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CORRELATION BETWEEN POLAROGRAPHIC 
HALF-WAVE POTENTIALS AND ELECTRONIC 

ABSORPTION SPECTRA OF CONJUGATED 
AROMATIC HYDROCARBONS 

By 

R. NOTOYA* and A. MATsuDA* 

(Received November 18, 1981) 

Abstract 

The absolute values of the polarographic half-wave potentials for the conjugated aro

matic hydrocarbons have been estimated on the basis of 4.42 v for the standard potential 

of the hydrogen electrode in aqueous medium obtained by Randles. From the comparison 

of these absolute potentials with h~ of the ;r-rr* transition spectra of these molecules, it 

has been found that the oxidation and reduction potentials change linearly with h~ with 

gradient +1/2 and -1/2 respectively with limiting approach to the value close to the work 

function of graphite with decreasing h~, suggesting that they correspond respectively to the 

energy levels of the highest occupied and the lowest unoccupied molecular orbitals (HOMO 

and LUMO) of the rr-electrons which are disposed symmetrically about the Fermi-level of 

graphite. 

In troduction 

Many attempts have been made to determine the energy levels of the 
HOMO and LUMO of the IT-electrons of the conjugated aromatic hydrocarbons 
from the polarographic half-wave potentials of these molecules.1- 23) However, 
in order to answer this problem it is essential to determine the half-wave 
potentials referred to the standard state of the gaseous electron, i. e., the 
absolute values of these potentials. The absolute half-wave potentials of the 
conjugated hydrocarbons can be estimated if the absolute potentials of the 
reference electrodes used for the polarographic measurements are known. 

On the other hand, the absolute electrode potentials of the redox systems 

of mono atomic ions have been estimated in aqueous and some non-aqueous 
media,21.24-26) on which basis it may be possible to estimate the absolute 

This article was presented at the 4th USSR-Japan Seminar on Electrochemistry in 
Kiev, 18-20, 1980. 

*) Research Institute for Catalysis, Hokkaido University, Sapporo, 060 Japan. 
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potentials of the reference electrodes and consequently the absolute half
wave potentials. Comparing the absolute half-wave potentials estimated in 
this way with the hlJ-values of the p-band which is associated with the 
n-n* transition14l for a number of compounds collected in the work of 
Bergmann1S) and others,6,6) an attempt will be made in the present work to 
probe the correlation between the standard potentials of the redox systems 
of the conjugated aromatic hydrocarbons and the energy levels of the n
electrons of these molecules. The solvation free energies of the intermediate 
radical ions of the aromatic hydrocarbons will also be discussed in connection 
with the ionization potentials and the electron affinities of these molecules 
in the gas phase. 

Estimation of the absolute potentials 
of the reference electrodes 

The half-wave potentials of the conjugated hydrocarbons can be regarded 
as the standard potentials of the redox systems, the difference of the activity 
coefficients and the diffusion constants between the molecules and radical 
ions being neglected. These half-wave potentials for a number of hydrocar
bons have been systematically determined in a variety of non-aqueous solvents 
referred to some fixed reference electrodes, i. e., the aqueous saturated calomel 
electrode SCE (aq), Hg-pool, Ag/Ag+ and Sb/SbCIg electrodes in the same 
non-aqueous test solution, as listed in Table 1. 

TABLE 1. The absolute potentials of the reference electrodes used 
for the measurement of the half-wave redox potentials. 

Solvent Reference electrode 

2-methoxyethanol Hg-pool 

CH3CN SCE(aq) 

CH3CN Ag!Ag+ (0.1 N) 

Dioxane SCE(aq) 

CH3CN SCE(aq) 

CH2Clz SCE(aq) 

Dimethylformamide SCE(aq) 

SbCh Sb!Sb3+ 

CH3CN Ag!Ag+ (0.001 N) 

Absolute potential 
(v) 

4.19 

4.66 

4.96 

4.66 

4.66 

4.66 

4.66 

5.28 

4.70 

Ref. 

