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Abstract:
The objective of this thesis is to expand the utility of the photodetachment-modulated electron capture
detector (PDM-ECD) for the study of gas-phase ion chemistry (GPIC) at atmospheric pressure.
Specifically, studies of electron photodetachment (PD), a unique electron capture (EC) reaction and
two gas-phase ion-molecule reactions at atmospheric pressure are reported.

In the PDM-ECD, p-benzoquinone and its methylated derivatives undergo optical enhancement of EC
(OEEC) during irradiation by ultraviolet light. The molecular anions of the quinones also undergo PD
over the same wavelength range. A method is described in which the OEEC and PD spectra can be
independently measured without interference from each other. The OEEC and PD spectra are reported
and compared with solution-phase absorption spectra. From mass spectrometric experiments, the
OEEC response is attributed to EC by photochemically produced dimers of the quinones.

By comparison of the PD spectra for I- under dry conditions and with a few torr of water added to the
detector gas, the onset for PD from I-(H2O) is shown to occur at a photon energy greater than that for
I- by an amount equal to the enthalpy of solvation. The equilibrium constant for the clustering reaction
is calculated at 130°C from comparisons of PD responses under dry and wet conditions.

It is shown that gas-phase SN2 displacement will occur at atmospheric pressure in the PDM-ECD
between an alkyl bromide (RBr) and Cl-. Chromatographic introduction of RBr is important for
separating impurities from the compound of interest. The PD response to Br- produced by the reaction
is induced by 365 nm light from a Hg/Xe lamp. A method is shown whereby measuring the PD
response at different concentrations of RBr gives information that can be used to determine the
second-order rate constant for 5N2 displacement, KSN2, between RBr and Cl-. The values for KSN2
are reported for 18 alkyl bromides and compared with previously reported gas- and solution-phase
results. The temperature dependence of KSN2 from 100-200°C is reported for bromomethane and 2-
bromopropane. 
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