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ABSTRACT 

The effect of heat on some plutonium compounds has been studied by means 
of a silica spring therraobalance. The follomng are the main deductions which 
have been made from the thermogravim.etrie curves:-

(a) PuP, prepared by hydrofluorination of PUO2 is stable in moist air up to 
~ 300°C, the stability is reduced after the fluoride has stood in air at 
room temperature, however. 
Sufficient vra.ter is trapped in the PuP^ lattice vvhen the trifluoride is 
precipitated from aqueous solution to give a precipitate of approxiimte 
composition"2tPuP,,3H20", The loss of this vater on heating in air or in 
vacuum is not reversible. No oxyfluoride \vas detected on the air ignition 
of PUP3. 

(b) PuP. is stable in moist air up to 300°C and above this temperature is 
rapidly converted to PUO2. 

(o) Pu(S04)2 is formed by fuming dovm plutonium nitrate solution rdth concen­
trated sulphuric acid and it appears to be a useful compound for the 
gravimetric estimation of plutonium. It is rapidly converted to PUO2 by 
heating in air at temperatures above 65O C. 

(d) Pu(l03)r is not precipitated from aqueous solution as the pure compound. 

(e) Quadrivalent plutonium oxalate precipitates from aqueous solution as 
PU(C20A^.6H20 and heating this compound does not give a stable carbonate, 
although products of constant weight are achieved at temperatures below 
that at which PUO2 is knov/n to oc produced. 

(f) Trivalent plutonium oxalate precipitates from aqueous solution probably 
as Pu2(C20L)3.iOH20. The dihydrate and the anhydrous oxalate maybe 
obtained from this by heating, preferably in vacuum. Oxides of lov/er 
valency than the dioxide did not appear to be formed on heating 
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INTRODUCTION 

It v/as of interest to examine the effect of heat on various plutonium 
compounds, A thermobalance for continuous vreighing has been described by 
Duval(.'/ but for the plutonium investigation it i/as necessary to devise 
an apparatus vdiich vrould operate on much less material than the Duval 
balance. Consequently, we have constructed a simple silica spring 
balance which may be operated with as little as 10 mg, of sample, the 
sensitivity being about 1,3 mm,/mg. The 2 cm. diameter silica spring 
vra.s about 50 cm, long under a load of about 200 mg. (boat and sample) 
and an extension fibre extended dovrnv/'ards from this for 50 cm, so that 
the spring vra.s not unduly heated by the furnace (sec Figure 1), The 
loAver half of this extension vra.s made of 0.001" diameter platinum idre 
to reduce troubles arising from static electricity and to provide greater 
robustness. The sample vas surrounded by a furnace controlled from a 
hajid-operated transformer and iras protected from air currents by means 
of a silica tube. Temperatures were measured by a thermocouple in 
contact 'vd.th the outside of the silica tube; it was checked that this 
was very close to the temperature of the sample by preliminary compari­
son mth a second thermocouple placed in the position normally occupied 
by the sample. For the experiments in î diich the change in weight v/ith 
temperature \ms being observed, the rate of rise of temperature was kept 
to about 3°C per minute. Weight changes \.-ere observed by following an 
index fibre with a cathetometer ivhich could be read to 0,01 mm. Sample 
weights were determined on a commercial nicrobalance. 

The balance vvas calibrated by measuring the extension produced by 
lengths of platinum \/ire of kno^m ̂ ./eight and its performance T/;as checked 
by constructing a theri'aogravimetrie curve on hydrated calciur.i oxalate 
(see Duval, loc, cit.). 

The displacement of the sample due to loss of weight by decomposi­
tion on heating -̂/as usually a fev; millimetres and so its position 
relative to the furnace and the thori.iocouple could be considered constant» 
A curve for the change of apparent -.Ajight of the empty platiniim boat Td.th 
Increasing temperature Tra.s constructed and vvas applied as a correction 
to the experiments v/ith the plutonium compounds present (the correc-feion 
was 5 - IQ-i of the total weight change at the highest temperatures). 

The plutonium com.po\inds vrere all made from a stock solution of 
quadrivalent plutoniui-̂  in nitric acid \Ailch. had been analysed spectro-
graphically and shovm to contain negligible anounts of impurities. It 
was necessary for health reasons to enclose the l-mor end of the balance 
in a glove box which v/as kept continuously under reduced pressure. 

