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A calculation is made of the total observed cross section for the absorption of strong infrared 
radiation by polyatomic molecules in a high-pressure buffer gas, subject to an allowance for the 
excitation and relaxation processes. The solutions of the kinetic equations are obtained for 
such molecules in the limit of very high radiation intensities. It is shown that in some physical 
situations the observed absorption cross section is related directly to the microscopic 
relaxation parameters of the molecules. 

1. INTRODUCTION 

We shall calculate the cross section for the absorption 
of strong infrared radiation by polyatomic molecules in a 
buffer gas. We shall solve the kinetic equation which allows 
for two main competing processes: vibrational excitation of 
molecules by radiation and collisional relaxation. 

The process of radiative excitation will be described by 
a microscopic cross section u(E,w) of the interaction of a 
molecule in a vibrational energy state E with a field of fre- 
quency w; in dealing with the process of collisional relaxa- 
tion we shall use a function R ( E ) ,  which by definition is the 
rate of relaxation of the total vibrational energy E of a mole- 
cule which is in a state with an energy E: R ( E )  = d ( E  ) /dt .  

The energy E will be the only quantum number used to 
describe the state of a molecule, so that the excitation cross 
section u(E,w) and the relaxation rate R ( E )  should be re- 
garded as quantities averaged over a group of states with 
energies close to E. 

Nonlinear absorption of strong infrared radiation by 
polyatomic molecules in a buffer gas has been investigated 
experimentally on a number of occasions (see, for example, 
Ref. 1-4). However, in general, the observed absorption 
cross section a, (w,p,I) depends on the parameters of an ex- 
periment (such as the buffer gas pressurep, the frequency w, 
and the radiation intensity I) and on the microscopic char- 
acteristics of a molecule u(E,w) and R (E) in a manner too 
complex for the utilization of the information carried by 
u, (w,p,I) in a reliable determination of these microscopic 
characteristics. 

It is nevertheless found that in the case of saturation of 
vibrational transitions the observed cross section o, practi- 
cally ceases to depend on u(E,w)  and is governed mainly by 
the relaxation rate R ( E ) .  We shall identify the conditions 
under which this regime is observed in experiments on po- 
lyatomic molecules and provide a simple method for the de- 
termination of the relaxation parameters of excited vibra- 
tional states of molecules. Moreover, we shall compare the 
calculations with the published experimental data for SF, in 
He to estimate the rate of relaxation of the SF, molecule and 
to draw some conclusions on the properties of vibrationally 

2. DESCRIPTION OF A PHYSICAL MODEL 

We shall consider a quantity W(E,w) = Iu(E,w) ,  
which can be called the excitation rate, as well as the relaxa- 
tion rate R ( E )  = pK(E) ,  wherep is the buffer-gas pressure 
and K ( E )  is a relaxation parameter which is governed solely 
by the microscopic properties of the investigated molecule. 

We shall assume that the radiation intensity I is so high 
and its frequency w is selected so that there are constraints 
which limit at least from above the range of energies (known 
as the absorption band of energies), where the excitation is 
much stronger than the relaxation: 

W ( E ,  o) B R  ( E )  for E,GE<Eb, ( l a )  

whereas outside the absorption band, the reverse condition 
is obeyed: 

W ( E ,  o) < R ( E )  for O<E<E, and E b 9 E  ( l b )  

(see Fig. 1 ). Such a situation is fully realizable if the infrared 
radiation frequency w is in the so-called "red wing" of the 
linear absorption profile of a molecule, i.e., if w is less than 
the characteristic frequencies of the transitions from the 
ground to the first vibrationally excited state. The existence 
of a bounded absorption band is due to a departure (because 
of the anharmonic shift outside this band) from the reso- 
nance of the laser radiation frequency w with the absorption 
frequency of the molecule in a vibrational energy state E. 

