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' AB STRAé'f
A velo<:1ty selected T1 beam has been crossed by an electron -.' 3
-'_rbombarded Hg beam whmh contan'-s a small percentage of the »
| Hg (6 P) metastable levels (an apprommate 5:1 ratio of 3P2
: ‘3P‘0€)'. By means of an mterference f11ter - photomu1t1p11er
- combination beneath the colhsmn zone, the cross section for |
conieional produetli.on.'of the 5350’.1’\'(7231 /'2-.;62p 372 )Ti ﬂoorescehce
has been determ1ned to increase monotom.cally with decreasmg

relatw_e eoll1sgon sp_eed, g, approximately as g for s =.2.0%0, 5

*Correspondence should be addressed to RRH at this addrees,' C
'L,C,-H.L. and C, M, S, are not affiliated w1th ISU or the Ames
Laboratory USAEC,
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Implications of these results for the sensitized fluOrescenCé_ |

- phenomenom in vapor mixtures of metallic elements are briefly -

T

discussed,




The pioneering Work of Car1o and ]:""ranck1 demonstrated the

sens1tmed ﬂuorescence of T1 vapor by Hg ( P ) . _Sl.m1la.r_stud1es -

energies for non-resonant excitation transfer between.'avvariety o
 of rnetal atoms, 2. Typica.lly, vthese'exper_ime‘nts consist o_t irra-
" diating a cell co.ntaining a‘vapor rnixture of atorns ‘A and B 'hy
a resonance l‘ine of A and observing ﬂuorescence from B*
' Qua.nt1tat1ve 1nterpretat1on of these expenments has been hampered
‘however, by uncertamt1es regard1ng the roles of resonance line
A vbroadenmg, rad1at1on 1mpr1sonment metastable states, and even '

vweakly bound dtatomw molecules 3 The crossed beam techn1que s

would appear 1dea11y suxted to c1rcumvent1ng these difficultie s,

' and this paper reports a crossed beam determmatmn of the energy

dependence of the cross sect1on for Hg ( P 2) + Tl = Hg + Tl

APPARATI:TS AND EXPERIMENTAL PROCEDURE

The apparatus and data ana1y51s procedures are descr1bed in

ventional stainless steel dual-chamber source ovens,' intersect .

- on this and related systems over the follow1ng 50 years have ~ L

‘demonstrated relatively large cross sections at thermal collision - -

. detail in Ref, 4. Atomic beams of Tl and Hg, prepared in con-‘ , -
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_ at 90°, . Between source and beam intersection region (BIR), ‘the

Hg beam traverses an electron bombardment reglon where ~

0 01%, (rough estimate) is excited to the long-lived Hg ( P0 2) o

- metastable levels, and the Tl beam traverses a slotted-drsk : |
jvelocityv seleetor (A v/v = 0. 22 FWHM), Upon e:';itingr the .BIR, :
vthe Tl flux for the nommal velocity selector settmg, -,l(v ');..:

: and the metastable Hg flux, FHg* are measured (1n arbitrary “

. units), respectwely, by surface ionization on a heated tungsten

- " filament and Auger electron ejection from a cont1nuously—dep051ted pn

K surface .
The BIR is enclosed w1th1n a 11ght-t1ght cyhnder, equ1pped
i‘_ w1th beam entrance and emt shts, wh1ch houses a sphencal

| mirror above and a set-of quartz lenses below the BIR. Thes_e'

_'serve to focus any photons em1tted from a photon collect:.on
N sphere (PCS, ~0 5 cm, radms, centered on BIR) w1th1n~j:25° '

of a normal to the beams plane onto an interference filter chosen

" to isolate some particular atomic line; VSV.’ the number of photons

per second transmitted by the filter, are Subsequently counted

by means of an EMI—9558-QB photomultiplier tube. In order to v

'.,,determlne the true atomlc ﬂuorescence rate, SF ,- it is necessary =~

to correct S for two sources of backgound photons, Square- _
wave mod‘ulation (typically at ~ 40 Hz) of the .electron vb.eam'fand
thus the Hg (3P 2) discriminates against the DC photon’ back- -

ground wh1ch is largely due to the hot surface ionization f1lament

Periodic beam- flag mterruptmn of the T1 beam perm1ts correct1on



7 shield,

6 P3/2) T1 ﬂuorescence line was chosen for quantrtatwe study

2 summanzes the results of analyzmd the collected data as ..

