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INTERNATICNAL SYMPOSIUM
ON
REACI.CH MZCRAFIZHMS OF INORGANIC SOLIDS

The symposiun was arrangsd by the Chemical Society and held at the
University of Aberdeen during the week of 1ll~15 July 1966, Well ove: 200
scientisty attended the week-long sessions, The Franch delegation was:.very
much in gqvidence for a change, and distinguishid by being the only group for
vhich interpreters vere provided, The conference vanquet feil on Thursday
evening, the 1ith of July, Bastille Day. A fair msjority of the French dele-
gation vas very late to the Friday session.

Not surprisingly, the papers at the conference fell into one of two
catagoriesy (1) crystallographers describing topotaxy in terms of inorganic
reactigns, and (2) chenmists describing chemical reactions deduced fvom a
variety o vhysical measurements and a bit of chemical analysis, Since the
' proceedings sre not to be published, it is felt that the abstracts and/or

titlea vill be of sufficient valus to solid state chemists in the USA to war=
rant ineorporation in report form.

PROGRAM

Yonday, 11 July

a,m, Formalities-
Introductory address by Prof, J. A, Hedvall, Chalmers Tekniska
HBgskola, Gothenburg, Sweden, :
Title: "The start and development of solid state chemistry".

p.m. Ses:.on on crystallographic studies of oxide, halide, nitrate, and
silicate reactions.

1. "Topotaxy: A crystallographic approach to reactions of soiids", by H.F.W.
Teylor, Chemistry Department, University of Aberdeen.

2. "A study of topotaxy by oriented-crystal interaction of B-Ga,0, and NgO",
by G. Kats and R, Roy, Materials Research Laboratory, Penn. Staté Univ.

I 3. "Processes of leaching anhydrous leyer silicates", by F. Liebau, Mineral-
ogisch~Petrographisches Institut und Museum der Universitlit Kiel, W. Germany,

L, "Habit planes in binary alkali-halide systems", by P. Truelove and A.
Rellawell, Oxford Univ.

: 5¢ "The interpretation of certain metastable structural states in crystalline
solids in terms of the concept of antisymmetry", by J.D.C. McConnell,
Cambridge Univ.

6. "Misfit and mechanism in structure changes of univalent nitrate and
ampmonium halide crystals", by S.W. Kennedy, University of Adelaide.
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Measurements have bean made to assess hov far mechanism of transfor-
mation depends on misfit of the structures. The investigation follows the ob-
servation that reconstructive, martensitic, apparently coherent, and gradual
transformations all occur between structurally similar phases in TINO_, and the
third of these in its isomorphs alsc, Changes in lattice spacing hav® been
measured, sometimes in coexisting phases, in single crystals of T1NO3, RbNO4
and 03503. Measuremenis of mosaic spread were used to show vhat strains re-
sulted, Super-coolings possible in nucleation and in growth were measured and
are compered with meanings of the term "hysteresis". The reconstructive and
martensitic transformations orthorhombic trigonal in T1NO3 are alternatives,
In the martensitic transformation the plane of minimum misfit (distortion) is
not the habit (interfacial) plane but one perpendicular to it, (407). On this
plane the misregister is 1.5% in one direction only. There is little evidence
that the orientation of a habit plane must be rigorously reprodusible, and
there !s some suggestion that it is not, At the transformation cubic¢ to tri-
gonal pseudo=cubic in all three substances growth seems to be as fast as heat
transfer but there is an interface, Measurements on the coexisting phases
show that there is a discontinuous change in lattice spacing in two directions
of typically 0.6% in one plane with zero change in the perpendicular direction.
Nucleation is much slower than propagation, super=coolings of '17°C have been
attained, Strains, shown by a large increase in moseic spread, are caused in
the new phase, Tha crystals can be gradually annealed with the formation of
sub-grains. This amount of two-dimentional misfit, combined with the values
of elastic constants involved, is enough to cause measurable strains and to
reduce nucleation rate but not enough to reduce growth rate appreciably or
cause a semi.coherent martensitic type of interface which does occur in the
transformation orthorhombiaetrigonal with a little over twice the misfit,

The orthorhombic structure transforms to the cubic in an apparently
gradual manner with a diffuse interfacial region. Yet the least distoried
plane still suffers a contraction along one direction of 1.6%. (This result
depends on extrapolation of expansion coefficients which were measured for
the purpose.) This suggests that the change in mechanism is largely due to
greater thermal motion and reduced elastic constants,

In ammonium halides or the CsCl typetyNaCl type transformation the
possibility of retaining a single crystal is greater, for a given crystal
size, in the iodide, which is the softest. X-ray studies using image inten-
sification indicate that a definite orientation relation is maintained,

7. "Vlasovite: a triclinic to monoclinic phase change", by J.R, Cann and
S.G. Fleet, Cambridge University.

Vlasovite, a mineral of composition Na, ZrSi 0 previously reported
as monoclinic by Pyatenko and Voronkov from an oceurrren%e in the Kola Penin-
sula, Russia, has been found in rocks from Ascension Island in a triclinic
twinned modification. The triclinicity is very slight (a and y differ from
90° by less than 1°), and X-ray photographs show arrays of paired spots cor-
responding to diffraction by different parts of the crystal related by the
twinning operation (reflection across (010)).




T

O il B

*"".!a'q B O I T NI DA Ve omgum xmer e ot s e e AN A e TN, SO e U A RN

ONRL=C=15-66 3

This vlasovite can be made to transform to the monoclinic variety by
increasing the temperature. The inversion has been followed on & heating ™
camera by observing the separation of the (100) and (100), and the (001) and
(29@3 spots which give a measure of the triclinicity at different temperatures.
The spots begin to move together at 15 = 18°C, and continue closing until they
have completely coalesced at 29°C, when the crystals are monoclinic. .

The triclinicity in this range is characteristic of the particular
temperature and is not affected by thermal history; vhile the rate at which
the charucteristic triclinicity is adopted is so fast that no blurring of the
spots on the five-minute exposure Laue photographs is observable., The trans-
formation appears to be a displacive one similar to a—=f tridymite and ormef
cristobalite,

8, "The thermal dehydration of nekoite, 3Ca0 - 6510,°8H,0", by Alastair W.
Nicol, Dept. of Minerals Engineering, University ofaBirmingham. England,

A nev analysis of the calcium silicate hydrate mineral nekoite has
shown that the composition is 3Ca0+6810 '8H20. A thermal weight-loss curve
has been determined by a quasistatic meghod and indicates that the water is
lost in four principal stages, at 120°, 2n0°, 360-400° and 450°C, two water
molecules being lost at each step. Loss of the first pair of water molecules
commences at 40°C end is reversible up to 120°C when these are lost completely
and reversible loss of the second pair begins and continues up to 200°C,
Above 200°C reversible loss of the fifth water molecule occurs up to 250°C,
when the irreversible loss of the sixth molecule commences, and the loss of
this pair becomes complete by 4L00°C, At 450°C the last pair of weter mole-
cules is lost repidly and irreversibly.

Parallel studies using single crystals show that all stages of the
dehydration proceed topotaxially end applications of X-ray methods have per-
mitted full descriptions of the phases formed and of their orientations rela=
tive to the original nekoite to be made, The phases formed at 120°C and
200°C, corresponding to the compositions 3Ca0°6510,:6H,0 and 3Ca0-6810p.4H,0
respectively, give quite sharp single crystal reflexiofis with little or no
streaking; their diffraction patterns are very similar to that of nekoite
and their unit cells correspond closely to the nekoite cell contracted along
the c-direction., No separate phase is formed corresponding to the composi=-
tion 3030'68102-3H 0, and the X-ray pattern from the phase formed at 400°C,
at an overall compgsition 3030063102°2H20, shows marked streaking along powe
der directions in reciprocal space, suggesting a more drastic mode of formae
tion for this phase compared with the two previous phases. The anhydrous
phase formed at 450°C gives a correspondingly streaked pattern identical with
that of xonotlite, 6Ca0°6Si0,+H,0, and it is thought that the structure of
this phase must be closely simi ar to that of the natural mineral, possibly
with one 0=2 ion substituting for two OH™ ione, Finally, wollastonite is
formed at TO0°C in the same orientation to the laat phase as Dent and Taylor
(1956) found in the case of natural xonotlite.
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&, Session on Thermal and Other Reactions of Silicates and Layer Oxides,

1, "Kinetics and mechanisms of some mineral“dehydroxylation reactions", by
G«W, Brindley, Mineral Sciencer Bldg., Penn, State Univ,

2. htyn inhomogeneous mechanism of state chenge in dehydration reactions: the
dehydration of norstrandite”, by J.D.C. McConnell, Dept. of Mineralogy & Pet-
roldgy, Cambridge Univ,

: Norstrandite (A1,0,¢3H,0) dehydrates at approximately 200°C producing
a defect spinel structure uigh dgrrraction effects closely comparable to those
given by bayerite vhen hsated at the same temperature in air., Direct observa-
tion of the dehydration reaction for norstrendite in the electron microscope
shows that during dehydration at 200°C a system of very fine cylindrical pores
develops with the axes uf the pores normal to the original sheet structure of

the aydroxide, Heating at L00°C does not change the character of the fine pore
structure,

In the interpretation of the corresponding dehydration reaction in
the closely related compound bayerite, Lippens and de Boer suggested that a
system of fine pores developed paralliel to the sheet structure of the hydrox-
ide., The present observations suggest that this is unlikely to be the case,

The general picture of the reaction mechanism for the dehydration of
norstrandite which emerges from the present study is entirely compatible with
the inhomogenecus reaction mechanism proposed originally by Ball and Taylor.
It is thought also that the anisotropy of the diffusion of aluminium ions in

the structure may play a large part in defining the actual mechanism and ulti-
mate microstructure of the reaction product.

