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Summary 

UFs was excited at 3935 A by a nitrogen-laser-pumped dye laser and 
the lifetimes of * UFe were determined in the presence of selected inorganic 
gases. The following low pressure quenching rate constants (units of 1011 1 
mol-l s-l) were determined: oxygen, 1.0; helium, 0.0095; argon, 0.0097; 
hydrogen, 0.013; CO, 0.024; fluorine, O.OlB;nitrogen, 0.018; SFs, 0.015. 
All the gases except oxygen at high pressures give *UFe lifetimes much 
longer than those calculated from the low pressure rate constants. The life- 
time behavior at high pressures is consistent with a mathematical formula- 
tion which predicts that the zero pressure value derived from a high pressure 
asymptotic extrapolation is independent of the chemical identity of the 
quenching gas. 

1. Introduction 

The dynamics and spectroscopy of UFs excited within the A-band, 
hereafter denoted ‘UFs, have been the subject of several recent studies [l - 
113. The dynamics of *UF, in UFs have proved to be rather complicated 
and have marked deviations from a linear Stem-Volmer behavior at high 
pressures [ 4, 51. At high pressures the lifetimes are longer than those 
predicted from the low pressure Stern-Volmer rate constants. Similar devia- 
tions from a linear Stem-Volmer relation have been observed experimentally 
in the intermediate molecule SOP [ 12,131. Rudolph and Stricker [12] and 
Su et al. [ 131 fit these results to a mathematical formulation based on 
Freed’s recent paper [ 141 on the saturation at high pressures of collisionally 
induced intersystem crossings. We were interested in investigating the 
dynamics of *UFs with various inorganics to see whether these quenchers 
produce a saturation of lifetimes (via physical quenching) and to examine 
the possibility of any rapid chemical quenching reactions. We report here our 
findings with regard to these items of interest. 
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2. Experimental 

The vacuum system is constructed primarily of aluminum, Monel metal 
and nickel. Pressure is monitored with various MKS Baratron pressure 
sensors. The UF, is excited at 3935 A with a Molectron nitrogen-laser- 
pumped dye laser operating with Pilot “386” dye, Its bandwidth is approx- 
imately 0.15 A with the grating-output mirror cavity employed and its wave- 
length is determined with a Spex 1 m monochromator. The laser beam en&s 
and leaves the fluorescence cell through Suprasil windows. The emission is 
viewed perpendicular to the laser beam through a dielectric interference 
filter with a central wavelength of 4225 A and a full width at half maximum 
of 200 A. It is detected by an RCA C31034 photomultiplier tube which is 
followed by a Pacific Photometric Model 2A44 preamplifier, The resultant 
signal is displayed on a Tektronix 7844 oscilloscope where about 20 - 80 
shots are photographically superimposed. The observed decays were 
exponential for our experimental conditions. 

Fluorine, helium, argon, hydrogen, nitrogen, SFs and CO were obtained 
commercially. SFs was 99.6% pure and the other gases were at least 99.99% 
pure, UFs was supplied in-house and was properly handled to render it free 
of contaminants. 

3. Results 

Stern-Volmer plots of the oxygen and helium data are shown in Fig. 1. 
The pressure of UFs is 3.00 Toa in all the quenching data reported in this 
study. Note how effective oxygen is in quenching *UFs relative to helium. 
Figures 2 - 4 give Stern-Volmer plots for the quenchers hydrogen, argon, 
CC, fluorine, nitrogen and SFs. These quenchers are all relatively ineffective 
compared with oxygen. The striking feature is the pronounced non-linear 
behavior shown in these figures. The helium data also show this non- 
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Fig. 1. Stern-Volmer plots for oxygen (open circles) and helium (solid circleta): PDF, = 
3.00 Tom; excitation A = 3935 A. 
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Fig. 2. Stern-Volrner plots of hydrogen (circles) and argon (triangles): PU, = 3.00 Torr; 
excitation X = 3935 A. The broken lines represent the high pressure asympt?otic fit. The 
convergence for hydrogen and argon at PM = 0 should be noted. 
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Fig. 3. Stern-Volmer plots for CC (circles) and fluorine (triangles): Pup = 3.00 Torr; 
excitation h = 3935 A. The broken lines represent the high pressure asy&ptotic fit. The 
convergence for CO and fluorine at PM = 0 should he noted. 
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Fig. 4. Stem-Volmer plots for nitrogen (circles) and SF6 (triangles): PuF6 = 3.90 Torr; 
excitation h = 3935 A. The broken Line represents the high pressure asymptotic fit. Both 
nitrogen and SFs share the same asymptotic line. 



linearity, although the plot in Fig. 1 does not go to sufficiently high pressures 
to display it. 

