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3He_ACTIVATION

A RAPID, NONDESTRUCTIVE METHOD OF FLUORINE ANALYSIS BY
Diana M. Lee, James F. Lamb, and Samuel S. Markowitz
Department of Chemistry and,
Lawrence Radiation Laboratory,
University of Californisa,
Berkeley, California 94720

September 1970

BRIEF

The nuclide 10.8-sec 20F and Nal scintillation spectroscopy are used

 to determine fluorine via 3He nuclear reaétions. Only milligrams of sample are

reQuired; accuracy is 3-5%. Detection limit is 0.2_Ug/cm2.which, in a .

2 : . ,
100 mg/cm” matrix, corresponds to 2 ppm. Excitation functions are presented.
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»ABSTRACT
A sensiﬁive, nondéstructivé'meahé of détérmining fluorine by the
19F(3He, 2p)?of'reaétibn with the:l.63fMéV‘gammé rayvof 10.8-sec QQF as the
 "signal" for‘fiuoriné is‘présentéd. Excitation functions for the l9F(3He, 2p)20F

and the 19F(3He,fm)18F.réactions and the possible interfering reaction,

18, (3, p)°°F, are given. Thin samples of LiF, Teflon, and PbF,, and thick

" samples of'LiF and -PbF,_, mixed in platinum were analyzed. Only milligram

2
amounts of sample are-reguired. The'accuracy is about 3 to 5%. Under'reasongble
irradiation and countingvconditiOns; the detécfion‘iimiﬁ.is approximately

0.2 ué/cm2 ébrresponding tov2 ppm in a matrix 100 mg/cm2 tﬁick. Withwbétter

care in_shielaing thevNaI(Tl) scintillaﬁién detéctofs from fhé gamma—raf‘

background in the accelerator area, the detection limit could be lowered.

Tpresent address: ‘Medi-Physics, Fmeryville, California.
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INTRODUCTION

Fluorine determinations by activation analysis have been reported by

" several authors. Depending on the incident particle, fluorine can be measured

with various degrees of success by thermal neutrons (1), fast neutrons (2,3),

' alpha—partiéles (4), protons (5), and photons (6). Ricci and Hahn (7), using

5~ and'lO—MeV‘helium—3 ions, determined detection limits for several light

elements, inéluding fluorine, normalized to a beam current of 100 HA; they

17 )18

19F(3

considered only the reactions l9F(3He, on)”'F and He, a)  F. -Yule (8)

has estimated the limit of detection of F to be 0.55 ug using the'lQF(n,‘Y)goF'
reaction with_féactor—produced thermal neutrons at a flux 6f 4.3 x lO12 n/cmg#sec.
In the present work, we have investigated the application of the
19 (3

reactions ~“F(~He, 2p)20F and l9F(3He, a)l8F to the anélysis of fluorine. The

absolute excitation fﬁnctidns for production of. 10.8-sec 2OF and 110-min lBF

19

from ~“F have been determined and samples have been analyzed. We suggest a
wide range of application to both organic and inorganic samples bY'using the
1.63-MeV gaﬁma—ray of 2OF induced by 3He réactions as a "signal" that is
relatively free from interferences caused by ofher activities that»may be

present.v A number of thin and thick samples were analyzed nondestructively

to test the accuracy of the method.
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EXPERIMENTAL
Targets: LiF, vacuum—evéporated onto platinum foil and covered with
~ 10 mg/cn® tantalum foil was used to measure the absolute excitation function .-
19,3, 320, e e x1a (o Y - S
F(“He, 2p)°“"F reaction, Teflon foils (CF2)n, were used to measure the

absolute excitation function of 19 (3He, a)lBF. Targets were about 1 mg/cm2

of “the
'F
thick. For the.éubsequenf ahélyses of‘fluorine;,samplés were synthééized as
thin targets and as thick ones. _Ali thin targets,.except thé Teflon féils,

were prepared by LiF or PbF, vacuum evaporation; thickness of these targets

2
ranged from O.éS:mg/ch to 1.7 mg/cm2 F;v The thick tafgets'were prepared by

homogenizing a known, small amount LiF'or‘PbF ~with platinum powder (appfox.

