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mass spectrometry (TIMS) using interfering element correction
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Abstract

A novel approach using interfering element correction (IEC) methodology is presented for the determination of238Pu in Pu by thermal
ionization mass spectrometry (TIMS). The IEC methodology is based on the use of235U as a monitor isotope to correct for the ubiquitous
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sobaric interference of238U at 238Pu. The procedure involves the addition of enriched235U (>90 atom%) externally to the Pu sample. T
38U/235U atom ratio in the sample is determined experimentally by monitoring the intensities of ions withm/z 254 and 251, correspondi
o 238UO+ and235UO+, respectively. Subsequently,238Pu/239Pu atom ratio is determined by using Pu+ ion at different heating temperatures
aporization and ionization filaments. The methodology is evaluated using NIST-SRM 947 isotopic reference material with238Pu abundanc
lose to 0.25 atom% and a synthetically prepared sample containing about 2 atom% of238Pu. The approach is simple and holds promise
he characterization of new reference materials of238Pu using TIMS.

2004 Published by Elsevier B.V.
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. Introduction

Thermal ionisation mass spectrometry (TIMS) is a widely
sed mass spectrometric technique for the determination of

sotopic composition of plutonium (Pu)[1,2]. However,238Pu
s generally not determined by TIMS due to the ubiquitous
sobaric interference of238U. Moreover, the main route of
ormation of238Pu in a reactor is by neutron induced reac-
ion on237Np which is produced by�− decay of237U, formed
n situ, by two successive (n,�) reactions on235U and (n, 2n)
eaction on238U [3]. Prior to the determination of isotopic
omposition of Pu by TIMS, the Pu sample is separated and
urified from241Am and bulk of uranium present in the dis-
olver solution of irradiated fuel. The U/Pu amount ratio in
he dissolver solution of irradiated fuel can range from 1000

∗ Corresponding author. Tel.: +91 22 25593740; fax: +91 22 25505151.
E-mail address:skaggr@magnum.barc.ernet.in (S.K. Aggarwal).

to 100, depending upon the burn-up of the fuel. Howe
inspite of chemical separation and purification of Pu f
bulk of U, the purified Pu is always associated with sm
amounts (0.01–0.1%) of U which gives rise to isobaric in
ference from238U at 238Pu. The two isobars238U and238Pu
cannot be resolved in TIMS due to the limited mass res
tion of about 500 in single focusing magnetic sector TI
instruments. Therefore, the data obtained on238Pu determi
nation by TIMS is always positively biased, unless suit
correction methodology is applied.

Accurate data on238Pu/239Pu atom ratio is importan
for various applications in nuclear science and techno
[4–7]. These include the development of isotope correlat
refinement of computer codes in reactor physics calcula
to calculate the build-up of different Pu isotopes, the us
238Pu as a tracer (spike) in isotope dilution alpha spectro
try and the possibility of employing238Pu as a tracer (spik
in isotope dilution thermal ionization mass spectrom
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(ID-TIMS), etc. The 238Pu/239Pu atom ratio is generally
calculated using data on238Pu/(239Pu +240Pu) alpha activity
ratio determined using alpha spectrometry on purified Pu
sample and240Pu/239Pu atom ratio determined by TIMS. Al-
pha spectrometry has problems[8] of tail contribution at low
energy peak of (239Pu +240Pu) at 5.16 MeV, due to energy
degradation of high energy peak of238Pu at 5.50 MeV. This
tail contribution depends upon many parameters including
the quality of alpha source and the activity ratio of high
energy 238Pu peak to that of low energy (239Pu +240Pu)
peak. The tail contribution can be accounted for by using
suitable algorithms which are empirical as these are based
on certain assumptions on the nature of tail contribution.
Therefore, the uncertainty in tail contribution correction is
one of the major sources of errors in238Pu determination by
alpha spectrometry, in addition to the usual random error due
to counting statistics. Thus, this technique has limitations for
the charcterisation of reference materials for238Pu. Hence, it
was of interest to develop a mass spectrometric method based
on independent physico-chemical principle for the precise
and accurate determination of238Pu/239Pu atom ratio.

The availability of fully automated thermal ionization
mass spectrometers with multi-detector system and sophis-
ticated software procedures, over the last two decades, has
enhanced the capabilities of TIMS from many aspects. These
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ratios in the two Pu samples were compared with the data
quoted by NIST in the certificate and those obtained us-
ing alpha spectrometry on electrodeposited sources. This
paper gives a detailed discussion on this novel approach
and presents the results obtained for validation of the IEC
methodology for the determination of238Pu in Pu samples
by TIMS.