“where Q el is the appa.rent cross sect1on in arb:.trary un1ts for

 speed d1str1but10n results in v

V' preting the data

00 U0d420 1019

- for a second component of the photon background which is pro-

v' portional to FHg* and is presumably Hg ( Pl) ﬂuorescence at

25374, produced by melast1c collisions of Hg ( PZ) W1th amb1ent :

S 'vbackground gas, which part.1a11y penetrates the interference f1lter -

RESULTS

P

Flgure 1 shows a Tl energy level dlagram. The 5350A(7 S /2

-because (1) the FHg dependent photon background rendered study

~of shorter wavelength lmes more difficult and (2) amb1gu1t1es due

rd

. exc1tat1on of 5350A Tl ﬂuorescence in coll1s1on of a ground state |

2 o i/2

Tl w1th a metastable Hg atom, g= (vo, +v *2) ‘ rs the |

Hg

) . e . L. . :
- asymptotic rela.tive' collision speed and ng* is the most probable
S Hg speed, Smce the exmtatmn eff1c1ency of the electron gun is
' conmderably less than unrty correspondmg to an exczta.mn prob- |

w;abﬂ:ty 1nverse1y proportmnal to speed, an assumed thermal Hg

= 1/2-
ng -(kT Hg) . In 1nter-- _
4b, we have adopted a procedure whereln an

a.ssumed functxonal form of the true inelastic colhsmn cross sectmn,

Q(g), is convoluted over the Hg and Tl speed d1str1bu’c1ons5 to

- to a poss1ble a.msotrop:.c photon angular d1str1but1on were ehn_unated o

by selectmn of a transxtmn ongmatmg from ; alJs= 1/2 1eve1 Figure .-

R I



. predi_ct a. value for SF; this is theh treated accordihg to_ Eq.j (1) |
to yielded ,a.predicted Qrel(g) for comparison w1th the expebrimenta.l
'rel(g) .A In practice,“ however,‘ .this deconv'olu'tion. procedure is
hardly worthwhﬂe because the computed Q 1(g) ’cyplcally dlffers |

'1ns1gn1f1cant1y from the a.ssumed form of Q( g). ‘ |
The following exper1menta1 checks were performed in order
to insure that the data of Fig. 2 do indeed represent the cross
| A._sect1on for H ( PO 2) + T1 production of 5350A 'I'l ﬂuorescence
(1 ) The bandpa.ss window of the mterference f11ter is tem-
-perature sens1t1ve., Thus, it proved necessary to“ |
circulate room temperature water through the f11ter -,
~mount in order to prevent its coolmg as a result of the
g exl:enswe liquid n1trogen sh1e1d1ng employed in the ‘ L
s "'vacuum cha.mber.v Aux:.hary expenments estabhshed
that Sg dropped to zero if th:.s water cu'culatmn
| 'system,was disconnected.’ Thus,the iuterference
filter did succes‘sfully ispol__a.fe.the» 53504 T1 ﬂuorescence
‘ﬁne:‘ , T Lo L L
' -(Z) At a sufficiently low T1 source pressure (~ 5x 10"4torr),
the measured T1 speed d1str1but1on followed the Maxwell— IR
Boltzman equatlon This prov1ded an absolu’ce veloc1ty |
eelector cahbratmn and also insured agamst a background :
pressure attenuation of the T1 beam, an 1mp11C1t as sumpt;on. N
CinEq (). : R
- (3) As a function of eiec’c‘roh gun ene‘rgy,- F

Hg" exhlbﬂ»:sv a

threshold at ~3V and a peak at 5,3V; a secohd peak



appears at ~ IV, Only this higher pe'a:.k vpersi_sts‘ '
if the K Auger electron ejection surface is replaé:.ed ‘
by ani Hg surfa.ée. This agrees w1th ovb_s;er{ratio-i'»xs'

of other Worket_'s4 and indicates that an e1e.ctr'von'

gﬁn setting of 5. 3>V, Where'the ﬂuorescehce;da;ta.

of Fig. 2.was collected, corrésponds to éxcitaﬁon

of the relatively low energy Hg*(63PO’ 2). metastable_. o
levels.' ~An au:dliary ekperiment éétablishe.d tﬁat -
53504 fluorescence (at g = 4;, 5 x '1(.)4 cm/sec)

.. dropped rapidly as fhe el_ectroﬁ energy was rais.e_d‘.. _ ‘A
to 8V, demonétra,ting that it was'.pro'duc_ed by. Tl |

.- colliding with these Hg* levelé. The electfoh gun :
is ope‘rated at the spacé charge limit._so' that 11: is '.
not possible to resolve Hg*(63PO) :z’.hd' Hg*(63P2)
production, : Using data in the iiterétp;'e on : : "
electron excitation of Hg, we eétimate an approxi-

3

mately statistical 5:1 ratio of 3PZ: P at 5.3V.



