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ABSTRACT

- The phase shifﬁ'method.wan used to mensure lifetimes of selected .

“vibrational régidns‘from v!' = 10 to v' ~ 100, together'with'self-quenching

collision cross sections, of the B3ﬂ state of I2.

0y | |

" The feliAbility of the method was'confirmed by good agreement wiil
other measureménts for.the lifetime of the mercury 3Pl state.; At high
ontical densitieé, thé.observed increase in'lifetime was shown to be due
fo radiation entrapment.

Reasonable agreement was found Letween the lifetime values and absorption

measurements, but, contrary to expectations, the self-quenching cross sections



'_lifetimeS'varied by as much as a factor of eight.

“o.

varied -only a factor of 1.3 with vibrational excitation whereas the

The substantial variation of lifetime with v', which can not be
merely a wavelength effect, indicates either that spontanecus predissociation «

of the B state of I» is an important process which has & rate at least

as great as that for radiative decay and which varies considerably with’

v' or thatthe transition moment is changing with vibrational stretching.
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"INTRODUCTION

The lifetime of any vibrational level of the B BHO + state of Iy may
‘ , u

Ibe measured by obsefving the decay of fluorescent intensity according to

the simple first order process dI/dt = -I/t. Here t is the
lifetime of the emitting state and I the fluorescent intensity from that
state. The'prééent work extends the previous measurementsl for v' = 25 by

the phase'shift method to a number of vibrational levels of the B state.

" The obseryed lifetimes vary with iodine pressure due to Iz-IQ collisional

quenching. - By measuring T, the reciprocal of the total decay ratc, as a

function of I, pressure, the unimolecular lifetime, To? of the excited

-~ state is obtained, as well as the effective collision cross secticn for
»I;-Iglquenching. "As an additional check on the reliability of the phase

shift method, measurements also were made for mercury vapor.

EXPERIMENTAL METHOD

If a particular resonant transition is excited with intensity-modulated

- light, the fluorescent light will be modulated at the same frequency buat

shifted'back in phase relative to the exciting light because of the finite

lifetime of the emitting state. The phase shift, Ag, is related to the
lifetime, 1, Byfthe'relation '
tan A = w1 , - (1)

where ® is thegradiai modulation frequency.
' L o ~ - 2
The experimental procedures and precautions described by Link™ were

followed in'this woxfk. It was especcially important to reproduce tne
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flﬁoresceht geometry whén détgrmininé the phase of the ekciting light as
thé bhasé was found ﬁo ﬁary over the cross sectioﬁ of the light becam by as
;much es iﬁf. .These larée variations werc attributed‘to defects in the
rulings on tﬁe wheel and in the wire grating which combined with pincushion .
gnd barrel di§tort1ons from the lenses to cause mismatch between the

_grating image and the wheel rulings.
PHASE SHIFT APPARATUS

Figurevl gives a block diagram of the.apparaﬁus.v It has been modified
from thaﬁ reported by Brewer et al.3 The feed-back control of the motor
speed gives a short term staﬁility.qf tj cps out of 359 kc for several
minuteéfbut:requires occasional adjustment to correct for long_term drift.

:The modulatibn frequency is always 1 kc below that of the crystal oscillator.
fThus chahging thé modulation frequenéy only involves providing a new
éscillator and-two new mixers. All work on mercury and iodine used 359 ke
aé.a modu}atioh frequénéy.k

A more compact optics (Ref. 3, Fig. 1) for the wheel modulator is
-, shown in Figuré 2. The grating G.was made by wrappihg No. 37 (0.11k4 mm)
copper wiré‘on‘an expandable aluminum frame with grooves cut 0.254 mm apart.

After wrapping, the wire was epoxied to the frame and stretched. The new

- grating was equivalentvﬁo the celluloid film gratings previously used,J
»and had the advantage of transmission in the ultraviolet.

EXPERIMENTAL PROCEDURES AND RESULTS FOR THE 3P, STATE OF MERCURY

The resonant absorption cell was made of fused quartz with a Wood's

norn to minimize scattering of the incident light. The cell was evacuated
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~to 2x10'5 torr for 24 hours, during which it was hcated several times to

' 500—600°C. to facilitate outgassing. Triply distilled mercury was distilled

into the cell and the cell seuled off at a residual gas pressurc of 1o'u torr.
The iight source was a General Electric germicidal lamp powered by
a Burdick Diathermy Machine;, and the 2537 A line was filtered with a 5 cm

path of 0.35M CoSOh~2M NiSOh solut;ion«b All light levels in these and

subseqﬁent ijodine experiments were measured with Amperex 56 UVP phototubes

v>having an S-11 spectral response.

The diathermy dutput was set to give a maximum fluorescent signal from

- the resonance cell. If too much power was coupled to the lamp, the exciting

line became self-reversed, leaving less light to be absorbed by the ﬁercury

. atoms in the cell with their narrower Doppler width. In the present experi-

ments, 65%'of the exciting line was absorbed by the mercury atoms at room

:temperature,where the vapor pressure is 1.914-x10"3 torr.

