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ABSTRACT 

A k1netic model for a solar-s1mulator-pumped lodine laser system 1S 

developed and compared to an experiment in which the solar simulator output 

is dispersed over a large act1ve volume (150 cm3 ) w1th low slmulator llght 

intens1ty (-200 solar constants). A trace fore1gn gas which quenches the 

upper level is introduced into the model to slmulate the foreign gas 

introduced upon filllng. Furthermore, a constant representing opt1cal 

absorption of the st1mulated em1ssion lS 1ntroduced, 1n addition to a 

constant representlng the scatterlng at each of the mirrors, via the 

opt1cal cavity time constant. The non-un1form heat1ng of the gas 1S 

treated as well as the pressure change as a functlon of t1me wlth1n the 

cavlty. W1th these new phenomena lntroduced into the kinetlc model, a best 

reasonable f1t to the exper1mental data 1S found by adJusting the react1on­

rate coeffic1ents within the range of known uncerta1nty by numerical 

methods giving a nevI bound within th1S range of uncerta1nty. The 

experimental parameters modeled are the laslng t1me, laser pulse energy, 

and time-to-laser threshold. 
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INTRODUCTION 

Dlrect converSlon of solar radlatlon lnto laser energy via a 

populatlon lnverSlon can be applied to space power transmlSSlon and 

spacecraft propulslon. Alkyl iodlde gases have been shown to be good 

candidates for solar pump1ng in solar-s1mulator demonstrat1ons (ref. 1). 

For space power applications, the solar-pumped alkyl 10d1de gas laser has 

to be scaled to encompass large space systems. In order to accomplish this 

task, the reactlon rate coefflcients for alkyl iod1de gas chemlcal k1netics 

need to be def1ned. 

A k1netic model of a solar-slmulator-pumped lodlne laser 1S belng 

developed to obta1n the react10n rate coeff1c1ents of the alkyl 10d1de gas 

laser. Pr10r to th1S exper1ment Wh1Ch uses 1-C3F7 1 as the lasant, the 

slmulator expenments \"lere marked by a h1gh solar concentrat1on ( .. 10,000 

solar constants) and a small actlVe volume (3 - 4 cm3) (refs. 1 and 2). In 

those stud1es, the laser threshold was dOln1nated by the loss of the upper 

laser level through recombinat1on and quenchlng (ref. 2). After threshold 

1S ach1eved, the forwat1on of 12 1S the dom1nate reaction WhlCh determ1nes 

how long the system w1ll lase Slnce 12 is a strong quencher of the upper 

laser level. Because of the h1gh solar concentration 1n these pr10r 

exper1ments, the 12 bU1ldup rate was suff1c1ently rapld that the laser was 

effectlvely quenched after about 3 m1ll1seconds (ref. 1). Thus, such a 

system would make continuous-wave operatlon extremely dlfflcult. 

A ne\'1 expenmental system is presented here 1n Wh1Ch the solar 

slmulator output 1S d1spersed over a relat1vely large act1ve volume 

(150 cm3 ), and a greatly reduced slmulator llght lntenslty ( .. 200 solar 
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constants) is used. Wlth this new experlmental arrangement, the klnetic 

model is tested under vastly dlfferent operating condltlons than that of 

prior experiments. Hereln, informatlon about the klnetlc characterlstics 

not accesslble 1n earlier exper1ments 1S revealed. W1th th1S new 

exper1mental approach, some changes are 1ntroduced 1nto the kinet1c model. 

A trace foreign gas which quenches the upper laser level is introduced into 

the system upon fill1ng. A constant, represent1ng absorpt1on of the 

stimulated emiss1on, 1S 1ntroduced V1a an optical cavity time constant 

(ref. 1). The non-uniform heat1ng of the gas 1S treated as well as the 

pressure change as a funct10n of time w1th1n the cav1ty. With these new 

phenomena introduced into the kinetic model, a best reasonable f1t to the 

exper1mental data is found by adjust1ng the react10n rate coeff1c1ents 

w1th1n the range of known uncerta1nty by numerical methods. Depend1ng on 

the physical character1st1cs of the output parameters, the chem1cal 

react10n rates found wlth1n this range represent a new upper or lower 

bound. 