All the Stern-Volmer plots are linear at low pressures. The rate 
constants derived from the slopes of the low pressure linear regions are listed 
in Table 1. In Figs. 2 - 4 many low pressure points were omitted for the sake 
of clarity in display, but all the data were utilized in determining the slopes. 
The broken lines in Figs. 2 - 4 are the asymptotes of the high pressure data. 
The rate constants derived from the slopes of these lines are also tabulated 
in Table 1. 

TABLE 1 

Rate constants at 26 “C for quenching of *UFe by various quenchers W 

M Rate constants (loll 1 mol-l s-l) 

Low pressure region (R& + RL) High pressure asymptote (k&) 

02 1.0 - 
He 0.0095 0.0044 
Ar 0.0097 0.0041 
H2 0.013 0.0073 
co 0.024 0.016 
F2 0.016 0.010 
N2 0.018 0.0080 
SF6 0.015 0.0080 

*Excitation h = 3935 A and P( UFG) = 3.00 Torr for the quenching experiments. 

4. Discussion 

Let us first examine the quenching data for oxygen. Oxygen did not 
show any saturation effects; however, the maximum pressure of oxygen 
added was only 3.8 Torr. No additional oxygen was added since we could 
not experimentally determine shorter lifetimes with any reasonable degree of 
accuracy. The quenching rate constant of 1 .O X 1011 1 mol” s-l is near gas 
kinetic and thus some very efficient quenching channel must be available. It 
should be noted that *UFs (excited at 3935 A) has two unpaired spins [lo] 
and thus the ground state Op (%-) molecule can quench *UFs without 
violating the conservation of total spin angular momentum to produce the 
UF, ground state singlet and 0, (‘A). Another possibility is that there could 
be available a very rapid chemical reaction channel between oxygen and 
*UFs. Our present data do not allow us to distinguish between these two 
possibilities. 

We now focus our attention on interpreting the non-linear Stern-Volmer 
kinetics of the other inorganic quenchers. Freed’s theory 1141 on the pres- 
sure saturation of lifetimes was developed for small and intermediate 
molecules and it deals with the high pressure saturation of collisionally 
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induced intersystem crossings. We recognize that UF, is neither a small nor 
an intermediate molecule in terms of non-radiative transition theory. How- 
ever, there are some aapects of the mathematical formulation of Su et al. 
[13], who applied Freed’s theory [14] to lifetime saturation in SOa, that 
yield results strikingly similar to our data for UFe. The most noteworthy of 
these is that the asymptotic line at high pressures extrapolates to a zero pres- 
sure value which is independent of the chemical identity of the quenching 
gas. Our present knowledge of the spectroscopy of ’ UFs and the relative 
importance of chemical and physical quenching do not make it judicious for 
us to undertake extensive computational work which may be of limited value 
in relation to its proper physical interpretation. However, the comment 
earlier regarding the extrapolation of the asymptotes to zero pressure does 
merit some attention at this time. 

According to the mathematical formulation of Su et al. [13] we write 
the following equations to show the variation in lifetime as a function of 
pressure : 

1/~0bs = 1/r, + l/T* + l/To (1) 

1 Xi kpPi 
-- = xik;pi + - +kuni 
Tabs 1 + Z jO!iPi 

where rob8 is the obeerved lifetime; 1/7e = k,$ the collision-free decay rate 
constant, ky the chemical quenching constant of the ith quencher, kj’ the 
physical quenching constant of the ith quencher, Pi the pressure of the ith 
quencher and cyj an experimental constant which depends on the ith 
quencher. It should be noted that implicit in Freed’s theory [14] is that 

K = &f-‘/at (3) 

where K will be unique to the UF, molecule. 
In fact, it should be noted that at high pressure the physical quenching 

part ‘of eqn . (2) reduces to 

E ikPPi &Ka iPi 
-- = =K 
C$iPi ~@iPi 

Thus, at high pressures eqn. (2) may be written as 

l/~obs = EikyPi + K (5) 

(4) 

where 12-i has also vanished because of its minor contribution at high 
pressure. Equation (4) defines the asymptotic broken lines shown in Figs. 
2 - 4. It defines the condition of total saturation of physical quenching (i.e. 
no pressure dependence) and permits the pressure dependence of l/robs to 
be contained only in the chemical quenching terms. For our conditions of 
3.00 Torr UFs (constant during quenching experiments) the term Z ,kFPi is 
represented by 

k&, (3.00) + k&P, 
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Since kGFL (3.00) is a constant, say C,, we can write eqn. (5) for our exper- 
imental conditions as 

l/robs =c,+kg', +K (7) 

Equation (7) indicates that when the asymptotic plots of our high pressure 
data are extrapolated to PM = 0 then the intercept value l/robs = Co + K. 
This implies that extrapolated l/~~b~ at PM = 0 will be independent of the 
chemical identity of M. Figures 2 - 4 show that this relation is obeyed within 
experimental error for argon, hydrogen, Co, fluorine, nitrogen and SF,. 
The results for C, + K, including our value for helium (not given in graphical 
display), are presented in Table 2. From our earlier work on UFs self- 
quenching, we could not assess the relative magnitudes of kkF, and k&., ; 

thus C, remains unevaluated. The fact that the observed intercept values are 
nearly identical is in agreement with a mathematical formulation of the 
saturation phenomenon suggested theoretically by Freed [ 141 for small to 
intermediate molecules. 