13 

6, 20 

12 

2 

22, 19 

23 

20 

28 

21 
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The estimation of the absolute potential values of these reference elec
trodes will be described in what follows. 

i) The aqueous saturated calomel electrode 

The electrode potential of the SeE (aq) against the standard hydrogen 
electrode SHE (aq) in aqueous medium is given to be 0.24 v and the absolute 
potential of the SHE (aq) 9'k+!H"aq is given as 4.42 v using the Randles' 
value 11.30 ev for the standard real free energy of hydration of proton.24) 
The absolute potential 9SEC(aQ) of the SeE (aq) is therefore estimated to be 
4.66v. Gomer and Tryson,25) however, have recently reported 4.73 v for 
9'k+/H"aq. If we use the latter value, we should have 9SCE(aQ) =4.97 v. The 
present work, however, will be based on the Randles' value for convenience. 

ii) The mercury pool electrode in 2-methoxyethanol 

From the comparison of the half-wave reduction potentials of the con
jugated aromatic hydrocarbons in 2-methoxyethanol referred to the mercury 
pool in the same solution with those in 75% dioxane measured against the 
SeE (aq), it is found that the former is less negative than the latter by 0.47 v 
within an accuracy of ±0.06 v for 17 aromatic compounds as pointed out 
by Bergmann.1S) The absolute potential of the mercury pool in 2-methoxy
ethanol may therefore be estimated to be 4.19 v, assuming that the difference 
of the absolute half-wave potentials in 2-methoxyethanol and 75% dioxane 
is negligible. 

iii) The Ag+ j Ag (0.1 N) electrode in acetonitrile 

The absolute potential 9Ag+/Ag (0.11\') in acetonitrile may be estimated to 
be 4.96 v by adding 0.3 v to 9SCE(aQ) according to Pysh and Yang6) and Larson 
et al. 27l 

iv) The Ag+ / Ag (0.001 M) electrode in acetonitrile 

The absolute potential of this electrode has been determined by Case 
et al21l as 4.70 v. 

v) The SbjSbCls electrode 

It is found that the half-wave oxidation potentials of aromatic hydrocar
bons in SbClg measured against SbjSbCls at 99°08) are more negative than 
those in acetonitrile measured against the SeE (aq) by 0.62 v with the standard 
deviation ±0.14 v for eight compounds. The absolute potential of SbjSbCls 
electrode may therefore be estimated to be 5.28 v, assuming that the difference 
in the absolute half-wave potentials in SbCls and acetonitrile is negligible. 

It should be noted that the values of the absolute half-wave potentials 
depend on the value of 9~rr/H,.aQ used, and furthermore the junction potentials 
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between aqueous KCl solution in SeE (aq) and the non-aqueous test solutions 
are neglected in the present treatment. Therefore the absolute potentials of 
the reference electrodes used in the present work may include an uncertainty 
of some hundreds millivolts. 

Results and Discussion 

Table 2 shows the absolute half-wave reduction and oxidation potentials 
¢~ and ¢gx of the first polarographic maxima for the conjugated aromatic 
hydrocarbons in some non-aqueous media. The values of hl.! of the p-band 
classified by Clar!4) and the ionization potentials (IP) and the electron affinities 
(EA) for these compounds are also shown in Table 2. 

The hl.!-dependence of ¢~ in 2-methoxyethanol and ¢gx in acetonitrile is 
shown in Fig. 1 as a typical example. As seen from the figure, ¢~ increases 
linearly with decreasing hl.! with gradient -1/2, while ¢~x increases linearly 
with increasing hl.! with gradient 1/2, and the limiting value of ¢~ or ¢gx at 
hl.!---+O is close to the work function of graphite ¢gr=4.39 ev, as pointed out 
by Matsen7) and Hammerich and Parker,19) i. e., the 11l.!-dependence of ¢~ 

and ¢gx can be expressed by the following equations within an accuracy 
of the absolute potentials of the reference electrodes estimated in the present 
treatment 

1 
¢gx = lPgr + 2 hl.!, ev ( 1 ) 

o _ffl 1 h 
¢r - 'Pgr- ~2 l.!, ev (2 ) 

and the difference ¢~x - ¢~ and the sum ¢~x + ¢~ for a given molecule equal 
respectively hl.! and 2lPgr. 