Vapor densities in the cell were varied by means of & cooling Jjacket

around a 10 cm stem at the bottom of the resonance-cell. A Haake Type-F

' pump-thermal regulator was used to circulate cooled ethanol around the

stem and to maintain stem temperatures to 0.05°C in the range from -30°
to 0°C. |

It was found that the measured fluorescent phése shift and fluorcscent
intensity were very-slow in cqﬁing to a repeatable equilibrium as the stem

temperature was varied. Thus the mcasured stem temperature could not ve

“-used to compute the vapor density in the cell unless several hours were

allowed for attainmghtvof equilibrium. In practice the measured lifctine,

.Tm, was determined as a function of fiuorescent.intensity and the scattered
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" 1ight corrections made according to the rclation given by Brewer et-al.3

R

T _ﬁ. T 1 (2)

I

e
1 - S

(If+IS) cos A

where IS isithé intenSity of scattered exciting light, If the intensity of
’ fluoréscentflight, and Amm the measured phase difference between the exciting
1ight‘and the sum of scattered and fiuorescent signals.
| The results are shown in Figure 3. The temperature scale was established
;‘_:by holding’the_stem'of the.cell at constant temperature until reproducible
"signals wefe obtained. The 1ifetim¢ was obtained from the level régioh
';: bétween If/Is =”3 toflo; and wasv(l.lOi0.0S) X 10_7 sec. 'This is in good
Aagreement with the v;lué of Garrett and Webb6 of (1.08%0.01) x 1077 sec
. from modulgted électronvexcitation and optical detectioh; with the absorptioﬁ

measurements of Kopfermann and Tietze7’8 giving (1.08%0.03) x 1077 sec;

! 9

 _and”with a recent value cited by Lurio

¢l

from zero-field crossing measure-
hen@s of (1.145:0.02) x 1077 sec.

The‘graduai sloping in Figure 3 is due to radiation entrapment of the
vemitted photons by, at first, the mdst abundant mercury isoiope ngoe.
~ The fraction of the exciting line absorbed (Ref. 10, p. 118) vas calculated

a using the method of Kopfermann and Wessel (Ref. 11, Eq. 8) with path length

0.866, absorption oscillator strength

7

i

L = 6 cm, Doppler width ratio «/p

¢

abs = 0.0263 (correéponding to T = 1.10 x 10

sec); and with vapor
: e . 12,13 ' X ' .
pressures from Busey and Giaugue. The absorption is 10% at
approximately 2U2°K. The deviation from the limiting linear curve of

growth is 10% at approximately 2L6°K. These two temperatures correspond to
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"l'(If/Is)_bf approximately 8 and 12, respectively. These calculations show

that the lifetimes will be relatively unentrapped when (If/Is) is below 10.

LIFETIMES AND COLLISION CROSS SECTIONS OF I2

The same single-horned quartz cell used in the mercury lifetime

-.measurements was'used in the I work. The temperature range covered was

- h°C to 2“ C (o. 0202 to 0.282 torr I, pres sure) and the exciting light

" phase was measured with a dilute MgO scattering sol. The concentration of
~the sol was 'édjusted §O that the scattered light amplitude was equal to the

" largest fluorescence amplitude from the iodine cell.

The empty quartz'éell was evacuated to 1x10-5 torr, and heated tdi

;GOQ°C to drivé off water and adsorbed gases from the cell walls. The

_$ystem was then bled with helium, and the ceil removed and filled with

.vBaker reagent grade Ig‘in a dry-box flushed with dry nitrogen, and containing
:  CaSOu ("Drierite") and NaOH pellets as dessicants. The I, was introduced
“:1nto ‘thelong stem only, and was distilled into the cell at a pressure

of 8x10 2 torr. After 10-15 minutes, the cell was sealed off at approximately

.-lobu'torr.

Cell temperatures were controlled with the Haake Thermoregulator,

and no difflculty was had in varying the I pressure in the cell with

tchanges in the flnger temperature; and in reproducing data p01nts by

i

starting from 1ow temperatures and heatlng to room temperature, and then

L :; . reversing the" procass. No slow decrease in T with time as mentloned by
- Berg (Ref. 1&, p- 78) was observed, since his cell was scaled with a

ﬁgreased stopcock which_leaked slowly.
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" LIGHT SOURCES AND FILTERS

Excitation of the I fluoreacence was accomplished with a varlety of
| llght sources which includcd Osram Lamps, a mercury 100 watt AHY lamp,
and a commer01al,600 watt G.E. "Sun Gun" (used for floodlight illuminatioh)
which served as a continuum light source. The "Sun Gun" was operated on
, 60 cps AC, the Osram iamps on 50-100 cps square wave, and the mercury
lgmp-on DC. | |

Scattered. light from the cell was reduced to a minimum by using Kodak
Wratten filters (except for Na D line excitation where a Dydimium filter |
was used) to transmit only that portion of the fluorescent light which

- fell 200A or more to the red of the exciting light. Several Wratten filters

o were tested at each wavelength, and the one giving the maximum (If/Is) was

used.

