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Organized monolayers are of interest for a variety of scientific 
and technological applications. These systems could, for example, 
afford the realization of long envisioned molecular electronic 
devices1 by providing structures with appropriate optical, electrical 
or redox characteristics. Studies of conventional amphiphiles 
(structural partitioning of hydrophilic/hydrophobic properties) 
have dominated the field of monolayer science, but modern syn
thetic techniques might provide a greatly increased range of 
materials for monolayer formation. In this context, the present 
study evolved from the development of a synthetic method for the 
production of some unusual, soluble polyacenequinone derivatives.2 

A particularly interesting example is 1, a rod-like molecule 52.8 

(CH1IjC -Qt* 

*» Q O Af O Af O 

O A f 6 ArO O Ar O A r O 

Ar = p-(t.ert-butyl ] prolyl 

A long. We have determined surface isotherms of 1 and similar 
compounds and report that they form organized monolayers at 
the air-water interface. These stiff, aromatic molecules pack 
"end-on" in compressed monolayers; they are oriented perpen
dicular to the water surface. This behavior is of special interest 
because these compounds are not amphiphiles in the traditional 
sense, i.e., having a separate hydrophobic group attached to a polar, 
hydrophilic region.3 These preliminary observations imply that 
a wide yariety of polycyclic aromatics with specific functionalities 
and lengths can be prepared to form monolayers with some unique 
attributes. 

Surface pressure isotherms were determined with a conventional 
Teflon Langmuir trough interfaced to a computer providing 
analogue-to-digital conversion and by using a Wilhelmy balance 
system. Chloroform was the spreading solvent in all cases. 
Compound 1 and several related structures, 2-6 shown in Table 
I, produced coherent, incompressible monolayers with breaking 
pressures in excess of 50 mN rrT1. All isotherms were of simple 
character, with no distinctive features. The apparent areas/ 
molecule, as determined by extrapolation of the limiting slope of 
the surface pressure isotherm, are given in Table I. Also given 
are areas estimated from space filling CPK models. Compounds 
1-6 are all derived from the same basic building unit, and their 
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Table I. Observed and Calculated Molecular Areas of Polycyclic 
Quinones 
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"Ar = /)-(rf?f-r-butyl)phenyl; Ph = phenyl, All compounds except 3, 
5, 7, 9, and 12 have been previously reported. The new compounds 
were characterized spectroscopically and gave satisfactory elemental 
analyses and high resolution mass spectra. Details will be reported in 
a later publication. 

projected, "end-on" areas must all be similar, about 114 A2.4 If 
the molecules were lying flat on the surface or on edge, the de
termined area for each compound would be different and not in 
agreement with estimates from models. For instance, compound 
1 would provide areas of about 312 A2 or 988 A2 for "edge-on" 
or flat on the surface configurations, respectively. Preliminary 
study of simpler but related polycyclic aromatics revealed that 
compounds 7-9 also formed monolayers with apparent molecular 

(4) Because the width and thickness vary along the length of each mole
cule, the minimum area at most dense packing can only be estimated. Using 
CPK models the common width and thickness for 1-6 were taken as 19 and 
6 A, respectively. These dimensions are determined by the Ar = p-tert-bu-
tylphenyl groups. 
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areas consistent with an end-on, upright orientation. The six 
compounds 10-15 showed no evidence of monolayer formation. 
These shorter compounds have only four or five fused rings and 
only nominal hydrophilic character (in the case of 15, no hy-
drophilicity). They are included to indicate the relationship be
tween structure- and monolayer-forming ability,5 and their be
havior stands in contrast to that of the other compounds studied. 
The compounds which do form stable monolayers possess extensive 
ring systems which enhance film-forming capacity through co
hesive interaction of the aromatic moieties. End-on packing 
maximizes interaction between the molecular surfaces and min
imizes contact of the hydrophobic molecular surfaces with the 
water surface. 

The present results indicate that the extended, rigid systems 
described here may be of considerable value in the construction 
of a variety of functional multilayer systems formed by the 
Langmuir-Blodgett transfer technique. Quinones are essential 
elements of any biomimetic model based on the photosynthetic 
reaction center as well as for other electron transfer model systems 
and electrochemical studies. Additionally, these very long, stiff 
molecules of accurately known length possessing extended w-
bonded systems provide unusual possibilities for optical and 
electronic properties in monolayer assemblies. 
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Despite the much greater thermodynamic stability of hexa-
methylbenzene (HMB) over its strained "Dewar" isomer (HMD), 
the thermal conversion of HMD to HMB proceeds with an ac
tivation energy of 37 kcal/mol;1,2 this has been partly ascribed 
to the orbital symmetry forbidden nature of the process.3 In 
contrast, photosensitized conversion of HMD to HMB is well-
known.4 

The mechanism proposed for this reaction involves the transfer 
of an electron from HMD to the photosensitizer with the formation 
of HMD»+. radical cations.2 Since this mechanism requires a 
very facile rearrangement of HMD«+ to HMB»+, it has been 
questioned whether HMD»+ can be an energy minimum. A 
laser-flash spectroscopic study has recently shown the presence 
of only the HMB»+ cation, indicating that the lifetime of the 
HMD»+ cation must be less than 15 ns.5 

In order to study the structure and stability of this elusive 
HMD»+ cation, we used the now well established method of 
exposing dilute frozen solutions of substrates in freon solvents to 
ionizing radiation.6'7 This technique often gives well-resolved ESR 
spectra of the corresponding substrate radical cations, following 
what is essentially a single electron oxidation by CFC13«

+ cations, 
and is applicable to substrates with ionization potentials of <11.8 
eV. 
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Figure 1. ESR spectrum of hexamethyl(Dewar benzene) radical cations 
(HMD)»+ in a CFCl3 matrix at 77 K. 

Figure 2. ESR spectrum recorded at 150 K, showing features assigned 
to hexamethylbenzene radical cations (HMB)«+ formed by ring opening 
of HMD»+ cations. 

Chart I 

The spectrum obtained from HMD is shown in Figure 1. This 
comprises a set of 13 lines with nearly binomial intensities and 
a single splitting of 9.5 G, indicating hyperfine coupling to four 
equivalent methyl groups. This must be due to the HMD+ radical 
cation, which is stable in the CFCl3 matrix. 

On annealing the sample to ca. 150 K, the spectrum suddenly 
changed to that shown in Figure 2. We interpret this in terms 
of a rearrangement of the HMD»+ cation to its more stable isomer, 
HMB»+ (eq 1). This is confirmed by the observation of an 

identical spectrum from an authentic sample of HMB. The 
coupling of 6.7 G is virtually identical with that previously observed 
for HMB«+ cations in a sulfuric acid solution.8 On recooling 
either sample containing HMB»+ cations to 77 K, the spectrum 
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