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3tJIARY 

The chronatea (v) and (III) of a number of lanthanides have been 

prepared and their ultraviolet and visible (reflectance) spectra, infra-

red spectra and magnetic properties have been recorded and discussed. 

Praseodymium chromate (VI) has also been prepared and its properties 

examined. 

The thermal decomposition of some lanthanides chromate (v) and 

praseodymium chromate (vi) have been studied by thermogravimetrio 

analysis and differential thermal analysis and the temperatures at 

which maximum rate of decomposition occurs have been found. Partially 

decomposed samples of praseodymium chromate (VI) have been studied by 

o • a .r. speotrosoopy, X-ray powder diffraction and infrared spectroscopy 

in an attempt to demonstrate the formation of praseodymium chromate (v) 

as an intermediate in the decomposition. Partially and completely 

decomposed samples of some lanthanide chronates (v) have been examined 

by X-ray diffraction, infrared spectroscopy and magnetic measurements 

and the decomposition product found to be the corresponding chromate 

(iii). No evidence iw.s found of the formation of any reaction inter-

mediates. 

The kinetics of thermal decomposition of the chromates (v) and 

praseodymium chromate (VI) have been studied thermogravimetricafl.y 

over a range of temperatures and values of thermal activation energies 

for the decompositions have been determined. The value found for the 

decomposition of praseodymium chromate (VI) has been shown to further 

support the mechanism proposed for the decomposition of lanthanide 

chronates (VI) by Lrrie, Doyle and Kirkpatrick (1967). 

On the basis of the results found for the lanthanide obronates 

(V) 9  a mechanism for the activation step in the decomposition of these 



compounds has been proposed; involving (a) absorption of thermal energy 

by the chromate (V) group; (b) transfer of energy from chromate (v) 
group to a lanthanide ion; (a) propagation of energy by moans of lan-

thknlde ions to the surface,, where decomposition takes place. 



3ETION I 

PREPARATION AND popEu'Is OF SOME CHROMA 	(v) AND (III) 

AND PRASEODYMIUM CHROMATE (VI) 



INTRODUCTION 

A study of the kinetics of thermal decomposition of the chro-

zi*tes (vi) of lanthanum, neodymium and samarium [tarrie, Doyle and 

Kirkpatrick (1967)] has previously been reported and a mechanism of 

decomposition, based on an activation process involving a single 

electron transfer, was suggested. Since praseodymium lies between 

lanthanum and neodymium in the lanthanide series, a study of the 

kinetics of decomposition of praseodymium chromate (VI) has been 

carried out in this present work, to determine if a similar activa-

tion process applies. 

The kinetics of thermal decomposition of the olu'omtes (v) of 

lanthanum, eRnium and neodymium have also been previously studied 

[Lrr1. (1967)]  with a view to finding if the same electron transfer 

mechanism could be applied, as for the chrocatee (VI). Only in the 

case of lanthanum chromate CV) was agreement found between thermal 

activation energy and the energy of the chromate (v) charge transfer 

band. In the present work, the kinetics of decomposition of 

several more lanthanide chroc*tea Cv) have been studied and a 

mechanism of decomposition is proposed. 

The initial section of this work deals with the preparation, 

structure and spectral properties of these compounds, the information 

obtained being used to support the proposed mechanism for the 

activation processes involved in the thermal decompositions. 

A preparation of praseodymium chromate (VI) has been described 

in the literature [Schwarz (1963)],  with results of thermo gravi 

metric analysis showing decomposition according to the equation:- 

'2 '04)3 	2PrCro)+0.5Cr20) +2.2502 

X-ray powder diffraction work [Scbwarz (1963)] has indicated the for-

mation of praseodymium chromate (v) as a thermally unstable inter- 



mediate in the decomposition of praseodymium chromate (VI). The 

electron spin resonance spectrum of chromium (v) has been recorded 

in ohromia-alumina systems [Poole, Keh]. and Maciver (1962); Van 

Reijen, Cossee and Van Haren (1963)1; and of the chromate (v) ion as 

an alune  glass at 200  x [Carrington, Ingram, Schon].axxt and Symons 

(1956)]. dA spacings for the obromates (VI) of lanthanum and same-

rium have previously been reported [rrrie (1967)] and the infrared 

and ultraviolet absorption spectra of the cluonates (VI) of lanthanum, 

samarium and neodymium have been measured [t*rrle, Doyle and 

Kirkpatrick (1967)]. 

The chromatea (it) of the lanthanides have been prepared by 

heating an evaporated aqueous suspension containing the stoichelo-

metric amounts of lanthanide (III) oxide and chromium (VI) oxide 

[Schwarz (1963)],  or a stoicheionetrio mixture of hydrated lanthanide 

(III) and chromium (III) oxides [Schwarz (1963)] or a stoichelo-

metric mixture of lanthanide (III) and chromium (III) nitrates in 02 

at temperatures below 6400c [Schwarz (1963); Bertaut, Buieson and 

Mareechal (1964)]. lanthanum chromate (v) [Sohwarz (1963)] has the 

monoclinic Huttonite structure (apace group P21/n - c) [Pabst and 

Hutton (1951)],  while the other lanthanide chronates (v) [Bertaut 

et al. (1964) ; Schwarz (196))] have the tetragonal zircon structure 

(space-group 141/and - D) [Iiassei. (16)]. The single exception 

Is praseodymium oln'onate (v) which has a mixture of Huttonite and 

zircon structures. At temperatures above 640 °c, the lanthanide 

ohromatea (v) decompose [Schwarz (1963)  Bertaut et al. (1964)] in 

a single stage corresponding to the equation:- 

in Cr04  -p Ln Cr03  + 0.5 02 

i.e • with lose of oxygen and formation of chromates (III). Differ-

ential thernal analysis results and the infrared and ultraviolet 

2 



absorption spectra of the obromates (v) of lanthanum, neodymium and 

pniium have also been previously reported [trr1e (1967)]. 

The preparation of lanthanide ohroites (III) by solid state 

reaction between the appropriate lanthanide oxide and chromium (III) 

oxide has been reported [Ruggiero and Ferro (1955);  Schneider, Roth 

and Waring (1961)]. Ruggiero and Ferro (1955)  reported these com-

pounds as having the ideal cubic perovakite structure (space group 

- P n*3m)  or a very slightly distorted modification of this. 

[Schneider et al. (1961)] have reported the crystalline form as being 

an orthorhothioally distorted perovekite structure (space group 

P bnm - D16  ). Lanthanum chromate (III) has been shown to have the 

Ideal cubic perovskite structure, while same ium chromate (III), has 

the orthorhowbio modification of this [r*rrie (1967)].  Me Infrared 

and ultraviolet absorption spectra of the chrometes (III) of 

lanthanum and samarium have been measured [i*rrie (1967)], ithlle 

Matveiohuk, Shevøhenko and Skripchenko (1966) have reported infrared 

absorption measurements on the complete series of lanthanide chro-

mtes (III). 

!.gnetio measurements on lanthanide chrometes (iii) have shown 

[Aleonarci, Pauthenet and Reboulliat (1966)] these compounds to con-

tain a lattice of anti-ferromagnetic 	ions and arnther lattice of 

anti-ferronm,gnetio lanthanide ions with Qr.ly very weak lanthanide 

- chromium interactions • It has further been observed [Dertaut 

(1964)] that in the chrometes (III) of the holmium and erbium the 

observed spin of chromium (III) was 10-30$  lees than that of the free 

Ion due to the effects of covalence. 

3 
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The chrome tea of the following lanthanide ions:- Pr>', Gd>', 

EZ,>1 , Dy>', ¶LD> and  Yb>  as well as Y> were prepared using the 

method described by Schwarz (1963), [also Bertaut et al. (1964)] which 

involves heating a etoiaheiometrio mixture of the lanthanid. nitrate 

and chromium (In) nitrate at 590-6000C  in an oxidising atmosphere. 

The rare earth nitrates were prepared by dissolving the corresponding 

rare earth oxide in nitric acid at a taiaiature less than 900C. The  

chromium (III) nitrate was obtained by evaporation of approximately 

1 N aqueous oIwondaa trioxide solution with concentrated hydrochloric 

acid, followed by evaporation with concentrated nitric acid. 1b 

ensure good mixing, the lanthanide and chromIum III nitrates wake 

combined in aqueøusi solution and further evaporated to a syrup, which 

was placed in a platinum crucible and dehydrated  at 300°C before 

being introduo.d into a furnace at 590-6000C. The oxygen required 

for the preparation was passed into the furnace through a 1/4 inch 

dikmet,r silica tube which extended into the mouth of the crucible. 

All s,lee were heated for 10 how's at 590-600 0C, with removal for 

re-grinding after 24 and 8 how's heating, and the products found to 

be dark-green powders. 

The lanthanide oxides used in preparation of the nitrates were 

B.D .0. reagents of the type th2  03  of quoted 99.9, purity - were 

normally used without further treatment • However in the case of 

Pr>, the oxide as supplied was Pr6 O and it we found necessary 

to reduce this to Pz'2  0 before a satisfactory preparation could be 

obtained. The Pr2  03  was prepared by  reduction of Pr6  0 in a 

stream of hydrogen  at 6600c [Orusn et *1. (1951)]. No such problem 

was encountered in the case of terbium chromate (it) where the starting 

material isa Th  07. 
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The chronmtea (111) of pr-3+,  Gd', Ho -3+,  Er3 , D", 1b>, Yb> 

and 	were prepared by the method described by Ruggiero and Ferro 

(1955), which involved solid state reaction of a atoicheiometrio 

mixture of the 1anthRnIde oxide and chromium (II11 oxide • The reactants 

were ground together in an ate mortar, then pelletted in approxi-

mately 1 grin, quantities in a Perkin-Elmer 13 mn. the at a pressure 

of 10 tons per square inch for 5 minutes. This pellets were placed 

in a platinum boat and heated in the atmosphere, first at 1200°C for 

30 minutes and then at 1000 °C for a further 24 hours. To ensure com-

plete reaction, each sanple was removed twice during the period of 

heating for cooling, re-grinding and re-peiletting. 

In the preparation, charaoterieation and study of the com-

pounds prepared, a variety of physical techniques were employed and a 

short description of these is given below. For heating in air at 

12000C, a tubular fiu'naoe fitted with an Ether Transitrol Temperature 

controller; while under similar conditions at 1000 9C, a Gallerintmp 

electric muffle furnace, fitted with a OallenkAmp Pyronim electronic 

controller, was used. For the preparation of lanthanide chromtes 

(v) at a temperature of 590-6000C, a Gallenkamp furnace fitted with 

an A.E.I. Resistance Thermometer Controller was used, the temper- 

ature being read with an accuracy of t 5°C from a calibrated Doran 

Thermocouple Potentiometer. 

For tliermogravimetrio analysis (T.0.A.), the instrument used 

was a Stanton Mumflow LF.H.I. automatic recording thermoblR'ioe 

which provides a heating rate of 6 centigrade degrees per minute up to 

a umxiimsu temperature of 1400 0C. The accuracy of the instrument was 

checked Periodically using samples of calcium oxalate monobydrate 

which by the nature of its decomposition gives a check at three diff-

erent regions  on  the temperature scale • The temperatures at which 



the different stag.s of decomposition occurred ware reproducible to 

± 5°C. 

X-ray powder diffraction patterns were obtained i4sing a Phillips 

vaomm sealed X-ray tube with a P.W. 1051 powder diffraotometer. With 

this instrument, the source is a copper target used in conjunction 

with a nickel filter so that only copper Kc radiation wavelength 

1.5418 R Is produced. The technique used here was to mount the 

sample on a film of vaaeline spread on a strip of adhesive tape and 

the siuples were scanned at a rate of 2 degrees per minute • The 

instrument was calibrated using a silicon disc and the accuracy- in 

2e values found to be t 0.20  (0 being the diffraction angle). The 

intensities of lines were calculated relative to the strongest peak 

taken as 100. 

290  

Measured Literature Measured Literature 

28.6 28.44 3.12 3.138 
476 47.4 1.910 1.920 

56.3 56.14 1.634 1.638 

Reference:- 	A.S.T.M. 5-0565 

Ultraviolet and visible spectra of solids were measured by-

diffuse reflectance using a Unicani 8 .P.500 spectrophotometer with an 

S • P. 540 diffuse reflectance attachement • In this technique, the 

sample is mounted below the source of monochromatic light and the 

light reflected from the flat surface of the sample is directed to a 

photocell by means of a spherical mirror. The intensity of 

absorption is determined by comparison of the intensity of light 

reflected from the smp1e surface with the intensity reflected from a 



reference surface • In the present work, the reference material used 

was magnesium oxide [Griffitha et a].. (1959)] - previously ignited at 

1000°C to remove volatile impurities - which gives no absorption in 

the region under consideration. Measurements were recorded in the 

range 1000-250 nm • To prepare euuples for study, both test and ref-

erence samples were ground for 20 minutes, placed in sample holders and 

excess material removed "ni  ng a rubber bungs  leaving a flat smooth 

surface. 

For the measurement of Infra-red spectra, three different 

instruments were used. Initially a Perkin-Elmer 237  double-beam 

and the double-beam Perkin Elmer 137 model for the range 800-400om. 1 . 

Later spectra were recorded on a Perkin-Elmer 437 spectrophotometer - 

suitable for use in the range 4000-250cm . Spectra were measured 

using both Mu.jol Mull and potassium bromide disk techniques. Nujol mull 

spectra were recorded using polished potassium bromide plates, sep-

arated by a 0.001 inch lead spacer • Samples for K&' disk spectra 

were prepared by mixing the test material (approximately 0.5 by 

weight) with spectroscopic grade potassium bromide (passing 300 mesh 

and dried at 1400c). The mixture was ground thoroughly and pressed 

under vacuum in a Perkin-Elmer ]3me. the at a pressure of 10 tons per 

square inch for five minutes. 

Room temperature magnetic susceptibilities were measured by the 

Gouy method using a Newport Instruments 4 inch water-cooled electro-

magnet, which allows examination at different field strengths, and a 

Stanton S.M. 12 semi-micro b1*rce  for recording weight changes. 

With this method, the smp1e is placed in a glass tube which is sus-

pended vertically between the poles of the magnet such that the bottom 

7 



of the sample tube is on a level with the centres of the pole-faces. 

Measurements, where possible, were ids at five different field 

strengths. The sample tube was calibrated using mercury (II) tetra-

thlocyan000hai.tate [Figgis ar tyIio1rn (1958)] which has a grams sus-

ceptibility of 16.4 x 10 c.g.s.u. at 209C and susceptibilities and 

effective magnetic moments calculated as described by Piggis and Lewis 

(1960). 

Electron spin resonance meaztwemente were made using a Huger 

and Watts Mioroapin E.S.R. 5 spectrometer which was fitted with a 

Newport Instruments water-cooled, rotateable magnet with 8 inch pole-

faces, supplying a field in the region of 33,000  gauss. The magnetic 

field could be varied by either 50 Hz or 1000 Iiz modulation and was 

calibrated by a pr-ton resonance method. The instrument was of the 

X-band type, operating at a frequency arotmd 9,400 ?4z and samples 

examined using the Hilger and Watts W932 general purpose cavity. A 

Hilgez' and Watts FA999  variable temperature mitt was also a -ailable to 

permit operation in the temperature range -200 to +160°c. 

8 



CHABACISATION OF SAMPLES  

The ohrontes (v) of the lanthanides and yttrium were character-

ised by chemical analysis and by comparison of X-ray diffraction Cta 

with previously quoted values [Bertaut at al. (1964)]. The chrotes 

(III) of the lanthanides and yttrium were characterised by X-ray 

diffraction data only. 

An approximately 0.2 grin, sample of the chromate (v) was die-

solved in 20 ml. volumes of 2N hydrochloric acid whereupon diepropor-

tionation occurred [Soholder (1952)] according to the equetion:- 

3 croj +8H --+ 2 CrO" + Cr> + 19120  

The chromium (VI) content of the solution was determined by 

iodometrio titration and from this the chromium (it) content of the 

sample was calculated, Attempts to determine total chromium contents 

directly by oxidation of the chromium (iii), formed on disproportion-

ation, to chromium (VI) using potassium broite proved unsuccessful 

as the results obtained were rather erratic. 

The lanthanide contents of the chrontea (it) were determined 

gravimetrically by oxalate precipitation and subsequent ignition to 

oxides as described for lanthanum by Koithoff and Elmuiat (1931). In 

this method, samples of lanthanide cI]ro11tes (v) were dissolved in 

20 ml volumes of 2N hydrochloric acid, the solutions made 02N with 

respect to hydrochloric acid and heated to boiling. Oxalic acid sol-

ution was then added to give complete precipitation of the lanthanide 

ion and umke the final solution 0.5N  with respect to oxlic acid. 

This method gave satisfactory results for most of the lanthanide ions, 

but in the case of ytterbium, the oxalate appeared to have an 

appreciable solubility under these conditions • The analysis of this 

compound was carried out using the general recommendations for 



lanthanide oxalate precipitations given by Broadhead and Heady (1960):- 

maintaining lanthanide ion concentrations above 0.01 M. 

using a 2- to 5-  fold excess of oxalic acid. 

(o) avoiding an excess of mineral acid - if possible maintain-

ing the pH above 2.0. 

(d) carrying out precipitation at room temperature and stirring 

the mixture for several minutes after precipitation. 

This technique proved successful in reducing the solubility of 

the ytterbium oxalate. 

The active oxygen contents of the lanthanide chromates (v) were 

determined by thermogravimetric analysis, experimental weight losses 

being compared with those predicted from the general equation:- 

th CrO - th Cr03  + 05 02 

Complete analysis figures for the lanthanide chromates (V) are 

shown in Table I. 

The lanthanide chromatea (III) had previously been reported 

[Schneider at al. (1961);S. Q.uezel-Anbrunoz and 14. Mweschal (1963)] 

to have an orthorhorittoally distorted perovskite structure, space 
16 group 0 - Pbnm. Using the reported cell dimensions, the dR spacings 

for these compounds were calculated from the appropriate equation given 

by D'Eye and Wait (1960) and conditions for reflection were obtained 

from the International Tables for Crytal1ography (1952). The 

experimental dR spacings were found to be in fairly good agreement 

with the calculated values, as shown in the Appendix - Tables AX to 

A XVII. 

10 



TAME I 

ANALYTICAL ROMTS FOR LANIANIE CHR1A 	(V) 

Compound 

CZ( 
Content 

Lanthanids 
Content 0 Active  0 ye 

Cr: Oact. Calou.- Experi- caicu- 	xperi- Caicu- 
].ated mental Ia ted mental lated mental 

Pr Cr04  20.24 20. 111 54.85 54.4e 6.23 6.15 It 1.02: 1 

Gd Cro4  19.03 18.96 57.55 57.32 5.86 5.91 1: 1: 1.01 

¶Lb Ci'o4  18.92 18.62 57.81 57.68 5.82 5.82 1.03: 1.02: 1 

Dy Cro4  18.67 18.66 58.35 58.40 5.74 5.80 1: 1: 1.01 

'Ho Sro4  18.51 18.23 58.71 59.04 5.70 5.71 1: 1.02: 1.02 

Er Cro4  18.36 18.22 59.05 58.42 5.65 556 1.01: 1.02: 1 

bGL.04 17.99 17.76 59.87 58.92 5.54 5.57 1: 1: 1.02 

Y Cro4  25.38 25.08 43.39 43.50 7.81 7.68 1.02: 1: 1 

U 



Preparation, Characterisation and Thermal Decomposition of Praseody-

mium Chron*te (VI) 

The thermal decompositions of the ohron*tea (VI) of lanthanum, 

5'i.um [rrrie (1967)] and neodymium [Kirkpatrick] have previously 

been investigated and shown to have two stages of decomposition in 

accordance with the equations:- 

Ln (Cr04 )3  -4 2 th Cr04  + 0.5 Cr203  + 1.25 02 

2 Ii Cr04  -' 2 th Cr0, + 1.0  02 

Izi (Cr04)
3 
 - 2 Li Cr03  + 0.5 Cr20, + 2.25 02  

It has previously been reported [Scaiarz (1963)] that the thermal 

decomposition of praseodymium chromate (VI) however showed only one 

stage of decomposition corresponding to equation (C) with no indica-

tion of the formation of a stable chromate (v) as an intermediate and 

this situation seemed to require re-examination. 

Hydrated praseodymium chronate (VI) was prepared [Schwarz (1963)] 

by addition, at room temperature, of a 10% excess solution of aqueous 

sodium chromate to an aqueous solution of praseodymium nitrate and the 

resulting bright yellow precipitate dried in air at room temperature 

for several days. The chromium content of the product was determined 

by iodometrio titration and the lanthanide ion by oxalate precipitation 

as described for the abromates (v). The degree of hydration was 

determined from the weight loss on heating the sample in air at 400 0  

for 48 hours. The analysis figures indicated the composition of the 

product to be Pr2  (Cr04), . 7.5H0. 

Thermogravimetric analysis on hydrated Pr  (Cr0 4 )

3 

 showed 

[ftg. iJ a single stage dehydration process, with nmximwn rat, at 

1900C, followed by a single stage oIu'oimte(vI) decompoit1on, with 

12 



FIG. I 

T.G.A. CURVE FOR Pr2(Cr04 ) 3 .Hydr. 
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maximum rate at 670°C.  T.G.A. studies on anhydrous Pr2  (Cro)3  con-

firmed this single stage chromate (VI) decomposition and experimental 

weight losses indicated that decomposition occurs according to:- 

'2 (c'04), 	2 Pr Cr05  + 0.5 Cr2O., + 2.25 02  

with no thermally stable cku'orxste (V) internedtate. Partially 

decomposed samples of anhydrous Pr2  (Cr04), were examined by X-ray 

powder diffraction and later by electron spin resonance in an attempt 

to identify chromate (v) since it was assumed that although thermally 

unstable, it suet still be formed in the course of the decomposition. 

The results of these investigations will be discussed later. 

As Indicated previously, paseodymluin alone among the lanthanide 

Ions used presented difficulties in the preparation of the chromate 

(v) compound. Preliminary preparations using as starting material 

the oxide Pz'6 0 gave products which from analysis and X-ray diff-

raction appeared to be quite satisfactory, but which T.G.A. runs 

showed to decompose in two stages [Fig. Zr], the relative weight 

losses of which varied with small changes in reaction conditions. 

The preparation was then repeated using as starting mterial, Px' 203  

- obtained by hydrogen reduction of Pr6  0 11 at 6600C. The product 

obtained initially was shown by T.G.A. to have a sm all chromate (VI) 

impurity, but heating in air at 6000C succeeded in decomposing this 

impurity to chromate (v) leaving the compound in a state of high 

purity [Fig. in]. 

Therum,l Analysis of Chrornates (v) 

The course of the thermal decompositions of the obrometes (v) 

of Pr, Gd, Th, Dy, Ho, Er, Yb and Y were followed using the Stanton 

?'saflow thernba].ance. 1.00grin. samples of the chromatea (v) were 

heated in air from room temperature to 1100 0C at a rate of 60c per 

13 



FIG. II 

T. G. A. CURVES FOR PrCrO4 (Ist. Attempts) 
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minute • Differential curves, plotting weight lose per 5 minute 

interval against temperature, showed each of these compounds to have a 

single-stage decomposition, in accordance with the equation:- 

Lr 	 In Cr03  + 0.5 02 

A typical example of these differential plots is shown for Er Cr04  in 

Fig. IV. 

Differential 7hermal Analysis (D.T.A.) of some of these lanthan-

Ida chronates V, showed as the mein feature a medium endotherm around 

7300C and a typical run is shown, for Er Cr04 , in Fig. V. Differen-

tial therne.l analysis results for the chronates (v) of lanthanum, 

neodymium and sanmnritun have previously been reported [r*rrie (1967)] 

taxA .neee are shown with the results from the present work in Table 

II. The good agreement found between D.T.A. and T.G.A. results 

(Table III] show that the endothermic feature found from D.T.A •  cor-

responds to the decomposition of the lanthanide chrommate (v. 
TAKE II 

La Ce Pr Nd Pm Sin Eu Gd Tb Dy Ho Er Tin Yb Y 

From 	 705 629650 	705 
	

679 692 689 675 702 

MWdmum 	765 735 715 740 
	

725 725 733 727752 

To 	 820 762780 810 

Change of Slope 



FIG. IV 

T.G.A. CURVE FOR ErCrO4 
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FIG. V 

D.T.A. CURVE FOR ErCrO4  
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TAME III 

COMPARISON OF D.T.A. AND T.G.A. LEC(*1POSI!I0N 

'IEMPERAIURES ( °c) FOR C}4A'IY. (v) 

Pr Gd Tb Dy Ho Er Yb Y 

D. 	T. D. 	T. D. 	T. D. 	T. D. 	T. D. 	T. D. 	T. D. 	T. 
T. 	G. T. 	G. T. 	G. T. 	a. T. 	0. T. 	0. T. 	0. T. 	0. 
A. 	A. A. 	A. A. 	A. A. 	A. A. 	A. A. 	A. A. 	A. A. 	A. 

629 620 N 675 N 675 679 685 692 685 689 690 675 675 702 710 From 

Maxi- 
MUM 735 725 760 735 725 735 725 740 733 7*5 727 732 752 762 

K K 

TO 762785 n 900 86o857850 826870 831850 80080o86186o 
W W 

Change 
of 765 77* 755 774 780 800 800 
Slope 

The formation of chromatee (III) from reaction of chromium (III) oxide 

with lanthanide oxide was also examined by differential thermal 

analysis. The thermal features of chromium (III) oxide and some of 

the lanthanide oxides were determined by carrying out D • T.A • rune on 

these compounds above • Stoioheiosetrio mixtures of chromium (III) 

oxide with a lanthanide oxide were than studied by D .T.A • and X-ray 

diffraction data used to show that reaction had occurred during the 

run. Reaction of the two oxides was found to be represented by a 

wtm11 exothermic feature in each case with temperatures of reaction as 

shown in Thble IV. 

REACTION TEMPERAUFM OF thO,/Cr 2O, NIX== 

Lanthanide Ion 	 Pr 	D? Ho 	 Yb' Y 

Temperature of exotherin ( °C) 71* 	690 	714 	7*7 	756 

15 
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X-Ray L±ffraotion Work on Chromates (v) and Praseodymium Chromate (VI) 

X-ray powder diffraction patterns were recorded for hydrated and 

anhydrous praseodymium chromate (VI) and the chrontes (v) and where 

possible, the measured dR spacings compared with previously reported 

values • No previous information is available on the crystal structure 

of hydrated or anhydrous praseodymium chromate (VI) but experimental 

dR spacing shown in Thble A IX beer a close relationship to those i'e-

veiously reported for the hydrated and anhydrous ckiromates (vi) of lanthanum 

and samarium [r*rrie (1967)]. 

The dR spacings of the chromatee (v) studied are shown in Table 

A I to A VIII of the appendix. Praseodymium chromate (v) has been 

reported [Schwarz (1963)] to have a mixed zircon and Huttonite 

structure; and by Bertaut at al. (1964), a pure zircon structure. 

No previously reportd dR spacings are available in the literature but 

measurements made from a diffraction pattern shown by Schwarz (1963) 

and values calculated from cell dimensions given by Bertaut at a].. 

(1964) are shown in Thble A I. 

Experimental measurements indicate that Pr Cr04  does indeed 

show reflections corresponding to a mixture of Zirconite and Huttonite 

structures. 

The remainder of the obromates (v) studied, have been reported 

[Schwarz (1963); Bertaut at al. (1964)] as having the tetragonal 

19 zircon structure, with space group 141/and -  D74~  Using the given 

cell dimensions and known conditions for reflection, applied to the 

formula for a tetragonal system given by D'Eye and Wait (1960) 

rd - 	 ac 	I values for the d spacings of the 

JOi 2 
+k 2 	

2 L 	 )C2  +la' J 
chromates (v) studied were calculated and found to be in good agreement 

with experimental values. 



Ultraviolet and Visible Spectra of chron*tee V 1  ohrozites III, and 

Praseodymium chromate VI 

The ultraviolet and visible diffuse reflectance spectra of 

hydrated and anhydrous Pr2 (CrO11 ) [Fig. vi], the cIron*tea(v) 

[rig. VU] and the oluon*tes (III) [Fig. VIII] were measured. Tte 

absorption maxima of these spectra will be quoted and discussed later. 

No previous values have been quoted in the literature for the 

absorption maxima of praseodymium ohronte (vi or for any of the 

ckwontes (v) studied. Comparisons will however be made with values 

quoted for other lanthanide chronatea (VI) and (V) [r*rri. (1967); 

trrie, Doyle and Kirkpatrick (1966)]. Of the c1notes (III) studied, 

previously reported values are available for yttrium chromate (III) 

[Reinen and Schmitz - Dumont (1959)] but again comparisons nay be 

with the values quoted by £rrie et al. (1966) for the ohronmtes (III) 

at lanthanum sanmrium and neodymium. 

Infrared Absorption Spectra of Chroinates (V) 1  Chromtes III and 

Praseodymium Chromate VI 

The infrared absorption spectra of these compounds were measured 

using both potassium bromide disk and Nujol mull techniques and some 

spectra are reproduced in Figs. IX and X • The absorption maxim of 

the cbron*tea (v) and (III) are shown in table9V and VI respectively and 

a comparison of absorption nmxina of hydrated and anhydrous praseo-

dymium chromate with previously recorded values for lanthanum, e*nrium 

and neodymium [rarrie, Doyle and Kirkpatrick (1967)] is shown in 

Thble VII. 
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• FIG.VI 

DIFFUSE REFLECTANCE SPECTRA OF 
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FIG.VII 

DIFFUSE REFLECTANCE SPECTRA OF 
SOME.CHROMATES(V) 
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FIG. VIII 

DIFFUSE REFLECTANCE SPECTRA OF 
SOME CHROMATES(III) 
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• 	•. 	•• 	FIG. IX'  

I.R. ABSORPTION SPECTRA 
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FIG.X 

I.R.ABSORPTION SPECTRA 
OF SOME CHROMATE.S(III) 

wi 

  

800 600 500 

Waven umber (cm) 



000T OP. SPECM723 OP FMOODMWIl CHRO11152  

Mul OEM  I&J-MME2 co;2i 

0FiWEJ £72At 	(o k) 	 - 

(CrOO  2(0 
20 A 2 	43 

1640 o.br. 1640 a,. 160 ii.br. 1630 r.br. 

1000 wxh. 1003 m. ,  

945 t- . 945 m. oh. 90 u.sh. )35  o.br. 935 c . 940 o. 

915 	. 910 c.br. 920 -.b. 920 8.br. 920 r. 

895 s. 900 vi.sh. 900 ti.sh. 900 tth, 

860 gi. 865 M. 865 ID. 865 M. 855 w . sh. 860 m. 

840 	. 8450. 845 u. 850 m. 