FIG. 1. Relaxation rate R ( E )  = p K ( E )  (continuous curve) and excita- 
tion rate W(E,w) = Zu(E,w) (dashed curves) plotted as a function of the 
vibrational energy E of a molecule excited by laser radiation of different -- 

excited polyatomic molecules in a buffer gas. frequencies w (a, > o, ) .  
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When the laser radiation frequency is reduced, i.e., when w is 
shifted to the red wing, the absorption band shifts because of 
the anharmonicity toward higher vibrational energies E, i.e., 
E, (w) and E, (w) increase on reduction in w. The width of 
the band may in general change (Fig. 1 ) . 

Introduction of the lower E, and upper E, limits of the 
absorption band is to some extent arbitrary because in the 
case of real molecules a change from the saturation ( l a )  to 
the thermalization ( l b )  regime is not abrupt but occurs in 
certain (sometimes quite wide) intervals which we shall call 
intermediate bands. 

An accurate description of the dynamics of the excita- 
tion and relaxation of molecules requires the knowledge of 
the spectrum of vibrational-rotational transitions between 
excited vibrational states. However, since in the case of po- 
lyatomic molecules such a spectrum is frequently not known 
sufficiently accurately, it is usual to adopt a model approach. 
The whole process of multiphoton excitation is divided into 
two stages: resonant excitation of lower vibrational states 
(known as the region of the "discrete spectrum") and the 
subsequent excitation in the so-called "vibrational quasicon- 
tinuum" (see, for example, the review in Ref. 5). Usually the 
limit of the quasicontinuum corresponds to several CO, la- 
ser photons, but a situation is possible when a molecule 
reaches the quasicontinuum having absorbed just one or two 
 photon^^.^ or, conversely, when an isolated mode is excited 
and after the absorption of up to ten photons the molecule is 
still in the region of the discrete spectrum.' 

We shall make our treatment as general as possible by 
considering two limiting situations: the level-quasicontin- 
uum model and the model of discrete levels (Fig. 2). 

In the first model all the sufficiently strongly excited 
states form a quasicontinuum characterized by a continuous 
distribution of the energies E and by a total population P,,. 
The lower limit of the quasicontinuum is separated, accord- 
ing to this model, by an energy Es from the ground state and 
this energy is equal to the quantum energy of the "softest" 

FIG. 2. Vibrational spectra and schematic representation of the excitation 
and relaxation processes in the level-quasicontinuum model ( I )  and in the 
model of discrete levels (11). The dashed arrows represent transitions 
accompanied by the absorption and stimulated emission of photons of 
energy fiw. The continuous arrows are the transitions which occur under 
the influence of collisions. 

mode of the molecule (E, (liw ) (see Ref. 5 ) . The absorption 
of the incident radiation is described by the microscopic 
cross section a(E,w) and the absorption from the ground 
state as well as stimulated emission accompanied by transi- 
tion to the ground state has the cross section 
a(E = 0,w) = a0(w). We shall ignore spontaneous emis- 
sion. Relaxation to the ground state occurs from the lower 
limit of the quasicontinuum and is described by the param- 
eter Ks . Inside the quasicontinuum the process of relaxation 
involves transitions between closely spaced levels, so that we 
can describe this process by the diffusion approximation 
(see, for example, Ref. 8),  where the parameter R (E) deter- 
mines the diffusion coefficient in the vibrational energy 
space. 

In the model of discrete levels the transitions occur only 
between the neighboring states of an excited mode (Fig. 2). 
The absorption cross section for the transition n - n + 1 is 
denoted by a, (w) and the relaxation parameter for the 
n -n - 1 transition is represented by K, . In both models the 
degree of excitation is such that there is no dissociation of 
molecules. 

The level-quasicontinuum model seems to us sufficient- 
ly realistic and suitable for a quantitative description of po- 
lyatomic molecules under conditions when strong mixing of 
the vibrational modes takes place because of, for example, 
collisions with the buffer atoms. The model of discrete levels 
is of auxiliary nature. 

