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Structure and E lectronic Spectrun of L near
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Abstract The geanetries and the vibrational frequencies of linear catbon chain PC,, P (n =1 -10)
werwe nvestigated by density finctional theoty(DFT) at the B3LYP /631G~ and B3LYP /6 311G

levels Tine dependent densily finctional theory (TD-DFT) was enpbyed to calculae the vertical
transition energies and oscillator strengths On the basis of present calculatbns e explicit expres

sions for he size dependence of the excitation enewgy in lnear catbon chain was suggested
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Carbon chain species arew idely present n he nterstelarmedium as possible carriers of he diffuse intersiellar
bands( D IBs). They play an important role in the chem isty of the diffise interstellarmedium aswell as their ex
traodinary electrical properties Because of their high reactivity bare carbon chains are weadily tem mated by a
w ide variety of atms b fom XC, or XC,X linear chsers which were smmarized by Bumin and BelBmno "
The linear phosphaalkynes HC; P w as first detecied by Kwto and co wotkers by m icrow ave spectroscopy in the pywl
ysis poducts of a gaseous m ixture of propargyl chloride and phosphoms trichbride fron which a laige anount of
wtational data are presen tly availablé 7. Phosphahexatriyne (HCs P) has also been detected in the pyrolysis
pwoducts of PCE and toliene m ixtures* . I this paper we calculate the stmctures vibrational frequencies and e
lec ronic spectra of linear polyynes PC5, P (n=1-10) by DFT and TD-DFT. The stable stmctures are obtaned

The size dependence of the excitation energy in lnear chain has been exp lored
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1 CanputationalD etails

The equilbrum geanetries and vibratbnal frequencies of the polyynes PCy, P in their gound stateswere deter
m ined by the B3LYP functional calcu lationsw ith the standard 631G and 6 311G basis sets as mp kmented
by the GAUSSIAN 98 pwogran package Vertical excitation energies of the X : E; —> 1'2, tansitons in PCy, P
were caleulated by the time dependent density- functional esponse theoty ( TD-B3LYP) wih the ce pvIZ(n=1 -
6) and ce pvDZ(n=1-10) basis sets at B3LYP 631G optin ised gean e tries

2 Results and D iscussion

2 1 Optin ized G eom itr ies and V brationalF requenc ies
The op timized bond Enghs of linear catbon chan PCy, P are displayed in Fig 1 As Fig 1 displays PCy, P
has a bond length alemation betveen single and triple bonds show ing the stmcture as P=C— C=C---C— C=P.

0.1565 0.1343 6-311G**
0.1569 0.1346 6-31G**
P=C—C==P

0.1565 0.1233 0.1336

0.1569 0.1240 0.1340
P=C—C=C—C==P

0.1565 0.1233 0.1329 0.1336

0.1569 0.1219 0.1333 0.1339
P=C—C=C—C=C—C==P

0.1565 0.1233 0.1232 0.1329 0.1336

0.1569 0.1240 0.1239 0.1333 0.1339
P=C—C=C—C=C—C=C—C==P
0.1565 0.1233 0.1233 0.1329 0.1329 0.1336
0.1570 0.1240 0.1239 0.1332 0.1332 0.1339

P=C—(C=C—C=C—C=C—C=(C—C==P

0.1570 0.1240 0.1239 0.1239 0.1332 0.1332 0.1339 6-31G**
P=C—C=C—C=C—C=C—C=C—C=(C—C==P

0.1570 0.1240 0.1239 0.1239 0.1332 0.1332 0.1332 0.1339
Pe=C—(C=C—C=C—C=(C—C=C—C=C—(C=C—(C==P

0.1570 0.1240 0.1239 0.1240 0.1240 0.1331 0.1331 0.1332 0.1338
P —C=C—C=C—C=m(C—C=C—Cm(C—C=C—C=(C—Cm==pP

0.1570 0.1240 0.1240 0.1240 0.1240 0.1331 0.1331 0.1331 0.1332 0.1338
P=C—(C=C—C=C—C=C—C=C—C=C—(C=C—C=(C—C=C—C==P

0.1570 0.1240 0.1240 0.1240 0.1240 0.1240 0.1331 0.1331 0.1331 0.1332 0.1338
P=C—(C=C—C=C—C=C—C=C—C=C—(C=C—C=C—C=C—C=C—C==P
Fig 1| The B3LYP ¢ptinized bond Length ( nm) ofPC,, P(n=1-10)