820 820 m. 820 -z. 825 ri0 

775 G.15r. 780 	.br, 775 a .br. 790 o .b3. 

60 rj.b 65 a.br. 630 ti.b'. 623 tz.br. 

455 D. 455 	p. 455 	. 

432 	. 40m . 430 n. 435 u. 32 35 m. 

b 	brwd 
	

ghoigdor 
ID 
	 $harp 

< RofQxen:- Drrie, Doyle mid Itlratrick (1966) 

0 



21 

MAG?TIC ?4EAStBEW8 ON C}OMA 	(V) 3  C1UOMA'1ES (III) AND 

PRASEODYMIUM C}DOMA (VI) 

Room temperature magnetic susceptibilities of these compounds 

were measured, using the oow method and values for effective magnetic 
moments (,Leff) were calculated. 	The results are shown in Tables VII 

and VIII. 

IE VIII 

MAGNETIC DATA FOR CHROMATES V AND PRASEODTMIUM CHROMA'LE VI 

Compound  Suaceptjbi1ity/gm. Magnetic Moment Temperature 
(100  x"X.) ()Jeff) B.M. (UC) 

13.78 3.56 19.3 

16.84 3.55 19.0 

PrCrO4  23.96 3.81 19.0 

GdCrO4  100.66 8.02 16.9 

ThCrO4  1*9.80 9.85 19.2 

DyCrO4  173.03 10.6* 18.1 

HoCrO4  164.10 10.38 16.8 

ErCrO4  137.11 9.51 161 

YbCrO4  30.98 4,62 217 

YCr'04  6,07 1.70 16.6 



MOLE  L' 

MAGNETIC DATA F(J CHROMA 	(III) 

0ptibility 	)etio Moment 	'1 In rl  Conipoisd 	(10' x X) 	 ()Jeff  

Pr Cr0.,, 	31.52 	 1.22 	 17.5 
-I 

Gd Cr0
3 

 97.42 7.65 16.1 

lb Cr0
3 

 132.56  9.03 21.5 

Dy Cr0
3  13.47 9.73 18.3 

Ho Cr03  149.33 9.60 15,7 

' 

Cr0
3 

 
128.27 8.96 17.4 

Yb Cr0
3 

 36.75 4.85 17.5 

"1 Cr03  16.65 2.71 15.5 

It has been stated previously in the text that some electron-spin 

resonance [e .e .r.] studies were carried out on the praseodymium chro-

mate (VI), (v) and (III) system and some of the background work for 

this is described below. 

Before attempting studies on the preaeod.ymium compounds, it was 

necessary to investigate the techniques involved in recording e.s.r. 

spectra and to examine the capabilities of the instrument, the HUger 

and Watts Mioroapin E.S.R. 5., with regard to accuracy and reproduci-

bility of results. Since this investigation was the first to be done 

using this instrument and no previous work on e • a .r. spectroscopy had 

been performed in this department, this preliminary investigation was 

required to be fairly comprehensive. The initial work therefore was 

restricted to compounds for which results were available from the 

literature and which best demonstrated phenomena such as byperfine 
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splitting and zero-field splitting. Examinations were carried out to 

demonstrate the types of spectra obtained from samples in solution as 

glasses and in polycrystalline form. The effects of diamagnetic 

dilution and reduction of temperature on spectral line widths were 

also investigated. 

The compound chosen to provide an example of nuclear hyperfine 

splitting was vanadyl acetylaoetonate in which vanadium has electron 

spin of i and only the nuclear spin of vanadium [I - 	influences 

the spectrum [Wilson and Kivelson (1966)]. A solution of vanadyl 

acetylaoetonate in de-gassed toluene[approx. 2.5 x 10 M]was pre-

pared and the spectrum recorded at room temperature. The spectrum 

consisted of eight hyperfine lines (corresponding to 21 + 1 lines) 

with a separation between first and last of approximately 700 Gauss. 

Measurement of splitting between neighbouring peaks showed that this 

value was not constant but increased from low field to high field. 

Since the separation of the hyperfine peaks was not constant, calcu-

lation of a0  - the hyperfine splitting constant, and g 0  - the 

spectroscopic splitting factor, required simultaneous solution of the 

second order equations:- 

so 	-g0 	(H - i) / 2Ivth 

g 
0 - g

o  — go  ( 	- (H + HM)J 	2a o2  h ['(I  +1) - 
( (HM + H_M 	 g 2 ; + HM) 2  

where : - g5  is the g-value of some standard - in this case dipheriyl 

picryl hydrazyl (D.P.P.H) 

H denotes magnetic field value 

I the nuclear spin number 

M the quantum number defining the component of angular 

momentum along the applied magnetic field. 

23 



The values obtained in this wrk ire as follows:- 
+ 	-'3 	1 a0  - (9.71- 0.u)xlO oa_ 

g0  - 1.94 ± 0.021 

these compare quite well with the values in the iit.ittw'e [Wilson and  

Niveleon (1966)] 

a0 	9.a2 X 10' ad-1 ; go -1.969 

A study of the electron-spin reactance spectrum of copper (II) 

actylao.tr*te proved useful in providing a fairly oaqrehsnsive 

coverage of the techniques involved in e.s.r. sp.ctroaoop-. This cam-

pond we examined In solution, as a glass [Oernn and Swalen (1962)] 

and in a diasegnetiosily diluted polyorystalline form, and results 

from the ditfr.zt phases compared. When in the form of a glass, or 

in ort1Hnp form, copper (11) aoetylaoetonate is anisotropic and so 

gives a different g-value and splitting constant for the orientation 

where the applied magnetic field is parallel to the crystalline axis 

and where the magnetic field in perpendicular to the crystalline 

axis. When a compound such as this is sttied in solution, the 

ttsling motion of the molecules given rise to a resultant spectrum 

giving only we g-value and one hyperfine splitting constant. 

The spectrum of copper (ii) acetylacetonate in solution 

Approx. 7 x 10' N with a 60 toluene - *0 chloroform mixture as 

solvent we recorded and showed four hyperfInc  lines [Fig. Xl] as 

expected for the nuclear spin number of copper, I - !. 2a sol-

ution was than froz.n in liquid nitrogen to form a glaa.a and the 

spectrum ap'n recorded, but now showing a sore co'1ex system of 

Lines [Fig. xi] as due to the moloulas now having been fixed in their 

orientation, the aniaotro" become apparent. 

When examining the a • a .r. spectrum of a polycrystalline maple,, 

it is neoesmazoa for good resolution, to try to counteract the two 
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major causes of line-broadening • These ares - (a) spin-lattice 

interactions. (b) spin-spin interactions • The effect of spin-

lattice interactions may be reduced simply by cooling the sample while 

spin-spin interactions, due to the close proximity of the paramagnetic 

irns, may be reduced by incorporating the paramagnetic compotuxi, in low 

concentration, into the lattice of an iaomor'phous diamagnetic compound. 

It has been reported [iu and MaGarvey (19)] that a suitable 

diluent for copper (11) acetylacetonate is the isomorphous plk4ttin 

(11) acetylacetonate and that satisfactory spectra result from 

polycrystalline samples of pt11ad1in (U) acetylacetonate containing 

0.5 mole % of copper (11). A n&mple of diluted crystals was prepared 

by slow oryatal].isatioxi from a chloroform solution containing the 

desired proportions of palladium (U) acetylacetonate and copper (U) 

acetylacetonate. The resulting crystals were ground up, so as to be 

polycrystalline and gave a satisfactory spectrum at room temperature 

[Fig. xi]. mw equations used in the calculations for the glass and 

poiyoryetalline spectra were those given by Ingram (1955) and a 

comparison of results is shown in Table IX. 
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TABlE .X 

RFISUL']B FROM E.S.R. STUDIES ON COPIER (11) ACACEIONA!1E 

OVED 	 LITERATURE 
I 	 I 	 I 	 I 	 I 

Nature of Sample g 	A,, (om) A (cm) 	g0 	A0(om) g 	g 	A,,  (cm) A (cm) g 	A0(cni&) 

In solution 	- 	- 	- 	 - 	 2.06 -75x10 	- 	- 	- 	- 	2.112 -67.8xlO(a) 

As a glass 	2.278 2.038 -180.5xlO -30.2x1O 2.12 -8O.3xlO 2.264 2.036 -145.5xlO -29.Ox1O 2.112 -67.8xlO(a) 

Inpolyoryetal- 
line form 	2.266 2.054 -183.6x10 -24.5x10 2.125 -77.5x10  2.266  2.054  -16io 	-19.5x10 2.125 -66.3x3.0-4 (b) 

References:- (a) Gersnbrgl and S,mlen (1962) 

(b) Iik1 and MoGsrvey (1958) 

A'eement between observed and literature g-valves is good, but tbere are significant differences between observed and 

experimental values for splitting constants. 

M. 



It has been reported previously [Begguley and Griffiths (1947)], 

that in crystalline environment, the chromium (111) ion shows the 

phenomenuin known as zero-field splitting. Thechromium (ill) ion, 

ground state 4p 0 has an orbital singlet lying lowest, approximately 

10 om below the first triplet when in an environment of cubic 

symmetry; chromium (111) has three electrons in the 3d shell giving 

a spin degeneracy of 4. 	7he orbital singlet is split by a field of 

lower symmetry to form two doublets with a separation of about 0.3 cm4  

[eaney et al (1951)].  These doublets are not split further by the 

crystalline field as an electric field will always Iàave a system con-

taining an odd number of electrons with an even degeneracy [Iramers 

(1930)]. Application of an external magnetic field splits these 

doublets and transitions between the levels are observed as shown below. 

— 

The compound chosen for study was the hydrated ammonium 

chromium sulphate, NH4  Cr(804) 2  .12H20 which had previously been 

investigated [Burns (1961)], using the isomorphous ammonium 

aluminium sulphate, NH4A1 (so4)2 .121120  as diluent. A diluted sample 

was prepared by crystallisation from an aqueous solution of the 

aluminium salt containing 1 mole per cent of the chromium salt. 7he  

room temperature e • s .r. spectrum of this sample, shown in Fig. XU, 

was used to calculate the anisotropic g-values and Dy  the electronic 

splitting coefficient, for the chromium (ill) ion. The values found 
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FIG. XII 

E.S.R. SPECTRUM OF CHROMIUM(III) 
(10/o) IN NH4 AI(SO4 ) 2 12H20 
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for this compound, which differ slightly from previously reported 

values, were as follows:- 

- l.973; S .L  - 1.9736 D11  - 0.0366 cm; D - 0.0399 am 

Lit.:- g, - 1.977; gj - 1.978, D,, - 0.0489 cm; D1  - 0.0492 am-'  

Reference:- Burns (1961) 

When examined at liquid nitrogen temperature (-1860c), the line-

width of the spectrum of this compound was greatly reduced and showed 

only the min central band [Fig. xii]. This effect was previously 

observed by Bleaney (1950)  who reported that the splitting dirn1nishes 

by approximately 0.5 om per 100°K fall in temperature, becoming so 

small that no resolved Bide-peaks can be observed at 900K. 

Studies by E.S.R. on chromium oxidation states in praseodymium 

chrontes (VI), (V) 1  and (III) proved to be rather unsuccessful. 

The E.S.R. spectrum of chromium (v) in the CrQ ion had previously 

been recorded, with the sample in the form of an alkaline glass, 

[Carrington et al. (1956)] and found to consist of a single line which 

could be observed only at 20°K. The line shape was assymetrioal 

with a prominent shoulder on the side of the peak which was inter-

preted as indicating a g-value variation [g,, - 1.98; 91  - 1.97]. 

In the present work, in which an attempt was mad e to prove, by E.S.R. 

spectroscopy, the presence of chromium (v) as an intermediate in the 

decomposition of praseodymium chromate (VI), facilities were not 

available for work at temperatures below 90°K. Because of the 

nature of the sample involved, this resulted in extremely broad 

spectral lines from which no definite conclusions could be drawn. 

If the chromate (v) is formed as an intermediate in the de-

composition of the chromate (VI) then in a partially decomposed sample 

of praseodymium chromate (VI), the following compounds would be 

present:- 



Undecomposed paaeodymftsn chromate (VI) 

Praseodymium chromate (v) 

(o) Praseodymium chromate (nI) 

(d) chromium (lii) oxide. 

The e.s.r. spectrum from such a sample would be rather complex 

since all of the components, except the ucdecouxpoeed chromate (VI) 

would show absorptions. 

As a first step, the spectrum of each of the expected components 

was recorded, the samples being diluted by grinding with praseodymium 

chromate (VI), and at 900K, the spectrum of each sample showed a single, 

very broad, absorption, all at apprsximate1y the same value of meg-

netlo field. Spectra of samples of partially decomposed praseodymium 

chromate (VI) also showed, at 900K, a single, very broad absorption, 

again in the same region of magnetic field. This indicates the 

presence in the partially decomposed chromate (VI) of one or more of 

the absorbing species mentioned above but it was not possible to 

deduce which of these were present. Had facilities for work at lower 

temperatures been available, it is possible that with the increased 

resolution obtained some meaningful information might have resulted 

from a study of intensities and line shapes, even if the absorptions 

of the individual components were not resolved. Such a study however 

was not considered worthwhile with the rather poor resolution 

available in this investigation. 
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DISCUSSION 

The results obtained from the ultraviolet and visible and the 

infrared absorption spectra of the lanthanide cbrontee (v) and (III) 

and praseodymium chromate (VI) are discussed below. 

The ultraviolet and visible spectra are of two types:- (a) 

those of the clu'ouates (III) which have chromium (III) octahedrally 

co-ordinated by oxide ligande [Hahn and Do Lorent (1957)  Ruggiero 

and Ferro (1955)],  where absorption bands are due to electronic 

transitions within the incomplete 3x1 level (d-d type spectra). 

(Cbrontea (v) in which chromium (v) d1, is tetrahedrally co-ordinated 

by oxide ligands should also give d-d spectra.) 	(b) Those of the 

chron*tes (v) md praseodymium chromate (VI), where absorption bands 

are due to electronic transitions from the oxide ligande to the central 

metal atom chromium (v) or (VI) of the oxy-anion; such charge trans.. 

fore give rise to much more intense absorption features than do d-d 

transitions. 

The ultraviolet and visible spectrum of praseodymium chromate 

(VI) [Fig. VI] was interpreted on the basis of the molecular orbital 

energy level scheme for tetrahedral transition metal oxy,-anions cal-

culated by Viste and Grey (1964). The relevant portion of this 

energy level scheme is shown below:— 

1lt2  

2e 

ti 

fl 1L 1L ' 
The first transition, t1 —* Sea , for the chromate (VI) ion in 

aqueous solution has been found to occur at 26,810 on [Carrington, 

Schoniand and Symons (1957)]  and is essentially the transfer of an 

0 



electron from a non-bonding cyg.n ii -orbital to an antibonding mole-

cular orbital Which is minly m etal in character i.e. this transition 

gives effectively reduction of chromium (VI) to oIwosit (v). The 

second transition, ,t2  —* 2e, for the chromate (VI) ion in aqu.ue 

solution hea been, found to occur at j6, 630 om rQuvington et al. 

(l957)] 

This energy level sobese was calculated tith respect to tetra-

hedral oxyanlons, and although the want atrtlotw'e of praaeodymitua 

o1u"te (VI) in unknown: it is possible that in the crystalline 

enviranments  the symmetry of the ohrote (VI) groups is rather lower 

then tetrahedral. However, as shown in Fig. VI, only the two jz'e-

dtoted absorptiona, at approx. 27,500  and 36,000 cm are present and 

therefore any further splitting of the energy levels due to site 

my try lower than Td  is too sumi 1  to be resolved. Assignment of 

transitions therefore has been based on the aaaimi,tion that the 

chromate (VI) ion retains full tetrahedral yetry in this environ-

sent. 

In a previous investigation [Z*rrt., Dl. and Kirkpatrick (1967)J 

the ultraviolet and visible spectra of the o)uolzetes (VI) of lanthanue, 

u.iE and neodmtue have bean recorded and aasignmsnta madej and 

these results are shown in Table )Ct in 000sriaon with the values 

found for *'ae.odymftn chromate (VI) in the present work. 
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TABLE XI 

ASSI2UENT OF FEMTJRES IN CI*1O1P7E (VI) sIcmA 

Absorption Maxima 
Compound 	f 	 1 	 Assignment 

- 	
nm. 	cm 	Intensity 

ti (Cr04)3  .7H20 370 27,000 v • a. t1  -' 29  

275 36,300 Be 

Pr2  (CrC4)3  .hydr. 365 27,400 Vane  t1  -+ 2 e 

270  37,000 V.8. 3t2 P2e 

Nd2  (Cr04)
3 
 071120 370 27,000 v.a. t1  --+ 2 

370 27, 000  v.a. t1  --+ 	e 

280 35,700 as 3t2  -' 2 

La2  (Cr04)
3 

 375 26,700 Vase  t1  - 2, e 

280 35,700 as 3t2  -* 2 e 

Pr (Cr04), 355 28,200 Vase  t1  -4  2e 

280 35,700 v.a. 3t2  - 21e 

Nd2 (Cr04)
3 

 375 26,700 v.a. t1 -2 

Sm2  (Cr04)3  435 23,000 Voss  t1  - 2 

275 36,300 B. 3t2 92e 

a — atrongj 	V.a. - very strong. 

Also present in the ultraviolet and visible spectra of hydrated 

and anhydrous praseodymium chromate (VI), as shown in Fig. VI, was a 

fairly weak, sharp absorption in the region 16,500 — 16,600 	which 

It is presumed from the line-shape is an f-f transition within the 

energy levels of the Pr" ion. Me transition 3114  -4 	transition 

for the 	ion has been reported as occurring in the region of 16,580 

- 16,640 oni [Wong  and Richman (1962)]. 
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The ultraviolet and visible spectra of the lanthanide olu'osates 

(v) were also Interpreted on the basis of the Vista and Ck'ay (1964) 

energy level nohow, and the chromate (v) groups treated as baying 

full Td ujruui.t'y. The spectrum of the olwoeata (v) ion, Cr043-0  in 

ik11ni, solution was reported [Bailey and Syaona (1957)]  as showing 

two fairly broad absorption maximsp me at 16,000 ca and the other 

at 28,200 om. The first of theee was assigned by Vista and (h'sy 

(1964) as a 2e — 4t2  transition, (since the c1u1osia (V) d con- 

figuration thom is now an electron in the Je level) which is essentially 

a d-d transition and the other assigned as t 1  - 2e, a charge transfer 

which effectively reds the abro,da (V) to o1womian (Iv). The 

absorption maxima in the spectra of the lanthanide obromates (v) 

studied in the present work are shown in Tables XII and XIII, along 

with assignments and an estimate of intensities. 

* only absorption which my be assigned with confidence is 

the t1  —' 2e, charge transfer band occurring in the region of 25,000 

cm [BaU.er and Symons (1957)].  It is possible that the herd 

occurring in the region of 14,500  oa may correspond to the 2e — 

transition, found to occur at 16,000 oar in aIkifnc  solution and 

the broad, rather weak absorption around 31.000 ca may be 

assignable as the second charge transfer transition, 3t2 
---> 2P. 

 

However, because of the rather poorly defined nature of these 

weaker bands it was considered inadvisable to make definite assign-

ments for them. 



TURE m 

ASSINT OF MTUFMS IN CHROMATE (v) SPECTRA 

Absorption Max1ma  
Cootid 

na. 1 am Intensity 
Assignment 

Pr Cr04  815 12,300 we 

720 13,900 w. 

395 25,300 as t1  —+ 2e 

330 30,000 We 

ski. 

Gd Cr04  840 11,900 w. 

705 14,200 we 

400 25,000 s. t, 	2e 

325 30,800 we 

285 34,700 we 

Tb Cr02  875 11,400 it. 

720 13,900 it. 

400 25,000 of t1 —+2e 

335 29,800 we 
ski. 

295 33,900 it. 
ski. 

Dy Cr04  850 11,800 it. 

700 14,300 we 

405 24,700 as t1 $2e 

320 31,250 We 

34 

it - week 	$ - strong 	sh - shoulder 
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BIZ XIII 

(Ccnt1nu.tim of Thbl. XII) 

ASSIGNMENT OF FEATtflE8 IN aHROHATE (v) SPECTRA 

Cootaid 
nm. 

Absorption 

cor 

Maxima 

Intensity 
Aaalgnnt 

HO Cr04  875 111 *00 We 

700 14,300 we 

*05 24,700 s 

320 31,250 We 

I CZ'O, 860 11,600 We 

695 14,1400 V. 

40 24,700 e. t1 20 

310 32,250 We 

Yb Cr04  850 11,800 v.w. 

675 14,800 w. 

*10 24,*00 a. t, 	2e 

320 31,250 w. 

Y Cr04  850 11,800 We 

685 14,600 w. 

*00 25, 000  e. 

320 31,250 we 

w - weak 	v.w. - v'y weak 	a - strong 



All of the chromtes (III) studied in this work have chromium 

(III) ootahedrally co-ordinated by oxide ligtnd., and the ultraviolet 

and visible spectra of these compounds were interpreted using an 

Orgel (1955)  diagram for a ci' ion in an octahedral field. The ground 

state for a field-free 	ion is a 4F staa which in a field of Oh 

yuitry splits into three quartet states, A2g(F) kT(F)  d 

4Tjg (F)ø 	re is only one other field-free quartet state, 1 P, which 

gives rise, in a field of octahedral syniuetry, to only one state, 

kT(P). The three strongest bands in the spectra of ohrorates (III) 

nay be assigned to transitions from the 1A  ground state to the 

other quartet states i.e. kA 	 4A - 4T1(F) and 

4A 	4 Tjg(P)i The energy of the first transition (i.e • of 

lowest energy), 4A - T2g  has been shown to be equal to lODr 

[1na1e and Sugeno (1954)] i.e. the energy separation between the e 

and t levels, since the configuration for the A state is (t2g)' 

and for the 	state, (t2g)2  (eg) 1. Any weaker, low energy,  bands 

my be assigned to quartet-doublet transitions occurring within the 

(t)' configuration. e.g.  4A 	Ei ulA 	1g and kA -* 

in order of increasing energy. 

These assignments are applicable to a ci' ion in a field of 

octahedral symmetry, but in the ohromtes (III) studied here, it is 

likely that the chromium (III) ions will occupy sites of syninetry 

rather than 	 If the site syrznetry of the chromium (III) ions is 

lower than 0h'  then considering the quartet states only, further 

splitting of the degenerate species might be expected. For example, 

the T2g  state is an 	site, gives rise to A and Eg  states in 

symmetry, which will have slightly different energies [Wilson, Dec iva 

and Cross (1955)].  It can be seen from Fig. VU, that any splitting 



which may occur due to lower niinetry is too small to be resolved and 

for convenience, assignments of these chromate (111) spectra are made 

as for a d' ion in octahedral symetry. The value of Dz was found 

for each chrocte (III) and using the Orgel diagram, the predicted 

energies of some of the assigned transitions were found. The 

measured values of absorption n*xina (cm), with an estimate of their 

relative intensities are shown in Table XIV. Also shown are the 

values for Dq and the predicted energies of the transitions. 

No values were predicted for the quertet-doublet transitions, 

but the experimental values, in the range 13,500 - 14,600 cm for 

values of Dq in the range 1613 - 1639 cm-1  agree quite well with 

results found for chromium (III) ions in various octahedral sites by 

Wood, Ferguson, Knox and Dillon (1963), viz • that the quartet- 

doublet transitions occurred at around 111,000 - 15,000 am"  for values 

of Dq in the range 1630 - 1800 cni. Similarly it has been found, 

that for the complex ion Cr(H20) 6 	in aqueous solution, the 

4A2 .. 2 transition occurs at 14,900 cm and the I1A2 	2T1 tran- 

sition at 15,100 cm 1  [Reinen and Schmitz - I)a Mont (1961)]. 
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TAM XIV 

A$SIl1ErT OP FEWIURES IN THE CHROMA TE (III) SPECTRAL 

Compound Assignment 

4 4 A 4 A 
4 

A 
Charge 

nwmfer 2g 2g 

2' 

2g 

4t 
2g 

and./or 
•Eg  T2g(F) T3.g(P) Aag 

-1 
(cm 	) 

-1 (cm 	) 
-1. (cm 7l) (cm 	) Plg(P)  

Pr Cr0 
3 

13,700 w 14,300 w 16,130 $ 21,280 a 27,400 a Observed 
29,410 a 

Dq - 1613 16,130 24,200 37,800 Predicted 

Gd Cr0 
3 

13,510 w 14,500  w 16,130 a 21,740 a 27,400 $ Observed 
31,250 B 

Dq - 1613 16,130 24,200 37,800 Predicted 

b Cr0 
3 13,660  w 14,600 w 16,260 8 21,980 a 27,400 B Observed 

30,770a 
Dq - 1626 16,260 a 24,500 38,000 Predicted 

Dy Cr0 
3 

13,510 it 14,500 w 16,260 s 21,740 a 27,780 a Observed 
31,250 B 

Dq - 1626 16,260 a 24,500 38,000 Predicted 

Ho Cr0 13,510 it 14,500 w 16,260 B 21,740 a 27,780 s Observed 
31,250 s 

DQ - 1626 16,260 8 24,500 38,000 Predicted 

Er Cr0 13,790 it 14,600 it 16,260 8 21,740 a 27,780 a Observed 
31,250 a 

Dq - 1626 160260 a 24,500  38,000 Predicted 

Yb Cr0
3  

13,790 it 14,500 it 16,390 a 21,980 a 27,780 a Observed 
30,770 a 

Dq - 3.639 16,390 24,600 38,200 Predicted 

Y Cr03  13,510 it 14,500 w 16,260 a 21,740 is 27,780 is lObserved 
31,250 a 

Dq - 1626 16,260 24,500 38,000  Predicted 

it  - weak 	a - strong 

tiv 



The agreement between observed and predicted values of the energies 

for the 4  A —+ 4()  transition is reasonably good, but exact 

agreement is not expected since the construction of Orgel diagrams is 

based on Crystal Field Theory which considers metal-ligazxl bonding to 

be purely ionic whereas a certain degree of oovalency is likely in 

these compounds. Some consideration is given to ascertaining the 

relative degrees of chromium, (III) - oxide covalency in these compounds 

by use of the nephelauxetic ratio [Schatfer and Jorgensen (1958)] ,f3, 

which is the ratio of the value of the Raoah parameter B in a compound 

to its value in the free ion. The Racah parameters B and C O  which 

are the electrostatic interaction parameters, may be measured from the 

spectrum as follows s- 

The energy difference from the ground state to the 4 72g 

state represents 10 Dq 

The energy of the transition 4  A (ground state) — T1g (F) 

is approximately equal to 10 Dq + 12 B LTanabe and Suno 

(195k)]. 

The value of C is approximately fixed by the location of 

the 2Eg  level which occurs at an energy equal to 9B + 3C 

above the ground state. 

Them is a third Racah parameter, A, which enters into the 

formulation of all terms of the d' configuration in the same way and 

so can be factored out. The 'free' Cr>  ion value of B, designated 

B1, has been found equal to 920 cm and the free ion value of C. 

designated C, equal to 3,680 on 1  (i.e. free ion ratio of 2  - 4.0) 

[Wood et al. (1963)]. The values of B, C o  the ratio 2 and the 

nephelatucetic ratio, f - 	for the chromatea (III) studies, are shown 

'9 

in Table XV. 



RACAH PARA!€8 Fc1 CHRCVATECS (In) 

Compound B (cm_i) C (cm_i) - 

Pr Cr03 429 3280 7.65 0.147 

Gd Cr0
3 

 468 3099 6.62 0.51 

lb Cr03  1477 3= 6.55 0.52 

Dy Cr03  457 3232 6.85 0.50 

Ho  CrO3 1457 31.32 6.85 0.50 

' Cr03  1457 3226 7.06 0.50 

YbCr03 466 3199 6.86 0.51 

Y Cr0
3 

 1457 3132 6.85 0.50 

In their atixites of the spectrum of chromium (In) in 

different octahedral environments, Wood et a].. (1963)  found values 

of the Racah parameter B which varied from 370 - 780 om as 

compared with the free ion value of 920 cm-l - They concluded that 

this decrease in electrostatic interaction in the crystal was pre- 

sumably due to orbital expansion caused by the presence of the ligend 

atoms • This decrease has been related [&thaffer and Jorgensen 

(19)] to covalonoy, which also involves orbital expansion. It can 

be seen from Table XV that there is a certain variation in the values 

of the ratio, 

"The alteration of the e and t2  molecular orbitiJ.s due to 

differential expansion of the metallic basis kd orbitals and to 

selective modification of the covalent linkage of the addend orbitals 

because of structural and stei effects and incompatibilities (such as 

fixture of a transition metal ion in too large or too so  I I a lattice 

Mi 
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hole or a distorted Bite) induces Strong fluctuations in the electron-

electron repulsive forces as measured by the Racah parameters B and C, 

and hence the vacillation of the ratio 	"• It was concluded by 

Wood at al. (1963) that if the orbital expansion becomes considerable, 

then the requirement in the theory that the e  and t orbitals must 

have the same radial distribution for the electron repulsion parameters 

to be reduced to only two (B and C), becomes invalid. It is therefore 

dangerous to attempt quantitative calculations relating the nephelauxetic 

ratio to covalency. However since in the compounds studied here, the 

ligand (oxide) always remains the same, it seems reasonable to, at 

least qualitatively, use these ratios to determine the relative degrees 

of covalenoy of the chromium (III) - oxygen band. From Table XV, 

this order is seen to be:- 

PrCrO3 > DyCrO3  ' HoCrO, Ez'Cr03  - YCrO,> GdCrO3 2= YbCro3 > TbCrO, 

The degree of covalency of these compounds is likely to be effected by 

the polfing power of the accompanying cation i.e. the greater the 

polarising power of cation, the greater its attraction for the oxide 

ions, and hence, the lower the oovalency of the chromium-oxide band. 

The polarising power of the cation may be measured by e and for the 

lanthanide ions studied, the values are as shown in Table XVI. 

[Ferraro and Walker (1965)]. 



TA&E XVI 

POLARISING POW OF THE CATIONSIN THE CmC,4A 	(III) 

Compound Cation Ionic Radius (R) 

Pr Cr0, pr-3+  1.01 2.94 

Gd Cr07  Gd> 0.914 

lb Cr0)  Th> 0.92 3.54 

Dy Cr0
3 

 Dy>f  0.91 3.62 

Ho Cr03  Ho 0.89 379 

YCrO3 Y '11+ 090 3.70 

Er Cr0
3 

 Er>' 0.88 3.87 

Yb Cr0
3 

Yb 0.86 14.07 

These values of polarising power of the cations would place the order 

of oovalency of the chroritee (III) as follows:- 

PrCrO,> GdCrO,) TbCrO,> DyCrO, YCrO,> HoCrO,> ErCrO,> YbCrO, 

On comparison with the order found using the nephelauxetio ratios, it 

is seen that the values for the chronates (III) of gadolinium and terbium 

are rather out of order, but praseodymium chromate (III) comes first 

in each case, and the chromtes (III) of dysprosium, yttrium, holmium 

and erbium retain approximately the correct order • It is not however, 

surprising that some deviations occur considering the rather small 

differences in properties of the rare earth cations. 