We obtain the same trend of hl.!-dependence as that in Fig. 1 for ¢~ 

in dioxane and DMF and for ¢gx in SbC13 in Table 2 and Fig. 2, and Eqs. 
(1) and (2) hold in the relation between ¢~ or ¢gx and hl.! in any solvent 
described in Table 2, and consequently the difference ¢~x - ¢~ and the sum 
¢~x + ¢~ for a given molecule are close to hl.! and 2lPgr respectively in any 
case of combination of the solvents in Table 2. The values of ¢gx and ¢~ 
for some conjugated aromatic hydrocarbons in acetonitrile obtained by Case 
et aZ.2!l and Parker et aU9) are also found to be in the straight line given 
by Eqs. (1) and (2) respectively. It may be concluded from these facts 
that the oxidation and reduction potentials of the conjugated aromatic hydro
carbons correspond respectively to the energy levels of the HOMO and LUMO 
of the molecules and they are disposed symmetrically about the Fermi-level 
of graphite, as predicted by Hush and Pople.29) 



TABLE 2. The absolute half-wave redox potentials ¥'~ and ¥,gx of the conjugated 
aromatic hydrocarbons in non-aqueous media, and their electronic 
absorption spectra hI) of the p-band, and ionization potentials IP and 
electron affinities EA in the gas phase. 

No. Compound 

Orthofused Polycyclic Hydrocarbons 

1 00 Naphthalene 

2 0::0 Anthracene 

. I' 

3 o::x:o Teteracene 2.63 

4 cx::x:x::o Pen tacene 2.15 

5 09 Phenanthrene 

6 o:::B Tetraphene 

7 co:::B 1,2·Benztetracene 

8 et::t:r1f 1,2-Benzpentacene 

9 ~ Triphenylene 
---- ----

10 ........0 1, 2 : 3,4-
~ Dibenzanthracene 

7.01 

6.64 

-1Z=-MethO~YI----CH~CN' --IDi~x~nel DMF 
, A ethanol __ _ __ _ _ ___ _ 

E. ., ev I - -- I "') A. d) 
~r, v~ 9r, V 22) 1Jox, vb) I ~~c_ I 'f'r, V 

'-1 0.65~8), 0.674), '1' 

-0.2039) 

. 1.1938), 1.384), 'I 

I 0.4240), 0.6141) 
I 

I 
i 

2.21 6.20 2.16 

2.73 5.75 2.70 

3.05 5.43 3.08 

3.33*1 

792 To.6938), 0.2040),1 ? 25 I I 616 220 
. : 0.2541 ) I -', l' . 

7.42 0.4640) 2.66 I 5.84 2.66 

-1'-

3.00 I 

I 3.24-1 

I 2.22! 6.21 2.17 7.84 I 0.1440) 
I 

7.43 _\_~.65_1---=_ ~~1_ ,, ____ -'-. 

Sb~h -1 __ . CH2CIz 

</>ox, v30 )1 </>r, v I ¢'ox, v 
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Table 2 (Continued) 

No. Compound h~, eva) 1. P.,37) E. A., ev n';h!~~1~1_~-~-~1~3CN--IDi;xa~el:D~~_ i SbC~~i---CH2CI2 ---
ev I <Pr, v13) <Pr, v22) I <Pox, vb) i <Pr, vel <Pr, vd ) I <Pox, v30)1 <pr, v I <Pox, v 

11 o:og ~i~~z!~~:c:ne 2.81 I 2.9~-1--1----1- --I---r---! I 

12 ~-~i~~~'z!-:n~:cene 2.30 I -- I- -3.26 1 -- -�----�-- --- -- i-------- \----- i--------

13 (lfJhl;5~6~-:------ 3_53 I 7.42 I 2_64 I 1 5.85 1 2.63 I--I---!-----------

J;~-~:2~~.:;:""::::" i 2.&1 i -I 2.94 I T--I-----I-- I 1 I 
15 ~ 1,.2:-8~--- 1 ~:371 1 ca3.34*1 1 1 1 --1------1----1---

1
-

~ Dlbenzpentacene Ii, 
I I I 

16 oB chrysene-----I- 3.89 -1--7.61j 0.334{))1-;3;--1----~1-1--;~36-1 11-------
17 cdP ~e~ztetraPhene;·;;i-------_-_-_-~_-_-_-_-~1-2.75--1---1 5.67 1--- 1 I i 

