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2 cannot, of course, be excluded by the present data. If such a dimer is 
formed, its association constant with respect to monomer 2 is less than 
the association constant for monomer 1. 

(8) G. Simchen, Chem. Ber., 103, 398 (1970). 
(9) Acceptable alternatives to Scheme I include hydroxypyridine dimer in 

equilibrium with a mixed hydroxypyridine-pyridone dimer or an equilibrium 
between all three possible dimers, but the hydroxypyridine form is always 
required by the data to be ominant. 

(10) J. E. Leffler and E. Grunwald, "Rates and Equilibria of Organic Reactions", 
Wiley, New York, N.Y., 1963, pp 34-35. 

(11) For a recent use of gas phase basicities to determine energy differences 
in the gas phase, see M. J. Cook, A. R. Katritzky, M. Taagepera, J. D. Singh, 
and R. W. Taft, J. Am. Chem. Soc, 98, 6048 (1976). Similar independent 
work has been carried out by D. Aue, P. Beak, W. Davidson, and M. Bowers, 
1976. 

(12) In biochemical applications transference of equilibrium constants for the 
purine or pyrimidine bases from aqueous solutions to associated bases 
within nucleic acids could be in error by orders of magnitude. On a more 
positive note, the demonstration that 2 is 6 kcal/mol more strongly asso
ciated in cyclohexane than in dioxane suggests that the energy of en
zyme-substrate binding could be strongly influenced by the molecular 
environment at the binding site. W. P. Jenks, "Catalysis in Chemistry and 
Enzymology", McGraw-Hill, New York, N.Y., 1962; T. C. Bruice, "The 
Enzymes", P. R. Boyer, Ed., Academic Press, New York, N.Y., 1970, 
Chapter 4. 
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Exploratory Field Desorption Mass Analysis of the 
Photoconversion of Adsorbed Polycyclic 
Aromatic Hydrocarbons 

Sir: 

Experiments conducted with polycyclic aromatic hydro
carbons (PAH) adsorbed on silica gel, alumina,1"4 and on 
surfaces of crystalline PAH5 demonstrate increased photo
chemical reactivity over that observed in solution. PAH might 
similarly undergo accelerated photoconversion when adsorbed 
on carbon soot.6'8 In this report, we describe the application 
of field desorption mass spectrometry (FDMS) to study the 
photooxidation of PAH adsorbed on carbon. Mass spectra of 
PAH irradiated directly on carbon microneedle emitters are 
presented and discussed. 

Field ionization mass spectrometry has been used to detect 
primary, gas-phase, photodecomposition products.9^" FDMS, 
a related technique which is becoming increasingly useful in 
analytical chemistry,12 could be similarly applicable to the 
investigation of surface phase photochemisry. In FDMS the 
sample is adsorbed directly onto an electrode (the emitter), 
where it is subsequently ionized and desorbed by application 
of a high electric field. Although the mechanism of ionization 
is a subject of current debate, volatilization of the sample prior 
to ionization is generally believed not to occur. Photochemical 
reactions of material adsorbed on an emitter take place in the 
ionization region and, thus, direct analysis of the reaction 
products is possible. At present, the most commonly used 
emitter consists of carbon microneedles grown on a thin 
tungsten wire.13'14 X-ray studies show the carbon structure of 
emitter microneedles to be very similar to that of graphite14 

and, hence, soot.15 Since airborne PAH are principally asso
ciated with soot,8 the results of photooxidation experiments 
conducted on field desorption emitters should aid in under
standing naturally occurring photochemical processes. 

A Hitachi-Perkin Elmer RMU-7, single focusing mass an
alyzer fitted with a field ionization/field desorption ion source, 
constructed in the authors' laboratory, was used in this work. 
Similar sources are described elsewhere.16 The RMU-7 was 
modified to extend its mass range to m/e 500 at an accelerating 
voltage of 3.6 kV and to provide it with a stable, Hall probe 
regulated, programmable magnet scan controller. The in
strument has a resolution of about 600 at m/e 500. 
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Figure 1. Field desorption mass spectra: (a) anthracene (m/e 178), non-
irradiated; (b) anthracene, irradiated 1 h. 

