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ABSTRACT

The total desxcitation cross-section for the excited (63P]) state
of mercury by thaliium, as determined by quenching of resonance
fluorescence, is given for three temperztures, Preliminary results on

the cross-sections for excitation transfer from mercury to thallium are
tabulated,

Reproduction in whole or in part is permitted for any purpose of the
U, S, Govermment,




Measurements of the deexcitation cross-section of thallium for the
mercury excited state (63P1) have been completed., These measurements
were made by the method outlined in the Third Semiannual Technical Report
on this project. In addition measurements have bean made of the intensity
of resonance fluorescence and sensitized fluorescence emission from
five different mercury-thallium cells at 800°C, 850°C, and 900°C,

During the course of these measurements it was found that a light leak
had caused a systematic error in previous measurements and as a result
the total deexcitation cross-section was reduced by about 20% at the
lowest temperature and 5% at the highest temperature measured, The best

results obtained for the total deexcitation cross-section are given in

Table 1.

TABLE 1|
Temperature Total Deexcitatjon
(°c) Cross-section, e
(R2)
800 3342
850 311
300 24,511

The sensitized fluorescence measurements yield the following results

for excitation transfer cross-sections:

TABLE 1I
Cross-section (R?,zax) Temperature
_ 800°C 8500¢ 900°¢C

o§(3519-29A°) 5,0 3.6 2.7
o (5350Ag) 5.3 6.4 7.1
02£3229A ) 0.8 0.6 0.5
o 1.1 10.6 10.3
o 33,0 31.0 24,5
pitrerence 22.0 20.4 14.2




The first three cross-sections tabulated in Table Il are composite
cross-sections for all processes which give rise to radiation of the
wavelength indicated, while the fourth is the sum of the first three
cross-sections. The fifth cross-section is the total deexcitation
cross-section for mercury, therefore the difference represents the loss
of atoms from the excited state .hich does not result in radiation from
any thallium fransition.

From a preliminary analysis of the data on the sensitized
fluorescence intensities the following conclusions seem warranted.

The metastable (63Po) state of mercury is quite important in the
phenomenon of sensitized fluorescence, This can be concluded from the
observation that about two thirds of the deexcitation cross-section
18 due to transfer to non-radiative states. The major non-radiative
loss from the system is through collisions of metastable mercury atoms
with the walls, thus the rate of metastable population must be
moderately high. Our previous modulation of the population of the
metastable state at 10 kilocycles can be explained on the basis that,
while the radiative lifetime of this state is of the order of )
millisecond, the lifetime for collisfonal depopuiation of the metastable
state is of the order of 10 microseconds, thus the population will
follow a 10 kilocycle modulation.

These results indicate the need for a more care‘ul analysis of the
enargy transfer processes occurring in the mercury-thaliium system,
particularly inclusion of rates of transfer into and out of the metastable
mercury state and collisions with the walls. This analysis is now being

made.
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Append .: ]
Text of paper presented at the April 26-25, 1965 meeting of the

American Physical Society in Washington, D.C.

Total Quenching Cross-Section for Mercury
2537A Radiation by Thallium.*

B. C. Hudson and B. Curnutte, Jr,

ABSTRACT

The total cross-section for the deexcitation of the 63P] sfate of
mercury in a mercury-thallium mixture has been obtained over a range of
temperatures from 500°C to 800%C. Line absorption measurements and
resonance scattering of the 2537A resonance line have been made on
sealed cells containing mercury vapor and mercury-thallium vapor mixtures.
The measurements have been made over a range of 0.1 to 0.4x10]4 atoms/cm3
of mercury and 20 to lZOOxlO‘z atoms/cm3 of thallium. Comparison of the
scattering from a mercury-thallium mixture with the scattering from
mercury vapor at the same number density (as determined by absorption),
temperature and geometry allows the calculation of the total quenching

cross-section.

*Work supported by the U.S. Office of Naval Research and the

Advanced Research Projects Agency,




Sensitized fluorescence was observed as early as 1922 by Franck
and Carip, However, few quantitative measurements of the quenching
cross-sections of the mercury-thallium system have been made. We
decided to measure the quenching cross-section of thallium for the
excited 63?] state of mercury in order to gain some knowledge of
excitation exchange collision cross-sections since these processes are
important in the establishment of population inversion in gas .ous lasers.

Consider figure 1, On the left we have an energy leval diagram
for mercury and on the right, one for thallium. When 25378 radiation
is incident on a mixture of mercury and thallium vapors, some of the
ground state mercury atoms can be raised to the 63P] state. While in this
state, 1f a collision of a mercury atom with a thallium atom occurs, the
excitation energy may be transferred to the thallium atom raising it to
one of its excited states and returning the merc:ry atom to its ground
state. The difference in energy Setween the donor and acceptor states
will go into kinetic energy of the pair of atoms, The quenching cross-
section we have measured is for a collision between an excited mercury
atom and an unexcited thallium atom which removes the mercury ator from
the 6391 state,

In the second figure, we have as before mercury on the left and
thallium on the right where level No, 2 represents the 53P] state of
mercury while No, 3 represents the metastable 63P0 state, levels 5 and up
represent various excited thallium states. Ry is the rate, i.e, the |
number of marcury atoms per unit volume per unit time, at which mercury
atoms ave raised from the ground state to the excited 63P] state, EZ] is
the rate at which the excited mercury atoms spontanecusly emit 25378

radiation returning te the gqround state, R23 is the rate at which 63P]
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atoms are lowered to the metastable 6390 state by collision with qround

state mercury atoms, R4T is the rate at which mercury atoms are removed

from the 63P state by collision with thallium atoms,

i
Tiese various rates are defined in fiqure 3. Rlz is the rate of

formation of excited 63P] mercury atoms which is prooortional to the

intensity of the incident radiation and the mercury qround state

number density, Ry, the rate of spontanecus emission is equai to n,,

RIZ = Production rate of 63P, atoms
Ryy = Mplt , —
Ry3 * 2"1”2"23 ﬁm (K, ¥ le)"

n . R 1 l
and R, 2n2n4a4f2‘/§xRT (ﬂ} + Hz)