3. KINETIC EQUATIONS AND THEIR SOLUTIONS 

I. "Level-quasicontinuurn" model 

We shall describe a system of polyatomic molecules in a 
quasicontinuum by introducing a normalized population 
density function N(E,t) [$,"N(E,t)dE = P,, 1, so that 
dN  = N(E)dE is the fraction of the molecules that have an 
energy E in the interval dE. The ground-state population is 
Po = 1 - P,,. 

The balance equation relating the ground state to the 
quasicontinuum is 

where g (E)  is the density of vibrational states in the quasi- 
continuum. 

The relaxation rate R, =pKs is known to be consider- 
ably less than the rate of redistribution of energy in the quasi- 
continuum. Moreover, we shall assume that the absorption 
band is located completely in the quasicontinuum, i.e., that 
Wo = lao is small, so that the following inequality is obeyed: 

In this case the pumping Wo and the relaxation R, do not 
distort the function N(E,t) in the quasicontinuum, but sim- 
ply alter the total population. 

The main kinetic equation for the quasicontinuum sub- 
ject to Eq. (3)  is 
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where N, (E) = const g(E)exp( - E /To) is the equilibri- 
um Gibbs distribution. The terms containing W(E,w) 
= Ia( E,o) describe the absorption and stimulated emission 

processes. The last term corresponds to the relaxation pro- 
cesses. 

The experimentally determined cross section a, (w,p,I) 
is described in this model by 

i.e., we can calculate a, provided we know the steady-state 
population density function N(E)  and the quantity Po, de- 
fined by Eqs. (2)  and (4).  

Equation (2)  subject to Eq. ( 3 )  has the following 
steady-state solution 

On the other hand, the solution of the differential-dif- 
ference equation (4)  is difficult to obtain even for the steady- 
state case. This equation is usually solved by going over to 
the diffusion approximation and expanding in fiw the terms 
describing excitation, which-as pointed out by many auth- 
ors9-13--is not quite correct. In our case we can use a differ- 
ent approach known as the method of arbitrary division de- 
scribed in detail in Ref. 14. 

In this method the energy axis is divided into intervals 
of fiw and the initial point of such a division is arbitrary; 
then, we formally integrate Eq. (4)  in each interval and sum, 
which gives directly the cross section ai in terms of the relax- 
ation contribution. [It is important to note the existence of 
an absorption band with an upper limit in which the condi- 
tion W(E) )R (E)  is satisfied.] Using next the natural con- 
dition that the observed quantity a, be independent of the 
initial point of the division process and the smallness of the 
parameter R (E)/W(E),  we obtain a new equation for the 
function N(E) ,  which is much simpler than the initial equa- 
tion and is easily integrated. Then, a, is obtained quite sim- 
ply from the condition of normalization of the function 
N(E).  

The method of arbitrary division is particularly conven- 
ient in the case when the change between the regimes de- 
scribed by Eqs. ( l a )  and ( l b )  occurs abruptly and there is 
no absorption outside the absorption band. These simplifica- 
tions are not of fundamental nature, but they make the solu- 
tion clearer (a  more general situation will be discussed in 
Sec. 4).  

Approximating, for the sake of simplicity, the density- 
of-states function by an exponential expression 

we obtain the general form of the dependence of the observed 
cross section on the parameters of the problem in the satura- 
tion regime: 

I, u 

de e r p  ( s l y . )  I} -' + ----- 

" S ( & )  
, ( 5 )  

wherep = exp( - fiwD), T, = T@ / (D - To) ,  the param- 
eters k and S are found from the relationship 
E, - E, = kfiw - S, and S ( E )  is a function determined en- 
tirely by the relaxation parameter K(E) :  

k 

S(e) = F k - j ~ ( ~ b +  (j-k) h o t e ) ,  6 6 ~ 4 b w ,  
j=o 

k 

S(e) = r, P~-'K(E~+ +k) h m + ~ ) ,  OG&<6. 
j-I 

The population density function N(E)  can also be cal- 
culated and it is found that within the absorption band it has 
an unusual sawtooth shape, which corresponds to a periodic 
behavior of the distribution function per one state 
f(E) = N(E)/g(E) in the absorption band (see Ref. 14). 
The sawtooth shape of N(E)  cannot be obtained within the 
framework of the frequently employed diffusion approxima- 
tion with an expansion up to terms of the order of (h) %n 
Eq. (4).  

