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The study of alkyl and perfluoro-alkyliodide lasers(1- 5 l showed that the generation at the atomic io
dine transition of >.. l':i 1.3 f.J. usually terminates much earlier than the pumping pulse. In order to de
termine the causes of this effect the contribution from the so-called recombination mechanism toward 
deactivation of excited iodine atoms (52P 1; 2) is analyzed. A numerical computation of the time de
pendence of the output emission was made for this purpose, taking into account the rate constants kr 
and kT of the processes I+ I+ M- h + M (M = RI, I2) and I(2P1;2) + Ia- I(2Pa;2) + n that were 
determined experimentally in ( 6- 12l. The obtained results and their comparison with experimental 
data( 1-SJ show that the accumulation of molecular iodine through recombination in triple collisions 
can be the cause of a power drop and premature termination of generation provided special measures 
are taken to prevent excessive heating of the working gas by the "hot" products of photodissociation 
(addition of buffer gas, selection of working gases with a high specific heat, and a relatively low pho
todissociation degree). The failure to meet this condition leads to a still sharper drop of the laser 
emission pulse. 

THE generation of a pulse at the 52P1;2-52P3 ; 2 iodine 
transition in the photodissociation of CF 3I and some 
other molecules terminates in many cases much earlier 
than the pumping pulse. [1-sJ In some cases (strong 
pumping) generation termination is observed even 
before the maximum illumination of the active me
dium. [ 1• s, 4 J At the same time both the experiment and 
elementary computation show that never more than 10-
20% of the working medium (see below) undergoes de
composition through photodissociation in the course of 
the generation process. Some assumptions on the mech
anism of the observed generation termination (pyroly
sis, recombination of iodine atoms, splitting reaction of 
the type CF31 + I(2P1; 2)- CF3 + I2) are given in [aJ and 
[ 4 J 1> although without adequate proof, with the exception 
of experiments revealing the effect of pyrolysis as re
ported in [ sJ. 

In the present work we attempted to explain the ob
served time dependences of generation power on the 
basis of available experimental data. 

We consider the following set of processes: 

2}(2P•!,, •;J + M-+ I2 + M, 

21(2P•!,, '1J + I2-+ 2h 

I(2P•f,) +12 -..I(2P•J.) +12. 

(1) 

(2) 

(3) 

Processes (1) and (2) describe the recombination of 
iodine in triple collisions where the working-medium 
molecules (M) participate in process (1) and 12 mole
cules participate in process (2). The process rates are 
characterized by tri-molecular constants k~ for proc
ess (1) and kr for process (2). 

As is shown below, the role played by these proc-

1lThe complete ineffectiveness of an analogous splitting reaction in 
CH3 I is proved in /6 I by the tagged atom method. The ineffectiveness 
of this reaction also in the case of CF3 I follows directly from / 10 • 14 /. 

esses in premature termination of generation is mainly 
determined by the accumulation of iodine molecules, 
underlying the effective development of the rapid proc
ess (3), rather than by the depletion of the atoms 
I(2P1 ; 2) (as is suggested in [4 J for example). The 
"quenching" rate of the atoms of I(2P1 ; 2) in process (3) 
is characterized by the bimolecular constant kq. In the 
course of recombination of iodine atoms the effective
ness of iodine molecules as the "third" body is anom
alously large( 7 , sJ which is why process (2) must be 
taken into account. A similar situation is observed in 
the deactivation of the I(2P1 ~a) atoms: process (3) is by 
3-4 orders more effective than the analogous process 
occurring with the participation of CF 31 molecules. [ 9 - 12 l 

The contribution of the latter is thus neglected. (Under 
conditions of generation this contribution is small as a 
rule in comparison to the frequency of stimulated tran
sitions.) At the same time it is clear that process (1) 
cannot be neglected in a similar situation, because with 
a well purified working medium it is the only process 
responsible for the accumulation of iodine molecules in 
the initial stage of generation. 

To obtain a quantitative measure of the effect of the 
above mechanism we performed a numerical computa
tion of the time dependences of the generation power, 
using the following assumptions that to some extent 
idealize the normal experimental conditions. 

1. The working medium absorbs radiation only with
in a single rectangular absorption band that is bounded 
by the wavelengths of 2440 and 2900 A (~va = 6500cm-1). 