The infrared absorption spectra of the hydrated and anhydrous 

chrometee (VI) of lanthanum, ean*rium and neodymium have been described 

by I.rrie et al. (1967) and the absorption um.xin* for these are shown 

with the values found for praseodymium chromate (VI) in the present 

work [Table VII].  The fundamental frequencies of the chromate (VI) 
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ion in aqueous solution have been found [stamereicth, Basal and Sala 

(19)] to be as follows:- 

)(a) 	2(e) 	\)3(f2) 	4(2) 
847 	348 	884 	368 CJn 

so that in the range studied in the present work. 2000-400 am-', only 

the symmetric stretching vibration, and , the asymmetric 

stretching vibration would be expected. In Td symmetry' only 	the 

a.jruwietrio stretch would be infrared active, but in hydrated and 

anhydrous praseodymium chromate (VI), the site symmetry of the chromate 

(VI) groups, although unknown, Is likely to be lower than Td and it 

might reasonably be expected that '  would become Infrared active. 

any trio stretching vibration is triply degenerate in Td  but 

again if the site symmetry of the chromate (VI) ion is lower than Tdo 

splitting of the degeneracy my occur. 

For hydrated praseodymium chromate (VI), the strong band at 920 cm 

has been assigned to 	and the medium bend at 865 cni to ) l  [Irrie at 

al. (1967)]. The medium band at 1630 oni is assigned to the bending 

mode of the lattice water, which is known to occur in the range 

1600 - 140)0 cm [Mftkamoto (1963)].  The bands at 850 and 825 om 

are probably the rocking modes of water co-ordinated to the cation 

[Nakagawa and Shimenouchi (1964)] and the band at 625 om the lattice 

water wagging mode, which like the rocking mode, varies with the cation 

to which the water is co-ordinated [Nakagawa and Shinanouchi (19624)]. 

A summary of these assignments is shown for praseodymium chromate (VI) 

in Table XVII. 
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TAE XVII 

A83I0MENT OF SPECTRAL FEATURES OF HYMATECD  

AND ANHYLOUS PRASEODYMIUM CID0MAE (VI) 

1 	1 	Assignment 
1630 m.br. H2° bend 

1005 in. 

920 B. 90 B. 

865 m. 860 m. 

850m. ) 

825 m. 
)cu2  rook 

790 a.br. 

625 w.br. 

1155m. 

435 m. 

For anhydrous praseodymium ohromete (VI), the strong band at 90 oin 

has been assigned to 	and the medium bend at 860 om_1  to \), as shown  

in Table XVII • This leaves to be explained, the medium band at 

1005 orn, the strong band at 790 om and the two medium bands at 455 

and 435 am-'. The Infrared spectra of a number of olu'omates (VI) 

have been studied by Campbell (1965). Some of these ohromtes (VI) 

have the CrVO4  struotwe [Brandt (1943)], 80 that the chromium is in 

a C site and these obrorrates (VI) all have bands In the region 760 - 

820 am-' which cannot be assigned to either 	or 	of the chromate 

ion. Campbell (1965) observed that these spectra are similar in 

appearance to those of diohromatea because of the bands In the region 

760 - 820 cm 1  and assigned these 'extra' bands for the ohrometes (VI) 

ME 



as being due to strong MU - o covalency and hence representing MU - o 
- Cr1T' stretching c.f. the Cr'11  asymmetric stretch of the dichromate 

ion which occurs at 795 cm 1  for the aqueous Ion [Stanmireich, Bassi, 

Sala and Siebert (1958)1. t*rrie et al. (1967) have however assigned 

these 'extra' bands in the spectra of chrotes (VI) of magnesium, 

lanthanum, samarium and neodymium as being due to the effects of anion-

anion coupling. Magnesium chromate (VI) has the CrVO4  structure 

[Brandt (1943)] in which there are chains at ND6  Octahedra linked by 

rows of chromate tetrahedra giving a likelihood of anion-anion coup-

hug and by analogy with this Irrie .t al. (1967) made a similar 

assignment for the lanthanide chronmtea (VI). There is no obvious 

explanation for the medium band at 1005 om in the spectrum of 

anhydrous praseodymium chromate (VI), although a similar bend has 

been found for anhydrous magnesium chromate (in). The bands in the 

region 450 - 250 orn 1  of a number of ohromatee (VI) have been assigned 

[Campbell (1965)]  to the bending vibrations of chromate (VI) and this 

seems the most likely explanation for the bends found at 455 and 435 

cm7l  in the present work. 

The infrared spectra of some lanthanide ohromates (v) are now 

discussed In terms of the symmetry (jUalford (1946)] of the ohromste 

Ion in the lattice. The only assignment which has been mad e for 

the chromate (v) ion in aqueous solution [Guez'oliais, Leroy and 

Rhonar (1965)] in ti 	(f2) asymmetric stretch, at 675 om, which 

is triply degenerate in Td but  whose degeneracy may be removed by the 

lowered symmetry of the chromate (v) ion in the lattice • The 

positions of the absorption maxima (cm),wtth an estimate of their 

intensities, and the assignments made for theee lanthanide ohromates 

(v) is given in Table XVIII, using the results of the }' disk 

spectra only. These lanthanide obromates (V) all have the tetragonal 
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zircon struota'e €Sthwsrz (1963) ; Buisson et a].. (1964)] with the 

exception of ja'aaeodmiiau chromate (V) which shows X-ray diffraction 

lines corresponding to the zircon structure and also to the monoolinic 

Huttonite structure [Schwarz (1963)]. Those chromate (v) groups 

In praseodymium chromate (V) with Huttonite structure (space group 

- c5 ) are isoetruotn'al with lanthanum phosphate [Mooney (1948)] 

in which the phosphate ions are on sites of C1  eyuiitry [Hezel and 

Rosa (1966)] which will therefore also be the symmetry of some of the 

chromate (v) groups in praseodymium chromate (v). In C, symetry, 

2' " and are all infrared active although and will pro-

bably occur below 400 

M. 



TALILE XVII 

As3IGIN'r OF SPECTRAL PEATW= FOR IAflWNIE CWLCt4A1 (v) 

Pr Cr04  Gd Cr04  Th Cr0 Dy Cr04  Ho Cr04  Er Cr04  Yb Cr04  Y Cr04  Assignment 

943w. 950w. 

) 

I 

I -,  
) 

861 w..h. 866 w.th. 860 w.th. 

838 w.eii.  838 w.eh. 838 w.ah. 835 w.sh. 836 w.eh. 859 w.th. 850 w.sh. 

788 m.t. 770 s. 779 8. 777 8. 	780 8. 780 a. 783 a. 780 8. 

732a. 

w - weak; a - strong; m - medium; sh - shoulder 
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M. 

The other lanthanide chroutes (v) studied, and in part praseodymium 

chromate M. have the tetragonal zircon structure (space group 14 4/and 
19 - D) with the chromate ions on sites of D2d  symmetry. The corre- 

lation table for Td  and  Dad [Wilson, Decius and Cross (1955)]  is given 

below. 

	

Td 	D 2 

	

A1 	A1  

C 

	

P2 	B2 +E 

B2 +E 

In D2d1  only the B2  and E vibrations are infrared active [Herzberg (1956)] 

and this explains why only fur praseodymium chromate (v) is the 

vibration visible, being allowed for those chromate (V) groups which 

have C1  site symmetry. For the other cku'on*tes (V) 9  the weak 

feature occurring in the range 835 - 860 om Is probably the B2  band, 

expected to be weaker and sharper than the double degenerate E band, 

which will be contained in the broad strong feature in the range 770 - 

788 car' . Still to be accounted for are the weak bairLe at 943 and 

861 ci-1  for gadolinium chromate (v), at 866 am-' for terbium 

chromate (v) and at 950 and 860 cm 1  for dysprosium chromate (V). 

It is difficult to account for the presence of those weak bands at 

943 cm for gadolinium chromate (v) and at 950 cm for dysprosium 

chromate (v). The presence of the weak bands at around 860 cm 

might however be explained in terms of combination bends of the species 

of the 2  and 3 vibrations several of which are infrared active in 

	

D 2 symmetry [Heel and Rose (1966)] 	The positions of the 

vibrations are unknown, but will probably occur in the region 300 - 



*00 oni. It has been suggested that the width of the E species of 

the 	transition in the chromates (v) of samarium and neodymium 

[Dz'rie (1967)] may be due to anion-anion coupling, but the distance 

between neighbouring chromate (v) groups in the zircon structure may 

well be too large to permit direct anion-anion interaction. 

There is at present no comprehensive theory available with 

regard to the vibrational spectra of the lanthanide ohromatea (III). 

A previous investigation [tttveic1iuk. Shevohenko and Skripchenko 

(1966)J on the infrared spectra of the complete series of lanthanide 

chromatea (III) showed that the spectra of all these compounds showed 

two intense bands in the region 700 - *00 cm. The bend at 600 cm 

was assigned as the stretching vibration of the Cr - 0 band, and was 

the eive in all compounds. The second band at 480 - *30 car'  

found to be a singlet in clwomatea (III) of the cerium subgroup and 

split into a doublet, triplet or quartet in the yttrium subgroup. 

The splitting was considered to be due to perturbation by the lattice 

and the band assigned to a lanthanide - oxide - chromium stretching 

vibration, since the frequency of this second band was found to be 

linearly related to the ionic radii of the lanthanide ions. The 

results from the present work [le VI] indicate that the first band 

is actually at least a doublets with the maximum of one species in 

the range 610 - 620 cm-1  and of another species in the range 580 - 

590 Omn'. The second band appears to be a doublet or triplet and a 

plot of lanthanide ionic radius against the frequency of the species 

which occurs in the range 480 - 502 does indicate a linear relationship 

[Fig. mx] and the assignment as 	- 0 - Cr> stretch seems 

reasonable. 
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• 	
FIG. XIII 

IONIC RADIUS vs. WAVE NUMBER OF 2nd. 
I.R. ABSORPTION BAND FOR SOME 

LANTHANIDE CHROMATES(III) 
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475 

I 	 I 

0•98 	0•95 	•• 	090 

• 	Lanthanide Ionic Radius(A) 



SECTION II 

7104AL 1ECIPON OF SC14E CHR*IA 	(v) 
AND pRA8EODMIUM CHR(14A (VI) 



INThOIXKION 
	 50 

'11AL LECOMPOSITION OF SOME IWLiANflE cmos (v) AND PflASEODY?U?4 

CHROMATE (VI) 

Me.ny oxy-salta, on heating, decompose according to the equation:-

A (solid) - B (solid) + C (gas) 

Two methods are available for following the course of such decom-

positions:- 

continuous aeamu'ement of weight loss of the sample due 

to evolution of C (gas) 

continuous measurement of pressure developed by C (gas) 

as the reaction proceeds 

Method (a) my be used wider vacuum or at normal pressures in an 

atmosphere of any suitable gas, whereas method (b) may be used wider 

VaCUUm OOfld.ttiOfl8 only. 

Kinetic studies of chemical processes which occur in the homo-

geneous phase have shown that reaction rate is often directly 

proportional to the reactant molecules concentration raised to a power. 

Most heterogeneous reactions, including the reactions of solids, do 

not, in general, obey these kinetic laws in which rate is dependent on 

the power of reactant concentration. More usually, reactions involving 

solids occur at a reactant-product interface and this results in 

characteristic kinetic properties. These rates usually depend on (a) 

Rate of nucleation and (b) Rate of growth of nucleij reaction kinetics 

may also be Influenced by the average crystallite size and the particle 

size distribution about this value. [Gaiwey (1967)]. 

In reactions of the type:- A (solid) - B (solid) + C (gas) 

the onset of the reaction involves the formation of the new phase, B, 

at special points in the lattice of A • Decomposit.on will commence 

when local fluctuations provide favourable circumstances for the 

formation of B. The first formed fragments of B embedded in a matrix 



of A may retain the molecular volume and lattice type of A while larger 

particles of B will generally possess a different molecular volume 

and lattice type to that of A causing strain by local deformations of 

the lattice. As a oonEequeno* of this strain, small fragments of B may 

become unstable and tend to revert beck to A whereas large fragments of 

B will be stable • As a result of this, further reaction tends to take 

place at the boundary between the two solid phases rather than lead to 

the initiation of a large number of en1l fragments of B. 7he product 

phase thus spreads outwards from these points where reaction first com-

mences and these points are referred to as 	• As reaction pro- 

re sees, the area of the reactant-product interface is reduced due to 

overlap of pi'oduct ruclei, bringing about a decrease in the reaction 

rate • In some cases, clustering of nuclei occurs [Harvey. (19,,)] and 

may mean that such centres are formed from each other; in others, 

the appearance of rows of nuclei [Wisohin (1939)] suggests that there 

are favoured places, such as along surface cracks or lines of strain, 

where formation is preferred. 

The first stage in the study of the kinetics of a solid state 

decomposition is the construction of a plot of fraction of sample 

decomposed (x) against time (t). Such a curve (the ' )L - t' curve) 

may have one of a number of shapes [Jacobs and Tompkins (1955)], 

depending on the nature of the decomposition, and the shape of the 

curve gives an indication of which of the possible rate laws might 

apply to a particular decomposition. Rate laws derived from consid-

eration of the formation and growth of product nuclei have previously 

been reviewed by Jacobs and Tompkins (1955). The rate law chosen for 

a particular decomposition in that which best fits the experimental 

data although normally a fit over only a limited range of decomposition 
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is found [Hume and Colvin (1931)],  and in many oases different rate 
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laws my be fotg4 to fit for different parts of the decomposition ow'v. 

[anewx.ch and Ze tnos (1964)]. 

- most ovlmecn method for studying the kin etics of a solid state 

decomposition is to decompose esiiqtles of the compound isothermally at 

a series of temperatures and find, from rate law application, the value 

for k - the rate constant - at each t.mpratw'e • Hence, using the 

Arrheniue equations- k - 	a value for the WMW of activation 

for the decomposition my be obtained. A non-iaotk*rme.1 method for 

studying solid state decompositions [Coats and J1eifsrn (1964] requires 

much less data than the isothermal method, involving the decomposition 

of only a single sample, but the sample temperature rise must be linear 

with time and this very small s] es zmiat be used to mintmiso  the 

effect of any eao- or sxo-thermic changes in the s1 e. 

No general quantitative for1a for the influence of particle 

size on reaction kinetics has yet been established but some general 

conclusions have been th'a,wn [Galwey (1967)]  from the information 

available. 

Nucleation is favoured by an increase in reactant surface 

area, so that, at first, reaction rate is increased by a 

reduction in particle size. 

After a certain crystallite size has been reached, further 

reduction limits the Volume of material decomposed follow-

ing nucleation on a particular crystallite. 

The ii ir* It metal . ciwcmates (VI) we all xtremely stable  to 

heat. Sodium olu'omut. (VI) melts at 800°c [Nayer, Watson and Bud-

borough (1924)] and shows no signs of decomposition even after pro-

longed heating at 10000C, while potassium olu'omat. (VI) melts without 

decomposition at 9614°c [sd mt.ohusohr (1908)] of the other 

univalent metal ciwomates (VI), that of thallium is stable to at 



least 7450C (m.p. - 63)0c) [Duval  and Peltier (19)] z mercury (I) 

ohron*t. (VI) is stable up to 20C,  but, between 256 and 671°C loses 

oxygen and merowj leaving a residue of ohromiue (LLI) oxide [Ipuis 

and Duval (1949)]. 

Sam divalant metal olwoeatea (VI) are also quite e'able to 

heat s lead (II) and barium obroe*t.s (VI) are table to over 900°C 

[mipuis and Duval (1949)] and calcium chromate (VI) sbis no signs of 

decomposition when heat.a at i,000°c [Zyar et al. (i4)]. Charoosset, 

Turlier and 	 (1964) reported that nickel ohrom*te (VI) in  

stable to about 1,000°C in air and they studied t1mo gravimetrically 

the d800mpoaitioLl in air of copper (Ix) olwoeat. (VI) over the range 

403 - I49°C. 

It has previously been reported [3ci.zz (1963)]  that the lan-

thanid. chroeates (VI) d.compooe in two stages according to the general 

equations s- 

L(cr04), — 2 LnCrQ4 + 0.5 	+ 1.25 02 	(I) 

2 Lr0 —* 2 LricrQ, + 02 	 (II) 

with the exoeption of raa.odysi ohroeate (VI) where thereni analysis 

indicated no thereally stable chromate (V) intermediate. A more 

detailed study of the kinetics of the thermal d.00mposition of some  

lanthanide obromates (VI) has been reported by L*rri., Doyle and 

Kirkpatrick (1966), in which details of the kinetics of isothermal d.-

compositions of the chromates (VI) of lanthanum, satiarium and neodymium 

have been given. For lanthanum and samarium chromates (VI) both stages 

of decomposition were e7ained, while for neodymium chromate (VI), the 

first stage only was reported. The first stage of decomposition of 

lanthanum chromate (VI) ia studied isothsrmelly in the temperature 

range 580 - 60C; of neodymium chromate (VI) in the range 570-627°C; 
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and of sameiiuyn chromate (VI) in the range 520 - 572 0C. The second 

stage of decomposition of lanthanum chromate (VI) was studied iso-

thermally in the range 60 - 7000C; and of sansz'ium chromate (VI) in 

the range 670 - 7209C. Thermal activation energies for first and 

second stages of decomposition were compared, and found to be in good 

agreement, with the energies of charge-transfer bands in the ultraviolet 

spectra • This was interpreted as indicating that the activation process 

in these decompositions involved electron-transfer from oxygen to 

chromium. The differences in thermal stability of these lanthanide 

cn'omates (VI) from other more thermally stable chromatea (vi) were 

explained as beinL of a structural nature. Only in ohron*tes (vi) 

having the CrVO4  structure with rows of chromate (VI) tetrahedra 

[Brandt (194))] will the activation process be readily transmitted to 

the surface, where decomposition commences. 

A similar study has been reported for the chromates (v) of 

lanthanum, neodymium and samarium [Irrie (1967)]. Agreement between 

thermal activation energy and charge-transfer energy was found for 

lanthanum chromate (v) only and it was postulated that some process 

other than electron-transfer must be involved in the activation step 

for the decomposition of the chrorrates (v) of neodymium and snv"ium. 

Schwarz (1963) has reported that the limit, of thermal stability of the 

lanthanide ohromates (v) and yttrium chromate (V) lie within a fairly 

narrow temperature range - from 6400C for lanthanum chromate (v) to 

6900c for dysprosium chromate (V), but no detailed investigation of the 

decomposition of rare earth chrorratea (v), other than those of lan-

thanum, neodymium and samarium, has previously been reported. 

Of the salts of other transition metal oxyaniona, only the ther-

mal decomposition of permanganates has been studied in detail • Thermal 

decomposition, wider vacuum, of whole and ground crystals of potassium 



permanganate was studied by Prout and Tompkins (1944) who found that 

the results beat fitted the equation:- log 	- kt + c 

(x - fraction decomposed; t time; k and o were constants). Thernm.l 

decomposition of rubidium [Herley and Prout (1960)] and caesium [Herley 

and Prout (1959)] permanganates were also found to fit this equation, 

while results for the decomposition of silver permanganate were beat 

fitted [prout and Tompkins (1946)] by the modified equation:- 

log lx X =k log t + c 

The mechanism proposed for the decompositions of the pernanganates of 

potassium, caesium, rubidium and silver was based on the mobility of 

electrons which were considered to transfer from an oxygen of the 

permanganate ion to the accompanying cation [Prout and Tompkins (1944)]. 

rinding of samples [Prout and Tompkins (1944)] and'i -irradiatixi 

prior to heating [Prout and Sole (1959); Prout (1958)]  led to a 

shortening of the induction period and an increase in the rate of 

decomposition at any temperature. Pre-irradiation was considered 

[prout (1958)]  to aid decomposition by creation of lattice defects 

brought about by displacement of cations. 

An alternative mechanism [Bo1rev et al. (1966)] for the de-

composition of potassium permanganate postulated an electron-transfer 

between anions, according to the equation:- 

2 ItiO 	- fln042  + Mn0 0  

The nmxjganate (VI) ion is more stable than Permanganate but 

decomposes to nangaueae dioxide and oxygen. Addition of nmnganate 

(VI) ion inhibits the decomposition but manganese dioxide accelerates 

it, probably by acting as an electron acceptor in the permanganate 

lattice. The increased rate of decomposition on pie-irradiation 

is considered [Boldyrev and Obilvantsev (1962)] to be due to small 

amounts of decomposition products formed on radiolyals rather than due 
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to displacement of cations in the lattice since pre-irradiation with 

energies less than required for cation displacement cause an increase 

in rate of therml decomposition. 
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Experimental Methods 

The isothermal decompositions of praseodymium chromate (VI) and 

the lanthanide throntes (V) were examined over a range of temper-

attires, using a Stanton-Mosaflow M.P.H. - 1 automatic recording thermo-

b'1oe • The samples were placed in the instrument in a platinum 

crucible, using approximately the saw weight of sample in each case 

(ca. 1.000 gsa). It had previously been shown [trrie (1967)] that 

sample size has no effect on the rate of decomposition, but 1.000 gme, 

was regarded as being the minimum weight compatible with minimising the 

effects of inst'umont error • In the serbs of lanthanide chromatea 

(v) studied in the present work, each compound was subjected, during 

preparation, to approximately the same amount of grinding in an 

attempt to ensure that particle size was fairly consistent throughout 

the series of compounds. Each sample was placed in the furnace and 

heated up to the selected temperature as it had previously been found 

[trr1e (1967)] that with the instrument used, a temperature over-

shoot occurs if the furnace is heated and the sample then Introduced 

at the working temperature. Using the technique of heating the 

sample from room temperature, on switching the instrument to iso-

thermal conditions, a temperature overshoot of approximately +50C was 

observed but temperatures settled fairly quickly and thereafter were 

accurate to ! 1°C. Weight loss readings were taken to be accurate 

to t  0.5 mpne. All Isothermal runs were allowed to proceed for 240 

sins, with continuous weight recording and the data from these used 

for the construction of x - t 1  curves. 

Since experimental weight losses for the lanthanide chromates 

(v) agreed, within experimental error, with calculated values, the 

values taken as representing 100 weight loss for these compounds 

were those calculated according to the equation:- 
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580 0.00*0 

594 0.0095 

600 0.0151 

610 0.0182 

[!A 

0.0111 

LrO4  - LnCrO3 + 0 .502 

In the thermal decomposition of praseodymium chromate (VI), no 

indication was obtained, from isothermal runs, of a flattening off of 

the Ix - t curve, which could be taken as showing completion of a first 

stage of decomposition. For the purposes of kinetic studies, there-

fore, it was decided to use, as a value for 100 decomposition, the 

weight loss calculated from the eqt*tionz- 

1112 (Cr04  ) - 2 Izr04  + 0.5 Cr2O3  + 1.2502  
- thereby assuming that the initial part of the decomposition of the 

praseodymium chromate (VI) results in the formation of praseodymium 

chromate (v) with no simultaneous decomposition to praseodymium 

chromate (III). It will be shown later, from X-ray diffraction work 

on partially decomposed samples of praseodymium chromate (VI), that 

this assumption is to some extent justified. 

The effect of ageing on the rate of decomposition of a sample 

was observed for praseodymium chromate (VI). Isothermal runs at the 

same temperatures on samples from the same batch of material showed 

that after one year, the compound decomposed more slowly than when it 

was freshly prepared. The values of rate constants obtained from a 

power law applied to the decomposition of the compound demonstrate 

this effect [le XIX]. 

RATE COMMM FOR 7M LECOMPOSITTON OF PrajLrO43  

Temperature (°c) 
	 Bate Constant (k) mm 

Freshly Prepared 	After one year 

Vni 

617 	
I 	

0.0153 



isothermal decompositions of the lanthanide cln'ometes (v) 

and praseodymium chromate (vi) were examined at the following tern-

peratures : - 
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Praseodymium ckwomete (VI)t- 

Praseodymium chromate (V):- 

Gadolinium chromate (v) 

Terbium chromate (V) :- 

E3raprosium ohrote (V):- 
I 

Holmium chronte (V) : - 

Erbium ohrovmte (V) :- 

Ytterbium chromate (v) :- 

Yttrium chromate (v) z - 

594#  599, 600, 603, 606, 615, 617, 

618, 627 °C. 

61G., 622 c  626, 6213, 630, 637,  640, 

641, 647, 650 °c. 

700, 706, 711, 716, 720, 723, 727, 

736 °c. 

641, 647, 650, 656, 658, 664, 667, 

673, 682 °C. 

635, 68, 641, 644, 646, 648, 650, 

655, 660, 672 °C. 

6119, 655,  662, 665, 668, 670, 

675, 680, 686 °c. 

652, 659,  667, 670, 675, 677, 

680, 690 °C. 

634, 637, 641, 647, 650, 652,  64, 

661, 670 °C. 

651, 656, 658, 660, 662, 665,  670, 

680, 701 °C. 
For each compound, some of the partially decomposed samples from the 

isothermal decompositions were examined by X-ray diffraction, Infrared 

spectroscopy and magnetic susceptibility measurements in an attempt to 

identify any reaction intermediates • This was of particular importance 

in the decomposition of praseodymium chromate (VI) where it was hoped 

to find some evidence for the presence of the chromate (v) inter- 

mediate. 



RESULTS FROM I301MAL INCOMPOSITIONS  

The results are given below for the isothermal decompositions of 

the lanthanide ohz'omtea (V) and praseodymium chromate (VI), the 

preparations of which were discussed earlier. For each compound, 

various rate laws were applied to the fraction decomposed (4 - 

time (t) data. The rate laws applied were as follows:- 

The  power law [Jacobs and Tompkins (1955)]  in the form 

X  - (kt) where n is a constant and k is the rate 

constant. 

The Prout-Tompkins equation [Prout and Tompkins (19 1 4)] 

in the form log j - kt + c where a is a constant and 

k is the rate constant. 

The contracting plate equation [Jacobs and Tompkins 

(1955)] in the form 1 - (1-x) 	- t where k is the 

rate constant and 'a' is the length of the side of a 

reactant particle in the shape of a square plate or 

the radius of a circular plate-shaped particle. 

The contracting sphere equation [Jacobs and Tompkins 

(1955)] in the form 1-(l-4 	- .t where k is the 

rate constant and 'a' is the radius of spherical reactant 

particles. 

The first order rate law in the form log 10-  kt where 

k is the rate constant. 

For each chronate studied, the rate constant at each temperature was 

calculated from those rate laws which best fitted the !x -t' data. 

By application of the Arrhenius equation, in the form k - a') e 

[Jacobs and Tompkins (1955)], where k is the rate constant, a is the 

entropy factor - e " ; E is the thermal activation energy and T is 

the absolute temperature, the activation energy, E, for the decom- 



position was calculated by plotting the logarithm (base 10) of the rate 

constant against the reciprocal of the absolute temperature. The best 

straight line through the experimental points was calculated by the 

method of least squares and is of elope - 
2.303R 

The errors quoted for activation energies and rate constants 

were determined by calculating the errors in values due to the error 

in weight readings of t 0.5 ime • The errors in rate constants were 

then calculated from maximum and minimum values of x, and the errors in 

activation energies obtained by combining the errors in rate constants 

with the error in temperature readings of ± 1°C. 

ISLYBZRMAL 1ECC*4POSITION OF PRASEODYMIUM C}IR0W (VI 

The isothermal decomposition of anhydrous praseodymium chromate 

(VI) was studied in the temperature range 5944 - 6280C, and 'x-t' curves 

were plotted for the complete decomposition Fig. XIV according to the 

equation:- 

Fr2  (Cr044 )3  —3 2 PrCrO, + 0.5  Cr20, + 2.2502 [Schwarz (1963)] 

These curves showed no indication, e.g. levelling in the middle of the 

curve, of a region corresponding to formation of stable praseodymium 

chromate (v). A further set of Ix -t' curves was then constructed 

using as the value for 100 decomposition, the weight loss calculated 

according to the equation:- 

Fr2(CrO14)3 	2PrCrO44+0.5Cr203+1.2502 

These curves, shown in Fig. XV, show an initial acoeleratory period, 

followed by a deoeleratory stage. On application of the various rate 

laws, the beat fit for the experimental data was found using a power 

law of the type x -(kt)'1 . From plots of Log x against log10  t [shown 

in Fig. xvi] values of n were calculated and are shown in Table XX 

below. 
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FIG. XV 
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VALUES OF n FOR THE POWER 14W APPLT1) TO ThE 

FIRST STAGE OF DECOMPOSITION OF Pr,(CO4 .  

Temperature ( °C) 

594 1.74 

599 1.70 

600 1.55 

603 1.56 

606 1.64 

615 1.40 

617 1.32 

618 1.29 

627 1.21 

628 1.13 

This variation in the values of n, with the trend to lower values for 

the isothermal rune at higher temperatures my be due to the fact 

that the assumption that the praseodymium chromate (V) formed remains 

stable until all of the chromate (VI) is decomposed is less likely to 

be justified at higher temperatures where decomposition of chromate 

(v) to chromate (III) is liable to occur to some extent simultaneously 

with the decomposition of the chromate (VI). This in further 

Indicated by the fact that for the lower temperature decompositions 

viz. 594-6060C, the power law gave a reasonable fit only for the first 

30% of decomposition while for decompositions in the range 615 - 628°C 

the power law held for the first 70% of decomposition. 

Plots of x against t were constructed [Pig. xvii], having 

gradients k, and from these a value for the rate constant at each 

temperature was calculated and are shown in Table ]OCI overleaf. 
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k&,V- 

]RATE COTANI (k) FOR ThE POI-MI LAW APPLIED '10 THE 

FIRST STAGE OF LECC!4POSITION OF 

Absolute Temperature (°x) 	Rate Constant (k) (mins 1 ') 

867 (0.0029 0.0003 ) 

872 (0.0044 ± 0.0004) 
873 (0.0056 t 0.0005) 

876 (0.0065 t 0.0006) 

879 (0.0087 ± 0.0007) 
888 (0.0139 0.0012) 

890 (0.016* 0.001*) 

891 (0.0172 ± 0.0016) 
900 (0.0209 ± 0.0018) 
901 (0.0249 ± 0.0020) 

These values were then used to construct an Arrheniva plot [pig. xvm] 
and the best line through the experimental points found by a least 

squares method. From the gradient of this line 	2.,303R J the 
value for the thermal activation energy in the decomposition of 

praseodymium chroimte (VI) was calculated to be [93 ± 17] koala/mole. 

