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the phosphate oxygens interacting (at pH 7) strongly with the 
three symmetrically disposed ammonium ions. A determina­
tion of the binding of benzyl phosphate to 1 in the presence of 
inorganic phosphate gave a Kd\ss value identical with that ob­
tained in its absence, indicating that, within the errors of such 
an indirect determination, inorganic phosphate itself does not 
bind(Kdiss>200mM)tol.10 

In this model system, highly specific recognition of complex 
molecules depends on independent recognition sites, one hy­
drophobic and the other electrostatic, providing a model for 
multiple recognition sites common in biological systems.11 We 
anticipate that variations in the structure of the hydrophobic 
moiety of the guest molecule will cause predictable variations 
in the equilibrium position of the guest within the cyclodextrin 
cavity, leading to a change in the observed Kd\ss. Direct study 
of the precise geometry of the interactions in the observed 
complexes (e.g., by 1H, 13C, and 31P NMR spectroscopy or 
X-ray crystallography) should clarify the energetic relation­
ships between these hydrophobic and electrostatic recognition 
sites and the effects of such binding on the geometry and re­
activity of the bound guest molecule. 
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7.3% Efficient Thin-Film, Polycrystalline n-GaAs 
Semiconductor Liquid Junction Solar Cell 

Sir: 

In a series of recent papers, we reported that the n-GaAs|0.8 
M K2Se-0.1 M K2Se2-I M KOH | C cell shows good stability 
and higher efficiency than other photoelectrochemical cells.1 

Further, the solar to electrical conversion efficiency of this cell 
can be increased to 12% by chemisorbing a layer of ruthenium 
ions2 which also substantially reduces the surface recombi­
nation velocity, not only at n-GaAs-electrolyte interfaces, but 
also at the n-GaAs-oxide (air) interface.3 Most importantly, 
if the ruthenium ions are allowed to diffuse into boundaries of 
n-GaAs grains, recombination in these is substantially re­
duced.4 After such diffusion, the efficiency of a semiconduc­
tor-liquid junction solar cell made with a thin-film, poly­
crystalline chemically vapor deposited layer of n-GaAs on 
carbon increases by a factor of 4.4 We proposed that this im­
provement derived from the fact that a strongly chemisorbed 
ion reacting with a surface will split a surface state to levels 
from which it is no longer accessible by tunneling to majority 
carriers. This region is, in n-type semiconductors, below the 
edge of the conduction band and, in p-type semiconductors, 
above the edge of the valence band. By our model, the chemi-
sorption of ruthenium ions causes in n-GaAs the splitting of 
initially present surface states located below the edge of the 
conduction band both to states above this edge and to states 
too deep in the band gap to be accessible by tunneling.2,5 

Ideally, by elimination of grain boundary effects, it would 
be possible to approach single-crystal efficiency provided that 
the mobility remains high and an optimal, uniform doping level 
is maintained throughout the grains. We now report that such 
a situation is approached in thin-film, chemically vapor de­
posited n-GaAs, following exposure to a Ru(III) solution. 

The anode used was n-GaAs/n+-GaAs/W/graphite.6-7 A 
24-/um thick layer of n-GaAs was deposited on a 2-3-jiim 
tungsten-on-POCO graphite substrate by the reaction by hy­
drogen chloride, gallium, and arsine at 775 0C. The grains were 
of 1 -20-fim diameter, with an average linear dimension of 9 
Hm. Figure 1 shows a scanning electron micrograph of the 
grains. The samples, of ~0.5 X 0.3 cm size, were mounted as 
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Figure 1. Scanning electron micrograph of the chemically vapor deposited 
n-GaAs film on tungsten coated graphite. 
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Figure 2. Current voltage characteristics of the thin-film n-GaAs|0.8 M 
K2Sc-OI M K-Sc3 I M KOH | C cell at 96.4 mW/cm2 insolation. The 
maximum power point is marked with dashed lines. 

earlier described* using a silver-filled epoxy to attach a copper 
wire to the graphite. A 3 M Scotchcast XR524I resin was used 
to electrically insulate the back of the photoanodes from the 
solution. The areas of the encapsulated electrodes were mea­
sured to within ±2%. 

The photoanodes were treated somewhat differently than 
previously.2 s First, they were run as part of the n-GaAs|0.8 
M K2Sc-O.! M K2Se2-I M KOH |C cell until their output no 
longer increased. The electrodes were then rinsed for 20 s in 
flowing dcioni/ed water, etched in bromine methanol solution 
at room temperature for 30 s. rinsed for 20 s in deionizcd water, 
and then dipped into 0.01 M RuCl3 in 0.2 M HCI at 60 0C for 
2 min to allow diffusion of the ruthenium ions into the grain 
boundaries. After being rinsed in deionized water for 20 s. the 
photoanodes were remounted in the cell. An improvement in 
performance was observed in the current voltage cycles during 
the first 15 min, as is also common to single-crystal n-GaAs 
electrodes'1 and presumably chiefly due to slow chemical sur­

face rcequilibration after immersion in the selenide electrol-
ydc.7 The cell characteristics were determined after the output 
stabilized. 

The measurements were done under 96.4-mW/cm2 incident 
sunlight. The insolation was determined by an Epplcy Model 
PSP radiometer, which measures the direct and scattered in­
solation from the entire sky. The cell was magnetically stirred. 
The current-voltage characteristics are shown in Figure 2. 

The open circuit voltage is 0.67 V, the short circuit current 
density 20.3 mA/cm2, and the fill factor 0.51. The maximum 
power output at 0.425 V and at 16.5 mA/cm2 is 7.0 mW/cm2, 
corresponding to a solar to electrical conversion efficiency of 
7.3%. This represents 60% of the efficiency of the single-crystal 
n-GaAs counterpart. The cell is the most efficient thin-film 
GaAs cell to date, and one of the most efficient solar cells made 
with semiconductors of similarly small average grain size. 

The importance of these and of earlier results is in the 
demonstration that grain-boundary diffusion of a strongly 
bound impurity can reduce the grain-boundary-related losses 
in solar cells made with thin-film polycrystallinc semicon­
ductors. This work and the effect of hydrogenation of grain 
boundaries of silicon9 suggest that it is possible to approach 
more closely single-crystal efficiencies in thin-film polycrys­
tallinc solar cells than originally thought. 
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Tricyclo(4.3.1.13,8)undec-3-ene (Homoadamant-3-ene). 
Stability of Bridgehead Olefins1 

Sir: 

The gas-phase carbenc route provides access to the "anti-
Brcdt" bridgehead olefins, bicyclo[2.2.2]oct-l-ene (I),2 tri-
cyclo(4.3.1.l ,s]undcc-3-cne (homoadamant-3-cnc) (2),y and 
adamantcne (3).4 However, 1, 2, and 3 were detected only as 
transient intermediates, as they suffered a retro-Diels-Alder 
reaction,2 dimerizations,2 4 and other trapping reactions4 

under the conditions employed. Modification of our method 
allows rapid capture at low temperature; we now report the 
isolation and spectroscopic characterization of homoada-
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