18 a;fJXJ~i~~z9_ch_ry_sen_e ___ 2-9_5_1____ ____ 1_ 2.86*1 I-I----I----I----l-_-_~I~_ --+ __ 

19 W 3B,4- h th 1 3.94 I 7.62 11 0.334{)) I 2.44 I 1 1 I 1 1 enzp enan rene I I i I I I 

20 M 1,~~~- 1- 3.53 r 7.42 I ------1----;;-1'--- 1 592 1 1 --1----1- I 
_ Dl~~zant~r:_a~~~J_ I I I . I I 

21 cog te~~!~!h:h~i;~!- I 3.71-r--I- 1 2.54 1 ---r --I -- 1 I -1----
22 9v..,Q 1; ~ : 3, 4: 7, 8- ----I' 3.59 I 2.62 1 1 1 Ili-
~ 1 nbenzanthracene __ I ________ I 

-~--

(0 

~ ..., 
o 
><: 
;.. 
::0 
::l 
::0... 

? 
~ 
;>..., 
UJ 
C 
t:l 
;.. 

'-l 
I\:) 



~gxg- Tetrabenzona- I 3.53 I 

I 
I 2.60 I 

I I I 

g 
~ phthalene 
~ 

24 COSO 1,2: 5, 6-Dibenzo- I 3.87 I I I-Z.46 I 
1 1 1 

c· 

I 
;:! 

phenanthrene "'" '" 

I I 2.79 I 
1 I I 

::t 
25 ~ 1,2- I 317 I <:: 

'" Benzotetraphene . '" ;:! 

---

1 3.77 1 
1 

1
2 .40 1 1 5.99 1 

1 

dl 
26 # Picene ~ 

;:; 
--. 

I 3.45 I 7.35 I I 2.66 I I I I 

Ilq 

27 J Pentaphene i:l 
'ti-
;,.. ". 

28 J Hexaphene I 2.82 I I I 2.97 I I I I ~ 
~ 

29 J 3,4- I 337 I 
I I 2.69 I I I 1 

~ 
I:l 

Benzopentaphene . '" '" 
30 r 3,4: 9, 10-Dibenzo-1 3.37 I 

I I 2.67' I I I I 
dl .. 

pentaphene ~ .. 
Naphtho-

I 3.20 I I I 2.72' I I I 1 

~. .... 
31 ~ (2',3' : 3,4)- '" I:l 

pentaphene ;:! 
~ 

Perylene and it's derivatives ~ 
~ .. 

32 :2: Perylene I 2.86 I 6.90 I I 2.94 I I 5.51 I 2.99 I 2.992) I 5.52 I 
i:l 
'0> 
'! 

33 &5:, 1,2-Benzperylene I 2.47 I I I 3.22 I I I I I I 
~ 
~ 
~ 
I:l 

I I 3.31 I I I I I I 

.. 
34 ~ 1,2: 7, 8- I 227 I ". 

Dibenzperylene . g 
;:! 

35 ~ 1,.2:10,11- I 2.47 I 
I I 3.19 I I I I I I 

~ 
Dlbenzperylene l:! 

;:! 
~ 

'" 

'I 
c:.o 



Table 2 (Continued) 
No. Compound hI), ev E. A., ev -----,----a) II. P.,37) 2-~h~~~YI CH3CN IDioxanel DMF I SbCb I CH2Cb 

,ev <Pr, v13) <Pr, v22) I <POI, vb) <pr, ve) <Pr, Vd) <Pox, v30) <Pr, V I <Pox, V 

36 ~ ~, 12-benzoperylene 1 3.20 1 7.13 1 ;;- 1 I 5.67 1 . [ 1 1 1 
37 gg ~~~i;~;-Dibenzo-I 3.28 1 I 2.67 1 1 1 1 1 1 ·-l 
38 ~ 1, ~2 : 2, 3 : 8, 9- 1 3.08 1 1 2.84' I 1 ~-I 1 1 I 1 (t7" Tnbenzoperylene 

