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Organothiol self-assembled monolayers (SAMs) on gold are A N, laser, high fluence
promising candidates for a wide range of applications, such as ,,,,{ 1" ** Aua- T
electron transport studies, biosensors, models for biomembranes, 518 e 2 591"“3' 955
and microelectronic devices. They are especially attractive because l(a
of the strength of the A4S bond. There is extensive literature PV PN DU
documenting the relative ease of preparing such SAKgreat 200 300 400 500 600 700 800 900 1000 1100 1200miz
many techniques have been applied to the characterization ofFigure 1. Comparison of nitrogen laser desorption and Nd:YAG laser
SAMs, but in recent years, mass spectrometric methods have beenlesorption TOF spectra of the 1,1,2,2-tetrahydroperfluorooctanethiol
increasingly used. Laser desorption mass spectrometry (LDMS) SAM at various fluences: (a) 0.8 10° W/cn?; (b) 0.5 x 108 W/cn®;
possesses the requisite sensitivity and specificity required for () 0.4 x 10° W/cn?.
studying the chemistry of self-assembled monolayers. However, )
when different lasers are used to study the same types of SAMs,at either 266 or 532 nm and & Maser operated at 337 nm, was
the spectral results are not always consistent. As is shown here Used to obtain negative ion mass spectra for the same samples.
laser fluence, rather than laser wavelength, as previously sug-Sample-to-sample variation was minimized by optics which
gested? is a major determinant of the spectral observations. ~ Permitted use of both lasers on each sample, without removing
To put the present work in context, it is useful to consider OF repositioning the sample. Because the samples are prepared
recent reports of negative ion LDMS of thiol SAMs by Trevor, and placed in the spectrometer with rigorous exclusion of air and
et al23 In their study, when a 212 nm laser was used for direct 0Z0ne, no peaks correspondlng.to oxidation products are seen in
LDMS, to obtain negative ion spectra of alkanethiolate SAMs any of the present spectra. As is now established, ozone easily
on gold, only RS, RSO, and RSQ@", anions were observed, ©Xidizes alkanethiol _SAM%‘,lO and its presence in air could
and no dimer ions were seen, consistent with the previous certainly explain earlier observations of air oxidatidrinterest- .
published Fourier transform mass spectometry stuefidsevor, ingly, when the 337 nm nitrogen laser is use_:d, only a peak with
et al. explained these results by proposing that ionization in @ mass corresponding to a [Au(RB)species is seen. However,
negative ion LDMS of SAMs occurrred by electron attachment the Nd:YAG laser desorption spectrum has both™Ré&hd
to desorbed neutrals. SAMs investigated by negative ion 337 nm [AU(RS)] ™ peaks. Observations of [Au(R$) adduct ions are
LDMS gave only small fragment ions and neither monomer nor not unprecedented and have previously been reported for TOF
dimer ions? Thus, the presence of negative ions from monomers Secondary ion mass spectrometry (SIMS) of both homogeneous
and oxidation products in the 212 nm LDMS as well as the 193 @nd mixed thiol SAMs (with mixed adduct anions observed in
and 308 nm literature spectfawas attributed to electron  the latter case):*2Gold anions are not observed in most spectra
photoemission at energies af4.0 eV. However, the 3.7 eV because quence_ was generally adjusted to be below the threshold
energy of 337 nm photons was said to be insufficient to serve asfor gold desorption. .
a source of electron attachment to ionize desorbed neutrals. The One possible interpretation of our results would be that the
present results clearly eliminate single-photon electron photo- difference between energy of photons from the 337 nm nitrogen
emission as a factor in the LDMS of the SAMs studied. laser and that of the photons from the 266 nm Nd:YAG laser is
Our own recent negative ion LDMS studies of several responsible for the _differences in mass spectra resulting _from us_ing
alkanethiolate SAMgive spectra containing abundant ions with ~ these two lasers with the same samples. To explore this premise,
composition corresponding to gold adducts of dimers, not reported the Nd:YAG laser output was attenuated to reduce the fluence.
by Trevor, et ak In an effort to understand these observations, Under these circumstances, the direct LDMS negative ion spectra
we have investigated the effects of laser fluence and pu|sed_ionobta|ned from either decanethiol or dqdecanthlol SAMs using the
extraction (PIE) delay time upon the spectra obtained. An Nd:YAG laser showed only [Au(Rg)" ions. Furthermore, when

instrument equipped with two lasers, a Nd:YAG laser operated the partially fluorinated thiol [CKCF,)s(CH).SHJ** SAM was
subjected to LDMS by the Naser at a low (0.3« 10° W/cnr)
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Ratios of RS/[Au(RS),]~ are 2.2 for decanethiol and 1.3 for
(Cq2H25S)2AU" dodecanethiol SAMs. These facts are consistent with the hypoth-
a) esis that laser fluence, not wavelength, determines the appearance
590 of the resulting spectrum. Wavelength dependence, if any, is
short PIE delay minimal.
Finally, when the PIE delay was varied, to retain ions in the
) source for various times following desorption with the Nd:YAG
599 laser at 266 nm (250, 400, or 700 ns), prior to spectral acquisition,
b) 201 medium PIE delay results such as those in Figure 2 were obtained. Clearly, the
relative ratio of RS to [Au(RS)]~ increased for the alkanethiolate
|- SAMs. Accordingly, we conclude that a controlling factor in the
spectral differences seen in LD-TOF mass spectra is a kinetic
c) Cq2H258" long PIE delay 59 effect, reflecting differences in source residence time and laser
10007 201 fluence, not relative photon energy. A plausible model is that
1 initial desorption leads to formation of [Au(R$). Subsequently,
0 S bt L ot b s o et M penat 20 o if the laser fluence is sufficient, these adducts dissociate into the
[} 100 200 300 400 500 600 700 myz . . . . .
monomer species. The degree to which this dissociation occurs
Figure 2. Comparison Nd:YAG laser desorption spectra of dodecanethiol s glso a function of the adducts’ residence time in the source
SAMs at: (a) 250 ns PIE delay; (b) 400 ns PIE delay; (c) 700 ns PIE region, with longer times permitting more dissociation to mono-
delay. Average fluence 0.6 10° W/cn. mer at any particular fluence chosen.
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addition to Au’, Au,", and Ay~ ions were observed (Figure 1c). Supporting Information Available: Eight figures with typical LD-

The resemblance of the latter spectrum to the Nd:YAG laser ToF mass spectra of all four types of self-assembled monolayers studied,
desorption spectrum in Figure 1b (fluence &5L0° W/cn) is using both N (337 nm) and Nd:YAG (266 and 532 nm) lasers at various
obvious. Further, when the Nd:YAG laser was adjusted to produce fluences and PIE delays. Fluence ranges reported are the highest and
532 nm output and LDMS negative ion spectra of decanethiol lowest values determined for 10 measurements of fluence for each sample.
and dodecanethiol SAMs obtained for different fluences similar Tables giving RS/[AU(RS)]~ ratios and summarizing fluences for all
spectral behavior was found. Lower fluence LDMS produced only measurements (PDF). This material is available free of charge via the
[Au(RS),]~ ions, and higher fluence LDMS resulted both Internet at hitp://pubs.acs.org.

monomer RS and [Au(RS)]~ anions. JA0055716