(4) Using estimated detection efficiencies, ‘thve absolute

values of SF’ FTl(v ), and FHg* would éorrespond .

 to Q 1™ 4R ? at g =5x 104 cm/sec Th1s est1ma.te,

wh1ch should be rehable to within a factor of ten,
precludes the possibility that the observed ﬂuores—
cence could have been produced by some min'or_beam‘

. ¥ 20 |
const;@e_nf: (e. g., le or T1 (6‘ P3/2)).

- (5) The observed 5350A ﬂuoi‘éscence might arise by
colhsmnal production of Tl (7281/2) and/or some
higher Tl ‘level which would have a probab111ty 3“

of populating T1 (7 SI/Z) via photqn emlss19n.- Table I

: :presents some X values obtained from Tl oscillé.tor
strength cal'éul’a;tions 6 Althou'gh an attempt at a __ :
quant1ta.t1ve study of the 2918/2921A( 7 DS/Z 3/2

o 6 P3/2) ﬂuorescence lines proved unsucc_essful ,

_ the magnitude of the observed fluorescence
. 8 :

indicated that 1(2918/2921A)/Q o o
' (5350A)~ o 05. Smce)/‘ (7 DS/Z)NO 1and2*’ <0.01
2

: for 7

D3/2, 6 D 5 /2" and§ D3/2, the observed 5350A

’ fl‘ﬁéreyscence inust be due to collisional production of

some S or 'P' 1eve1._9 of these, the 7281/2, 72P

1/2’ .



- (6)

. likelihood that the beam is. richer in. Hg (6 P

<

o
2

N
Bl
e

"~ and/or ’IZP:,’/2 are more 11ke1y to be produced by .

Hg (6 P )whereas the h1gher levels would be due to _

‘Hg (6 PZ); in view of the entries in Table I and the .

o) the -

N 5350A T1 ﬂuorescence is probably about equally sens1t1.ve

.‘ to participation of either metastable Hg level, Indeed, -

Fig;? 1 suggests _
Hg (6 P,) + T1- Hg + 1" 9 SI/Z)

- as a prune candidate for the pos s1ble ongm of the 5350A

' ﬂuorescence because the energy defect is only 0. lleV

Again a quant1tat1ve study of the 2826A (9 S / 6 P3-/2)

ﬂuorescence line proved 1mp0551b1e, but the me gnitude -
of the observed ﬂuorescence 1nd1cated that Q (2826Aj) <

(5350A)m 0.5. Since H 9 51/2) =0,2, colhsmnal

_ production of this level certainly doesn't dommate the' -

obs erved 53504 ﬂuor‘escence.'

Implicit in Eq.‘ (1) is 'the.assumption that all Tl ﬂuore_s-
cence originates in the LCS. This is certainly an excellent
assumption in view of the size of the L.CS and T1 speeds |

because all pertinent ZS and 2P T1 levels have re.diative o

lifetimes shorter than 0, 2 psec,

DISCUSSION

Desp1te the uncertamhes regarding the relative contnbuttons
of Hg (6 P ) and Hg (6 PZ) as well as the 1dent1ty of the colhsxonally :