For such clusters the op tim ized C=P bond lengh is in the range ofQ 156 9 om ~Q 157 0 nm, and the bond
length of C=C is in the range ofQ 123 9nm ~Q 124 0 nm  For the sane moleculs the bond length of C—C de
creases abng the chain fran the tem inal to the m ddle but hat of C=C is alnost unchanged A1l the vibratbnal
frequencies obtained are ral which shows that hese linear clisters correspond b enegy minin a on the potential

enegy surface For such chisiers the available infom ation is very scarce Canputation results show the bending
1

frequencies of PC, P are very snall (179 5 843 497 33.2 238 179 140 1.3 94 83mm , =
spectively forn=1-10). It indicates that these linear clisters are very floppy. Interestingly the symmetric
stretching frequencies of C—C next to C=P change regularly. asn isodd the frequencies decrasg asn is even
he fiequencies increase wih n increases
2 2 Vertical Transition Energies

Table 1 presents the vertical tansiton energies and oscillator stengths for he transition X : E;% 12 n
PC,, P which were detem ned by he TD-B3LYP /ce pvIZ (n=1-6) and TD-B3LYP /ce pDZ(n=1-10) cal
culations

Canputation wesults reveal that all the promotions are fran 70, tow,( odd7n) orfram 7, to 7w, (evenn). It can
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be seen that as n increases the vertical tiansition eneigies decrease gradually while the intensities increase The
plot of the An relationship Hr PCy, P is shown in Fig 2

Tabk 1 Vertical transition energies and oscilhtor

strengths(f) ofY ' X — 1'2] transiton for PC,, P T e
n  tansition At(AP) fm £ 700 :;: ;lzf;z]fg'l)wz /v/v/v
| 20>3t, 214 62(222 500 L 7327(1L 7151) —v— Linear Fit v
2 3-3n 242 000249 37) 2 989 3(2 9542) 6007 '/vj;fo/"’o/
3 3wo>dr, 270 55(277.37) 4 049 1(4 0207) g 500 5
4 dr o—dm 299 03(305 49 4 930 1(4 9174) < A0
5 4r.>5t, 326 86(33298 5 6701(56791)
6 St,>5t, 353 78(359.62) 6 3149(6 3411) 00
7 5t 6, 379 60 6 8979 200
8 6, >6r, 404 24 7 439 5 10 15 20
9 61>, 427,77 7. 985 8 "
10 7 — T 450 12 8 490 3 Fig 2 Plotof he wavekngth of the

“ by TD- B3LYP / ce pDZ " by TD B3LYP /ce pi'Z X '2; > 1'2 electronic transition vs n

It is evilent that he non linear fitting curve and calculated cuwe concidew ith each other very well sowe pre

dict A-n is nonlinear Unfortunately we haven’ t found the expermental values

On he basis of he expression AE=[1+(12)( J3n+6 - J3n+3)]J suggested by Li and Palus’, we

ntroduce the pawmetric wavelength ( in m)

X — 1240 6
2+ /3n+6- [3n+3
whewe 1 240 6=he h isPlanck constantand c is the lightvelocity By fitting the calculated wave kngths of PCy, P
(n=3-10), the paramekrs4 B andC are detemined ie A=1 753 34 B=1 38154 andC=1 039 86

Fran hewavelengh expessbn (1), A monotonously ncreases with the increasing chan siza and asn>co, A

(4-B C") (1)

approaches to a limit value of 1 087 6 nm.

Conclusions Present canputations reveal a trple and singk bond altematon strucure for the gwound states of
linear chain PC», P. Based on current calailations the size dependence of the excitation energy n linear clisier is
quantitatvely ®epoduced w ith explicit analytical expressions Linear clister PCy, P show s A-n nonlinear depend

ence As the chain length increases to infinite the wavelength will converge o the lm it valie of 1 087 6 nm
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