SOLAR SIMULATOR SETUP 

The present pxper1mental setup has two llght sources cons1st1ng of 

xenon arc d1scharges across 8-mm gaps that are stab1l1zed by a 1030-kPa 

(10.2 atm) Xe-flow. The light of the arc lamps is reflected from high 

qual1ty elliptic alum1num reflectors and focused near the shutter planes as 

shown 1n f1gure 1. The reflectors have a vapor deposlted MgF 2 coatlng to 

prevent surface oxydatlon and abrasion. The broad spectral content of the 

arc plasma corresponds to black body emiss10n at approximately 6000 K. The 

energy content of the UV llght is approx1mately tWlce that of a 6000 K 
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blackbody at the focus of each reflector. The divergent llght beam leavlng 

each focus lS adjusted to lntersect a flat plate laser cell in WhlCh the 

laslng gas is contained. The transparent cell walls are constructed of 

6-mm thick UV enhanced fused sillca plates. 

In flgure 2 the geometry of the laser cav1ty 1S shm'ln \,Ilth 1tS 

associated area of solar simulator light 1mp1nglng on the laser path. The 

solar simulator rad1ation pattern is in the shape of a doughnut and 1n 

flgure 2 lS the volume of excltatlon glven by V. The laser cavlty is a box 

with turning m1rrors of maXlrnum reflect1v1ty at 1.3 llm at three of the 

corners to d1rect the coherent 11ght through the most 1ntense reg10n of the 

solar simulator 11ght. At the fourth corner there are two Brewster 

\'/indows, a back In1rror (max1mum reflectivlty at 1.3 llm), and a vanable 

output mirror such that the path length is twice through the resonator 

cav1ty. 

The light lntens1ty 1n the volume of excltatlon was measured wlth a 

calorilneter, and the 1ntegral of the llght 1ntenslty over the optlcal 

center llne of the resonator cav1ty was calculated for each of the two 

lamps. Since the llght 1ntens1ty 1S relatlVely umfonn 1n the volume of 

the resonator cavlty, we assume a constant photodlSSOcldtion rate averaged 

over the optical center llne wlthln the gas f1lled laser cell. The average 

solar concentrat1on at the laser cell centerllne was found to be 150 solar 

constants (1 sol ar constant = 1. 353 k'tJ/(2) over a 61. 5 cm pathl ength for 

the simulators operat1ng at 400 amps each. The photodissoc1atlon rate is 

given by the lntegral over the photodlssociat1on cross sectlon and the 

blackbody photon flux. Results for a 6000 K blackbody 1S (ref. 1 and 2) 

F,(X) = Tt S n [f exp(-ncrOx) + (I-f) exp(-.223ncrOx)] C(x) (1) 



where S (maximum photodissociation rate) , ao (absorption cross section), 

and f (the fract10nal absorpt1on near the line center) are glven in 
+ 

table I. C(x) is the local 11ght intensity 1n units of solar constants. 

The alkyl 10d1de photodissociatlOn rates are doubled in the model to 
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account for the excess UV 1n the laboratory light source. The transmiss10n 

coeff1c1ent for the 6-mm fused sil ica plates, Tt, is on the order of 

0.96, x is the slant d1stance through the gas 1n reaching the point X, and 

n is the alkyl iod1de gas density. 

PHOTOLYSIS OF THE ALKYL IODIDES 

The chem1cal and phys1cal processes of 111umination of the alkyl 

10d1des has been discussed elsewhere (refs. 1, 2, and 3). The major 

kinetic pathways from the photodissoc1ation of alkyl iodide are shown in 

figure 3. Prev10us studies (refs. 1 and 2) have shown that the laser 

threshold is dominated by the processes 

* Kl 
R + I + R1 

which limits the amount of inversion achievable for a given light 

1 ntensity, and 

* Q1 
R1 + I + I + R1 

\'1hich reduces the invers10n intens1ty by loss of the upper level (ref. 2). 

