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1. Introduction 

 
The oxygen-iodine laser is a promising candidate for 

future challenging technologies, like the decommissioning 
and dismantling of closed nuclear facilities, raw materials 
mining and military applications1. The laser radiates on the 
magnetic dipole transition of iodine atom between the first 
electronically excited state and ground state 

The excited iodine atom (the upper laser level) is popu-
lated by a nearly resonant energy transfer from the elec-
tronically excited molecular oxygen in the singlet delta state 
O2(1∆g) to iodine atom 

The atomic iodine is usually produced by the dissocia-
tion of molecular iodine which consumes energy of several O2

(1∆g) molecules 

An alternative way of atomic iodine generation may 
save O2(1∆g) for significant enhancement of the laser effi-
ciency. The operation of oxygen-iodine laser requires the 
following properties of iodine generator: high yield of atomic 
iodine, low temperature and sufficiently high pressure to in-
ject produced iodine into the laser cavity. The reactants and 
reaction products also must not quench excited oxygen or 
iodine.  

The chemical methods and electric discharge methods 
have been investigated for atomic iodine production without 
the need of singlet oxygen. The chemical methods yielded 
sufficient amount of iodine but they suffered from chemicals 
seriously quenching singlet oxygen or from very high reaction 
temperature2. The survey of hitherto studied discharge disso-
ciation of iodine donors was given in ref3. The fulfillment of 
all above mentioned requirements has not been achieved till 
now. The enhancement of laser performance using the dis-

charge dissociation of I2 was achieved only at conditions far 
from optimal for the efficient laser operation3. 

We suggested a generation of atomic iodine by the RF 
discharge dissociation of iodine donors directly inside 
a cooled iodine injector with a subsequent immediate super-
sonic injection into the laser cavity. The experimental study of 
the first version of the proposed discharge generator is a sub-
ject of this paper. 

 
 

2. Experimental 
 

The scheme of the apparatus is shown in Fig. 1. The 
injector is made of pure aluminum (99.5% Al, A1050).  

A middle channel of inner diameter 9 mm is the dis-
charge chamber and simultaneously the iodine injector. Axi-
ally inserted RF wolfram electrode has 2 mm in diameter. The 
left and right holes (channels) of inner diameter 5 mm serve 
for introducing cooling water. The injector shape was calcu-
lated by means of 2-D and 3-D modeling to form the super-
sonic double-slit nozzle. 

Alkyl iodides CH3I (>99 %, Fluka) and CF3I (99 %, 
Sigma Aldrich) were used as the iodine donors. The iodide 
was mixed with He (99.996 %) and Ar (99.998 %) and then 
introduced to the injector. The flow rate of iodide was meas-
ured by a calibrated sonic orifice. The flow rates of buffer 
gases were determined by measurement of pressure prior and 
behind a needle valve. The needle valve (Swagelok comp.) 
has precisely defined opening by a screw micrometer which 
enables to change the range of measured flow rates. Each 
needle valve − flow meter for particular buffer gas was cali-
brated by means of an appropriate mass flow meter. 

The RF power source (PEARL KOGYO Co., Ltd, 
Osaka, Japan, model CF-500-20/100M) is a wideband tunable 
cw/pulse radiofrequency generator with oscillating frequency 
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Fig. 1. Scheme of the experimental set-up 

W rod
RF electrode

Al injector
ground electrodeco

ol
in
g

in
su
la
tio
n

~

RF
Impedance
matching

0-500 W, 13.6, 20-100 MHz
cw/pulsed ≤ 100 kHz, T ≥ 1 µs

laser
beam

RF discharge

Ar+He+I donor



Chem. Listy 102, s1327−s1331 (2008)                                                   II Central European Symposium on Plasma Chemistry 2008  

s1328 

20−100 MHz, output power ≤ 500 W and a possibility of 
repetitively pulsed mode with the repetition rate of 100–99 kHz 
and pulse duty ratio of 5−95 %.  