Where 02 = £ 2
43

&1 1°

For steady state, R]? = RN+R23+R47
ard R, (Hg only) = R!_ (Hg and T1)
12 12

Figure 3

the number density of the excited 63P1 atoms divided by 1, the life time
of the state, R23 and R4T are given in terms of Nys the number density
of the ground state mercury atoms, Nos the number densit; of 63P

atoms, and a§3. the self-quenching cross-section of mercury for

| Mercury

transferring the excited atom from the 63P state to the metastable 63Po

1
state, R is the universal gas constant, T, the absolute temperature,

M1 and Mz. the gram-atomic masses of mercury and thallium respectively

and ng is the number density of ground state thallium atoms.




For steady state, sz, the rate of production of excited mercury
atoms, must equal the rate of loss ~f excited mercury atoms given by
R2]+R23+R4T. For a constant source intensity !0 and mercury densily
Ny the rate of production of excited mercury atoms in the scattering
region with mercury only is equal to the rate at which they are
produced with thallium 21so present, For steady state then, their
rate of destruction must also be the same with thallium as without.
This 1s true because the density uf excited atoms is always very small
compared to the density of the ground state atoms,

Equating the rates of loss, with and without thallium, and

substituting the values for RZ]' R,_, and RdT given above into our
il |

23
gquality, we obtain the first equation in figure 4.

-1

my [ (e yiaZeng) znzf(mlmzl] :

n) I
Since i« n,, 2 = g
3 N2="2 !s° s

Figure 4§

Spontaneously emitted radiation Is is proportional to the number
a ‘31 Y Y fn ont a8 It 1!
density n, of ey 1ied mercury atoms, and we may set ﬂzlﬂz ny Islls !s'
where the prime designates the presence of thallium, See fiqure 4, The
1ef€ side of ihe equation and the first term on the right side are of

the order unity. The second term on the right varies from about 1/200




to 1/'400 for our experimental conditions if one considers °§3 to be as
large as ci¥ which seems unlikely, Fence the second term may be
neglected in comparison to the first, qiving an expression from which
°i¥ may be easily determined.

Figure 5 shows a schematic representaticn of the experimental
arrangement. At the center of the oven is a quartz cell containing
the proper vapor. Plane parallel radiation from a mercury source enters
from the ieft and the transmitted and scattered radiations are
simuitanzously measured by photomultipliiers mounted on Bausch and Lomb
grating moncchromators. A mask about the cell keeps the geometry well
defined and makes it possible to interchange cells with some precision.

The source is monitored by using a narrow band 45373 interference
filter and a photomultiplier tube. The targe end of the cell is always
kept at least 50°C hotter than the arm of the cell in order to eliminate
condensation cf thallium on the windows., The actual dimensions of a cell
are about one inch cubed with a2 five inch side arfm, The production of
the cells involves vacuum distillation of mercury and thallium into the

amm mercury while heated

cells after they have been outgassed at about 10~
to about 1200°¢,

Figure 6 shows the transmission and scattering data for a cell
containing mercury only. The vertical axis s in arbitrary units while
the horizontal one {is the number density of mercury atoms x 1012 per cm3.
The straignter curve, (Isilo)xloo represents the percentage of ‘the
incident radiation that is absorbed by the cell, Itvis simply the
transmitted radiaticn at any particular mercury number density while I0
is the transmitted radiation with nc mercury present, e.g., froien out

by liquid nitregen. In the case of a cell containing thallium and a

i
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fixed amount of mercury we determine the mercury number density from
the percent absorption curve and from the corresponding {IS/IQ)XIOO
curve predict what the scattering would be if the thallium were not present.
Figure 7 shows a typical set of data taken rom a cell having a
surplus amount of thallium but a fixed quantity of mercury, The vertical
scale is dimensionless as befere, while the horizonta: scale is a log
plot of the thal!ium number density, The upper curve is the percent
absorption of the incident radiation which determines the amount of mercury
present, the variation of this curve being due to mercury absorbed on the
walls and combined with thallium at lower temperatures. The temperature
range covered by this curve is from about 300°C on the left to 850°C on
the right for the low temperature end of the cell, The interaction
temperature of the cell was held at 900°C, The curve labeled (1g/1_)x100
is the scattering curve predicted from figure 6 containing data for the
mercury only cell. The lowest curve, (I;/Io)xloo. is the scattered
radiation for this cell. This curve has been made to fit the other curve
at low thallium densities, by a simple multiplication factor, in orasr
to account for any differences in the transmission and scattering of the
various cells when empty. The curves are seen to follow one another
very closely up to about 500°C because the thallium density is so sﬁall
in this region that there is no measurable quenching, From this graph

one may obtain a value for (Is-lg)/I; at a particular thallium number

2
4

section, where ogr ts the solution to the equation discussed earlier,

density, pemitting the calculation of o 7 the total quernching cross-

Figure 8 gives the tabulated results for total quenching cross-sections

taken at various temperatures. The first three values are taken from
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Figure 8

measurements on a single cell, varying the interaction temperature

while the lowest va

lua, corresponding to a temperature of 90005. is an

averaage from three different cells., It is of interest to note that the

deexcitation cross-section of thallium for mercury is about eight timec

the energy transfer

Ne(zsz) state which

cross-section from the He(2!S ) state to the

gives rise to the strong neon laser transitions.
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