As the kinetics of the system cont1nues, there 1S a slow bU1ldup of 12 

Wh1Ch is a strong quencher of the upper laser level. The formation of 12 1S 

in compet1tion with 

K2 
R + I + R1 



and occurs through 

C2 
I + I + RI + 12 + RI 

which 1S a three-body recomb1nat1on reaction. 

A model of the photodissociatlOn and subsequent chemical reactions 

have been derived prev10usly (refs. 1, 2, and 3) and are given w1th 

modificat1ons described later, as 

d[R2] 
= K3[R]2 + K4 [R][RI] dt 

d[I 2] 
* 2 * 

dt = C1 [I] [I ] [RI] + C2 [I] [RI] + C3[1][1 ][1
2
] 

2 
+ C4[1] [1 2] - ~2[12] 

* d[ I ] * * 
dt = ~l[RI] + ~2[12] - K1[R][I ] - C1[I][I ][RI] 

* * * - C3[I][1 ][1 2] - Q1[1 ][RI] - Q2[I ][1 2] 

* * * - r - A[I ] - [I ] - QFG[FG][I ] max --
TO 

d[1] * * * 
crt = ~2[I2] + Q1[1 ][RI] + Q2[I ][1 2] + rmax - A[I ] 

* 2 * - C1[1][1 ][RI] - 2C 2[1] [RI] - C3[1][1 ][1 2] 

2 [I] - 2C4[I] [1 2] - K2[R][I] -~ * + QFG[FG][I ] 

+ K4 [R][RI] 

5 

(4) 

(5) 

(6 ) 

(7) 



where [FG] is the foreign gas density, L is the lamp image length 

parameter, Lc is the distance between laser cavity mirrors, ~i is the 

photodissoclation rate of the assoclated chemlcal species, and TO is the 

diffus10n time constant. In add1t1on, the rate of change of the photon 

dens1ty p is given by 

6 

dp L 1 * -=r ---p+gArIl 
dt max Lc TC 

(8) 

where TC is the optical cav1ty t1me constant, g is the coupling parameter 

of the spontaneous ermssion to the opt1cal cavity (ref. 1), and A the 

Einstein coeff1c1ent. The st1mulated ermssion rate 1S given by 

* 1 r max = Cap rr I 1 - "2 r I 1) (9 ) 

where a 1S the stimulated em1ssion cross sect10n discussed later. The 

k1net1c rate coeff1cients for the propyl iod1des were comp1led elsewhere 

(ref. 2) and are given 1n table II. The laser k1netics are described 

through equations (8) and (9) along with the corresponding coupllng terms 

through the st1mulated em1SS1on rate 1n equations (6) and (7). The 

diffuslOn time constant may be evaluated from the p01nt d1ffusion model as 

we did before (ref. 2) and for a flat plate arrangement, 

n *(O,t) = nO erf(rO//(40t)) 
I 

The d1ffus1on t1me constant is 

\'/here rO is the half\'/idth of the laser cell and 0 lS the d1ffus1on 

constant (0 ~ 73 cm 2 - torr/sec from ref. 2). 

(10 ) 

(11 ) 
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Furthermore, because of the flat plate arrangement (fig. 2) the 

optical cavity time constant TC is now glven as 

(12) 

where rl 1S the reflect10n coeff1c1ent (0.9975) at the corners of the 

cav1ty, r2 1S the Brewster \'1indow loss (0.98), r3 1S the output mirror 

reflect1v1ty and TS 1S a parameter introduced to account for the loss 

because of scatter1ng from a possible film formed on each of the 1nternal 

m1rrorsurfaces. The opt1cal cavity time constant is mod1f1ed as nloss 

changes and 1S given as 

(13 ) 

where nloss 1S a parameter descr1b1ng opt1cal losses w1thin the laser 

med1um. 

To f1nd the output parameters of the k1net1c model a quas1 

steady-state Solut10n can be assumed, where the photon dens1ty becomes 

steady as ga1ns and losses balance each other 1n the cav1ty and ga1n med1um 

(ref. 1). With th1S assumpt10n the derivat1ve 1n equat10n (8) 1S equal to 

zero and 

or after substltutlon of equatlon (9) 

(15) 
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where Ith 1S the 1nverS10n dens1ty. Furthermore, from equation (6) under 

quasi steady-state cond1tions (ref. I) 

and the laser output power dens1ty (W/cm2) is given by 

(17) 

where EV is the photon energy and (1 - r3) 1S the output mirror 

transm1ssion. 