3. "Dehydration of goethite in an inert atmosphere", by J. Lima-de-Faria,
Laboratdrio TFQMP da Junta InvestigacSes do Ultramar, Lisboa, Portugal.

Single crystal X-ray studies of the dehydration of goethite in an
inert atmosphere (N,) at relatively low temperatures (350°-500°C) show that
hematite and magnetfte are both formed topotactically,

Lk, "Interparticle bonding ty reactive hot pressing", by A.C.D. Chaklader, Dept.
of Metallurgy, Univ, of British Columbia.

Attempts have been made to achieve interparticle bonding in solids
by applying a pressure on a powder compact, while the material is undergoing a
phage transformation. In a broader sense, this rthase transformetion may be
either a polymorphic transition, a decomposition or a dissociation reaction,
The application of pressure during a phase transformation is termed reactive
hot pressing., Essentially, this process utilizes the high reactivity of solid
during a phase transformation to achieve interparticle bonding. Enhanced re-
activity of solids during a phase transformation is well known due to the work
of J.A. Hedvall, and this is known as the "Hedvail effect",
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Several sets of experiments were carried out with different kaolin-
itic clays, hydroxides of alumina, several carbonates and coals. Experiments
wvith kaolinitic clay showed that strength and bulk density of the compacts are
linearly related to the applied pressure during the dehydroxylation reaction
and approximately proportional to the eamount of dehydroxylation produced in
the clay compacts. At a particular temperature and under a fixed presesure,
the strength and density attained a conastant value as soon as the dehydroxyla..
tion reaction reached a pseudo-equilibrium state,

S. "Some crystailographic studies of the effects of oxidaticn upon olivines",
by P.E. Champness and P, Gay, Dept. of Mineralogy & Petrology, Cambridge Univ,

Data have been obtained using single crystals of selected olivines
subjected to atmospheric oxidation at different temperatures and for different
periods of time, All specimens have been examined by single crystal X-ray
methods, supplemented in some cases by optical and electron microscopy.

It is confirmed that the initial effect of oxidation is the exsolu-
tion of iron oxides (ahematite-like phase and spinel-like phase) and that these
are oriented with respect to the host olivine crystal. For both these phases
the twinned orientations are those expected if structural control of the ex.
solution is exercised by the approximately close~packed oxygen layers of the
host; there 1s some variation in disorientation and sharpness of the diffrac-
tion mexima of both phases for different specimens. There are indications
that the spinel phase is preferentially precipitated in magnesiesn olivines,
with the hematite phase occurring for the more iron-rich members, though both
phases are usually developed in all specimens at an early stage of oxidstion,

The later stages of oxidation are more difficult to study as the
breakdown of the structural regularity produces increasing complexities in
the diffraction effects., During the final collapse of the olivine structure,
the occurren:e of oriented silica and orthopyroxene structures have been ten-
tatively identified, though in both cases it is likely that bcth phases occur
in distorted ewmbryonic form,

6. "Electron-probe study of a metasomatic reaction”, by R.G. Burns and S.0.
Agrell, Dept, nf Mineralogy & Petrology, Carbridge Univ,

The development of the electron microprove X-ray esnalyser has made
it possible to analyse non-destructively seveiral elements simultaneously in
minute amounts of material (as small as one cubic micron or one micro-micro-
gram) on the surface of & sclid specimen, Electron-probe analysis, therefore,
is particularly suitable for detecting microsegretation, exsolved pheases, new
microscopic phases, and for tracing comp.sitional variations between adjacent
crystals, zoning within individual cry. ~is, and element fractionetion between
coexisting phases, It is possible frou 2lectron-probe measurements to estab-
lish growth patterns of crystals, and +o trace distances and emounts in which
various elements have migrated through a crystsl structure during solid-state
reactions., Such information is useful mineralogically for determining mechan~
isms of solid state diffusion, crystal growth, and mineral paragenesis,

TSNP I TN




P . SR B, St

P R AT AR She te ’ - o AL R P SN RN O NI IENSE KOS TP =

6 ONRL=C~15-66

An electron-probe study has been made of a thermally metamorphosed
basaltic lithomarge (weathered basalt), a xenolith (10mX3mX3m) of which was en-
closed in basalt magma. Thermal metamorphism of the clay minerals of the litho-
marge yielded a mullite-spinel-ileminite-cristobalite (or corundum) hornfels
in the xenolith, This mineral assemblege has undergone metasomatism in the
vicinity (25-300mm) of the basalt contact through an interchange of Na, Mg, Al,
84, K, Ca, Ti, Cr, Mn, Fe, Co, and Ni between magma and xenolith. Mineralogi-
cal chenges are the appearance of plagioclase feldspar, and of cordierite and
hypersthene towarde the contact. The latter minerals have developed at the ex«
pense of mullite and some spinel, Electron-probe measurements reveal that all
mineral phases are zoned, A new mineral, ferropseudobrookite, has also been
identified,

7. "BReduction of crocidolite by carbon mcnoxide", by W.E. Addison and A.D.
¥hite, Univ, of Nottingham,

Carbon monoxide reacts with the amphibole mineral crocidolite,
NeoFeoI11 (Mg, Fell) st 0,,(0H), at temperatures above 350°, Crocidolite is
reduced and carbon d?oxi e Is evolved, though the yield is always much less
than quantitative,

There s evidence that three processes occur simultaneously: (1) a
reduction of iron(III) to iron(II) which is probably a surface reaction only
as it proceeds only to a limited extent; (2) a reduction of iron(II) to a lower
oxidation state, i.e, the reduction of crocidolite by hydrogen; (3) interaction
of carbon mcnoxide with the reduced crocidolite to form a carbonyl derivative,
This last reaction accouita for the non-quantitative yield of carbon dioxide,
The carbonyl derivative found in (3) is stable to high temperatures but reacts
with oxygen to liberate carbon dioxide quantitetively.

p.m. Session on Reactions of Oxides, Carbides and Nitrides, High Tempera-
ture Oxidation and Reductions,

1. "Influence of water vapour on thermal dacompositions and oxidation reac-
tions", by W, Feitknecht, Institut flir Chemie, UniversitHt, Bern, Switzerland.

When hydroxides are decomposed, the texture of the oxide grains
formed mey be influenced 2ot only by the structure of the hydroxide, but also
by the pressure of the water vapour, Consider the dehydration of 8- and Y-Zn(OH)z.
Under &ll eircumstances the reaction is topochemical, that means the zinc oxide
grains are pseudomorphs of the hydroxide crystals. g-=zinc¢ hydroxide has a
layer structure and crystallizes in platelets, The crystallites of the oxide
formed iy decomposition in a vacuum or under a pressure of one atmosphere are
not oriented, Only when decomposed in the electron beam of the electronmicro-
scope, the reaction is topotactic and the oxide crystallites are highly oriented.

if the rodlike crystals of y-Zn(OH)o with a chain structure are de-
composed under atmospheric pressure, oxide pseudomorphs with unoriented crystals
result, TDecomposed in vacuum, the oxide crystals are oriented, the [110] axes
teing parallel to the longest axes of the hydroxide crystals and the (001) plans
more or less perpendicular to the electron beam.
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When oxide hydroxides are heated different reaction products may be
formed under a low or & high pressure of water. ¢§=FeOUH decomposes at low
pressure to a-Feo0,; under higher pressurz it mey go over to a~FeOOh. This
effect, first rouna by Francombe and Rooksby, is being studied more closely
for dirrerent preparations of §-FeOOH, In both cases the lattice of the
§~FeOOH changes continuously, i.,e. in a one phase reaction into the lattice of
either a~Fe,03 or a-FeOOR, These transformations are followed by X-ray and
electron diffraction as well as infrared spectroscopy. y=HnOOH decomposes at
low pressure according to Vervey end de Boer to Y=Mns03. crystallizing in a
defect Mnj0) structure, We found that at tempsratures of epproximately 225°
in a first step a hitherto unknown wodification of Mn is formed (B-Mn 0.
Under prolonged heating it changes to y~-Mn,03. Heate tnder concitions suah
that a vapour pressure up to *~1 al, may build up, the y~MnOCH decomposes into
a mixture of Mn;0) and Mn:Ogq according to the reaction (8 y-MnOOH » Mn30) +

3 5-8 3
Mn50g + b H,0).