2. Experimental

2.1. Sample preparation

Two different Pu samples viz. (i) NIST-SRM 947 and (ii)
a synthetic mixture prepared by mixing solutions of enriched
238Pu and239Pu, were used to demonstrate the applicability
of the approach and for validation of the TIMS methodology.
The NIST-SRM-947 Pu sample was purified from241Am us-
ing anion-exchange separation procedure in HNO3 medium
[6]. Approximately known amounts of the isotopic reference
material of U, NIST SRM-930, containing about 93 atom%
of 235U were added to purified NIST-SRM-947 Pu sample
and synthetic mixture prior to carrying out TIMS analysis.
The amount of NIST-SRM-930 U added to the Pu samples
was such as to obtain a Pu/U amount ratio of about 5 in the
m
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sotopes by applying interfering element correction (I

ethodology to account for the isobaric interference in
can during data acquisition. This IEC methodology can
e used if the evaporation and ionization characteristic

he two elements are distinctly different. Previously, we h
tudied the ion source chemistry of U and Pu using synt
ixtures with Pu/U amount ratios of 2, 5 and 10 using a d
le filament assembly in TIMS, with an objective to optim

he filament heating conditions for the production of UO+ and
u+ ions at two different sets of filament heating conditi

9]. These studies prompted us to investigate the possi
f first determining238U/235U atom ratio in the sample b
onitoring the intensities of ions atm/z 254 and 251, co

esponding to238UO+and235UO+, respectively, at filamen
emperatures where PuO+ is not formed. This is followed b
ecording the intensity of235U as a monitor isotope in ea
can during acquisition of data on Pu isotopes and givin
xperimentally determined238U/235U atom ratio as an inpu

n IEC methodology, to correct for the contribution of238U
t the intensity of peak atm/z 238, for the determination
38Pu/239Pu atom ratio in the sample using Pu+ ion.

The approach is based on the external addition o
iched235U (>90 atom%) to the unknown purified Pu sa
le. The studies were carried out using NIST-SRM-947

sotopic reference material with238Pu abundance close
.25 atom% and a synthetically prepared sample conta
bout 2 atom% of238Pu. Efforts were also made to det
ine the isotope fractionation factor (i.e.,K-factor) unde

he filament heating conditions used for238Pu determina
ion by TIMS. The values obtained on238Pu/239Pu atom
ixture.

.2. Instrument

A Finnigan MAT-261 thermal ionization mass spectro
ter equipped with 9 Faraday cup detectors, each of
oupled to a 1011� resistor, was used for TIMS analysis
ouble rhenium filament assembly made out of high p
e was used. Five to ten microlitres of the Pu solutio
M HNO3 containing about 3�g of Pu was loaded on th
ample filament and was dried by passing a current of a
.5 A in air. After drying the solution, the filament was furt
eated slowly to 1.8 A and was then taken momentarily to
ot and then immediately, the heating current was reduc
ero.

.3. Mass spectrometric analysis procedure

The mass spectrometric analysis for determinatio
38U/235U atom ratio using UO+ ion was carried out firs
Experiment I) at ionization filament heating current of ab
A and vaporization filament heating current of 1.6–2.
he heating current of ionization filament was mainta
onstant, in different mass spectrometric analyses, by
erving nearly the same signal strength of187Re+ ion. The
ons withm/z values of 251 and 254 were collected on F

and FAR 3, respectively with the baseline taken atm/z
alue of 246.5. Data were acquired in static mode of m
ollection using COL.5 available in the software. Run s
ary of data on (m/z254)/(m/z251) intensity ratio determine

n two blocks, each block consisting of 10 scans, was g
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as an input during the analysis of Pu from the same filament
loading. During the analysis of Pu as Pu+ ion (Experiment
II), the 235U+ ion intensity was monitored to account for the
isobaric interference of238U at m/z 238 signal. For this ex-
periment, the heating temperatures of the ionization and va-
porization filaments were about 5A (∼2000◦C) and 2.8–3 A
(∼1300◦C), respectively. Data were again acquired in static
mode of multi-collection using FAR 8, FAR 6, FAR 5 and
FAR 4 form/zvalues of 235, 238, 239 and 240, respectively
and the background was measured atm/z value of 230.5. It
may be mentioned that no change in the Faraday cup posi-
tions was required for data acquisition using either UO+ ion
(Experiment I) or Pu+ ion (Experiment II). Two different ex-
periments were defined and only change in the experiment
number in the software was sufficient to perform the TIMS
analysis. All the mass spectrometric analyses were completed
within a priod of 2 weeks.