Handling the quartz tube which surrounded the sample vd.th the 
rubber gloves occasionally gave rise to sufficient electrostatic charge 
to make the platinum boat adhere to the tube, V/lien this happened it 
was necessary to place a foM drops of vra.ter in the bottom of the tube to 
raise the water vapour content of the tube sufficiently for the charges 
to be dispelled. The distance of the water from the heated furnace had 
to be adjusted so thr.t complete and rapid vapourisation did not occur 
with subsequent condensation on the quartz helix. 

EXPERIMENTAL 
2,1 Plutoniijm Trifluoride 

(a) Anhydrous plutoniiii trifluoride v/as prepared by the reaction 
of plutonium dioxide (obtained by ignition of the tetraoxalate, 
see below) iidth gaseous hydrogen fluoride and hydrogen at 
350°C^^''. The the rmogravim.e trie curve on a freshly prepared sample 
(29,63 mg.) is shown in Figure 2, There vvas no detectable y/eight 
change below 300°C; the total 'ifeight loss between this plateau 
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and the final one beginning at ca. 700°C v/as 8,kl(fo (theor, change 
for PUP3 >̂ .Pu02, Q,kU/h). The product showed the X-ray diffrac­
tion pattern of plutonium dioxide only. The weight change between 
600 C and the final plateau corresponds to the possible existence 
of PuO^^^-^ at this temperature, 

(b) A second sample froi.i the same preparation vra.s allowed to stand 
in laboratory air for t̂ yelve days, A thermogravir.ietric curve on a 
10,07 rag, sample is shorm in Figure 3. The residue gave the X-ray 
diffraction pattern of Pu02 and the weight change from the plateau 
between 100 - 200°C to the final plateau v/as 8,3^. The curve also 
shows that there v/as O.6I/0 of adsorbed moisture on the sai:iple and 
that the dip in the curve at ~ 500°C might be indicative of PuO^ gg. 

(c) Another sample of PUF3 (29,53 ng.) vAiich had been prepared the 
"dry way" ajid which had been exposed to laboratory air for several 
weeks shovred that 0,l+^o of moisture had been adsorbed. This -vrns 
lost on heating in air and a plateau corresponding to pure anhydrous 
PUF3 was observed over the range 100 - 250°C; the weight loss 
betvraen this and the final plateau (PUO2) Tira.s 8.2^, The dip in 
the curve at ~ 500°C in this experiment corresponded to PuO^^yy. 

2» 2 Precipitated Plutonium^ Trifluoride 

(a) Plutonium (IV) in dilute nitric acid solution was reduced to 
plutonium (ill) by the addition of hydroxylanine hydrochloride and 
a precipitate was obtained on the addition of aqueous hydrofluoric 
acid. The precipitate v/as centrifuged, Tra.shed t'/vice v/ith -v/ater, 
sludged from the plastic tube in which the precipitation had taken 
place into a glass tube, r/ashed v/ith acetone and dried at room 
temperature in a vacuum of 10"5 ixi, Hg. On ignition in air a 15.95 
mg. sample of the dried precipitate gave the thermogravimetrie 
curve shown in Figure 4; the total v/eight loss from room tempera­
ture to the final PUO2 plateau v/as 12.3/b (the product gave the X-ray 
diffraction pattern of Pu02 and v/as found to have zero fluorine 
content by a pyrohydrolytic analysis). Some possible theoretical 
weight changes are:-

PuP3,H20 — - > PUO2 13*655>'o 

2jPuP3,3H20 >̂ PUO2 12,M)^ 

2PUF3.H2O >̂ PUO2 11.15^0 

PUF3 >̂ PUO2 8.2+4̂  

The precipitate gave a very diffuse X-ray diffraction pattern, the 
main features of which seemed identical v/ith those of anhydrous 
PUP3. Small samples which were ignited to temperatures of 250, 
275 and 320°C showed the gradual fading of the X-ray diffraction 
lines v/ithout the appearance of any other pattern (e.g. of PuOF); 
at 2fOO°0 the diffraction pattern v/as that of PUO2. 

(b) Further thermogravimetric curves on other preparations of the 
fluoride precipitate gave 12,25, 12,6 and 12,i4̂ o changes in weight 
from room temperature to the PUO2 plateau. 