The influence of water vepour pressure is very pronounced upon the
oxidation of manganous hydroxide., In very dry oxygen, the oxidation is ex-
tremely slow at room temperature, As water is formed, the reacticn proceeds
autocatalytically. Below & vapor pressure of about 6 torr. B-MaOCH is formed;
above that a mixture of R=MnOOH and Mh30h. The oxidetion to B~MnOOE is topo-
tacticy it starts from lattice defecits at the surface of the Mn(OH), platelets
and proceeds along the Mn(OH) ~layers. The reaction can be formuiated:

2 Mn(OH), + 1/5 0y » 2 B-¥:004 + H,0, Small crystale of M (04), are tra-_-
formed to porous platelets composed of ori-..ed extremely amall crv-.allites
of 8-MnOOH. The oxidation to Mn30) ic¢ not topotactic nor even strictly epi-
tactic. It seems to prcceed in the thin layer of t{he adsorbed water saturated
with Mn*- and OH"-ions and may be formulated: 3Mn * l/2 0o + GOR™ - Mn30h
+3H 0

2. "Hydrothermal experiments involving Feq0,, c-Fes03. end y-Fezoq . by
Shoichi Kume, Mitsue Kcizumi and Teshio Takads, Ccllege of Genersal Edant‘en,
Osake Univ,, Institute of Scientific & Industrial Research, Osara, and Ins:zi
tute for Chemical Reszarch, Kyoto Univ., respectively.

Hydrothermal experiments were described which illusirate the intere
relationships between a=hematite, y-hematite and magnetite under various
hydrothermal conditions up to TUO°C and 2 kbar pressure of K0,

3. "The oxidation and hydrolysis of urenium mononjtride",by R.M. Dell, V.J.
Wheeler and E.J. McIlver, Atomic Energy Research Establishment, Harwvell.

The rare-earth and actinide metals all form mononitrides wkhich
crystallize with the rock salt structure. Thege compounds are refractory
materials, with melting points in excess of 2000°C, which exhibit metallic
conductivity. The nature of their chemical bonding is imperiectly understood.
Despite a superficial similariiy of physical properties, the chemical reec-
tivities of the nitrides vary enormously. Therium mononitride {ThN) oxidises
rapidly and quantitatively in moist air et room temperature, even vhen fabri-
cated into an ingot; by contrast, uranium moncnitride (UN) is quite stable at
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1)0°C in bolling water, even vhen powdered, Other nitrides lie between these
oxtremes, 14is’ paper reports studies of the oxidation and hydrolysis of UN and
shows how th. reaction mechanism is quite different from that encountered in
the oxidaiion of ‘elemntal netaxs.

UR powﬂer ignites in dry oxygen at a temperature determined primarily
by 1z 2pecific surface area and by the ges pressure., Just as for a metal, ig-
nition takes placs when the rate of haat liberation by surface oxidation exceeds
the rate of heast disu*pation. Factors such as the mass of material, its geom-
etry and tne oxyaen f.ow rate also play a role in getermining the ignition tem-
perature, FPowdersd y¢ ¢f zurface arza ~0,2-0,L m°/g, prapared at 1450°C, ignites
in oxyger around 300°), Batween 230°C snd 270°C the oxidation reaction proceeds
isothernally at a rame convenient for kinetic measurements. The appurent acti-
vation energy is 31 + 1 kcal/mcle. During the reaction molecular nitrogen is
released at a rate which is slow compared with the uxygen uptaeke, The final
oxide product is amorphous U0, and retains some residual nitrogen; its overall
composition is UU -N }hia nitrogen is trapped within the UO, structure
and released only wvidh ng&iculty on heating. Reaction of the proddct with
vwater or dissolution in acid leads to effrerveacence as nitrogen is liberated.

Crystallographic examination of partially oxidized UN powder reveals
the presence of U0, and U a8 intermediate oxidstion products. This surpris-
ing result led to single 2rystal X-ray studies being made on individual faces of
large UN crystals during oxidaticn. It was found that the oxidized surface con-
sisted of a sandwich structure in which a layer of U,N, was formed between the
UN crystel and an outer layer of crystslline UO,. Both the U,N end U0, are epi-
taxially oriented with respect to the UN crys+u1 the epitexy being such as to
maintain a face-centered cutic array of U etoms common to0 the three phuses., A
reaction mechanism is auggeated based upra the following steps: (1) Chemisorp-
tion of oxygen at the outer U0, surfac:, (2) diffusion of oxygen through tke
Y0, via interstitial sites, (3? a sc.id state reaction between UO2+y and UoNg
at the Tirst interface; in this reuaction the f.,c.c, array of U atome is main-
teained and it iz likely that an ii.*ermedicte oxy-nitriile is formed (4} part of
the nitrogen is released from the l.“tice, forms moleciler nitrogen and escapes
through pcres in the outer U0, layer; ~art of the nitrigen dissolves in the
oxide product and the remainder enters .-terstitial si:es in the U,N, lattice,
(5) under the influence of a concentration. gradient, nitrogen atoms giffuae
through the UpN3 lattice to the UN interface where rea:tion occurs to form

furtber Uoll,, again maintaining the epitaxial relationship, (6) finally, the UO,
product witg its dissolved nitrogen is oxidizea to UO3,

The hydrolysis of UN'takes vlace in watex vspour (30 mm pressure} at
temneratures above 300°C, With powdered UN, nitroge: is released qusntitatively
as ammonia according to the primary re.ction UN + 2H2( *> 002 + NH3 + iﬂ . Using
single crystals it is invariably found that a sandwich s.ructure of UoN; and UOp
is formed, as in the reaction with oxygen. The epitaxial elationship is the
same for both oxidants, Mechanistically the reactions must . e rather different
as water will not dissolve in UOp, nor ammonia in U,N It is mostulated that
water vapour diffuses through pores in the UO, outer aner to re.~t with U3
at the U N /UO boundary. This reaction is thought to involve free radicals

U S
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such as NHé, NH®, » The stahle reaction products are NH , KH_, and nitrogen
atoms dissolved in the U2H lattice, These latter diffus ghe UN/U2N3 inter-

face where they react as during oxidation.

.y

The comparative stability of UN toward hydrolysis is ascribed to the
protective action of a thin surface film of Uik {(or oxynitride) present at
the surface. The protective nature of this f lg is attributed to the fact that
it is based on a f.c.c, array of uranium atoms and iz epitaxially oriented with
respect to the UN crystul, Other mononitrides whick hydrolyze ‘ar more reedily
either do not form a higher nitride at all (Pull) or else only one based upon a
F; different symmetry of metsl atome (Th3Nj = hexagonal structure).

e e e

4, "The kinetics and mechanisms of sintering of uranium and plutonium carbides",
by M.B. Finlayson and S, Pickles, UK Atomic Energy Authority Reactor Grovp,
Douv.reay Experimental Reactor Establishment, Thurso, Caithness, Scotland,

I L.

The effects of variations in carbon content and Of nickel asintering
aids on the sintering kinetics of uranium/plutonium carbides have been inves=
i tigated by measuring the shrinkage rates of compacted pellets, using a hot-stage
microscope at temperatures from 1350 to 1750°C. Attempts have .teen made to
interpret the mechanism in the light of published theories.

%, "The oxidation of nickel carbide", by J., Freel and A.K. Galway, Queen's
University of Belfast, N. Ireland.

Nickel carbide reacted with gaseous oxygen 300-330° to give a total
1 yisld of carbon dioxide equivalent to that expected from the total carbon con-
tent cf the sample (i.e, carbidic + the excess elemental carbon). The yield
of carboa monoxide was negligible, 1,5% that of cerbon dioxide and was only
detected during the early stages of reaction. The carbon dioxide formation
rate process was iecleratory throughout, the energy of activation found was
35 + 2 keal mole™, from tangents to the a/t curve at a = 0.4 and 3 ~ 0.6 (a
defined as the *ravtional decomposition), The rate of reaction was indepen.
dent of oxygen pressure 50100 mm, and only slightly slower at 25 mm {‘thich
may be due to consumption of gaseous reactant) at 300°C° rates were inderene
dent of pressure 25-100 mm at 280°C.

iy,

. 6. "Electrical conductivity and self-diffusion in yellow lead oxide", by
E{ A, de Beer, Y. Haven end L. Heyne, N.V, Philips' Gloeilampenfadbrieken Eind-
hoven, Netherlands,

rf] A study is made of the electrical characteristics of the yellow
i ' modification of PbO in the temperature range of 500° -« 900°C, where it is
I thermodynamically stable, The electronic and ionic contributions to the
i elactrical conductivity, vhich together are resycnsible for the reactivity of

the solld with a surrounding gas atmosphere, are distinguished ty means of
several methode: transport meesurement, em? measurement, current measurerents
with polarized electrodes. It erpeared that a variation in the oxugen pressure
ae well as doping with e.g. K or Bi had a major influence on the conductivity
mechanism,
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To correlate the ionic conductivity component with tne coeffigient
of self-diffusion, self-diffusion measurements were carried out with 01° igo-
tope and mass-spectrometric analysis, It was found that apart from the bulk
diffusion, the surfcce reaction of 02 with FP0 may be rate limiting. The
O-isotope exchange between 002 and 861id PY0 indicates a much faster surface
reaction,

T. "Kinetic studiel at high temperatures using an electron microbeam probe
mass gpectrometer”, by T.J. Gray, S.F, Hulbert and L.N. Kowalczy, State Univ,
of New York College of Ceramics at Alfred Univ,, Alfred, New York,

The kinetics of high temperature vaporization are of profound impor-
teance for material evaluation where their use is extended to the very limits
of present knowledge. For these studies a mass spectrometer was designed and
constructed with which it is possible to identify and measure quentitatively
species arising during vaporization processes occurring from solids as a
function of time, This technique, however, is limited to the investigation
of the net effect integrated over the whole surface whereas it iz believed
that grain boundaries probably contribute predominantly or at least to a dis-
proportionate extent, In order to investigate this aspect it was decided to
design and construct a novel source for the mass spectrometer comprising an
electron micro«team probe which could be used to scan the surface for display
and analysis and then subsequently be used as a selective electron beam heater
to volatilize grain voundary regions.

