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Summary. Samples of LaPO4 doped with Eu3+ or Cm3+

were synthesized by a hydrothermal process which resulted
in a solid solution at temperatures less than conventional
processing. Time resolved laser fluorescence spectroscopy was
used to probe the incorporated Eu3+ or Cm3+ in order to gain
structural information on its local environment. This revealed
that Eu3+ and Cm3+ incorporate on the La site as expected.
The emission spectrum of Eu3+ resolves the fully degenerate
5-fold splitting of the peaks in the F2 transition due to the
low symmetry of the site, confirming previous calculations.
A minor site in the Eu3+ doped sample is identified as
coordinated with hydroxide contamination. Direct excitation
of Cm3+ doped samples show the presence of “satellite”
species. Although these spectral features have been observed
in Cm3+ doped LuPO4 and YPO4, this is the first time
that these satellites are resolved into their individual species.
These are hypothesized to be due to a disturbance in the ideal
structure which creates a break in the equivalence of the four
lanthanum sites within a unit cell. The 4-fold ground state
splitting of all species is identical, although slightly shifted,
indicating similar environments. The fluorescence lifetimes
were long (1.2 ms for Cm and 3.6 ms for Eu) indicating an
absence of water in the immediate coordination sphere due to
the incorporation of the doping ion.

1. Introduction

Much progress has been made on improving waste forms
for the long term storage of nuclear waste. Advances in
partitioning have provided the opportunity for waste forms
that address a selection of elements instead of the whole
of nuclear waste [1]. This makes it possible to develop
ceramic waste forms of superior stability as compared to
borosilicate glass, which is accepted as the first generation
waste form [2–4]. One particular waste stream that will re-
quire long term storage in a nuclear waste repository is the
transuranics including americium, curium and plutonium.
These elements contribute significantly to the radiotoxicity
of nuclear waste at long time periods (> 1000 years) [5].
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One possible ceramic that shows promise as a waste form
for actinides is the monazite LaPO4. The monazite crys-
tal structure is able to incorporate trivalent actinides such
as Pu(III), Am(III), and Cm(III) to a high loading of up
to 25 wt % [6, 7]. Also, monazite can form a solid solution
with brabantite which allows it to incorporate tetravalent ac-
tinides such as U(IV) and Np(IV) [8, 9]. Monazites have
proven to be extremely stable, with some deposits in Brazil
dated as over two billion years old [4]. Natural monazite [10,
11] and (La,An)PO4 [12] have been shown to be radia-
tion tolerant to high alpha doses. This has been attributed
to an alpha-annealing process that enables monazite to re-
cover crystallinity under irradiation [13–16]. It has also been
demonstrated that it is possible to synthesize single phase Pu
and Am containing monazite in a method that can be adapted
to a hot cell environment through the use of NH4H2PO4 [7].

Monazite material has shown promise as a luminescent
material for various applications when doped with rare earth
elements such as Eu, Ce, Sm, Dy and Tb. Because of this,
there have been many studies which report on the fluo-
rescence properties of doped monazite materials [e.g. 17–
21]. Few studies, however, report the fluorescence of these
materials to a level that is useful for determining detailed
structural information. A notable exception is Meyssamy
et al. [22], which reports the time resolved laser fluorescence
spectroscopy (TRLFS) of Eu, Ce, and Tb doped LaPO4

along with the calculated emission lines for Eu:LaPO4. Al-
though these emission lines were fit to the emission spectra
they are not clearly resolved in the experimental data [22].

An even larger void in reported data exists for minor ac-
tinides. Cavellec et al. [23] report on the Cm spectroscopy in
several phosphate systems other than monazite. A detailed
study of Cm3+ doped LuPO4 and YPO4 (xenotime struc-
ture) was performed by groups at ORNL, LBNL and ANL
in the United States [24, 25]. Those studies found multiple
“satellite” species of Cm3+ that were explained as resulting
from different Cm3+ environments due to structural imper-
fections [24] or from electrons populating multiple levels of
degenerate ground states due to sample self heating [25]. To
date there has not been any such TRLFS study performed on
the monazite LaPO4 structure doped with Cm3+.

