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Summary: The preparation of a galvinol-substituted 
alkanethiol is described. The molecule forms monolayers 
on gold electrodes and may be oxidized via a one-electrod 
one-proton process to the corresponding stable free radi- 
cal. 

The preparation of organic-based magnetic materials 
is a challenge that is important to a number of chemistry- 
related fields and techno1ogies.l The initial focus in the 
manufacture of organic magnetic materials is the prepa- 
ration of paramagnetic compounds containing structural 
features that will induce order among the spins of the 
molecules. Therefore, design elements must include (1) 
stable organic species with unpaired electrons and (2) 
molecular ordering induced by intermolecular interac- 
tions. There are several choices for stable, paramagnetic 
organic species. Galvinoxyl and aryl-substituted galvin- 
oxyls are known, stable organic radicah2 Moreover, 
crystals of galvinoxyl show strong ferromagnetic tenden- 
~ i e s . ~  These properties indicate that they may be suitable 
components for preparing organic magnetic materials. 
Likewise, there are many vehicles for inducing molecular 
order. Among these are self-assembled monolayers 
(SAMs). Indeed, SAMs of alkanethiols on gold films are 
known to be close-packed, ordered  structure^.^ 

Our goal is to prepare stable, free-radical-substituted 
alkanethiol SAMs as  molecular magnetic materials. 
Intermolecular coupling of galvinoxyl radicals has only 
been observed in the crystalline state. However, the 
ferromagnetic intermolecular interactions are destroyed 
by a phase transition near 83 KS3 It remains to be seen 
if self-assembly of galvinoxyl-terminated species results 
in intermolecular coupling similar to (and eventually 
better than) that observed in the crystalline state. If so, 
such interactions can be relatively easily altered by 
changing the length of the methylene chain separating 
the head and tail groups. That is, engineering of a two- 
dimensional surface should be easier than three-dimen- 
sional crystal engineering. The order of the self- 

+ 1994 Robert Proctor Undergraduate Research Scholarship Award- 

@Abstract published in Advance ACS Abstracts, October 1, 1994. 
(1) Miller, J .  S.; Dougherty, D. A. Mol. Cryst. Liq. Cryst. 1989,176. 

Gatteschi, D. Molecular Magnetic Materials; Kluwer Academic Pub- 
lishers: Amsterdam, 1991. Iwamura, H. Adu. Phys. Org. Chem. 1990, 
26, 179. Buchachenko, A. A. Russ. Chem. Rev. 1990, 59, 307. Kahn, 
0. Molecular Magnetism; VCH New York, 1993. Rajca, A. Chem. Rev. 

ee. 

1994, 94, 871. 
(2) Coppinger, G. M. J.  Am. Chem. SOC. 1957, 79,501. Gierke, W.; 

Harrer, W.: Kirste, B.: Kurreck, H.: Reusch, J. 2. Naturforsch. 1976, . .  . .  
31B, 965. ’ 

(3) Chi, K.-M.; Calabrese, J. C.; Miller, J. S.; Kahn, S. I. Mol. Cryst. 
Liq. Cryst. 1989,176, 185. Kinoshita, M. Mol. Cryst. Liq. Cryst. 1989, 
176, 163. Awaga, K.; Sugano, T.; Kinoshita, M. J .  Chem. Phys. l98f3, 
85,2211. Awaga, K.;. Sugano, T.; Kinoshita, M. Solid State Commun. 
1988, 57, 453. Mukai, K.; Sogabe, A. J.  Chem. Phys. 1980, 72, 598. 
Mukai, K. Bull. Chem. Soc. Jpn. 1969,42,40. Mukai, K.;. Nishiguchi, 
H.; Deguchi, Y. J. Phys. SOC. Jpn. 1967,23, 125. Kosaki, A.; Suga, H.; 
Seki, S.; Mukai, K.; Deguchi, Y. Bull. Chem. SOC. Jpn. 1969,42, 1525. 
(4) Porter, M. D.; Bright, T. B.; Allara, D. L.; Chidsey, C. E. D. J.  

Am. Chem. SOC. 1987,109,3559. Bain, C. D.; Troughton, E. B.; Evall, 
J.; Tao, Y.-T.; Whitesides, G. M.; Nuzzo, R. G. J.  Am. Chem. SOC. 1989, 
111,321. Strong, L.; Whitesides, G. M. Langmuir 1988,4,546. Porter, 
M. D.; Bright, T. B.; Allara, D. L.; Chidsey, C. E. D. J.  Am. Chem. SOC. 
1987, 109, 3559. 