(c) A 24,7 mg. sample of the fluoride precipitate v/as heated to 
275°G while suspended on the silica spring. The v/eight loss 
obsejTved was 5.3p2. On returning to room temperature there v/as a 
weight increase of ~ 1^. 

(d) Plutonixxm trifluoride vra.s precipitated as in (a), but the 
temperature of precipitation -was raised to 80°G. A thermogravi­
metric curve on 12.10 mg. of thv. dried precipitate gave a v/eight 
loss of 10,1^ betv/een room temperature and the PUO2 plateau. 



2,3 Plutonitim Tetrafluoride 

(a) Plutonium tetrafluoride 'v/as prepared by the reaction of the 
dioxide (obtained from lov/ temperature ignition of the oxalate) 
at 350°C v/ith gaseous anhj'̂ drous hydrogen fluoride containing a 
partial pressure of oxygen^ /, A themogravimetric curve on a 
freshly prepared sample (12,71 ng,) is sho'vvn in Figure 5. There 
v/as no change in v/eight below ~ 300°C; above that temperature 
the fluoride was converted directly to the dioxide the v/eight 
change observed being 14,^ (theor, for PuFr ^ PUO2, 13»97/'')» 

(b) A second sample (4­8,86 mg, from another preparation) gave the 
same shaped thermogravimetric curve and a v/'eight change of 13«S^» 

(c) A sample (6,98 mg.) from the same preparation as sample (a) 
was alloi/ed to stand in laboratory air for tvro days. The thermo­
gravimetric curve indicated an initial loss of v/­eight of about 
0,&/i (adsorbed moisture) betvfeen 20 ­ 50°C but above this tempera­
ture the curve v/as the same shape as for sample (a). The v/eight 
loss from the PuF. plateau to the ?u02 plateau v/as 13»95/v. There 
was no trace of the trough observed at 5OO ­ 600°C on the P1JP3 
thermogravime trie curve s. 

2,if Plutoniû Ti (IV) Svaphate 
(a) Plutonium tetranitrate solution was pipetted into a platinum 
dish and concentrated sulphuric acid was added (2­3 tines the 
calculated quantity for conversion to the sulphate). The sludge 
was fumed dov/n ixnder a heating lamp until almost dry and a sample 
was then transferred to the thermobalance. The themogravimetric 
curve is shov/n in Figure 6. The loss of iveight betv/een A and B is 
attributed to evaporation of excess free sulphuric acid, the plateau 
BC corresponds to the existence of anhydrous plutonium sulphate 
(pu(S0^)2) according to the weight change observed betT/"/Ben it and 
the final PuOo plateau DE (v/eight change 5S,9/o v/ith respect to PUO2; 
theor. for Pu(S02̂ )2 ­> PUO2, 59.1/''̂  ̂lath respect to Pa02). 

(b) A second sample of the sulphate gave a very siiiiilar thermo­
gravimetric curve and the weight change from the plateau representing; 
PU(S0A)2 ^° that representing PUO2 v/as 59.̂ "­i lO­th respect to the 
^^2 (9*33 ng. weighed on the Sartorius microbalance), 

2.5 Plutoniui.i (IV) lodate 
Pink plutonium iodate v/as precipitated from tetranitrate 

solution by the addition of iodic acid. The precipitate was v/ashed 
with ethyl alcohol and dried at room temperature in a high vacuum. 
The thermogravimetric curve shown in Figure 7 v/as obtained using 
5.28 rag. of dried precipitate; the weight change from room tempera­
ture to the plateau above 540 C (v/hich substance was shown to have 
the X­ray diffraction pattern of l\i02) v/as 76.̂ •■̂  (theor. for 
Pu(l03)2^ ­> PUO2, 71.1/^). 

2.6 Plutonium (IV) Oxalate 

(a) This compound v/as precipitated by the addition of oxalic acid 
solution to the plutonium tetranitrate solution. The precipitate 
was washed vd.th ethanol and dried at room temperature in a high 
vacuum. Ym 8.95 ng, saxiple gave the thermogravimetric curve shown 
in Figure 8, the total weight loss from room teLiperature to the 
final plateau (PUO2 according to the X­ray diffraction pattern) 
was 48.i;'j (theor, for PU(C202^)2«6H20—1> PUO2, 48.1>J), 

(b) The weight change on a thermogravimetric curve observed mth 
an 11,44 nig. sar.iple from a second preparation v/as 47«9/J« 
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(c) I so thermal degrada t ion v/as observed fo r the fol lowing 
c o n d i t i o n s : 

Tempera t t i re 

200 °C 
250 
300 
400 

Yrt. of 
sample 

13.6 mg 
5.92 
7.66 
2,00 

Loss of weight 
after 60 mins. 

