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2.11 Optical absorption 

Electronicc absorption spectra were recorded on a Hewlett-Packard 8451A or 8453 diode 

arrayy spectrometer or a Cary 3 (Varian) spectrophotometer. Before and after the Resonance 

Ramann experiments, electronic absorption was checked on a Perkin-Elmer Lambda 5 UV-Vis 

spectrophotometer. . 

2.22 Transient absorption spectroscopy 

Transientt absorption spectra of the amine radical cations were measured with a gated 

intensifiedd diode array detector coupled to an EG&G OMA III data handling system or by a 

gatedd intensified EEV ICCD 576-G/RB-EM camera coupled to a Princeton Instruments data 

handlingg system. A Lumonics EX700 XeCl excimer laser (308 nm, pulse width ~7 ns) was 

usedd as the excitation source. The pulse energy was attenuated between 1-10 mJ hitting the 

samplee cell in a window 4 mm wide and 10 mm high. At right angle geometry the pulsed probe 

lightt provided by a pulsed Muller 450 W high-pressure Xenon lamp or an EG&G Xe Flash 

lampp FX-504, was focused on the first 1-2 mm from the front window of the cell. The time 

windoww for observation was determined by gating the intensifier of the diode array or the CCD 

camera.. Timing of the pulses was accomplished using an EG&G 9650 digital delay generator. 

Spectraa were averaged over up to 100 shots for each delay to improve the signal to noise ratio. 

Cosensitizationn experiments (see chapter 1) were carried out using a Q-switched Nd-

YAGG laser (355 nm, pulse width -8 ns) as the excitation source. The radical cations were 

generatedd using 1,4-dicyanonaphtalene (DCN) as the photoexcitable acceptor and biphenyl as 

thee consensitizer. The concentrations were 10 mM DCN, 200 mM biphenyl and ca. 1 mM of 

thee amine. The samples were made in commercially available spectrograde acetonitrile, which 

wass not deoxygenated before use. This was done because in the presence of oxygen, any triplet 

statess and radical anions formed are rapidly scavenged, thus leaving only radical cations as 

transientt species. 

2.33 Supersonic jet setup 

Thee supersonic jet setup used has not been changed dramatically over the last 

decade.. ^'̂  However some improvements have been made. In particular, the heatable 

continuouss nozzle has been changed into a pulsed nozzle system, thus enabling us to be more 

economicc with our compounds and the expansion gas, usually helium. The experimental setup 

wee used is shown in Scheme 2.1. and will be discussed in some detail below. 
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Thee expansion chamber is homemade and consists of a stainless steel cylinder having a 

diameterr of 250 mm and a height of 560 mm. For the inlet and outlet of the laser beam two 

windowss are used, both having three equally spaced diaphragms. They are placed under 

Brewsterr angle to minimize reflections. A third port, at 90° with respect to the laser beam is 

equippedd with a quartz condensor to collect the fluoresence. The chamber is evacuated by a 

Rootss pump (Edwards EH500, 500 m3/h) backed by a rotary fore pump (Edwards E2M80, 80 

m3/h).. A pressure of 3xl0"4 mbar can be achieved this way. During experiments the 

backgroundd pressure due to typically 4 bar helium is ca 0.15 mbar. 

Computer r 

Pulsee generator 

Excimerr Laser 
3088 nm 

Dyee Laser SHGG - | \ 

Boxcar r PM M 

Monochromator r 

/ / 

Vacuum m 
Chamber r Rootss Pump Rotary y 

Foree Pump 

Radiometer r 

SchemeScheme 2.1. Experimental set-up for the supersonic jet experiments. SHG= Second Harmonic Generator. PM= 

Photomultiplier. Photomultiplier. 

Thee heatable injector is mounted vertically into the expansion chamber and connected to 

thee carrier gas. Two types of heatable injectors were used, both homemade. The old one, the 

continuouss injector has been used until the end of 1997, after which the pulsed nozzle took 

over.. The measurements described in chapter 3 were done with the continuous injector. It 

consistss of two major parts. The first compartment contains a copper vessel where the 

compoundd is situated. On top a second compartment can be mounted. It consists of a tube 
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leadingg to the nozzle, which can be heated separately from the first compartment. In our earlier 

experiments33 a pinhole of 100 u.m was used. When heating was required the nozzle was kept 5-

100 °C higher than the vessel in order to prevent condensation and clogging of the nozzle. For 

thee measurements described in chapter 5 the heatable pulsed injector with a 500 u.m pinhole was 

used.. The injector part consists of the heatable General Valve P/N 9-181-900 pulsed nozzle 

systemm (1 in Scheme 2.2) which is build upon a stainless steel sample holder (2). In this sample 

holderr a removable glassy vessel instead of the non-removable copper vessel used in the 

continuouss system. This has some advantages, as decomposition after heating was sometimes a 

problemm in the copper vessel. The pulse was synchronized with the excimer laser light pulses. 

Thee pulse width was usually 350 u.s. 

[111 [2] 

SchemeScheme 2.2. The stainless steel heatable pulsed nozzle system consisting of [1] a heatable General Valve P/N 

9-1819-181 -900 pulsed nozzle system (details not shown) and [2] a home build removable sample holder, a) Electric 

cablecable to the operating system, b) pinhole, c) glass vessel, d) electrical connection of the heating element. 