3. Results and discussion

It is worthwhile discussing the choice of a suitable isotope
of U to be used as a monitor isotope in the interfering element
correction methodology and also the optimum amount of this
U isotope to be added to the purified Pu sample.
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We used NIST-SRM-930 isotopic reference material of
U containing about 93 atom% of235U. This was mainly due
to the fact that this material was available with us and also
has the additional feature of certified235U/238U atom ratio.
It may be added that it is neither necessary to use the iso-
topic reference material nor it is mandatory in the present
methodology to have a prior information on235U/238U atom
ratio of the enriched235U used as a monitor isotope. Since
the235U/238U atom ratio is determined during each filament
loading, a prior information of235U/238U atom ratio in the
enriched235U facilitates the analyst to get an idea about the
extent of U present in the sample loaded on the filament. The
use of 93 atom% enriched235U was also considered optimum
from the point of view of getting reasonable intensity of the
two uranium isotopes which would reduce the error on the
experimentally obtained235U/238U atom ratio, to be given as
an input in IEC methodology for data reduction during Pu
isotope ratio.

3.2. Optimization of Pu/U amount ratio in Pu sample

The amount of U to be added to the purified Pu sample was
also optimized. This is because the addition of large amount
of uranium would not only increase the contribution of238U
at238Pu peak but would also affect the yield of ion production
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.1. Selection of monitor isotope of uranium

The selection of U isotope added externally to puri
u fraction is one of the important parameters of the pre
pproach. In principle, one could use any enriched iso
f U different from238U which causes isobaric interferen
t238Pu. These include the two easily available isotopes
33U and235U to most of the laboratories. However, a nu
er of other criteria were also kept in mind before selec

he monitor isotope of U. For example, the monitor isot
f U should be available in enriched form (>90 atom%) an
hould not increase the handling problem because of rad
ivity associated with it as well as with other isotopes pre
n minor amounts. From these considerations, the sele
f 233U was ruled out since it has a half-life of 1.6× 105

ears and also has 50–1000 ppm of232U associated with i
he latter has alpha decay half-life of about 70 years

ts decay products also increase the radioactivity assoc
ith it. It is not desirable to increase the level of radioac

ty in the ion source of TIMS from the point of view of a
aintenance and cleaning of the ion source at a later
nother important consideration was that, if possible, t
hould not be any change in the Faraday cup position w
witching over from the acquisition experiment of uran
sotopes to that for plutonium isotopes. This would facili
he fast acquisition of data without unnecessarily increa
he time required to adjust the Faraday cup positions. B
n these considerations,235U was found to be a suitable is

ope to be used as a monitor isotope and was employed
resent work.
f Pu ions during TIMS analysis. On the contrary, the ad
ional of small amounts of uranium would not give suffici
ignal intensity of UO+ to obtain precise235U/238U atom ra-
io. In fact, during the initial stages of this work, it was thou
hat the addition of large amounts of U (about 10 times th
u present in the sample) followed by ion exchange rem
f most of the uranium may appear promising to accoun
mall amounts of U originally present in the Pu sample.
t was not pursued further considering the fact that the
ified Pu would contain relatively small amounts of U a
his would not give precise data on235U/238U atom ratio. In
ddition, it was considered worthwhile not to increase
xperimental effort of separation and purification since
an also lead to loss of Pu during the ion exchange se
ion procedure, due to well known tailing effects obser
uring elution of Pu in anion exchange separation proce

10].
Based on the experiments carried out for studying the

ource chemistry of U and Pu, using synthetic mixtures
nd Pu, it was observed that Pu/U amount ratio of abou
ptimum[9]. This amount ratio does not affect the yield
u+ ions and at the same time, one gets sufficient signal i
ity of both the isotopes of U using UO+ ion. It may be note
hat the amount of U present in the purified Pu fraction n
ot be known, since the decontamination factors of U an

n the anion-exchange separation and purification proce
sed in the present work are well established. Consid
n initial U/Pu amount ratio of 100–200 in the dissolver

ution of irradiated fuel, and decontamination factor of4

or Pu w.r.t. U, the U/Pu amount ratio in the purified Pu w
e 0.01–0.02[10]. Thus the presence of 1–2% of uranium
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Table 1a
Data on the238UO+/235UO+ ratio during mass spectrometric analysis of
NIST-SRM 947 using Experiment I