29.0/̂  
31.5 
42.2 
44.7 

The r e s u l t s are shov/n i n Figure 9. 

Plutonium (ill) Oxalate 

An aliquot of the stock solution of plutonium tetranitrate v/as 
reduced with potassium iodide and a slight excess of sodium oxalate 
solution was added to precipitate the trivalent plutoniuia oxalate. 
The precipitate v/as v/ashed with water and with ethanol and v/as then 
dried at room temperature in a high vacuum. 

(a) A therr:iogravimetric curve obtained on 4.95 r­̂g. of the dried 
oxalate is shown in Figure 10. The total vreight loss betv/een room 
temperature and the PUO2 plateau beginning at 700°C ivas 41.5/J 
(theor. for Pu2(C20i^)3.9H20—■> PUO2, 40,04̂ o; PU2(C202^)3.10H20 — > 
PU.O2, 41.2/.; Pu2tc202,)3.11H20 > PUO2, h2,h,'.), There T</as a 
plateau at I50 ­ 170°C corresponding to the loss of seven molecules 
of water from the decaJiydrate (observed loss 14,4/­; theor. loss 
13,7/0) and another plateau at 172 ­ 192°C corresponding to the loss 
of eight v/ater molecules (observed loss 15,25/.'; theor. loss I5.6/,'), 
At the position expected for the anhydrous oxalate there v/as a change 
of slope, but there v/as no plateau to indicate that it had any 
extensive stability region. There was no indication of the forma­
tion of any stable lower oxide before the production of Pu02« 
(b) The thermogravimetric curve for a 10.60 mg. sample of the 
vacû um dried oxalate on heating in a vacuum of IC^ mrn. Hg. is 
shown in Figure 11. The plateaux observed could be explained as 
follows: 

Point on Temperature Loss of Probable Formula Theor. weight 
Figure 11 (°C) v/eieht reig loss for 

probable 
formula 

A 25 ­ ^P\X2iG20^)y^0E20 ­

B­C 50­150 14.2 PU2(C202^)3.3H20 13,7 

D­E 220­260 15.9 PU2(C204)3,2H20 15.6 

P­G 320­430 20,7 ^2(^2%) 3 19,5 

H­I 850­ 40,6 PuOp 41,2 

(c) The decomposition of a 8.93 mg, sample of the vacuum dried 
oxalate v/as observed in a vacuum of I C ^ jnm, Hg, at 400°C, 
Constant weight v/as obtained after 60 mins. and the v/­oight loss 
from room temperature v/as 20.0/'j (theor, for Pu2(C202j.)3.10H20 
^2(^204)3* 19»5̂ /­)' ^ X­ray diffraction photograph of the 
product failed to show any lines. 

^ 0̂  ­2^­



DISCUSSION 

3.1 Plutonium Trifluoride 

Plutonium trifluoride prepared by the reaction of gaseous 
hydrogen fluoride v/ith plutonium dioxide shov/ed no detectable 
reaction v/ith moist air belov/ ~ 30Q*-'C in confinnation of the quali­
tative results reported previouslyv^/. It adsorbs moisture from 
the atmosphere, hov/cver, and this appears to reduce its stability 
limit in air to ~ 250°C. 

All the thermogravimetric curves on plutonium trifluoride 
exhibited a trough at temperatures between 500 - 600°0 v/hich vns 
not observed v/ith other plutonium compoiands. The v/eight increase 
from the trough to the puOp plateau v/as variable, the maximum 
observed v/as indicative of the possible existence in this tempera­
ture region of PuO-]̂ yy. 

Several attempts v/ere made to stop experiments at the position 
of the trough but these were not successful, the X-ray diffraction 
pattern of the product in each case \vas similar to that of the 
dioxide; in one particular experim.ent the balance system v/as 
evacuated and the sample temperature was rapidly lowered at this 
point, but on raising the temperature again with the sample in air, 
no further v/eight change was observed. If a lov/er oxide occurs as 
an intermediate compound in this system it is evidently rapidly 
oxidising to the dioxide. No stable oxyfluoride appears to be 
formed by heating plutonium trifluoride in air. 

