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INTRODUCTION

The importance of receptor imaging has stressed the need for
pharmacologicallyactive compoundsthat are labeled with high specific
activitycarbon-11. [11C]H31is the mostversatile,and by far the mostwidely
used precursorfor labellingsuchcompoundswith carbon-11 through [110]-
methylation (Langstrom, et al., 1976; Burns,et al., 1984; Suzuki,et al., 1985;
Farde, et al., 1986; Watkins,et al., 1988;Hatano,et al., 1989; Pascali,et aL,
1990; Dewey, et al., 1990; Iwata, et aL, 1991). With careful handlingof
reagentsfor the reductionof [11C]O2to [11C]H3OH,and for the subsequent
iodinationof [11C]H3OH to [11C]H31,we have found as little as 3 nmol of
carriercarbon introducedat thisstageofsynthesiswiththe exclusionof the
[1 lC]O2 target system contributions. However, in the routine preparation of
compoundsthrough N-[11C]-methylationusing[11C]H31,total masses are
always higherthan the synthesismasscontribution.This suggeststhatthe
[11C]O2 target system contributes carrier carbon to the final product mass.
This conclusionprompted our recent evaluation of target materials and
target designfor [11C]O2 production.

STUDIES IN TARGET MEASUREMENT OF CO2 MASS

DESCRIPTION OF ANALYTICAL SYSTEM: As shown in Figure
1, the flame ionizationdetector (FID) from a Hewlett Packard 5890A Gas
Chromatographwas modifiedfor carbonoxide analysisby incorporatinga
miniaturenickelcatalystmethanizerintoitsjet and operatingthe detectorat
400oC (Goekeler, 1989). The catalyst reduces CO and CO2 to CH4 (a
detectable species by FID) priorto their entering the flame region of the
detector. The catalystoperatesefficientlyusingthe same H2 supplyas that
needed to sustainthe flame, and exhibitsremarkablestabilityin its day-to-
day usage when maintained under a continuoushelium stream at about
200oC. The detectoralso exhibitsa linearresponseto CO2 with overthree
orders of magnitudechange in concentrationthus simplifyinginstrument
calibration, and is capable of handlinglarge sample throughputwhich is
convenientforoperationwith a packedchromatographycolumn.
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The modifiedFID can detect10 ppbof CO2 within a 4 mL volume
sample of target gas at STP. This levelof sensitivityis about 103 times
•higherthanthatseenwiththermalconductivitydetectors(TCD). Therefore,
no preconcentrationof samplesis required,and a single500 mL.volume
bulbof collectedgasoffersadequatesamplefornumerousmeasurements
to be made. Typicalmethodsof analysisusingTCD requiredcryotrapping
of CO2fromlargevolumesof gas.

In thesystemshowninFigure2, we useda 12 ft x 1/8 in. PorapakQ
column with a 3:1 splitter at the columnoutlet to allow for on-line
radioactivitymeasurementsusinga Nal scintillationdetector.The system
alsohas a smallvacuummanifoldwhichallowsusto removeair oncethe
samplingbulb is connectedto the instrUment.A 2-way switchingvalve
allowsus to sequentiallyfilland injectgassamplesof knownvolumnand
pressure.

RESULTS AND DISCUSSION: The analyticalsystempreviously
describedwas usedtomeasureCO2andtotaicarbonconcentrationswithin
the UHP N2 (99.999% purity, MathesonGas Co.) used for producing
[11C]O2. CO2 concentrationsas lowas 2 pmol/cm3or 0.05 ppmwere
found. Total carbon concentrationswere determined as CO2 after
combustionover CuO at 850oC,and were foundto be 24 pmol/cm3or
about0.6 ppm. Ourstandard[11C]O2productiontargetisconstructedofan
aluminumalloy(approximately97%purity),and has a volumeof 212 cm3
(3 cmi.d. x 30 cm length).The 16.5miLthickfronttargetwindowis also
madefromthesamealloy. Whenpressurizedto 10 atmospheres,thegas
contributionamountsto 50 nmolof carriercarbon,assumingall carbonis
combustedto CO2 underirradiationconditions.However,levelsof CO2
arisingfromthistargetweremuchhigherthanthissubsequentto irradiation
from 17 MeV H+ (13.4 MeV on gas) of variedintensity.In addition,the
amountof CO2 releasedwas dose-ratedependentsuggestinga material
sourceofcarriercarbon.Replacementof allorganicseals(ie. frontwindow
o-ringand gasfittings)withindiumgasketsfailedto showan improvement
intargetperformancesuggestingthatthealuminumitselfwasthesource.