The mass spectrometer itself is of a Nier type, containing a 60°, 12
inch magnet with a pole face gap of 7/8 inch, continuously variable to 11,000
gauss. The original and interchangeable source is a combination thermal ioni=-
zation/electron affinity type. achieved by providing for the voltage applied
to the accelerating plates to be reversed, The detector presently used con-
sists of the first dynode of a photomultiplier tube as an ion detector, de-
livering a sign.l to a commerciel model vibrating reed_electrometer., The
sensitivity of this combination is of the order of 10-17 amps detectable,

In a thermal lonization source the probability of a positive ion of
a given species being evaporated from the surface is given by the Saha-Langmuir
expression,
xp n, = ne e(w=¢) /KT
vhere n, is the number of positive ions of that species produced, n_ is the
total number of atoms (molecules) of the given species which are evéporated,
w 1is the work function of the surface, and ¢ is the ionization potential.
A similar equation governs electron affinity sources, in which negative ions
are examined. w and ¢ are both functions of temperature and the dependence
is usually unknown, especially within temperature ranges o interect in va-
porization studies, It is therefore necessary to moritor and control tempera-
tures of the source very precisely, This is accomplished by means of an
optical pyrometer focused on a very small area (approximately 2 mm diameter)
and equipped with duel interference filters to increase precision.
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A typical kinetic study is exemplified by the dissociation and sub-
limation of Ti0p2., The following reactions contribute:

£,
. i
T102-§11203+ 5 042
1
Tioé-bTioz(vap) + Tio(vap) + > 02

Negligible quantities of Ti(vap)vwere observed in the mass spectrometer over
the temperature range investigated. From the cumulative data it may be cone
cluded that TiO, initially loses oxygen from point defects, while above
approximately 1500°K a secondary process is observed with the sublimation of
Ti0,, TiO and a trace amount of Ti, The activation energy for the evolution
of oxygen is 34 Kcal from 1115°K to 1500°K while that for the sublimation
process above 1500°K is 55 Kecal with a net apparent value of 30 Kcal, all to
& precision of # 7% cumulative,

This technique vrovides data integrated over the entire surface of
a relatively massive polycrystalline sample but provides no specifi. {nforma=-
tion on locel reactions which may be occurring at grain boundaries, ror
this reason a more sophisticated system has been designed and constructed
which should permit a detailed study of "localized" kinetics. To achieve
this goal, an electron microbeam probe has been coupled to the source of the
mass spectrometer.

In conventional use the electron microbeam probe, originally de=-
veloped by Castair.;, Coslett and others provides topographicel and analytical
data for surfaces derived from the specimen current, backescattered electrons
and X~-rays generated when an electron beam of diameter approximately lu scans
the specimen surface. In the electron microbeam mass spectrometer source the
beam is produced by a four lens compression system of electron optics as de-
scribed by Birks producing & parallel beam of electrons 0.5 to 5y in diameter
with theoretical focus at infinity rather than the point source generally
employed in devices of this type. This technique permits the use of a rela-
tively long working distance between the pole face of the final lens and the
sample, and provides a much higher than average beam currant. Electrostatic
deflection circuits are provided to permit visual display while the specimens
can be positioned mechanically. Back-scattered electrons are detected by a
MOS~FET detector-preamplifier instead of the more conventional fluorescent
material and photomultiplier resulting in greatly improved signaleto~-noise
ratio and facilitating higher scan rates to improve image definition. Con-
ventional bent crystai monochromators and flow proportional counters are
incorporated for analytical purposes using standard Xeray fluorescence teche
niques. The mass spectrometer itself, however, can also be used for the
analysis of light elements possezsing a considerable advantuge over the multi-
layer lead stearate type grating.

While the essentially conventional electron microprobe is employed
for surface analysis, the three-dimensional mechanical drives permit the
exact positioning of any point on the specimen surface at the source of the
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zass spectrometer, Under these conditions, the power of the electron beam can
be increesed to promote volatilization from a localized area, supplemented
vhere necessary by & furnece incorporeted at the semple stage. In this manner,
veporizetion of a region of the order 1.3u can be accomplished,

8., "On the mechanism of decomposition in a reducing atmosphere of carbonato-
pentamminocobalt(III) nitrate leading to cobalt powders of varied morphology",
by M. Figlarz, Laboratoire de Chimie des Solides, Université de Paris,

Cobalt powders have been prepared by the decomposition of carbonato~
pentamminocobalt(III) nitrate in a current of reducing gas (N, or Ny + Hp) at
350°C., The reaction and its products were studied using X-ray diffraction,
nitrogen adsorption, electron microscopy, infrared spectra, DTA, and TGA. De=
pending on the rate of supply of the reducing gas, either hexagonal cobalt, or
mixtures of the hexagonal and cubic polymorphs were obtained. The powders rich
in the cubic form appeared as small, primary, monocrystalline grains, while
those rich in the he:tagonal form appeared to have undergone sintering.

At low supply rates of the reducing gas diffusion plays a dominant
role in the reaction zone. NHy is lost end CoO formed. The gaseous environ-
ment hinders access of H, and loss of the water vapour formed at the reaction
interface. These conditions favour the formation of the metal crystals by
epitaxy or oriented overgrowth on the CcO.

Wednesday, 13 July

a.m, Diffusion Studies; Reactions Influenced by Radiation; Effects of
Mechanical Damage. ”

1. "Self-diffusion and solid state reactions”, by R. Lindner, Chemistry De=-
partment, CCR Euratom, Ispra, Italy.

2. "Microcrystalline phases in silicate glasses: structures snd kinetics of
formation at high viscosities", by Doris Evans, Corning Glass ¥Works, New York.

Glasses constitute such a widely variable structural and composi-
tional family that generalizations, other than operational and negative ones,
cannot readily be made. They czie inorganic products of fusion which cool to
a rigid condition without crystallizing., They are as continuously connected
as crystalline solids and they have the same local environment of atoms about
a given atom. As the distance from an artitrarily chosen reference atom is
increased, the atomic population statistics tecome indefinite; neither the
number of atoms nor their distances away from the reference atom is reproducible
throughout the mass. This absence of long-range order is the liquid-like fea-
ture of glass structure. The statistical spread in what we might visualize as
classes or regions with different degrees of connectedness is reflected in the
continuous variation of viscosity with temperature, Besides being the basis
of glass working operations, the viscosity-temperature characteristic distine
guishes the glassy state as a fourth state of matter, Viscosity provides, in
effect, a variable time scale for studying reactions within a glass or between
it and the environment,

S
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These reactions renge from liquide-like unmixing to crystalline solide-
like,diffusion-controlled reactions and phase transformations. The former area
has been emphasized in recent studies and striking examples of liquid-liquid
unmixing obtained, It is therefore tempting to extrapolate bulk liquid con-
cepts down to a submicroscopic scale of "droplets”" whose formation defines the
first stage of structurel rearrangement in glass.