3.2 Precipi ta ted Plutonium Trifluoride 

The thermogravimetric curves obtained on samples of the 
trifluoride precipitated from aqueous solution, washed with acetone 
and dried at room temperature in a high vacuura are different from 
those obtained from trifluoride prepared by high temperature fluor-
ination of the dioxide (compare Figures 2 and 4), The total v/eight 
loss from room temperature to the Pu02 plateau corresponds to the 
composition of the starting material being "4 PUP3.3H2O", Heating 
this precipite.te in vacuum to 300°G gives the anhydrous fluoride 
but the change is irreversible and anhydrous plutonium trifluoride 
kept UQder aqueous hydrofluoric acid for several days did not take 
up any water. Precipitation at a higher temperature gave a product 
containing less water. 

The X-ray diffraction pattern of the precipitated plutonium 
trifluoride v/as very diffuse but the spacings appeared to be the 
same as for the anhydrous compound. It is difficult to see hov/ 
the vfater could be accommodated in the trifluoxude lattice, but 
it might possibly be trapped between layers of fluorine atoms at 
the moment of precipitation to be released on the later application 
of thermal energy. It vrould then give rise to X-ray line intensity 
variations ivhich v/e v/ould not have obseirved oxring to the diffuse 
nature of the films. It has been observed recently that precipi­
tated potassium thorium fluorides usually retain 1 or 2 moles of 
water per mole of thorium fluoride when dried in air but that this 
v/ater does not play an essential part in the structure of the 
compounds since the X-ray diffraction patterns of the precipitated 
and fused fluorides are the same(4), 

Westrum and Ejnring have deterrxiined the heat of precipitation 
of plutonium. trifluoride and have deduced the heat of formation 
on the assumption that the compound precipitates anhydrous (̂5;, r̂ĵg 
present results indicate that a sm̂ uLl corr>oction may be necessary to 
their results to allovf for the accommodation of the water in the 
crystal lattice. 



•̂■5 Rl̂ "fcô ium Tetrafluoride 

In moist air, the oxidation of plutonium tetrafluoride to the 
dioxide proceeds rapidly above 300°C v/ithout the intermediate forma­
tion of a stable oxyfluoride. There is some absorption of atmospheric 
moisture at room temperature but this is removed by heating the 
sample to 50 ­ 100°G. 

The thermogravimetric behaviour of the hydrated plutonium 
tetrafluoride v/hich.is precipitated from aqueous solution has been 
reported previously^­^'', 

3.4 Plutonium (iV) Sulphate 

It has been suggested that the anhydrous sulphate nay be 
obtained by fuming dov/n crystals of the hydrate with concentrated 
sulphuric acid and that the anhydrous salt is sufficiently stable 
in air to be used for the gravimetric estimation of plutonium!°), 
We have confirmed that the pure anhydrous sulphate is obtained by 
a fuming dov/n procedure and Figure 6 shov/s that it is stable in air 
up to 650°G, above this temperature it is converted rapidly to 
yellov/­ plutonium dioxide. In some respects it is superior to the 
dioxide for gravimetric estimations since it may be dissolved in 
aqueous solutions, 

3.5 Plutonium (IV) lodate 

Like the sulphate, this conpoiond has also been proposed for 
the gravimetric estimation of plutoniiom (Harvey et al. loc. cit.). 
The present study shov/s, however, that the iodate is not as reliable 
as the sulphate since the molecular v/eight of the precipitate is 
greater than that of Pu(l03)^, possibly there is some HIO3 also in 
the precipitate. There appears to be no temperature at v/hich pure 
Pu(103)1 may be obtained by heating (see Figixre 7 for lack of a 
corresponding plateau), A plateau on the thermogravimetric curve 
at 360 ­ 425°C remains unexplained; at 500°0 there v/as rapid 
decomposition to plutonium dioxide. 

