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ABSTRACT
Engineers at CU Aerospace (CUA) and The University of Illinois at Champaign-Urbana (UIUC) have
developed an innovation to the classical chemical oxygen-iodine laser (COIL) singlet oxygen generator (SOG)
based on discharge excitation of molecular oxygen. A number density of ~2.1x10" of O,('S) was measured for a
total O, flow rate of 7 mmol/s and an O, partial pressure of 3.0 Torr. Theory indicates that O,('A) concentrations
should be 4-10 times the O,('Z) concentrations.

I. INTRODUCTION

The classical chemical oxygen-iodine laser (COIL) operates on the electronic transition of the lodine atom
at 1315 nm, I*(°P,,) & I(*P3,) + hv. The population inversion is provided and maintained by the nearly resonant
energy transfer between the excited singlet oxygen O,('A) molecule and the I atom ground state I(*Ps,) as follows:
0,('A) + I(*P3;,) > 0,(’Z) + I(*Pyy,). Historically, this pumping reaction has been fed by a liquid chemistry singlet
oxygen generator (SOG). It is desired to supplant this liquid loop with an all-gas-phase SOG system. Recent
research by the Air Force Research Laboratory (AFRL) has demonstrated the feasibility of an NCI('A) all gas phase
chemical system [Henshaw, 2000]. CUA and UIUC believe that another method of energy donor generation may be
obtained purely by electrical means.

A new kind of continuous wave COIL device is proposed: an Electrically assisted Chemical Oxygen Iodine
Laser (ElectriCOIL) [Carroll, 2000]. ElectriCOIL operates on gaseous oxygen and iodine sources, as well as a to-
be-determined diluent gas as flow conditions merit. The energy donor, O,('A), is created by a combined ac/RF
discharge generator surrounding the flow tube. Fujii [Fujii, 1994] reported a 17% yield in a small RF generator.
More recently, the Japanese demonstrated 21% yield with a microwave [Itami, 1999] and improved their RF number
to 32% [Fujii, 2000; Schmiedberger, 2000]. It is hoped that the ElectriCOIL concept will achieve a yield number of
30% or higher.

CUA and UIUC have taken preliminary steps in the experimental development of this device. A 2” glass
flow tube experiment was constructed to demonstrate generation of O, ('A) by electrical means. Key flow and
electrical parameters were varied to characterize the system performance. Several diluents, such as N,, He, Ar, and
NO were investigated. The accuracy associated with the O,('Ag) measurement is severely limited by the extremely
low level of signals due to the 0.276x107 5! radiative transition rate. However, the 02(12) -> 02(32) emission at 760
nm was measured with high confidence. Figure 1 depicts one configuration of the experimental setup. The flow tube
is constructed of 2” glass, supported by oak standoffs and connected to flow, temperature, and pressure ports by 1/4”
Ultra-Torr™ slip-on fittings. Axial measurements are made possible by 1 1/2” windows present in each of the flow
elbows. Two configurations of this experiment were investigated. The first configuration placed the primary elbow
approximately 10 inches downstream of the end of the RF coil, leading into a ~30-inch straight section, Figure la. A
second configuration relocated the straight section just aft of the RF discharge, allowing the flow to procede in a
straight path after exiting the RF coil for some 30 inches, Figure 1b.

RF power is transferred to the flow through a resonator via a 9.7 MHz signal driven by an ENI A-300 RF
power amplifier. The baseline case consisted of the above RF input signal, 7 mmol/s of oxygen flow, no diluent, and
an AC discharge of 35.4 mA (rms) between 2 electrodes spaced 41 cm apart, as measured by a Pearson 110 current
transformer. This discharge has been dubbed the pre-ionization discharge (PIX). Typical incident and reflected RF
power levels for this case were 150 and 50 watts, respectively, as measured by a Bird Thruline model 43 wattmeter.
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Figure la: Experimental setup showing monochrometer, flow tube, DAQ connections, and supports; Configuration 1

Figure 1b: Experimental Setup as Described Above in Configuration 2

II. THEORY
The role of the O,('Ag) state is essential for the pumping of the upper state of the Iodine laser via:

0,(a'Ay) +°n > 02X’ + 11 (1)

While (1) leads directly to the upper laser level, many of the Oz(alAg) molecules are used to dissociate the iodine
molecules.

266



