1)

“Intensities in km‘mole.

Since the stability of the isomers would be determined by
the relative energies and the barriers to isomerization between
the isomers. the latter quantity will be important quantity to
compute. In [aboratory experiments. these barriers will also
aftect the rates of isomerization reactions between the geo-
metrical isomers. In order to compute the actual rates of
isomerization between the molecules studied here. detailed
topology of the potential surfaces near the transition states
needs to be known as tunctions of the reaction coordinates.
Since the relative abundance of the isocyanopolyacetylenes
H(C=C).N=C with respect to the corresponding cyanopoly-
acetylenes H(C=(C),C=N is of much interest, we examine the
structures of the transition states and the energies of the bar-
riers of isomerization. The obtained structures of the transi-
tion states for the isomerization {exchange of the terminal
nitrogen and carbon atoms) from the cvanopolyacetylenes
HC:N and HC:N are shown in Figure 2. As expected. the

exchanging carbon and nitrogen atoms, and the carbon atom
adjacent to the exchanging carbon atom form triangles in the
transition states. From the structure of the transition state for
HCiN — HC:NC isomerization, it can be seen that during
the reaction the two adjacent CN and CC bond distances in
HC:N slightly lengthen from 1.172 to 1.224 A, and from
1.389 to 1.522 A. respectively. while the forming CN bond
shortens from 1.643 in the transition state to 1.311 A in the
product HC-NC. It should also be noted that the carbon skele-
tons in the transition states depicted in Figure 2 are some-
what bent. while both the cyanopolyacetylenes and the iso-
cyanopolyvacetylenes are linear. The bond angles of the car-
bon chain in the transition state tor HCsN — HC/NC are
163°-175° The barriers for HC:N — HC-NC. HCN —
HC4NC isomerization reactions are computed to be 65.8 and
63.9 keal/mol. respectively. including the zero-point ener-
gies. The barrier for the reaction HC-N — HCNC could not
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be determined due to the size of the molecules, but it seems
to be similar to the barriers given above for smaller systems.
Since these transition states are about 40 kcal above the
energy of the corresponding isocyanopolyacetylene, and
about 66 kcal above the energy of the corresponding cyano-
polyacetylene, the isomerization HCNC — HC;{CN may
not take place readily in interstellar space, and the HC»,NC
molecules may be formed by other mechanism. Considering

the fact that HC:NC was already detected in interstellar
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space (the ratio [HC:N]/[HC:NC] was estimated™ to be 20-
60). the molecules HC,NC and HCeNC may also be quite
stable in interstellar space. and they may be good candidates
for astrophysical observation. as their isomers HC:N [Ref.
25] and HC:N [Ref. 26].

We also studied possible routes for the isomerization
HNC; & HCNC:, We carried out extensive search for the
direct pathway for this reaction. but it seems that a stationary
cyclic structure (1) shown in Figure 3 may be involved. This
cyclic isomer lies 78.3 keal/mol above HNC: (zero-point
energies included). The transition state (11) between HNC;
and the cyclic isomer is also given in Figure 3, This transi-
tion state is nonplanar (the angle between the N-H bond and
the triangular plane is 97°). and lies 6.9 kcal/mol above the
cvclic isomer (1), Since the energy of the cyclic isomer is
quite higher than that of HNCs, and since the barrier height is
small. the cyclic isomer (11} would readily isomerize to
HNC; in normal conditions. The other half of the pathway.
that is, (11) = HCNC; was also studied. The resulting transi-
tion state, which lies 13 kcalmol above the cyclic structure
(1), is given in Figure 3, Since the barrier of isomerization is
also rather small for this path, it can be concluded that the
cyclic structure (1) is prone to isomerization either to HNC;
or HCNC:, and would exist only as an intermediate state,
Thus. the overall barrier for HCNC; — HNC; isomerization
is estimated to be 66.2 keal/mol, suggesting that the HNC;
molecule may be formed in interstellar space by other mech-
anism. such as the recombination of HC:NH* (HC:NH" + ¢
— HNC3+H)."”®

Conclusions

In the present work, we have reported the DFT computa-
tions on the geometrical isomers of cyanopolyacetylenes,
Hopetully our results will help elucidate the structures and
the spectroscopic properties of these molecules both in the
laboratory and in interstellar space, We are currently plan-
ning to carry out the intrinsic reaction coordinate analysis of
the isomerization reactions in order to compute the rate con-
stants by employing the variational transition state theory.
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