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Crystal Forms of Chromium Orthophosphate
Barbara M. Sullivan and Howard F. McMurdie

There s np evidenee for theexdstepce of aoy crystalline Svedrase of chrominm ortho-

phsphinte otler dlown che besahydrmiy
wislaerisd,

o aby nnstakily, fine-gradoed compound |4 PO, 3
atendned, 06 will Torm o salile compound (eCrPO% o 9727 (0

Thia  bresks dows near 180°C (0 an pmdrphous
10 b postradnid ind donrse headiateie | Hogbeed, B reervsinllres wl 0 O04% L

I the orlginal bydrato 38 ground and thiis
Nerny aliTeantiin powidor

pectbrns are given for Ui thee erestalbng Tortis, aml the pepenl relation of chriomiim
drthophesphate hexnbvdrate to other hydmtes B di=eassod

1. Introduction

A stndy of the Toris of ehirptmm octhophosphate
seple gugpedtidd by the National Tnstitutisof Tlealth.
They necded a radioactive material that was insoli-
sle and pontoxie, Chromium orthophosphate with
rudioae (v pliospliorus lad Boen tsed o similae work
[11.Y They found, however, that 6 wis diffioult 1o
prepare o aniform anhydious compound by heating
the hoxabivdreite, inesmoel g8 the tomporatare of
dehydration was very critical.

Phere are only n few previons studies of the come-

ound reported i the ]Iit.urnlurl.-_ dosoph wnd  Rie
2] an 1917 reported o violet hesahydrmte, as well as o
ervstalline tetra- and dibydrate.  Tn 148 Clark sl
Tui [3] e X-roy powder patterns of the hexia- o
tetraliydmtes pod found them identical, wherens pat-
tertis of the dilividrate and anhydrons forms indieatadl
amorpliots mnterinl.

2. Materials and Equipment

The ssmples gtudied bhese were given (o the Buresn
by the Notional [ostitutes of Tealth Thoy wers
wwepared ns hexahydrate (CrPOL0HA ), using o mod-
ification of the method of Joseph and Rae (2] de-
goribid in detail by Ness, Smikh, and Kvans 4],
Differentinl thermal-analysis studies were made by
standurd methods (5], wang o program conteoller, o
direet-murent amplifier, sud sutomstie recording,
¥-ray patterns were made on & North American
Philips High-Angle Geiger Counter Spectrometar,
using the technigues described by Swimson wnd
Tatge [6] to obtain aceurate spacings and intensities,
I somie cuses patterns were mnde with the sample af
high temperatires in the furnace deseribod by Vano
Vallkenburg and MeMurdie |7 CuRo rmfi:tlinn
wins watid in all chses (A=1.5405).

3. Chromium Orthophosphate Hexahydrate

The hexabydeate, as shown o figure 1, 15 violet in
color, prismatic and twinned in habit, biaxinl nega-
tive with a=1.568, 8=1.501, y=1.500;, 3V=13°,
The o spacings and relative intensities of the powder
pattern are shown in table 1.
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The ehromium drthophosplsbo oxnloydente, whien
heated, begins 1o lose water at abhout 1007 O gl
loges approximately 95 pereent of the total between
1007 nyul 4007 C. Te i ot eomplotoly deluyidmbod
until about 8§00° €. The details of the losses have
been digenssed by Ness, Smith, and Evand [4).
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They showed that while mogt of the loss is pear 130°
C, the vapor-preéssure ourve indicates o shiep
broaks, Emrr thore 1= comsiderable loss, even up to
800> L Witk the initinl loss of water, the matirial
changes first to o bright-green color and then beeonies
dark brown,  The X-ray powder pattern of materid
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heated up to 1307 C beeomes gradunlly weaker bub
is otherwise unchonged.  Above 130° U the pattern
indieatos mmorphors material.  Noooevidenes  was
found here Tor the existence of (he eryatalline tetrs-
bvdeate reported by othirs [2, 3], Tt was eported
as being produced by boiling the hexhydreate in H.O
for half an hour. Material treated i this manner
wik bright green and showed o wenk X-ruy pattern
of the hexshydemte. Under the microseope it ap-
peared as o mixtuee of the ceystalline hexaliydeate
and amorplious muterinl,  Weight-loss determing-
tions of the botled materal indicated the loss of
approximntely | omoleculs of waler

The diffepentinl therminl sl ysis {m Lrns ' of
chraminm orthophosphate hexahydrats, both grojmd
gel unggroumd, heated at 124 degfmin, are given in
ferure 2. Tho laepe vindothermie breake near 120° O
is eansed by the loss of water and the breadedown of the
crystal structure. - Above tial tempersture the mate-
finl appesrs dork bBrown and slmost opegue in the
migroscope,anid the Xeray diffenction patternindicates
Pt in = amorphons. Pigire 3 shows o sanple that
his Biop Tidel gt 6007 O for 062 hours,  Tf may be
noted that the sxtornal shopo of the origmeal hocehy-
drate 2 rdtained, This i typioal of mnterial bented
in this temperntiore range,