The absorption in this band is characterized by the 
cross section a = 4 x 10-19 cm2 and is accompanied by 
photodissociation of the working medium molecule with 
a 100% yield of I(2P1 ; 2) atoms. By using pump sources 
with a continuous spectrum and a given brightness tem
perature we can readily determine the pumping rate 
(cm-3 sec-1 ) from the above characteristic of the work
ing medium: 

1104 
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R(t) = -,m(t)lv(t)~v 3 , (4) 

This value approximately corresponds to the case of 
CF3l vapor as the working medium (n is the molecular 
concentration and Iv ~va is the photon flux density in 
cm-2sec-1 in the elementary volume of active medium 
under consideration). 

2. The function R(t) is approximated by the expres
sion 

(5) 

where k = (1 + a)1 + a; aa, a = y' jy ", n0 is the initial 
concentration of the working medium, Imax 
= (I v~va>max is the maximum value of Iv~ va, and y' 
and y" are constants determining the shape of the pump
ing pulse. As we noted n(t) varies negligibly during 
generation and therefore the approximation used here 
is close to the customary approximation lv(t) ~va 
= klmax exp ( -y' t) (1 - exp -y"t) for flash lamps. For 
the same reason the functions R(t) are practically 
similar in various regions of the active medium volume 
and it is not necessary to take the "bleaching" kinetics 
into account. 

3. The output power of stimulated emission is deter
mined from the condition 

N(t)=Nth for t,<t<tr, (6) 

where N(t) = N2(t)- N1(t)g2/g1 ; N1(t) and N2 (t) are the 
populations of the lower and upper working levels of the 
iodine atom, g1 and g2 are the corresponding statisti
cal weights, ts and tf are times determining the start 
and finish of generation, Nth= 87T~vL/A2 A21 is the val
ue of threshold inversion, ~v is the width of the con
tour line, L are resonator losses in cm-t, A is the 
wavelength, and ~1 is the Einstein coefficient for spon
taneous transition I(2P1 f2-2P 3 ; 2). Satisfaction of (6) 
corresponds to high intensities of stimulated emission 
achievable in lasers of this type, a large number of gen
erating modes (large volume of the active medium), and 
a near-rectangular emission line contour (achieved if 
an I(2P1 f2) atom in formation receives translational en
ergy ~Ekin » kT). The first two factors tend to bridge 
the dips in the contour of lines corresponding to neigh
boring modes; the last stabilizes the width of the gen
erating region of the contour. It is also clear that with 
moderate Nth the correct (within several per cent) eval
uation of the time dependence of stimulated emission in
tensity does not require an exact satisfaction of (6) ex
cept for times close to ts and tf. This conclusion is 
supported by the results of computation (see below) of 
the output power for various values of Nth· 

4. The effects of all processes on the value of N(t) 
are neglected with the exception of photodissociation of 
the working gas discussed above and processes (1)-(3). 

5. The value of kr is considered independent of the 
electronic state of the recombining iodine atoms (2P1 ; 2 

or 2P 3 ; 2). This conclusion is at variance with the as
sumption held in [ 101 but it does not contradict the Bun
ker and Davidson recombination theory[ 131 that best 
agrees with experimental data. 

6. We neglect gas heating during the generation pulse 
and the corresponding change in the constants kr, k!-, 
and kq· Taking the above assumptions into account we 
obtain the following expressions from the kinetic equa
tions describing the variation of working level popula-

tions in an elementary volume dV of the active medium: 

dN I dt = R(t) -lllt(t, Nc)- N[ID2(t, Nc) + Kw(t, Nc)] (7) 

( w = 0 when N < Nth) 

dNc I dt = - 112kpNc2 [ (1 + a)no- n(t) - Nc] + R (t). (8) 

Here N = N2 - %N1 (since g1 = 4 and g2 = 2), Nc = N1 

+N2, <P1 (t, Nc) = %ivrNc(t)[n0 -n(t) -Nc(t)] (it is clear 
that the quantity in square brackets in the expression 
for <1>1 represents double concentration of iodine mole
cules 2ni), 

Ill,= 1/2kpNc(t)[ (1 + a)no- n(t)- Nc(t)] + 'l2k.[no- n(t)- Nc(t)], 

\- I I 2kpl 3A,lf..2 
no- n(t)= J R(t )dt, a=--, K = -,------

0 kp 16n~nhv 

w is output power from 1 cm3 of the active medium, 
hv is the energy of a stimulated emission photon, and 
T are useful losses of the resonator in cm-1• Equa
tions (7) and (8) account for the fact that so long as the 
quantity an(t) /(n0 - n(t)) is not too small in comparison 
to unity it is close to the quantity an0 /(n0 - n(t)) and the 
corresponding substitution cannot introduce significant 
errors. 