SURFACE ANALYSIS STUDIES USINGELECTRON INDUCED
DESORPTION (EID) SPECTROSCOPY

DESCRIPTION OF ANALYTICAL SYSTEM: Electronprobesare
a commonly used analytical tool in material and surface analysis
(Czanderna, 1975) because of their ease of generation at controlled
energyanddensity.Electronprobingofa surfacecanresultintheemission
of four types of particles (electrons, photons, ions and neutrals).



Informationderivedfromthe natureand statesof one or moreof these
speciescanthenbe relatedbacktothecompositionand morphologyof the
surface.

Electronscan undergoinelasticcollisionswithatomsormoleculeson
a surfaceraisingthemtovariousexcitedand/orionizedstatesthuscausing
desorption.Since_;Jemassratioof electronsto atomsisverysmall,kinetic
energyexchangesare minimal. Electronictransitions,however,have a
fairlyhigh cross-sectionat modestelectronenergies(lessthan 100 eV),
andthereforecan be utilizedtodesorbtheoutermostmonolayerof material
adsorbedon a surface. Of course,kineticenergyexchangecan become
importantwiththe impactof higherenergyelectronsthusallowingone to
probefairlydeepintothebulkof thematerial.

The EBDinstrument,shownin Figure3, is designedfor high-energy
electronimpactto probe both surfacemorphology,and bulk material
compositionintargetaluminumalloys.The systemiscomprisedof a high
vacuumchamberpossessingan easyaccessportforsampleintroduction,
a high energy electronsourceand electroncontainmentcage, and a
quadrupolemass spectrometerwith electron induced ionizationand
electronmultiplerdetector.Onlyemittedneutralspeciesare monitoredby
the mass spectrometry,because surface emitted positive ions are
acceleratedoutof the detectionpathof thespectrometer,andtrappedby
theelectroncontainmentcage.

RESULTS AND DISCUSSION: As seen in Figure4, two bulk-
boundstatesof carbonaceousmaterialare observedinthe aluminumalloy
(6061) used as target material. These states were detected in our
instrumentas CO (m/z 28) and CO2 (m/z 44), althoughonly the CO2
spectrumisshownhere,frompeaksappearingat 50 and 150secondsinto
the EID scan. Upondepositionontothe surfaceof an oxidecoatingof
approximately104monolayersthtck,anduponexposureof thatmodified
surfaceto 1 atmosphereof N2 gas containing10 ppm levels of CO2,we
observeda drasticchange in the EID spectrum. Two new peaks are
introducedbythistreatment,appearingat20 and30 secondsintothescan.
The shortappearancetimesof thesepeakslead us to suspectthatthey
representlooselyboundsurfacecarbon.

ResultsfromourEIDstudiessuggestthataluminumpurityisperhaps
notas tmportanta criteriamtargetdesignforhighspecificactivity[11C]O2
as the amountof materialexposedto the beam,and/orthe gas plasma
duringirradiation,sinceall aluminumsurfaceswilloxidizeto somedegree
with time and exposure. This build-upin oxide will create a spongy
overlayeron the surfacewhichcan actas an efficientsinkfor removalof
carbonaceousmaterialfromthe targetgas. Of course,thisprocesswillbe
amplifiedif the targetis frequentlyopenedtoair. Accumulatedcarboncan



then released back into the target gas during proton bombardment, by one
or more mechanisms not yet understood. The, levels of release should be
contingent upon the irradiation conditions, and the degree of carbon
saturation of the oxide.