The Iodine Scan Diagnostics (ISD, Physical Science 
Inc., USA) based on a narrow band tunable diode probe laser 
was used for determination of atomic iodine concentration 
and temperature4 in the cavity by measuring the absorption for 
the I(2P1/2) − I(2P3/2) transition at 1315 nm. The ISD probe 
beam emitter/detector unit was mounted on the assembly of 
motorized linear positioning equipment controlled by PC. 
Atomic iodine concentration and temperature measured in the 
expansion cavity perpendicularly or along the injector were 
used to evaluate the partial pressure of atomic iodine using the 
formula: 

where cI(y), T(y) are evaluated number density and tempera-
ture and y is the position in direction perpendicular of along 
the injector. Then the dissociation fraction is  

where is the total gas flow rate and 
pcav is the pressure in the detection cavity.  

 
 

3. Continuous-wave discharge mode 
 

In a continuous-wave operation, 40 MHz RF power in 
the range of 50−250 W was used to dissociate the iodides. 
The discharge was stable in this power range and at pressure 
inside the injector of 2−3 kPa. The gas flow leaving the dis-
charge was injected into the flow of 10−37 mmol s−1 of N2. 
Although the future laser operation will require supersonic 
flow, most of the experiments were done under higher, sub-

ICHNHeAr nnnnn 32 &&&&& +++=

sonic pressures, in order to increase the signal from the ab-
sorption measurement.  In Fig. 2, the dependence of the disso-
ciation fraction on the absorbed power and CH3I flow rate is 
shown. 

The linear dependence of ηdiss on the power indicates 
that the energetic efficiency was constant with increasing 
power. This efficiency was evaluated as a fraction of the ab-

sorbed power consumed on the dissociation 
       

where Ebond is the dissociation energy of C-I bond (2.47 eV/
molec for CH3I, and 2.34 eV/molec for CF3I), is the 
evaluated flow rate of generated iodine atoms (in at/s) and e is 
the electric charge of electron. The fPdiss value was 5−7 % for 
flow rates 0.2−0.5 mmol s−1 but increased to 10 % at 
0.73 mmol s−1 of CH3I. The analogous dependence for CF3I 
dissociation is shown in Fig. 3.  

The dissociation fraction was a bit lower than for CH3I 
at similar conditions, but increased significantly (from 8 % to 
15 % at 0.5 mmol s−1 CF3I) when 3.1 mmol s−1 of Ar was 
used instead of the mixture of 1.9 Ar + 1.9 He. At higher flow 
rates of CF3I, a sparking instability destroyed the discharge at 
RF power > 150 W. 

The optimization of Ar and He flow rates was done with 
0.51 mmol s−1 of CH3I and 138 W of RF power. A slight 
maximum is apparent in Fig. 4 at the ratio Ar : CH3I = 3.5 : 1. 
The dissociation fraction also slightly decreased with increas-
ing He flow rate at constant Ar flow rate – see Fig. 5. These 
results were achieved at relatively high pressure in the expan-
sion cavity (700−800 Pa in case of CH3I and 500−600 Pa in 
case of CF3I). However, strong pressure dependence was 
obtained for CF3I, as can be seen in Fig. 6. The dissociation 
fraction strongly increased with decreasing cavity pressure. 
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Fig. 2.  Dependence of CH3I dissociation fraction on the absorbed 
RF power and CH3I flow rate, measured 137 mm downstream the 
injector outlet. pcav = 560−780 Pa; 1.9 mmol s−1 Ar, 1.9 mmol s−1 He 
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Fig. 3. Dependence of CF3I dissociation fraction on the absorbed 
RF power and CH3I flow rate, measured 137 mm downstream the 
injector outlet. pcav = 480−540 Pa; flow rates (mmol/s): 1.9 Ar (solid 
lines) or 3.1 Ar (dashed line); 1.9 He (solid) or 0 He (dashed)  
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MICFMICF 33 +→++ HeAr,M =

 
This effect was attributed to the three-body recombina-

tion reaction: 

which is highly accelerated at elevated pressure. The rate 
constant reported for the reaction (7) is very large5,  
k = 1.3⋅10−28 cm6 s−2. Similar rate constant for CH3I was not 
found in the literature, but no significant dependence of CH3I 
dissociation fraction on pressure or distance from the injector 
was observed in our measurement. Therefore, we believe that 
the best obtained value of 17 % at 0.37 mmol s−1 of CH3I and 
at the power of 250 W corresponds to the atomic iodine pro-
duced in the discharge region itself. 