When (6) is taken into account we obtain from (7) 

2 .. 
w(t) = 3 hv y[R(t)-lllt(t, Nc)- Nth ID,(t,Nc)]. (9) 

In the absence of the resonator Nth = co. For this 
case, assuming that w = 0, we obtain from (7) 

dN I dt = R(t) -lllt(t, Nc)- NID,(t, Nc), (10) 

that determines together with (8) the function N(t) 2 > and 
the starting time of generation (when Nth< Nmax and 
(6) is taken into account). 

The functions w(t), N(t), Nc(t), and R(t) were calcu
lated by the Ural-2 computer using equations and for
mulas (5), (8)-(10) and varying four parameters: Imax• 
n0 , k'n and Nth· In all cases we assumed that T ~ L in 
(9) (Brewster windows, relatively high mirror trans
mission, and a short length of cell with the working gas). 

The selection of values for a number of the param
eters requires some explanation. The values of Imax 
presented in the table are typical, for example, of con
ditions in an optically thin active medium and a 47T ge
ometry of an equilibrium source whose temperatures 
are (in the order of increasing Imax) 4500, 4900, 7200, 
8800, and 10 600°K. Under these conditions Imax 
= p(T)c if p(T) is the number of photons per 1 cm3 of an 
equilibrium source within a corresponding spectral in
terval and at a corresponding temperature. In practice, 
however, it is very difficult to approach this limit. For 
example, if Imax = lfap(T)c (apparently a still realistic 
case), the temperatures of the equilibrium pumping 
source corresponding to these values of Imax are equal 
to (in the same order) 5600, 6070, 10 000, 13 000, and 
18 000°K. 

2 lrn [4 ] the time dependence of N(t) was identified with the func
tion w(t). This lack of precision was not observed upon comparison with 
experimental data only because a sufficiently large number of arbitrary 
parameters used in the analysis allowed for a transformation of the 
theoretical curves within wide limits. 



1106 V. Yu. ZALESSKII and A. A. VENEDIKTOV 

Computed data Experimental data 

pumping generation 

* 
pumping generation 

0 

l ~e .. ~ ~e § ~ i' ~ 1l ~ 0 u u : -a ~~ ~ ~ 
* ~e * t:: "; ~ ]: "- ~ ] a "- ~e * u 

j~ * : --2. 
<i~ 

. {2. ~I' * "' .;I" "" * . ~ ~ ll)·e u * -= § <i u .:l *"' ~" :> •.., 0: ~ <I ~ 0: '-'l <i ~ 

iO, 7 0,59 1450 0,57 970 1,86 ['] 10 6,2.5 1500 0,043 0,061 1500 8340 7 
10.7 1,18 1450 0,88 750 3.0 ["] 10 40.5 1500 0,90 1,15 1500 44400 8,2 
10,7 1 '18 112 0,14 340 0,49 ['] 10 4 45 0.054 o:22 10 14 0,5 
10.7 38,8 112 4.0 111 1~ .. 'i ['] 80 4 45 0.32 1.35 10 14 0,5 
32 1,18 112 0,44 220 0,47 ['J 43 1,22 27 0.11 24 23 0,7 
32 38,8 112 6,8 59 7.9 [•] 110 2 30 20 0,7 
107 1,18 112 1,19 120 0.40 ['J 81 2,6 40 0,14 0.59 10 14 0,5 
107 38,8 112 1U,6 32 3.9 
107 14\ 55,5 19,5 17 7.4 I 107 443 55,5 34,0 11 1~.5 

*Corresponds to the level of 0.35 Imax (approximately in the case of t.tpe)
**(t.n/no)phg is the portion of working gas molecules that dissociated at the termi

nation of generation only by photodissociation, obtained from computed data. 
***Electrical energy of charged capacitor bank. 
****e~ = eeLr_fre (Le and Te were roughly evaluated from the conditions of the 

corresponding experiment). 
*****Characteristic thickness of the exposed layer of aciiv(• medium (equals cell di

ameter for data of P•2 ,4 /). 

The value of Kr = 0.025 Kr was used in the computation; experimental data are given 
for CF3 l. 

We can assume that if the first values of Imax are 
to some extent typical of the pumping conditions in [51 

(soft discharge regime in Xe 1. 5 msec long), the last 
two appear to match approximately the conditions in 
[1-41 (hard discharge regimes in He with a duration up 
to 100 J.J.Sec). A sufficiently low(.$ 0.3) optical density 
of the active medium is assumed in all cases lest the 
values of lmax turn out to be considerably below the 
theoretical values for a portion of the active medium. 