The maximum gain occurs for the trans1t1on from the F = 3 to the F = 4 

quantum level in an iodine laser (ref. 2). The gain on this transit10n is 

given as 

* * 1 G34 = 034 f[I ] - 2 [1]1 (18) 

and as a pract1cal matter we take the st1mulated emission cross section to 

be 

* g3 
°34 = lFF' °FF , (v34) g2 + g3 

as suggested by Fuss and Hola (ref. 4) which is strictly true only when 

coll1sional equili~rium 1S established among the hyperfine levels. 

Where 92 and 93 are the degeneracy of the hyperf1ne levels of the upper 

(19) 

laser state and v34 is the central frequency. The 1ndividual stimulated 

em1ssion cross sect10ns 0FF'(v) are functions of the line broaden1ng 

(20) 

where ao is ~lated to the Doppler 11newidth 

(MHz) (21) 
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and al is the pressure broaden1ng coefficient tak1ng on the value 

a1 = 14.8 ± 4 (MHz/torr) (22) 

at room temperature (ref. 2). The stimulated ern1ssion cross sect10ns are 

then 

where gFF'(v) 1S the corresponding llne shape and AFF' 1S the 

transition rate. 

(23) 

Because of the long operat1on t1mes of this laser system, there is a 

concern that suff1c1ent energy lS deposlted ln the gas to ralse ltS 

temperature by hundreds of degrees. Therefore, heat transport 1n the gas 

lS a pr1rne cons1derat1on. A slmple model of heat diffusion from the volume 

of exposed gas to the cooler gas and the cell walls 1S now derlved WhlCh is 

used ln the model. 

The heat dlffus10n equation 1S glven as 

kA 2T(X) + q = P C dT(x) 
g v dt (24) 

where k 1S the thermal conduct1vlty, q the source of heat from photolYS1S, 

and pgC v the heat capaclty per unlt volume. Consldering the steady 

state solution for constant heatlng ln slab geometry, the initlal gas 

temperature 1S equal to the wall temperature Tw. The steady state gas 

temperature is glven by 

T(x) = i r (2rO - x)x + Tw (25) 
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as a funct10n of the cavity thickness. In add1tion, the heat d1ffusion can 

be approximated by 

-where Tm 1S the midpo1nt gas temperature, q 15 the heat gal ned at the 

midpoint, and (vT)s is the temperature gradlent at the sides. An 

effective convection coeffic1ent can be found from the steady state 

solution by 

WhlCh equals -q, and from equation (25) 

r 2 
T =T +~.9. 

m w 2 k 

giving 

(26 ) 

(27) 

(28) 

(29) 

Therefore, using thlS value in the equat10n 26, the heat d1ffusion equatlon 

becomes 

(30) 

which 1mplies a relaxat10n t1me given as 

2 
T = r 0 PgC/2k (31) 

If k is taken to be 

(32) 
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where the heat capacity at constant volume Cv 15 about 40 cal/moloC, v 15 

the mean thermal speed of the d1ffusing part1cle, d 15 the distance 

traveled in thermalization, and Pg 15 the number of moles per un1t 

volume (ref. 2); the relaxat10n t1me constant can be slmplif1ed as 

(33) 

Wh1Ch can be used to model the midpoint gas temperature as a funct10n of 

A two reg10n model 15 assumed, as shown 1n f1gure 2. The temperature 

d1fferential for the lasant med1um d1rectly exposed by the slmulator llght 

1 s gi ven by 

(34) 

and for the unexposed med1 um close to the wall 

(35) 

where T is a relaxat10n t1me glVen above for conduct10n to the \'1all and 

heat exchange between the two reg1ons, and 1.5 15 added to approx1mate the 

effect of the corners. The rate of 1nternal heat generat10n of the system 

1S approximated here as 

q = !J.E/fd!J.t 

where !J.V and At are increments of volume and t1lne, and the change 1n 

1nternal energy 1S glven by 

where €i is the energy released to the med1um due to the associated 

react10ns (ref. 2). 