-;;-@--Coronene 1 3.63 1 7.34 1 2.55 I 1 5.89 1 2.62 1 2.59 1 5.92 Il 
-4~~~~-3it-~z~~~:;le~;~_t 2.86 1 I--~--- 2.91 1---- T~ 1 J~ __ I _~_J __ I _ 
41 W 1, 14- I 2 31 I I 327*1 I I I I I I 1 
42 ~ ~:::::::~:~e 1'93 -j-- I 351' I 1--1- r---I I-I--~--
43 ~~}t~~~~~~:e~reri- 1 l.97 Ir-----I -;.~9: -I ___ I __ __I -Ir-___ ~~I -_~_--L~ __ 
Pyrene and it's derivatives 

44 ~ 
45 ag, 

----1----- --II~ ---1--1-164) 03940) 1 ---1-- --- ---1-------1 -~-I -- --~-I-·------Pyrene 3.27 I 7.41 I 0:5541). '2.58 5.82 2.55 5.87 
~~-~B-e:p:::--r-~.47 I 7.39 II 2.52;93-1 -- ----1- --1-- 5.9;-1-- l 

46 <% 1,2-Benzpyrene I 3.22 I I I 2.83 5.60 -1~·66 __ I_~_l_ 5.72 _~I ___ L __ 

;:0 

Z o .., 
o 
~ 
;.. 

'" ::s 
CL 

?> 
~ 
;.. .., 
(JJ 

C 
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-4';-~ -2, .3: 4, 5-- I 3.08 \ I lIst 3.11 I I 5.67 \ I 1---- --I '0' Dlbenzpyrene 2nd 2.89 

~ ~ ~i~~z~yrene r 3.2; \ I I 2.74-T---~1 II I ----1~ 
-49 .....0.... 4,.5:9,10- ---I- 3--;;-1 ---1- -I 250 I ---I I I I I 

""Cr'-' Dlbenzpyrene . 

50 $. 1,.2: 6, 7- I 2.75 I ----I - ---1----

1 
30-----+-3 1 - 1 1 1 1 I 

-c;:s Dlbenzpyrene . 

~-- ~ ~it~~z~-yrene -I 3.12 '--I 1-- 2.87---:---1---" I - I ----;--, ~ 

g 
'! 
'! 

" ~ 
c· 
" <:l-

'" ? 
'" '" ;:: 

;;p 
E-
~ 
Il'l ;:; 
'1:l-;:,.. 
",. 

52 gro ~~)~~~~5)-pyrene I 3.59 I I I ~~~ ~:~~ I I I -- I - I I ~ s: .., 

53 t ~~)~t£~hyrene I 2.71 I I I 3.04 I I I I I I 
---

3.41*1 I 
I I \ Dinapthho-

54 (2" 3"· 1 2)· 2.15 
(2':3' : 6, 7)-p~rene 

'" I:l 
<::'! 

'" ;;p 
.... 
'" ;:: 

S" ...... 
'" 

55 ( 
Dinaphtho-

I 
3.04*1 I 

I I I 
(2",3" : I, 2); 2.74 
(2' , 3' : 7, 8)-pyrene 

-I -56 1,2 : 4, 5 : 7, 8-~ Tribenzpyrene 3.25 2.85 

57 ~ Peropyrene ~ I I I 3.01' I 

I:l 
;:: 
I:l.. 

~ 
~ .... 
;:; 
~ 
'! 

~ 
~ 
~ 

58 6!c 4,5:11,12- I ---- -I- I ao> Dibenzperopyrene 2.79 3.04' 

59 t:lB Anthanthrene 2.86 -1---I 3.00 

I:l .... 
",. 

g 
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;:: 
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'" 

'1 
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Table 2 (Continued) 

No. hI) eva) II. P.,S7) r-MelhOXY I 
Compound E. A., ev 

ethanol CHsCN Dioxane DMF SbCIs CH2Cl2 

, ev 
"'ox, V30) "'r,V 

- ,,-- ~~ 

"'r, ViS) _ "'r, v22) I "'ox, Vb) ",r, ve) "'r, vd ) 
--

I_",-"-,,,v 

60 ¢ Pyranthrene 2.68 3.13*1 

61 of.llP 2,3: 8, 9-Dibenz 
anthanthrene 2.10 3.39*1 

Fluoranthene and it's derivatives 

62 &, Fluoranthene -----3~~ --r -~~~l_=_-_-=l~~~ ~:~ I 6.11 I ~~~ ~:~~I Il--~-
63 an 
----

64 c&o 

65 ~ 

66 ~ 

67 £ 
---

68 ~ 

69 ~ 

70 ~ 

1,2- 290 I I lIst 3.21 1 I I I I 
:;M:.:"mnlhe.e 1 217 1 1 1 :~,d :: 1 1 1 1 I 

~:enZfluoranthenel 3'~4-I""----~1 _ ---- 1

2.: :;34 I ----'-1-- I 1 

Benzfluoranthene . . 