The current study uses TRLFS of Eu3+ and Cm3+ as
structural probes in LaPO4. The Eu spectroscopy has been
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performed at a higher resolution than previously reported,
confirming prior calculations [22]. Two minor sites were
identified and the emission spectra are presented. TRLFS of
Cm3+ doped LaPO4 is examined for the first time in the cur-
rent study. The results from TRLFS measurements are used
in comparison to previously reported studies on LuPO4:Cm
in the xenotime structure [24, 25]. The structural information
gained by the TRLFS of trivalent actinides and lanthanides
in LaPO4 will be used to better assess the long term perform-
ance of the proposed waste form and improve the under-
standing of fundamental interactions governing radionuclide
migration.

2. Experimental

2.1 Sample preparation

The synthesis of LaPO4 was based on the method developed
by Meyssamy et al. [22]. High purity (99.99%) La2O3 and
Eu2O3 were used to prevent emission from rare earth im-
purity ions. All other chemicals were reagent grade pur-
chased from Alpha Aesar with the exception of Cm-248
(t1/2 = 3.4×105 yr). The isotopic composition of the long-
lived curium solution (20.0 μM) is 97.3% Cm-248, 2.6%
Cm-246, 0.04% Cm-245, 0.02% Cm-247 and 0.009% Cm-
244 in 1.0 M HClO4.

A 0.6 M La solution doped with Eu (500–5000 ppm) was
made by mixing the appropriate amount of oxide material
and dissolving in a minimal amount of 10 M HNO3 and di-
luting with water (18 MΩ cm). In the case of Cm, doping
was achieved by adding the appropriate amount of Cm stock
solution (2 ×10−5 M) to the La solution, prepared as above
in the absence of Eu. A 4 mL aliquot of the prepared La so-
lution was added to 8 mL of 1 M NaOH. To the well-stirred
suspension, 8 mL of (NH4)2HPO4 solution (0.27 M) was
added. The pH was then adjusted to 12.5 with 4 M NaOH
and the solution transferred to a Teflon-lined steel autoclave.
The autoclave was then heated to 200 ◦C for 2 h in a box
furnace. Once cool, the suspension was centrifuged and su-
pernatant discarded. The solid was suspended in 25 mL of
0.1 M HNO3 for 3 days in order to dissolve La(OH)3 created
by excess La under hydrothermal treatment. The resulting
pure LaPO4 solid was then recovered by centrifugation and
dried at 90 ◦C overnight. Samples were analyzed before (as
prepared) and after (sintered) heating to 1000 ◦C for 48 h in
a box furnace under atmospheric conditions.

The solid product was confirmed to be LaPO4 with the
monazite crystal structure before and after sintering by X-
ray diffraction (Bruker D8 Advance). The supernatant from
the synthesis and acid wash was analyzed by ICP-MS to
confirm that Eu or Cm did not remain in solution, but was in
fact incorporated as a solid solution.

2.2 TRLFS (time resolved laser fluorescence
spectroscopy)

TRLFS was performed using a pulsed (20 Hz) XeCl-eximer
laser (Lambda Physics, EMG, 308 nm) pumped dye laser
(Lambda Scanmate). The following dyes were used: QUI for
UV excitation, Rhodamine 6G for direct excitation of Eu,
and Rhodamine B for direct excitation of Cm. Indirect ex-
citation of Eu and Cm was performed at 394 and 396.6 nm

respectively. The range used for the direct excitation of
Eu was 575–582 nm and the direct excitation of Cm was
done at 600–604 nm. The laser wavelength was monitored
using a Toptica WS7 wavemeter (> 10−5 nm accuracy).
Normal fluorescence measurements were detected by an
optical multichannel analyzer that consists of a polychrom-
eter with 300/600/1200 lines/mm gratings (Jobin Yvon)
and an intensified, gated photodiode array (Spectroscopy In-
struments). Maximum resolution at 300 and 1200 lines/mm
was measured to be 0.9 and 0.2 nm, respectively. High
resolution fluorescence measurements were recorded by
an Andor spectrometer consisting of a polychrometer with
2400 lines/mm holographic grating (Shamrock) and inten-
sified, gated CCD camera (I-Star). The measurements on
this system had a maximum resolution of 0.013 nm. Both
detection systems were calibrated with a neon lamp (Pen
Ray 6032). The samples were cooled to 4 K by a helium re-
frigerated cryostat (CTI-cryogenics) to improve resolution.
For the discrimination of Rayleigh and Raman scattering the
minimum gate delay between laser pulse and camera gating
was set to 1.0 μs. The gate width of the camera was fixed
at 10 ms to ensure the collection of the entire fluorescence
signal. Fluorescence lifetime measurements were made with
a delay time step between 15 and 200 μs and a total of 60
steps were taken for each lifetime measurement.