| All of the exc1t1ng atomic lines and continua were isolated by Baird-
Atomic 1nterference filters. The full width at half and 10% maximwr., and
: the pedk $avelength of‘these filters are»presented in Table I along with

other light source data.
SCATTERED LIGHT CORRECTION

- In measuring the ratip (If/Is) at a particular temperature, it is
necessary to know the fraction of séﬂttered light that is transmitted by
the filﬁer. With the filter placed in front of the sample PMT, and the
I in the cell frozen out with liquid N Py the sample PMT voltage was
adjusted to give a 15,v'p—p signal at 1 ke (the amplitude at wﬁich all
phase readings were taken). The cell and filter were removed, and the
solApositioned before the PMT. With the same PMT letage; suffiéient

Kodak neutral density filters were used to attenuate the sol-scattered
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" - .amplitude Qas measured at a temperature T, its amplitude was again matched

~10-

light to a 15 v p-p sighal. When a fluorcscent plus. scattered light .

-~

by the sol-scattered light, now attenuated to the higher signul amnlitude
. . )
- (lower PMT voltage).by,neutral density filters. Trom these measurements,
 one can calculate (If/Is)' The maximum corrections1 to the lifetime

amounted to 15-20% for the lowest temperature points with 60LOA excitation

while most other corrections varied from O to 5%.

STERN—VOLME3 PIOTS

The Sterﬁ-vbimer_equationls
Lo L4 (2,064 x 107) 6P (3)
T 5 :

with o, the collision diameter of‘Ié, may be used to correct fof.collisional
qugnching.l A plot of l/r against the iodine vapor pressure yields the
uhquenche? unimolecular lifetime as the intercept, and the Ig-I2 self-
quenching collision‘cross secfion from the slope. Vapor pressuresfor 12
. were,dériVed from a'émooth’curve drawn through the data of Shirley and
» Giauquelé from‘273'to 308°K. Pressures at temperaturés below 273°K were
interpolated frqm their -(F° - Hf)/? value of 52.759 cal/deg mole at 250°K
for I2(g).‘

Two representativé quenching plots are shown in Figures L and 5 for
excitgﬁion with the Hg 5461A line and with a continuum peaked at S54E1A,
iespectivelyf' The rééﬁlﬁs”of all the measurements are summarized in Tablé II v

and Figure 6. The'aésignments of v' are based on the studies by Dymondﬂ’ld

and recently by Brown and Klemper,er‘?9 on resonant spectra excited by low to

. o
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Table II.

- Lifetin.s and Oross Sections for Emission from

. Various v' Regions of the B State of I

2’

w = \

Wavelength (A)_ - Re;;on NO%o?ﬁtgata ro(lo'7sec) o*(K2)
.' 60ko | 10-14 63 6.79 * 0.33 73.7 %
'5895 (Cont. ) 13-16 L2 1.4 £ 0.6 70.0 %
5890 (NaD)" - 14-16 37 11.9 £ 0.7 69.4 &
5592 | 20-24 61 - 6.89 £ 0.33 65.3 + L
| ‘..5h61'(c‘;ont.) | . 25-27 A 7.69 £ 0.3 67.L +
B 5&61 (Hé Green) 25, 26, 28 39 7.13 £ 0.25 83.5 £
521t 34-36 56 9.66 £ 0.5 60.0 4
5168 ! h1-by 58 2.1 + 3.3 72.7%5
- . o : . - 2'6
'f5087.(Cont.)' "(L7~5h ”. 66 ho.2 + g 65 8 *
5086 (Cd Biue)v lig-s0 18 53.2 + 8 78.7 +
. - 0
'_5011 ' ~;§6 : Lo - 17.5 * 1. 67.8 ¢
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" medium pressure light soﬁrcesL For a narrow.Hg 54614 line, the excited

; ievel is V"= 25, J?'=I3h§ for the NaD (reversed) lines, v' = 14, J' = 112

€10%), v' =15, J' = bk (50%) and J* = 37(25%), and v' = 16, J' = 106 (10%) 5

:‘and'for the cd'5086A 1iné, v' =49, J'" = 8 and v' = 50, J' = 43. The «

v assignments of the other le;els in fable IT were made using the spectroscopic

data for the ground state of I2 given by.Rank and Rao20 and the data for the

B state given by Steinfeld et al.gl The regions of v' whicﬁ were excited

werevdetermined using the Franck-Condon factors of Steini‘eldgl+ and represenf

v, J! leVels.ﬁhich had populations greater than 10% of the sum of the

populations in all the excited states. The absence of sufficient population

in ﬁ' % 27, in tﬁe.éase df excitation with the Hg green line, is due to:

' the fact that absorptions ﬁo 25', 26' and 28' originate from J" levels

closer to the J" level with maximum population and are therefore much more intence.
From the new constants for the B state, Steinfeld et al found that.

they had to decrease the vibrational numbering of that state oYy one unit over

'the originpl assignment by Mecke and Loomis22 in order to bring their

calculated intensity distributions into agreement with known fluorescent

M

a-

L.

intensities. This renumbering has been confirmed by Brown_and James through
isotopic shifts and the new v' numbering has been used in Tabié II. The
: vibrationa; assignment for the 50114 excitation region is only an estimate duQ
to the fact that the vibrational energy levels can not bé accurately assigned -~
from existing spectrosccpié constants so clbse to the dissoéiation limit of - .
990 £ A, - |

All results were oﬁtained by a least-square fit to thé‘35-65 points
taken at each wavelengtﬁe; The runs at cach wavelength were taken on
separate days; and from lower to higher, and higher to lower temperatures.