(36) 

The temperature change of the lasant is related to the change 1n 

1nternal energy of the gas and results 1n a fract10nal reduct10n 1n density 
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ln the heated region of the cavity pI/PO, Hhere Po is the lnitial 

denslty and pI is a functlOn of time. Initlally, the total volume of the 

cavity can be given as 

V t = V 0 + V + V 1 ( 38 ) 

where V is the region dlrectly influenced by the pulse energy (fig. 2), and 

V1 and Vo are regions interlor and exterior to V. The pressures and 

temperatures of the regi ons interlor and exteri or to the laser pul se are 

assumed to be identical. Therefore, the effective temperature of the 

cavlty is given as 

V V + V 
T = - T1 + 0 1 T2 (39) 

eff V t V t 

since the energy in the cavity is conserved. In addition, the effective 

temperature of the cavity is given by 

V1 Vo 
Teff = ~ TW = v-r Tw 

1 0 
(40) 

where the prime lndlcates an lntermediate state. USlng the relationship 
V I = V - V. I - V I ( 41 ) 

t 1 0 

ln equation (40), then 

VI Vo - V1 TW 
V = 1 + '1 (1 - T ) ( 42 ) 

eff 

which 1S also by definition the fractional reduction 1n density. After the 

use of equat10ns (39) and (40), this fraction can nOH be written as 

pI (43) 

and this relationship is used to describe the change in pressure as a 

function of las1ng tllne by uS1ng the previously derived relationships for 

T 1 and T2 • 



RESULTS 

To develop the model further, a reasonable f1t to the data must be 

found via an adjustment of the rate coefficients, the foreign gas partial 

pressure 1ntroduced into the system, and the change 1n the opt1ca1 cav1ty 

t1me constant descr1bing the loss from the opt1ca1 absorption along the 

laser path. Th1S 1S done by varying these unknown parameters until a 

reasonable fit to the experimental data is found for d1fferent f111 

pressures and output mirror ref1ectivit1es (ref. 5). This search 1S done 

wh11e cons1dering the constraints of the error bounds def1ned in table II 

for the rate coeff1c1ents, along with a def1n1t10n for reasonable output 

parameters when compared to the expenmenta1 data. The resu1 ts of the 

search are glven 1n table III. In add1t10n, the fore1gn gas dens1ty [FG] 

1S found to be 2.292 x 10 12 cm- 3, and the parameter a10ss introduced 1n 

the opt1ca1 cavity time constant TC lS given as 

13 

-4 ( -7) a10ss = 2.77765 x 10 + 1.354 x 10 Po (44) 

where Po is the f11l pressure in torr. Furthermore, the optical 

scattenng parameter TS introduced 1n the optical cav1ty tllne constant 

TC lS found to be 0.995. The parameters found from the search are used 

to f1nd the f1t shown 1n f1gures 4, 5, and 6 for the 1as1ng times, 

threshold t1mes, and pulse energies, respectively. 

The experimental results for the 1-C3F71 laser are cOlnpared w1th the 

theory's predict10n 1n f1gures 4,5, and 6. In f1gure 4 the 1as1ng time 1S 

plotted ~s rl funct10n of pressure; at h1gh pressures the d1fferences 

between the pred1 cted val ues and the experimental data are small er than at 

low pressures. This ind1cates that further phys1ca1 phenomena need to 
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be added to the model, for example convect1on. The approach taken 1n the 

present ana1ys1s is that the exper1menta1 lasing time prov1des a lower 

bound to 1as1ng tllne allowed by the gas chem1stry. The experimental 1as1ng 

t1me 1S determ1ned by phys1ca1 processes that are not 1n the model. As 

ind1cated 1n f1gure 4, the chemistry does not limit long-term 1as1ng but 

probably convect1ve mot1on, Wh1Ch would not be present 1n space operat1on. 

Convect1ve mot1on is a probable cand1date since it would reduce the amount 

of excited iod1ne ava11ab1e for stimulated em1ssion. Flgure 5 shows the 

experimental and theoretical results of the time to laser threshold. 