3.6 Plutoniim (iv) Oxalate 

Westrum has stated that Pu(C20^)2«3H20 is a convenient inter­
mediate in the preparation of a "reactive" oxide for subsequent 
conversion to the plutonium halides(7). The present experi.ients 
show that the oxalate precipitated from aqueous solution has six 
molecules of v/ater of crystallisation per atom of plutonium. 
Decomposition does not form a stable carbonate (no corresponding 
plateau on Figure 8); this is in agreement with Duval's experi­
ments (loc, cit,) v/hich shov/ed that none of the metal oxalates gave 
stable carbonates by loss of carbon monoxide except those of 
calcium, strontixjm and barium. On the other hand, heating the 
oxalate at a constant temperature below that of the final dioxide 
plateau does lead to products of approxiimtely constant weight. 
At 200°C, the weight change is close to that expected for the 
formation of carbonate but this seems to be fortuitous (the product 
did not liberate any gas v/hen stirred v/ith mineral acid). 

The nature of the intermediates remains unknown. X­ray 
diffraction photographs did not shov/ any reflections and^the 
plutonium dioxide pattern did not appear belovf about 400 C. If 
the dioxide is v/eighed before conversion to the fluoride in the 
finishing process at Windscale, as an analytical check, the present 
results show that errors are likely to be introduced if the formvila 
of the oxide is taken as exactly Pu02 v/hen the decomposition 
temperature of the oxalate has not been taken up to > 6OO C. 

fv^ ­6­ . 
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3 . DISCUSSION 

3.1 Plutonium Trifluoride 

Plutonium trifluoride prepared by the reaction of gaseous 
hydrogen fluori6.e v/ith plutonium dioxide showed no detectable 
reaction -with moist air belov/ ~ 309°9 ^^ confirmation of the quali­
tative results reported previouslywj, jt adsorbs moisture from 
the atmosphere, hov/ever, and tliis appears to reduce its stability 
limit in air to ~ 250°C. 

All the thermogravimetric curves on plutonium trifluoride 
exhibited a trough at temperatures betv/een 500 - 600°C v/hich v/as 
not observed v/ith other plutonium compounds. The v/eight increase 
from the trough to the puOp plateau v/as variable, the maximum 
observed v/as indicative of the possible existence in this tempera­
ture region of PuO-̂ ŷy. 

Several attempts v/ere made to stop experiments at the position 
of the trough but these were not successful, the X-ray diffraction 
pattern of the product in each case v/as similar to that of the 
dioxide; in one particular experiment the balance system vra.s 
evacuated and the sample temperature was rapidly lov/ered at this 
point, but on raising the temperature again with the sample in air, 
no further v/eight change was observed. If a lov/er oxide occurs as 
an intermediate compound in this system it is evidently rapidly 
oxidising to the dioxide. No stable oxyfluoride appears to be 
formed by heating plutonium trifluoride in air. 

3.2 Precipi ta ted Plutonium Trifluoride 

The thermogravimetric curves obtained on samples of the 
trifluoride precipitated from aqueous solution, v/ashed with acetone 
and dried at room temperature in a high vacuum are different from 
those obtained from trifluoride prepared by high temperature fluor-
ination of the dioxide (compare Figures 2 and 4), The total -v/eight 
loss from room temperature to the Pu02 plateau corresponds to the 
composition of the starting materia.1 being "4 PUP3.3H2O", Heating 
this precipit?.te in vacuwn to 300°G gives the anhydrous fluoride 
but the change is irreversible and anhydrous plutonium trifluoride 
kept under aqueous hydrofluoric acid for several days did not take 
up any water. Precipitation at a higher temperature gave a product 
containing less v/ater. 

The X-ray diffraction pattern of the precipitated plutonium 
trifluoride was very diffuse but the spacings appeared to be the 
same as for the anhydrous compound. It is difficult to sec ho\v 
the water could be acconmodated in the trifluoride lattice, but 
it might possibly be trapped betv/een layers of fluorine atoms at 
the moment of precipitation to be released on the later application 
of thermal energy. It v/ould then give rise to X-ray line intensity 
variations i\hich v/e would not have observed owing to the diffuse 
nature of the films. It has been observed recently that precipi­
tated potassium thorium fluorides usually retain 1 or 2 moles of 
water per mole of thorium fluoride v/hen dried in air but that this 
water does not play an essential part in the structure of the 
compounds since the X-ray diffraction patterns of the precipitated 
and fused fluorides are the same'^). 