4. Anhydrous Chromium Orthophesphate

The exothormie breaks on the differentiol thermal-
analvaiz ourves (e, 23 pear 1000 O dpdicate the
eevstullization of anluadeous chromiung ortlhoplide
phate.  Two dilferent orystpl forms exist, one of
which is stuble.  The stable hich-temperature form
iz destenated o, ond the lower, anstable form, 8.
The g form s produced when anground moaterinl
is hented and its formation produces the sbarep brenk
bt L0147 €. AL hrhor temporatures this form e -
willy changes to o chromium orthophosphate,  Al-
thoueh the X-ry pattern does not show the e form
until it iz beon hegted o 1A00% O, nvieroseopic
exnnunation indientes its formation i amall omounts
ns Jow mes 1,200° 1 Faidy pure 8 clitomiom ortho-
[l|ll"'-‘;|l|ltlﬂ’ cnm be formed whon the unground hexa-
iyvilmte is heated o chort time between 1,000% and
L1002 €, but prolonged henting noare 1, 1007 O vesolts
m bhe fomation of 4 noticeable pmount of the e form.
When the hexphydmte ts grognd before heating, the o
form ervstallizes with oo dotenpedinte step. At a
heating rate of 12% degmn this takes place with
ati pxothermie break at 97290, In the high-tem-
pernture X-muy furanee 7] only the o [orm wes
foumd, ne i wos povessary o grind the sempls {o
Liolel it am position

Tuliles 2 and & list the f spreings and relative
mtensitics of the two snbydeons forms. A tvpieal
expmle of the @ form i= ghown in figors 4 The
viers Tine highly bhirefrongent purticles show no extine-
tiony positions ond have oo svernge index of 1,008
The o Torm (fig, 50 s strongly pleochrojo, changing
from brieht preen to deep blue,  1tis Biaxinl pPositiviy
with o very laree 207, aod with e=—1,701 (blus), nnd
The preseonce of small wmoent=
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Fioonm 5. Awhpdrova  chrowmivwm  orthophosplate (o form)
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M 140,

of the o form Is readily detested By the mieroscope
because of its unnsual pleachroism

The o Torm was stabde and vomelted op o 1,800 L
thie Bimit of pvailable forpaces,
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5. Discussion

No evidence was found in this nvestigation for
the existence of any erystalline hydrate of chrominm
orthophosphiate other than the hexalivdrate, The
1h'h'.:il-u tion 18 uot connpleted bolow S00° O hecauss
of the formation of an amorphous material that has
o extremely lnege absorbing siefaee.  The debvidra-
tion curves of Ness, Smith, end Evans [4] do not
show sharp hreaks as do compounds that form new
erystnl phoses fmmedintely flnlluwin_-_f debyvdration,
but wree muech more ceadual, which, it is believed, is
tvpienl of conditions when amorphous phases exist
for some time belore reerystallization.

The rmation of an cmorphous phase thot exists
over o wide temperature range s of spocitl interest
e, T 08 lopown flod kpaolinite forms such o phase
hetwoon its decomposition ot ahout 5507 C amd the
[ortmation of Ad0y at Y807 C 8], and that cortain
other silientes, such ns perophyllite [9], pass theoogeh
nn amorphous state.  These compounds ditfer
two distinet wavs [rom chrominm arthophosphi be
hexahydeate,  In these silicates the “water' 1= in the
form of O groups and is lost above S00° O, snd the
silionte groups mre loked tozethor wath shared O
atoms,  In the ohse of CrPO, AHL), however, it is
rensonnble to expeet that the water is prosent as
moleonlir witer syerounching the Cr atoms, aod the
"0 grronps are discrote unlinked groups,

Aluminum and tron ﬂt‘lJ'Il.llﬂlijﬁ]l'lllll.it‘i linve inver-
sions pd stroctures similer too those of silies [10]
It was nk first thought that chromium erthophosplinte
wig related to silies i an enslogons manner, but oo
evidenes was found to support this,

The formution of af upstable form of the anliy-
drons compound, whon unground material 15 used,
is evidency that the g form is more elogely allisd to
the ofiginal structiee then ia the e form, When
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the starling meterial & ground with an sitendant
ineressa in surface, it approaches equilibrium more
rapidly and the 3 ‘form is not obteined. It is &
purent that the # form is not stable above 973° 0,

The formation of & miaary unstahle phase i3
not an unusual occurrence; the formation of wAlO,
in kaolinite is euch & case [8], When 3Ce0.ALQ, 6H.0
is dehydrated, the first crystal phases formed ore
12080.7Al 04 and Cal), whereas the final equilibrium
compound ia the le phasze 3CaQALO, 1],
Grim and Bradley [9] have nofed the ceeurrence of
various unstahle pha.asﬂ in debydration of clays and
othar silicates,

6. Summary

Thﬁm is & sing] talline hydrate of chromium
£hnsphatre {C}r L+ GHLO) that is violet, platy,
nega.twa with a—l 568, f=1.591, *,r—l 99,
n.nd 2T7=13".
This h:.rdrnta breaks down near 130% C fo an
;a%c;r houzs matertal thet retains some water up to
If the original materisl is unatezined and coarss,
it wmill ]t.n%.:me on ]:En. at al;m]';:t. 1,020° O
to an unstable fine s wilth an ave
indax of refrn.ct.mﬂ mﬂﬁ e
If the o hydrate is ground and thus atrained,
the material will form a stable compound {uDrPD.}
that iz highly pleochroic, hiaxial negaiive with
a=1.761, y=1. 844 and 2V large.
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