The term "droplet” seems now to be suffering the same fate as did
the term "crystallite” in early controversies concerning the nature of glass
structure, The concept of a drop is now often gcaled down to dimensions vhere
it no longer has sny clear physical meaning. Both "droplet” and"crystallite"
ere alike in implying that the volumes so described are sufficiently large to
exhibit liquid or crystalline properties such as interfacial tension or a dif-
fraction pattern. Volumes which contain too few atoms to display the cohesive
forces of a drop or the periodic arrangement of a crystal cannot meaningfully
be described as miniature versions of zither, Such volumes must be viewed
statistically as clusters of atoms and they will n.ave a statistical distribu-
tion of size as well as composition for any glass. They are tihie embryo of
classical nucleation theory and those which are sbove a certain critical di-
mension and atomic population will have internel bonding forces large enough
to insure survival and growth to stable nuclei,

If cohesiveness is the only property distinguishing such nuclei,
then clearly they will evolve as drops of a liquid phase while the additional
property of ordered distribution of atoms defines the precursors of crystale-
lites. ‘

Several examples of pre-crystalline reactions within silicate
glasses at high viscosities will be cited. The continuous isothermal growth
of clusters, confirmed as crystalline on the scale of 60-80A, reveals struce
tures and compositions that are unique,

There is much of fundamental importance to be learned by following
reactions in glass and many surprises are in store for us due in large measure
to the statistical nature of glass structures and the role viscosity plays in
sorting out reactions. A particular formation must be both geometrically
accessible at regions within the glass and thermodynamically favored if we
are to observe it; it need not, however, be favored over other arrangements
vhich become available only at somewhat lower viscosities and higher tempera-
tures. The "wrong" structure for a compound may have a transitory microcrys-
talline existence in glass and transform gradually to the normal structure
established for well-crystallized versions formed in a totally different en=-
vironment, or it may fall victim to competitive reactions.

The intricacies of the reactions reveal a world of possibilities
that link the solid, liquid and gas states.

3. "Surface diffusion studies on ceramic oxides", by J.W.S. Jones, J. Henney
and D.T. Livey, Atomic Energy Research Establishment, Herwell, Berks., England.
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Surface diffusion processes have been studied in uranium oxide and
magnesium oxide over the temperature range 1000°C to 1500°C in different at=
mospheres using grain boundary grooving and scratch smoothing as the experi-
mental methods of measurement.,

L, "Cation self-diffusion in neutron irradiated beryllium oxide", by H.J, de
Bruin, Australian Atomic Energy Commission, Research Esteblishment, Sutherland,
New South Wales, Australia.

A considerable enhancement in cation tracer diffusion rates has been
observed in irradiated Be(, compared with normel thermal tramnsport in unirredi-
ated polycrystalline specimens. For the latter it has been established that
cation vacancies are the diffusing species. The enhancement of diffusion in
irradiated material is attributed to an interstitialcy mechanism,

At temperatures above 1200°C virtually no enhancement is observed,
but below T50°C the radiation induced Frenkel disorder is sufficiently stable
to contribute consideradbly to diffusion rates, At 750° - 1200°C annihilation
of the interstitials takes place at rates comparable with that of diffusion,
Consequently diffusion coefficients are time dependent.

The activation energy at low temperatures in irradiated BeQ is less
than half that for unirradiated specimens and the diffusion coefficients at
500°C after irradiation are comparable with those at 1200°C on the standard
curve (¥10-12 em2/sec.).

Both Be and He (from n radiation) diffusion studied, Irradiation
beam up to 107 n/cm®.

5., "Reactivity of tritium formed by 6Li(n,a)3H nuclear reaction in crystalline
lithium compounds”, by T. Costea and Constanta Méntescu, Institutul de Fizicd
Atomic&, Cdsuta Pogtald 35, Bucharest, Romania.

By irradiating lithium compounds in the reactor tritium atoms are
produced in considerable.quantity as a consequence of the large cross-section
for the 6Li(n,a)3H nuclear reaction. The behavior of the recoiling tritium
atoms is important for both theoretical and applied chemistry.

A way to obtain information about the behavior of the recoil tri-
tium produced in crystalline lithium compounds was suggested by the authors.
It consists of heating the irradiated compounds and observing the radioactivity
of the gaseous fraction released as a result of the thermal treatment, the
radioactivity retained in the crystals being determined after the dissolution
of the thermally treated samples. In this manner the following compounds were
studied: LiF, LiCl, LiBr, Lil, LiNO3, Ti,CO;, Li,Cr0,, LiAlH, N10(5%L120).

o. "The influence of y-radiation and of admixed solids on the thermal decom-
position of zinc formate", by P.L, Evans, F. Solymosi and F.S. Stone, Depart-
ment of Physical Chemistry, The University, Bristol 8, England,
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Zinc formate crystallizes as the dihydrate. The water of crystalli-
zation begins to be evolved at ~100°C.,, but the anhydrous salt {s stable up to
240°, Above this tempersture thermal decomposition giving rise to zinc oxide
and a variety of gaseous products, including CO5, CO, H,, H 20 and HCHO, has
been reported in the literature. In the prcsen% vork two nev aspects of the
decomposition have been studied. First, the influence of y-radiation has been
investigated, both prior to the decomposition and during decomposition, and
secondly the effect of several admixed solids has been examined. KnowleCge of
th. kinetics of the decomposition of the pure solid has also been extended by
isctrermal studies between 250° and 300°C.

T. "Theimal decomposition of irradiated lead nitrate", by S.R, Mohanty and
M.N. Ray, Banaras Hindu University, Varanasi-5, India,

Ground AR grade lead nitrate was dried in & vacuum desiccator over
phosphorus pentoxide. Samples sealed in vacuo in glass ampoules were irradi-
ated with 69Co gamma-rays to a dose of 100 Mrad at the dose rate 1,5 Mrad/hr,
Thermal decompositior. was studied at different temperatures in the range of
380-425°C and was followed by measurement of the gas pressure developed with
a fluorocarbon oil manometer,

A

The pressure=time curves are sigmoid in nature without any inducti:n,
The effect of irradiation is to enhance the decomposition rate, For example, i
the unirradiated material developed 1.63 cm pressure on 80 minutes heating at {
390°C and the irradiated material 2.65 cm., The corresponding values at 415°C
were 12,06 and 13,70 cm respectively.,

The decomposition is represented by the Prout-Tompkins equation:
log p/(pe=p) = kt + c, with different constants k) and k, for the acceleratory
and the decay stages respectively, The activation energy for the acceleratori
and the decay stages are, respectively, unirradiated 60,1 and 11,7 kcal mole”
end irradiated 62.9 and 14,3 kcal. The activation ernergy is thus not appreci-
ably affected by irradiation.

0f the three mechanisms by which gammae-rays interact with matter,
viz, the photoelectric effect, the Compton effect6 and pair production, the
Compton effect has the largest cross section for Oco gamma-reys except in the
case of materials of high atomic number where some photo-electron emission and
peir production also occurs., Electrons from these events are not capable of
displacing lead, Production of displacements by either the Varley or the Seitz
mechanism does not also seem important in the case of the nitrates. Excitation
and ionization of the nitrate ions, however, produces chemical deamage., These ;
damage species constitute decomposition nuclei and are responsivle for the higher 3
thermal decomposition of the irradiated crystals, i

8, "Triboabsorption of noble gases", by G. Heinicke and M, Friedrich, Insti-
tut flr Piysikalische Chemies Deutsche /kademie der Wissenschaften zu Berlin,
1199 Berlin-Adlershof, Rudower Chaussee 5, West Germany.




T I T O

16 ONRL=C=15=66

The mechanical and chemical intersactions of the frictional components
with each other snd with the swrrounding atmosphere are very important for the
processes of friction and wear, According to the investigations of Thiessen,
Heinicke and Meyer, a shortlived, highly active state with magma-plasma charac-
ter results from the mechanical stressing of solids. Simultaneously the gas
present in dbulk will be excited, Chemical reactions occur &nd a definite
emount of gas enters the disordered lattice of the solid, The use of noble
gases is to be recommended in studying these kinetic processes. With radio-
active isotopes it is possible to study the processes of absorption and de=-
sorption for a single impact, Gases absorbed in the lattice can also be de-
sorbed by annealing the solid, The kinetics of these processes permit one to
drav certain conclusions concerning the nature of the defects in stressed
lattices.

Thursdsy, 1b July .

a.m, Session on Diffusion, Kinetic, and Thermodynamic Studies; Zeolites,
Glasses, Cyanides, and Metels,

1, "Cation exchange in crystalline alumincosilicates as a solid state reaction",
by R.M, Barrer, Chemistry Department, Imperial College of Science & Technology,
London, S.W.Te

Zeolites and felspathoids all have structures which are sufficiently
open for the cations to migrate rather freely within the anionic frameworks.,
Often, in addition to the mobile cations necessary to neutralize the negative
charge of the framework, water (zeolites) or salt molecules (felspathoids)
f£ill the remaining intracrystalline pore space., The ion-exchange capacities
are very high. The distinction between zeolites and felspathoids is relative=-
ly artificial: in the zeolites, the water molecules may be replaced by salts;
in the felspathoids the salt molecules mey be replaced by water,

The frameworks in zeolites or in felspathoids differ in the axtent
to vhich they can adjust themselves to cations of different sizes, and although
the dimensional changes in this adjustment are not as great as in the layetr
silicates such as smectites, illites or vermiculites, these dimensional changes
can result in notable alterations in the exchange phenomena observed. Where
the anionic frameworks exhibit negligible adjustment, there is usually con=-
tinuous mutual solid solubility between the end members of the exchange, and
thus continuous exchange isotherms result. The diffusion kinetics corresnond
with cation migrations down continuous concentration gradients.