Block no. 235UO+ intensity (mV) 238UO+/235UO+ ratiob

1 216 0.057785 (0.16%)a

2 143 0.057924 (0.16%)

Run summary 0.057855 (0.17%)
a Denotes standard deviation obtained on the mean value from a block

consisting of 10 scans.
b Certified value of 238U/235U atom ratio in NIST-SRM-

930 = 0.057641± (0.1%).

the purified Pu fraction will not significantly alter the amount
of enriched U to be added for determination of238Pu by the
present methodology using TIMS.

3.3. Results of TIMS analysis of NIST-SRM 947

Tables 1a and 1bpresent typical data obtained during
TIMS analysis of one of the filament loadings of NIST-SRM-
947 Pu mixed with NIST-SRM-930 U with Pu/U amount ratio
of about 5.Table 1agives the data obtained in Experiment
I for the determination of235U/238U atom ratio using UO+

ion. This Table also includes the signal intensity of major iso-
tope, i.e., of235UO+. The238U/235U atom ratio determined
is higher compared to the certified238U/235U atom ratio in
NIST-SRM 930 due to small amounts of U present in SRM-
947 Pu sample[11]. Table 1bgives the signal intensities of
235U+ and239Pu+ isotopes (in mV) in different blocks and the
data on238Pu/239Pu atom ratios obtained during Experiment
II. The intensities given inTables 1a and 1bcorrespond to the
signals of the various peaks observed during first scan in each
block. It is seen that intensities of235U+ and239Pu+ signals
are fairly constant over the acquisition period of 10 blocks.
For data reduction in Experiment 2,238U/235U atom ratio
from Experiment 1 was given as an input for IEC methodol-
ogy to obtain the corrected intensity of238Pu, in each scan,
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after accounting for the isobaric interference of238U. It is
seen that mean238Pu/239Pu atom ratios obtained during each
of the 10 blocks are in good agreement with one another and
the run summary of 10 blocks agrees well with the value of
0.003022± (2%) quoted by NIST, after decay correction.

It was of interest to study the isotope fractionation be-
haviour of Pu during Experiment 2, which uses different fila-
ment heating conditions than those employed normally[12],
i.e., comparatively lower ionization filament heating current
of 5 A and higher evaporation filament current of 2.5–3 A in
the former versus 6 and 2 A, respectively, in the latter[12].
The isotope fractionation factor per mass unit, also known
asK-factor, was calculated by comparing the experimentally
obtained239Pu/240Pu atom ratios with the certified ratio in
NIST-SRM 947 Pu.Fig. 1 depicts theK-factor calculated
from one of the typical mass spectrometric analyses. As ex-
pected, theK-factor is initially positive due to preferential
evaporation of the lighter isotope. The data plotted from dif-
ferent blocks shows that as expected,K-factor decreases with
time and also becomes negative during the data acquisition.
The two run summary points included in the figure are from
mean of means of data after 3 and 10 blocks.

The values obtained forK-factors during eight indepen-
dent filament loadings of NIST-SRM-947 Pu and analysed
using filament heating conditions of Experiment 2 are shown
i
c ean
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able 1b
ata on the determination of238Pu+/239Pu+ ratio in NIST-SRM 947 usin
xperiment II

lock no. 235U+

intensity (mV)

239Pu+

intensity (mV)

238Pu+/239Pu+

ratio

1 2.77 1545 0.0030389 (0.17%a

2 3.05 1653 0.0030427 (0.31%
3 3.31 1737 0.0030501 (0.33%
4 3.61 1787 0.0030435 (0.22%
5 4.25 1785 0.0030426 (0.22%
6 4.18 1784 0.0030395 (0.24%
7 4.34 1780 0.0030362 (0.32%
8 4.14 1830 0.0030356 (0.40%
9 3.69 1687 0.0030364 (0.25%
0 2.89 1601 0.0030444 (0.42%

un summary 0.0030410 (0.32%b

a Denotes standard deviation obtained on the mean value from a
onsisting of 10 scans.