3. Results and discussion

3.1 Europium doped LaPO4

Eu doped LaPO4 synthesized by the hydrothermal synthesis
described above was analyzed by direct excitation time re-
solved laser fluorescence spectroscopy. The excitation wave-
length was varied in order to probe the 7F0 → 5D0 energy
gap (575–582 nm) directly. This transition is non-degenerate
and therefore results in a single peak for each Eu envi-
ronment. Fig. 1 shows the integrated fluorescence intensity
plotted by excitation wavelength. The major species is ex-
cited at 578.4 nm and at least one minor species is apparent
at 577.5 nm (Fig. 1). After sintering the sample at 1000 ◦C
for 48 h the peak at 578.4 nm remains, but the minor peak
shifts from 577.5 to 578.9 nm (not shown). By exciting each
species at this unique transition it is possible to obtain emis-
sion spectra without interference from multiple species. This
is in contrast to the normal UV excitation (394.0 nm) of
7F0 → 5L6 which excites all Eu species simultaneously.

The emission spectra of the major Eu species (excita-
tion wavelength of 578.4 nm) before and after sintering are
shown in Fig. 2. The emission spectrum of the as prepared
sample matches well with previously published data [22].
The emission spectra in Fig. 2 show the maximum 3-fold de-
generate splitting of the 5D0 → 7F1 transmission from 585
to 605 nm as expected of a Eu occupying the La site in
LaPO4, which has C1 symmetry. The splitting due to C1

symmetry of the next transition ( 5D0 → 7F2) is expected to
be a fully degenerate 5-fold splitting. This was previously
unresolved, but calculated to match an emission spectrum
similar to that of the as prepared sample (Fig. 2). By increas-
ing the delay time and using a 1200 lines/mm grating it was
possible to resolve the 5-fold splitting in the sintered sample
between 605 and 635 nm, as was previously calculated [22].
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Fig. 1. Excitation spectrum of Eu doped LaPO4 after hydrothermal
synthesis indicating 5D0 → 7F0 transition for the major species at
578.4 nm and at least one minor species identified at 577.5 nm.

Fig. 2. Emission spectra of the major Eu species from direct excita-
tion at 578.4 nm before and after sintering LaPO4. The sintered sample
confirms previously calculated peak positions (indicated with lines)
between 605 and 625 nm [22].

The sintered sample can be compared to that of the as pre-
pared sample in Fig. 2. There is no significant change in the
spectra due to sintering indicating that Eu occupies the La
site in the as prepared sample despite the low temperature
synthesis.

A minor species was also identified before and after sin-
tering. The excitation wavelength for this species changed
from 577.5 nm before sintering to 578.9 nm after sinter-
ing indicating a change in the local environment of the
Eu. The species at 577.5 nm was no longer evident after
heating the sample. This change is also evident by the dif-
ference in the emission spectra of these two Eu species
(Fig. 3). Both emission spectra in Fig. 3 indicate low sym-
metry Eu species with a fully degenerate 3-fold splitting
of the 5D0 → 7F1 transition from 585–605 nm. The 5D0 →
7F2 transition is likely fully degenerate 5-fold split in both
species although this is only clearly resolved in the heat
treated sample from 605–635 nm (Fig. 3). The heat treated
sample also shows a relative increase in the transitions to

Fig. 3. Emission spectra of the minor Eu species in LaPO4 from direct
excitation before (577.5 nm excitation) and after (578.9 nm excitation)
sintering illustrating a change in the minor Eu environment due to
heating.

7F0 (578–580 nm) and 7F2 (605–635 nm) as compared to the
7F1 (585–605 nm) indicating an increase in the asymmetrical
ligand field strength upon sintering (Fig. 3). Because there is
only one cation site in LaPO4 the minor species is believed
to be due to hydroxide interstitials in the LaPO4 phase that
can not be removed by acid treatment. This would explain
the observed increase in ligand strength and change in Eu
environment upon heating due to the conversion of hydrox-
ide to oxide in the material. It is important to note that while
the major and minor species can be probed individually they
are both present before and after sintering.

Fluorescence lifetimes for Eu were measured by exciting
to the 5L6 level and fitting the decay of the fluorescence to
Eq. (1) for bi-exponential decay.