2
200 mg/cmz),ana'then pressing the mixture into & thin disc. These samples
approximated "thick targeté"‘for ahélysis of trace fluorine. The targets were
1.9-cm diameﬁer'and‘thef3ﬂé beam was collimated into & 0.95-cm diameter central
spot (area =.O.7 cm2>;

Irradiatibn: ,Ifradi;fidné Wefé pérforﬁed‘at the ﬁerkeley Heavy Ion
Linear'Accélefétor'(Hilac),ata3He'béam eneréieé‘of’2 to 25 MeV;~energiesfwere
varied by using'éluminum degrader foils. The'length of bombardment was fixed
at 10 seconds and thevaverage beam'inteﬁsitjvwaé about 0.5 pA.  The irradiatioh
chamber and the beam current measuremeﬁt havé been pré&iously described (9).
The chamber Waé operated under a hglium gas atmésphere rathér than in the.
acceleratofvvacuum to minimize time-loss during sample retrieval;' The
- activated saﬁpies wereltransferred'tc the-counfing chamber'by a gravity—track:.' ' ﬂ
which is shown in Figure 1. The target is mounted over a 0.75-inch diameter - Y
centefhole in an alﬁminuﬁ disc held in place duriﬁg bomﬁardment by a pin

attached to the solenoid. At the end of the bombardment the solenoid is



\¢

3= | "UCRL-19967

activated, releasing the pin, and the disc to which the target is affixed rolls
down the plastic gravity-track to the shielded Nai detectors. This apparatus

allows counting to begin within approximately two seconds after the end of the

bombardment. _Dufing this two-second delay, very short-lived activities decay

away.
Countingf The decay of the 10.8-sec 20F activity induced in the target

was foilowed by measuring thé.associafed 1.63-MeV ray with two 3.X B;inch'
_NaI(Tl) detectéré, gafed and éoﬁpled to a multichannel analyzer'operated as a
L0O-channel scaler. A typicél Y-ray spectrum of activated LiF is shown in
Figure 2. Thé_gated signals frém two detectors wére mixed to increase the
'detection efficiency and were‘roufed to a single-phgnnél analyzer adjusted to
cover only_the spéétral region of the photopeak. The decay of the photopeak

is shown in‘Figurév3. The overall deteéfion coefficient for the lf63—MeV

Y-ray peak was measured with a set of y-ray standards (Int. Atomic Energy

Authority, Vienna) and interpolated to be 1.6%; the sources were about two -

inches from each crystal. The 1.63—MeV Y;ray is emitted in 100% of the
nuclear disintegrations. The NaI{T1) crystals were éhielded by lead and were
behind concrete to minimize background from the accelerator area. Decay

curves were analyzed by the CLSQ computer program.

RESULTS
Excitation functions: The short-lived 20F precluded the used of the
stack-foil technique so that each point in Figure 4 of the QOF excitation

function represents a separate bombardment. The maximum cross section is

about 70 mb at the 3He energy of 19 MeV;:it_variés slowly from 12 to 22 MeV.

Also shown in the éame figﬁre is the excitation function for the production

e
Lo
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18 19,3 18

F by the reaction ~F("He, e data of the F excita£1on function
shbwﬁ‘agrée very well with‘vélués_préviousl& published (10,11).

. Samplé ana1yées: ‘QOﬁ acfivity“from 3He-actiyated'fluorine samplés - | ¢
was used fof énalyses.’ Egch sample wésiifradiated fof'lO seconds at a beam '“Q
énergylof l7-MeV; Decay.of thé 1.634MéV Y;fay (Figufe 3) was followed for
200 to 300 ééconds. The amount df flubfine pfésent-ﬁas calculated by comparing
~the ratios df £heﬂAo valueé (éctivity ét end of‘bombardment)’of the'samples
to a thin‘LiF standard for thin Sampleé,'or to a thick LiF + PtFStapdard for
_thick samples. The results of the fluorine analyses for both thin and thick
samples are shoWn’in Table I and Téﬁle II, respectively. The error values
(standard deviafionsj shown in both tables are based on counfingvstatisitcg»
decay curVe<anaiysis only.
| AEfroré; Compariédn'of the "F found by activation" and "F present"
data in Tablé I and IT indicates-that,the average percent diffefeﬁée:was
4.7% and 2.8% for. the thin and thick sgmpleAanalyses,-%espectively, as a
meaSure of aécﬁracy for analyses.basedkuponAthe relative:mefhod. In. this
method; errors ih the absolute cross sections and overall detectioﬁ coefficient
are eliminated.’ Errors in pfecision are méasuréd»to be 1% or less‘fér counting
statisites and decay-curve calculation of‘the Aé values,'and.estimgted‘to be
2% for the beam—intenSity_monitor and Faraday cup calibration, and about 2%
for errors in timing for the 20F experiments. The accuracy of the absolute»

excitation function is about 5%. : o : : _ A

: /
-DISCUSSION ¢

Interferences: By using 2-OF activity, fluorine analyses are relatively

free from interferences produced either directly or indirectly by other
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.séme isotope (2OF) production; the only obvious interference would be “°F