The computed value of kr = 4. 7 x 10-30 cm6/sec was 
taken from [71 • The computed values of kr (0.005 kr; 
0.025 k , and 0.075 k ) were selected from the most 
probable range of values based on data presented in 
[ 131 • The value of kq = 5 x 10-12 cm3 sec - 1 was taken 
from [91• The computation was performed for three 
values of Nth: 2.5 x1013, 3.8 x 1014, and 1.14 x1015 cm-3 • 

Considering that A= 1.315 J.l and ~1 = 7.7 sec-1 the 
value of Nth = 3.8 x 1014 cm-3 (apparently the most re
alistic) corresponds, say, to t.v = 6 x 108 sec-1 (addi
tional kinetic energy of iodine atoms of ~ 0.1 eV) and 
to mirror reflection of 100 and 50% for a length of ac
tive medium of 1 m. It seems that the last of the above 
values of Nth is more acceptable when the hyperfine 
splitting of iodine levels is large enough. The compu
tation results are given in Fig. 1-3. According to Figs. 
1a and c, in the laser model under consideration, the 
generation pulse becomes shorter when initial pressure 
(p) and pumping pulse amplitude (lmax) are increased 
(without changing the pulse shape). A similar tendency 
is manifested by the functions N(t) (when Nth = 00 ) 

shown in Figs. 1b and d. A substantial difference in the 
functions w(t) compared for high and low values of p 
and Imax (Fig. 1a, curves 2-5 and Fig. 1c, curves 5 
and 6) consists in the fact that the generation pulse drop 
in the first case is due to the above deactivation mech
anism of I(2P1 ; 2 ) atoms, and in the second case the 
cause is a drop of the pumping pulse. The functions 
w (t) practically coincide on the scale used in Figs. 1a 
and c for all the computed values of Nth· A slight de
viation of these curves can be detected only in the case 

of low values of p and Imax and only with a 10-fold in
crease of scale along the ordinate axis (Fig. 1d, curves 
5', 5", and 5'"). This indicates that the curves w(t) are 

w, watt;cm~l 
IZ/1/1 

"~~~~~~~~~ 
"ill· _c::;;~~~~::::::::r--(N, N,}-111-;'cm·• 

(N,!Yc) ·16";-''cm·• II! I' b 

8 
/,0 I' d 

0 
1,2 

I( 

z 
I!FF~tT~~~~,~-

.51! I{!/! 

FIG. I. Computation results for pumping pulse length of 
112 J.!Sec at the level of 0.35 Rmax; R(t) = Rmax when t = 30 
J.!Sec (-y' = 1.54 X I 04 sec·1, a = I /3 ). (a) 1-R(t) in relative 
units, 2 · 7-the functions w(t) for I max= 3.88 X 1021 cm-2 sec-1 

(T = 10,000°K) and Nth= 3.8 X 1014 cm-3 , with different val· 
ues of pressure (2-320 Torr, 3, 4, 5-107 Torr, 6-32 Torr, and 
7-10.7 Torr at the temperature of 20°C) and the coefficient 
a (2, 4, 6, 7-0.05; 3-0.15; 5-0.01). (b) the functions N(t) and 
Nc(t) for Imax = 3.88 X 1021 cm-2 sec-1 (T = 10,000°K) and 
a= 0.05; I -4-the functions N(t) (Nth="") for pressures of 
320 Torr(!), 107 Torr (2), 32 Torr (3), and 10.7 Torr (4); I'· 
4' -the functions Nc(t) for pressures in the same sequence. (c) 
I· 6-the functions w(t) for I max= 1.18 X 1020 cm-2 sec·1 (T = 
6070°K) and Nth= 3.8 X 1014 cm-3 with different values of 
pressure (1-320 Torr, 2,3,4-107 Torr, 5-32 Torr, and 6- 10.7 
Torr at the temperature of 20°C) and the coefficient a (I ,3,5,6 
-0.05, 2-0.15, 4-0.01 ); 5', 5", 5"' -the functions w(t) X 10 
computed for the same values of Nth and p as curve 5 and hav
ing different Nth(S' -2.5 X 1013 cm·3 5" -3.8 X I 014 cm·3 , 5"' 
-1.14 X 1015 cm-3 ). (d) the functions N(t) and Nc(t) differing 
from those shown in Fig. I b by the value of I max = 1.16 X 1020 

cm-2 sec-1 . 
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not critical with respect to the values of Nth and that 
the direct effect of recombination processes (1) and (2) 
on the generation power is negligible (since the process 
rates are accounted for only by a part of the small 
quantity .P2 (t, Nc)). At the same time their indirect ef
fect (via .Pl> which depends on ni) is obviously large. 