Thevmaximum spread ‘in lifetimes for the smallest phase shifts (20-22°C)

was 10%, and no systémdtiq trends either due to impurity gas quenching
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or lack of equilibrium’veie seen. The assignment of errors was made by

drawing high and low slope lines about the least squaré lines, taking

intochnsideration the spréaq in values at each temperature, and are a
measure of the random variation of the data in the present experiments. -
The errors in,x are'greatest for small values of l/ror(large 10), since

the usual uncertainty in the intercept (0.8 x 10° sec'l) is a larger per-

, centage of the smaller intercept values.

DISCUSSION

Radiation Entrapment

Several checks were made on the experimental data to ensure that the
measured lifetimes and Cross sections-did not reflect the effects of
radiation entrapment- In the case of excitation with a narrow Hg Sh61A
line absdrption‘occurs from v" = 0, J" = 33 going to v' = 25, J' = 3k.

Since the intensity of fluorescence was strongest for this excitation,

and since very accurate Franck-Condon factors were knowngu for all the

25" - y" transitions, this seemed the most 1ikely'excitation to check.

If the vapor density of I2 is sufficiently high, any of the P and R
doublets from the (25', 34') level which terminate in the v" = 0, 1 and 2

levels correspond to émitted‘photons which may be reabsorbed to the (25', 3u4')

- level, then‘re-émitted to higher v" levels. These latter photons would .

then bglsnifted in phase more than once and the lifetime of the emitting:
state would seem to incréase;

However, the ratio of the radistive decay rate to the‘qucnchinp rate ét
the highest pressure points in Figure 4 is 1.4/(5.0-1.14) =0.38, so thut

at most only 38% of the re-excited 12 molecules would ever remain as IP



- v' =22, 29, and 39 as seen by Turner

~1k-

long enough to re-emit. Of this 38%, the fraction which could emit photons

in the observable»wavélengfh region.57OOA (onset of transmission by the

23A filter) to 6500A (photomultiplier cut-off) is 23%, as calculated from

known emlssion frequencies and Franck-Condon factors. Thus, only 6.9p,
or less if spontaneous dissociation occurs, of the reabsorbed 25'-0"
line would.ever be seen in re-emission by ﬁhe photomultiplier.

One would expéct:that any entrapment effects would cause a lengthening
6f the room temperature lifetimes and a subsequent leveling-off of the
Stern-Volmer plots. No such effect was observed in any of the plots.

As ‘a further check, a 1k em. long cylindrical cell with a 3.5 cm diameter

‘was built, and the I2 fluorescence observed at three points along the cell:
" at the entrance window, 7 cm. from the entrance window, and at the rear
. exit window. If the effects of entrépment were present, there would be a

‘gradual lengthening of f towards the rear of the cell. The lifetime at

each of these three positions was measured at 12 pressures of 0.067 torr
(8°¢c) andl0.238 torr (22°C) and no change in lifetime with position was

observed.
SELF~QUENCHING CROSS SECTIONS

In view of the past speculations about the Ig-I2 self-quenching mcchanism
wé‘anticipated,thax the measured quenchihg Cross sections would show effects
of dissociatiye levels crossing the B sﬁate, especially at v' ~ 25, or
. 18’25 and Kondratjew and Polak.26 The

small variation of quenching cross section with v' shown in Table II ani

Figure 6 is less than estimated experimental error. This lack of variafion

would seem to indicate that the quenching process is not dependent on the

presence of nearby repulsive states.

<
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A compérison of the cross sections obtained by excitation with the Hg

" do not agree within stated experimental error. Since they used the lifetime
. '

of (7.2£1) x 10" ' sec obtained for v' = 25 by Brewer, et al” to obtain
quenching cross sections from their Stern-Volmer quenching plots, their
reported values should be multiplied by a factor of 7.2/7.13 for the mercury

| line exéitatioﬁ, and 7.2/11.9 for the NaD line excitation (see.their Table VI).
Their.resultsAafter cﬁrrection are 91.112.&A2 and 78.715.3A2, as compared

with our vﬁlués of 63.0i3A2 and 69.ht3A2 for the mercury and sodium wave-

-lengths, reSpectiveiy. |

In order to_investigate the cause of this disagreement, Brown and ;

19

Klemperer's work was repeated. Their method gives the product of the
lifetime Tiand the qpenching cross section from the ratio of intercépt
toAslope of 'a plot of'l/If against reciprocal 12 pressure. The derivation -
of the necessary relations assumes that the intensity of light capable

of exciting fluorescence, in front of the fluorescence viewing window,
femains_constant through the whole range of Ie pressures involved with no
attenﬁationldue to I, absorption. For example, this assumption is padly
violated between 5° and 2260 for SU61A excitation with a fluorcséent viewing
window set eVeh 3 cm in from the entrance window for the exciting light.