On the other hand, if lattice adjustment becomes sufficiently marked,
there may be immiscibility gaps between the end members of the exchange, and
the isotherms accordingly show discontinuities, Nucleation now occurs, and
hysteresis mey be found accompanied by remarkable history-dependent behaviour,
The several kinds of system in which continuous or limited solutility may
cccur give rise to four main kinds of exchange isotherm which can all be de-
scrited in terms of a treatment that also leads to Kielland's equation.
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Selectivity in exchange is controlled by several factors. Ome of
these is ion sieve action: some cations cannot penetrate the crystsl because
they ere too large to pass the mesh of the anionic framework; in other situa~
tions the ions may pass the mesh but on account of their size they would at
complete exchange more than fill the available intracrystalline space. These
are not the only factors which are involved, and selectivity can be excep-~
tionally good in exchanges involving specific ion pairs,

In several zeolites, differential heats of exchange have been mea~
sured as functions of amount of exchange, and standard heats, entropies and
fres energlies of exchange have been determined. Heats and entropies of
mixing of the end members of the exchange have also been derived. The se-
quence of the heats can often be predicted in terms of a model in which
exchange solution and crystal are regarded as inert dielectrics.

Diffusion in a zeolite or felspathoid is describable in terms of
an inter-diffusien coefficient, two intrinsic diffusion coefficients (one
for each ion), and two corresponding self-diffusion coefficients. Even the
self=diffusion coefficients may depend strongly on the cationic composition
of the exchanger, but the relations between all the diffusion coefficients
have been derived by the irreversible thermodynamic method of treating forces
and fluxes,

2, "Proton delocalization in decationated zeolites", by J.B. Uytterhoeven,
R. Schoonheidt and J.J. Fripiat, Université de Louvain, Héverlé-Louvain,
Belgium,

Fripiat, Rouxhet and Jacobs have shown that the intensity of the
fundamental vibrations of mices decreases with increasing temperature. In
order to explain this phenomenon they suggested that dehydroxylation
is preceded by a reversible process described as a delocalization of con-
stitutional protons. This conclusion was resched by demonstrating that the
OH dipole orientation does not change upon heating and that the shift in the
proton population towards higher vibration energy levels at higher temperea-
ture is too low to explain the phenomenon. An attempt was then made to
extend these cbservations to other mineral structures, especially those with
catalytic activity., Since the acidity of silicoalumina surfaces is due
either to Brinsted or Lewis sites, and the transformation from the first
into the second type of sites is related to proton removal, it appeared worth-
wvhile to investigate the existence of a possible proton delocalization pro-
cesg in this cless of materials, Uytterhoeven, Christner and Hall have
shown that KH)-X and NH)~Y zeolites treated progressively to 300° lose
ammonia whilst two well Gefined OH stretching bands appear at 3660 em=l and
3580 cm=l, This is interpreted by the formation of silanol radicals as
follows: Ngt

OH
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the differentiation between the two bands being due possibly to two different
locations or orientations of OH dipoles. The decationated forms obtained upon
heating are catalytically active in cracking hydrocarbons.

Actually the transformation of the original Na=X or Na-Y zeolites
into the ammonium form by cation exchenge is never complete and the solid cone
tains a variable proportion of Na. Moreover, a fraction of ammonium cations
is lost on drying the sample at 110°C before the chemical analysis. As the
catalytic activity of zeolites is to some extent similar to that of silicoe
alumina cracking catalysts, the surface was considered as ecid. From this
viewpoint it is obvious that any process able to promote proton mobility may
aid in explaining the catalytic behavior.,

3. "The exchange between water and analcite", by A. Dyer and A. Molyneaux,
Reyal College of Advenced Technology, Salford 5, Lancs., England,

4, "The Diffusion of water in soda-lime glass", by M.H, Stacey, Mond Division,
Imperial Chemical Industries, Ltd., Runcorn, Cheshire, England,

The diffusion of water into gleass specimens 1 mm thick has been fol-
lowed by means of water labelled with tritium, The technique was similar to
that described by Drury & Roberts with modifications appropriate to the dif-
ferent temperature range (up to 400°C) and pressure range (10=3 to 1 mm water
vapor pressure). The specimens were sectioned to determine the distribution
of tritium as & function of distance, As the penetration was generally less
than 2y sectioning was by step=wise etching in 1% HF, This gave the distribu-
tion in the form of a histogram. Values of diffusion coefficients as a funce
tion of wvater concentration were derived from the smoothed distribution curve
by Matano's method.,

5. "Kinetic studies of low=temperature, hvdrogen-bonded glasses", by Juan A,
McMillan, Argonne National Laboratory, Arguwne, Illinois,

The kinetics of glass relaxation and crystallization of supercooled
phases of hydrogen-bonded compounds like water, hydrezine, u=-dimethylhydrazine,
and alcohols is currently under study in our laboratory. Thermal studies of
pure compounds and of binary mixtures have permitted the evaluation of activa-
tion berriers for glass relaxation and for crystalligzation, In the latter
case, it is possible to distinguish between nucleation=controlled and dislo-
cation=controlled rate processes, by measuring the apparent entropy of activa-
tion., Further results, compared with values derived from viscosity measure-
ments, indicate that the activation energy for growth of pure, supercooled
hydrazine monohydrate on hydrazine crystals is 30% smaeller than the activation
energy for self-diffusion, .

6. "Phase transitions and thermodynamic properties of alkali and thallous
cyanides", by H. Suqa, T. Matsuo, M. Svgisaki and S. Seki, Department of
Chemistry, Osaka University, Toyonaka, Osaka, Japan,
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There are known considerable numbers of ionic crystals which coasist
of spherical cations and spheroidal anions and crystallizec in the NaCl or
the CsCl type cubic form at room temperatures, This fact mey indicate that
the nonespherical anions in these crystals have an apperent spherical symmetry
due to some orientational disorder to satisfy the lattice symmetry. Accord-
ingly these crystals may undergo one or more phase transitions to the other
forms with lower symmetry than the cubic one when they &rs cooled down. As
one cf the simplest cases we have been studying the thermodynamic behaviors
of NaCN, KCH and RbCN crystals having the NaCl type and also of CsCN and TICN
crystals with the CsCl type at room temperature,

In a previcus paper we have reported some the~modynamic properties
and discussed the nature of phase transitions of KCN crystal., In the present
paper we have extended our study to the above-mentioned cyanide compounds for

the purpose of elucidating the effect of variation in the size of cations on g

the ordering process of cyanide ion. {

Experimental !

§

(a) Sample, The samples of Rbe, Cs- and Tlecyanides were prepared |

by the addition reaction of the respective hydroxides with HCN, These :

cyanides thus obtained and also Na~ and K-cyanides (Merck Reagent, G.R.) £
vere recrystallized from the alcoholic solutions and then dried in vacuum

(10> Torr.) for several hours at 120°C, |

(v) Apparatus _and Procedures., Measurements of the heat capacities 3

were carried out in the temperature range from 12° to 330°K by use of the
adiabatic calorimeter equipped with the two-fold adiabatic shields and
sample container made of gold-plate and platinum fins, The adiabatic con=-
ditioning was performed with the aid of automatic controlling electronic
system within a millidegree of temperature. The temperature of the con-
tainer wag read on the platinum resistance thermometer calibrated at the NBS
of the United States.

o ot AN

Result and Discussion

In the following we should like to distinguish their thermal be-
haviors in three groups and discuss them separately, First of all, we may
compare the results of KCN and of NaCN crystals. These crystals show two
types of phase transition., Taking into consideration the X-ray data on their
crystal structures, the theoretical calculation by Matsubara and Nagamiya and
also our thermal data of entropy change associated with the phase transitions, }
we may conclude that the lower phase transition of both crystals is sscribed
to the end-for-end reorientational process of the cyanide ion in the crystal, i
'With regard to the possible arrangement of the anions for the lowest tempera- i
ture phase, our numerical calculation of the dipole~dipole interaction energy
suggests strongly that thg.polar arrangement: of anions along the orthorhom-
bic b-axis (space group sz-Imm2) is the most stable one,
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In contrast to the cases of KCN and NaCN, RbCN and Cs(N show only a
single anomaly in thei: heat cepecity curves. The room temperature nodifica.
tions of NaCN snd KCN crystals are shown to have the configurational »ntropy
equal to Pln 8 which comes from the equivalent potential minima referied to
the orientational entropy will be lost stepwise through the two phase “ransi-
tions to soro value at the lowest temperature phase where the mist etalle
orientation of anion scoms to be realized rather easily. On th: other 1and,
the magnitude of entropy of transition of RtCN or CsCN is too szell to ccount
for the decrease of configurational entropy in the same sense g was exylained
in the two salts mentioned atove, Presumsably, this difference is caused by
the disordered arrangement of anion in these salts at the lowest temperstiure
owing to the few possible crientations with nearly equal potertial wellia ‘or
anions vhich are assumed reasonably by considering the crysta’. structure of
this phase,