The integral cross-section for the dissociative electron 
attachment on CH3I is 4 times smaller than for CF3I6,7. This is 
probably one reason for its worse dissociation fraction in the 
discharge.  

Temperatures evaluated from the ISD measurement 
were in the range of 320−420 K in most of the experiments. 
However, it was found that the higher the dissociation frac-
tion, the higher temperature. Thus at low pressure in case of 
CF3I, where the ηdiss is large, temperature is also high despite 
the supersonic cooling effect. The temperature dependence on 
the generated iodine may be explained by the exothermic 
recombination reactions: 

 
The reaction heat is −375.2 Kj mol−1 for reaction (8) and  
−402 kJ mol−1 for reaction (9) and the corresponding rate 
constants are 4⋅10−11−6⋅10−11 cm3 s−1 and 3⋅10−11−10−10 cm3 s−1, 
respectively8. 

Table I illustrates an influence of different parameters 
on the generation of iodine atoms. 

 
 

4. Repetitively pulsed discharge mode 
 

In the experiments with a repetitively pulsed mode, a 
40 MHz RF power supply was periodically switched on and 
off with a repetition rate from 0.7 kHz to 99 kHz. A pulse 
duty ratio (ratio between “on” time and “off” time in the pe-
riod) was changed from 10 to 100 %. A systematic study of 
the influence of the repetition rate and pulse duty ratio on the 
atomic iodine number density at the cavity center, 47 mm 
from the injector, was done. The dependence on the repetition 
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Fig. 4. Dependence of CH3I dissociation fraction (ηdiss) and the 
fraction of  power consumed on the dissociation (fPdiss) on the Ar 
flow rate in the absence of He, measured 87 mm downstream the 
injector outlet. pcav = 600−650 Pa; 0.51 mmol s−1 CH3I, 138 W 
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Fig. 5. Dependence of CH3I dissociation fraction (ηdiss) and the 
fraction of power consumed on the dissociation (fPdiss) on the He 
flow rate, measured 87 mm downstream the injector outlet.  
pcav = 560−670 Pa; 0.51 mmol s−1 CH3I, 1.15 mmol s−1 Ar, 138 W 
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Fig. 6. Dependence of CF3I dissociation fraction (ηdiss) and the 
fraction  of power consumed on the dissociation (fPdiss) on the 
cavity pressure, measured 102 mm downstream the injector out-
let. 0.28 mmol s−1 CF3I, 3.1 mmol s−1 Ar, 21 mmol s−1 N2, 147 W 

(8) 6233 HCCHCH →+

(9) 6233 FCCFCF →+



Chem. Listy 102, s1327−s1331 (2008)                                                   II Central European Symposium on Plasma Chemistry 2008  

s1330 

frequency for three values of the pulse duty ratio is shown in 
Fig. 7 in the case of CH3I dissociation. 

There is a very weak maximum around 30 kHz and the 
number density strongly falls at rate < 4 kHz. Such low rates 
correspond in an order of magnitude with the gas residence 
time in the injector, which is around 1 ms. In the case of CF3I, 
the repetition rates higher than 10 kHz were used only, since 
the discharge was unstable at lower rates. The dependence is 
non-trivial and is shown in Fig. 8.  

In several cases, the iodine atom number densities and 
temperatures along the injector were measured and the disso-
ciation fraction and efficiency fPdiss were evaluated. These 
quantities were not higher than in the experiments with CW 
mode. The fPdiss value was evaluated using the mean absorbed 
power Pmean = Pabs/pulse duty ratio. This quantity was nearly 
independent on the pulse duty ratio in the range 50−90 %, but 
it strongly decreased at p.d. < 40 % for both iodine donors and 
independently on the repetition rate.  

