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Although photoelectron (PE) spectra have been reported for a substantial number of asoal- 

kanes.'-" the availability of several new compounds and the possibility of correlating chemical 

(Recked in USA 6 June 1988) 

Abstract Photoelectron spectra have been obtained for a set 

of azo compounds consisting of three pairs of ci6. &VIA isomers, 

seven bridgehead substituted 2.3-diazabicyclo[2.2.2]oct-2-enes 

(DBO'S). and one arylasoalkane. The lowest ionization potentials, 

which range from 7.83 to 9.21 eV. do not correlate with cis ground 

state energy or photolability of the DBO derivatives. Vibrational 

fine structure was observed in three DBO's, allowing verification 

that the lowest ionization takes place from the antibonding 

combination of nitrogen lone pairs. 

reactivity with ionization potential (IP) led us to determine the PE spectra of fourteen more 

azoalkanes. Current interest in chemical9*10 and photochemical'l-l' one electron oxidation of 

asoalkanes to their radical cations" and the fact that their electrochemical oxidation is 

irreversible" provided additional motivation for this study. Four of the new data are for 

M asoalkanes with bridged bi- and tricyclic alkyl groups (It - 4t) while two more are for 

the corresponding ti isomers (lc. 2c).16 Counting our results for asocyclopropane (St, SC) 

and asoisopropane (at, 6~1,' we have IP's of four ci6. ti pairs. 
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The other major set of new compounda are bridgehead substituted 2,3-diasabicyclo[2.2.2]oct-2- 

enea (DBo~. 7 - 13) whose thermal and photochemical behavfor has been studied exteu- 

sively. 31*19-22 Piually, we obtained the first PE spectrum of an alkyl-aryl aso compound 14.23 

As seen in Table I, the lowest IF of cyclic cib azoslkanes is always below that of their 

m isomers, and the TP difference agrees nicely with the 6.9 kcal/Pcl calculated for 

diimidea2' It is of interest to attempt a correlation of these IP's with the cis-tram energy 

difference AE,+ and with the uv wavelength maximum. The requisite data are shown in Table 11. 

Table I Ionization Potential (eV) of Asoalkanesa 

Compound 1p (1) IP (2) 

1t 8.44 10.06b 

lc 7.96 10.18b 

2t 8.24 10.33 

2c 7.99 

3t 7.86 

4t 7.83 

5t 8.84 9.57 

5C 8.47 10.02 

1p (3) 

11.30b 

11.08b 

11.47 

6t= 

6c'= 

7 

8 

9 

10 

11 

8.47 ll.lb 

8.24 11.18 

8.19, 7.95(a) 10.78 

8.3pd, 7.79(ajd 10.70d 

8.19, 7.84(a) 10.61 

8.13. 7.73(a) 10.55 

8.06C 10.4a= 

a.34 9.90 

8.09 8.90 

10.84 

10.60 

11.5 

11.9 

10.77 

9.20 

12 8.32 10.00 10.58 

13 9.21 11.04 11.27 

14 8.28 8.95 9.40 

a. values listed are vertical IP's unless designated as adiabatic 
(band onset) by (a). b. not well resolved. c. ref. 1. d. ref. 4a. 

Table 11 Data for Cis-Tram Aeoalkane Isomersa 

Compound x-,nm Aab AEc-t 
c AIP,+ d 

It 371 
6.3 12.7 11.1 

1C 404 

2t 
5.8 

2c 423 

!it 335 
2.5 4.3 a.5 

5c 345 

6t 359 
4.8 7.0 5.3 

6c 382 

a. most of the data are from refs. 17, 18 and 24. b. difference 
between A, for ci.4 and trcan6 (kcal/mol). c. thermodynamic &b-X&lM 
energy difference (kcal/mol). d. IP difference between cis and ti 
(kcal/mol). 
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Vieved simply, greater steric bulk of the R groups should raise the ground state energy and 

force the nitrogen lone pairs into closer proximity. Since the EOPD of &.& axoalkanes is the 

antibonding combination of n orbltals. a higher energy ground state could lower the e IP and 

move the uv absorption to longer wavelength." Indeed a linear relationship betveen ground 

state energy and uv )iraax has been reported previously"~18 and is apparent lo Table II. On the 

other hand, AIP Is unrelated to either AX or AEc_t;. that is, a higher &A ground state energy 

doea not produce a corresponding decrease in IP. This attempted correlation employs vertical 