II. Model of discrete levels 

The main kinetic equation describing the dynamics of 
noncoherent excitation and relaxation in a system of discrete 
levels is 

wherex, is the population of the nth level; g, is the statistical 
weight of the nth level; W, is the rate of excitation from the 
level n to the level n + 1; R ,  + , is the rate of relaxation of the 
level n + 1 to n (see Fig. 2) ;  8, = exp[ - (En + , - En ) /  
To]; To is the temperature of the buffer gas which acts as a 
thermostat. 

The experimentally determined cross section a, (w ,p , I )  
is described by the following expression in the model of dis- 
crete levels: 
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Under steady-state conditions, Eq. ( 6 )  yields the fol- 
lowing recurrence relationship: 

As in the preceding model, we shall assume that the 
change from the regime described by Eq. ( l a )  to that de- 
scribed by Eq. ( Ib) occurs abruptly, and then calculatingx, 
from Eq. (7) and the normalization condition 8,"= ,x, = 1, 
we find that in the saturation regime the required cross sec- 
tion is given by 

4. DISCUSSION OF THE SOLUTIONS 

We shall now compare the solutions (5)  and (8)  ob- 
tained for fundamentally different representations of the vi- 
brational transition spectrum. With this in mind we shall 
simplify as much as possible the solutions on the assumption 
that the density of states rises quite rapidly: p(E) = g(E) /  
g (E  + f iw)  < 1, but P = exp( -+/To) 4 p ( E ) .  [For ex- 
ample, for the SF, molecule with EZ (3-5) x lo3 cm-' at 
To = 300 K we have 0 ~ 4 0 0 - 6 0 0  cm-I, p ~ 0 . 1 ,  and 
P ~ 0 . 0 1 .  I In this case Eq. (8)  simplifies greatly and be- 
comes 

Moreover, assuming in Eq. (5)  that the functionf K(E)  
changes little in an interval representing a quantum in the 
region of E,, and bearing in mind the link to the ground 
state, we obtain the expression 

.:I)= L- K ( E , + R ~ ,  {i+a erp [& - Eb-Ea+bo I} -', 
I D 

where the parameter 

is related to the specific model of the vibrational spectrum of 
a molecule. We can see that Eqs. (9)  and ( 10) differ only by 
the parameter a of the order of unity [in the case of SF, we 
shall assume that Es ~ 3 5 0 c m - '  andg(E, ) ~ 0 . 0 1  cm (Ref. 
15), so that a ~ 0 . 3 1 .  In the most likely situation of a wide 
absorption band which is not too high on the energy scale 
(see below ), such that 

the influence of the parameter a in the denominator is unim- 
portant. Hence, we can conclude that the value of a, is af- 
fected very little by the selected model of the vibrational 
spectrum or by the method of describing a system of polyato- 

mic molecules. Consequently, the model assumptions used 
above cannot affect the results significantly. 

Since (T, is governed entirely by the parameters E, , E,, , 
andK(E *), whereE * = Eb + +, thenatureofthesolution 
obtained is related mainly to the model of a bounded absorp- 
tion band. We shall ask the following question: what are the 
conditions which the width of the intermediate bands AE, 
and AE, must satisfy in the vicinity of E, and E,, respec- 
tively, to ensure that Eq. ( 10) for a, obtained formally for an 
absorption band with sharp limits can be extended to the 
more general case? 

A rigorous analysisI4 shows that in the case of a wide 
absorption band characterized by q 4 1 it is sufficient to satis- 
fy two conditions. The first condition is AE, -gfiw/q. If q 4 1, 
the width AE, can be of the order of several quanta fiw, i.e., 
a, is very little affected by the behavior of the parameters 
u(E,w) and R (E) at the lower limit of the absorption band. 
Secondly, we have 

The quantity AE, may also be fairly large ifK(E) is a slowly 
varying function in the vicinity of E *. 