19

-~ The data of Brown and Klemperer ” were taken between 0° and 22°C and so their

cross sections are tod'large due to this exciting light attenuation effect.

Uf??;w:ste of their me%hod for‘IQ.pressures between -12° and 2°C eliminated this

effect and'gave quenching cross sections of 61+64° for SbGlA excitation
and 60+6A° for NaD light excitation. These values agree within

experimental error’ﬁiﬁh'the values derived from thevmeasured lifetimes.

54614 andiNaD‘wavelengthsvwith those in the recent work of Brown and Klempererl9
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21 on I, self-quenching

It should be noted that the work of Steinfeldg*’ -

suffers from the same error.

Because the 359ch'modulation frequéncy used in ogr work Qas a factor
. of six greater,than‘the 60 kc modulation frequency used by Brewcr, Berg and
Rosenblatt,l we were able to measure smaller quenéhed lifetimes, and to
extend theif quenching plot (Ref. 1, Fig. 6) by an order of magnitude in
éressure. This then gave a cross section for the v' = 25 level of dlmost
ekactly one-half their 128A° value, whereas the lifetimes egreed within

experimental error.
RADIATIVE TRANSITION PROBABILITIES

' .Frdm Table IT or Figure 6 we‘seé-that no great differences in eithér
_‘croés’sectioﬁ or 1ife£imes were observed when excitation was made with
either én atomic line or a narrow spread of wavelengths peaked at the

atomic line wavelength except for the Cd 50864 excitatioﬁ where the
lifetime is changihg abruptly. Since iodine has several v'" or v' absorption
transitioﬁs in the region.of each excitation continuum, the results indicate
that the lifetimes varies slowly with v' over a small interval (Av' ~ 3-5)
around v' = 15 and 26. In térms of the transition moment RV'V"’J' for

fluorescence from a state of given v' and J' to states of any v" with

J" = J' £ 1, the lifetime of state v’ can'be‘expre:.ssede8 as

| | T
1 o B 6lix - -3 vy, g2
.1'.v '., = "';Vz':' ; .AV'V" = 3h vu‘::Jn A IR ? I (14) '

with Av;”v" the Einstein emission coefficient and A in cm..
’ o
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- In terms .of Franck-Condon overlap and- the assumption of separability of

eléctronic, vibratiohély and rotational energies, one obtains

L
_ 6l 5 2 ~3
vzn AV'V" - 3h IRe I vzn A qv 'V"

(5)
wﬁere Q1M ié the Franck-Condon overlap factor between the levels v'band '
v", and where Re’ the electronic contribution to the transition moment,
islusgally assumed to be independent of the vibrational transition.

The ﬁreseht results imply tﬁat the sum of Eq. (h)‘changes only
siightly frdm v' = 25 (line excitation) to v' = 25, 26, 27 (continuum

30

excitation). Polyanyi notes that the doublet intensities of the series

25' - ", 1! ;.., 26' - 0", 1" ...; 27' - O", 1" . ., are nearly the same.

: This 1ndlcates that changes in overlap are usually small between the

adjacent vibrational levels. -

31,32 33-35

. Zare used the ﬁydberg-Klein-Rees procedure to calculate

Franck-Condon factors for v' = 15, 16, and 26 to v" = O to 69. Recalcula-
21,2k

‘tions based on more accurate spectral data have been made or v' = 25,
Verma36 uSed the Same procedure to map the turning points of the X state
from v" = 0 to v" = 112. Zare's compiled RKR program3l can, in princinle,

.be extended to calculdtevthe Franck-Condon overlap integrals to v' up to

-~

'around 100. On the basis of the Franck-Condon factors welghted by 77

‘a8 in Eq: (5), one predicts smooth changes in the sums of overlap factors

with vibration and it is dlfflcult to account for thevlifetime peaks at

v! = 15 and 50. Correction of the lifetimes of Figure 6'for the A3

factor has little effect uponiheh~lurge variation with v'.

To account for the observed variation, there must be addltionnl radxat1ve

or non-radlative processes that can preferentially depopulate difierent
‘ ) .
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:'vibraﬁional levels of fhe B state of I' or one must abandon the assumption

of constancy of Re in Eq. (5); Verma36 and Mathesen and Rees37 have

summarized the potential curves and data for the known and expected states
~of I,. The B 3H. sﬁaté of I, arises from I(EP ) + I(2P ). The B

: 2 of °° 2 V32 1/2

state can radiate only to a state of gerade symmetry. No attructive
states of gerade symmetry are expected below the B state beside the
_ground state. The only conceivable radiative processes that might compete
‘with the B to X fluorescence, which lies between 20,056 and 3273 cm %,