The sensitivity of the instrument for acetone (m/e 58 in the 
field ionization mode is 2 X 10 -8 A/Torr. In the field de
sorption mode the sensitivity of the RMU-7 to benzo[a]pyrene 
(m/e 252), that is the ratio of the total integrated ion current 
at m/e 252 to the amount of sample used (~0.6 ng), is about 
5 X 10-14 C/ng. The field desorption limit of detectability for 
benzo[a]pyrene is about 25 pg (0.1 n\ of a 10-6 M benzene 
solution deposited on the emitter). 

Photooxidation experiments were performed on anthracene, 
benzo[a]anthracene, pyrene, benzo[a] pyrene, chrysene, and 
coronene. Solutions of PAH in bromobenzene (~10~3 M) were 
prepared from reagent grade chemicals after purification by 
sublimation. Approximately 1 iA of solution was deposited on 
an emitter, leaving ~0.1 ^g of sample adsorbed after solvent 
evaporation. Field desorption mass spectra of each compound 
were obtained to establish purity and to provide references for 
comparison with spectra of the irradiated samples. Reference 
spectra of all compounds were found to exhibit only molecular 
ion mass peaks with no evidence of impurities. A typical ref
erence spectrum of anthracene is shown in Figure la. 

Sample material, adsorbed on an emitter, was irradiated in 
air with a high pressure mercury arc lamp for 30-60 min. 
Radiation was filtered with a 5-cm quartz water cell and the 
emitter support post was immersed in a Dewar containing 
acetone and dry ice. These measures were taken to prevent 
thermal reactions and evaporation of surface-adsorbed species. 
Light intensity at the sample surface was approximately 200 
mW/cm2. Immediately following irradiation, samples were 
placed in the field desorption ion source for mass analysis. 

Photooxidation of anthracene, benzo[a]anthracene, pyrene, 
and benzo[a]pyrene on field desorption emitters is observed; 
photomodification of chrysene and coronene under the same 
conditions is not observed. All compounds, with the exception 
of coronene, have been shown to react similarly under exposure 
to ultraviolet radiation when adsorbed on silica gel.3 

The mass spectrum of irradiated anthracene is shown in 
Figure lb. In addition to the molecular ion mass peak at m/e 
178, the spectrum exhibits peaks at m/e 198 and 208. The peak 
at m/e 208 corresponds to anthraquinone, an expected pho
tooxidation product.5 The identity of the small peak at m/e 198 
is unknown. The absence of peaks due to impurities, instrument 
background, or cluster ions (singly or doubly charged) in the 
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Figure 2. Field desorption mass spectra: (a) benzo[a]pyrene (m/e 252), 
nonirradiated; (b) benzo[a]pyrene, irradiated 40 min. 

anthracene reference spectrum (Figure la) suggests that the 
m/e 198 peak is due to a photoproduct. Although end ring 
opening is not favorable for anthracene, the production of a 
dicarboxylic acid may occur under the possibly strong oxidative 
conditions at the emitter surface during ultraviolet irradiation. 
Loss of water from the diacid before or during field desorption 
would lead to the production of naphthalene 2,3-anhydride (1) 
(m/e 198). A more remote possibility might be the formation 
of a highly reduced compound (2) at the emitter surface. 

H 
OH OCg:. 

Mass spectra of irradiated samples of benzo[a]anthracene 
and pyrene exhibit weak peaks corresponding to diones of the 
two compounds. No other peaks are evident. 

In addition to the parent ion peak at m/e 252, the mass 
spectrum of irradiated benzo[a]pyrene (Figure 2b) exhibits 
mass peaks at m/e 258, 266, and 282. The mass peak at m/e 
282 corresponds to a dione. The mass peaks at m/e 258 and 266 
are not yet identified. As with anthracene, the absence of 
contaminant or artifact (e.g., cluster ion) peaks in the reference 
spectrum of benzo[a]pyrene (Figure 2a) suggests that the two 
peaks in question represent photoproducts. 

The results of this investigation demonstrate that FDMS 
can be used to identify photoproducts of PAH adsorbed on 
carbon. The absence of observed photoproducts in the case of 
coronene suggests that PAH may not be as reactive on carbon 
as on silica gel or alumina. 