7,8- 324 1st 3.02 

I I 
I I I ~--I~---- I I I 

Benzfluoranthene' I I 2nd 2.74 

~;~zfluoranth::13.10 1 I I 2·~~--r--~--1 I 1 ----I I . T---
~io~~~:8~~e l'--;~~-'I---r ~r~~~- ~:~T-I----~--I-~-I---T-~~~-I---- '--1---1 

~~~~~~~9)- 1 2.83 -, -I--------~----I'- 2.81-~1------1 ~-I-'---'---I-- -I I -I 
fl uoran thene 

3,4-peri-PhenYlene-1 3.02 I- ---I ~-3.291 1 -I -----'1----- 1 1 1 
fluoranthene 2nd 2.90 , --- --~----~-.---- . -.-~- _.- ----- --------------~-- -------

?O 
z o 
..,) 
o 
>< 
:> 
I'> ::s c.. 

?> 
s::: 
:> 
..,) 
Ul 
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:> 

'1 
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71 ~ Isorubicene 2.42 

~ ;;-:R.,5, 6: 1~~2-Di-peri- I 203 
""ft' phenylenetetracene! ' 

---11;;-3.59 1
1 

I 2nd 3.22 
I 

---r----~I~~-I-~- -~---l 

1 __ l __ l ___ I __ _ ~ ---I-------~ lIst 3.85' I 
, ,2nd 3.49' I 

g 
~ 
~ .. 
c· 
;::: 
~ 

~ 

Non-fused polycyclic compounds 
t! 
" " ;::: 

73 00 Biphe-ny~--- -~-r~~9~-I-1 ---1~~~~2s~·704), I 2.11 6.4412)1 ~-;o~--I I 
74 ~~-p-~'erphenyl ---1~:49 ---1- --~---I ~:I----I I 2.33 II I 
75 0000 p-Quaterphe~i~IJ-~4~5_r --~I_ _ ___ I ~~~ ~:~~ t_ t __ t~.4~ __ ~_I ___ -~T--I-

~ 
~ 
~ 

tr.; 

i:l 
"I:;-
;:::-. 
l';' 

~ 
S 

Fluorene series 
t! 
:::. 
.:; 

'" 
76 db -- ~--l ~r ----r--I-r----l I I 

___ I 2.43_ I----[_-I-l------I----I--~T-
_, " I 3.73 I I I I I - I I 

Benzene I 5.96 I 9.24 I =~:EE;' I I I 6.96
12)1 ~ __ 1_ I - I ~_I 

Fluorene 4.75 

77 ~ 2, 3-Benzfluorene 3.92 

78 ~ Zethrene 2.69 

79 0 

~ .... 
" ;::: ... 
~. 

';;;' 
:::. 
;::: 
:::.... 

~ 
~ 

~ 
~ .... 
~ 

Aliphatic alkenes and it's a, w-Diphenyl derivatives d 
;:: 

80 H2C : CH2 Ethylene 7.6331)(10.50 

81 HzC: CH·CH: CH2 5.7128)\ 9.07 1,3-Butadiene 

7:8032~1---

______________________ ~ ___ ~ ____ ~ _______ ~ ______ ~ ____ ~ __ 6_.9:~~~ ____ ~ _____ ~ _____ ~ __ __ 
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Table 2 (Continued) 

1 h" <V') 1 [P.,") 
'OM"h=YI 

No. Compound 
E. A .• ev ethanol CH3CN Dioxane DMF SbCl3 

• ev 
- -- ---- __ _ __ <Pr. v13) ___ <Pr. ~~) I <P~. v~ <pr. ve) <Pr. ~_<Pox. v30) 

--

82 H2C=(CH=CH)3=CH2 I 4.0833)1 1 2.64 1 
Octatetraene 

83 o-CH= CH-0 Stilbene \ 3.89 1 \1.334
) \ 2.5035)1 

84 o-(CH=CH)2-G 1 3.52 11.474) 1 2.75 1 
1.4-Diphenylbutadiene 

85O-(CH=CH)3-0 I 3.29 1 1 2.90 1 

l,6-Diphwylhox."iwe I. 3~_1~__ _1_ _:J o-(CH=CH)cQ 
86 1. B-Diphenyl

octatetranene 

2.452) \ 

o-(CH=CH)sO 1 1 1 312 1 1 

87 ~~~~~~~t~!~~l- --- :: ,---' -------, ~-1-1~-~:211.-
o-(CH=CH)6-G 

88 1.12-Diphenyl
dodecahexaene ____ , _____ , ____ , _ ____ ._~_l ~________ _____ __ _ __ 

Heterocyclic hydrocarbons 

CH2Cl2 

<pr. v I <Poz..v 

1 

1- _ 

89 0-
0 

Pyridine -N-:xide 1- 4.40 -I --- ---1--- --1- -r 2.36-_-1-~- --------

-;-~_-_oP;~idine-·----1 ~;-I---- I' 1 ---1_ ~·;-I-- 6.97 1 _ I 1 1 1 
mono-N-oxlde 

~~-o Pyridin~ I ~-I--- ---1-- --- - 1 -1----;~4-1 ~I----I-- ---I-~---I----I-
dl-N-oxlde . . 