STUDIES CORRELATING TARGET SURFACE AREA
WITH TARGET MASS

EXPERIMENTAL PROCEDURE: We investigated the correlation
between exposed surface and carrier mass generation by inserting
aluminumalloy plugsof various lengthsintoa 212 cm3 volume cylindrical
target. Beam penetrationin the unmodifiedtarget was calculatedto be 27
cm assuming 30% gas density reducition (for a 25 I_A beam) on 10
atmospheresof gas.

Targets were stringentlycleanedpriorto these studiesby repetitively
exposingtheir inner surfacesto gas mixturesof 5% 02 in neon (10 atm.)
duringprotonirradiations.Cumulativedosesof 25 IJAhr were sufficientto
reduce surfaceboundcarbonto lowsteady-statelevels. However,surface
boundcarbonincreaseduponre-exposuretotarget N2.

RESULTS AND DISCUSSION: Table 1 lists target volumes,
exposed surface areas, and measured carrier CO2 levels from three
experiments. In each experiment,25 _ of beam was placedon target for
15 minutes. The same 16.5 miLthickaluminumwindowwas used in each
instance yielding 13.4 MeV of proton energy on gas. The carrier CO2
measurementwas categorizedaccordingto the target gas contributionand
other sources. The gas contributionwas calculatedfrom target pressure
and volume data, and our previousmeasurementsof total carbon content
within the target gas. We assumedthat all carbonaceousmaterial within
the gas was combustedto CO2 underthese circumstances.

TABLE 1
CORRELATION OF TARGET SURFACE AREA WITH CARRIER

CO2 OUTPUT

Target Surface Carrier CO2 Output(nmoi)

Volume (cm3) Area (cm2) Gas Contribution Other Sources

212 255 24 38
94 127 12 20
68 102 8 15



Resultsfromthese studiessuggestthat a correlationexistsbetween
target surface exposedto beam and carrier contributionsarisingfrom
sourcesotherthanthe targetgas. Basedonourearlierobservationsmade
by EID spectroscopy,we mustassumethattheseothersourcesarisefrom
the release of surface bound carbonfrom the oxide overlayerwhen
irradiated.

STUDIES ON THE EFFECT OF WINDOW DEFORMATION ON
THE SCATTERING AND ENERGY PROFILES OF THE BEAM:
POTENTIAL EFFECTS CONTRIBUTING TO TARGET MASS

Recently,we installeda preformed18.5 miLthickaluminumwindow,
possessinga 5 mm hemisphericaldeformation,ontoour 77 mL volume
conicaltarget,butwiththedeformationplacedconcaveintothe target. We
did this because pressureand beam induceddeformationof our flat
aluminumwindowswouldcausethemto bowoutwardbeyondthe helium
coolingaxis,whicheventuallyresultedinwindowfailure. We thoughtthat
placing a praformed windowin a concave geometry would provide
additional radial strengthto minimizefurther deformation,and also
optimumwindowcoolingthusincreasingwindowlifetime.

The windowswere fabricatedfrom6061 aluminumalloy. The alloy
existsina T6 stateof hardness(thehighestlevel),butcan be convertedto
a Toworkablestatethroughheatingof thealloyfor severalhoursat 500oC.
Once in thisstate,the windowscanbe deformedovera mandrelwithlittle
ornostressaddedtothesurfacestructure.The alloyautomaticallyreverts
backto itsoriginalstateofhardnessovera 48 hourperiod.

In-direct observationsmade on [11C]cocaine specific activity
suggestedthattargetmasscontributionsweresomewhatreducedwiththe
windowplaced in a concaveconfiguration.We have yet to verifythis
directlythroughCO2targetmassmeasurements.Evenso,thispeakedour
interestin whateffectwindowgeometrymighthaveon the scatteringand
energyprofilesof the protonbeam. Theseaspectscouldhavesignificant
effectsontargetsurfacecontributionstomass.

EXPERIMENTAL PROCEDURE: In the beam scatteringprofile
study,we usedan opticaltargetfabricatedfromquartzinthe sameshape
and size as our conical productiontarget. The preformedaluminum
windowswere sealed ontothe front-endof the opticaltargetbothin the
concaveand convexconfiguration.Inbothinstances,thetargetwasfilled
to 1 atmospherewithneongas,andirradiatedwitha 18 MeV protonbeam
focussedtoa 10 mmspotsize. Datawasacquiredwithcolorvideocamera
interfacedwith a digitalframe grabberboardon a PC computer. This



allowed us to collect and overlay beam scattering profiles for the two
window geometries.