Detection and identification of primary reaction products 
appear possible with a modified field desorption ion source. The 
use of conventional mass spectrometry for this task is difficult 
because of the opposing requirements of high light absorption 
to generate large numbers of free radicals and of relatively low 
pressures to enable rapid diffusion into the ionization chamber. 
By contrast a field desorption sample is introduced into the 
source in a relatively concentrated, solid phase adsorbed on an 
emitter. Although reactive gases, such as oxygen, cannot be 

introduced at pressures greater than 1O-3 Torr, their partial 
pressures at the surface of the emitter are greatly increased by 
the high electric field necessary for ionization.17 Therefore, 
adsorbed state photoreactions should proceed under normal 
field desorption operating conditions. Furthermore, if a free 
radical production rate of a few picograms per second occurs 
with about 1 ̂ g of sample, it would be possible to detect and 
identify the radicals with the instrument used in this study. 
Plans are currently being developed to conduct in situ experi
ments. 

Acknowledgment is made to the Oregon Highway Division 
and the Federal Highway Administration for financial support 
of this work. 

References and Notes 

(1) G. Kortum and W. Braun, Justus Liebigs Ann. Chem., 632, 104 (1960). 
(2) E. Voyatzakis, D. Jannakoudakis, T. Dorfmuller, C. Sipitanos, and G. Stalidts, 

C. R. Acad. Sci., 251, 170 (1960). 
(3) M. N. Inscoe, Anal. Chem., 36, 2505 (1964). 
(4) J. Morik, P. M. Fleur, M. Feren, and N. Zoltan, Egeszsegtudomany, 16(2), 

133(1972). 
(5) E. J. Baum in "Excited State Chemistry", J. N. Pitts, Ed., Gordon & Breach, 

New York, N.Y., 1971, pp 121-150. 
(6) H. L. FaIk, I. Markul, and P. Kotin, AMA Arch. Ind. Health, 13, 13 (1956). 
(7) B. D. Tebbens, J. F. Thomas, and M. Mukai, J. Am. Ind. Hyg. Assoc, 27, 

415(1966). 
(8) J. F. Thomas, M. Mukai, and B. D. Tebbens, Environ. Sci. Techno!., 2, 33 

(1968). 
(9) H. D. Beckey and W. Groth, Z. Phys. Chem. (Frankfurt am Main), 20(5/6), 

307 (1959). 
(10) H. Okabe, H. D. Beckey, and W. Groth, Z. Naturforsch. A, 21(1/2), 135 

(1966). 
(11) D. F. Barofsky and H. D. Beckey, Org. Mass Spectrom., 3, 403 (1970). 
(12) H. D. BeckeyandH.R.Schulten, Angew Chem., Int. Ed. Engl., 14(6), 403 

(1975). 
(13) D. F. Barofsky and E. Barofsky, Int. J. Mass Spectrom. Ion Phys., 14, 3 

(1974). 
(14) H. D. Beckey, E. Hilt, and H. R. Schulten, J. Phys. E, 6, 1043 (1973). 
(15) C. R. Houska and B. E. Warren, J. Appl. Phys., 25, 1503 (1954). 
(16) H. R. Schulten and H. D. Beckey, Org. Mass Spectrom., 7, 861 (1973). 
(17) H. D. Beckey, "Field Ionization Mass Spectrometry", Pergamon Press, 

Oxford, 1971, pp 190-203. 

Douglas F. Barofsky,* Edward J. Baum* 
Department of Chemistry, Oregon Graduate Center 

Beaverton, Oregon 97005 
Received May 10, 1976 

Crystal Structure of "Carboxyethylgermanium 
Sesquioxlde" 

Sir: 

During the past 2 decades the development of the organic 
chemistry of germanium has been extensive.1'2 This has been 
due in part to the semiconducting nature of the element and 
to the anticipated similarities in chemical and physical prop
erties to silicon. 

We wish to report the first crystal structure of a novel "or-
ganogermanium sesquioxide" resulting from the hydrolysis 
of an organogermanium trichloride. It can reasonably be ex
pected that the analogues of organogermanium sesquioxides 
and organosilicones might have a similar unique crystal 
structure. As with the alkyl and aryl chlorosilanes, the com
plexity of the hydrolysis products of organogermanium halides 
increases with the number of halogen atoms present.3 The triols 
derived from the trihalides all dehydrate to form polymeric 
solids which dissolve like dioxides in hydrohalic acids. The 
polymeric solids are also soluble in alkalis, from which they 
may be reprecipitated by carbon dioxide.4 The general com
position of the polymers corresponds to the anhydride formula 
(RGehOa. The alkyl and aryl germanium oxides are polymeric 
solids and exhibit no definite melting points. To date, no 
structures of organogermanium oxides prepared by hydrolysis 
of a trihalide parent compound have been reported. 
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