The kinetic data for this first stage of decomposition of praseodymium 

chromate (VI) is given in the Appendix. [miles A XVIII - A xxvii]. 

The isothermal decompositions of the lanthanide chromatee (v), 

the preparations of which were described previously, were studied, 

using Ca. 1.0000 gm samples, by the thermogravimetric method on the 

Stanton Moseflow M.F .H • I • automatic recording thermobalance • Care 
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was taken to treat each compound in the same manner so that direct 

comparisons could be made between the values of thermal activation 

energies. For each compound, a set of !x -.t' curves was drawn from the 

Isothermal data and the rate laws, mentioned previously, applied to 

find which laws best fitted the decompositions • It was found that for 

each compound, there was an initial acoeleratory period, which was beat 

fitted by a power law of the type x - (kt) n  , which applies for the process 

of nucleus formation and subsequent growth until appreciable overlap of 

nuclei occurs • This was foUowed by a deceleratory period for which 

two different rate laws gave a reasonable fit • These were:- (a) 
1 	 - 

the first order rate law, log 1- x - kt, which has previously been 

reported to apply for many polycrystalline samples [Galwey (1967)]. 

Reaction of each individual crystal results from the formation of a 

single nucleus on its surface. The decomposition rate is thus con-

trolled by the nucleation process and since each particle in the 

assemblage may be nucleated with equal probability, the rate of 

decomposition obeys first order kinetics, and (b) the contracting plate 

equation, 1_(l-x)* - t. [Jacobs and Tompkins (1955)].  Each rate 

law applied was found to fit only a limited range of the decompositions 

of these chromates (v) and no attempts were made at rate law 

applications in the range 55-100 decomposition since the regions of 

primary interest were the activation stages of the decompositions. 

Since the same rate laws were found to apply for each compound 

studied, the decomposition of one compound, erbium chromate (v), will 

be described in detail and only the results quoted for each of the other 

compounds. 

The isothermal decomposition of erbium chromate (V) was studied 

in the temperature range 652-690°C and a set of !x -t' curves con-

structed [Pig. xix] using as the value for complete decomposition the 
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weight loss calculated from the eqtion:- 

!Cr0* -9 ErCrO + 0.5 02 

A power law in the form x- (kt) was applied to those isothermal rune 

in which the aeceleratory period was spread over an appreciable time-

span and was found to give a reasonable fit in the range of 

decomposition 0.03 4 x 0.20.  From plots of 10910  X against log10t, 

values of n were calculated [Table XXII] by a least squares method. 

VALUES OF n FOR POWER LAW APPLIED TO 

THE DECOMPOSITION OF ERBItl CHROMATE (v) 

Temperature ( °C) 

652 	 2.49 

659 	 2.51 

661 	 2.98 

667 	 2.88 

670 	 2.62 

Using these values of a, a set of graphs plotting x against t' was 

constructed [Fig. xx] and from these a value for the rate constant at 
each temperature was calculated [Table )OCtII] by a least squares 

method. 

VALUES OF RAM COTAN'I (it) FOR THE POWER LAW 

APPTTRT) TO THE ZECOMPOSITION OF ERBIUM CI0MA (v) 

Absolute Temperature ( °K) 	Rate Constant k (min) 

925 	 0.00539 ± 0.00029 

932 	 0.00646 t 0.00047 
934 	 0.01040 ± 0.00055 

940 	 0.01171 ± 0.00085 
943 	 0.01308 ± 0.00104 



was taken to treat each compound in the same manner so that direct 

comparisons could be made between the values of thermal activation 

energies. For each compound, a set of !x -t' curves was drawn from the 

Isothermal data and the rate laws, mentioned previously, applied to 

find which laws beat fitted the decompositions. It was found that for 

each compound, there was an initial aoceleratory period, which was beet 

fitted by a power law of the type x - (kt)
n 
 , which applies for the process 

of nucleus formation and subsequent growth until appreciable overlap of 

nuclei occur's • This was followed by a deceleratory period for which 

two different rate laws gave a reasonable fit • These were t- (a) 
1 

the first order rate law, log 1- x - kt, which has previously been 

reported to apply for many polycrystalline samples [Galwey- (1967)]. 

Reaction of each individual crystal results from the formation of a 

single nucleus on its surface • The decomposition rate is thus con-

trolled by the nucleation process and since each particle in the 

assemblage may be nucleated with equal probability, the rate of 

decomposition obeys first order kinetics, and (b) the contracting plate 

equation, 1-(l- x) - t. [Jacobs and Tompkins (1955)]. Each rate 

law applied was found to fit only a limited range of the decompositions 

of these obromatea (v) and no attempts were made at rate law 

applications in the range 55-100$ decomposition since the regions of 

primary interest were the activation stages of the decompositions. 

Since the same rate laws were found to apply for each compound 

studied, the decomposition of one compound, erbium chromate (V) 1  will 

be described in detail and only the results quoted for each of the other 

compounds. 

The Isothermal decomposition of erbium chromate (v) was studied 

in the temperature range 652-690°C and a set of x -t' curves con-

etruc ted [Fig. xix] using as the value for complete decomposition the 
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weight loss calculated from the eqttion:- 

ErCrO4  -4 RrCrO + 0.5 02 

A per law in the form x - (kt) was applied to those Isothermal ra 

in which the acoeleratory period was spread over an appreciable time-

span and was found to give a reasonable fit in the range of 

decomposition 0.03 . x 0.20. From plots of 1og10 x against log 10t, 

values of r. were calculated [Table xxii] by a least squares method. 

BIE xcii 

VALUES OF n FOR POWER LAW APPLIED TO 

Temperature ( °c) 	 n 

652 	 2.49 

659 	 2.51 

661 	 2.98 

670 	 2.62 

Using these values of n, a set of graphs plotting x against tn  was 

constructed [pig. xx] and from these a value for the rate constant at 

each temperature was calculated [able xxiii] by a least squares 

method. 

1&E XXIII 

VALUES OF RATE CONSTANTS (k) FOR THE POV= LAW 

APPLIED TO THE DECOMPOSITION OF EFMnffl CD0MA7E (v) 

Absolute Temperature ( °K) 	Rate Constant k (mind) 

925 0.00539 t 0.00029 

932 0.00646 t 0.00047 

934 0.01040 0 -00055  

940 0.01171 t 0.00085 

943 0.01308 t 0.00104 
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FIG.X.X 
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'fl* Ai'rkanius plot for the power law applied to the deociosition of 

erbiue chromate (v) is sham in Fig. XXIII, and from the gradient of 

the best straight line through the experimental points a value of 

tri activation energy (i) - [89 28] koaWbole 	lated. 

For a limited range of the decay stage of the decomposition of 

.rbiws OlWOt. (V),, the first order rat. law [o .o x 	and 

 plate law [o.o 	x otis] were found to give a reasonable 
fit [Pigs. xa and xxix]. From thee., value, of rat, constants were 

ags.in calculated [ie xxiv] and benoe. by means of the Arrhenius 

equation values for the thermal activation energy of the decay stage 

of the decomposition were obtained [Table xxv. The Arrhenius plots 

for the first order rate law and the contracting plate law applied to 

the decomposition of erbium chromate (V) are shown in Figs. XXIII and 

XXIV respectively. 

LECOt4PQ8I10N OF ERBIUM CHR(4ALE Cv) 

Absolute Th,eratw1e First Order fate Law 
(°X) 	 k (min 

0.00242 0.00022 

0.00260 0-00025 

0.00380 0.00029 

0.00416 0.000.32 

0.004W 0.00043 

0.00552 0.00043 

0.00676 0,00059 

O-OOM 0.00056 

0.01080 O.,OU070 

Contracting Plate Law 
(l)  

a 

0.0024 0.0002 

0.0026 0.0002 

0.0039 ± 0.0003 

0.0043 ± 0.0005 

0.0047 1  0.0004 

0.0054 ± 0.0005 

0.0064 ± 0.0004 

0.0070 0.0006 F 



FIG. XXI 
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FIG. XXII 

CONTRACTING PLATE LAW APPLIED TO 
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FIG. XXIII 

ARRHENIUS PLOTS. FOR 
THE DECOMPOSITION OF ErCr04  
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TAME XXV 

SLTh?4ARY OF KINETIC DATA FOR THE 

tECOMPOSITION OF ERBIUM CHROMATE (v) 

Range of Temperature Activation Energy 
Range Law (°c) Range of x K 

652-670 0.034xQ..20 89t28 
1: 

log 	- kt 10 652 - 690 0.07 	x i 4  0.55 72 	16 

- It 652 - 690 0.05 4 x 	0.45 72 ± 15 

The complete kinetic data for the isothermal decompositions of erbium 

chromate (V) is shown in the Appendix [Tables Al.. my - AL xxxii]. 

The kinetic results for the Isothermal decompositions of praseodymium 

chromate (v) are shown in Tables XXVI and XXVII, and the complete 

kinetic data is shown in the Appendix. [Tables A XXVIII - A xxxvii]. 

TABLE ml 

VALUES OF n AND RATS coTAne (k) FOR THE POWER LAW 

APPLIED W THE tECOMPOSITION OF PRASEODYMIUM (OI.W1E (v) 

Temperature ( °K) 
	

n 	 k (min-1) 

889 1.29 0.00223 i.0.00025 

895 1.36 0.00294 i o.00o32 

899 1.32 0•00335i.0.00034 

901 1.34 0.00451 i. 0.00041 

903 1.30 0.00462 i. 0.00048 

910 1.36 0.00594 	0.00056 

913 1.32 0.00639 .t 0.00081 

914 1.16 0.00889 	0.00072 

920 1.35 0.01252 i. 0.00095 

923 1.29 0.01191 ± 0.00098 
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MkBEE wiI 

VALUEM OF RATE CONSTUTS FOR THE IAY S!M( 

OF IRCOMPOSIMON OF ffiA8E0ryMflJ4 cmo 	(v) 

Temperature 

( °x) 
First Order Rate Law 

k (min-') 

Contracting Plate Law 

IS (min) 

889 0.00124 t 0.0001.3 0.00120 0.000]3 

895 0.00154 t 0.00018 0.00152 t 0.00012 

899 0.00175 ± 0.00019 0.00166 ± 0.00013 
901 0.00256 t 0.00025 0.00236 t 0.00021 

903 0.00256 t 0.00027 0.002)9 t 0.00019 

910 0.00312 t 0.00028 0.00292 0.00022 

913 0.008 ± 0.00035 0.00353 ± 0.00030 
914 0.00533 ± 0.00049 0.00489 ± 0.00028 

920 0.00669 ± 0.00049 0.00627 t 0.00048 

923 0.00656 ± 0.00050 0.00615 t 0000049 

Values of thermal activation energies for the decomposition of 

praseodymium chromate (v) are shown in Table XXXIX. 

The kinetic results for the isothermal decompositions of 

gadolinium chromate (V) are shown in Table XXVIII and complete kinetic 

data is shown in the Appendix [Tables A XXXVIII - A XLV]. 
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_41i.rJ 

Mme  

¶Lmperatwe 

( °K) 

First Order Rate Law 

k (min-1) 

Contracting Plate Law 

k (min-1) 

973 0.0060 	0,0004 0.0059 	0.0005 

979 0.0073 ± 0.0005 0.0072 t 0.0006 

984 0.0080 ± 0.0004 0.0085 ± 0.0007 

989 0.0119 ± 0.0008 0.0122 t 0.0010 

99) 0.0130 1 0.0008 0.0130 1 0.0009 

996 0.0154 1 0.0010 0.0159 1 0.0010 

1000 0.0189 1 0.001) 010198 ± 0.00]) 

1003 0.0198 ± 0.0015 0.0203 1 0.0015 

Values of thermal activation energies for the decomposition of 

gadolinium chromate (V) are shown in able X)OCIX. 

The kinetic results for the Isothermal decompositions of 

terbium chromate (ii') are shown in Tables fIX and XXX and complete 

kinetic data is shown in the Appendix [Tables A XLVI - A xui]. 

TAKE fIX 

VAN= OF n AND RATE C0}TN']B (k) FOR THE POWER LAW 

APPLIED 'IV THE 1COl'1P(ITION OF MUM C1CW (v) 

- 
- mpez'atwe (°K) 	

j 	
n 	I 	k (inin71) 

914 3.13 0.00435 1 0.00039 

920 3.29 0.00519 1 0.00027 

923 2.80 0.00615 1 0.00032 

929 3.21 0.00827 1 0.00039 

931 	 1 	2.87 	1 	0.01169 1 0.00083 
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Me 

OF !EC00SITI0N OF ¶LBIUM CHROMATE (v) 

Temperature 	First Order Bate Law 	Contracting Plate Law 

(°x) 	 k (min-1 	 A  (min) 

914 0.00213. 0,00019 

920 0.00256 t 0.00022 

923 0.00304 ± 0.00026 
929 0.00371 ± 0.00032 
931 0.00527 ± 0.00041 

940 0.00619 ± 0.00049 
9116 0.01042 ± o.0007]. 
955 0.01655 :!: 0.00109 

0.00196 t 0.00017 

0.00238 ± 0.00020 
0.00295 ± 0.00027 
0.00356 ± 0.00026 
0.00531 t 0.00048 

0.00611 ± 0,00025 
0.01024 ± 0.00067 
0.01567 t 0.00096 

Values of theru1 activation energies for the decomposition of 

terbium chromate (V) are shown in Table X)0CIX. 

The kinetic results for the isothermal decompositions of 

dyeprosium chromate CV) are shown in Tables ]O0CI and )Q0CII and com- 

plete kinetic data is shown in the Appendix [11es A LIV - A LXIII]. 

VALUES OF n AND RATE C0TAN!I (k) FOR THE POWER LAW 

APPLIED TO THE IEC0MP(N OF DYSPROSIt14 CHROMATE (v) 

mperatw'e ( °x) n k (min-') 

908 2.40 0.00305 1  0 .00O33 

911 2.77 0 .00451t 0.00025 
914 2.77  0.00520 t 0.00036 

917 3.32 0.00592t 0.00030 

919 2.92 0.00625t 0.00042 

921 2.97 0.00804 t 0.00048  

923 3.36 0.00976 t 0.00056 



Temperature 

(°x) 
First Order Rate Law 

k (min) 

Contracting Plate Law 

1  (min) 

908 0.00176 1 0.00022 0.00169 1 0.00020 

911 0.00203 t 0.00017 0.00203 t 0.00020 

914 0.00229 t 0.00020 0.00217 t 0.00019 

917 0.00251 t 0.00022 0.00250 0.00023 

919 0.00278 ± 0.00022  0.00268 0.00022  

921 0.00347 ± 0.00022 0.00342 ± 0.00029 

923 0.00380 ± 0.00040 0.00364 t 0.00031 

928 0.00421 t 0.00034 0.00431 ± 0.00047 

933 0.00516 ± 0.00040 0.00533 ± 0.00048 

945 0.01048 ± 0.00093 0.01041 ± 0.00092 

Values of tbern*l activation energies for the decomposition of 

dysprosium chromate (v) are shown in Table X)OCIX. 

The kinetic results for the isothermal decompositions of holmium 

chromate (v) are shown in Tables )OOCEII and X]0V and complete kinetic 

data is shown in the Appendix [Tables A LflV - A LXXIII]. 

TABLE xaII 

VALUES OF n AND RATE CTAN1S (k) FOR THE POWER LAW 

APPLTRD TO THE IECOMPOSITION OF HOLMItJI CH ROMATE (v) 

Temperature ( °K) 	I 	n 	I 	k (min-') 

922 3.07 0.00378 t 0.00024 

928 2.61 0.00543 ± 0.00029 

933 2.82 0.00594 t 0.00036 

935 2.95 0.00755 t 0.00038 

938 3.03 0.00896 ± 0.00045 

941 2.48 0.01302 t 0.00082 
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I/I.I 

OF rECCMPOSITION OF HOINIM CHROMATE  (V)  

mperatme 	First Order Rate law 	Contracting Plate Law 

( °K) 	 k (min) 	 (min) 

922 0.0014 t 0.0002 0.0014 0.0001 

928 0.0023 ± 0.0002 0.0023 ± 0.000-3  

933 0.0023 ± 0.0003 0.0023 ± 0.0002 

935 0.0029 ± 0.0003 0.0029 ± 0.0002 

938 0.0035 t 0.0003 0.0036 ± 0.00014 

9141 0.00148 ± 0.0005 0.00149 ± 0.0005 
9143 0.0051 ± 0.00014 0.0053 ± 0.00014 
9148 0.0056 t 0.0004 0.0059 ± 0.0005 

953 0.0073 t  0.0005 0.0077 ± 0.0008 

959 0.0081 ± 0-0007 0.0083 ± 0.0009 

Values of thermal activation energies for the decomposition of 

holmium chromate (v) are shown in Table )OOCIX. 

The kinetic results for the iaotherie.1 decompositions of ytterbium 

chromate (v) are shown in Tables )OOCV and )OCXVI and complete kinetic 

data is shown in the Appendix [Tables A LX0II - A XCII]. 
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VAUM OF n AND RATE cown (k) FOR ¶LE POM lAW 

APPLIED TO THE 1COMPOION OF TIiBIUM CIm()1A' (V) 

Temperature ( °K) 	 11 	J 	k (min) 

901 

907 

910 

914 

920 

923 

925 

927 

934 

943 

Temperattwe 	First Order Rate Law 	Contracting Plate Law 

( °K) 	 k (min') 	 (min_) 

73 

3.23 0.00236 	0.00015 

2.88 0.00365 t 0.00020 

2.57 0.00384 0.00023 

2.81 0.00513 0.0003.3 

2.86 0.00633 t 0600045 

2.46 0.00769 1 0.00048 

2.67 0.00829 1 0.00069 

2.86 0.00954 ± 0.00078 

2.87 0.01217 ± 0.00069 

2.50 0.01503  1 0.00094 

0-00195 t 0.00021 

0.00222 t 0.00025 

0.00267 t 0..00026 

0.002W t 0.00027 

0.00425 t 0.000.39 

0.00420 t 0.0004.3 

0.00428 +  0.00038 

0.-00586 t  0.,00054 

0.00755 t 0.00054 

0.00186 ± 0.00019 

0.00199 ± 0.00020 

0.00250 ± 0.00023 

0.00272 ± 0.00025 

0.00388 ± 0.00039 

0.00391 ± 0.00038 

0.00407 t 0.00036 

0.00525 t 0.00038 

0.00712 t 0.00059 



Values of the theril activation energies for the decomposition 

of ytterbium chromate (v) are shown in Thble XOCIX. 

The kinetic results for the isothermal decompositions of 

yttrium ohronte (v) are shown in 1bles XXXVII and X]CXVIII and 

complete kinetic data is shown in the Appendix [Tables A XCIII - 

A ci]. 

1BLE )OOCVII 

WIMS OF n AND RATE COTAN'1 (k) FOR TBE POWR LAW 

APPLIED TO THE 1EC4P0SITION OF YIUM CHROMATE (v) 

Temperature (°K) 	 n 	 k (min-') 

924 2.70 0.00285 0.00011 

929 2.54 0.00309 t 0.00011 

931 2.61 0.00362 t 0.00015 

933 2.76 0.00507 1 0.00020 

935 3.22 0.00645 I 0.00041. 

938 3.]3 0.00717 ± 0.00025 
943 3.12 0.00975 1 0.00046 
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_ 
SM 16  i 

Teeratw'e 	First Order Rate Law 1 Con acting Plat. Law 

(°x) 	 k_(min)
] 	 (min-1 ) 

924 0.0014 0.0002 0.0014 0.0002 

929 0.0017 t 0.0002 0.0017 0.0001 

931 0.0021 ± 0.0002 0.0019 ± 0.0001 

933 0.0026 ± 0.0002 0.0025 t 0.0002 

935 0.0029 t 0.0002 0.0028 ± 0.0002 

938 0.0034 ± 0.0002 0.0033 ± 0.0003 

943 0.0044 ± 0.0003 0.0043 ± 0.0003 

953 0.0058 ± 0.0004 0.0056 0.0003 

974 0.0128 ± 0.0007 0.0126 ± 0.0006 

Values of the thern*1 activation energies for the decom-

position of yttrium ohro,nate (V) are shown in Table )000:X. 
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•''n IiENO 

RATE JLAWS 

Compound Power Law First Order Law Contracting Plate Law 

Range of x E (koala/mole) Range of x E (ka1g/no1e) Range of x E (kca].a/mole) 

PrCrOk 0 .05x4 0.27 85122 0.154x40.50 86±22 0.1540.50 8420 

Gd Cro - - 0.05 4  x 40.50  83 1 10 0.05 4  x . 0.45 85 1 11 

ThCrO4 
 0.014X 40.17 93130 0.104x.0.50 88±16 0.10x.0,50 89±15 

DyCr0 0.02x40.20 114±43 0.104x.40.50 80±18 0.104x40.45 83±19 

RoCr0 0.02)40.20 10±32 0.104x40.45 88±16 O.o6x40.40 82±12 

Cr04  0.03x0.20  89±28 0.07x40.55 72±16 0 ,054.x40 ,45 72±15 

YbCr0 0.054x4 0 .20  76±13 0 .194x.4 0 .55 66±17 0.154x40.50  65±17 

YCrO4  0.02x40.20 125±27 0.154x40.50 78±13 0.104.x40.45 79±11 



These values of thermal activation energies [Table XXXIX] will be dis-

cussed later in connection with the mechanism of decomposition of the 

lanthanide okuonates (v). 

PHYSICAL MEASUR4EN'1S ON EEC04POMD SAMPLES OF C}IROMA'I'ES (v) AND 

PRASEODYMIUM CHROMATE (VI) 

X-ray diffraction patterns, infrared absorption spectra and 

magnetic susceptibilities were recorded for partially and completely 

decomposed samples of some chromates (v) and praseodymium chromate (vi) 

and compared with the equivalent measurements recorded for the 

undecompoaed materials and the individual decomposition products in an 

attempt to identify any intermediates formed during the course of 

decompositions. 

The detection of decomposition intermediates was of primary 

interest in the decomposition of praseodymium chromate (VI) where, as 

stated earlier, difficulty was encountered in identifying a chromate 

(v) intermediate by means of e • a .r. spectroscopy. A previous 

investigation [Schwarz (1963)] indicated, that some of the lines from 

X-ray diffraction patterns of partially decomposed samples of 

praseodymium chromate (VI) could be assigned to praseodymium chromate 

(v). A similar investigation has been carried out in the present 

work and the results are shown in Table XL. These results show the 

disappearance of the lines due to the praseodymium chromate (VI), none 

of which could be observed when decomposition had proceeded beyond 

40%, and the appearance of other lines, some of which could be 

assigned to the zirconite or Huttonite reflections of praseodymium 

chromate (V) and others to the final decomposition product, praseody-

mium chronate (III). No lines assignable to the other end product, 

chromium (III) oxide, were observed, but this would be present only 

in fairly low concentration. 

tj 



X-RAY DIFFRACTION RESULTS FOR LCCt4P08ITION PRODUCTS 

OF PRASEODYMIUM CHROMATE (VI) 

- 0.38 PT' CT'0 x - 0.17 x - o. 
p,CrO3 

clR 	Int. dR 	mt. dR 	mt. 	d&* dR 	mt. cIR 	mt. ciR 	mt. d 	mt. 

6,51 	85 

5.37 	77 

.87 	37 *.80 	21 4.77 	25 

4.33 

3.82 	16 3.87 	30 3.85 	18 

3.71 	100 3.69 	100 3.66 	100 3.63 	99 3.66 	22 
3.62 	73 

3.55 
3.36 	26 	3.35 3.33 	8 

3.16 	29 	3.16 

3.05 	100 3.04 2.99 	14 

2.931 	43 	2.903 2.912 	10 

2.858 	75 

Contd... 



TABLE XL (Contd.) 

Pr2  (Cr04)3  x - 0 .8 Pr Cr04  x - 0.47 x - 0.59 x - 0.84 Pr Cr0
3 

 

dR 	Int. dR mt. dR mt. d* dR mt. dR mt. dIR mt. d 	mt. 

2.732 50 2.722 69 2.716 100 2.730  100 2.722 100 
2.607 25 2.600 26 26 

2.585 *5 2.578 22 2.571 7 
2.488 	*8 

2.327 8 
2.298 21 2.293 26 

2.238 

2.212 18 2.233 19 2.222 22 

2.206 

2.1*1 10 

1.981 

1.945 20 1.945 23 1.941 1.937 12 

1.26 36 1.929 37 
1.918 

1.880 33 1.888 1.876 55 1 	1.870 D. 

1.873 11 1.873 12 

* Reference:- Huttonite reflections quoted by Schwarz (1963) 

ZJ 



As shown in Table XL, the major product formed during the initial stage 

of decomposition of praseodymium olwomate (VI) 	0.501 is praseodymium 

chromate (v) but some further decomposition to praseodymium chromate (III) 

also occurs dining this period. This invalidatestD some extent the 

assumption made in the kinetic studies that the two stages of 

decomposition occur independently, although it would appear that for 

at least the first 30% of decomposition such an assumption could be 

considered justified. The later stage of decomposition [x > 0.501 is 

seen to involve the subsequent decomposition, to praseodymium chromate 

(III), of the praseodymium chromate (v) formed initially. 

A comparison of the infrared absorption maxima of some 

partially decomposed samples with those of praseodymium chromates (VI), 

(v) and (III) is shown in Table A CII of the Appendix. It is rather 

more difficult to draw definite conclusions from thin evidence, due 

to the width of the absorptions, but it is significant that the 

strang-ealt abswption in the spectrum of praseodymium chromate (III) 

was not observed for partially decomposed sezVles of ohronate (VI) 

where percentage decomposition was less than 50%. This alone would 

seem to indicate that the chromate (III) is not the major product 

formed initially. 

- results of magnetic  susceptibility measurements on par-

tially decomposed samples of praseodymium chromate (VI) are shown in 

Table XLI • The values show the expected trend with increasing 

value of percentage decomposition, but no information regarding the 

exact compositions of the samples was obtained. 



TAKE XLI 

OF PBA3E0IYJ4 C1m0Wt (VI) 

Sample 	Tómp. (°c) 	Susceptibility /gin. (Xlob) 
o.g.s. units 

Pr2(Cr0j), 	1910 	 16.84 

X - c.8 	 18.0 	 17.26 

Pr Cr04 	 19.0 	 23.96 

x - 0.73 	 19.7 	 24.86 

X - 0.84 	 19.5 	 26.17 

Pr Cr03 	 19.0 	 28.51 

The X-ray diffraction patterns of partially decomposed samples 

of some lanthanide chromates (V) are shown in Tables A CIII - A CX 

of the Appendix. 	No reaction ttermediatee were observed from these, 

only the disappearance of lines due to the cbromatea (V) and cor-

responding appearance of lines due to the ohromatea (III). 

A similar situation was found from the infrared spectra of 

these partially decomposed samples of the lanthanide ckuosates (v) 

[see Appendix Tables A CO - A cxviii], with all absorptions 

assignable to either the parent olwomate (v) compound or the 

chromate (III) product. 

On examination of the magnetic susceptibilities of some of 

the partially and completely decomposed samples of lanthanide 

obromates (V), the changes in susceptibilities with increase in per-

centage decomposition were not always found to be regular, although 

the relationship between measured percentage decomposition and 

magnetic susceptibility appears to be linear. [Fig. xxv]. The 

reason for the variations in values of magnetic susceptibilities Is 
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• 	• 	FIG.XXV. 
VARIATION OF MAGNETIC SUSCEPTIBILITY 
WITH PERCENTAGE DECOMPOSITION 

FOR SOME CHROMATES(V) 
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thought to be the failure to obtain consistently good packing of the 

samples in the Goiy tube because of the rather wall quantities of 

n*terial available in some oases. Magnetic measurements on the lan-

thanide okn'omtezx III) and the partially decomposed obrontes (v) 

were liable to greater error than measurements on the lanthanide 

o1n'ontee (v) since the antiferronmgnetism shown by the chrosates (III) 

made meatureinenta impractical at all magnetic field settings other 

than the lowest one. Instead of these values being the mean of five 

separate mee.Bwements, many of the have been calculated from only a 

single measurement. Of the ohrosztee (v) studied, only those of 

praseodymium and yttrium showed a sufficiently good linear relation-

ship between magnetic susceptibility and measured percentage 

decomposition to be used in further calculations. 

In a previous investigation [irrie (1967)] the measured nag-

netic susceptibilities  of partially decomposed samples of the 

chromate (v) of lanthanum, p'rium and neodymium were applied to the 

following equation:- 

- 	 -(1- 4) mixtureRcrO 

where x - fractional deoompositionj X - susceptibility /gmj R - 

lanthanide ion; M - molecular weight • Values of percentage decom-

positions calculated by this means were compared with the values 

found thermogravimetrically. The agreement found in this previous 

work was generally rather poor and likewise in the present work, the 

results shown for the ckiromates (V) of praseodymium and yttrium 

[1ee an and XLIII] give fairly poor agreement. 
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Magnetic 	6 Calculated 
I

Measured 
Susceptibility /gm x 10 % Decomp. Deconip. 

26.69 38.0 450 

27.52 49.0 55.0 

28.96 68.0 80.0 

30.49 87.0 100.0 

TABLE )aIII 

MAGI=C 	 TEES OF rECOMPED SAMPLES 

OF y'rmniM CIt4A 	(v) 

Magnetic 	6 Calculated Measured 
Susceptibility /gm x 10 % 	Decomp. % Decomp. 

994 38.0 32.0 

11.49 53.0 48.0 

14.110 80.0 70.0 

17.03 103.0 100.0 

The conclusions that may be drawn from these magnetic sus-

ceptibility measurements are:- (a) The nnigzietio susceptibility is 

directly proportional to the percentage decomposition. (b) The 

susceptibilities of the individual components of each mixture are 

additive • These conclusions however, must be rather tentative, 

since practical considerations lead to certain inaccuracies in the 

susceptibility measurements. 



DISCUSSION 

The kinetic results from the thermal decompositions of the lan-

thanide clu'omates (V) and praseodymium chromete (VI) are now discussed 

with a view to proposing a mechanism for the activation processes in 

the decomposition. 

decomposition of praseodymium chromate (VI) has been shown 

to have an initial acoeleratory period, which obeyed a power law of 

the type x - kt'1, followed by a deceleratory period. The values of 

n for the acoeleratory period were in the range 1.10 - 1.75 and powers 

of n in the range 1 - 2 were interpreted by Yankwioh and Zavitsanos 

(1964) as indicating more than one nucleation - growth process 

occurring dining the acce1raIory phase. This acoeleratory period 

In likely to correspond to initial surface decomposition leading to 

the setting up of reactant/produot interfaces which will then progress 

into the particles. 

