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TEE ABSORPTION SPECTRUM OF ASTATINE * -

Ralph Melaughlin
Iavrence Radiation Iaboratory

Univergity of Califoranig
- Berkeley, California

February 1964
ABSTRACT

A highly aensitive method of spectrographic detection of gases vas
developed. This method vag uged to detect the absorption of atanic astafine.
Two lines were recorded whose wavelengths were 221&14».}01 ] and 2162.25 2. These
lines were tentatively assigned to transitions 2‘P3 /20_ - l"Ps /2

The assignment of two resomance lines of polonium was 'confirmed'. .

' 0 ik
ané v2P3/2 »-:‘P3/2 :
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" INTRODUCTION

Astatine Qas first identified in l9h0.l The optical spectrum of this
element has not yet been reported. The reason for this delay is that the most
stable At isotope has & half life of only 8.21h. Because of this, the largest
quantity of At that has been accuﬁulated thus far 16 of the order of 1 micro-
grém. Furthér, the handling of this quantity of At involves the prdblem of
© protecting personhel from fairly high levels of radioactivitj. v

These difficulties have been overcome by the development of a highly
gensitive method of épectrosc0pic detection. The method is an adaptation of
capillary-agbsorption-cell spectroscopy"?’3 in which gaseous rather than liquid
samples may be used. It appears that atdmic vapors are more easlly detected\k
by this method than are ions in solution. Craig, Bartel, and Kirk report |
detection of 2 nanograma of Cr iome in soluﬁion.I3 In this experiment asg littié :
&s 0.2 nanograms of At vere detected. This difference in sensitivity 1a'un§
doubted related to the differences in oscillétof'strengéhs of ions in solutions
and atomic vapOfs. The method should be applicable to any atom that.haé an

appreciable vapor pressure below the melting point of quartz.
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EXPERIMENT -

The astatine’ was produced.in the 88-inch Cyclotron at the Iavrence

- 2
Radiation Iaboratory, Berkeley. The reaction is B1209 (o,xn) at>-Y, at210,

and At209. A total of 11 microampere-hours of 50-Mev o particles was'used. o

Caleulations using known excitation functions’ indfcate that roughly 2 x 108 | .
atoms qf At were produced. This corfespond_sto 76 nanograms. Survey-meter | .
readings vere consistent .wvith this calculation. o E

Metallic Bi vwas used as the target material. - The At was aiétilled_ from

the Bi targ_et onto & l-mil Pt d.is]tc.5 The disk was folded and droi:i)ed into a

 8-mm-0.d. quartz tube, havihé a 11&/35 standard taper on one end and the quartsz

'capillary abgorption céll on the other.. The tube vas evacuated to roughly 30,_. |
microns and sealed off. The sealed~off portion contained the Pt disk and thet"

. capillary cell. This vas placed in a i’urnacev énd heated to 700°C in order to -
decompose any organic material that may bhave followed fhe Aﬁ chemistfy. The
tube was next'partially placed in a furnance such that the Pt disk was in tﬁe
hot zone and the capillary cell was in & bath of liquid nitrogen. The fmce | _
wag heated ‘to aﬁout 700°C. This caused most of the At to be condensed into the capillary .
cell. The tube was allowed to cool and again sealed off such that the Pt disk vas I

| in one section and most of the At in the other. The section containing the T |

vas kept immersed in the liquid-nitrogen bath during this dperation. The result .

wasg that most of the At was now contaijned in a capillary T-tube whose total ‘
‘volumne was about 50 micro-liters. No attempt was made to determine accurat.e\
yields for this procedure, but survey-meter readings indicated that better than -

