
HUCKEL CALCULATIONS ON DECACYCLENE 

P. N. SEN, B. CHAKRARARTI and S. K. BCXE 

Dcparrmcnl of Pure (‘hcmlstrg. t.nlvcrwt> ~‘ollcgc of klcnx. C-d-9. IndId 

Abtrrct--The I~uckcl calcularlons on dccacyclcnc arc rcpor~d !ogcrhcr with the djnamlcaf Jahn I’cllcr 
dlsrorrton cncrgw\. l’hc dlsrorrwn cncrpw arc rather small. ihc value fclr ~hc ncpatl\c Ion twng smaller 
than rhnr for rhc ~_MII\C Ion. 

ELECITRON spin resonance mcasuremcnt ’ shows that the dincgative decacyclcne 

(Fig. 1) exists in a triplet state. This suggests that the first empty rc-clcctron M.O. is 

doubly dcgeneratc. Further. since this compound is a non-altemant hydrocarbon. 
the spin densities in positive and negative ions should txz diflerent. In order to get 
some useful information about this large conjugatti ring system, simple Huckel 
calculations were made on decacyclcne the results of which are reported in the 
present paper. 

The molecular orbitals of dccacyclene 
representations of the point group C,,. as 

are obtained in terms of the irreducible 

I- MO = 7A1 + SA2 + 12E. 

The thirty six x-electrons of the molecule occupy the eighteen lowest levels. 
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Electron densities and hid orders. From the values of the A.O. coeffkients the 
electron dcnsitk 4, and bond orders p,, , arc calculated from tk relation 

P. N. Sm B. CHAKRARART~ and S. K, &EE 

4, = 2 x cf. p,. , = c c,c, 
where C, C,. C, refer to occupied M.0.s. 

These arc listed in Tables 1 and 2. 

41 = 42 = q3 = 44 ‘45 -qe = la313 
47 = Q# - 40 = rll0 = 411 = 412 - 1maI 

413 = 411 = 419 - 424 = 423 = 430 - 09497 

414 - 41: = 420 = 423 - Q26 = 429 = 10051 

Ql5 - 416 = 421 - Q22 = 42, = 428 - 095% 

421 - 432 = 42, = 09988 
4,* = 4)s - qlb = 1m42 

PI.2 = PJ.4 
P2 3 - P4 s 

Pl 7 = P2 D 

PT. 12 - PI I8 

PT. 34 = PI 34 

Pl1.31 - Plb 51 

PI3 14 - PI? Ia 

Pl4 13 = Plb 17 

P3l I4 r P22 33 

- P5.b 

= Pl b 
- P3 0 

= PO 19 

= PP 1s 
- P2l 12 

= PlO to 
- P20 21 

= P22 3b 

- 05686 

= 05681 

= P4.10 = P3. II = Pb I2 = @4113 

= PI0 24 - Pll.25 = PI2.30 - oao3 

- PI0 13 = PII Jb - P12 26 = 0.5180 

= P22.22 - P2? JJ = P2r 23 - 0.5507 

= P22.24 - P23 2b = p2p JO - wi2Sl 

- P22 23 = P2b 27 - P2c 29 = 07cm 

- @5301 

The energies of the H.M.O. were corrcctOd for overlap using the relation. 

E f~uckcl = 3t - mp 

E corrtcltd = o[ - m’;l 

where m’ = (m.1 - mS) with 7 = fi - Sr S king @2S2. 

The transition energies in units of y is converted to cm-’ by setting 

-1 = 23.000cm-‘. I 

The observed and calculateci transition energies are listed in Table 3, and shown 
in the Fig. 2. 

The transition E --, E contains a symmetry forbidden component A, -+ A,, an 
electronically allowed component A, + E. and a component A, + A, which can 
appear only in conjunction with an out-of-plane bending vibration. Rather low 
intensity of the 5500 A band and the existence of vibrational structure although not 
well developed, suggest that this band should be associated with the vibronic A, + A, 

’ G. W Whcland. 1. Am. Chmt. kc 6$2025 (lY41) 
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component of E --, E transition. Preliminary measurement of polarization selectivity 
of this band appears to support this assignment. 

Calculated 0lXl-VC.d 
Trmsilion bclwbcn levels - -- - .- 

V.CUI’~ iA t,cm-’ iA 
_ -_ --. _ --.. - ..- 
-0+4291 (E) I.3333 (A,) 40.535 2467 40.900 2440 
-08ooo (A,) 03630 (E) 26,7S2 3738 26400 3780 
-@636# (A,) 03630 (E) 22.994 4349 32,8NI 4KK) 
-0.4291 (E) 04754 (A,) 20.803 4807 - 

-04291 (F.) 03630(E) 18,218 M89 18.100 5300 

’ Unpubhshd work of B.C 
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Juhn-7’eller eflect fkr decacyclene ion. The topmost filled level of dccacyclene is 
doubly degenerate. In the case of positive ion the unpaired electron will be in a 
degenerate orbital consequently the molecule will tx subjected to Jahn-Teller 
distortion of the type discussed by McL.achlan. The distortion energy (AE) and the 
difference in potential energy ktwctn two distorted structurcts (AC’) were calculated 
by method suggcstti by Hobey and Mclachlan’ and were found to be -0.2107 

’ W. D Hobcyand A. D McLachlan, J Ckm Phylr. 33. 1695 (1960), 
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I&al/mole and -0MKIl Kcal/mok respectively. As the potential energy difference is 
much less than k7. Ihe kinctlc energy at room temperature. the molcculc will bc very 

little distorted by Jahn .Tetler effect. 
For altcrnant hydrocarbons the distortion energy and potential difference between 

two distorted structure come out IO be cqual for mono-negative and mono-positive 
ions because of the appearance of energy levels of unfilled orbitals in opposite pairs. 

In the cast of non-altcrnant hydrocarbons this situation does not exist so the distor- 
tion cncrgy for positive ion will be different from that for negative ion. Calculation 

shows that for negative ion 

AE = - 00859 Kcal molt and AL; = + O.ooO2 Kcal .mole. 

In this case also the dlstortlon will bc small. Further we find that positive ion is 
distorted more than the negative ion. 

Spin denriries. These arc calculated from the relation 

/I, = C’m + I. r. 

where p, is the spin density at atom r and Cm + 1 is the corresponding atomic 
orbital of the M.O. with unpaired electron.’ Since the highest filled and the lowest 

unfilled energy levels of the molecule are doubly degenerate IWO sets of values for 
spin densities arc obtained for the mono-ncgativc and mono-positive ions. 

The values reported in Table 4 arc for dinegati vc and diposi 

arc twice the average of the I wo sets with one unpaired electron. 

Spin dermy of piGon 
.-- - 

I. 2. 3, 4. 5. 6 
7, 8, 9, 10. II, 12 

13, 18. 19. 24, 25. 30 

14. 17, 20. 23. 26. 29 
IS. 16. 21, 22. 27. 28 

31.32,33 

X35,36 

Dinegative ton 
- .- -. 

OiQI24 

OCMCM 

oua43 
00113 

0 1057 

00xI2 
Ml75 

Dipcwme ron 
.-_. -- 

0 1171 

00976 

O-0489 
00136 

O-0748 

OiIMI18 

cmo!I 

tive ions. These 
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