Except at 10\'1 pressure, there 1S fa1r agreement \'11th the experimental data 

(30 percent d1fference for the 85 percent output m1rror at 11 torr). Th1S 

is the result of the add1t1on of a large amount of loss from unknown 

mechanisms (possibly aerosols) along the 1as1ng path 1n the cav1ty model. 

Slnce the 1as1ng t1mes pred1cted by the model d1ffer from the experimental 

1as1ng times, the pulse energy calculation lS stopped at the t1me given 

experimentally. Thus, the pulse energy presented by the k1netlc model lS 

more 1nd1cat1ve of an average power found soon after threshold. The 

results of this calculation are glven in figure 6 as pulse energy relative 

to the fill press~res. A compar1son 1S made w1th the exper1menta1 results, 

and general trends of the exper1menta1 data are expressed in the pulse 

energy ca1cu1at1ons given by the model. For 1nstance, 1n f1gure 6 there is 

a peak at 6 torr for both the theoretical pred1ct1on and the experimental 

data for the 85 percent output m1rror. 

Slnce the invers10n dens1ty depends mainly on the k1net1c coeffic1ents 

Kl and Q1 and the diffus10n coefflc1ents (ref. 2), the 1as1ng threshold 1S 

pr1mari1y determined by these coeff1c1ents. In add1t1on, a term a10ss 



describing the losses 1n the opt1cal path is added 1nto the calculation 

wh1ch affects the threshold times for the d1fferent experimental laser 

configurations. For the 1nd1vidual react10ns the following are 

descriptions of how the pulse energies and las1ng t1mes are mod1fied. 

K2 R + I + RI 

15 

If the value of K2 1S 1ncreased, a larger number of parent molecules 

are produced after photodissoc1at10n and the formation of 12 1S prevented. 

Therefore, the lasing times and the pulse energy would decrease. 

C2 I + I + RI + 12 + RI 

Increase the value of C2 , and the number of 12 molecules 1S 

increased. This mechamsm glves shorter las1ng times and less energy 

output, since 12 1S a major quencher. In add1tion, fewer lodine atoms are 

available for recomb1nation to the parent molecule RI. 

* Kl I + R + RI 

If Kl is increased, there are fewer exc1ted iod1ne atoms to contribute 

to the pulse energy, thereby, reducing the power output and, as stated 

above, increasi ng threshol d tllnes. 

* Q1 I + RI + RI + I 

If Ql 1S increased, the las1ng t1mes and pulse energies are reduced 

and the t1me to threshold 1S 1ncreased. This 1S because there are fewer 

exc1ted lod1ne atoms. 
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If Q2 is increased, the las1ng time 1S shortened, Slnce the population 

density of the metastable state 1S reduced. Furthermore, Q2 1S taken as 

the reaction rate for the unknown filling gas, since it involves a 

quenching mechanism similar to the quenching mechanis~ of the unknown 

impurity, further reduc1ng the population density. 

The rema1ning reactions are of lesser importance in the kinetic 

model. By increasing the value of K3 1n the model, there are fewer 

rad1cals to recombine to form the parent gas RI. Therefore, the energy 

output 1S decreased. 12 1S a major quencher; therefore, if C1 and C3 are 

increased, energy outputs and lasing times decrease. The reactions 

governed by K4 and C4 do not affect the react10n until late laser times 

(later than presently considered). 

In table II the experimental bounds as found in the literature are 

given for each of the rate coefficients. As stated earlier, these 

represent upper and a lower bounds to rates publ1shed earlier. The fit by 

numer1cal methods to the data found in the exper1ment described here glves 

a further bound for the rate coeff1c1ents. The physical constraints of the 

fit, in addit10n to how a change in the rate coefficients mod1fies the 

output parameter, determines whether the rate coeff1cient found by fitting 

the data 1S an upper or lower bound. In figure 5 the threshold tllnes 

predicted by the k1netic model are longer than that which is demonstrated 

experimentally. Therefore, the kinet1c reaction rates predicted by the 

model describe an upper bound. In addit1on, the model·s lasing times given 

1n figure 4 show only the chemical k1netic limits, therefore, a lower bound 

to these llmits are indicated. 