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92 or Quinoline N-OXi~- 3~;41- --------- ----1 1 2.~2 I 6.20 1-- --1---1 

93 0"1(() Isoquinoline 
N-oxide 

1~9~-1 1---1 --I~·71-I-~- --l----I-T-

94 8.0 Quinoxali-n~ -'Ii --~I-----I-------- -:-;.;-1 ~·;-I--- 1----1-- -'Ii 
mono-N-oxlde I , 

I I 

95 0..8 •• 0 £~~~~idi~e I 3.02 1 1---- - -1-3~~~-1~~--- ---I--I-T-----
96 Q:;P. Phenanthridine 

'0 N-oxide 
--11--;~621 1 2.;-1,~~-1 1 -1---1 

97 or 
98 0:0 

~ 

9 
99 0g"O 

Acridine ~-oxide I 2.73 1 -- - -I 3·~~-1~·941-----1--1---1--

Phenazine 
mono-N-oxide 
----------- ----I 2.

94
1---1 3·~~l-6.~I-I---r--- -r 

P.hen~zi~~----1-2.51 -I ----1- - '-3~1 ~.~o--I-----I------- ---1'-
dl-N-ox~e __ I ____________________ , _______________________ _ 

Thiochromone and it's derivative 

Thio~h~~man---1-3.6~2~)1 ---1----- T---------I---- -------1---;.7623)1--~4123) 
4-one I ! 

I I 

100 
o 

Cf.l 
~; ~ Thio~;om~-e--l-- 3.7123{---1------1- I ---1--2.8323r-~~6223~ 

a) The h~-values of No. I-No. 79, No. 83-No. 88 and No. 89-No. 99 are taken from ref.s 14), 34) and 22) respectively. 
b) The ~Qx-values in acetonitrile of No. I-No. 62 and No. 89-No. 99 are calculated from Ei,QX quoted from ref.s 6) and 

22) respectively. 
c) The ~r-values in dioxane of No. I-No. 88 except No. 83 are calculated from Et,r quoted from ref. 2) 
d) The ~r-values in DMF of No. I-No. 37 except No. 32 are calculated from Et,r quoted from ref. 20). 
') means thlJ't the solubility is very low (ref. 13). 
*) means that benzen is added to the solution in order to increase the solubitity (ref. 13). 
1st and 2nd in the column of 2-methoxyethanol mean the ~r-values calculated from 1st and 2nd polarographic maxima (ref. 13)._ 
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Fig. 1. The hlJ-dependence of ~~ in 2-methoxyethanol (e), ~gx in acetonitrile (e), 
II'gx-lI'~ (0) and ~g,,+~~ (0) for the conjugated aromatic hydrocarbons. The 
standard deviations Gr and Gox of ~~ and ~x values of each compound 
from ~~, ~gx-hlJ-lines are 0.06 v, and 0.08 v respectively. 
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Fig. 2. The h~-dependence of ~~ in dioxane (e), ""&x in SbCh (99°C) (e), 
,··gx-9~ (0) and \'&x+~~ (0) for the conjugated aromatic hydro
carbons. (lr = 0.16 v, (lox = 0.05 v. 
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However, for some compounds of the perylene, pyrene and fluorane 
groups and most of fluoranthene group compounds the values of ¢~ in 2-
methoxyethanol for the first polarographic maximum are lower than those 
in the straight line in Fig. 1. In this case, however, the values of ¢~ for 
the second polarographic maximum are found to be in the straight line as 
shown in Fig. 3. It is noted from Fig. 1 that the values of ¢~x for ethylene 
(No. 80) and 1, 3-butadiene (No. 81) in acetonitrile are also found to be in 
the straight line in Fig. 1. 

On the other hand, ¢~ and ¢~x for the heterocyclic compounds22) such 
as pyridine N-oxide in acetonitrile are rather scattered around the straight 