37 o 3

or “Jl ., states which correlate
to a pair of ground state iodine atoms. As the ground atoms lie 3273 cm~l

would be transitions to the repulsive

below the v = 0 level bf the B sﬁate and 7, 603 cm'l below the convergence |

vlimit of the B state, these tran31tions must be at long wavelengths

‘and should contribute little to the lifetime except at very high v'.

it is péssiblé that the‘abnofmally low lifetime_around!v' = 100 might be .

due in part to additional emission in the infra red beyond 1.ju. For such

a tfansi?ion at 2y, for eiample; to compete with the B-X transition,

it ﬁust have an os¢illator Strength ten times greater, or around 3 x 10-2.
-~ Non-radiative pef£urbations of the B state can be brought about by

states of ungerade symmetry. The 3H and 3H2 sublevels corresponding to

1

._'the B 3 O+ 1cvel are expected37 to be attractive states correlating to

ground atoms and thus should lie too low to perturb the B state. The
. G L

3HO; sublevel is also predicted37 to be attractive, but other authorsad’ 3
. believe th&t'it may'be repulsive and approach the B level.. Other repulsive

states correlating with the ground atoms, and thus possibly crossing Lne B

- state, are 1n and 3Z+ with the - nl state predicted37 to lie lowcr in
o0

‘energy.
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. with 11 torr Ar shows weakening of bands above v' = 14 and that 0.2 torr I

crossovers of'the-B state to the 1H ' 3Hl , and 3“0* states. Zener

-19_

_ Magnetic quenching of the B state of 12 in a field of 12,500 pauss to

'produce atomic 1odine is well establlshed 18,25,39 Van Vleek has given

a detailed analysis of-the symmetrles of electronic states that muy mix in
the magnetic and collisional quenching cases. The magnetic quenching of the

B state of I is a.ttributed37 38 to the cr0531ng of the B otutL by the 32%-
u

repulsive state at around v = 2li, where the quenching is greatest.

It has been reportedhl that the fluorescent spectrum of 0.3 torr 12

2

: w1th O2 between a few cm to 1 atm showsug enhanced absorption above v' = 12

with a peak at v' = 25. These effects are attributed to shortening of the
lifetimes of levels-around v' = 25 by a prediésociative process.  Our
observation of littledchange of quenching cross section with v' contradicts

these claims. Recent high dispersion measurementsh3 confirm the semc degree

of broadening of all rotational levels from 50004 to 6300A when 1 atr Ar is

added to iodine. Kondratjew and Polak26 have reported three extinction

maxima ingthe visible. spectrum of 12 with added gas which are assigned to
Ll
L’ g

o has 1ndicated that no special selection rules have to be obeyed in coll:sion-

~induced predissoc1ations which would allow a variety of possible perturbing

states. Our results and those of Ogryzlo and Thomash3 indicate that «ll of

oithe reported effects are due to complete absorption at the centers of the

strong rotational 1ines of 1od1ne at low foreign gas pressures. The general '

pressure broadening of all of the rotatlonal lines upon addition of foreign

gas will ceuse apparent enhancement> of the spectral regions where the

strongest 1ines lie. There is no eV1dence that there is enhanced broadening

due to shorténing,df»the lifetimes by collision induced crossovers from the
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B state to any repuieiue states. If there is any such effect, it must
occur uniformly for all vibrational levels. This might be possible if the
3“0‘ potential curve were to coincidentally parallel the B 3“0* potential

u
curve. 43 There is no question that collisional quenching of the B state

. produces atoms but a process like I- + Ar = I + JAr may be responsible.b'3
There still remains the question of whether a cr0531ng of the B state

by a repulsive state could affect the lifetime under low-pressure-non-
quenching conditions. Rab1n0w1tch and WOOth measured the quantum yield
_for iodine atom formation upon photocxc1tatlon of I in the presence of
.200-500 torr of He, Ne, Ar and N They found the same quantum yield for .
exc1tation with light of wavelengths shorter than the convergence llmlt of
the B-X transitlon as with wavelengths longer than the convergence limit.
They concluded that all excited I molecules dissociate into atomu at high
pressures of quenchlng gas due to collisions of the B state . with guenching
molecules (which may be I ). At low pressures, below .05 torr, they assert
that the major process is the natural decay Ig 12 + hv. The guantum
yield of atom production is givenh6 as unity for wavelengthg shorter than
:.h99OA and zero at longer wavelengths, but no explicit data are given

for quantum yields in the low pressure region.