For a late time pulse, the quenching rate depends d1rectly upon Q2 and 
C2 and inversely upon K2 (ref. 1). Since the actual quenching rate can be 



17 

less than the quench1ng rate found, and the lasing times glven by the 

kinetic model in figure 4 depend upon this rate, Q2, C2, and K2 found by 

the fit represent upper and lower bounds. As stated prev10usly, the 

kinetic coefficients of prlmary importance in determ1n1ng the t1me to 

threshold are Kl and Ql (ref. 2), Slnce the 1nverS10n dens1ty depends on 

[1*] (eqn. 6). Therefore, the rate coeffic1ents used to calculate the f1t 

1n f1gure 5 represent an upper bound for Kl and Ql. F1nally, the laser 

output power density depends on the photod1ssociat10n rate and not on 

kinetlc rate coefflc1ents (ref. 1). Slnce the calculation of the pulse 

energ1es by the klnetic ,no del shown 1n figure 6 is terminated at the lasing 

times gl yen expen menta 11y, the fl t shown does not depend on the rate 

coefficients WhlCh determine the las1ng tllnes. Therefore, the fit by the 

kinetic model for the pulse power data does not detennlne a bound on the 

coefflC1ents. These results are summarIzed 1n table IV giv1ng the 

previously published bounds (ref. 2) compared to the bounds resulting from 

the fit by the k1netic model to the experllnental data glVen in figures 4, 

5, and 6. Tabulated are the rate coeffic1ents wlllch take a maJor role in 

detennln1ng th1S f1t. 

CONCLUDING REMARKS 

A best f1 t to the expenmental data is found for the computer model 

presented here. Within the context of the best fit, the upper and lower 

bounds of the experimental values of the rate constants are maintalned. 

The rate constants are used to calculate the results for the lasing t1rnes, 

threshold times, and pulse energy \'ih1Ch represent a phys1ca11y reasonable 

f1t. The fit impl1es that the chemistry Wh1Ch is modeled here 1S not the 

ma1n lim1t on laser operat1on, but rather the laser 1S ll1n1ted by phys1cal 
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processes not in the present kinetlc model. Hence, the model provides some 

bounds on the chemlcal reaction rates. Trends are followed by the pulse 

energies glVen by the kinetic model \'lhen experlmental data for different 

fill pressures and output mlrror reflectivities are compared to the model's 

predlctions. Furthermore, except at low pressures, there is good agreement 

with the threshold times given by the model (15 percent dlfference for the 

85 percent output mirror at 11 torr). These dlsagreements at low pressures 

with the tllnes to threshold and the laslng times indicate a further 

physical mechanism is necessary in the kinetic model (perhaps a convection 

mechanism). 

The introduction of a term for the foreign gas into the model suggests 

that there is an intrinsic amount of impurities in the system. In this 

case, the gas introduces a further quenching .nechanism. In addition, there 

is a further loss mechanism in the model that accounts for the losses 

assoclated wlth the optical path, possibly aerosol formatlon which was 

noted visually at high pressures. After the lntroductlon of these 

mechanisms into the model, we find the rate coefficients by fitting to the 

expenmental data. Generally, Slnce the trends are followed by the 

theoretical model, the rate cOr~rficients represent a best value when 

constrained to be withln the ranue of known uncertainties. Except for the 

rate coefflcients which would be signiflcant at later lasing tilnes than 

that consldered here, and wlthln the appropriate experlmental bounds, 

physically reasonable estimates for the rate coefflcients are found. 