16

. great in quantity to prevent resolution of the
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elements present in the sample. The‘diréct interference is caused by the
20

activity produced in any l80 present in the sample. ‘The excitation function

of 18O(3He, p)goFfis shown in Figure S;vthé cross sectioﬁ at 17 MeV is about

50 mb,'rising to 100 mb at 10 MeV. The isotopic abundance, however, for l80

9F(3He, 2p)20F and l80(3He p)QQF

b

in natural oxygen is only 0.2%. As the 1

cross sectionékare-comparable between 12 to 17 MeV, at equal concentration of

fluorine and oxygen impurities in a given matrix,'only-O.Z% of the 2OF

activity will have been caused by an interfering l"80.' An analysis based upon

the production of laF is also feasiBle in some cases, but the chances for

8.

interference are much greater with 1% a5 the "signal" than with 20p pecause

0 would induce a direct interference; This possible interference would be '
- . 16.,3. . _\18 U . :
caused by the 0(’He, p)~ F reaction whose cross section below 10 MeV is

about 20 times gréatér than the 19?(3He, 2p)20F reaction. Indeed, oxygen

analysis via the former reaction has been previously described (12).

23Na(3He, a2p)20F

Sédiﬁm‘might bé.a’possible'intefferénce due to the
reaction. Although the cross éections have ndt:been measured, the threshold
is 13f2 MeV; therefore, sodium would be eliminated as anfinterfefence by
bombardments near or below this energy.

Indirect interferences (nuclides emitting gamma rays about l.6-MeV)
would have to be sufficieﬁtly close to iO.BQSec halfflife and sufficiently |
. 20p 1.63-MeV decay curves.
ﬁigh atomic-humber impuritiés or ﬁarget matrices will not induce any radio-

activities if the 3He energy is controlled to be below the Coulomb barrier.

Estimate of detection 1limit: Under the following conditions: Beam

~current 1 PA, cross section TO millibarns, length of bombardment 10.8 seconds;
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we found D (disintegration rate at end of bombardment) to be 5.7 X 10° dps

pef mg/cm? of F. With our §Vefail deteéfion coefficient of only 1.6%, this
gives about th counts per'second.in the.gémma phétopéak. As the background

© was about EO cpg, this corresponds- to a factor of about 250'times‘background.

At equal siénai and background rates,.undér our easy conditiohs,'ﬁe could deﬁect
~ 4 ug/cm2 F. 'Bécause the beam intensity can be increased to 10 pA (or‘gréater),
and fhe.detection coefficient can be easily doubled;.the detection limit can be -
lowefed to O;2vug/cm2 F. If the matfiX'in which the F is -imbedded is 10 ﬁo

lQO mg/cm2 thick, the concenﬁration‘limit would therefore be 20 ppm to 2Vppm,v
respectively.v With moré care‘fdr’shielding, the 5ackgfound énd therefore the
detection limit‘could bé further lowéred. The sensitivity, of course, will.

depend upon the presence of interferences and the matrix.

_Work_performed under the auspices of the U. S. Atomic Energy -

Commission.
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Table I. Fluofine Analysis of Thin Samples®™

- rmem rom
LiF #13 168 - ~ standard
LiF #14 R . 1.2k ' : ,1.17#0.008b
LiF #12 . 103 | © 1.020.007
LiF #16 - . 0.82 - 0.82+0.007
LiF #21 | | BN C R ©0.73%0.007
LiF #19 - o E 0.5k4 S ~+ 0.53%0.007
LiF #22 - R 0.25 - |  0:23t0.007
Teflon #1 (CF,) - ass © 1.90%0.010
Teflon #2 . S 093 0.900.007
PbF, #1 | 029 R 0.260.007
POF, #2 | .22 o . 0.21%0.007

aIrradiated area of samples_=-0.7 cm2

bstandardAdeviation of decay-curve _ o Average % difference = 4.T7%
analysis ' : ' . .
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Table IT. Fluorine Analysis of Thick Samples®’”
o ‘ : F present : F found
Sample ~ (mg/cm?) ' (mg/cm2)
Pt + LiF | 1.02 standard
Pt + PbF, #1 . 1.53 :  1.54+0.016°
Pt + POF, #2 v 0.33 0.32%0.010
Pt + PbF, #3 1.28 1.22+0.018
aIrradiated area of samples = 0.7 cm
Protal sample thickness ™~ 200 mg/cm2 Average % difference = 2.8%

“Standard deviation of decay-curve analysis
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.‘Fig. 2.
‘Fig. 3.

- Fig. L.

Fig. 5.
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Excitation functlons'for'producthnaof OF and 18F from
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FIGURE CAPTIONS

Gravity-track samplé holder for rapid retrievalvgf an activated target.

3

Gamma-ray spectrum from LiF + 17-MeV ~He.

Decay of the gated 1.63-MeV y-ray from “CF. ,

19F.

Excitafiqn function for the reaction 18O(3nge,p)2OF.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: v

A. Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,

~ apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

fesulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
‘with the Commission, or his employment with such contractor.
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