A mechanism has been proposed [Irrie et al. (1967)]  for the 

decomposition of some lanthanide ohrontee (VI) in which the activation 

process is thought to be a single electron transfer from oo-ordi.nated 

oxygen to chromium within the chromate (VI) group. The energy of 

this electron transfer process is measured by the energy of the 

—+ 2e charge transfer band in the chromate (VI) spectrum. A 

comparison of the energy of this first charge transfer band in the 

spectrum with the therual activation energy found for the decom-

position of praseodymium chromate (VI) is shown below:- 

7hermal Activation 	Energy of t1  — 
Energy (cm ) 	Transition (cm ) 

'2 (Cr04)3 	32,500 1 5,90() 	 28,400 
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The agreement found here, within the limits of experimental error, is 

further indication that the proposed mechanism is correct • It was 

further suggested [r*rrie et. al. (1967)] that the reason for these 

lanthanide obroniatea (VI) decomposing in the temperature range 500 - 

700°C while some other chrometee (VI) (e.g. those of the alkali and 

Alkali earth metals) are much more thermally stable, is due to 

structural differences • The crystal structures of these lanthanide 

ohromates (VI) are unknownj but from evidence in the infrared spectra 

of anion-anion coupling and the fact that they decompose in the same 

temperature range as magnesium chromate (VI) which ban the CrVO 

structure ['sndt (1943)], in which there are chains of chromate (vi) 

tetrahedra, it was suggested that these compounds also have chains of 

chromate (VI) tetrahedra in their structure • In cbrontes (VI) with 

this type of structure, the activation process will be readily trans-

mitted to the surface, along the chains of tetrahedra, while in 

ohromtes (VI) of the Plkkli  and alkallne earth metals, the anions 

are separated by the cations and propagation in this way is not 

possible. 

There are three mechanisms for energy transfer in compounds of 

this type, which my be applicable:- 

¶frensfer by means of interaction of dipole fields. 

Transfer by dipole - quadrupole interaction. 

Mmwfer by exchange. 

The mechanism of energy transfer in these lanthanide ohrornates (VI) 

is likely to be by the short range exchange mechanism, since the low 

oscillator strength of the chromate (VI) group absorption, 0.089 

[wolfsberg and Helmholtz (1952)], nmlces transfer by either mechanism 

(1) or (2) unlikely. The probability of energy transfer by an 



exchange mechanism can be written as a product of two terms [&aaae 

and fril (1966)] :- one connected with the orbital overlap 

integral of the centres and the other with the energy overlap of the 

emission and absorption bends of the anion (where exchange is occwr-

Ing between identical anions). No information is available on the 

emission levels of the cluomste (Vt) group, but in general there is 

usually a certain amount of overlap between the absorption and 

emission bends of an anion. Since there is evidence of fairly strong 

anion-anion coupling in these compounds, the degree of orbital over-

lap between neighbouring chromate (VI) groups should be sufficiently 

good to allow energy transfer by exchange to occur quite readily. 

The results obtained for the decomposition of the lanthanide 

chronates (v) studied in this work are now discussed, and for com-

pleteness, the results found by Errie (1967) for the chromtee (v) 

of lanthanum, eeni,ium and neodymium are also considered. In the 

decomposition of each chromate (v), there is an initial acoeleratory 

period, following a power law (x - kt1 ), with all values of n being 

in the range 1 - .5, indicating that more than one nucleation-

growth process is taking place during this aoceleratory period. For 

each chromate (V) studied bare, the acceleratory period is followed by 

a period of continuously decreasing rate, to which can be applied, 

with equal validity, both first order and contracting plate kinetics. 

The thermal activation energies for the decay stage of the decompos-

ition of the lanthanide chromtea (v) studied in the present work, 

and also for the ahromstee (v) of lanthanum, neodymium and samarium 

[rrrie (1967)],  are compared, in Table )CLIV, with the energies of the 

first charge transfer bend in the spectra of the corresponding 

obronates (v). 



BIE XLTV 

C4PARI80N P THERMAL AC71VA1TON AND CHARS TRA NSFER 

ENERGIES FOR LANTHANIIE CW(0MA'JES (v) 

I  
COioid 	Activation Energy çor 	Energy of t1  -* 2e 

j 	
Period (am ) 	j 	'ansition (am _1 ) 

La Cr04  25,500 t 2,100 25,600 

Pr Cr04  29,300 ± 7,000 25,300 

Nd Cr04  20,600 	2,100 24,500  

3m Cr'04  22,000 t 2,100 25,000 

Gd Cr04  29,700 t 3,600 25,000 

Tb Cr04  31,100 	5,200 25,000 

Dy Cr04  29,000 	6,600 24,700 

Ho Cr01  28,600 t 4,200 24,700 

Er Cr04  25,150 ± 5,250 24,700 

Yb Cr04  22,700 ± 5,900 24,400 

Y Cr04  27,600 t 3,800 25,000 

As can be seen from Table XLIV, the therne.1 activation energy and 

the energy of the olutomate (v) first charge transfer transition 

agree in umny cases within the limits of experimental error, as for 

the chromatee (VI). There are however several reasons why the same 

mechanism as was applied to the chromatea (VI) cannot be considered 

applicable to the chrouatee (V):- 

The values of thermal activation energy for the de-

composition of the okwomtes (v) of neodymium, ssui*rium, 

gadolinium gRdolinium and terbium do not agree with the respective 

charge transfer energies. 

The thermal activation energies for the throtnates (v) 
of neodymium and eanmrium, to the highest limit of 

experimental error, are lower than the values of the charge 

transfer energies. Such values cannot be explained on 

1I 



the basis of transfer of energy between chromate (V) 

groups. 

(a) Structural factors - with the exception of lanthanum 

c1u'cste (v) which has the monoolinic Ruttonite structure 

[Scliera (1963)],  the oInonetes (v) studied here all 

have the tetragonal zircon structure • As can be seen 

from Table XLIV, there is a significant variation in the 

values of thermal activation energy found for these 

chronetes M. If the mechanism suggested for the decom-

position of lanthanide chromates (VI), viz • a single 

electron transfer from co-ordinated oxygen to the central 

chromium atom as the activation step with transmission 

of the energy to the surface along the chains of chronEte 

(VI) tetrahedra, was also applicable to the decomposition 

of lanthanide chronetes (v), no significant variation in 

values of thermal activation energy would be expected: 

all the compounds having the same crystal structure and 

hence the same ability to propagate energy. 

Values for the oscillator strengths of chromate (V) transitions 

are not available from the literature, but from analogy with other 

transition metal oxy-anions e.g. chromate (VI) [wolfsberg and 

Helmholtz (1952)], molybdate (VI) and tungstate (VI) anions [&asee 

and fril (1966)] and vanadate (v) anion [Ropp (1968)] where the 

oscillator strength is low, this is also likely to be the case with 

the chromate (v) anion. This would mean that the olu'osate (v) group 

could take pert in energy transfers only where the short range 

exchange mechanism is applicable, since a high oscillator strength is 

necessary for energy transfers involving interaction of dipole fields. 

me requirements for efficient transfer by an exchange mechanism are 



M orbital overlap between the transmitting and the receiving group 

and (ii) energy overlap between the emission band of the transmitting 

group and the absorption band of the receiving group. No data is 

available on the emission energies of the chromate (v) group, but it 
is likely that there is at least a efl  degree of overlap with the 

absorption bend • From a model of the zircon atruotwe (kindly  .de 

to scale by Dr. C.A. Be.vere) it is estimated that the closest 

proximity of oxide ions from neighbouring chromate (V) groups is 

approximately 2.9 - ,. o R. while the  awn of ionic radii for two oxide 
ions is 2.80 L It would appear therefore, that the presence of the 

lanthanide ion between neighbouring chromate (V) groups keeps them 

sufficiently far apart for there to be little or no orbital overlap 

between them, and hence makes energy transfer by exchange between 

them unlikely. 

There are two min properties of the lanthanide ion which 

might be expected to influence the mechanism of decomposition. These 

are:- (a) The polarising power and (b) the electronic energy levels. 

If the variation In thernal activation energies was dependent on the 

ionic radius or on the polarising power of the lanthanide ion having 

an effect on the separation of neighbouring chromate (v) groups, a 

fairly regular trend down the lanthanide series would be expected; 

since this is not the case, it is suggested that the values of thermal 

activation energy are dependent on the energy levels of the 4f elec-

trons of the lanthanide ions and the following mechanism is proposed 

and discussed below. (Since neither the La>I  nor the 	ions has 

any 4f electrons this mechanism cannot be applied to them and the 

decomposition of the chromate* (v) of these ions are discussed 

separately at a later stage.) 



Activation Step 	absorption of thermal energy by the chromate 

(v) group causing electron transfer from co-ordinated oxygen to the 
central chromium. 

Propagation of -energy to surface - (1) Transfer of energy from 

chromate (V) group to nearest lanthnjde ion. 	(ii) Transfer of 

energy to the surface along rows of lanthanide ions. 

(a) Decomposition at the surface - transfer of energy from a lanthan-

ide ion to a chromate (V) group, which then decomposes. 

The stages involved in this mechanism are now considered individually. 

Step (a) - the activation process - needs no further discussion as 

this has been covered in the case of the obronates (VI). 

Several well established oases of absorption of energy by 

transition - metal oxy-anione and subsequent transfer to a lanthanide 

Ion are known in the field of inorganic phosphors [Ropp (1968)1 

Blasse and Bri]. (1966); Blasse (1966), Botden (1951)] and a fairly 

comprehensive survey of the mechanisms of such transfers has been 

given by Dexter (1953). Since the oscillator strength of the 

chromate (v) group is low and oscillator strengths of lanthanide ions 

are also known to be low [Biasse and Bril (1966)], interaction of 

dipole fields is not likely and transfer here is likely to be by an 

exchange mechanism. The two conditions for efficient transfer by 

exchange are: - 

(1) Good orbital overlap between the two centres. 

(ii) Energy overlap between the emission band of the trans-

mitting group and the absorption band of the receiving 

group. 

It has been shown [Blasee and Bril (1966)] that where orbital 

overlap can be attained using an 02  ion as an intermediary, the 

efficiency of the exchange is dependent on the Iii - 02_ - M angle. 



If this angle is 1800, the probability of smahange is high, while if 

the angle is 900, the probability of exchange is low. Examination of 

a scale model of the zircon sz'zttue shows that in these lanthanide 

olwomatee (V) 9  this angle is of the order of 1600  and hence exchange 

should take place. 

In these OOu)OWde, the energy overlap is dependent on two 

factors:- 

(1) 7he emission bend of the chromate (v) group. 

(ii) The enery levels of the lanthanide ions. 

No information is available from the literature on the emission band 

of the chromate (v) group. It aeenm reasonable to assume however 

that the emission bend will be fairly broad and will lie at a some-

what higher energy than the absorption band, since this is the case 

with the tungatate ion [Dexter (19)]  where the absorption peaks at 

240 run. and the emission peaks at 420 run. but there is still a small 

degree of overlap between them. 

Most of the lanthanide ions have several energy levels between 

the ground state and 30,000 øm, but for many of them, no information 

is available on the levels above 20,000 om. It is known however, 

that the first excited state of the 0d3 	 6 	state at 

32,o66 cm above 	8 ground  state [Dieke and Rail (1957)] and 

this then is the minimum energy which would be required if transfer 

of energy to the Od>F ion is to occur. This value does in fact lie 

within the experimental error of the value for thermal activation 

energy of 29,700  t 3,800 cm-1 . Further evidence for this proposed 

mechanism comes from the decomposition of terbium chromate (v). The 

Tb ion baa two fairly high energy excited states, 5D at approxi-

mately 26,000 cm and 5D1 , at 20,500 om, with the next state below 
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these lying only 6,000 oin above the ground state [Van Uitert and 

Johnson (1966)].  The energy gap between the 	and 5D4  levels 

should be sufficiently large for any energy transferred to the 

state to be retained there and not lost to the 5D level since only 

fairly nl1  amounts of electronic energy can be dissipated by inter-

action with the lattice. This value of 26,000 cm, the energy 

required for transfer into the 	level of the Th>  ion agrees, within 

the limits of experimental error, with the value of thermal activation 

energy (31,000 t 5,200 cm) found for terbium  chromate (v). In the 

case of erbium chromate (v), the 	ion has several levels in the 

range 22,500  to 28,000 cm-1  [Johnson, Van Ultert, Tubin and Thomas 

(1964)] which might be suitable for accepting the correct amount of 

transferred energy; and for Pr" , the 	level lies at approximately 

22,000 cm above the ground state [Wong and Riohnmn (1962)] and 

again might be a suitable acceptor level, although there may be other 

more suitable levels above this for which values are not yet known. 

For the remaining lanthanide ions, values for the energy states lying 

greater than 20,000 cm above the ground states are not available 

from the literature. 

As was stated previously, for the chronates (v) of neodymium 

and wriwn, the thermal activation energy is found to be lower than 

the energy of the chromate (V) charge transfer transition. This 

could not be readily explained on the basis of energy transfer between 

chromate (v) groups, but might be explicable with the mechanism 

proposed here if the only available energy level for each of these 

lanthanide ions lies in the range 20,000 - 24,000 cm above the ground 

state, but still maintains some degree of overlap with the chromate Cv) 

emission band, i.e.  absorbs an energy at the low end of the broad 

El 



emission band. 

The third stage in the proposed mechanism viz • the transfer of 

the activation energy to the surface of a particle, is now discussed. 

There is no evidence from the literature of energy, having been trans-

ferred from an anion to a lanthanide ion by an exchange mechi gin, 

then being transferred back to an anion. There are however, some 

known mechanism of energy transfer between lanthanide ions [van 

Uitert and Johnson (1966)]. Due to the relatively large distances 

between lanthanide ions in the zircon structure (approximately 3 

energy transfer by exchange is unlikely to occur. Dexter (1953) 

has shown however that multipolar interactions may occur for separa-

tions as great as 20 R . Accordingly, where such interactions are 
strong, as for the lanthanide Ions [van Ultert and Johnson (1966)], 

multipolar resonance and multipolar transfer are likely to take place. 

l4ultipolar resonance Is a reversible energy transfer transition 

between two Ions which have levels at equal energies (See (a) below). 

Multipolar transfer involves energy transfer from one ion to a. lower 

lying level of a second ion by transitions that are matched In energy 

and Is associated with phonon emission (See (b) below). 
Jr 

1 

(.b 

Multipolar resonance (reversible) 

Multipolar Transfer 
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Since In these clwomates (V) 1  only ions belonging to one mother of the 

lanthanides are present in each compound, neighbouring ions are certain 

to have exactly matched energy levels and hence transfer by multipolar 

resonance may occur. 

At the surface of a particle, the energy levels of the chromate 

(v) groups will be different from those of chromate (V) groups at 

nornal lattice sites and may then act as 'energy sinks' [Dexter and 

Schulman (1954)] by absorbing the energy reaching the surface via the 

lanthanide ions and thus decomposing. 

The two compounds, lanthanum chromate (v) and yttrium chromate 

(V) 1  in which the 1anthnfde Ion has no 4f electrons, are now dis-

cussed. Neither the La>f  ion nor the 	ion has transitions in the 

ultraviolet or visible range and therefore no suitable energy levels 

on which to base a mechanism involving energy transfer from chromate 

(V) group to lanthanide ion, lanthanum chromate (V) however also 

differs from the chromates (v) discussed previously in that the 

crystal structure is of the Huttonite rather than the zircon type. 

Lanthanum chromate (v) [Schwarz (1963)] is isomorphous with the mono-

clinic modification of cerium phosphate in which the oxygene ftrii a 

tightly packed structure [Mooney (19Z18)].  lanthanum chromate (v) 

will also therefore have a tightly packed lattice of oxide ions with 

the chromium atoms occupying tetrahedral holes. This may mean that 

in lanthanum chromate (V) 1  orbital overlap between neighbouring 

chromate (V) groups Is sufficiently good for activation energy to be 

transferred to the surface by exchange between the chromate (V) 

groups without involvement of the lanthanide ion. 

The case of yttrium chromate (v) is rather more difficult to 

explain, since, as well as having no correctly positioned energy 

levels on the 	ion, this compound also has the zircon type 
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structure. On considering the fundamental properties of the yttrium 

Ion. as compared to the lanthanide ions, the major difference between 

them lies in the electronic configuration, since the ionic radius of 

the 	ion (0.90 R) is very similar to those of the lanthanides 

(D? - 0.91 R, Ho-*-' - 0.89 R). In the trivalent lanthanide ions, 

the outer shell containing the 5s and 5p orbitals is separated from 

the 4d orbitals by the *f electrons and hence no mixing of orbital. 

occurs • In the trivalent yttrium ion however, there are no f 

electron, present and mixing between the full 3d levels and the 4s and 

p levels will lead to a higher electron density at the surface of 

the ion than occurs with the lantha.nid. ions. It is possible there-

fore that stronger repulsive forces between the outer electrons of 

the yttrium ions and the outer electrons on the oxide ions may suff-

iciently distort the electron clouds around the oxide ions for orbital 

overlap between neighbouring chromate (v) ions to become possible. 

It should be noted that the distance between oxide ions on neighbouring 

chromate (v) groups in the zircon structure is normally in the range 

2.9 - 3.0 R while the sum of the normal ionic radii of two oxide ions 
Is 2.8 R. It would not therefore require a great deal of distortion 

of the electron clouds to allow overlap between two oxide ions • If 

this is the case, transfer of energy by an exchange mechanism between 

neighbouring chromate (V) groups may also be applicable in the 

decomposition of yttrium olu'onmte (V). 
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APPENDIX 



TABLE A I 

dk SPACING FOR PRASEODYMIUM CHROMATE V 

Literature 
Zirconite Huttonite 

Measured Calculated 
zirconite 

Plane at Reflection 

d. Tnt d Tnt d mt d 

1+.87 19 - 4.87 37 4.84 011 
4.69 17 

- 4.33 28 
3.69 78 3.69 100 3.67 020 

3.55 28 
3.35 69 3.36 26 
3.16 100 3.16 39 
3.04 22 
2.903 69 2.931 43 - 

2.675 31 2.733 112 
2.578 17 2.600 26 2.597 220 
2.281 11 2.293 26 2.288 031 

2.238 17 
2.206 23 

2.049 11 2.057 013 
1.981 28 

1.941 17 1.945 23 1.942 321 
1.918 23 

1.884 17 1.880 33 1.888 57 

Reference - Schwarz (1963) 

- Bertaut, Buisson and Mareschal (1964) 



TABLE A II 

SPACINGS FOR GADOLINIUM CHROMATE (v) 

Measured Calculated 

d mt h k 1 d 

4e69 23 0 1 1 4.746 

3.59 100 0 2 0 3.602 

V 2. 1 2.869 

2.675 63 1 1 2 2.683 

2.535 22 2 2 0 2,548 

2.333 22 0 2 2 2.373 

2.233 20 0 3 1 2.244 

2.014 23 0 1 3 2.019 

1.899 21 3 2. 1 1.905 

1-845 67 3 1 2 1.847 

1.791 26 V 	 0 4 0 1.801 

Reference: - Bertaut, Buisson and MareschaJ. (1964) 



TABLE A III 

dA SPACINGS 'OR TERBIUM CHROMATE (v) 

Measured Calculated 

d mt h k 1 d 

4.74 	. 27 0 1 1 4.730 

3.60 100 0 2 0 3.584 

2.903 15 1 2 1 2.856 

2.675 78 1 1 2 2.673 

2.535 .27 2 2 0 2.535 

2.362 12 0 2 2 2.365 

2.233 20 0 3 1 2.234 - - 

2.014 12 0 1 3 2.014 

1.891 13 3 2 1 1.896 

1.841 58 3 1 2 1.840 

1.791 24 0 4 0 1.792 

Reference - Bertaut, Buisson and Mareschal (1964) 



TABLE A IV 

d -  SPACINGS FOR DYSPROSIUM CHROMATE (V) 

Measured - Calculated 

d mt h k 1 d 

14 .65 46 0 1 1 14.7114 

3.56 100 0 2 0 3.571 

2.823 16 1 2 1 2.814.7 

2.659 75 1 1 2 2.664  

2.515 32 2 2 0 2.526 

2.3144 17 0 2 2 2.357 	- 

2.217 27 0 3 1 2.226 

2.002 23 0 1 3 2.008 

1.863 17 3 2 1 1.889 

1.824 68 3 1 2 1.834 

1.781 21 0 4  0 1.784 

Reference:- Bertaut, Büisson and Mareachal (1964) 



TABLE A V 

dX SPACINGS FOR HOLMIUM -CHROMATE (V) 

Measured Calculated 

d mt h k 1 d 

4.69 21 o i 1 4.699 

3.55 100 0 2 0 3.562 

2.832 10 1 2 1 2.838 

2.652 68 1 1 2 2.652 

2.515 20 2 2 0 2.518 

2.350 8 0 2 2 2.346 

2.217 17 0 3 1 2.219 

1.998 10 0 1 3 2.001 

1.88o 10 - 3 2 1 1.883 

1.827 54 3 1 2 1.828 

1.778 17 0 k 0 1.780 



TABLE A VI 

dA SPACINGS FOR ERBIUM CHROMATE (v) 

Measured 	 I 	 Calculated 

d mt 11 k 1 d 

I+.69 25 0 1 1 4.684 

3.55 100 0 2 0 3549 

2.823 12 1 2 1 2.828 

2.644 65 1 1 2 2.650 

2.502 22 2 2 0 2.507 

2.34 1+ 10 0 2 2 2.343 

2.212 18 0 3 1 2.212 

1.994 15 0 1 3 1.996 

1.870 15 3 2 1 1.877 

1.820 56 3 1 2 1.821 

1.772 20 0 1 0 1.773 

Reference : Bertaut, Buisson and Mareschal (1964) 

11 



TABLE A 	VII 

dA 	SPACINGS FOR YTTERBIUM CHROMATE 	(v) 

Measured Calculated 

d mt h k 	1 d 

4.67 34 0 1 	1 4.665 

3.53 100 0 2 	0 3.530 

2.814 12 1 2 	1 2.814 

2.637 71 1 1 	2 2.638 

2.488 26 2 2 	0 2.496 

2.327 8 0 2 	•2 2.332 

2.196 17 0 3 	1 2.200 

1.990 14 0 1 	3 1.988 

1.870 20 3 2 	1 1.867 

1.810 67 3 1 	2 1.813 

1.765 21 P .  k 	0 1.?65 

Reference : Bertaut, Buisson and Mareschal (1964) 



TABLE A VIII 

- 	 0 

dA SPACINGS FOR YTTRIUM CHROMATE (v) 

Measured 

d mt 

Calculated 

h 	k 	1 d 

0 1 1 4.695 4.65 	9 

3.53 100 0 2 0 3.557 

1 2 1 2.835 

2.644 66 1 1 2 2.657 

2.502 28 2 2 0 2.515 

2.338 10 0 2 2 2.348 

2.212 16 0 3 1 2.217 

1.998 11 0 1 3 2.000 

1.873 11 3 2 1 1.881 

1.820 58 3 1 2 1.826 

1.775 24 0 k 0 1.778 

Reference:- Bertaut, Buisson and Mareschal (1964) 

f. 



TABLE A IX 

dX SPACINGS FOR PRASEODYMIUM CHROMATE (VI) 

P1'2(C'°)3.HYated 
	

Anhydrous Pr2(Cr04)3 

Measured Literature Measured Literature 

d 	mt d d mt d 

9.12 	100 6.51 8 

5.28 	36 N 5.37 77 N 

4.74 	19 0 3.62 73 0 

458 	22 N 3.53 72 N 

4.25 	20 E 3.05 100 S 

1.88 	23 2.86 75 

2.I9 48 

1; 



TABLE AX 

dA SPACINGS FOR PrCrO, 

Measured Calculated 

d mt h k 1 d 

o 1 1 I+.1+67 

1 1 0 3.863 

3.85 18 0 0 2 3.859 

1 1 1 3.454 

o 1 2 3.155 

o 2 0 2.739 

1 1 2 2.730 

2.722 100 2 0 0 2.724 

2.571 7 0 2 1 2.581 

1 2 1 2.333 

2.327 8 2 1 1 2.326 

2.222 22 2 0 2 2.226 

2.141 10 1 1 3 2.141 

1 2 2 2.068 

2 1 2 2.061 

2 2 0 1.933 

1.929 37 0 o 4 1.928 	- 
° 2 3 1.876 

1.873 12 2 2 1 1.875 

Reference : Schneider, Roth and Waring (1961) 



TABLE A XI 

dA SPACINGS FOR GdCrO 

Measured Calculated 

d mt h k 1 d 

o 1 1 4.466 

3.82 21 1 1 0 3.826 

O 0 2 3.805 

3.40 26 1 1 1 3.418 

• 	 3.10 39 0 1 2 3.132  

2.746 22 0 2 0 2.757 

2.698 100 1 1 2 2.698 

2.652 44 2 0 0 2.656 

2.593 27 0 2 1 2.592 

• 1 2 1 2.330 

2 1 1 2.283 

2.161 - 	 20 1 1 3 2.115 

1 1 3 2.115 

1. 2 2 2.058 

2 1 2 2.025 

1.907 56 2 2 0 1.914 

1.891 36 0 0 4 1.904 

1.831 24 2 2 1 1.856 

1.803 24 0 1 k 1.798 

Reference:- Schneider, Roth and Waring (1961) 

:- S. Quezel-AmbrunaZ and M. Mareschal (1963) 



TABLE A XII 

dA SPACINGS FOR TbCr03_ 

Measured 	-- Calculated 

d mt h k 1 d 

0 1 1 4.513 

3.80 24 1 1 0 3.851 

0 0 2 3.788 

3.39 15 1 1 1 3.1+30 

3.07 1+5 0 1 2 3.141 

0 2 0 2.809 

2.71+6 27 '1 1 2 2.701 

2.675 100 2 0 0 2.61+6 

2.637 36 0 2 1 2.631+ 

2.368 18 1 2 1 * 	2.358 

2.217 17 2 1 1 2.282 

2.166 23 2 0 2, 2.167 

1 1- 3 2.113 

2.098 15 . 	1 2 2 2.076 

2 2 0 1.926 

1.907 26 0 0 4 1.891+ 

1.888 36 0 2 3 1.878 

1.855 21+ 2 2 1 1.866 

\ 	1.811+ 15 0 1 1+ 1.791+ 

Reference : Schneider, Roth and Waring (1961) 

Quesel—Ambrunaz and Mareechal (1963) 

1. 



TABLE A XIII 

dA SPACINGS FOR Dy Cr 

Measured Calculated 

d mt h k 1 d 

0 1 1 Lf,LfLf 

1 1 0 L.31 

3,75 21 0 2 0 3.751 

3.39 25 1 1 1 3.393 

3.06 61 0 2 1 3.100 

2.730 25 0 0 2 2.755 

2.667 100 1 2 1 2.671 

2.621 38 2 0 0 2.630 

2,578 19 0 1 2 2.586 

1 1 2 2.321 

2.260 20 2 1 1 2.263 

2.156 22 2 2 0 2.154 

2.041 23 1 2 2 2.045 

2 2 1 2.005 

1.899 26 2 0 2 1.903 

1.841 32 2 1 2 1.844 

Reference:- Schneider, Roth and Waring (1961) 

:- Quezel-Ambrunaz and Mareschal (1963) 



TABLE A XIV 

0 

dA SPACINGS FOR 	HoCr0 

Calculated Measured 

d mt h 	k 1 d 

4.33 18 0 	1 1 4.45 

3.78 25 1 	1 0 3.801 

o 	0 2 3.768 

3.36 21 1 	1 1 3.394 

3.05 63 0 	1 2 3.112 

2.754 31 0 	2 0 2.759 

2.667 100 1 	1 2 2677. 

2.614 31 2 	0 0 2.621 

o 	2 1 2.592 

1 	2 1 2.307 

- 

-- 2 	1 1 2.259 

2.122 17 2 	0 2 2.151 

2.076 18 1 	1 3 2.095 

2.045 13 1 	2 2 2.050. 

2 	1 2 2.005 

1.899 27 2 	2 0 1.900 

1.873 35 0 	0 k 1.884 

0 	2 3 1.858 

1.834 21 2 	2 1 1.842 

and Waring (1961) Reference : Schneider, Roth 

Quezel—Ambrunaz and Mareschal (1963) 



TABLE A XV 

dA SPACINGS FOR ErCr 

Measured Calculated 

d mt h k 1 d 

0 1 1 4.443 

4.29 14 1 1 0 4.286 

3.78 22 0 2 0 3.755 

3.39 21 1 1 1 3.384 

3.04 100 0 2 1 3.103 

2.754 15 0 0 2 2.755 

2.667 80 1 2 1 2.667 

2.614 24 2 0 0 2.610 

2.593 15 0 1 2 2.587 

1 1 2 2.317 

2.260 10 2 1 1 2.251 

2.146 12 2 2 0 2.143 

2.066 13 1 2 2 2.0144 

1.994  14 2 2 1 1.996 

1.895 19 2 0 2 1.895 

1.884 17 0 1 0 1.877 

1.863 kk 0 3 2 1.853 

1.838 13 2 1 2 1.837 

1.814 9 2 3 0 1.809 

Reference:- Schneider, Roth and Waring (1961) 

- Quezel-AmbrunaZ and Mareschal (1963) 



• 	TABLE AXVI 

dA SPACINGS FOR YbC 

Measured 	 I 	 Calculated 

d mt h k 	1 d 

4.25 10 0 1 	1 4438 

3.77 28 1 1 	0 3.781 

0 0 	2 3745 

3.37 24 1 1 	1 3.375 

3.01 84 0 1 	2 3.097 

2.754 22 0 2 	0 2.755 

2.659 100 1 1 	2 2.660 

2.614 55 2 0 	0 2.597 

0 2 	1 2.586 

-- 1 2 	1 2.315 

2.217 18 2 1 	1 2.242 

2.136 14 2 0 	2 2.135 

2.071 12 1 1 	3 2.084 

2.049 12 1 2 	2 2.040 

2 1 	2 1.991 

1.888 23 2 2 	0 1.891 

1.870 24 0 0 	k 1.872 

1.845 50 0 2 	3 1.850 

Waring (1961) Reference : Schneider, Roth and 

Quezel—Ambrunaz and Mareschal (1963) 

-. 



TABLE A XVII 

d. SPACINGS FOR YCr0 - 

Measured Calculated 

d mt h k 1 d 

O 1 1 4.457 

1 1 0 3.803 

3.74 14 0 0 2 3.780 

3.37 i8 1 1 1 3.397 

3.06 17 0 1 2 3.118 

2.754 23 0 2 0 2.759 

2.675 100 1 1 2 2.681 

2.621 27 2 0 0 2.624 

2.585 11 0 2 1 2.592 

1 2 1 2.324 

2 1 1 2.261 

2.146 16 -- 2 0 2 2.157 

2.094 16 1 1 3 2.101 

1 2 2 2.051 

2 1 2 2.008 

1.903 30 2 2 0 1.902 

1.880 27 o 0 k 1.890 

0 2 3 1.86o 

1.845 17 2 2 1 1.844 

- 	 Reference:- Schneider, Roth and Waring (1961) 

I 	 -. 