50% of the caleulated amownt of the At ended W in the T-tube, R

2 )
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A thermocouple was placed et the center of the T-tube. Each arm of the
T was p.‘laceci in a esmall tube furnance -made of nichrame wire. Asbestoé string
vas vrapped around the center section of the T which was pot covered by the
furnance. The thermocouple thus registered the lowest témperature in the T-
tube. The arms vere at a higher temperature. The absbz;ption cell was next
aligned with the optical patn of the spectrogfapl;. To accomplish this & light
souz;ce was placed at the collimating mirror of the spectrbgréph." A lens was o
used to focus the ;Mge éf lthis gource on the inside of the te.;nt:.rano:!e slit. The
abgorption cell was placed about 1/2 in. in front of the slit. Aiignment vag
aceomplished by moving the cell until the image of the slit vas visible through
the capillary. It vas neéessai'y to hold the eye within e few inches of the
caplllery in order to see the slit image. Thie alignment ieas eccomplished asg,
- quickly es possible, since at this time 10 R of game radimtion vas coming from
the cell. A 1000-W Hanovie hydrogen-discharge tube vas used to produce the '
coﬁtinmzm. This tube lends itself to easy alignment, jsince it is 'poesible to
sight through the discharge region. Allgnment was accor:iplished by a&,justing the
discharge tube u(nfil & bright spot of light could be seen coming through the
capillary while sighting throx_lghthe dischérge tube., The cell was then heated
such that the thermocouple registered a temperature of 600°C. This vas done in
order to theménd' éeconrpose molecules that might have contained At. Survey exe
posures werg taken on Easiman Kodak 103a~0 photographic plates. Ten-minute ex-
posure times were adequate. The gpectral region between 3000 and 2}00 2 vag
recorded. | - | ' o |
Vhen it was found that At lines sppeared on the plates, further exposﬁres
| were taken using Eastman Kodak IV-O plates. These were emos.ed for 1h and -

developed for 9 min in D-19 developer. The ion-arc spectrum was recorded on
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these plates for wavelength calibration by'the use of a ‘Hartmann diaphragn.
Further exposures were taken to verify thét the change in line intensity with
time vas consistent with the radioactive decay of At (see Fig. 1). Wavelengths
were measured with & camparator produced by Grant Insfrumenta » Inc. The spectro=-
gx"aph used was a 21-ft Wadsworth mount produced by the Jarell-Ash Co. It con~-
tained a 30,000~-lines-per-inch grating which was,\blazed for 3000 2. The
capillsry absorption cells were made by Harry S. Powell and Dane H. Anderberg

at this J.aborgtor;jr. These were made of l-mm-1.d. and 8-m.-§.d. quartz capillary
tubing. The absorption cell was 5-cm ldéng. The T seal was made ﬁy drilling

a l-nm-diem hole perpendicular to the long axis of the tube. The side arm vwas
also made of capillary tubing to minimize the volume that finally contained the
At. To reduce stray light, both ends of the absorption cell were masked suché_jbhat
light could not pass through the walle of the tube. This was accomplisghed by' ,

‘ painting both end windows with Liquid Bright Platinum prb&uced by the Hanovia 1

R

Chemical and Mfg. Co.
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RESULTS

The mogt striking feature of these plates was an intense absorption band
at 2537 R which was 5~R wide. If the cell was allowed to cool, this band
narrcwed dovn to a sharp line. It vas concluded that thig feature i due to Eg that
hed followed the At chemistry. The smount of Hg could be estimated from the known
dependence of band width upon concentration.® Mese camuationq indicated that
a fow micrograms of Hg vere present.. Mercury contamination ﬁf the Pt dfsk of
the order of a fow ppm seems the most likely source. Aside from the Hg band,
the nost mténme featuwres on the plate wm?e two lines of Po and one line of At;
P70 15 the decay product of At7IC, Faint ebsorption lines of Cd (i 2288) end
BL (A 2228 and 2230) vere also recorded. Light of shorter vavelength than 2100 §
‘was not tranemitted. Broad diffuse absorption was detccted which showed some
structure. Absorption mexiwa were measured at A 22’46, 2238, 2216, 2206, 21724, and
2165 } (Bee Fig. 2). The species cauging this abgorption is not nown; Po, or
HePo geen like reasonable pogsibilities. It is "belieyeé that the same species
is responsible 1Tor the irore intense labsorptmn of light of shorter wavéiength. The
gecond At line vas more difficult té detect, since 1t was located in this vegion
of diffuse ebsorption. High-contrast plates and long develop*nent times vere
aorted to 1in order w‘:o better define this line for wavelength measurencnt. ‘l‘he ’
recording of Po lines 2558 and 2450 in absorption coufirm the aseignment of these
lines to reasonant tmnsitione.7 _
A comparison of different plates revealed a shift in the 1on-avrcv spectrum |
with respect to the absorption spectrum. This resulted because 1t vas not feasiblé :
to use the same optical path for light from the ion arc as was used for light passed

through the abgorption cell. - The amount of shift vas detemiz;ed by comparing the
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jon spectrum with the Cd and Bi lines. Four Si emission lines from the hydrogen-
dischargé tube were also used. Ai'ter these corrections, measurements of the At
nnés from two different plétes agree within 0.02 2 units. The ;values are 2244.01
and 2162.25 2.' Because of the appearance of the At lines in a region of diffuse
absozption, it 1g difficult to make meaningful statements about line intensities.
The indication was that the A 221;4 line was the more :lntense. However, as the