Thee excitation was performed by using a XeCl excimer laser (Lambda Physik EMG 

103MSC)) working at a repetition rate of 30-60 Hz, which pumped a dye laser (Lumonics 

HyperDye-300)) operating on Coumarine 500, Coumarine 480, Coumarine 460 for the 

compoundss described in this thesis. The output of the dye laser was frequency-doubled by 

usingg an angle-tuned BBO crystal in an Inrad Autotracker II unit. The resulting excitation light 

hadd a spectral bandwidth of about 0.15 cm"1 and a pulse duration of about 15 ns. Calibration of 

thee wavelength of the dye laser output was achieved by using the optogalvanic spectrum of Ne 

excitedd in a hollow-cathode discharge. The intensity of the frequency-doubled dye laser light 

wass monitored by either measuring the intensity of a reflection or the laser-output after the 

expansionn chamber using an EG&G radiometer model 580. The radiometer was read out by a 

computerr controlling the experiment. The excitation beam was steered into the expansion 

chamberr where excitation of the jet occurred at a distance of 1-3 mm from the nozzle. 
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Thee fluorescence from the jet-cooled compounds was collected at right angles with 

respectt to the excitation light and the molecular beam by a spherical quartz condenser (Melles 

Griott 01MCP119, diameter 50 mm, focal length 50 mm) and imaged onto the slit of a Zeiss 

M200 grating monochromator equipped with an EMI 9558 QA (S20) photomultiplier. 

Inn the fluorescence excitation experiments the monochromator was used in second order 

withh a slit width of 5 mmm for ABCO and AADA, for which center emission wavelengths of 543 

(271.55 in second order) and 575 (287.5) nm, respectively were used. For TTD a slit width of 3 

mmm was used while the monochromator was used in first order at 320 nm. The output of the 

photomultiplierr was integrated during 1 ms with a boxcar integrator (SR250), whose output 

wass read out and averaged by a computer. In a typical experiment excitation spectra were 

obtainedd by scanning the dye laser in steps of 0.1 cm"1, averaging over 10 laser pulses, and 

dividingg the fluorescence signal by the laser intensity as measured by the radiometer. 

Forr some of the relevant bands observed in the excitation spectra of ABCO and TTD 

singlee level emission spectra have been recorded. In these experiments the photomultiplier was 

cooledd (-78 °C) with a mixture of ethanol and dry ice to reduce the dark current. Emission 

spectraa were obtained by scanning the monochromator with a slit width of 0.02 to 0.05 mm 

averagingg the signal over 60 laser pulses. 

2.44 Resonance Raman spectroscopy 

Time-resolvedd resonance Raman (TRRR) measurements for short lived radical cations 

weree performed at the laboratory of dr. R. Wilbrandt at the Ris0 National Laboratory in 

Roskilde,, Denmark. The setup used for these experiments is the following. Usually aerated 

acetonitrilee solutions of the parent neutral molecule of ca. 0.5 mM were used, having an 

absorbancee between 0.75 and 1.5 at 248 nm in a 2 mm cell. In cases when the absorbance at 

2488 nm was negligible biphenyl acetonitrile solutions with the amine were prepared. By 

photooxidationn with the 248 nm pulse the biphenyl radical cation is formed. This acts as an 

electronn acceptor for the amine and leads to oxidation of the amine. 

Rotatingg cylindrical quartz cells of 3 cm inner diameter were used for the sample. The 

radicall  cation of interest was formed via photoionization with the 248 nm (2-7 mJ, 20 ns) 

outputt of an ArF filled excimer laser (Lambda Physik LPX 220i). Resonance Raman spectra of 

thee short-lived radical cations in the spectral region 200-1800 cm"1 were excited 30-120 ns after 

thee photolyzing light pulse at varying wavelengths (depending on the absorption maximum of 

thee radical cation). An OPO (Continuum, Sunlite OPO 4-15 mJ, 5 ns) was used as the 

excitationn source. The OPO (Optical Parametric Oscillator) was pumped by the third harmonic 

off  a Nd-YAG laser (Continuum, Powerlite-PL9010). The excimer pump and OPO probe lasers 
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weree operated at 10 Hz, and the time delay between the pulses was controlled by a digital time 

delayy generator (Stanford DG535). Scattered light was collected at right angles to the exciting 

probee laser beam, passed trough a bandpass filter and a polarization scrambler and dispersed in 

aa single monochromator (Jobin Yvon - T640OO) equipped with a 1200 grooves/mm grating. 

Usuallyy a slit width of 0.3 mm was used, resulting in a spectral resolution of about 10 

cm"1.. A back-illuminated liquid N2 cooled charge coupled device (CCD) with 1100 x 330 pixels 

(Princetonn Instruments) or a gated intensified optical multichannel analyzer (Spectroscopy 

instrumentss OSMA IRY-700) with 700 active channels were used as a multichannel detector. 

Whenn background fluorescence was a problem the gated optical multichannel analyzer was 

used. . 

Dataa handling was performed with a PC. The full spectral range of interest was covered 

combiningg several spectra, each covering up to 700 cm', depending on the detection 

wavelength.. The wavenumber scale was calibrated using Raman bands from cyclohexane, 

indene,, toluene or chloroform. A sample was exposed to a maximum of 4,000 laser pulses 

dependingg on the stability of the sample. Depending on the intensity of the Raman signal three 

too ten samples were averaged mounting up to 20,000 pulses per spectrum. The final spectra 

weree obtained after subtraction of both the neutral and solvent bands. 
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