It = A1 exp(−k1t)+ A2 exp(−k2t) (1)

In Eq. (1), It is the integrated fluorescence intensity at time
t. By exciting all Eu species it was possible to get a relative
abundance for each species by the ratio of quantities A1 and
A2 assuming equal fluorescence intensity from both species.
The reciprocal observed lifetime (k) in ms−1 is used in the
linear relationship developed by Horrocks and Sudnick [26]
to relate the fluorescence lifetime of Eu to the number of
waters, n(H2O), in the immediate coordination sphere ac-
cording to Eq. (2). The typical error associated with this
measurement is ± 0.5 waters.

n(H2O) = 1.07kobs −0.62 (2)

The observed lifetime can then be assigned to a species
through lifetime measurements done by direct excitation,
thereby isolating one species from the other. The fluores-
cence lifetimes, relative abundance, and corresponding num-
ber of waters for each Eu species before and after heating
are summarized in Table 1. The major species found at an
excitation wavelength of 578.4 nm has a long fluorescence
lifetime before (5.2 ms) and after (3.6 ms) heat treatment
indicating that there are no waters in the immediate coordi-
nation sphere, as was expected for Eu substituted on a La
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Table 1. Sumary of data obtained from fluorescence decay measurements on Eu doped LaPO4 and corres-
ponding number of waters in the first coordination sphere as calculated by Eq. (2).

Relative abundance (%) Lifetime (ms) # H2O

Major Eu site (578.4 nm) in as prepared sample 70 5.2 0.0
Major Eu site (578.4 nm) in sintered sample 70 3.6 0.0
Minor Eu site (577.5 nm) in as prepared sample 30 0.95 0.5
Minor Eu site (578.9 nm) in sintered sample 30 1.4 0.1

site in the LaPO4 structure. These fluorescence lifetimes
correspond to −0.41 and −0.32 waters by Horrocks equa-
tion. While negative waters have no physical meaning, it
illustrates the difference in these lifetimes is trivial. The mi-
nor Eu site before heat treatment has a lifetime of 0.95 ms,
which correlates to 0.5 waters supporting the hypothesis of
Eu species coordinated to a hydroxide interstitial. Further
evidence of this is found as the lifetime is longer after heat
treatment. The lifetime after heat treatment is 1.4 ms corres-
ponding to 0.1 waters, which is an indication that the hy-
droxide is being converted to oxygen by heating the sample.

3.2 Curium doped LaPO4

Cm doped LaPO4 was analyzed in a similar way to that of
the Eu doped sample by direct excitation time resolved laser
spectroscopy. The transition used to probe Cm in this study
is the 8S7/2 → 6D7/2 excitation and emission ( 6D7/2 → 8S7/2).
This is complicated by splitting of both the 8S7/2 ground state
and the 6D7/2 excited state. The splitting of the 6D7/2 excited
state is on the order of hundreds of cm−1 and is therefore
easy to distinguish [27]. For the current study only the so-
called A1 transition to and from the lowest 6D7/2 excited
state will be discussed. The ground state 8S7/2 multiplet has
a maximum of four components in the absence of a magnetic
field and has been found to have an energy splitting of up to
66 cm−1 [28].

In the case of the as synthesized sample this ground
state splitting was not resolved. The main excitation peak
was found at 602.5 nm while a shoulder was evident around
601.7 nm indicating a minor species (Fig. 4). Emission spec-
tra from UV excitation (396.6 nm) and direct excitation
(600–604 nm) were measured for the as prepared LaPO4

doped with Cm (not shown) and were found to correspond
with the excitation spectrum taken before heating (Fig. 4).
These results compare well with the sample doped with Eu
(Fig. 1). In both Eu and Cm doped LaPO4 there is a minor
species at slightly higher energy as compared to that of the
major species in the as prepared sample. There is a relatively
large bathochromic shift for the major Cm site due to the
strong complexation of the PO3−

4 group as compared to the
9-fold coordinated Cm3+ aquo ion found at 593.8 nm [29].
It is not, however, red shifted to the extent of the Cm doped
8-fold coordinated LuPO4, found at 605 nm [24]. This is fur-
ther evidence that the major Cm site is 9-fold coordinated in
the La site of the LaPO4 crystal structure.