lines given by Eqs. (1) and (2), but the difference ¢~x - ¢~ practically coincides 
with hI) of the p-band of these molecules as seen from Fig. 4. These facts 
suggest that ¢~x and ¢~ correspond respectively to the energy levels of the 
HOMO and LUMO of the molecules, but they are not symmetric about 
the Fermi-level of graphite. It is also found that Eqs. (1) and (2) hold in 
the case of thiocromone derivatives in methylene chloride, but the sum 

¢~x + ¢~ is higher than 2(/) gr' 
The experimental values of IP and EA in Table 2 are plotted against 

2 

cp~ ,v 

69 67 
, ' 

3 

70 

A 
78' 

72' Zethrene 
4 

Fluorene ~ 76 73 . ~', 
77 

75 

i 6.5""Fluoranthene 

6'6 62 

74 
"p-phenYI 

"Periphenylene fluaranthene 

5L-________ ~ ________ ~ ________ _L ________ ~ ________ ~ 

o 2 3 4 hv (ev) 5 

Fig. 3. The h~-dependence of 9? in 2-methoxyethanol for /lorene and /luoranthene 
group compounds. The vertical arrows show the displacement of \l'~ from 
the first to the second polarographic maximum. 
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Fig. 4. The hv-dependence of so~ (e), SI'&x (e), so~x-Y'~ (0) and 9&x+9~ (0) 
for heterocyclic amine N-oxides in acetonitrile22 ), 
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The h~"dependence of the ionization potential and the electron 
affinity for the conjugated aromatic hydrocarbons. 
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hl.! of the p-band in Fig. 5. As seen from this figure, IP vs. hl.! plotts can 
be expressed by the following equation 

IP=$gr+0.85hl.!, ev ( 3 ) 

while the EA vs. hl.! plotts are rather scattered as compared with that of the 
ionization potential. However, it may be reasonable to assume the following 
relation for the electron affinity of the gaseous conjugated hydrocarbons 

EA = $gr - 0.85 hl.!, ev ( 4 ) 

insorfar as IP and EA can be regarded as the energy levels of the HOMO 
and LUMO of the gaseous molecule which may be symmetrical about the 
Fermi-level of graphite. 

It may be possible to estimate the standard free energies of solvation 
of the radical ions of the conjugated aromatic hydrocarbons from the follow
ing equations26) together with Eqs. (1)-(4) 

IP = Llao+rp~x, ev (5) 

(6 ) 

where Llao is the difference of the solvation free energies between the radical 
ion and the neutral molecule of the conjugated aromatic hydrocarbon. It 
follows from Eqs. (1)-(6) that Llao can be related to 1Il.! by the equation 

Llao = 0.35 hl.!, ev ( 7 ) 

independent of the solvent for both cations and anions. The values of LlaO 
estimated in this way are found to be in the range from 0.68 ev for 7, 8-
benzoterrylene (No. 42) to 2.68 ev for ethylene (No. 80). 

Therefore we can expect that the absolute oxidation and reduction 
potentials of a given compound of the conjugated aromatic hydrocarbon are 
independent of the solvent within an accuracy of the present treatment. 
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