0022-3263/94/1959-6159$04.50/0 

assembled monolayer, coupled with the tendency of 
galvinoxyl radicals to interact in a ferromagnetic fashion, 
may yield fascinating new materials. Herein, we report 
the preparation and electrochemical oxidation of the first 
stable, organic, free-radical-terminated alkanethiol mono- 
layera5 

The preparation of a phenoxygalvinol-substituted 
alkanethiol is shown below. Commercially available 
6-bromohexanol is protected using methoxymethyl chlo- 
ride. The protected bromide is then used as an alkylating 
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agent for methyl 4-hydroxybenzoate in DMF solvent with 
potassium carbonate as base. Ester 2 is transformed into 
galvinol 3 using the modified6 procedure of Kurreck.’ 
Compound 3 is converted to thiol 4 using Mitsunobu 
conditions8 followed by alkaline hydrolysis. Using this 
methodology, several molecules may be prepared with 
varying methylene chain size. Alternatively, the phenoxy 
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Figure 1. Cyclic voltammogram of thiol 4 adsorbed on a gold 
film. The voltammogram was recorded in pH 7 phosphate 
buffer using a platinum auxiliary electrode, a AglAgClf 
saturated KCl reference electrode, and a scan rate of 200 
mV/s . 

group can be removed and the alkane chain simply 
terminated with a galvinol group. 

Thiol 4 has been characterized by IR spectroscopy, 
mass spectrometry, and lH and 13C NMR spectroscopy. 
Pertinent features of the IR spectrum include a sharp 
phenol -OH stretch at 3621 cm-l and a weak -SH 
stretch at  2558 cm-’. 

Gold substrates consist of polycrystalline gold depos- 
ited on glass slides. Monolayer preparation follows 
standard procedures. First, the gold surface is cleaned 
by exposing the substrate to hot nitric acid for a few 
minutes, rinsing with deionized water, and then rinsing 
with absolute ethanol. Next, a few milliliters of a 20 mM 
ethanol solution of 4 are pipetted into a clean glass 
weighing bottle containing a gold substrate. The sub- 
strate can also be coated after mounting in an electro- 
chemical cell. After a t  least 15 min, the coated surface 
is thoroughly washed with ethanol to remove excess 
alkanethiol and then dried with a stream of argon. The 
coated substrate is then ready for characterization. 

Cyclic voltammograms of the coated substrates are 
typical of an adsorbed electroactive species exhibiting 
quasireversible electron transfer ratesg (see Figure 1). 
The voltammetric response is unaffected by (1) rinsing 
the substrate with ethanol repeatedly, (2) exposing the 
gold substrate to the alkanethiol solution for longer times, 
and (3) scanning repeatedly. Also, galvinols without 
thiol groups do not adsorb onto gold substrates. As for 
adsorbed species, the peak currents are directly propor- 
tional to scan rate. Surface coverage as estimated from 
the area under the voltammetric curve indicates that a 
full monolayer is formed. This conclusion is based on a 
100 A area of the phenyl galvinoxyl tail group and on a 
geometric area of the gold electrode.1° 

The voltammetric response is for the galvinollgalvin- 
oxy1 couple.ll This conclusion is supported by the 
dependence of the redox potential on pH according to the 
equation below. 
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Figure 2. Plot of Eo’ versus pH for thiol 4 adsorbed on a gold 
film. Voltammograms were recorded using a platinum auxil- 
iary electrode, a AglAgCllsaturated KC1 reference electrode, 
and a scan rate of 100 mV/s. We assume EO’ = + EP,J2. 

According to the Nernst equation, a plot. of Eo’ vs pH 
should give a straight line with a slope of -59 mV/pH 
unit for a one-electrodone-proton process. The plot in 
Figure 2 shows this to be the case. 

In summary, galvinol-substituted alkanethiols can be 
prepared in excellent yield. Electrochemical results 
suggest that a monolayer is formed upon exposing gold- 
covered glass slides to ethanol solutions of the alkane- 
thiol. The monolayer is electroactive, and the voltam- 
metric response corresponds to a one-electrodone-proton 
transfer yielding, after oxidation, a radical-terminated 
monolayer. Further characterization of this monolayer 
is underway. 
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