More recently, Eowers, et al.u7 measured the paramagnetlc absorption of

‘I atoms produced by dissociation of I vapor in a resonator cavity. Ucy
‘1rrad1ated I2 with wavelengtho above and below the dissociation limit and
“ reported no change in T atom concentration with changes in ‘exciting wave-
- length, megnetic field, addition of air, and changes in 12 pressure f{rom
51

0.02 to O,e'torr. Mayo” has confirmed some of these observations, but a

clear wavelength dependence wag demonstrabod and a decrease in I atom
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concentration with decreasing 12 concentration was found for I, pressure

2
‘.below 0.07 torr as would be expected when the I atoms are removed by
heterogeneous wall reaction rather than by homogeneous reaction with Ie.
The assqmption of a diseociative (spontaneous plus collisional) quantun
yield of alhost unity and recombination completely by the homogeneous
reaction I f I+ 12 accounts for the constancy of the I atom concentration
'wiﬁh variation of I, pressures above 0.07 torr. May05l has demonstrated
that irradiation by wavelengths to the red of the disoociation limit of
>SOOOA does result in extensive atom formation, but the 12 pressure of these
experiments.is unspecified and probably was high ehough to insure rather‘
complete-dissooiative quenching.

o Thefe are thus no data which give a clear answer to the question of

" whether the variation‘of lifetime with v' could pe due to spontaneous
“_predissociation. Our observation of constancy of quenching cross section
with v' indicates that crossing of the B state by specific repulsive states
is not‘siéoificant for the gquenching process. If one assumes, in agreement

~with Rabinowitch and Wooclb'S =

that predissociation of the B state by
repulsive states does not compete with the fluorescent process under the
non-quenching conditions of low pressure iodine vapor, the observed

variatlons of lifetlme with v' must be attributed to variations of the

o transitlon moment upon v1brat10na1 and rotational stretching.

.COMPARISON OF LIFETIME AND ABSORPTION DATA

Absorption data 9’_ exist for single rotational lines which yield

Einstein A and B coefficients for spcc1fic tran51tlons ~For a v"
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to v! trahsition, these coefficients will be designated as Av'v" and
| B iyn
of A

. The lifetime measurements for a v' state give the sum over v'" ‘ "

vyttt The relative intensities I(v',v") of the fluorescent lines

can be estimated from-tﬁe X-B values and the Franck-Condon factors of

Steinfeld?h The equation

o, = I(v',v") (3 + 3"+ 1) (6)
v! A(vf,J'; vﬁ,J") Zw I(v'v") (23" + 1)

relates the measured lifetime to the A value forla specific rotational line.
If there is no spontaneous predissbciation, the observation of variation
of the lifetime with v' indicates a breakdown of the sum rule for summation
of franck-Conddn'overlap factors over v', but the reasonable check of
meaéured fluorescént intensities with the calculations of Steinfeldgh
indiéatgs that the sum rule is applicable for v'.
Thé absorption coefficients for the 1u53 P(114) and 15-3 P(45) rotational

-lines Qereidetefmined by Brown and Klemperer,19 but their calculation of
A values are in error by a factor of ten.53 Their data have been recalculated
to ob£ain_thé A values listed in colﬁmn two of Table III. Eq. (6) was
uséd to convert these A.falues to the calculated lifetimes in column three
" for comparison with the directly measured lifetimes given in column‘four.
Similar calculaﬁiohs have béen carried out with the value givenso for
the 25-0 fransiﬁion.

’Rabinowitcﬁ and Wbod48 and Sulzer and Wielandu9 have taken total
band'ébsprption meésuremehts using pressure broadening to minimize
deviation from the 1iﬁear'éur§e of growth. Their data yield sums of

'E'Bv'v" for v' =0, 1, 2 and possibly several more low lying levels,
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Table III.

.Comparison of Lifétihes Calculated from Absorption Measurements

with Directly Observed Lifetimes

Calculated
1/Z A Observed
v vy
Line or T_, T,
vivH v v
vi-v"  107%/sec 1070sec 1076sec
' 1k-3 P(114) - 0.36% 1.2 1.1k
15-3 P(k5) o0.10% 3.3 1.19
25-0 R(33) © . 0.6 ° 1. 0.71
f Broad Band o T a
Absorption 1.0-2.0 0.68-5.3

{

Recalculated from the absorption data of Reference 19 taking into

account the effect of nuclear spin and correcting for a‘decimal

point error.

deviation from linear curve of growth.

Range of observed lifetimes between v' = 10 and 100.

‘Equivalent width measurement of Reference 50 was corrected for

From Table X of Reference 31 and recalculation of results of Reference 50

to cbrrespond to a;mean_fluorescent wavenumber of 11,500 to 12,000 cm'l.
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‘:éach weightea by its Boltzmann factor. An accurate-comparison between
these data and either.fhe lifetimes or the_individual line absorptions
ié not po;éible because of breakdown of the vibration sum rule over

- values of v' as showﬁ by the variation of lifetime with v'. However,
it is worthwhile to make an approximate comparison on the only basis
possible. This requires assumption of the sum rule for Franck—Condon

overlép factors, 5& qv.v" = 1, which allows equating of L B =

vi v',0 )
ZB = B » etc.; so that the weighting by Boltzman factors
v? V',l v! Vl’e .
can be neglected and the total absorption taken to correspond to L B

vl v',0
“value in as much as the average wavelengths for each term do not differ

- significantly.