The expressions (9)  and ( l o )  are obtained on the as- 
sumption that there is no excitation outside the absorption 
band. In reality, the cross section outside the absorption 
band may be small, but it is finite and consequently we can- 
not regard the intensity Z as too high (otherwise a strong 
excitation occurs outside the absorption band). The restric- 
tions on p/Z due to the need to satisfy simultaneously two 
opposite conditions of Eq. ( 1 ) are of the form 

o (inside the band) $ 0 (outside the band) . 
K (inside the band) k (outside the band) 

A range of permissible values ofp/Zexists if in the intermedi- 
ate band the ratio a (E ) /K  (E)  changes by at least an order of 
magnitude, which is quite realistic. 

We note that although under saturation conditions the 
parameter p/Z is small, the buffer gas pressure p should be 
sufficiently high to ensure that the distribution function is 
established during a laser pulse ~ , : p )  l/~,k,,,, where 
kg,, = l/(pr),,, is the gaskinetic collision constant. For ex- 
ample, in the case of SF, molecules in He, we have 

For a typical laser pulse duration T, -- 100 nsec, we find that 
p 2 10 Torr. Hence, it follows that we need to use high inten- 
sities Z k lo6-10' W/cmZ. 

We shall now consider Eq. ( 10) in the limiting case of a 
wide absorption band, when 

Then, 

The expression ( 1 1 ) represents a direct relationship between 
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the observed quantity a, and the microscopic parameter 
K(E) .  We note that Eq. ( 11) simply describes an energy 
balance. Since under the conditions of validity of this equa- 
tion practically the whole population N(E) is concentrated 
in the vicinity of E * = Eb + .fiw (see Ref. 16), it follows 
from Eq. ( 11 ) that the total power of the absorbed radiation 
Iu, is equal to the relaxation powerpK(E *)  of molecules of 
energy E *. 

In spite of the fact that Eq. ( 11 ) is in a sense trivial, the 
more general expression ( 10) [or Eq. (5)  ] obtained above is 
useful also because it allows us to determine the conditions 
of validity of various simplified expressions for a , .  The gen- 
eral expression ( 10) will also be used in the analysis of the 
experimental results. 

It is found that the observed cross section for the ab- 
sorption of radiation by molecules in the saturation regime 
described by Eq. ( 10) increases linearly on increase in the 
parameterp/I, i.e., on increase in a, = (p/I) y(w) with the 
coefficient 

where Ea (w), Eb (w), andE *(w) = Eb (o) + .fiw are func- 
tions of the frequency w. The coefficient y(w) is determined 
directly in the course of an experiment. Knowing the de- 
pendence y ( o  ), we can estimate K[E * ( a )  ] and draw some 
conclusions on the behavior of the absorption band when the 
frequency w is varied. 

As pointed out already, a shift of the frequency w from 
the blue to the red wing of the absorption profile of a mole- 
cule shifts the absorption band toward higher energies, i.e., 
Ea ( w )  and Eb (w) increase on reduction in w. However, we 
can have two situations. 

1 ) The absorption band expands in the course of its shift 
toward higher energies, i.e., the difference Eb - Ea in- 
creases on reduction in w. Then, the exponential function in 
Eq. ( 10) is unimportant and it follows from Eq. ( 11 ) that 

Since K(E)  is a nonrising function of the argument E, it 
follows that y ( o )  increases monotonically on reduction in 
the frequency w, because there is an increase in E * ( o ) .  

2 )  The absorption band either becomes narrower or it 
retains its width. Then, if K(E)  does not rise too rapidly, 
when the detuning in the red wing is sufficiently large, the 
sign of the derivative of the dependence y(w) may be re- 
versed: y (o) begins to decrease on increase in w [see Eq. 
(1011. 