b Stands for external standard deviation calculated from the mean
btained in each of the 10 blocks.
n Table 2. During each filament loading, theK-factor was
alculated from the run summary of three blocks. A m
alue of 0.99994± 0.00055 is obtained forK-factor per amu
his K-factor, if not applied, would contribute a small s

ematic error in the determination of238Pu/239Pu atom ratio
his K-factor is clearly different from a value of 0.9982
-factor per amu observed previously in our laboratory[12]

or Pu isotope ratios using the filament heating condit
f about 6 A and about 2 A for ionization and vaporiza
laments, respectively. It may be mentioned that variat
n theK-factor, from one mass spectrometric analysis to
ther, under the nearly same heating conditions are a s
f variable systematic error which cannot be eliminate
nknown samples. However, during the preparation and
cterization of reference materials for238Pu/239Pu atom ra

ios, one can use internal normalization methodology b

ig. 1. K-factor amu−1 from 239Pu/240Pu ratio in NIST-SRM 947 calculate
rom different blocks data.
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Table 2
K-factor per atomic mass unit for Pu from the TIMS analysis of NIST-SRM 947 for238Pu determination

Sample no. MSA no. Observed240Pu/239Pu atom ratio K-factor amu−1 from 240Pu/239Pu

1 16872 0.241073 (0.016%)[4]a 1.00034
2 16873 0.241073 (0.024%)[3] 1.00020
3 16877 0.240867 (0.022%)[4] 0.99949
4 16881 0.240970 (0.031%)[3] 0.99992
5 16882 0.241070 (0.029%)[3] 1.00033
6 16885 0.241160 (0.016%)[2] 1.00071
7 16912 0.240796 (0.029%)[10] 0.99920
8 16914 0.240817 (0.023%)[10] 0.99929

Mean value 0.99994± 0.00055

a Denotes the number of blocks in each mass spectrometric analysis;K-factor amu−1calculated as (239Pu/240Pu)Certified/(239Pu/240Pu)Observed; Certified
240Pu/239Pu atom ratio in NIST-SRM 947 = 0.240989± (0.1%) (decay corrected as on 14 July 2004).

Table 3
Results obtained for238Pu/239Pu isotope ratio determination in NIST-SRM 947 using different amount ratios of Pu/U

Sl no. MSA no. Pu/U amount
ratio

Observed240Pu/239Pu
atom ratio

Observed238Pu/239Pu
atom ratio

K-factor per
amu

Corrected238Pu/239Pu
atom ratio

1 16878 2 0.240890 (0.014%) 0.003050 (0.39%)[3] 0.99959 0.003049
2 16882 5 0.241070 (0.029%) 0.003049 (0.61%)[4] 0.99966 0.003048
3 16875 10 0.240827 (0.013%) 0.003041 (0.32%)[5] 0.99933 0.003049

Mean value 0.0030486 (0.02%)

238Pu/239Pu atom ratio quoted in NIST certificate for SRM 947 = 0.003022± (2%) (decay corrected as on 14 July 2004).

on 240Pu/239Pu atom ratios and thus eliminate the variable
systematic error.

Table 3gives the results obtained for the determination of
238Pu/239Pu atom ratios in NIST-SRM-947 Pu using its three
different mixtures with NIST-SRM-U-930 with Pu/U amount
ratios 2, 5 and 10. These experiments were conducted with a
view to observe, differences if any, in the extent of isobaric
interference correction using IEC methodology. However, no
significant difference in the isobaric interference correction
was observed and the238Pu/239Pu atom ratios obtained from
the three mixtures are in good agreement with one another
as well as with the value expected in the sample. This was
attributed to the fact that NIST-SRM 947 originally contains
only traces of uranium (about 600 ppm)[11]. The study shows
that Pu/U amount ratio need not be known exactly. For the un-
known sample, Pu/U amount ratio of 2–5 would be preferable
with a view to getting sufficient intensities of both235UO+

and238UO+.