From the value of Z'BV' o one can calculate‘lRe], the electronio
tfansition’moment. 'Thevassu;ption of the sum rule for Franck—Condon
overlap factors corfesponds to assuming that lReI is independent of v'.
Oﬁ the bésis of this assumpfion one can then calculate fluorescent
lifetiméd for various v' from Eq. (5) using the mean cubed reciprocal
'fluorescént waveléngth'weighted by the overlap factor,

e.g. 83508 for v' = 1k, 83804 for v'=15, and 8760& for v'=25. Zarest
has calculated lifetimes of 1.5x10‘6 and 1.8x10'6 on this basis from
'1ithe data of Rabinowiﬁqh aqd Wbodh8 and Sulzer and Wieland.hg Staffordso
- has treated thesé sa@e data as well aé édditional data. Recalculation of
his fesﬁlts'to correspond to a mean cubéd fluorescent wavenumber of

7 11,500 to 12,000 em™L ylelds lifetimes from 1.0 to 2.0x10 05 e,

Figure 6 provideé d'cOmparison between the mecasured lifetimes for

' different v' regions, the lifetimes derived from the rotational line

absorptiqn measurements by Brown and Klempergr19 and by
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Stafford,

o5

50

and the range of values from broad band absorption measurements.

_In view of the unreliability of the assumptions that had to be made to

obtain lifetimes from broad band absorption values, it is not clear whether
the comparison is meaningful, but the values fall in the range of the
measured lifetimes.

If lReI were independent of v' and the vibrational sum rule held

-over v', all points should lie within the dashed lines. Although the

lifetime values and the total absorption values are in reasonable apgree-

ment, the raﬁge of Values outside the dashed lines iﬁdicate (if there is

no appreciable spontaneous predissociation) that the vibrational  sum rule

‘does not hold and that the stretching of the molecule upon vibrationalﬁ'

and rotational excitation must change the electronic wavefunctions

. , _ o
of the states quite significantly and thus cause variation of ]Rel .

- Since the B-X transition is forbidden in the limit of separated atoms,

one might expect that |R612~would decrease upon increase of inter-
nuclear disﬁance. Mulliken and RiekeSZ report calculations of Sayvetz
that indicate a large variation of IRe]2 with internuclear distance for
chlorine ‘and bromine. Figure 6 shows & general increase in lifetimc

and thus decrease in lRel2 up to v' = 50. The v' = 100 lifetime is much

~ lower but may be due to radiation to a repulsive curve as discussed

- earlier. If extensive non-quenching pre-dissociation which varied with

v' were responsible for the observed variation in lifetimes, one might

. expect the lifetimes calculated from absorption measurements to be much
longer than the measured values. The lifetime derived from Brown and

Klemperer's A- values is three timﬂslonger than the measured lifetime

for v! = 15, butvthe ya1ue for v' = 14 1s close to the measured valucs
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for the region around;v' = 15. The closeness of the broad band absorption
values to the measured lifetimes woﬁld indicate little dissociation, but i
: as indicated above, the comparison may be questionable. A more explicit
clarification of the quantum yield of dissociati?e photolysis to the

atoms under non-quenching conditions is necessary before one can clearly

- establish how much of the lifetime trends can be definitely attributed

to variation of IRel2 withvstretching. Such work is now in progress.
CONCIUSIONS

lf The lack of significant variation of iodine quenching cross
'VSection with variation of v' indicates that crossing of the B state by
.répulsive'states at specific v' values does not play a role in the
quenéhing mechanism. Thus the crossing repulsive state responéible for
specific magnetic quenching around v' = 24 does not interact specifically
in the collisiohal éuénching process.

2. iThe.substan‘tia:l variation of lifetime with v' indicates that
either the transition moment varies with vibrational excitation of the
_B-séate or_spontaneous pre-dissociation of the B-state is an important
process which has a”iate at least as great as that for radiative decay

"and,which varies coﬁsiderably with vf.
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FIGURE CAPTIONS

Figure 1. Block diagram of the lifetime apparatus. Cow
Figure 2. Light modulating Optics |
I, Collimating lens (fused quartz)
-G Wire grating (100 strands/inch)
L, Lens for-fOCusing grating image'on wheel (fused quartz)
s/st =5
Figure 3. Lifetime of the mercury JP, state vs fluorescence to
scattered light intensity. Lifetime in the absence of
entrapment (If/IS'= 3.£o 10) = (1.10 £ .05) x 1077 sec.
Increase in lifetime with I /I_ is due to rediation
entrapment. |
Figure 4. Stern-Volmer plot for Hg 5461A excitation of I flusrescence.
: Figure 5: (IE Stern-Volmer plot for continuum excitation peaked at ﬁnflﬁ.
Figure 6. Variation of Io-I, self-quenching cross section (top scale)
and unquenched radiative lifetime (bottom scale) with vibrea-

tional level of the B state of Is.
§ (atomic line excitation), %(continuum excitation) and

%% (average of the two exc1tatlons) directly determined Llfetlmes
a4

5;- and cross sections with ettent of experlmenta] scatter indicated

by height of. bracketed line. ' w

VA calculated from rotational line'absorption datalg

. . 0
X calculated from rotational line absorpticn datas

[ - -

-

*ange of CalCUl&olcﬂs from broad band absorpLin e ds 22

- -

).
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