It was found that the discharge in CF3I could be oper-
ated without sparking effects up to 350 W, contrary to the CW 

Table I 
Influence of different parameters on the generation of iodine atoms. xinj is a distance of the detection point from the injector outlet 

xinj CH3I Ar He N2 pcav Pabs ηdiss fPdiss T 
[mm] [mmol s−1] [Pa] [W] [%] [%] [k] 

137 0.76 1.95 1.92 37.7 140 252 12.5 9.1 240 

137 0.74 1.98 1.90 20.7 808 250 13.2 9.4 375 

87 0.51 1.15 0.00 21.5 578 150 12.9 11.4 411 

87 0.51 1.15 6.10 21.5 693 150 10.2 9.0 338 

87 0.51 1.76 0.00 21.5 599 150 14.8 13.0 401 

87 0.51 0.00 0.00 21.5 550 150 11.9 10.5 422 

 xinj CF3I  Ar He N2 pcav Pabs ηdiss fPdiss T 

57 0.58 2.17 0.00 21.3 604 148 9.8 8.7 418 

87 0.58 2.17 0.00 21.3 604 148 4.4 3.9 367 

102 0.28 3.10 0.00 21.1 411 147 24.2 10.4 481 

102 0.28 3.10 0.00 21.1 557 147 5.1 2.2 267 

102 0.28 3.10 0.00 21.1 800 147 2.5 1.1 280 

137 0.31 3.09 0.00 20.5 505 149 15.1 7.0 353 
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Fig. 7. Dependence of I number density on the repetition rate for 
3 values of pulse duty ratio, measured 47 mm downstream the 
injector outlet. pcav = 960 Pa, 0.72 mmol s−1 CH3I, 2.3 mmol s−1 Ar,  
237 W 
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Fig. 8. Dependence of I number density on the repetition rate for 
3 values of pulse duty ratio, measured 47 mm downstream the 
injector outlet. pcav = 930 Pa, 0.5 mmol s−1 CF3I, 2.2 mmol s−1 Ar, 
197 W 
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mode, where the upper limit was 150 W. The sparking insta-
bility had not sufficient build-up time in the pulsed mode and 
the discharge appeared stable. 

 
 

5. Conclusions 
 

The RF discharge dissociation of CH3I and CF3I was 
studied experimentally. This work was aimed at developing 
an alternative method of atomic iodine generation for the 
oxygen-iodine laser. The discharge was ignited in the mixture 
of alkyliodide and Ar + He at 2−3 kPa, which was then in-
jected to the low pressure flow of nitrogen. A maximum dis-
sociation fraction of CH3I was 17 % at the flow rate of 0.72 
mmol s−1. A maximum dissociation fraction of CF3I was 54 % 
at the flow rate of 0.28 mmol s−1 and lowered pressure. The 
discharge was more stable in a repetitively pulsed mode than 
in the CW mode, but the iodine generation efficiency was 
similar in both modes. 

 
This work has been supported by the US Air Force European 
Office of Aerospace Research and Development (EOARD) 
under the Grant # FA8655-06-1-3034. 

 

REFERENCES 
  1.  Kodymová J.: Proc. SPIE 6346, 634609 (2006). 
  2. Jirásek V., Špalek O., Čenský M., Picková I., Kodymová 

J., Jakubec I.:  Chem. Phys. 334, 167 (2007).  
  3. Schmiedberger J., Jirásek V., Kodymová J., Rohlena K.: 

CD Proc. AIAA Plasmadynamics and Lasers Conference, 
Miami FL, 2007, (ed. American Institute of Aeronautics 
and Astronautics), AIAA Paper 2007−4239. Miami 2007.  

  4. Tate R. F., Hunt B. S., Helms C. A., Truesdell K. A., 
Hager G. D..: IEEE J. Quant. Electronics 31, 1632 
(1995).  

  5. Velichko A. M., Gordon E. B., Nadelkin A. A., Nikitin 
A. I., Tal'roze V. L.: High Energy Chem. 19, 138 (1985).  

  6. Nagesha K., Marathe V. R., Krishnakumar E.: Int. J. 
Mass Spectrom. Ion Processes 145, 89 (1995).  

  7. Christophorou L. G., Olthoff J. K.: J. Phys. Chem. Ref. 
Data 29(4), 553 (2000)  

  8.  NIST Chemical Kinetics Database on The Web, http://
kinetics.nist.gov/ 