TABLE 2 

K + CO values for quenchers M determined at PM = O* 

M K + C,( 106 s-l) 

He 3.6 
Ar 3.6 

H2 3.6 
co 3.7 

F2 3.7 

N2 3.9 

SF6 3.9 

aPUF, = 3.00 Tom. 

Equation (7) indicates that the slopes of the high pressure asymptotes 
(listed in Table 1) are simply the chemical quenching rate constants. There 
are no favorable chemical reaction channels involving the formation of chem- 
ical bonds with most of the quenchers studied. The reaction which these 
rate constants most probably represent is the collisionally induced dissocia- 
tion reaction 

*UF, + M + UF,+F+M (8) 

It should be noted that the *UFs molecules excited at 3935 28 and room 
temperature have more than enough energy to dissociate to UF, and F [ 16 J . 
Collisions could facilitate the dissociation process for those ‘UF, molecules 
which would normally relax back down to the ground electronic state. It 
should be noted that the monatomic gases have the lowest rate constants as 
might be expected. The chemical quenching rate constant for CO is largest, 
possibly because of the affinity of the CO for fluorine atoms. The rate for 
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SF6 is no faster than that of the inert diatomics, despite its increased size. 
However, the role of molecular complexity may be masked in this case 
owing to F-F repulsive interactions. 

The slopes from the low pressure region, listed in Table 1, represent the 
sum of the physical (saturable) and chemical (unsaturable) quenching rate 
constants. By subtracting the chemical quenching rate constants, as deter- 
mined from the high pressure asymptotes, from these low pressure slopes we 
find that the physical quenching rate constants for the molecules hydrogen, 
argon, CO, fluorine, nitrogen and SF, are all between (0.5 - 1.0) X 10’ 1 
mol-l s-l. 

In conclusion, we see that the dynamical behavior of the *UFs-M 
systems show qualitative agreement with a mathematical formulation of the 
saturation phenomenon suggested theoretically by Freed 1143. We hope to 
do further experiments to elucidate better this most interesting observation. 

References 

1 A. Andreoni and H. Biicher, Chem. Phys. Lett., 40 (1976) 237. 
2 A. Andreoni, R. Cubeddu, S. DeSilvestri and F. Zaraga, Chem. Phys. Lett., 48 (1977) 

431. 
3 P. Benetti, R. Cuheddu, C. A. Sacchi, 0. Svelte and F. Zaraga, Chem. Phys. L&t., 40 

(1976) 240. 
4 0. DeWitte, R. Dumanchin, M. Michen and J. Chatelet, Chem. Phys. L&t., 48 (1977) 

505. 
5 F. B. Wampler, R. C. Oldenborg and W. W. Rice, Chem. Phys. Lett., 54 (1978) 554. 
6 F. B. Wampler, R. C. Oldenborg and W. W. Rice, Chem. Phys. L&t., 54 (1978) 557. 
7 F. B. Wampler, R. C. Oldenborg and W. W. Rice, Chem. Phys. L&t., 54 (1978) 560. 
8 F. B. Wampler, W. W. Rice and R. C. Oldenborg, Quenching of *UFs (A-state) hy 

alkanes, Int. J. Chem. Kinet., submitted for publication. 
9 R. C. Oldenborg, W. W. Rice and F. B. Wampler, Laser-induced fluorescence of gaseous 

UFe in the A-X band, J. Chem. Phys., in the press. 
10 W. B. Lewis, L. B. Asprey, L. H. Jones, R. S. McDowell, S. W. Rabideau, A. H. 

Zeltmann and R. T. Paine, J. Chem. Phys., 65 (1976) 2707. 
11 G. L. DePoorter and C. K. Rofer-DePoorter, Spectrosc. Lett,, 8 (1975) 521. 
12 R. N. Rudolph and S. J. Strickier, J. Am. Chem, Sot., 99 (1977) 3871. 
13 F. Su, F. B. Wampler, J. W. Bottenheim, D. L. Thorsell, J. G. Calvert and E. K. 

Damon, Chem. Phys. Lett., 51(1977) 150. 
14 K. F. Freed, Chem. Phys. Lett., 37 (1976) 47. 
15 W. B. Lewis, F. B. Wampler and E. J. Huber, unpublished data. 