Westrum and Eyring have detemuned the heat of precipitation 
of plutonium trifluoride and have deduced the heat of formation 
on the assumption that the compound precipitates anhydrous \.5/. The 
present results indicate that a small conToction may be necessary to 
their results to allow for the acoonmiodation of the water in the 
crystal lattice. 
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3*3 Plutonium Tetrafluoride 

In moist air, the oxidation of plutonium tetrafluoride to the 
dioxide proceeds rapidly above 300°C v/ithout the intermediate forma­
tion of a stable oxyfluoride. There is some absorption of atmospheric 
moisture at rocsn temperature but this is removed by heating the 
sample to 50 - 100°C. 

The themogravimetric behaviour of the hydrated plutonium 
tetrafluoride v/hich,is precipitated from aqueous solution has been 
reported previouslŷ -̂ -', 

3.4 Plutonium (IV) Sulphate 

It has been suggested that the anhydrous sulphate may be 
obtained by fui'iing dov/n crystals of the hydrate v/ith concentrated 
sulphuric acid and that the anhydrous salt is sufficiently stable 
in air to be used for the gravimetric estimation of plutonium(°). 
We have confirmed that the pure anhydrous sulphate is obtained by 
a fuming dov/n procedure and Figure 6 shov/s that it is stable in air 
up to 650°0, above this temperature it is converted rapidly to 
yellov/ plutonium dioxide. In some respects it is superior to the 
dioxide for gravimetric estimations since it may be dissolved in 
aqueous solutions. 

3.5 Plutonium (IV) lodate 
Like the sulphate, this compound has also been proposed for 

the gravimetric estimation of plutonium (Harvey et al. loc. cit.). 
The present study shov/s, however, that the iodate is not as reliable 
as the sulphate since the molecular v/eight of the precipitate is 
greater than that of Pu(l03)i, possibly there is some HIOz also in 
the precipitate. There appears to be no temperature at which pure 
Pu(l03), nay be obtained by heating (see Figure 7 for lack of a 
corresponding plateau), A plateau on the thermogravimetric curve 
at 360 - 425°C remains unexplained; at 500°C there v/as rapid 
decomposition to plutonium dioxide. 

3.6 Plutonitjm (IV) Oxalate 

Westrum has stated that Pu(C202^)2.2H20 is a convenient inter­
mediate in the preparation of a "reactive" oxide for subsequent 
conversion to the plutonium halides(7). The present experiments 
show that the oxalate precipitated from aqueous solution has six 
molecules of water of crystallisation per atom of plutoniun. 
Decomposition does not form a stable carbonate (no corresponding 
plateau on Figure 8); this is in agreement with Duval's experi­
ments (loc. cit,) -v/hich showed that none of the metal oxalates gave 
stable carbonates by loss of carbon monoxide except those of 
calciura, strontiura and bariijra. On the other hand, heating the 
oxalate at a constant temperature belov/- that of the final dioxide 
plateau does lead to products of approximately constant weight. 
At 200°0, the weight change is close to that expected for the 
formation of carbonate but this seens to be fortuitous (the product 
did not liberate any gas viien stirred v/ith riineral acid). 

The nature of the intemediates remains unknov/n. X-ray 
diffraction photographs did not shov/ any reflections and^the 
plutonium dioxide pattern did not appear belov/ about 400 0. If 
the dioxide is v/eighed before conversion to the fluoride in the 
finishing process at Windscale, as an analytical check, the present 
results show that errors are likely to be introduced if the formula 
of the oxide is taken as exactly PUO2 v/hen the decomposition 
temperature of the oxalate has not been taken up to > 6OO G. 

-6-



SBORBf 

3,7 Plutonium (ill) Oxalate 

The ignition in air or in vacuiim of hydrated plutonium (ill) 
oxalate did not show evidence of the production of any stable inter­
mediate oxide of lower valency than the dioxide. The weight changes 
observed indicate that the oxalate precipitated from aqueous solution 
in the manner described in the experimental section has the formula 
PU2(020^)3,IOH2O. 

Heating this compound in air at 180^0 or in vacuum at 230°G 
produces the dihydrate and there is evidence of th^ formation of 
anhydrous oxalate at about 200°G in air or 350°C in vacuum. This 
is not in agreement v/ith Westrum's observation that Pu2(C202j_)3 
ignited to 300°C in vacuum gave plutoniui.i dioxide(7), 
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