At decayed the 1ntensity of the two lines approached each other. Wheh both lines
vere very week, 1t was hard to detect a'difference in intensity., The At lines “
were st111 visible 72 h after bombarament. 'I'his representa nine half lives of

the At210 isotope. It follows that 1f 70 nanograms were initially produced, the

f£inal absorption was caused by 0.2 DAnograms.
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DISCUSSION

Two facts 811pp0i't the contention that the li‘nés observed were At lines.
re are no other resonant lines reported at these wavelengths » and the decay of
11:19 in’censity is consistent with the redicactive decay of At.
It has been difficult to establish the chemical properties of At.? This
gives special ramiﬁcations to aimilarities or differences of the At spectrmn com=
- pared to spectm of €1, Br, and I. Foar ‘exemple, if pud vere the lowest excited
, conﬁgumtion rather than p"'s, one might expect -atypical chemical properties. -An
~ effort was made to shed some light om ﬁhia 1sgue from the meager data avallable.
In effect, the question asked was "?S_- the recorded spéétm consistent with
transitions to .the lowest J~levels of éonfigumtioﬁs pus?" It waa noted that‘gilf- |
the energy of J-lwels of phe are plotted againet congtant stepa far Cl1, Br, and
I, the polnts lie nearly on a straight line. Knowing two abgorption lines for |
At, ve can define the energies of two J-levels. Now 1t vas reason_ed that if e
strelght line could be drewn vhich vould lie close to levels for C1, Br, I and At,
 then the statement could be made that the At spectmim is gimilar. The results
gre shown in Figl. 3., To test the effect of a 'clesed ghell of 7 éleétrons' on this
straight-line relationship, similar plots were madé.of A, Kr, Xe; and Rn as'vell as
S, Se, Te, &nd Po." In both series no effect of the l&f shell vas naticed. It 1s
concluded that there 1s no spectral evidence indicating nontjpieal halogen behavior.
If 1L-8 cowpling vere a good approximfion, the?.lower-thz"ee levels in Fig. 3.
would be designated z‘p5 f2* I*P3/2, and ¥, /o nd the wpper tvo, P /Ev'and' P
That this approximation has already broken dovn in Br bas recently been demonstrated
by Jack L. Tech.a However, for -lack of an altemtive s thig notation will continue to

ba used. Figure 3 strongly suggests that the two absorption lines be assigned to
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0 _ 4 , 0 _%
transitions 2P3/2 - P5/n for the 22hh~glfne and 2P3/2 - P3/2 for the
2162-A line. Here we assume that 2P3/20 level results from the Hund's-rule

ground state of configuration p5

+ The plot also indicates thet the next resonsnt
line of At will be found in the reglon of 1850 R. It 15 recognized that this is
& naive approach to the problem, but the conclﬁsions reached seem worth-while |
and the best that can be done with the limited data. o |
' Some consideration was. given to the ultimate sensitivity of this type of
absorption ceil. Pormulas governing.light intensity as a funétiop of absorption
coefficients were coﬁsuiafed.g. It was determinédvthat with a constant amount of -
_'sample, the seﬁsitivity increases aé the square 6f the radius decreases.  The
sensitivity is independent of the length of the cell. The possibility exists of

obtaining a ten-fold increage in .sensitivity by going to O.B-ﬁm 1,d.'cells. §y
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FIGURE LEGENDS -

Figure 1. Astatine 2244.01 R. Upper: Photograph taken 11.75 h after bombard-
ment. This correséonds to 30 ng or 8 x 1013 atc;ns of At. Middle:
Photograph teken 35.42 h after bombardment. 'I'his corresponds to 4
ng or 1 X 1080 atoms of At. Lower: Fhotograph taken 54.05 h-after
bombardment. This correvspondé to 0.8 ng or 2 x 10%2 atoms of At.

Figure 2. Densitometer tracing ‘taken of exposure made 35.42 lh after bombard-

| ment. The broad absorption features are of unknown §rigin. The
Si emission lines are produced in the hydrogen discharge which was the -
gource of the continuwn. |

Figure 3. Energiles of the five lm_vest levels of confiéuration pus plotted aga;Lnst
equal intervals fdr 1, 4Br, and I. In IS coupling thése levels woﬁld
be designated °P, Jos °ry Jo o l‘rl /2" , ”PB /o » end hpﬁ /o - Straignt
lines vere drawn such that they vlie as cioseA as pogiblé "_'to_ levelé of
the same J. In dréwing the lowest,two'lines,. At points vere given

. equal weight.
l |
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