TABLE A XVIII 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE (vi) AT 594° C 

Time 
t (mins.) t 1 ?7 4  Fraction Deco mposed (x) 

0 0 0 

10 0 0 

20 183.5 0.0047 

30 371.5 0.0142 

40 613.1 0.0191 

50 904.2 0.0319 

60 0.0412 

70 0.0603 

80 0.0731 

90 0.0938 

100 - 0.1129 

110 0.1303 

120 0.1478 

130 0.1652 

140 0.1922 

150 0.2113 

160 0.2399 

170 0.2653 

180 0.2876 

190 0.3193 

200 0.3479 

210 0.3686 

220 0.4003 

230 0.4289 

240 0.4496 	- 



TABLE AXIX 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE(VI) AT 599 °C 

Time t 	(mins) ti 070 Fraction Decomposed (x) 

0 0 0 

10 50.1 0.0032 

20 162.9 0.0142 

30 324.3 0.0286 

1+0 528.9 0.0508 

50 773.2 0.0731 

60 1053.0 0.1048 

70 0.1318 

80 0.1699 

90 0.2079 

100 0.2381 

110 0.2791+ 

120 0.3206 

130 0.3650 

11+0 0.1+111 

150 0.1+588  

160 o.000 

170 0.5429 

i8o 0.585? 

190 0.6269 

200 0.6667 

210 0.7016 

220 0.7333 

230 0.7636 

240 0.7952 



TABLE 'A XX 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE (VI) AT 600 °c 

Time 
t (mins) 

0 

10 

20 

30 

0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150  

160 

170 

i8o 

190 

200 

210 

220 

230 

246 

tie" 

0 

35.5 

103.9 

194.7 

3o4.2 

430.0 

570.1 

72k.L  

.0 

0.0095 

0.0319 

0.0589 

0.0891 

0.1305 

0.1735 

0.2261 

0.2768 

0.3247 

0.3757 

0.1+266 

0.4775 

0.5315 

0.5825 

0.6334 

o.68i1 

0.7290 

0.7718 

0.8053 

0.8388 

0.8721 

0.8993 

0.9200 

0.9391 

Fraction Decomposed Cx) 



LI 

TABLE A XXI 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE(VI) AT 603 0 c 

Time ; (mins) 
	

. 156 	 Fraction Decomposed Cx) 

0 

10 

20 

30 

kO 

50 

60 

70 

80 

90 

100 

110 

120 

130 

114.0 

150 

i6o 

170 

180 

190 

200 

210 

220 

230 

240 

0 

36.3 

107.0 

201.1+ 

315.6 

447 .1 

593.9 

755.1+ 

0 

0.0128  

0.0349 

0.0731 

0.1208 

0.1766 

0.2353 - 

0.2925  

0.31+97 

0.4135  

0.1+770 

0.5375 

0.59914. 

0.6536 

0.7124 

0.7601 

0.8011+ 

0.8395 

0.8730 

0.8981+ 

0.9239 

0.9398 

0.9621 

0.9731 

0.9907 
41 



TABLE A XXII 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE (VI) AT 606°c 

Time - 	 - 

t (mins) ti.64 Fraction Decomposed Cx) 

0 0 O 

10 43.65 0.0158 

20 136.0 0.6540 

30 264.4 0.1096 

ItO 424.0 0.1715 

50 611.5 0.2335 

6o 824.5 0.3019 

70 0.3733 

80 0.4496 

90 0.5243 

100 0.5942 

110 o.66'o 

120 0.7180 

130 0.7736 

11+0 0.8230 

150 0.867k 

160 0.901+0 

m170 0.9342 

180 0.9549 

190 0.9818 

200 0.9977 

210 1.0089 



TABLE A )dCIII 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE(VI) AT 615 0c 

Time t (mins) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

t 1 ° Fraction Decomposed (x) 

0 0 

25.1 0.0666 

66.3 0.171+6 

116.9 0.2921 

174.9 0.1+223 

21+1.8 0.5555 

308.1+ 0.6698 

32.8 0.7666 

0.8509 

• 	0.9175 

0.9682 

1.0061+ 

I 	 -• 



TABLE A XXIV 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE(VI) AT 617 0 c 

Time t (mins) 	 t 1032 	 Fraction Decomposed (x) 

0 	 0 	 0 

10 	 20.9 	 0.0968 

20 	 52.2 	 0.2365 

30 	 89.0 	 0.3937 

40 	 130.2 	 0.5If76  

.50 	 o.688 

60 	 0.7999 

70 	 0.8937 

80 	 0.9603 

90 	 1.0190 



TABLE A XXV 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE(VI) AT 618 0c 

Time t (mins) 1029 Fraction Decomposed (x) 

0 0 0 

10 19.5 0.1130 

20 47.9 	- 0.261+2 

30 80.4 0.1201 

LO 116.6 0.5809 

50 0.7178 

60 o.8388 

70 0.921+7 

80 0.9868 

11 



Time 

t (tins) 

0 

10 

20 

30 

110 

50 

60 

1 .21 
t 

0 

16.2 

37.5 

61 .3 
11 

86.8 

Fraction Decomposed Cx) 

0 

0.1575 

0.367k 

0.5836 - 

0.7601 

0.8968 

0.9970 

TABLE A XXVI 

FIRST STAGE OF DECOMPOSITION OF ANHYDROUS 

PRASEODYMIUM CHROMATE (vi) AT 627 0c 

I 



TABLE A XXVII 
1- 

FIRST STAGE OF DECOMPOSITION OF ANHYROUS 

PRASEODYMIUM CHROMATE (VI) AT 628 0c 

Time 
t (mins) 

0 

10 

20 

30 

110 

50 

l .13 

0 

29.5 

'+6.7 

64.6 

Fraction Decomposed (x) 

0 

0 .2159 

0.11829 

0.7290 

0.91811 

1.0301 

11 



Time t(mins) 
	

t 129  x 10_2 

0 

10 

20 

30 

14.0 

50 

6o 

70 

80 

90 

100 

110 

120 

130 

114.0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

2If 0 

1.928 

2 .350 

2.789 

3.244 

3.715 

4.200  

4.697 

5.205 

5.7214. 

6.256 

TABLE A XXITIII 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 616 0c 

Fraction Decomposed (x) Log 10  f1(1x)7 

0 

o.006i4. 

0.0193 

0.0322 

0.0467 

0.0612 0.0274 0.0311 

0.0741 0.0331+ 0.0378 

0.0918 0.0If18 0.0If70 

0.1095 0.0513 0.0563 

0.1256 0.0581+ 0.061+9 

0.11+1+9 0.0679 0.0753 

0.1659 0.0789 0.0867 

0.1836 0.0881 0.0965 

0.2045 0.0993 0.1081 

0.2254 0.1109 041199 

0.21+61+ 0.1229 0.1319 

0.2611 0.1332 0.1If22 

0.2882 0.1476 0.1563 

0.3043 0.1574 0.1659 

0.3253 0.1709 0.1786 

• 0.31430 0.1824 0.1894 

0.3704 0.2009 0.2065 

0.3849 0.2111 0.2157 

0.4026 0.2235 0.2271 

0.14219 0.2380 0.2397 

t 	 -- 



TABLE A XXIX 

DECOMPOSITION OF PRASEODYMIUM CHROMATE (v) AT 622 0 c 

Time 1 
t (mins) t136  x 1O Fraction Decomposed (x) Log10 	x 

0 0 

10 0.0194 

20 0.0355 

30 0.0118k 

1+0 0.0661 

50 0.0806 

60 2.653 0.0952 0.0433 0.0627 

70 3.273 0.1177 0.0544 - 	 0.0765 

80 3.925 w O.1419 0.0664 0.0925 

90 4.609 0.1661 0.0789 0.1087 

100 5.321 0.1919 0.0923 0.1260 

110 6.059 0.2194 0.1075 0.11+38 

120 6.822 0.2 1+68 0.1232 0.1610 

130 0.2726 0.1383 0.1776 

lLiO 0.2968 0.1529 0.1925 

150 0.3194 0.1671 0.2097 

160 0.31+84 0.1861 0.2252 

170 0.3677 0.1993 0.21+32 

180 0.3952 0.2183 0.2616 

190 0.1+194 0.2360 0.2759 

200 0.1+387 0.2509 0.2894 

210 0.1+691+ 0.2754 0.301+1+ 

220 0.4855 0.2887 0.3233 

230 0.50 1+8 0.3051 0.331+1 

240 0.5258 0.32 1+0 0.3502 



TABLE A xxx 

DECOMPOSITION OF PRASEODYMIUM CHROMATE( v) AT 626 0 c 

t 32  x 10 
2 
 Fraction Decomposed (x) Log1 0  1-x rime t (mins) 

0 

10 

20 

30 

kO 

50 

60 

70 

80 

90 

100 

110 

120 

130 

lL 0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240  

0 

0.0178 

0.0275 

0.0534 

0.0728 

0.0987 

0.1214 

0.11+72 

0.176k 

0.2055 

0.2362  

0.2670 

0.2961 

0.3236 

0.31+79 

0.3754 

0.3997 

• 0.1+272 

0.1+51+7 

0.1+757 

0.1+951 

0.5162 

0.51+21 

0.5566 

0.5777 

0.0561 

0.0693 

0.081+2 

0.1000  

o.ii68 

0.131+8 

0.1526  

o.1697 

o.1858 

0.201+1+ 

0.2217 

0.2420 20 

0.2631+ 

0.2801+ 

0.2969 

2.179 

2.669 

3.181 

3 • 711k 

4. 266 

4.835 

0.0765 

- 0.0925 

0.1087 

0.1260 

0.11138 

0.1610 

0.1776 

0.1925 

0.2097 

0.2252 

0.21+32  

0.2616 

0.2759 

0.2894  
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TABLF, A XXXI 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 628 0c 

-i-- 
Time t (mins) 	t 1 ' 34  x 10

-2 	
Fraction Decomposed (x) Log 1 0 1-x j-(l-X) i.  / 

0 

10 

20 

30 

40  

50 

60 

70 

80 

90 

100 

110 

120 

130 

ikO 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

1.381 

1.862 

2.375 

2.918 

3.487 

0 

0.0162 

0.0653 

0.1240 

0.1794 

0.2316 

0.2953 

0.3556 

0.4 111 

0.4649 

0.51?2 

0.5563 

0.6003 

0.6378 

0.6721 

0.6966 

0.73o8 

0.7586 

0.7749 

0.7993 

0.8157 

0.8320 

o.8483 

0.8613 

0.8744  

0.0457 

0.0633 

0.0823 

0.1035 

0.1235 - 

0.1495 

0.1730 

0.2022 

0.2264 

0.2596 

0.280k 

0.070k 

0,0907 

0.1123 

0.1326 

0.1582  

0.1805 

0.2077 

0.2294 

0.2582 

11 



TABLE A XXXII 

D0MP0SIPI0N OF PRASEODYMIUM CHROMATE(V) AT 6300c 

Time t (mins) 
	

t 1930  x 10 	Fraction Decomposed(x) Log10 ±x /I-(1-x) 7 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

11 

0.820 

1.192 

1.'592 

2 • 016 

2 .1+61 

0 

0.0178 

0.01121 

0.0761 

0.1133 

0.1521 

0.1926 

0.23111. 

0.2686 

0.3107 

0.3528 

0.3883 

0.1+239 

0.1+595 

0.4968 

0.5275 

0.5599 

0.5809 

0.6117 

0.6375 

o.6602  

0.6861 

0 . 7055  

0.721+9 

0 .71+27 

0.0930 

0.111+2 

0.1358 

0.1617 

0.1889 

0.2135 

0.2395 

0.2672 

0.2983 

0,10111. 

0.1233 

0.1448 

0.1698 

0.1955 

0.2179 

0.2410. 

0.2648 

0,2906 

11 



TABLE A miii 

DECOMPOSITION OF PRASEODYMIUM CHRONATE(V) AT 637 0 c 

136 	 - 
t 	x 10 	Fraction Decomposed -W , 	l-x /1-(1-x)_7 

11 

Time t (mins) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

210 

1.014  

1.498 

2.028 

2.599 

0 

0.0.95 

0O537 

0.0961 

0.11+33 

0.1938 

0.2459 

0.2964 

0.3485 

0.39If 1 

0.4365 

0.L82]. 

0.5212 

0.5619 

0.5993 

0.6287 

o.66If5 

0.6889 

0.7134 

0.7459 

0.7622 

0.7834 

0.7980 

0.8160 

0.8306 

0.0671 

0.0934 

0.1225 

0.1526 

o.i86i - 

0.2175 

0.21+92 

0.2858 

ü. 1021 

0.1316  

0.1612 

0.1928 

0.2216 

0.2493 

0.2803 

0.3080 

0.3381 

I 



TABLE A XXXIV 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 640 0 c 

ie t (mins) 
1 0 3 2 	-2 

t 	x 10 Fraction Deconposed (x) 	LOS,01-x 4.(1-x) 	7 

0 0 

10 0.0261 

20 0.0653 

30 o.888 0.1240 

140 .1.298 0.17914 0.0859 0.091+1 

50 1.7142 0.2316 0.11142 0.1231+ 

60 0.2953 0.1519 o.16o5 

70 0.3556 0.1909 0.1973 

80 . 	 0.1111 0.2300 0.2326 

90 0.1+61+9 0.2716 0.2685 

100 0.5122 0.3118 0.3016 

110 0.5563 0.3530  0.3339 

120 0.6003 

130 -.- 0.6378 

110 . 	 0.6721 

150 0.6966 

160 0.7308 

170 . 0.7586 

180 0.77149 

190 0.7993 

200 0.8157 

210 0.8320 

220 . 0.81483 

230 0.8613 

240 O.8744 



TABLE A XXXV 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 61,1 0c 

i.16 	-2 

t 	x 10 Fraction Decomposed (2L) 	LOSIO  1-x 
- 

/1-(1-x)' 7 

0 

0.145 0.0490 

0.323 0.1114 0.01,26 0.0589 

0.516 0.2026 0.0983 0.1070 

0.722 0.2859 0.11,61 0.1550 

0.3693 0.2004 0.2058 

0-4444 0.2553 0.251,6 

0.5147 0.3034 

0.817 0.3532 

0.6373 

0.6928 

0.7353 

0.7778 

0.8023 

0.8333 

0.8562 

0.8791 

0.8922 

0.9085 

0.9167 

0.921,8 

0.91,28 

0.91,61 

0.9477 

0.9510 



TABLE A XXXVI 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 61+7 0c 

re 	(mins) 
1•35 	-2 

t 	x 10 Fraction Decomposed (x) 

	

.••j_ 	- 	 j 

	

Log 1 0 1-x 	/1-(1-x) 	7 

0 0 0 0 

10 0.224 0.0606 0.0274 

20 0.572 0.1541 0.0727 	0.0803 

30 0.990 0.2656 0.131+1 	0.1430 

	

0.2012 	0.2066 

	

0.2695 	0.2667 

0.3261 

0.3705 

0.1+623 

0.51+59 

0.6131 

o.677o 

0.7295 

0.7689 

O • 8082 

0.831+1+ 

0.855? 

0.8787 

0.8931+ 

0.9016 

0.9115 

0.9262 

0.9279 

0.9328 

0.91+10 

0.91+26 

0.91+1+3 

0.91+59 

4 



TABLE A XXVII 

DECOMPOSITION OF PRASEODYMIUM CHROMATE(V) AT 650 0c 

Timet 	(mins) 
t 1.29 

x 10 
-2 Fraction Decomposed (x) 

-i- 
Log,61-x_ A-(1-x)' 	7 

0 0 0 0 

10 0.193 0.0655 0.0294 

20 0.470 0.1653 0.0788 0.0864 

30 0.791 0.2668 o.1348 0.1437 

1+0 0.3715 0.2017 0.2072 

0.2714 0.2684 
1-' 

60 o.i6 

70 0.6219 	 - - 

80 0.6825 

90 0.7365 

100 0.7791 

110 0.8036 

120 0.8363 

130 0.8625 

140 0.8805 

150 0.8920 

160 0.9083 

170 0.9133 

180 0.9214 

190 0.9280 

200 0.9296 

210 0.9329 

220 0.9411 

230 0.91+11 

240 0.91+60 



TABLE-A XXXVIII 

DECOMPOSITION OF GADOLINIUM C}OMATE(V) AT 700° C 

Lme t(mins) Fraction Decoposed (x) 	LOS I O 1-x  

0 0 

10 0.0172 - 

20 0.0823 0.0374 0.01 19 

30 0.2007 0.0972 o.io6i 

40 0.3087 0.1605 0.1684 

50 0.4065 0.2266 0.2295 

60 0.4803 0.2842 0.2791 

70 0.5455 0.3424 

80 0.5901 

90 0.6295 

100 0.6518 

110 0.6758 

120 0.6947 

130 0.7153 

140 0.7307 

150 0.7427 

160 0.7599 

170 0.768k 

i80 0.7753 

19O 0.7839 

200 0.7873 

210 0.7993 

220 o.80k5 

230 0.8148  

240 0.8182 



TAB1A XXXIX 

DECOMPOSITION OF GADOLINIUM CHROMATE(V) AT 706 °C 

Fraction Decomposed (x) 
_i_ 

Log 	1-x 
- 	 1 

0 0 0 

0.02144 0.0107 0.0174 

0.13144 0.0626 0.0695 

0.2870 0.11470 0.1555 

0.4070 0.2269 0.2298 

0.4939 0.2958 0.2883 

0.5565 0.3532 

0.6122 

0.61+87 

0.6713 

0.6991 

0.7165 

0.7270 

0.7391 

0.7548 

0.7652 

0.7861 

0.7896 

0.7930  

o.8000 

0.8070 

0.8101+ 

0.8171+ 

o.8243 

0.8278 

Time t(mins) 

0 

10 

20 

30 

40 

50 

60 

70 

8o 

90 

100 

110 

120 

130 

lIf 0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 



1 . 

TABLE A XL 

DECOMPOSITION OF GADOLINIUM C}OMATE(V) AT 711 ° C 

Time t(mins) 'action Decoposed Cx) I-(i-xY7 

0 0 0 0 

10 0.0382 0.0170 0.0191 

ao 0.1910 0.0920 0.1007 

30 0.3437 0.1829 0.1900 

kO 0.4497 0.2593 0.2582 

50 0.5295 0.3273 

60 0.5781 

70 0.6250 

80 0.6632 

90 0.6858 

100 0.7083 

110 0.7292 

120 0.7413 

130 0.7535 

lko 0.7674 

150 0.7760 

i6o 0.7969 

170 0.8003 

180 0.8073 

190 0.8125 

200 0.819k 

210 0.82k? 

220 0.8333 

230 0.8351 

240 0.8385 

41 



Time 
t (mins) Fraction DecomDosed (x) 

0 0 

10 0.1157 

20 0.3523 

30 0.4940 

110 0.5820 

50 0.641+2 

60 0.6857 

70 0.7098 

8o 0.7375 

90 0.7530 

100 0.7737 

110 0.7893 

120 0.8031 

130 o.8ioo 

l'iO 0.8201+ 

150 0.8290 

160 0.8377 

170 0.8391+ 

180 0.84116 

10 0.8566 

200 0.8584 

20 o.86oi 

220 0.8636 

230 0.8722 

240 0.8756 

1-x 

0 

0.0535 

0.1886 

0.2958 

/r-(i-x) 7 

0 

0.0596 

0.1952 

0.2886 

TABLE A XLI 

DECOMPOSITON OF GADbLINItrM CHROMATE (v) AT 716°C 



TABLE 

DECOMPOSITION OF GADOLINIUM CHROMATE(V) AT 720° C 

rime t (mins) Fraction Decomposed (x) g1 p 1-x 

0 0 0 

10 0.1369 o.o641 

20 0.3778 0.2059 

30 0.5286 0.3265 

40 0.6135 

50 0.6655 

60 0.7036  

70 0.72L14 

80 O.7Lf70 

90 0.76k3 

100 0.7730 

110 0.7868 

120 0.7938 

130 o.8ok2 

11+0 0.8128 

150 0.8232 

160 0.8336 

170 0.8388 

i8e 0.8388 

190 o.84 o6 

200 o.8to 

210 o.8Ifko 

220 0.8544 

230 O.8544 

240 0.8562 

/1-C i-x)7 

0 

0.0710 

0.2114 

0.3134 



Time t(mins) 

TABLE..A XLIII 

DECOMPOSITION OF GADOLINIUM CIOMATE(V) AT 723°C 

- 	 - Fraction Decomposed(x) 	Log10  1-x 	/1-(1--x)4  / 

0 

10 

20 

30 

1+0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0.2387 

• 0.4686 

0.5923 

0.6620 

• 0.7091 

.7LfOLf 

0.7666 

0.781+0 

0.7979  

0.8118 

• 0.821+0 

- 0.8293 

0.81+67 

0.8502 

0.8606 

0.8659 

0.8676 

0.8711 

0.8763 

0.8815 

0.8850 

0.8850 

0.8850 

• t.885o 

0 
	

0 

0.1186 
	

0.1271+ 

0.271+7 
	

0.2710 

11 



TABLR A XLIV 

DECOMPOSITION OF GADOLINIUM CHROMATE(V) AT 727 °C 

Fraction Decomposed(x) 

0 

0.2830 

0.5208 

0.6302  

0.6910 

0.7274 

0.7500  

0.771+3 

0.7917 

0.8038 

0.819 1+ 

0.8316 

0.8351 

0.81+03 

0.81+90 

0.8576 

0.8628 

0.8663 

o.868i 

o.868i 

0.8698 

0.8733 

0.8767 

0.8802 

0.8819 

Log iQ1Z /1-(1-x)/ 

O 0 

0.1446 0.161+0 

0.3196 0.3079 

11 



TABLE A XLV 

DECOMPOSITION OF GADOLINIUM CHROMATE(V) AT 730 ° C 

Time t(mins) 
- 

Fraction Decomposed(x) 	101.x  

0 	 0. 

- 	0.1942 	0.2003 

	

• 0.3715 	o.81 

0 

0.3606  

0.5714.9 

0.6655 

0.7230 

0.751+3 

0.7770 

0.7979  

0.8153 

0.8258 

0.8397 

0.81 14.9 

-- 0.8571 

0.8693 

0.8693 

0.8693 

0.871+6 

0.8763 

0.8780 

0.8833 

0.8902 

• 0.8920 

0.8972 

0.8972 

0.8990 

0 

10 

20 

30 

0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

114.0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 



TABLE A XLVI 

DECOMPOSITION OF TERBIUM CHROMATE(V) AT 6+1 0c 

Time t(mins) 	t313  x 10 	Fraction Decomposed(x) LORI-0--l-x 	/L-(1-x)7 

0 

10 

20 

30 

0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

ikO 

150 

160 

170 

i8o 

190 

200 

210 

2?0 

230 

240  

2.079 

3.680 

5.960 

9.051 

13.080 

18.20 

2k.52 

32.21 

41-35 

0 

0.0035 

0.0035 

0.0052  

0.0069 

0.0086 

0.0155 

0.0259 

6.0380 

o.oi8 

0.0812 

0.1036 

0.1330  

o.1658 

0.2003 

0.2332 

0.2694 

0.3074 

0.3420 

0.3713 

O.1+Okl 

0.4283 

0.4542   

o.k801 

0.4974 

0.0789 

0.0969 

0.1152 

0.1364 

0.1596 

0.1818 

0.2017 

0.2214.8 

0.2427  

0.2630 

0.2814.0 

0.2989 

0.0689 

0.0867 

0.1059 

0.12144 

0.1153 

0.1678 

0.1888 

0.2071 

0.2280 

0.2440  

0.2613 



TABLE A XLVII 

DECOMPOSITION OF TERBIUM CHROMATE (v) AT 647 ° c 

Time 	
3 

2 	
1 	

- 	- 
t(mins) 	t 	x 10 	Fraction DecomDod (x) 	Log i 	 (1-x) .4 

 

0 

10 

20 

30 

40 

50 

6o 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

18o 

190 

200 

210 

220 

230 

240 

F' 

3.888 

7.084 

11.76 

18.25 

26.87 

38.02  

0 

0 

0.0052 

0.0087 

0.0087 

0.0122 

0.0244 

0.0384' 

0.0576 

0.0803 

0.1169 

0.1518 

0.1972 

0.2339 

0.2757 

0.3194 

0.3647 

0.3997 

0.4328 

0.4695 

0.497 4+ 

0.5166 

0.5428 

0.5637 

0.5846  

0.0716 

0.0955 

0.1155 

0.1402 

0.1671 

0.1970 

0.2217 

0.2462 

0.2754 

0.2989 

0.3158 

0.0792 

0.1040 

0.1248 

0.1491  

0.1751 

0.2029 

0.2251 

0.2468 

0.2717 - 

0.2911 



TABLE A XLVIII 

DECOMPOSITION OF TERBIUM CHROMATE (v) AT 650 °C 

Time 
t(mins) t2°  X 10 Fraction Decomposed (x) 

i 

!2io 

0 

10 0.0052 

20 0.0086 

30 0.137 0.0086 

1+0 0.306 0.0225 

50 0.572 0.0397 

60 0.953 0.0587 

70 1.1+67 0.0950 

80 2.131 0.1382 0.061+5 

90 0.1865 0.0895 

100 0.2383 o.118.3 

110 0.2936 0.1510 

120 , - - 	0.31+20 o.1818 

130 0.3903 0.211+8 

11+0 0.1+335 0.21+67 

150 0.1+61+6 0.2711+ 

160 0.1+957 0.2971+ 

170 0.5216 

i8o 0.51+40 

190 0.561+8 

200 0.5838 

210 0.5907, 

220 0.601+5 

230 - 0.6200 

240 0.6269 

0.0717 

0 .0980 

0.1272 

0.1595 

o.i888 

0.2193 

0.21+71+ 



TABLE A XLIX 	-. 

DECOMPOSITION OF TERBIUM CHROMATE (v)' AT 656 0 c 

Time 
t(mins) 21 	••5 

t3 	x 10 Fraction Decomposed W 
1 
- 1-x - 	 - Ll- ( 1-x) 

O 0 

10 0 

20 - 00017 

30 0.561 0.0121 

40 1.416 0.0295 

50 2.899 0.0624 

60 5.211 0.1092 0.0561 

70 8.551 0.1716 0.0816 0.0899 

80 0.2374 0.1176 0.1266 

90 0.2929 0.1504 0.1591 

100 0.3570 o.1818 0.1981 

110 O.4194 0.2360 0.2381 

120 0.Li61O 0.2684 0.2659 

130 - 	 0.4991 0.3002 

ikO 0.5338 

150 0.5511 

160 0.5702 

170 0.5945 

180 0.6031 

190 0.6256 

200 0.6395 

210 o.6499 

220 0.6586 

230 0.672k 

240 0.6863 



TALE AL 

DECOMPOSITION OF TERBIUM CHROMATE(V) AT 658 0 c 

Time t(mins) 
2q87. 	-5 

t 	x1O Fraction Decomposed (x) Log10 1-x 
- 

/1-(1-x) 	7 

0 0 

10 0.0052 

20 0.054 0.0156 

30 0.174 0.0450 

10 0.396 0.1125 o.o5i8  0.0581 

50 0.2059 0.1000 0.1090 

60 0.2976 0.1535 o.1621 

70 0.3841 0.2106 0.2153 

80 0.4464 0.2567 0.2560 

90 0.5000 0.3010 

100 0.5k50 

110 0.5744 

120 -. 	0.6021 

130 0.6176 

140 o.6k36 

150 o.6Sko 

160 0.6678 

170 0.85i 

180 0.6972 

190 0.7024 

200 0.7128 

210 0.7284 

220 0.7353 

230 0.7388  

240 - 	 0.7457 



TABLE A LI 

DECOMPOSITION OF TERBIUM CHROMATE(V) AT 667 0 c 

1_ 
Fraction Decomposed (x) 	Log1 , 1-x  

0 

0 

0.0156 

	

0.0833 
	

0.0378 
	

0.0426 

	

0.1875 
	

0.0902 
	

0.0986 

	

0.3021 
	

0.1562 
	

o.1646 

	

0.3958 
	

0.2188 
	

0.2229 

	

0.4705 
	

0.2763 
	

0.2724 - 

	

0.5295 
	

0.3273 

0.5694 

0.5938 

.0.6215 

0.6441 

0.668k 

o.6788 

0.6875 

0.6944 

0.7066 

0.7222 

0.7292 

0.7361 

0.7413 

0.7431 

0.7552 

0.7604 

Time t(mins) 

0 

10 

20 

30 

kO 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11.0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

41 



TABLE A LII 

DECOMPOSITION OF TERBIUM CHROMATE(V) AT 673 0c 

Time t(mins) Fraction Decomposed (x) 	Log l o 1-x 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

11 

0 

0.0277 

0.1696 

0.3547 

0.4792 

0.5519 

0.5969 

0.6332 

0.6644 

0.6886 

0.7059 

0.7215 

0.7405  

0.7526 

0.7595 

0.7716 

0.7803 

o.7872 

0.7941  

0.7993 

0.7993 

0.8062 

0.8080 

0.8149 

0.8201 

0 

0.0119 

0.0806 

0.1903 

0.2833 

L1-( i-xY7 

0 

0.0140 

0.0889 

0.1966 

0.27811. 

1. 



TABLE A LIII 

DECOMPOSITION OF TERBIUM CHROMATE(V) AT 682 0c 

Time t(mins) Fraction Decomposed (x) 	Log 1 0 1-x 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0.1076 

0.3958 

0.5538 

0.6233 

0.6719 

0.7153 

0.7396 

0.7569 

0.7691 

0.7865 

0.7986 

0.8073 

0.8212 

0.8299 

0.8385 

0.8455 

o.8If72 

0.8521f 

0.8559 

0.8750 

0.8785 

0.8785 

0.8889 

0 

0.049.6 

0.2188  

0 . 3504 

/I-( i-x)7 

0 

0.0552 

0.2229 

0.3321 



TABLE A LIV 

DECOMPOSITION OF DYSPROSIUM CHROMATE(V) AT 635 0c 

2.40 	_5 	 - 
Time t(mins) t 	x 10 	Fraction Decomposed ( x) 	1-x 	i-(1-xY_7 

0.369 

0.1+90 

0.631 

0.793 

0.977 

1.181+ 

1.1+15 

1.669 

1.91+9 

225k 

2.586 

2.91+5 

0 

10 

20 

30 

0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150  

160 

170 

18o 

190 

200 

210 

220 

230 

240 

0 

0.0035 

0 • ooB8 

0.0123 

0.0158 

o.oi8 

0.0176 

0.021+6 

0.0370 

0.01+ 1+0 

0.051+6 

0.0701+ 

o . O88o 

0.1056 

0.1250  

0.1514  

0.1761 

0.201+2 

0.2359 

0.2676 

0.2958 

0.3292 

0.31+86 

0.3785 

0.1+01+9 

0.0712 0.0788 

0.081+2 0.0923 

0.0993 0.1079 

o.1168 0.1259 

0.1351 0.11+ 1+2 

0.1523 0.1608 

0.1735 0.1810 

0.1861 0.1929 

0.2065 0.2116 

0.2253 0.2286 



TABLE A LV 

DECOMPOSITION OF DYSPROSIUM CHROMATE(V) AT 638 0c 

Time t(mins) 
2077 	-5 

t 	x 10 Fraction Decomposed (x) Log o  1-x 
- 	 ..1. 