Lifetimes were measured from UV excitation (396.6 nm)
to obtain relative abundance from the fit to Eq. (1) and then
assigned to each peak by measurements with direct excita-
tion as previously described for Eu:LaPO4. The reciprocal
fluorescence decay lifetime (k) in ms−1 of Cm can be lin-

Fig. 4. Excitation spectrum of Cm doped LaPO4 after hydrothermal-
synthesis indicating the 8S7/2 → 5D7/2 transition for the major species
at 602.5 nm and a minor species at 601.7 nm.

early related to the number of waters in the first coordination
sphere, n(H2O), by the equation developed by Kimura and
Choppin [30] (Eq. 3). The typical error associated with this
measurement is ± 0.5 waters.

n(H2O) = 0.65kobs −0.88 (3)

The information obtained from fluorescence lifetime meas-
urements on Cm doped LaPO4 is summarized in Table 2.
The major species has a long fluorescence lifetime of 1.7 ms
corresponding to an absence of water in the immediate co-
ordination sphere. This is consistent with Eu studies which
identified the site as the La site of LaPO4. Therefore, the ma-
jor Cm species at 602.5 nm is concluded to be the La site of
LaPO4 as previously supposed from the peak position of the
emission spectrum. The minor species has a faster lifetime
of 0.52 ms indicating 0.5 waters, or a hydroxide, similar to
the minor species in the Eu:LaPO4. This is suspected of be-
ing an incorporated Cm that is complexed to a hydroxide
interstitial that could not be removed by acid treatment.

After heating the sample to 1000 ◦C for 48 h there was
no evidence of a minor species. The main peak remains cen-
tered at 602.5 nm and some structure is evident in the peak
due to ground state splitting of the 8S7/2 state after sintering
(Fig. 5). In this excitation spectrum four peaks can be ob-
served, but there is also clear shoulders present on several
peaks indicating more than the maximum four components
of the 8S7/2 ground state. This is further discussed in high
resolution measurements below. The absence of a minor
species after heating the Cm:LaPO4 sample as compared to
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Table 2. Sumary of data obtained from fluorescence decay measurements on Cm doped LaPO4 and corres-
ponding number of waters in the first coordination sphere as calculated by Eq. (3).

Relative abundance (%) Lifetime (ms) # H2O

Major Cm site (602.5 nm) in as prepared sample 70 1.7 0.0
Minor Cm site (601.7 nm) in as prepared sample 30 0.52 0.4
Major Cm site (602.5 nm) in sintered sample 100 1.2 0.0

Fig. 5. A comparison of the excitation spectrum (solid line), emission
spectrum from UV excitation at 396.6 nm (dashed line), and low reso-
lution emission spectrum from direct excitation at 602.5 nm (dotted
line) of Cm doped LaPO4 after sintering, which shows unresolved but
consistent energy splitting of the ground state.

Fig. 6. High resolution emission spectra from direct excitation of Cm
in sintered LaPO4. Single arrows indicate wavelength of direct exci-
tation used to obtain that emission spectrum as listed in the legend.
Double arrow indicates position of direct excitation that would excite
multiple Cm species yielding more than the maximum four peaks al-
lowed by the ground state splitting of a single species.

the Eu:LaPO4 sample is most likely due to the difference
in concentrations (5% Eu as compared to 7 ppm Cm). The
emission spectra from UV and direct excitation are com-
pared to the excitation spectra in Fig. 5. The emission spec-
trum from direct excitation produces the shape of both the
excitation spectrum and the emission spectrum from UV ex-
citation indicating that all peaks are from a single Cm site
within the LaPO4.

Fig. 7. High resolution emission spectra from direct excitation at
602.18 nm (as was indicated by double arrow in Fig. 6) in sintered
Cm:LaPO4 showing more emission peaks than can be explained by the
ground state splitting of single Cm species. Single arrow indicates the
wavelength of direct excitation used to obtain that emission spectrum.

Definitive proof of a single Cm site after heating was
obtained by measuring the fluorescence decay lifetimes.
Both UV excitation (396.6 nm) and direct excitation at four
different wavelengths (602.0–603.0 nm) was used in life-
time measurements. All fluorescence decays were mono-
exponential indicating a single Cm site. The fluorescence
lifetime measured at each wavelength was 1.2 ms corres-
ponding to a complete loss of the hydration sphere (Eq. 3),
consistent with substitution on a La site as was previously
shown for Eu.