produced Tl levels, the results obtained here prov1de some ‘_msxght . "
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-~ into the nature of the exmtatmn transfer pfocese in thls systerﬁ '
‘and by extrapclation, 1d the .genera.l sensitized ﬂuorescence
phenomenom in mixtures of metallic vapors, or at leastin that
subset which are initiated by metastable electromc states |
A propensity rule which is often cited states that the energy - |
transfer efficiency increases with decreasing enei'gy d'efect.:“f The _7
 smallest energy defect in Fig. 1 oeeurs_ for the Tl*(9?P1)Z) level,"
only 0.04 eV above the Hg*(63P‘2) level, - However, it ha;sv proveﬁ
impoeeible to fit any Q(g) function having a 0. 04 eV"threshold to
~ the data of Fig.: 2 since the 'cralculated -Qrel (2) curve 'a.h%rays‘ shows. '
. a peak at~ 0.05eV; Since no break is apparent in‘Q'rél(g) in the
'. ‘_vieinity of 0, 05eV, the dominant inelastic process must pbro_duce‘ ‘
‘ Tl* levels lower in energy than the reactant .Hg* level despit‘ev
| energy defects in excess of 0":1-eVT | |
A perturbatlon treatment of the inelastic process ‘based on
Athe asymptotic energy defect for this system would predthb
Q(g) wh1ch increased with 1ncrea.sxng g over the range in g
etud1ed here. The contrasting behavior of the data of Flg 2 |
_emphasizes ’chat-e.ny treatment of the melastm proeess must -
iﬁcorporate a .sma.ller energy defect betwee_n molecﬁlar electronie _ =
' statee formed at some'peint in th‘e cellisioﬁ. .
The data of Fig,' 2 are well fit by a. cross ‘section of .the

form Q(g)(xg-s for s = 2. .01:0-’5“ Although of the same quahtatwe

| monotomc behavior, this is a steeper energy dependence than

"has been reported at low energies for some other inelastic elect:onic .

'processes involving metal atoms. i Inelastic -collisions of this typ,e’ ,



have often been discussed, at least ‘sémi-quént‘it‘a_tiw‘_r_ely_, 1na
Landau-Zener fpicture of reactant and p;'oduct d;iab.a,tic.: potential'
functions, Vu(R) and VZZ('R), which ivn'c'er.sect at some Rx v-‘,In .
this picture, the inelastic cross sectior;bec.ofhéslz | 7 .
| Q(g) E=47rRi[1 - vli(Rx)/'E] G(;); : : | @y
| In the usual experimental situation, E $> V>11("Rx) and the energy | -

dependence of Q is embodied in G(_)\).” bFor_the present low energy .

study, however, the energy dependence of Q appéars to be domina- " .

ted by the first term13, the cross section for reactant penetfaﬁon )
 to Rx" The solid curve in F1g 2 shows a?vfif'. of Eq, | (2) obtained

for G(\) assumed constant and vll(Rx) = -0.6eV, ..Thisr empha.sizesl
that th.e_a'dat‘a. imply a strong attraction between’ re.a.cté.ntsl "a.tv séi:ara-

tions larger than the region of strong mixing of electronic states, 14_ |
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 Table I Probability of 53504 fluorescence from a Tl level (%),

- 2 e o2e
T1 Level _7 81/2 8'81/2: 981/2._ 7

Y Lo . 0.2 0.2

2. 2
Pija TPz,

Lo LO .

g2p

1/2

0.4

82P

3/2

0.6

0.1

-z'[- .. .
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 FIGURE CAPTIONS

Fig. 1, Tha.lliurn energy level diagram.-(Levels corresponding ’ce
excifa.’cion_ of an inner 6s eiectron .are not giermane te .this
exp‘erime‘nt.and are not lis"ced.A)‘ All energies are given

3 in electron volts. Energy above the ground sfa’ce is given
for Tl levels below 4 eV; for h1gher levels, the energy |
quoted is the energy defect (i, e., the energy separat1on - |
of the Tl level from the nearest metastable Hg level). = '
Energies of the Hg*(63P) metastable levels arejsho_wn_as o
the two lower dashed 1ines' the T1 ionization limit is shewn"

- as the upper dashed line D1a,gona1 lines 1nd1cate pronnnent S
emission 11nes (in A) reported in studles of Hg ( Pl) '

senS1t1zed fluorescence of Ti, '.: o R

: Fig.! 2, Data points show measured cross section for exeita.tien '

- of 53501&(7?51/2 - 62P3/2) T1 fluorescenee in co}lieibne
of T1(62P1/2) with Hg*(63P0"2).: _, Data from separate experi-
mental runs shown as different syinBolsg" verrorx bars reprevse'nt'
standard deviations estimated by error propagation analysis,
Solid curve shows a f1t to the data for Q= constant [1 -2 Vu

(R)/pg]wﬂ:th(R)— -0.6 eV, L
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