/1-(1-x)' 7 

0 0 

10 0 

20 0 

30 o.00i8 
/ 

40 o.00i8 

50 o.008S 

60 0.0263 

70 0.0368 - 

80 1.869 oo561 

90 2.589 o.o86o 

100 3.467 0.1158 0.0597 

110 4.515 0.1456 0.0682 0.0757 

120 5.746 0.1807 0.0867 0.0948 

130 0.2211 o.io86 0.1174 

140 0.2611+ 0.1316 0.14o6 

150 0.2982 0.1538 0.1623 

160 0.3263 0.1715 0.1792 

170 0.3632 0.1959 0.2020 

180 0.3877 0.2130 0.2175 

190 0.1+105 0.2295 0.2322 

200 0.1+1+01+ 0.2521 

210 0.1+579 0.2660 

220 0.1+825 0.2860 

230 0.5000 

240 0.521+6 



TABLE A LVI 

DECOMPOSITION OF DYSPROSIUM CHROMATE (v) AT 641 0 c 

1 
Time 

t(mins) t 277  x 10 Fraction Decomposed(x) LM, O_Lx  

0 0 

10 0 

20 0.0035 

30 o.0088 

40 - 
0.0140 

50 0.5o8 0.0228 

60 0.8 1+3 0.0386 

70 1.291 0.0579 

80 1.869. 6.0877 

90 2.589 0.1211 0.0625 

100 0.1544 0.0730 0.0801+ 

110 0.1965 0.0951 0.1036 

120 0.2351 0.1162 0.125 14 

130 0.2789 0.1422 0.1508 

140 0.3193 0.1671 0.1750 

150 0.347 1+ 0.1853 0.1922 

160 
0  

0.3807 0,2081 0.2130 

170 0.1+070 0.2269 0.2299 

180 0.1+474  0.2577 0.2566 

190 0  0.4719 0.2771+ 

200 0.5000 	0 
0.3010 

210 
0  

0.5228 0.321 1+ 

220 . 
0 	

0.5439 

230 0.5596 

240 0.5702 



TABLE A LVII 

DECOMPOSITION OF DYSPROSIUM CHROMATE (v) AT 644 0 c 

Time 
t(mins) 

1 

t322  x lo-6 Fraction Decomposed Cx) 	Logl o  1-x 

0 

10 

20 

30 

40 

50 

60 

70 

8o 

90 

100 

110 

120 

130 

140 

3.50 

i6o 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0 

0 

0 

0.0070 

0.0105 

0.0298 

0.0526 

0.0895 

0.1281 

0.1754 

0.2228 

0.2632 

0.3088 

0.3491 

0.3842 

0.1+140 

0.4509 

0.4719 

0.5000 

0.5158 

0.5404 

0.5509 

0.5737 

0,5860 

1.336 

2.081 

3.075 

4.365 

0.0595 

o.o838 

0.1096 

0.1326 

0.1605 

0.1864 

0.2106 

0.2319 

0.2603 

0.0458 

0.0662 

0.0919 

0.1184 

0.1416  

o.i686 

0.1932 

0.2153 

0 .2345 



TABLE A LVIII 

DECOMPOSITION OF DYSPROSIUM CHROMATE (v) AT 646 0 c 

Time 
t(min:) t 292  x iO Fraction Decomposed (x) 

1 

/I-(1-x) 4 7 

0 0 

10 o.00i8 

20 0.0018 

30 0.0018 

40 0.0106 

50 0.0230 

60 - 0.01+78 

70 2.1+42 0.0903 0.0462 

8o 3.607 0.1345 0.0626 0.0697 

90 5.o86 0.1858 0.0892 0.0977 

100 0.2389 o.1186 0.1276 

110 0.2779 0.1415 0.1502 

120 0.3271+ 0.1721+ 0.1799 

130 0.3681 0.1995 0.2051 

11+0 o.4io6 0.2297 0.2323 

150 0.4442 0.2551 

16o 0.4743 0.2792 

170 0.5062 

180 0.5257 

190 0.5558 

206 0.5664 	' 

210 0.5894 

220 0.6088 

230 0.6177 

240 0.6336 



TABLE A LIX 

DECOMPOSITION OF DYSPROSIUM CHROMATE (V5 AT 61+80c 

Time 
t(mins) 

- 

t297  x 10 Fraction Decomposed (x) 

0 0 

10 o.00i8 

20 0.0035 

30 0.0123 

LfO 0.573 000350 

50 1.112 0.o6 1+8 

60 10911 0.1156 

70 3.019 0.1734 

80 0.2417 

90 0.2995 

100 0.3555 

110 0.4028 

120 0.4431 

130 •.0.4851 

lkO 0.5166 

150 0.5377 

160 0.5622 

170 0.5797 

i8o 0.6060 

190 0.6252 

20Q 0.631+0 

210 o.6497 

220 0.6673 

230 0.6690 

21+0 0.6830 

i: 4-(1-x) 7 

0.0531+ 0.0596 

0.0828 0.0908 

0.1202 0.129,-> -  - 

0.1547 o.16 1 0 

0.1909 0.1972 

0.2238 0.2272 

0.2544 0.2537 

0.2882 

I 



TABLE A LX 

DECOMPOSITION OF DYSPROSIUM CHROMATE(V) AT 650 0c 

3.36 	-5 	 - 
Time t(mins) t 	x 10 Fraction Decomposed (x) 	i° 1-x 

0 

0 

0.0035 

0.0158 

0.01+01+ 

0.0877 

0.1509 

0.2193 

0.281+2 

0.31+21 

0.1+000 

0.1+386 

0.1+737 

0.5070 

0.5368 

0.5596 

0.5789 

.0.6017 

o.6211 

0.6316 

0.6509 

0.6667 

0.6719 

0.681+2 

0.6982 

0.01+1+9 

0.0712 0.0785 

0.1075 0.1161+ 

0.11+53 0.151+0 

o.1818 --0.1889 

0.2219 0.2251+ 

0.2506 

0 

10 

20 

30 
	

0.919 

1+0 
	

2.1+16 

50 
	

5.112 

60 
	

9.436 

70 

8o 

90 

100 

110 

120 

130 

lLfO 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

11 



TABLE A LXI 

DECOMPOSITION OF DYSPROSIUM CHROMATE(V) AT 655 0c 

- 

Time t(mins) 	Fraction Decomposed (x) 	Log10  1-x 	/1-(1-x)4  7 

0 

10 

20 

30 

kO 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 

0 

0 

0.0035 

• 0.0315 

0.0876 

o.i6z.6 

• 0.2504 

0.3187 

0.3835 

0.4326 

0.4816 

0.5184 

0.5429 

0.5674 

0.5902 

0.6095 

0.6287 

0.6392 

0.6585 

0.6725 

0. 6760 

o.68k8 

0.6970 

0.7005 

0.7023 

0.0399 0.0448 

0.0781 0.0860 

0.1252 0.1312  

o.1668 0.1746 

0.2100 0.2148 

0. 21f60 



TABLE A LXII 

DECOMPOSITION OF DYSPROSIUM CHROMATE(V) AT 66o°c 

Time t(mins) 
	

Fraction Decomposed (x) 	Log10  1-x 

0 

10 

20 

30 

10 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

i6o 

170 

i8o 

190 

200 

210 

220 

230 

240 

0 

0.0018 

0.0160 

0.0746 

0.1723 

0.2682 

0.3552 

0.4192 

0 . 4725  

0.5151 

0 . 5577  

0.5950 

0.6146 

0.6448 

0.6536 

0.6767 

0.6909 

0.7034 

0.7211  

0.7336 

0. 7389 

0.7425 

0.7531 

0.7638 

0.7709 

0.0338 

0.0820 

0,1354 

0.1906 

0.2360 

0.0380 

0.0902 

0,1445 

0.1970 

0.2379 

1 

i 



TABLE A LXIII 

DECOMPOSITION OF DYSPROSIUM CHROMATE (v) AT 672 0 c 

Time 
t(mins) 

0 

10 

20 

30 

140 

50 

60 

- 70 

8o 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

i8o 

190 

20d 

210 

220 

230 

240 

Fraction Decomposed (x) 

0 

0.0321 

0.2121 

0.3797 

0.148 1+8 

0.5579 

0.6150 

0.6613 

0.6863 

0.7112 

0.7273 

0.71451 

0.7522 

0.7629 

0.7772 

0.78143 

0.791 1+ 

0.7986 

0.8039 

0.8039 

0.8075 

0.8128 

0.8182 

0.8289 

0.831+2 

2io 	1-X /I-(i-x)7 

0 0 •  

0.011+0 0.0162 

0.1035 0.1121+ 

0.2073 0.2121+ 

0.2880 

p. 



TABLE A LXIV 

DECOMPOSITION OF HOLMIUM CHROMATE(V) AT 649°c 

oo7 -  
Time t(mins) t 	x 10 	Fraction Deçpposed (x) Log o  1-x 	/1-(1-x) 

0 0 

10 0 

20 0 

30 0.0018 

LfO o.00i8 

50 0.0072 

60 V  0.0107 

70 4.62 0.0161 

80 6.96 0.0215 

90 9.99 0.031+0 

100 1.38 0.0501 

110 1.85 0.0626 0.0317 

120 2.42 0.0877 0.0399 

130 3.09 0.1091 0.0500 0.0561 

140  3.88 0.1377 0.061+5 0.0713 

150 0.1628 0.0770 0.0851 

160 0.184 3 0.0885 0.0967 

170 V  0.2111 0.1032 0.1118 

180 0.231+3 0.1158 0.121+8 

190 0.2630 0.1326 0.1414 

200 	
V  0.281+1+ 0.11+53 0.1539 

210 0.3095 o.16o8 0.1690 

220 
V  

0.3327 0.1759 .0.1830 

230 0.3560 0.1911 0.1971+ 

240 0.3739 0.2031+ 0.2086 



TABLE A LXV 

DECOMPOSITION OF HOLMIUM CHROMATE (V) AT 655 0 c 

Time 	 1 
t(mins) t 2°61  x 10 Fraction Decomposed (x) 	Lo  El  1-x  

0 

0.0036 

0.0072 

0.0162 

0.0215 

0.031+1 

0.0539 

0.0790 

0.111+9 

0.151+1+ 

0.2011  

0.21+78 

0.2801 

0.3178 

0.3501 

0.3860 

0.1+183 

0.k31 

0.1+65° 

0. 1+81+7 

0.5081 

0.521+2 

0.51+22 

0.5583 

0.571+5 

0 

10 

20 

3° 

1+0 

50 0.272 

	

60 
	

0.438 

	

70 
	

0.651+ 

	

80 
	

0.927 

	

90 
	

1.260 

	

100 
	

1.660 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

2+0 

0.0531 0.0592 

0.0730 0.0801+ 

0.0976 0.1061 

0.1235 0.1326 

0.11+28 0.1516 

0.1662 0.171+0 

0.1872 0.1939 

0.2119 

0.2352 

41 



TABLE A LXVI 

DECOMPOSITION OF HOLMIUM CHROI4ATE (v) AT 660 0 0 

Time - 

t(mins) t 282  x 10 	Fraction Decomposed (x) 

0 0 

10 0.0053 

20 0.0089 

30 0.0107 

40 0.0195 

50 0.618 0.0337 

60 1.034 0.0515 

70 1.597 0.0906 

80 2.327 0.1314 

90 3.242 0.1687 

100 0.2114 

110 0.2540 

120 0.2984 

130 0.3304 

140 0.3694 

150 0.3996 

160 0.4281 

170 0.4565 

180 0.4831 

190 0.5044 

200 0.5187 

210 0.5382 

220 0.5577 

230 0.5684 

240 0.5826 

io 	/I-(1-x)7 

0.0802 

0.1032 

.0.1271 

0.1538 

0.1741 

0.2004 

0.2217 

0.2427 

0.2648 

0.0463 - 

0.0681 

0.0882 

0.1120 

0.1362 

0.1623 

0.1817 

0.2059 

0.2250 

0.2437 

11 



TABLE A LXVII 

DECOMPOSITION OF HOLMIUM CHROMATE(V) AT 662 0 c 

Time 
t(mins) t 2 ' 95  x iO 	Fraction Decomposed(x) 
	

Lomlo-L-nx 4-(1-x)7 

0.532 

1.028 

1.761 

2.773 

0 

0.0036 

O.005'+ 

0.0108 

0.0306 

0.0576 

0.1043 

0.1565 

0.211+0 

0.2662 

0.3165 

0.3579 

0.3957 

0.1+335 

0.1+676 

0.1+871+ 

0.5126 

0.531+2 

0.5558 

0.5719 

0.5881 

0.6061 

0.621+1 

0.6277 

0.6267 

0.0291 

0.01+76 0.0536 

0.071+2 0.0815 

0.101+5 0.113 

0.131+5 0.11+33 

• 	0.1653 0.1732 

0.1923' 0.1987 

0.2188 0.2227 

0.21+67 

•1-. 

11 



• 	 TABLE A LXVIII 

DECOMPOSITION OF HOLMIUM CHROMATE (v) AT 665 ° c 

Time 

	

t(mins) t 303  x 10 5  Fraction Decomposed(x) 	Log, 1-x 

0 

0.0036 

0.0108 

- 0.0180 

0.01+1+9 

0 .0916 

0.1562 

0.2226 

0.2873 

0.31+11 

0.381+2 

0.1,273 

0.1+650 

0.1,901 

0.5206 

0.51+1+0 

0.5673 

0.5835 

0.601 1, 

0.6176 

0.6212 

0.6320 

0.61,1+5 

0.6553 

0.6661 

0.0418 o.o468 

0.0738 0.0815 

0.1093 o.1184 

0.11+70 0.1557 

0.1812 0.1883 

0.2106 0.2152 

0 

10 

20 

30 

1,0 
	

0.715 

50 
	

1.1+06 

60 
	

2.1+1+3 

70 

8o 

90 

100 

110 

120 

130 

11,0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 



TABLE A LXIX 

DECOMPOSITION OF HOLMIUM CH1MATE (v) AT 668 0 c 

Time 	 1 

t(mins) t2°8  X iO Fraction De composed(x) 	Log 10-1-:X:- 4-(i-x) 7  

0 

0.0107 

0.0285 

0.1032 

0.1993 

0.2883 

0.3630 

0.4235 

0.4751 

0.5214 

0.5569 

0.5872 

0.6139 

0.6370 

0.6530 

0.6584 

0.6779 

0.6868 

0.7011 

0.7082 

0.7171  

0.7313 

0.7349 

0.7349 

0.7420 

0.0 1172 0.0529 

0.0965 0.1050 

0.1476 0.1563 

0.1959 0.2018 

0.2392 0.2407 

0.2799 

0 

110 

20 

30 
	

4.605 

40 
	

9.401 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

I-. 

11 



TABLE A LXX 

DECOMPOSITION OF HOLMIUM CHROMATE AT 670 ° C 

Time 
t(mins) Fraction Decomposed(x) 

1 
Log 10  T /1-(1-x) 7  

0 0 

10 0.0051+ 

20 0.01+11 0.0182 0.0208 

30 0.1232 0.0573 0.0635 

1+0 0.2268 o.1116 0.1206 

50 0.3161 0.1650 0.1731 

60 0.3857 0.2116 0.2162 

70 0.41+82 0.2582 

§0 0.4911 - 	 - 

90 0.5286 

100 0.5714 

110 0.591+6 

120 0.6089 

130 0.6286 

11+0 0.61+82 

iso 0.6589 

160 0.6750 

170 0.6839 

180 o.6946 

190 0.7000 

200 0.7036 

210 0.7196 

220 0.7232 

230 0.7286 

240 0.7339 



TABLE A LXXI 

DECOMPOSITION OF HOLMIUM CHROMATE(V) AT 675 0c 

Time 
t(mins) Fraction Decomposed(x) 

1 

____ 1-x) 	7 

0 0 

10 0.0054 

20 0.0377 0.0165 0.0189 

30 0.1329 o.o618 0.0687 

1+0 0.2496 0.1249 0.1336 

50 0.3411 - 	 0.1812 0.1883 

60 0.4129 0.2311 0.2337. 

70 0.4684 0.2847 

80 0.5189 

90 0.5566 - 

100 0.5907 

110 0.6104 

120 0.6391 

130 0.61+99 

1110 0.t715 

150 0.6822 

160 0.69 118 

170 0.7020 

180 0.7145 

190 0.7199 

200 0.7307 

210 0.7325 

220 0.7361 

230 0.7415 

240 0.7478 

4 



TABLE A LXXII 

DECOMPOSITION OF HOLMIUM CMPOMATE(V) AT 680°c 

Time 
t(mins) 
	

Fraction Decomosed(x) 	 ____ 

0 

10 

20 

30 

1+0 

50 

6o 

70 

80 

90 

100 

110 

120 

130 

1I+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0.0125 

0.0932 

0.21+01 

0.3581+ 

0.1+1+80 

0.511+3 

0.5663 

0.5968 

0.6308 

o . 6o 

0.6738 

0.6861+ 

0.6953 

0.7115 

0.721+0 

0.7291+ 

0.74,01 

0.71+55 

0.751+5 

0.7563 

0.7599 

0.7631+ 

0.7670 

0.7688 

	

0.01+25 	 0.01+71 

	

0.1192 	 0.1282 

	

0.1928 	 0.1989 

0.2582 



TABLE A LXXIII 

DECOMPOSITION OF HOLMIUM CHROMATE( 1J) AT 686 0 c 

- 

Time t(mins) 
	

Fraction Decomposed (x) 
	

Lora l 1-x 

0 

10 

20 

30 

kO 

50 

6o 

70 

80 

90 

100 

110 

120 

130 

lkO 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

O.OlZf 5 

0.1364 

0.2964 

0.4145 

0.4945  

0.5509 

0.5982 

0.636k 

0.6600 

0.676k 

0.6945 

0.7073 

0.7164 

0.7309 

0.7400  

0.7455 

0.7491 

0.7509 

0.7582 

0.7618 

0.7673 

0.7709 

0.7836 

0.7873 

	

0.0637 	0.0706 

	

0.1526 	0.1611 

	

0.2324 	0.2318 

0.2963 



TABLE A LXXIV 

DECOMPOSITION OF ERBIIThI CHROMATE(V) AT 652° c 

'ime t(mins) 
2'4 	-4. 

t 	x 10 Fraction Decomposed (x) o (1-x) - /1-(1-x) 	/ 

0 0 0 0 

10 0.0072 0.0029 0.0037 

20 o.oio8 0.0047 0.0055 

30 0.0126 0.005 o.0064 

LO 0.0287 0.0128 0.0145 

50 1.700 0.0395 0.0174 0.0200 

60 2.677 0.0592 0.0265 0.0301 

70 3.929 0.0898 0.0411 0.046o 

80 5.479 0.1221 0.0565 O0630 

90 7.315 o.1688 0.0802 0.0883 

100 9.550 0.2118 0.1035 0.1121 

110 0.2567 0.1287 0.1378 

120 0.2980 0.1538 0.1622 

130 - 0.3357 0.1775 0.1850 

140 0.3770 0.2054 0.2109 

150 0.4057 0.2261 0.2291 

160 0.4399 0.2516 0.2517 

170 0.4722  0.2777 0.2735 

180 0.4955 0.2971 0.2899 

190 0.5206 0.3194 0.3076 

200 0.548 0.3428 0.3261 

210 0.5655 0.3619 o.4o8 

220 0.5853 0.3822 0.3561 

230 o.6050 0.4034 0.3715 

240 0.6176 0.4174 0.3816 



TABLE A LXXV 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 659 0c 

Time t(mins) 
251 	-4- 

t 	x 10 Fraction Decomposed (x) Log 1 0 1-x 4 /1-(1-x) 	/ 

0 0 0 

10 0.0090 0.0037 0.001+5 

20 0.011+1+ 0.0064 0.0073 

30 0.0233 0.0103 0.0120 

1+0 0.0377 o.oi65 0.0191 

50 1.839 0.0610 0.0274 0.0310 

60 2.906 0.0987 0.01+53 0.0507 

70 1.278 0.131+6 0.0630 0.0697 

80 0.1813 0.0867 0.0950 

90 0.2352 0.1165 0.1253 

100 0.2765 0.11+05 0.11+95 

110 0.3214 0.1685 0.1762 

120 0.3591 0.1931 0.1994 

130 - 0.1+057 0.2261 0.2291 

lLfO 0.1+363 0.21+90 0.21+93 

150 0.46114 0.2688 0.2663 

16o 0.1+919 0.291+1 0.2871 

170 0.5206 0.3191+ 0.3076 

180 0.51+1+0 0.31+10 0.321+7 

190 0.5709 0.3674 

200 0.5925 0.3899 

210 0.6158 0.1155 

220 0.6266 

230 0.61+27 

240 0.6607 

41 



TABLE A LXXVI 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 661 0 c 

Fraction Decornposed(x) i 

0 0 0 

- 	0.0090 0.0037 0.00 1+5 

0.0108 0.001+7 0.0055 

0.0288 0.0128 0.011+5 

0.0665 0.0298 0.031+0 

0.1385 0.061+9 0.0717 

0,2086 o.ioi8 0.1103 

0.2770 0.11+09 0.11+98 	- 

0.31+35 0.1826 0.1898 

0.3957 0.2188 0.2226 

0.41+21+ 0.2536 0.2532 

0.1+910 0.294 0.2866 

0.5288 0.3267 0.3135 

0.5576 0.351+1 

0.5863 0.3832 

0.6205 0.14 208 

0.6385 0.1+1+18 

0.6619 

0.6763 

0.6978 

0.711+0 

0.7266 - 

0.71+61+ 

0.7536 

0.7662 

Time 
t(mins) t298  x 10 

0 

10 

20 

30 
	

2.523 

1+0 
	

5.91+? 

50 
	

11.560 

60 

70 

8o 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

r. 

11 



TABLE A LXXVII 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 667 0c 

Time 1 

t(mins) 288 ,g Fraction Decomposed(x) Log 	1-x ZI-a-xA 7 
0 0 0 0 

10 0.0036 0.0017 0.0018 

20 0.558 0.0145 0.0064 0.0073 

30 1.795 0.0508 0.0229 0.0258 

40 4.111 0.1125 0.0518 0.0581 

50 0.1960 0.0948 0.1034 

60 0.2704 0.1370 O.146O 

70 0.3430 0.1824 0.1894 

80 0.3993 0.2214 0.2250 

90 0.4555 0.2641 0.2621 

100 0.4991 0.3002 0.2921 

110 0.563 0.3432' 

120 0.5771 0.3738 

130 
0 	

0.6044. 0.4028 

140 0.6334 

150 0.6570 

160 0.6770 

170 0.6915 

18o 0.7132 

190 0.7278 

200 \ 0.7423 0 

210 0.7586 

220 0.7677 

230 0.7768 

240 0.7822 



TABLE A LXXVIII 

- 	 DECOMPOSITION OF ERBIUM CHROMATE(V) AT 670 ° C 

Log , o /I-(1-x)7 

0 0 

0.0037 0.0045 

0.0136 0.0155 

0.01+03 0.01+51 

0.0823 0.0907 

0.1284 0.137 1+ 

0.1812 0.1884 

0.2309 0.2336 

0.2761 0.2721 - 

0.3209 0.2921 

0.3587 0.3090 

0.+019 

0.4305 

Time 
t(mins) 	t2062  x iO Fraction Decomposed(x) 

0 •  0 

10 0.0090 

20 	2.521+ 0.0306 

30 	7.288 0.0883 

i+0 0.1730 

50 0.2559 

60 0.3412 

70 0.4126 

80 0.4703 

90 0.5225 

100 0.5622 

110 0.6036 

120 0.6288 

130 0.6577 

lIiO 0.6829 

150 0.6991 

160 0.7135 

170 0.7315 

180 0.7423 

190 0.7514 

200 0.7658 

210 0.7766 

220 0.7874 

230 0.7892 

240 0.7982 



1 

.2io_1-x 

0.001+7 

0.0161 

0.0518 

0.1082 

o.i668 

0.2199 

0.2756 

0.3228 

0.3722 

4-C i-x)7 

0 

0.0055 

o.oi8 

0.0583 

0.1171 

0.171+8 

0.2236 

0.2718 - 

TABLE A LXXIX 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 675 ° c 

Fraction Decomposed(x) 

0 

0 • 0109 

0.0364 

0.1129 

0.220k 

0.3188 

0.3971 

0.4699 

0.521+6 

0.5756 

0.6175 

0.6503 

0.6812 

0.701+9 

0.7250 

0.71+68 

0.7650 

0.7811+ 

0.7960 

0.8015 

0.8121+ 

0.8197 

0.831+2 

0.81+3k 

0.8506 



TABLE A LXXX 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 677 0c 

Fraction Decomposed (x) Log 10  

0 0 0 

oo164 0.0072 0.0083 

0.0655 0.0291+ 0.0335 

0.1727 0.0823 0.0905 

0.2982 0.1538 0.1622 

0.3945 0.2180 0.2218 

0.1764 0.2810 0.2763 

0.5361+ 0.3336 0.3190 

0.5873 0.381+3 . 

0.631+5 

0.6655 

0.6909 

0.7200  

0.7327 

0.7561+ 

0.7691 

0.7800 

0.7982 

0.8036 

0.8161+ 

0.8182 

o.8291 

0.81+55 

0.8509 

0.8527 

Time t(mins) 

0 

10 

20 

30 

Lf 0 

50'. 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

i6o 

• 170 

180 

190 

\200 

210 

220 

230 

240 

p. 



TABLE A LXXXI 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 68o 0 c 

Time t(mins) Fraction Decomposed (x) Log ._j  1-x i- ( 1-x)7 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 

0 

0.0216 

0.0991 

0.2288 

0.3477 

0.14.523 

0.5213 

0.5802 

0.6314.2 

0.6739 

0.7009  

0.7351 

0.7441 

0.7694 -  

0.7784 

0.7928 

0.8072 

o.8144 

0.8270 

0.8288 

0.8378 

o.8432 

0.8486 

0.8577 

0.8613 

0 

0.0094 

0.0453  

0.1130 

0.1855 

0.2615 

0.3226 

0.3770  

0 

0.0110 

0.0510  

0.1217 

0.1924 

0.2598 

0.3182 

r. 



Time t(mins) 
	

Fraction Decomposed (x) 

0 

10 

20 

30 

40 

50 

60 

70 

So 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 

0 

0.051+3 

0.2559 

0.1+265 

0.51+17 

0.6178 

0.6757 

0.7138 

o.7482 

0.7772 

0.7899 

0.8131+ 

0.8225 

0.8315 

0.81+21+ 

0.8551 

0.8569 

0.8696 

0.8711+ 

0.8750 

0.8768 

TABLE A LXXXII 

DECOMPOSITION OF ERBIUM CHROMATE(V) AT 690 °c 

Log 1  o  1-x 
- 

/1-(1-x) _/ 

0 0 

0.021+1 0.0277 

0.1281+ 0.1371+ 

0.21+15 0.21+26 

0.3389 

0.1176 



1.090  

1.343 

1.633 

1.966 

2.342  

2.764 

3.236 

3.761 

• 31f2  

4 .984 

0 

10 

20 

30 

0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

iLfO 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240  

TABLE A LXXXIII 

DECOMPOSITION OF YTTPBI1J14 CHROMATE(V) AT 628°c 

Time t(mins) 	 t 	x io' 	 Fraction Decomposed (x) 

0 

0 

0 

0 

0.0019  

0.0019 

0.0057 

0.0076 - 

0.0095 

0.0133 

0.0170  

0.0170 

0.0189 

0.0208 

0.0265 

0.0360 

0.0417 

0.0530 

0.0625 

0.0739 

0.0852 

0.1023  

0,1212  

0.1364 

0.1591 

11 



TABLE A LXXXIV 

DECOMPOSITION OF YTTERBIUM C}OMATE(V) AT 634 0c 

2.88 	....5 	 - 
Time t(mins) t 	x 10 	Fraction Decomposed (x) Log 1 p 1-x 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0 

0 

0.0038 

0.0057 

0.0114 

0.0170 

0.0208 

0.0265 

0.0436 

0.0568 

0.0701 

0.0928 

0.1136 

0.1477  

0.1761 

0.2102 

0.2462 

0.2727 

0.3049 

0.3409 

0.3636 

0.3977 

0.4242 

0.4508  

0.0842 

0.1025 

0.1229 

0.1383 

0.1580 

0.1810 

0.1962 

0.2201  

0.2397 

0.2603 

0.0768 

0.0923 

0.1113 

0.1318 

0.11172 

0.1663 

0.1882 

0.2023 

0.2239 

0.2412  

0.2589 

5.649 

7.432 

9.532 

12.010 

14.870 

18.130 

21.830 



TABLE A LXXXV 

DECOMPOSITION OF YTTERBIUM CHROMATE(V) AT 637 ° c 

._i.._ 	... 
Time t(mins) t 

2.7 
 x 10

.4 	Fraction Decomposed (x) 	1-x 	
1 

 

0 

10 

20 

30 

1+0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

1?O  

200 

210 

220 

230 

240 

0 

0.0057 

0.0152 

0.0210  

0.0218 

0.0267 

0.0362  

0.01+19 

0.01+76 

0.0667 

0.0895 

0.111+3 

0.1371 

0.1733 

0.1981 

0.231+3 

0.2686 

0. 2933 

C.3295 

0.3657 

0.3962 

0.1+31+3 

0.1+610 

0.1+857 

0.511+3 

0.1158 

0.1358 

0.1507  

0.1735 

0.1978 

0.2191 

0.21+75 

0.2681+ 

0.2887 

0.3137 

0.0908 

0.101+5 

0.1250 

0.11+1+8 

0,1593 

0.1812 

0.2036 

0.2230 

0.2479 

0.2658 

0.2829 

0.768 

1-039 

1.361 

1.739 

2.172 

2.669 

3.228 

11 



TABLE A LXXXVI 

DECOMPOSITION OF YTTERBIUM CHROMATE(V) AT 61+1 0c 

2°81 	 - 
Time t(mins) t 	x 10 	Fraction Decomposed (x) Log 1 0 1-x  

1.537 

2.237 

3,111+ 

4.188 

0 

10 

20 

30 

1+0 

50 

60 

70 

8o 

90 

100 

110 

120 

130 

11+0 

150 

i6o 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0 

0.0076 

0.0134  

0.0153 

0.0210 

0.0382 

0.05711. 