In the beam energy profile studies, nickel foils (5 cm o.d. x 1 miL thick)
were mounted in a test chamber 10 cm behind the beam entry window.
This distance was identical to our conical target length. The chamber was
filled with 1 atmosphere of helium gas, so gas induced alteration of the
beam energy profile could be ignored. The front preformed window was
mounted both concave and convex to the nickel foils, and short irradiations
were carried out using the same conditions described above. After
bombardment, the foils were removed, and cut into 3 mm wide rings for

" analysis by gamma spectroscopy. Each ring was assessed for relative
distributions of 55Co and 57Co activities which Were formed from the
58Ni(p,¢)55Co and 60Ni(p,e¢)57Co reactions, respectively. Corrections
were made to the data for relative abundances of the nickel isotopes, and
for detection effiency of the gamma energies (931 KeV and 122 Kev,
respectively) used to measure the cobalt abundances.

Since the proton reactions on nickel exhibit significantly different
dependences on energy below 13.5 MeV, this method provides a excellent
diagnostic tool for looking at beam energy profile (Kaufman, 1960). Figure
5 illustrates this feature in a correlation of proton energy with the isotope
cross section ratio.

RESULTS AND DISCUSSION: Results from the beam scattering
studies in the optical target showed no significantdifferences in beam
profilefor the twowindowgeometries.

Figures 6 and 7 illustratethe variationof the beam energy, depicted
by the 55Co-to-57Co ratio, as a functionof the radial distance from the
center axis of the beam, for targetwindowsmountedconcave and convex
to the target, respectively.The strikingfeaturehere is thatthe beam energy
profile is significantlyaffected by windowgeometry. We observed much
higher beam energies incidenton the outer fringesof the nickelfoil, when
the fronttarget windowwas mountedconcaveto the target, than when the
windowwas mountedconvex.

One mightrationalizethat witha higherenergy beam incidenton the
target surface,the Braggpeak wouldoccurdeeper withinthe materialand
thus have less of an effect on surface release of carbonaceous material
entrained withinthe outer oxide layer. This aspect certainlybears further
investigation.

SUMMARY

Clearly, the above studies demonstrate that the [110]O2 specific
activity will benefit enormouslyfrom targets whose size and shape will



minimizesurface exposureto beam. It goeswithoutsaying that smaller
volume targets will also minimizegas contributions to mass. In addition,
attentionto windowgeometrymay havebeneficialaffectson target surface
contributionsto mass. Of course,one can only capitalizeon this feature if
sufficientbeam energyis availableto expendon a thickwindow.

Unfortunately, there are practical considerations when trying to
achieve high specific activity [110]O2. We have observed (see Figure 8)
that as the amountof carrier massgeneratedwithin the target is minimized,
the extraction efficiency of carbon-11activity as [110]O2 decreases from
theoreticalexpectations. This phenomenonappears to occur independent

" of the nature of the material used to fabricate the target (we have
compared identical volume cylindrical targets fabricated from aluminum
and nickel), and independentof the sizeand shape of the target (we have
compared cylindrical targets of variousvolumeswith our standard 77 mL
conicaltarget). For a lackof a betterterm,we refer to this phenomenonas
a carrier effect. Ultimately,one is facedwith the prospectof compromising
between [110]O2 specificactivity,and the amount of [110]O2that can be
extractedfromthe target aftera reasonableirradiationtime.
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Figure I Modified flame ionization detector from a Hewlett Packard 5890A gas chromatograph
used for carbon oxide analysis.
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Figure 2 Gas samplingport and gas chromatographfor carbonoxide analysis.
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Figure 4 Electroninduceddesorptionspectrum (at 1000 volt electron acceleration) of CO2
(m/z 44) from a clean 6061 aluminumalloysurface,.andfrom a treated6061
alloysurface that possesseda 104 monolayerthickcoatingof oxide,and
was exposedto 10 ppm levelsof CO2 in N2 gas.
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