Ip's. which correspond to a constant geometry during ionization. Since the ground state has 

smaller C-N-N angles than the radical catioo,25*26 bulky groups will open these angles more in 

the ground state, making the vertical IP a function of 60th ti azoalkane geometry and energy. 

Seven derivatives of DBO are included in Table I. Introducing bridgehead methyl groups 

causes a monotonic decrease in IP. seen most readily in the adiabatic values for 7* 8 and 9. 

However, this decrease is less than half of that found in acyclic azoalkanes.' The new IP(l)'s 

for 7 and 9 differ slightly from those published previously'*' because the present spectra 

(cf. Fig 1) exhibit vibrational fine structure. We have assigned the IP, as the mean of the 

equal Intensity vibrational bands of 8 and 9. In the case of 7 where the vibrational progres- 

sion is most distinct, the IP, was taken as the position of the strongest band. 
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The dominant vibrational progression of 7 exhibits a frequency of 1915 cm-l, which must 
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1 
Figure 1. Photoelectron spectrum 
showing vibrational structure of lowest 
energy band of DBO derivatives 7 - 9. 

L 

arise from the N 0 N stretching mode. The frequency increase relative to the 1570 cm-1 nor- 

mally observed In the ground state" shows that the ion has a higher force coo&ant, suggesting 

as in the case of diimide' that an electron was removed from an antibonding orbital. It fol- 

lows that the ROPB) of aaoalkanes is the antibonding combination of nitrogen lone palra. in 

complete accord with theory.26 

We postulated earlier that the photochemical lability of DBO derivatives correlates with 

the lowest IP.'**' However, the present data do not support this idea because the IP(1) of 

compounds 7-12 all lie betveen 8.06 and 8.34 eV vhile.the dearatatioo rates of the excited 

singlet state are 4.1 x 10 4, 4.0 x 104, 4.0 x 104, 1.8 x 109, 4.0 x 108, and 4.0 x 105 s-1 

respectively.*i The IP of 13 is unusually high; moreover, the effect of two a-chlorines in 

DBO is roughly twice the effect of one chlorine In the 1-pyraaoline ser1es.l 
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The IP(1) of 14 (8.28 eV) is comparable to that of its syuuaetrical councerparcs azo-m- 

butane (8.20, 8.33 eV)'*' and azobenzene (8.5 eV)*' showing that conjugation of the n._ orbital 

with the benzene ring is unimportant. On the other hand, conjugation of the aao group n 

orbital with one benzene ring lovers IP(2) to nearly the value for arobenzene (IP(2)-8.8 eV)." 

This work brings the number of measured azoalkane ionization potentials to about 60. 

Unfortunately, the values do not correlate with the C.&-W energy difference and they are 

unrelated to the photochemical deazatation rates of DHO derivatives. It is likely, however, 

that these IP's v-ill be useful in understanding one electron oxidation of azoalkanes.3"3 

Lrperivntal The PB spectra were t&en on a McPherson 36 ESCA Photoelectron Spectrumecer. 
Spectra vere enhanced by signal averaging on a PDP-11 computer. yielding resolution that ranged 
from 12 to 20 meV. The azoalksnes were vaporized into the spectrometer at temperatures ranging 
from 25 to 62 'C at a pressure belou 3 x 10e5 torr. All of the azoalkanes are known compounds 
whose preparation can be found in the references cited. 
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