Depending on physical conslderations, this estimate is then used to define 

an upper or lower bound. ThlS gives a range of values the rate 

coefficients may take. One bound is given experimentally, the other found 

by the kinetic model presented here. 
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TABLE 1.- PHOTOABSORPTION PARAMETERS USED (6,000 K LIGHT SOURCE) FOR 
THE EQUIVALENT POWER OF ONE SOLAR CONSTANT EXPOSURE, 1.4 kW/m2 

Parameter n-C 3 F7 I l-C 3 F7 I 12 
(ref. 7) 

2 7.9 x 10 -19 6.2 x 10-19 9.14 x 10 -19 
0

0
, em •••••••• 

"0' nm ........ 272 275 499 

15
0

, nm ........ 12.7 14.5 23.0 

41 * ........... 1.0 1.0 0.51 
I 

S, -1 3.04 x 10-3 3.37 x 10-3 3.38 x 10-2 sec ....... 
f .............. 0.652 0.653 0.673 
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TABLE II. - MEAN REACTION RATE COEFF[CIENTS AND ASSOCIATED 
UNCERTAINTY FACTORS BASED ON LITERATURE VALUES 

[The factor In parentheses glVes the uncertalnty llmlts assoclatedl L with the coefflclent. J 

n 
Reactlon rate coefflclent, (cm3 ) /sec 

Reactants Products 
Symbol R = n-C 3 F7 R = i-C 3 F7 

R + R R2 K3 2.6 X lO-12(4)±1 9.0 X 10-13(3.8)±1 

R + I RI K2 2.3 X 10-11(3.S)±1 3.9 X 1O-11 (4.3)±1 

I + I + RI 12 + R C2 
8.S X 10-32(S.3)±1 8.3 X 1O-32(S.3)±1 

I + I + 12 12 + 12 C4 
3.8 X 1O-3O (1.3)±1 3.8 X 10-30(1.3)±1 

R + RI R2 + I K4 3 X 10-16 3 X 10-16 

* S.6 X 10-13(6.2)±1 1. 7 X 10-13 (I7)±1 R + I RI K1 

* I + RI I + RI Ql 
2.0 X lO-16(4.2)±1 7 X 1O-17 (4.1)±1 

* 1.9 X 10-11(2.6)±1 1.9 X lO-ll(2.6)±1 I + 12 I + 12 Q2 

* 3.2 X 10-33(3.2)±1 3.2 X 10-33 (3.2)±1 I + I + RI 12 + RI C1 

* I + I + 12 12 + 12 C3 8 X 1O-32(1.8)±1 8 X 1O-32 (1.8)±1 

* 3.2 X 10-17(3.2)±1 3.2 X 10 17 (3.2)±1 R + RI R2 + I KS 

* * 8.3 X 10-18(1.3)±1 6.S X 10-18(1.1)±1 I + RI RI2 K6 
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TABLE 111.- REACTION RATE COEFFICIENTS FOUND BY NUMERICAL METHODS 
AND USED IN LASER MODEL 

Reactlon rate coefflcient, (cm3)n/sec 

Symbol R = l-C3F7 

K3 9.0 X 10-13 

K2 3.9 X 10 -11(4.3)°·84 

C2 
8.3 X 10-32 (5.3)-0.99 

C4 
3.8 X 10-30 

K4 3 X 10-16 

Kl 1. 7 X 10-13 (17) -0.85 

Q1 
7.0 X 10-17 (4.1) -0.54 

Q2 
1. 9 X 10-11 (2.6)-0.97 

C1 
3.2 X 10-33 (3.2)-0.88 

C3 
8.0 X 10-32 
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TABLE IV.- BOUNDS FOR THE REACTION RATE COEFFICIENTS DEFINED BY 
THIS EXPERIMENT COMPARED TO PREVIOUSLY PUBLISHED RESULTS 
(ref. 2) 

Bound deflned Rate Bound for previously 
by this experiment coefflclent published results 

1.7 x 10-13 (17)-0.85 ~ Kl cm3 /s ~ 1.7 X 10- 13 (17)-1.0 

7.0 X 10-17 (4.1)-.54 ~ Q1 cm3 /s ~ 7.0 X 10- 17 (4.1)-1.0 

3.9 X 10-11 (4.3)°.84 i K2 cm3/s i 3.9 X 10- 11 (4.3)1.0 

1.9 X 10-11 (2.6)-0.97 ~ Q2 cm3 /s ~ 1.9 X 10-11 (2.6)-1.0 

8.3 X 10-32 (5.3)-0.99 ~ C2 cm6/s ~ 8.3 x 10-32 (5.3)-1.0 
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