3.4. Results of TIMS analysis of synthetic mixture of Pu
isotopes

Since isotopic reference materials with certified values
higher than∼0.3 atom% of238Pu content are not available,
i the
p t
o d by
m
a ual
m urces
[

atom ratio using UO+ ion and238Pu/239Pu atom ratio us-
ing Pu+ ion determined in this synthetic mixture during a
typical mass spectrometric analysis by TIMS. The values of
238U/235U atom ratio obtained using UO+ ion in this syn-
thetic sample is higher (Table 4a) than that obtained during
the analysis of SRM 947 given inTable 1a. This was at-
tributed to the presence of comparatively large amounts of
U in solutions of238Pu and239Pu isotopes used to prepare
the synthetic mixture. It is possible to quantify the amount of
U present in the synthetic mixture based on changes in the
238U/235U atom ratio, however, it was not done since this is of
no consequence to the present work. The run summary value
of 0.019376 (Table 4b) obtained by TIMS for238Pu/239Pu
atom ratio was found to be in good agreement with the value
of 0.019341 determined using alpha spectrometry. The alpha
spectrometry value of238Pu/239Pu atom ratio was calculated
from the238Pu/(239Pu +240Pu) alpha activity ratio obtained
from triplicate spectra recording from each of the four alpha
sources, using a value of 0.011207± (0.1%) for240Pu/239Pu
atom ratio determined by TIMS and half-life values of 24 110,
6553 and 87.74 year, respectively for239Pu,240Pu and238Pu.

Table 4a
Data on the238UO+/235UO+ atom ratio during mass spectrometric analysis
of synthetic mixture using Experiment I

B

1
2
3
4

R

t was of interest to apply the methodology discussed in
resent paper to a synthetic mixture having238Pu conten
f about 2 atom%. The synthetic mixture was prepare
ixing solutions of238Pu and239Pu isotopes.238Pu/239Pu
tom ratio in this mixture was determined by the us
ethod of alpha spectrometry on electrodeposited so

4]. Tables 4a and 4bshow the data obtained on238U/235U
lock no. 235UO+ intensity (mV) 238UO+/235UO+ ratio

550 0.059698 (0.05%)
356 0.059791 (0.05%)
234 0.059885 (0.18%)
156 0.060011 (0.20%)

un summary 0.059846 (0.24%)
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Table 4b
Data on the determination of238Pu+/239Pu+ ratio in synthetic mixture using
Experiment II

Block no. 235U intensity
(mV)

239Pu intensity
(mV)

238Pu+/239Pu+ ratio

1 4.08 1729 0.0193784 (0.055%)
2 3.77 1794 0.0193852 (0.042%)
3 3.24 1851 0.0193662 (0.080%)
4 2.91 1888 0.0193737 (0.068%)
5 2.70 1911 0.0193739(0.031%)
6 2.49 1948 0.0193759 (0.050%)
7 2.41 1983 0.0193741 (0.048%)
8 2.38 2023 0.0193766 (0.040%)
9 2.28 2061 0.0193754 (0.031%)

10 2.23 2096 0.0193768 (0.025%)

Run summary 0.0193756 (0.053%)

Expected atom ratio as per alpha spectrometric data on = 0.019341± (0.5%)
238Pu/(239Pu +240Pu)� activity ratio of 5.10437± (0.37%) determined from
triplicate spectra recording from each of the four alpha sources.

However, as is known in alpha spectrometry, the tail contribu-
tion at low energy peak (5.16 MeV) of (239Pu +240Pu) due to
energy degradation of high energy peak (5.50 MeV) of238Pu
increases with increase in238Pu content and this increases
the uncertainty in the data obtained by alpha spectrometry,
particularly, in cases where the quality of the alpha sources is
not good. These types of Pu samples can be generated during
IDAS [5] on Pu as well as ID-TIMS of Pu using238Pu as
a spike and in such cases, the present methodology can be
easily used for Pu analysis by TIMS.

It is worth mentioning that in the present methodology,
since238U/235U atom ratio to be used in IEC approach, is
determined from the same filament loading, pick-up or con-
tamination of Pu sample with small amounts of U during
sample processing will not affect the data obtained for238Pu
isotope in the sample. This is quite attractive since at times,
there could be contamination from natural/depleted/enriched
U, when a large number of samples are handled in any facil-
ity. Further, U contamination from reagents, apparatus and
the environment will also not affect the results.

4. Conclusions

A novel approach based on the use of interfering element
c ina-
t on-
i the

external addition of enriched235U (>90 atom%) to the Pu
sample, use of UO+ ion for determination of238U/235U ratio,
followed by the IEC approach using Pu+ ion for 238Pu/239Pu
atom ratio determination. The studies show the methodology
discussed in this work is promising and has the potential to
give a precision and accuracy of better than 0.5% on238Pu de-
termination for characterisation of238Pu isotopic reference
materials, in future. The methodology is also attractive for
obtaining high accuracy data on238Pu/239Pu atom ratios in
various Pu samples with different burn-up values.
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