0.0918 

0.1224 

0.1663 

0.2065 

0.21+86 

0.29115 

0.3403 

O.382L 

0.4168 

0.1+532  

0.1+876 

0.5121+ 

0.5392 

0.5621 

0.5813 

0.6023 

0.6252 

0.0789 0.0869 

0.1004 0.1092 

0.121+2 0.1332  

0.1513 0.1601 

0.1807 0.1878 

0.2092 0.211+1 

0.231+2 0.2363 

0.2622 0.2605 

0.2904 0. 281+2  

0.3120 

0.3365 



TABLE A LXXXVII 

DECOMPOSITION OF YTTERBIUM CHROMATE (v) AT 647 °C 

Time 2.86 
t (mins) t 	x 10 Fraction Decomposed(x) Log 10  1-x  

.0 0 

10 0.0039 

20 0.0077 

30 0.0097 

40 0.0135 

50 ' 0.0309 

.60 1.238 . 	 0.0658  

70 1.925 0.1044 0.0536 

80 2.821 0.1470 0.0690 0.0764 

90 0.1954 0.0944 0.1030 

100 0.2437 0.1212 - 0.1303 

110 "0.2921 0.1501 0.1586 

120 0.3404 0.1807 0.1878 

130 0.3810 0.2080 0.2132 '  

140 . 0.4217 0.2377 0.2395 

150 0.4623 0.2695 0.2667 

160 0.499O 0.3002 

170 ,- 0.5203 0.3192 

180 0.5571 0.3537 

190 0.5764 

200 . 0.5996 ' 

210 0.6228 

220 0.6460 

230 0.6576 

240 0.6731 

I 



Time 
t (mins) 

2.46 	.4 
t 	x 10 Fraction Decomposed(x) Log 1 	1-x 

0 0 

10 0.0116 

20 0.0193 

30 0.0309 

40 b.88o 0.0561 

50 1.521+ 0.0928 

60 2.387 0.1509 0.0712 

70 3.1+88 0.211+7 0.101+8 

80 0.2805 0.11+30 

90 0.31+62 0.181+7 

ioo o. 4o62 0.2261+ 

no o.681 0.271+2 

120 0.5184 0.3173 

130 0.5571 0.3537 

11+0 0.5899 

150 0.6170 

160 - 0.61+99 

170 0.6731 

180 0.691+1+ 

190 0.7099 

200 0.7311 

210 0.71+66 

220 0.7563 

230 0.7717 

21+0 0.7737 

/Th-( i-x) J 

0.0785 

0.1138 

o.1.518 

- 0.1914 

0.2291+ 

0.2707 

0.3060 

TABLE A LXXX\IIII 

DECOMPOSITION OF YTTERBIUM CHROMATE(V) AT 650 ° c 



TABLE A LXXXIX 

DECO!P0SITI0N OF YTTERBIUM CHROMATE(V) AT 652 0 c 

Time 	2.67 	
1 

t (mins) t 	x 10 	Fraction Deco mposed(x) Log 1-x 1-1-(i-x)_7 

0 

10 

20 

30 

1+0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

14.0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

1.871+ 

3.398 

5.528 

8.365 

0 

0.0098 

0.0234 

0.0313 

o.008 

0.0879 

0.1523 

0.2207  

0.2852 

0.3571+ 

0./+160 

0.1+727 

0.5156 

0.5566 

0.5996 

0.6328 

0.6602 

0.6875 

0.7109 

0.7324 

0.7500 

0.7617 

d.773k 

0.7852 

o.t7871  

0.0719 

0.1082 

0.11+59 

0.1920 

0.2335 

0.2779 

0.311+7 

0.0793 

0.1172 

0.151+5 

0.1982 

0.2358 

0.2738 



TABLE A XC 

DECOMPOSITION OF YTTERBIUM CHROMATE(V) AT 654 0c 

1  
Time t (mins) 	t 2086  x 10-4 Fraction Decomposed (x) 	Logig  i 	/T-(1-.x)

1
7 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

111.0 

150 

i6o 

170 

180 

190 

200 

210 

220 

230 

240 

3.833 

7.258 

12.230 

0 

010097  

0.0135 

0.0271 

O • 0600 

0.1199 

0.1876 

0.2631 

0.3346 

O.39Lf 6 

0.11.565 

0.5029 

0.5513 

0.5822 

o.62k8 

0.6596 

0.6789 

0.6925 

0.7176 

0.7273 

0.7447 

0.7582 

0.7776 

0.7853 

o.8008  

0.0902  

0.1326 

0.1769 

0.2180 

0.2648 

0.3036 

0.3481 

0.0619 

0,0987 

0.1416 

o.18z1.3 

0.2219 

0.2628 



TABLE A XCI 

DECOMPOSITION OF YTTERBIUM CHROMATE(V) AT 661 0 c 

1 

Time t (mine) 	t2687  x 10 	Fraction Decomposed(X) Log 10  1  

1.759 

1.022 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

2O0 

210 

220 

230 

240 

0 

0.0077 

000232 

o.o6o 

001271+ 

0.2220 

0.3089 

0,3977 

0.1+826 

0.51+63 

0.5907 

0.6351 

0.6795 

0.7027  

0.7278 

0.7568  

0.771+1 

0.7838 

0.8012 

0.811+7 

0.821+3 

0.8263 

0.81+36 

0.81+56 

0.8511+ 

0.0659 

0.1089 0.1180 

0.1605 0.1687 

0.2201 0.2239 

0.2863 o2807 

0,314.32 

11 



TABLE A XCII 

DECOMPOSITION OF YTTERBIUM CHROMATE( v) AT 670 ° c 

I 

Time t (mins) 	t250  x iO 	Fraction Decomposed(x) Log 1 0 T  

1.810 

4. 997 O • 0626 

0.1313 

0.2113 

0.2891 

0.3657 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 

0 

0.0138 

0.0494 

0.1344 

0.2609 

0.3854 

0.1+862 

0.5692 

O.6301f 

0.6858 

0.7253 

0.7490  

0.771+7 

0.7964  

o.82If1 

0.8399 

O.8L78 

0.8636 

0.8755 

0.883k 

0.8851+ 

0.8913 

0.8992  

0.8992 

0.9111 

0.0696 

0.1403 

0.2160 

0.2832 



TABLE A XCIII 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 651 0c 

1 
Time t (mins) t 27°  x 1O 	Fraction Decomposed(x) 	i 	/I-(l-x) 7 

0 

00039 

0.0065 

0.0091 

010091  

0,0104  

0.0169 

0.0195 

0.0221 

0.0286 

0 , 0351  

0.0455 

0.0545 

0.0675 

0.0831 

0.0987 

0.1195  

0.1390 

o.1649 

0.1922 

0.2169 

0.2416 

0.2662 

0.2961 

. 0.3182  

0.0617 

0.0649 0.0721 

0.0781 o.o861 

0.0927 0.1014 

0.1062 0.1151 

0.1202 0.1292 

0.1345 0.1433 

0.1526 o.1610 

0.1665 0.1744 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 
	

3,249 

120 
	

4 .110 

130 
	

5.099 

140 
	

6.230 

150 
	

7.508 

160 
	

8.935 

170 
	

10.520 

180 
	

12.280 

190 
	

14.220 

200 
	

16.320 

210 

220 

230 

240 

I 



TABLE A XCIV 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 656°C 

	

Time 	2.54
1 

	

t(mins) 	t 	x 10 	Fraction Decomposed(x) Lo_g 10  1-x 	/i-(i-x)7 

0.920 

1.202 

1.532 

1.911 

2.31+1 

2.826 

3.367 

3.967 

1+.626 

5.352  

6.11+1 

0 

0.0065 

0.0091 

0.0117 

0.011+1+ 

0.0196 

0.0222 

0.0261 

0.0300 

0.0392 

0.0522 

0.0627 

0.0809 

0.0966 

0.1201 

0.11+1+9 

0.1658 

0.1958 

0.2272 

0.2559  

0.2820 

0.3159 

0.3355  

0.3655 

0.3916  

0.0789 

0.09 1+1+ 

0.1120 

0.1281+ 

0.11+1+0 

0.1650 

0.1775 

0.1976 

0.2159 

0.0753 

0.0867 

0.1031 

0.1210 

0.1371+ 

0.1528 

0.1729 

0.18 1+9 

0.2031+ 

0.2200 

0 

10 

20 

30 

.40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 



o.948  

1.289 

1.698 

2.179 

2.736 

3.371 

4.09 1+ 

4.901+ 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

TABLE A XCV 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 658°c 

Time 	2.62 	5 	 1 	
1 

t(mins) 	t 	x 10 	Fraction Decomposed(x) Log 10  1-x /l"--  (1-x) 

0 

0.0065 

0.0065 

0.0065 

0.0078 

0.0156 

0.0209 

0.0261 

0.0401+ 

0.0522 

0.0730 

0.0887 

0.1160 

0.11+21 

0.1708 

0.1982 

0.2360 

0.2660 

0.2986 

0.3312 

0.3638 

0.3924 

0.4263 

0.1+550 

0.1+785 

0.0738 

0.0895 

0.0958 0.101+6 

o.1168 0.1260 

0.131+1 0.11+33 

0.1541 0.1627 

0.1747 0.1823 

0.1965 0.2023 

0.2161+ 0.2206 

0.21+12 0.21+27 

0.2637 0.2618 

0.2828 0.2779 



TABLE A XCVI 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 66o.c 

Time 	2.76 	
1 

t (mins) t 	x 10 	Fraction Decomposed(x) 	Log1 0  1-x 

0 

10 

20 

30 

1+0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

i8o 

190 

200 

210 

220 

230 

240 

0.1+89 

0.809 

1.237 

1.788 

2.475 

3.311 

4.308 

0 

0.0052 

0.0079 

0.0092 

0.0144 

0.0223 

0.0366 

0.0589 

0.0864 

0.1178 

0.1571 

0.2003 

0.21+35 

0.2866 

0.3312 

0.3704 

0.4045 

0.4398 

0.4725 

0.5065 

0.5380 

0.5628 

0,5877 

0.6086 

0.6322 

0.0969 

0.1212 

0.1L67 

0.1747 

0.2009 

0.2251 

0.2516 

012779 

0.3067 

0.3353 

0.3593 

0.3847 

0.0819 

0.1059 

0.1302  

0.1555 

0.1823 

0.2066 

0.2281+ 

I. 



TABLE A XCVII 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 662 0 c 

Time 	3.22 	
1 

t (mins) t 	x 10 	Fraction Decomposed(x) Log 1 1-x  

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

18o 

190 

200 

210 

220 

230 

240 

2.956 

5.319 

8.734 

13.43 

19.61 

0 

0.0013 

0.0052 

0.0052 

0.0118 

0.0236 

0.0419 

0.0746 

0 • 1060 

0.1610 

0.2068 

0.2605 

0.3050 

0.3482 

0.3953 

0.4332 

0.4738 

0.5079 

0.5353 

0.5589 

0.5851 

0.6086 

0.6283 

0.6479 

0.6662  

0.1007  

0.1309 

0.1580 

0.1858 

0.2186 

0.2465 

0.2788 

0.3079 

0.3328 

O ;o5'i6 

0.0840 

0.1094 

0.1402 

0.1663 

0.1928 

0.2225 

0.2472 



TABLE A XCVIII 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 665 0c 

1 

Time t(mins) 	t313  x iO 	Fraction Decomposed(x) Log i 	/i-(1-x)7 

/ 

1.034  

2.079 

3.680 

5.960 

9.05]. 

0 

0.0052  

0.0065 

0.0092  

0.0196 

0.0405 

0.0719 

0.1163 

0.1752 

0,2314 

0.29k]. 

0.3477 

0.3961 

0.4405  

0.4824 

0.5190 

0.5516 

0.5830 

0.6039 

0.6301 

o.6i+97 

0.6627 

0.6837 

0.6928 

0.6993 

0.0835 

0.1142  

0.1513 

o.L855 

0.2191 

0.2521 

0.2860 

0.0601 

0,0920 

0.1234 

0.1597 

0 • 192k 

0.2231 

I-. 



TABLE A XCIX 

DECOMPOSITION OF 'YTTRtUM CHROMATE(V) AT 670° C 

1 
Time t(mins) 	t 312  x 1O 	Fraction Decomposed(x) Logl o T 	/i-(1-x)7 

0 

0.0026 

O . oo65 

0.0248  

0.0561 

0.1082 

0.1799 

0.2568 

0.3325 

0.3963 

0.14563 

0.5059 

0.51+76 

0.581+1 

0.611+1 

0.61+1+1 

0.661+9 

0.681+5 

0.7027 

0.7145  

0.7275 

0.71+05 

0.7523 

0.7653 

0.7718  

0.0859 

0.1290 

0.1756 

0.2191 

0.2646 

0.3062 

0.0557 

0.091+5 

0.1380 

Q .1830 

0.2231 

0 

10 

20 

30 

40 
	

0.997 

50 
	

1.999 

60 
	

3.532 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

i8o 

190 

'OO 

210 

220 

230 

2If 0 

4 



TABLE A C 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 68o ° c 

3. 
Time t(mins) 
	

Fraction Decomposed(x) 	Log lo 1-x 	4-(1-x)7 

0 

10 

20 

30 

40 

50 

60 

70 

8o 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

0 

0e0026 

0.0092 

0.0512  

0.131+0 

0.2339 

0.3325 

0.1+218 

0.1+901 

0.551+5 

0.5992 

0.6321 

0.6610 

0.6886 

0.7096 

0.7254  

0.7424  

0.7530  

0.7648 

0 . 7753  

0.7819 

0 • 7911 

0.8003 

0.8068 

0.811+7  

0.0626 

011155 

0.1756 

0.2380 

0.2925  

0.3512 

• 0695 

0.1248 

0.1830 

0. 2397 



TABLE A CI 

DECOMPOSITION OF YTTRIUM CHROMATE(V) AT 701°C 

1 
Fraction Decomposed(x) 	LOS IQ  T 

0 0 	 0 

0,0351+ 0.0157 	0.0178 

0.2412 011199 	0.1288 

0.4417 0.2531 	0.2529 

0.5714 '  

0.6435 

0.6907 

0.7261 

0.7536 

0.7693 

0.7821+ 

0.7969 

0.8073 

0.8126 

0.8201+ 

0.8257 

0.831+9 

0.8375 

0.81+53 

0.81+93 

0.8519 

0.8571 

0.8637 

0.8676 

o.8716 

Time t(mins) 

0 

10 

20 

30 

0 

50 

6o 

70 

80 

90 

100 

110 

120 

130 

11+0 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

r. 



TABLE A CII 

I .R. SPECTRA OF SOMS PARTIALLY DECOMPOSED SAMPLES OF 
PRASEODYMIUM CHROMATE (vi) 

Pr2(Cr04)3 x = 0.38 PrCrO4 x = 0.47 x = 0.59 x = 0.84 PrCr03  

1005 M. 1005 W. 
 

940 s. 940 in. - 	 - 955 rn 950 w. 950 w. 

- 838 w.sh, 

790 s.br. 788 rn. - 

720 rn. 732 s. 720 s. 715 in. 

61+0 rn. 630 S. 610 s. 

455 rn. - 457 

1+35 m. 415 in. 1+15 in. 1+10 m. 410 in. 423 M. 



TABLE A CIII 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF PRASEODYMIUM CHROMATE( v) 

PrCrO6 x = 0.If5 x = 0.55 x = 0.80 x = 1.00 prCr0 3  

mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 

3.85 33 3.83 25 3.85 24 3.85 22 3.85 18 

100 3.66 46 3.66 39 3.68 15 

26 3.35 25 

39 3.14 35 

5 	1 3 2.92 27 

2.730 100 2.730 100 2.659 100 2.630 100 2.722 100 

2.227 25 2.227 23 .2.227 23 2.227 20 2.222 22 

1.933 34 1.929 37 1.933 lfO 1.933 36 1.929 37 

1.876 43 1.88o 31 1.876 20 1.873 16 1.873 12 

Note:- Only those lines at PrCrO4 and PrCr0 3  required to make 
assignm'nts for the partially decomposed samples are 
shown here. 

r. 

11 



TABLE A CIV 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF GADOLINIUM CHROMATE( V) 

GdCrO4  x = 0.82 x = 0.93 GdCr0 3  

0 

dA 	mt. 
0 	- 

dA mt. 
0 

dA mt. 
0 

dA mt. 

3.78 24 3.78 21 3.82 21 

3.59 	100 3.60 10 

3040 22 3.40 26 

2.722 34 2.763 38 2.746 22 	- 

2.683 100 2.690 100 2.698 100' 

2.652 65 2.652 ki 2.652 kk 

2.585 20 2.593 27 

2.176 21 '2.161 20 

1.903 36 1.907 42 1.907 56 

1.852 26 1.831 24 

Note:- Only those lines at GdCrO L. and GdCr0 3  
required to make assignments for the 
partially decomposed samples are shown 
here. 

1 . 



TABLE A CV 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF TERBIUM CHROMATE('J) 

TbCrO 4. X = 0.20 x = 0.55 x = 0. 80 x = 1.00 TbCr0 3  

dA mt. 
0 

cIA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 

4.74 27 4.72 31 4.72 24 

3.78 19 3.82 23 3.80 22 3.80 24 

3.60 100 3.56 . 	100 3.56 60 

3.41 21 3.40 19 3.40 22 3.39 15 

2.90 15 2.858 20 

2.746 28 2.746 27 2.746 25 2.746  27 

2.690 100 2.683 100 2.690 100 2.675 100 

2.675 78 2.667 91 2.659 41 2.652 37 

2.629 22 2.637 33 2.637 31 2.637 36 

2.593 17 2.585 21 2.585 16 2.585 17 

2.535 27 2.529 22 2.529 24 

2.362 12 2.350 23 

2.233 20 2.227 24 2.227 16 2.227 13 

-- 

 2.233 11 2.217 17 

2.171 17 2.166 21 2.171 17 2.166 23 

2.068 11 2.098 15 

1.910 23 1.907 25 1.910 30 1.907 26 

1.891 13 1.899 29 1.891 22 1.895 22 1.891 17 1.888 36 

1.863 19 1.859 20 1.859 22 1.863 16 1.855 24 

1.848 24 1.852  15 1.848 25 

1.841 58 1.834 75 1.841 39 1.838 19 

1.791 24 1.791 35 1.787 21 



TABLE A CVI 

X—RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF DYSPROSIUM CHROMATE(V). 

DyCrO4 x = 0.40 x = 0.75 x = 0.90 DyCr0 3  

0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 

4.65 1+0 4.58 46 

3.71+ 33 3.75 26 3.75 18 3.75 21 

30% 100 3.53 91 3.53 20 

3.36 23 3.37 21 3.39 25 

3.19 21 3.14 20 3.06 61 

2.738 26 2.738 27 2.730 25 

2.675 98 2.659 100 2.659 100 2.667 100 

2.659 75 2.652 100 

2.611+ 31 2.611+ 33 2.611+ 35 2.621. 38 

2.515 32 2.515 32 

2.217 27 2.215 23 2.212 21 

2.002 23 2.002 32 

1.895 31 1.895 32 1.899 26 

1.824 26 1.834 18 1.8 1+1 32 

1.821+ 68 1.827 66 

1.781. 21 1.790 1+3 



TABLE A CVII 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF HOLMIUM CHROMATE (v) 

- 	 HoCrO4 x = 0.38 x = 0.58 x = 0.77 x = 1.00 HoCr03  

0 

dA mt. 
0 

dA Int.- 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 

4.67 27 4.72 27 4.69 10 

3.87 19 3.78 20 3.78 17 3.77 16 3.78 25 

3.55 100 3.56 92 3.55 1+8 3.55 11+ 

3.1+0 15 3.40 23 3.1+0 19 3.39 25 3.36 21 

2.83 10 2.81 28 

2.771 23 2.771 20 2.754 22 2.754 31 

2.683 100 2.675 100 2.683 100 2.667 100 2.667 100 

2.652 65 2.660 92 

2.621 30 2.621 27 2.611+ 29 2.61.4 31 

2.522 18 2.522 21 2.515 10 

2.217 14 2.227 20 2.222 14 2.227 11+ 

2.098 13 2.094 10 2.098 12 2.090 14 2.076 18 

1.998 10 2.002 14 

1.903 -27 1.903 26 1.899 25 1.899 27 1.899 27 

1.888 12 1.888 29 1.884 21+  1.888 24 1.880 22 1.873 35 

1.81+8 18 1.845 15 1.8)+1 17 1.834 21 

1.828 54 1.831 55 1.824 30 

1.781 17 1.778 22 



TABLE A CVIII 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF ERBIUM CHROMATE (v) 

ErCrO 4. x = 0.62 x = 0.80 x = 1,00 ErCr03  

dA mt. dA mt. dA mt. dA mt. dX mt. 

4.68 29 4.65 14 

3.72 24 3.75 29 3.75 22 3,76 22 

3.55 100 3.49 31 3.51 9 

3.35 29 3,35 24 3.35 25 3.38 21 

2.650 77 2.644 100 2.652 100 2.644 10O 2.667 80 

2.593 37 2.593 32 2.593 27 2.587 15 

2.243 11 2.238 8 2.251 11 

2.212 20 2.212 15 2.212 10 2.212 9 - 

2.131 18 2.131 13 2.131 15 2.143 12 

1.888 26 1.884 25 1.884 20 1.877 17 

1.877 15 1.876 25 

1.831 24 1.831 20 1.831 16 1.837 13 

1.821 58 1.81 1+ 24 1.794 7 1.814 9 



TABLE A CIX 

X-RAY DIFFRACTION PATTERNS OF PARTIALLY DECOMPOSED 

SAMPLES OF YTTERBIUM CHROMATE (V) 

YbCr04 x = 0.16 x = 0.55 x = 0.85 x = 1.00 YbCr03  

0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt. 
0 

dA mt 

14.67 314 4.69 1+0 4.67 31 

3.78 11 3.83 28 3.77 31 3.78 28 3.77 2 

3.53 100 355 100 3.52 77 3.53 16 

3.33 11 3.37 31 3.37 32 3.37 26 3.37 21 

3.03 19 - 3.01 81 

2.754 25 2.754 27 2.7514 21 2.754 2 

2.652 75 2.659 100 2.667 100 2.667 100 2.659 10( 

2.217 11 2.222 8 2.217 1 

2.131 13 2.136 15 2.136 1 

2.083 15 2.087 11 2.071 1 

1.990 11+  1.994 13 

-. 1.891 22 1.895 18 1.888 2 

1.870 20 1.873 14 1.880 22 1.876 19 1.876 17 1.870 21 

1.848 23 1.852 13 1.852 13 1.8514 5( 

1.810 67 1.817 51 1.810 145 

1.765 21 1.765 17 1.759 17 



TABLE A CX• 

X-RAY DIFFRACTION PATTERNS OF PARTI ALLY DECOMPOSED 

SAMPLES OF YTTRIUM CHROMATE(V) 

YCrO4 x = 0.32 	- x = 0.48 x = 0.70 x = 1.00 YCr03 

0 

mt. 
0 

dA 
o 

IA  
o o 

dA 	I: 

3.75 9 3.74 

3.53 100 3.53 100 3.55 65 3.55 22 

3.39 20 3.39 15 3.39 21 3.37 22 3.37 

2.754 20 2.746 25 2.754 23 2.746 24 2.754 

26k 68 ~ 667 85 2.667 100 2.675 100 2.675 100 2.675 	1 

2.629 34 2.621 LO 2.614 28 2.607 29 2.621 

.509 21 2.509 20 - 	 - 

2.222 10 2.141 10 2.146 

2.206 13 2.212 23 
2.098  12 2.087 14 2.094 

1.899 30 1.899 25 1.899 25 1.903 

1.884 29 1 0 884 27 1.884 18 1.884 21 1.88o 

1.841 16 1.841 15 1.845 

1.820 56 1.820 - 	 62 1.820 40 1.820 11 

1.775 20 1.775 27 1.772 16 1.778 7 



TABLE A CXI 

I. R. ABSORPTION MAXIMA (dm-1 ) FOR SAMPLES OF PRASEODYMIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

PrCr04  x = 0.45 x = 0.55 x = 0.80 x = 1.00 PrCr03 

838 w.sh. 838 w.sh. 838 w.sh. 

788 m.br. 790 M. 799 m.br. 

732 s. 730 s.br. 730 m.br. 

620 m.br. 620 m.br. 620 s.br. 
580 sbr. 

580 s.br. 580 s.br. 582 s,br. 610s.v.br . 

490 w.sh. 1+90  w.sh. 1+90 w.sh. 1+86 ni.sh. 1+88 m.sh. 

1445 wsh, 135 m. sh. 454 m. 454 m; 1+57 m. 

420 m.br. 424 m.br. 1+22 m.br. 1+22 m.br. +23 m.br. 



TABLE A CXII 

I. P. ABSORPTION MAXIMA (cnr 1 ) FOR SAMPLES OF GADOLINIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

• GdCr04 x = 0.82 x = 0.93 GdCr03  

943 w. 940 w. 

861 w. 864 W. 

838 W 

770 S. 776 W. 775 v.w. 

577 sv.br. 577 s.v.br. 585 s.v.br. 

540 w. 

510 m.br. 510 m.br. 513 m.br. 

J-f72 m,br. 477 m.br. 480 mbr. 

p. 



TABLE A CXIII 

I. R. ABSORPTION MAXIMA (cm') FOR SAffLES OF TERBIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

o 	TbCr04  x = 0.20 x = 0.55 x = o.8o x = 1.00 TbCr0 3  

866 w.sh. 86+ w.,sh. 865 w.sh. 

838 w.sh. 837 w,sh. 81+2 w.sh. 

799 s. 780 s.v.br. 775 m.br. 773 V.W. 

610 s.br. 611 m.br. 

576 w. 578 m. 578 s. 580 s. 586 s.br. 

560 v.w.sh. 562 w.sh. 563 w.sh 565 w.sh. 	- 568 w.sh. 

51+6 w. 

516 w. 519 w. 519 w. 521 we 

473 w.br. 482 m.br. 480 m,br. 482 m.br. 487 m.br. 

440 w. 438 w. 41+0 rn. 41+3 m. 

- - 1+27 w. 1+28 w. 	- 430 w.sh. 



TABLE A CXIV 

I. R. ABSORPTION MAXIMA (cm-1 ) FOR SAILES OF DYSPROSIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

o 	DyCrO4 x = 0.40 x = 0.75 x = 1.00 DyCr0 3  

950 w.sh. 950  w.sh. 

860 w.,sh. 860 w.sh 

777 s. 775 s. 775 w.br. 

608 m.br. 611 s.br. 612 s.br. 

580 m. 580 s.br. 584 s.,br. 580 sv,br. 

566 v.w.sh. 570  w.sh. 567 w.sh. 568 w.sh. 

545 W. 

521 v.w. 524 w. 525 w. 525 w. 

481 m.br. 485 rn.br. 485 m.br. 483 rn. br . 

LfLfQ w. J+Lfl w. 442 m.br. 442m. 



TABLE A Cxv 

I. P. ABSORPTION MAXIMA (cm-1 ) FOR SAMPLES OF HOLMIUM CHROMATE (v) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

HoCrO4 x = 0.38 x = 0.58  x = 0.77 x 1.00 HoCr03  

835 w.sh. 832 w.sh. 837 w.sh. 

780 s. 780 s. 773 m.br. 773 w. 

622 mbr. 621 rnbr. 620 m.br, 

582 m.br. 582 m.br. 581 s.br. 580 s,br. 581+ s.br. 

567 wsh. 566 w.sh. 566 w.sh. 570 w.sh. 

526 v.wk. 526 w. 521+ w. 526 w. 

510w. 

1+78 w.br. 1+84 m.br. 485 m.br. 486 m.br. 1+92 m.br. 

V  435 w.br. 434 m.br. 433 m.br. 435 m.br. 



TABLE A CXVI 

I • B. ABSORPTION MAXIMA (cm -1 ) FOR SAMPLES OF ERBIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES ( K Br disk) 

• 	ErCr04 x = 0.62 x = 0.80 x = 1.00 ErCr0 3  

836 w.sh. 

780 s.,br. 780 m. 770 w.sh. 

613 m.br. 620 m.br. 616 m.br. 608 m.br.. 

578 s.br. 585 s.br. 587 s.br, 584 s.br. 

565 w.,sh. 572  w..sh, 572 w.sh. 572 w.sh. 

535 w. 533 w. 535 w. 532 w. 

133 m.br. 490  m.br. 492 m.br. 496 m.br. 

436 m,br. 436 m,br. 438 m.br. 438 m.br. 



TABLE A CXVII 

I. R. ABSORPTION MAXIMA (cm— ') FOR SAMPLES OF YTTERBIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES (K Br disk) 

• YbCrO4 x = 0.16 x = 0.55 x = 0.85 x = 1.00 YbCr0 3  

895 w.sh. 852  wsh. 846 w.sh. 

780 s.br. 782 s.br. 786 s.br. 785 w.br. 

610 m. 620 s.br. 620 s.br.- 619 s.br. 

584 w. 588 m.br. 583 s.br. 591 s.br. 588 s.br. 

572 w.sh. 573 w.sh. 5702w.sh . 565 w.sh 

5+0 w. 532 m. 

513 m. 510 M. 

1+90 w. 1+92 m.br. 1+90 s.br. 1+96 s.br. 1+92  s. 

1+38 w, 1+1+0 m.br. 1+ 140 m..br. 141+3 tn.br. 1+ 1+2 m. 



TABLE A CXVIII 

I. P. ABSORPTION MAXIMA (cm—') FOR SAMPLES OF YTTRIUM CHROMATE(V) 

DECOMPOSED AT DIFFERENT TEMPERATURES 

o 	YCr04 x = 0.32 x =0.48 x = 0.70 x = 1.00 YCrO 3  

850 w.sh.  850 w.sh. 843 w.sh. 

780 s. 785 S. 782 m. 780 w.br. 

619 m.br. 621 m.br. 623 s.br. 619 s.br. 

583rn.br. 583 s.br. 582 s.br. 581+ s.br. 588 s.br. 

572 w.sh. 571 w.sh, 572 w.sh. 572 w.sh. 565 w.sh. 

582 w. 529 w. 529 w. 531 m. 532 m, 

508 m. 510 M. 

487 m.br. 488 m.br. 1+88 m.br. 489 s 1+92 s. 

438 w.br. 1+38 w.br. 41+0 w.br. 41+2 m. 1+1+2 m. 