7. "Effect of interetitial and substitutional impurities ca diffusion in
Nb-Ti", by D.J. Nagel and L.S. Birks, U.S. Naval Research Laboratory,
Washington, D.C. 20390,

Controlled amounts of interstitial clements (0, and N,) and substie
tutional elements (Co, Sn, Ag, Mo) have been added to the Nb«Ti systemn. Three
effects of the added impurities are being studied: (1) Variation of the grain
boundary diffusion of Ti into Nb and Nb into Ti; (2) Varietion in the diffu-
sion coefficient itself; (3) Discontinuity in the diffusion coefficient at the
a=f Ti phase boundary which depends on the impurity content. Results of the
initial tests with 02 and N, can be summarized as follows: In the Nb-Ti systea
the diffusion coefficient varies from 109 cm?/sec at 10 A % Nb to 10-12 cm2/
sec at 90 A % Nb. The Ti diffuses about 90 microns into the Nb in 24 hours
at 1100°C but the Nb diffuses over 600 microns into the Ti in the same length
of time,

8., "The investigation of atomic steps in diffusion by means of field ion
nicrescopy", by D.W. Bassett, Imperial College of Science and Technology,
University of London,

A study has been made of certain displascements of tungsten atoms. on
a clean tungsten surface, Movement between (111) type kink sites along tne
edge of (011) terraces required an activation energy of 1.8 eV, while for
jumps between kink sites of (001) type, the activation energy was 2.1 eV,
Atom movement along the edges of (111) and (001) terraces required activsation
energies of 2.2 eV and 2.3 eV respectively., These values are much lower than
energy barriers to surface atom jumps, (>3eV) calculated from a simple broken
bond model of the surface,

p.m. Session on Solid=Solid and Solid=-Gas Reactions; Optical and Electron
Microscope Studies; and Other Topics.

1. "Solid state reactions and phase equilibria in the system MgO-FeO-Fe 03",
by P. Reynen, N.V. Philips Research Laboratories, Gloeilampenfabrieken Efn -
hoven, Netherlands.




i -4).._ & 7 L apats

ONRLeC=15+56 2l

The solid stats reaction H¢O+Fe203 + MgFe Oh has been studied with
tl» aid of diffusion couples and nlso using %he data the ternary phase
di:gram which was reinvestigated in ths present study. The solid atete reac~
ticy mentioned above proceeds Ly solid stece diffusion of the cations through
the reactior lajer and by trausport cof oxygen vie the gas phase.

The resction velocity dspends oz {exmperature and partial oxygen
pres: ire but also on pure geometrical factors, vhich determine the number of
conta t poiats betwsen Mgl znd Fe203 pa ‘icles. At these contact points a
resact: w layer is formed over which a corcentratien gradient is built up,
becaui - the compositions at the spinsi/Fe 03 boundary and at the spinel/Mg0
bounda v are different, as indicated by tﬁe phase diagrsm, The concentra-
tion grdlents over the reaction layer are the driving forces for tie reac.
tion. "he rsaction velocity will thus depend on the magnitudes of these
gradien-s which are datermired by the compositions at the phase bourdaries,
and the "hickness of the iayer already formed. Due to a certain ion mobile
ity thes. concentraticn gradients lead to a diffusion of ions, The ion
mobilitie: are determined by the composition of the reaction layer, number
and kinéd ¢ * defects and temperature. The overall reaction velocity is thue
a8 very conr lex quantity, Ternary phase diagrams published before, show that
the stoich' metric composition MgFe,0) lies in a two-phase region. No such
anomalous . havior has bean found in the present study.

A umber of interesting phenomena concerning the ternmary diegram
have been st died, such &8s the existence of metastable sd0lid solutions of
Fe,04 in the ipinel phase an¢ the segregation of a-Fey03 from thet phase,
Further, the oundaries of the spinel field, the form of the isotherms and
the defect st ucture of coxpositions lying in the spinel field have been
determined, © e experimental date have been obtained by thermogravimetric
analyses.

2., "Solid st:te reactions between mercurous halides and iodine", by R.P.
Rastogi and E L. Dube, Gorakhpur University, Gorakhpur, India,

A .iudy of solid state reaction kinetics has been made for the
systems mer: rous chloride and iodine and mercurous iodide and iodine,
The reactan’.s were taken in cupillaries, first in contact with each other,
and then wi 'h aire-gaps of varying length between them,

he kinetic data for the reaction between 832012 a.nd I, in cgn-
tact with :ach other are best represented by an equation 5 = 2 te'p
vhere £ 3§ the thickness of the product layer, t is the time of retct:l.on
and k, a / p are constants; k, is temperatures dependent and p is indepen-
dent éf .te A similer equatisn has been found to held good when the re-
actants .ire separated by small air gaps, the only difference being in the
values : f the constents (ki' and p' corresponding to k:l. and p).

The reaction between HgaI and 12 in contact with each other is
such ‘' iat another relationship, &= kt®, is the most suitable, Here k and
n are constants; the former depends on temperature and the latter is
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15 dent of it, In presence of an air gap another relation holds good:
s k t+c, vhere k" and c are constants.

The constants k;' and k" in the two cases are relsted to the } th
of the air gap, d, in the following way: ki = c'en'/d gnd k" = ¢"e®
', n", ¢' and ¢" are constants.

The mechanism of lateral diffusion for the reaction between Hg,Cls
and I, appears to involve vapourephase diffusion, since the energy of activa-
tion gl nearly equal to the heat of sublimation of iodine and for the reaction
between Hg,I> and 12 surface migration, since the energy of activation ie only
3,07 kcal deg=l mole=l, Gravimetric studies show that during the invard pene-
tration of the grain, bulk diffusion takes place in both caser, In this case,
the energies of activation were found to be 25,0 kcal deg'lmole'l and 23,77
kcal deg=lmole=l,

The stoichiometry of the two reactions hus also been established
in the two cases which proceed as followss

339012 + 1, = 2HgCll eee (1)

Hg I, + 1, = 2Hgl, cen 19}

This is the first remort of the formation of HgClI in the solid state,

3. '"Dislocation mechanisms in solid state reactions", by B, Hyde, University
of Western Australia, Nedlands, W, Australia,

4, "The effect of crystal size on the decomposition of crystals: sodium and
thallous azide", by R.,F. Walker, N, Gane and F.,P., Bowden, Dept. of Physics
and Chemistry of Solids, Cambridge Univ., England.

Methods have been developed for the preparation of very small crys-
tals of uniform size and these, coupled with ultra=high vacuum techniques,
have been applied to the study of the kinetics of the slow decomposition of
sodium and thallous azides, Measurements were made at three different crystal
sizes ranging from 2 mm to 2u diameter and over & range of temperatures. The
technique made possible the use of ~xtremely smell semple sizes (about 0.1
micrograms),

The decomposition of both substances occurred in two principal
stages, an initiai decelerating stage leading to an induction period and a
finul stage in which the rate of decomposition accelerated to a maxirum
nearly linear rate, The extent of decomposition in the initial stage and the
maximum rate of decomposition in the final stage were found to be approximate-
ly proportional to specific surface area,

The course of the decomposition in the larger crystals was followed
by optical and scanning electron microscopy. This revealed that decomposition
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took place by interface reaction which proceeded into tae crystals in direc=-
tione parallsl to the layer structure of the crystal lattices.

An interesting technique was described for the production of cryse
tals of extremely small total sumple size.

S. "The thermal decomposition of some precious metal compounds”, by M, Seal
and M. Kranitz, Engelhard Industries, Inc., Newark 5, New Jersey,

Using electron microscopy and diffraction we have studied the ther-
mal decomposition of two precious metal salts, potassium chloroplatinate
(K5PtClg) and eamonium chloroplatinate ((Hag)eptCISl. These salts decompose
when heated to temperatures above about 250°C yielding meteilic piatinum,
chlorine, and poctassium or ammonjum chloride. Two methods were used in the
investigation, In the first, crystals of the chloroplatinate were deposited
on a suitable substrate, eitaer from suspension or by evaporation of a drop
of solution. Samples prepsred in this way were then hected in air to selec-
ted temperatures, After the samples had cooled, shadowed replicas for elec-
tron microscopy were prepared, Undecomposed galts vere removed from the
replicas by solution in water, but platinum crystallites remained and their
relationship to the salt crystals was studied with the electron microscope.
Temperatures of heat treatment ranged from room tcuperature to LO0°C (where
decompoaition was ccmplete in a very short time)., Nucleation and growth of
the crystullites was studied, Substrates used included glass, mica, and
sapphire, and the influence of substrate on the crystallization of the salt
wvas investigated,

In the second method small crystals of the chloroplatinate sup-
ported on carbon films were examined directly in the electron microscope.
The crystals were decomposed by increasing the electron beam intensity and
the change was studied by microscopy and diffraction. There was no evidence
of intermediate structures occurring during decomposition, and no preferred
orientation of the platinum crystallites were observed,

We have concluded that decomposition of these saits occurs in a: -
disordered manner with migretion of platinum atoms over comperatively large
distances to the nuclei of crystallization. This contrasts with the more
ordered mode of thermal decomposition reported by other workers for a nume
ber of other compounds, e.g. silver aride, magnesium hydroxide,

Similar studies of other precious metal compounds, in particular
on the theriral decomposition of gold ethyl mercaptide, are being cerried out,

6. "Electron microscope studies of reactions between calcium carbvomate
pclymorphs and fluoride ions", by J.M. Bennett and J.A. Gard, University of
Aberdeen, Old Aberdeen, Scotland,

s o e S




ot T TR TR

2k CHRL=C=15=66

7. "Polymorphic transiticns and orientational disorder in compounds containe
ing Jabn-Teller distorted coordination polyhedra”, by R.G.J, Strens, Dept. of
Mineralogy & Petrology, Cambridge University.