In order to resolve the ground state splitting high
resolution emission spectra were taken under direct ex-
citation (wavelength monitored to within 0.001 nm) with
an Andor camera system capable of 0.013 nm resolution
(2400 lines/mm grating). By systematically stepping
through excitation wavelengths (601.5–603.5 nm), it was
possible to excite four different species, each with four-fold
splitting (Fig. 6). It should be noted that the difference be-
tween these four species is extremely small and can only be
seen by such a precise measurement. This has previously
been observed in Cm doped xenotime structure and was
labeled as “satellites” [24, 25]. Four satellites were also ob-
served in the xenotime structure although individual spectra
from each were not resolved due to overlapping excitation
energies. The current study was successful in isolating each
satellite through direct excitation (Fig. 6). Arrows in Fig. 6
indicate positions where it is possible to excite a single Cm
species and obtain the subsequent 4-fold split emission spec-
tra. Other excitation wavelengths yield a combination of
species that can be predicted from the individual spectra.
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Fig. 8. Crystal structure of natural monazite illustrating the four La
atoms (shown as green spheres). Oxygens are shown as red spheres and
phosphorous as small grey spheres.

For instance the double arrow on Fig. 6 would be a dir-
ect excitation of 602.18 nm. This excitation energy would
excite the second peak of species 1 and the first peak of
species 3 (Fig. 6). By exciting an overlapping peak of these
two species a total of six peaks can be observed in the emis-
sion spectrum as seen in Fig. 7.

There are two explanations for this phenomenon found in
literature for the Cm:LuPO4 system. One is that self heating
due to the decay of Cm-244 and local heating by the laser
result in electron population in all 8S7/2 levels [25]. This
is unlikely in the current study due to the use of Cm-248,
which has a very low specific activity. There is also evidence
in the current study, although not resolved, of satellite peaks
in the emission spectra from UV excitation (Fig. 5), which
cannot be explained by this effect. The second explanation
presented in literature for satellite peaks found in Cm:LuPO4

is attributed to impurities or defects within the crystal struc-
ture [24]. This is the more likely cause of slightly different
environments of Cm, however, the occurrence of four envi-
ronments in both systems suggests more than random effects
of a deviation from the ideal crystal structure. The simi-
lar degree of splitting, ratio of peak heights in the emission
spectra of each satellite, and their proximity to each other

suggest that the Cm environment is almost identical in all
four satellites (Fig. 6). All four satellite sites show the same
lifetime of 1.2 ms. Therefore, the hypothesis suggested in
the present work is that this is a difference in the four La
sites within a unit cell of the LaPO4 structure due to a digres-
sion from the ideal crystal structure. This would also explain
the observations in literature for the LuPO4 system, which
also has four symmetry equivalent cation sites [24, 25]. The
crystal structure of LaPO4 can be seen in Fig. 8. Using this
explanation, the present manuscript refers to the sintered
Cm:LaPO4 as having a single Cm site as would be defined
in the classical crystal chemistry description as the La site
with four Cm environments or satellites as discovered by
high precision spectroscopy measurements presented here.
The difference in these four environments is mostly likely
due to impurities or defects within the crystal structure re-
sulting in a difference in the four cation sites within a unit
cell.

4. Conclusions

This manuscript presents the results of site-selective time
resolved laser fluorescence measurements of Eu and Cm
doped LaPO4 as prepared by hydrothermal synthesis and
subsequent sintering. The major site before and after sinter-
ing was found to be the same despite the lower tempera-
ture synthesis method. The emission spectra from the major
Eu site shows a resolved and fully degenerate 5-fold split-
ting of the F2 transition, confirming previously calculated
data [22] and proving that Eu was incorporated in the La
site through isomorphic substitution. This was compared to
Cm spectroscopic data to conclude that the major site in
Cm:LaPO4 is also Cm substituted on the La site of LaPO4.
High resolution direct excitation time resolved laser fluores-
cence spectroscopy was used to show that this single site
of Cm was actually four slightly different environments or
satellites. This is hypothesized to be a difference in the four
La sites within a LaPO4 unit cell due to a deviation from the
ideal structure, which would break the equivalence of the La
atom sites. A minor site was identified in both Eu and Cm
samples. The fluorescence lifetime and emission data sug-
gests that the minor site is coordinated to a single hydroxide
interstitial. This minor site persisted in the Eu doped sample
after sintering, however, the fluorescence lifetime and emis-
sion spectra changed. This change in spectra was attributed
to a change in the hydroxide interstitial due to heat treat-
ment. While spectroscopic measurements were performed at
cryogenic temperatures (4 K) there is no evidence of a phase
change. Therefore, these conclusions can be expanded to
ambient and the slightly elevated temperature of a nuclear
waste form. It is evident from this study that minor species
due to hydroxide impurities must be taken into consideration
given the proposed synthesis route. The appearance of satel-
lite species also challenges the simple notion of isomorphic
substitution of an ideal structure.
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