The relationship ( 12) gives a simple link between the 
microscopic parameter K[E * (w ) ] and the observed quanti- 
ty y(w ). However, we cannot say exactly what is the value of 
the energy E * that corresponds to the parameter K ( E  * )  
found from Eq. ( 12), because the dependence E * (w ) is not 
known exactly. Nevertheless, variation of w undoubtedly 
shifts the absorption band to different depths along the vi- 
brational energy scale, i.e., the vibrational spectrum mole- 
cule is "probed" in this way. 

FIG. 3. Experimental curves showing the absorption cross section 
u, (w,p/Z) of radiation by SF, molecules in a buffer gas of He (Ref. 4); 
here, p is the buffer gas pressure, Z is the intensity of the laser radiation, 
and w is the frequency of this radiation. The curves are plotted for the 
following laser frequencies: 0) w ,  = 951.1 cm- '; 0 )  w, = 949.4 c m  '; 
+ ) w, = 947.7 c m ' ;  A) w, = 945.9 cm-'. The angle between the ex- 

perimental curves and the abscissa is B(o) = arctan[y(w)]. 

5. ANALYSIS OF EXPERIMENTS. CONCLUSIONS 

Although experimental determinations of the total ab- 
sorption cross section u, (w,p/I) of polyatomic molecules in 
buffer gases have been made on a number of  occasion^,'^ 
there is as yet no experimental data which would satisfy fully 
the requirements stated above. Nevertheless, the experimen- 
tal conditions in the study reported in Ref. 4 best fit the 
situation considered by us and the relevant data can be used 
by way of illustration of our method. Molecules of SF, in a 
high-pressure He gas (pH, -- 1-40 bar) absorb high-intensi- 
ty (up to 10' W/cm2) CO, laser radiation of different fre- 
quencies (w = 936.8-952.8 cm-'). Some typical experi- 
mental curves are shown in Fig. 3. We shall be interested 
only in the region of the linear rise of u, (o,p/I) in the satu- 
ration regime, i.e., the region where the parameter p / I  is 
small. Here, the observed quantity is y(w) or, more accu- 
rately, the angle 8 = arctan [y(w ) ] (see Fig. 3).  The values 
of y(w) for the four best resolved (near zero) experimental 
curves are listed in Table I. These data alone are sufficient to 
draw some conclusions about the properties of the param- 
eters a(E,w) and K(E)  of the SF, molecule. 

1 ) The experiments described in Ref. 4 reveal a mono- 
tonic rise of y(w ) = K(w) on reduction of the radiation fre- 
quency w, which shows that under these experimental condi- 
tions the absorption band of the SF, molecule expands on 
reduction in w. 

2)  The relaxation rate R (E) = pK(E) represents the 
energy transferred by a molecule to buffer atoms per unit 
time. The constant k,, (E) = l/(pr,, ) (T,, is the charac- 
teristic time between energy-transferring collisions) and the 
energy (AE(E)) transferred by a collision of this type are 
both functions ofE. We cannot determine each of the quanti- 
ties (AE(E))  and k,, (E) separately, because they are ob- 
tained experimentally in the combination K(E) ,  which- 
according to Eq. (12)-is related directly to the observed 
quantity y(w ). Therefore, further interpretation of the re- 
sults depends on the model. 

( I )  In the level-quasicontinuum model the quantity 
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TABLE I. Results of analysis of experimental data reported in Ref. 4. 

I Model I I Model I1 

Note. The slopes of the experimental curves in the range of low values of p/I  were used to 
determine y (o )  for different laser frequencies o .  Depending on the interpretation, the average 
energy per one collision (for k ,' = k & I  = 0.1 ,usec.Torr) was determined in the model I; the 
average number of elastic collisions per one collision accompanied by energy transfer 
( (AE ) = liw was assumed to be fixed) was found in the model 11. The column headed E  * ( o )  
gives all possible values of the energy E * ( u )  = E, ( o )  + liw corresponding to the values of 
(AE ) (o) in the model I; the column n* (o) gives all possible values of the quantum number n in 
the model 11. 