Figure 2 shows the functions w(t) and R(t) computed 
for p = 10 Torr and approximately corresponding to the 
conditions obtained in [51 • 

Figure 3 shows computed curves of w(t) for p = 
= 107 Torr and approximations of R(t) typical of [ 1 - 41 • 

w, ~att ;.cm3;l 

1,6 

/PDQ !.lOU lltl/1 
t, #SCC 

FIG. 2. Computation results for 
pumping pulse length of 1450 j.lsec 
at the level of 0.35 Rmax- R(t) = 
Rmaxwhen t = 400 j.lsec; 1-R(t) 
in relative units; 2 and 3-the func
tion w(t) for p = 10.7 Torr (20°C), 
ex= 0.05; Nth= 2.5 X 1013 cm-3 ; 

Imax equals 5.9 X 1019 cm-2 sec-1 

in the case of curve 2 (T = 5600°K) 
and 1.18 X I 020 cm-2 sec-1 in the 
case of curve 3 (T = 6070°K). 

FIG. 3. Computation results 
for pumping pulse length of 55.5 
j.lsec at the level of 0.35 Rmax, 
tmax =IS j.ISec ('y' = 3.08 X 104 

sec-1 , ex= 1/3). 1-R(t) in relative 
units; 2, 3-the functions w(t) 
for p = I 07 Torr (20°C), ex= 0.05; 
Nth= 3.8 X 10'4 cm-3 ; I max eq-
uals 1.4 X I 022 cm-2 sec-1 in the 

'---::,0~~-;;Ju,--~--,su:--~--:l:-:-'U- case of curve 2 (T = 13,000°K) 
t, ~>sec and 4.43 X I 022 cm-2 sec-1 in the 

case of curve 3 (T = 18,000°K). 

The table can give some idea on the correlation be
tween the theoretical and experimental data. Curve 3 in 
Fig. 2 yields the computed value of the specific energy 
output £c = 0.88 mJ /cm3 which is fairly close to its full 
experimental value £e = 1.15 mJ /cm3 obtained in [51 

for a capacitor bank energy of 40.5 kJ. The computed 
duration of generation was ~tgc = 750 J.LSec, i.e., ap
proximately half of the corresponding experimental 
value ~tge· Going over to curve 2 (Fig. 2), ~tgc in
creases to 970 J.LSec but £c decreases to 0. 57 mJ /cm3 • 

This deviation from experimental data might be caused 
by the fact that the computation neglected two factors 
tel).ding to decrease the concentration of I2 molecules: 
their dissociation in the visible portion of the spectrum 
and heating of active med~um (up to 100-200° C for 
( ~n/n0)ph ~ 3%) leading to a reduction of kr. Under 
the conditions obtained in [l-4 J at high values of p cor
relation with respect to ~tg (see the table) is reached 
only when £c ~ £~. In part this seems to be caused by 
a depressed value of the factor Le/T e due to the possi
bility of unaccounted-for losses (vignette effect in long 
thin tubes, incomplete collection of the laser emission 
by the sensitive surface of the detector, etc.). In the 
case of small p and large Imax no correlation with 
respect to ~tg is reached. This discrepancy can possi-

bly be due to pyrolysis. [SJ The quenching of generation 
due to this effect is difficult to evaluate at this time. It 
seems that it is more pronounced in the case of CF3I 
than in molecules with greater "heat capacity" such as 
C2F5I, C3F7I, etc. Since with increasing pressure and 
constant value of Imax the magnitude of ~tgc decreases 
significantly, the relative contribution from pyrolysis 
should decrease in comparison to the contribution from 
the above mechanism. The effectiveness of pyrolysis 
strongly depends on 

t 

( !',.n) = _1_ ~ R(t')dt' 
no , ph no 0 

and thus on t. The contribution from pyrolysis can be 
reduced, probably to a negligible value, by an appro
priate addition of buffer gas increasing the heat capac
ity of the active medium, as it was done in [SJ. If the 
gas admixture is not active with respect to the deacti
vation and recombination of iodine (inert gases, nitro
gen, C2F 6 , etc. [ll) the duration of generation and its 
power are mainly limited by the mechanism determined 
by the processes (1)-(3) and also by the deactivation 
and recombination of iodine with the participation of 
buffer gas molecules or atoms. (In the computation this 
factor is readily accounted for by an appropriate in
crease of the coefficient a.) Termination of generation 
due to this mechanism is clearly much more difficult to 
prevent than that due to pyrolysis. 
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