K(E)  is described by8: 

Since the vibrational spectrum in the quasicontinuum is 
quite dense, we can assume that each collision with a buffer 
gas atom transfers energy, i.e., that k,, = k ,,,, where the 
gaskinetic collision constant is k ;%'zO. 1 ,usec.Torr. In our 
case we have To = 2 10 cm- ' and the parameter representing 
the rise of the density of states in SF, at E z ~  x lo3 cm-' is 
D ~ 6 0 0  f 200 cm-' (Ref. IS), so that we find that 
T, z 330 + 60 cm-'. We can now use Eq. ( 13) to find 
(AE (E)  ), which is frequently discussed in the literature, as 
well as (AE(E)),  which represents the energy transferred 
by one collision to a buffer atom by a molecule with a vibra- 
tional energy E. In our case when the molecules are excited 
by radiation of frequency w, each value of w can be matched 
by a specific energy E in Eq. ( 13 ) . Following Eqs. ( 1 1 ) and 
( 12), we shall assume that the energy in Eq. ( 13 ) is given by 
E = E *(w) = Eb (w) + 6 ,  because in our case practically 
the whole population is near the energy E * (w). The limit of 
the absorption band Eb (w) can be determined bearing in 
mind that the anharmonicity constant of the mode v, of SF, 
is -4 cm-'. It follows that the conversion from w to E * 
results in the greatest error in our calculations. For example, 
according to Table I, if E Z  (2 - 3)fiw, we have 
(AE ) z 80 - 130 cm- ', which is in order-of-magnitude 
agreement with similar data obtained by much more compli- 
cated methods (see, for example, the review in Ref. 17). 

(11) In the model of discrete levels the quantity 
(AE) = fiw is fixed, since energy cannot be transferred in 
smaller portions. We then have K, (w) = fiwk,,, - ,  (w), 
where k,,, - , is the constant for the relaxation from the level 
n to the level n - 1. It follows from Table I that 
k 6' ~2.0-4.4 ,usec.Torr and k $' ~0.7-1.2 ,usec.Torr, in 
full agreement with the results obtained by a more compli- 
cated method used in Ref. 18 (k  ~ ' ~ 4 . 5  ,usec.Torr, 
k ~ ' ~ 0 . 8 5  ,usec.Torr). 

The published experimental data are insufficient to ap- 
ply the above method and calculate K ( E )  at higher energies 
E. Although experimental curves with a sufficient detuning 

in the red wing (w up to 936.8 cm-') are given in Ref. 4, the 
poor resolution in the range of low values of the parameter 
p / I  prevents accurate determination of y (w ). Experiments 
of the type described in Ref. 4 can be analyzed by our method 
only if in measurements at frequencies w < 945 cm- ' the 
value of the parameter p/I  is reduced to 10-R-10-9 
bar.cm2. W-', which is attainable when the buffer gas pres- 
sure is p~ 100 Torr and the laser radiation intensity is 
IZ 10'-lo8 W/cm2. 

Measurements in the red wing under saturation condi- 
tions have not yet attracted the due attention of experimen- 
talists. Our results show that measurements of this kind 
make it possible to determine quite simply the important 
data on some properties of polyatomic molecules. 

Conclusions. 1 ) When the laser radiation frequency is 
shifted toward lower values, the absorption band not only 
shifts toward higher energies, but also expands. 

2) The dependence of the observed absorption cross 
section O, on the buffer gas pressurep, and on the frequency 
w and the intensity I of the laser radiation under saturation 
conditions is of the form a, (w,p,I) = (p/I) y(w ), where the 
coefficient y(w) is governed simply by the relaxation prop- 
erties of the molecule that absorbed radiation. Determina- 
tion of y(w) at different frequencies provides a new and rela- 
tively simple method for the determination of the 
parameters describing relaxation. The results obtained by 
this method are in good agreement with those deduced ear- 
lier by more complex methods. 

The authors are grateful to A. A. Stuchebryukhov for 
valuable discussions. 
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