8. "High tempersture behavior of inorganic salts with oxysnions", by Kurt H.
Stern, 052. Department of Commerce, National Bureau of Standards, Washington,
D.C, 20234, )

Thé lack of a coqprohcnsivi. eritically revieved compilation of pro-
perties of inorganic salts at high temperstures has stimulated us to prepare
such a wvork,

Compounds are cle=sified according to common anion.and the litera-
ture is critically reviewsd wiih respect to both qualitative and guantitative
behavior, Examples of the former are the intermediate compounds which may
form during thermal decomposition and their stability ranges, and the decom-
position reactions., Quantitative date included are the thermodynamic funce-
tions of the reactions (free energy functions, equilidrium constants, and
partial pressures of product gases) at 100° intervals, phase transitions,
densities, and chemical kinetic data,

Frid 15 J

a.,m, Session on Kinetic Studies: Thermal Decomposition of Carbonates,
Oxalates, etc,

1, "Kinetics of the reaction of water vapor with crystalline lithium hydride",
by W.D. Machin and F,C, Tompkins, Chemistry Dept., Imperial College of Science
and Technology, London, S.W.7,

The kinetice of the reaction of water vapor with crystalline lithium
hydride to produce hydrogen, end either lithium oxide or hydroxide, hes been
investigated over the tempcrature range 0-121°C, using samples of hydride of
various particle sizes. The chemical nature of the solid product is determined
by solely the amount of water vapor added in any single dose; when this is
onlysifficient to react with a single surface layer of lithium hydride or less,
the oxide is formed almost exclusively bul when there is sufficient water to
react with several layers, only the hydroxide is formed, These conclusions
are valid irrespective of the amount or nature of the product present on the
hydride from preceding runs. On introduction, water vapor is rapidly and
almost completely removed from the gas phase by the solid hydride (snd pro-
ducts) but the hydrogen-producing process continues for several hours by re-
action of sorbed water with the hydride, Diffusion of scrbed water to the
reaction intertace is not rate~controlling,

The kinetics of hydrogen production, irrespective of the chemical
nature of the product is adequately represented by alfiret-grder ppgcess
that is retarded by the products of reaction, viz., & log (= ) =« == 1D,
The parameters C,D are constant during any run but vary witﬁ‘%empegature. and
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decrease independently as the product accumulates. To account for this latter

variation, it is suggested that annealing and recrystallization processes
occur in the oxide layers in the time interval between successive additiens

of vater vapor; these structursl changes affect the adsorptive capacity of the
lgyers for water and therebdy contrcl both the number of water molecules avail-

able for reaction at the reactant/solid interfacz and their reactivity. A
quantitative development of these concepts has been given and values for rate
constants and activation energies for the hydrogen-producirg reaction, and
also some relative heats of adsorption of water by the oxide, have been eval-
uated. The formation of the hydroxide that takes place when larger doges of
wvater vepor are employed is the result of rapid reaction of unreacted sorbed
water with the freshly-formed oxide, which iz always the initial product of
reaction. Hydroxide formation by reaction of sorbed water with the annealed
oxide is much slower than its rate of reaction with the underlying lithium
hydride, so that for successive small doses of weter the only precduct is the
oxide.

2, "Carbon isotope and stoichiometric effects in the thermal decomposition
of mangancus oxalate", by Harris Burns, Jr., and Peter E, Yankwich, Noyes
Laboratory of Chemistry, University of Illinois, Urbana, Illinois 61803.

Results have bteen obtained on the carbon intramolecular isctope
effects and the ratio of gaseous products as functions of temperature and
of method of precipitation for the complete decomposition of two types of
manganous oxalate., Type CB was prepered by reaction of aqueous sodium oxa-
late and manganous chloride; type CD was precipitated from reaction of 95%
ethanol solutions of the same. Experimental procedures were eslentially a3
reported earlier: Pure Appl. Chenm,, 2 , 287 (1964),

3. "The thermal decomposition of oxalates of nickel, cotalt and copper",
by D, Broadbent, D. Dollimore and J. Dollimore, Royal College of Advanced
Technology, Salford 5, Lancashire.

4, "The kinetics of rehydration of solid menganous formate anhydride™, by

Ted B, Flanagan and Koger C, Eckhardt, Chemistry Dept., University of Vermont,

5. "The photochemical decomposition of sodium bromate”, by P.J., Eerley and
P.W. Levy, Brookhaven National Laboratcivy, Upton, New York,

The photolytic decomposition of normal and irradiated NaBrO, has
been investigated as part of e broad radiation-effects study which includes
thermal decomposition, color center, and esr measurements on this material,

The decomposition kinetice were studied in a greaseless pyrex con-
stant volume system ( ™2 liters) using an ionization geuge to measure the
pressure, The irnitisl background pressure wag ~5 x 10T mm Hg. and the out-
gassing rate was of the order of 1 x 10~° rm Hg. hour=l, The 1light source
used vas a General Electric BH-5 High Pressure Mercury lamp with a broad
continuum in the ultra~-violet which peaks at 3100A°, A water filter removed
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';nct,of the infraered components. The light intensity was varied by introduce

ing quartz neutral filters into the light peth, The NaBrO; used was obtained
from large single crystals (9 cms x 9 cms x 9 cms) grovn iR this leboratory,
The only significant impurity detected spectroscopically was potassium. Single
crystals were ground to pass through a 53u mesh sieve, 200 mg samples were
used for each run,

At the start of each run the samples were exposed to ultra~violet
light and pumped on for sixty minutes to remove surface contaminents., The
systen vas then closed and the pressure continuously messured until it reached
one micron, The light was then deflected from the sample, the gas pumped out
and the process repeated until reproducible decompositiion rates were obtained,

The rate decreased initially and eventually, after a period of
several hours, tends to approach a constant value.

6, "Micrographic and microgravimetric ctudy of the decomposition of single
crystals of calcite", by G.D. Renshaw end J(M, Thomas, Chemistry Dept., Univer-
sity Ccllege of North Wales, Bangor, Wales,

7. ¥Crystal transformatious in the calcining and milling of some calcareous
materials”, by D.R. Glasson, Chemistry Laboratory, College of Technology,
Plymouth, Devon, Englsand,

The paper surveys changes in specific surface, phase composition and
crystallite size during calcination in vacuo or in eir at a series of tempera-
tures for different lengths of time. These changes can be correlated with
the kinetics of the thermal decompositions, which are of type: So0lid I o
Solid II ~ Gac, Similar variations in surface properties and crystallite size
are investigated during milling processes, where crystal transformations are
compared with those produced thermally,

p.n. Session on Experimental Techniques, Thermal Decomposition of Per=~
chlorates and Oxysalts.

1, "A microcinematographic study of the influence of impurities and lattice
imperfestions on the oxidation of graphite monocrystals", by J.M. Thomas,
Chemintry Dept., University College of North Wales, and P,L, Walker, Dept. of
Fuel Science, Pennsylvania State University, Pemna., 16802

We have endeavored to elucidate the mechanism of the oxidation of
carbon by combusting large crystals of natural graphite in the hot=-stage of a
microscope to which was attached a 16 mm, cine camera, It has proved possible
to observe directly several new features relating to the reaction mechanism
and to confirm others that have been postulated previously,

With higkly purified crystals, in the absence of added solid imw
purity, it was found that carbon atcms situated at certain types of lattice
imperfections (e.g. twin boundaries and bend planes) are not attacked prefer-
entially by oxygen, whereas others are (e.g. stoms in the vicinity of g-axis
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screv and edge dislocations,) Moreover, qusstitaiive estimstes could be made
of the anisotropy of oxidation rates among the <000l>, <10T0> end <1120>direc-
tions,

Several unexpected results were cbtained when the oxidation took
place in the presence of added impurities. Some of the impurities, nctably
Mo and B, which became molten owing to the formation of oxide, generally
facilitated attack by oxygen of lattice imperfections such as twvir bands and
lowv-angie grain boundaries. Others, such as Ag, were found to possess a
degree of mobility over the {0001} grephite surfaces in excess of that expec-
ted from Brownian motion. The technique also revealed that the mobility of
small metal particles on a graphite substrate is profoundly influenced by
the nature of the gaseous environment.,

Other features observable by this technique were: (1) the aggrega-
tion and lows of activity of catalyst particles during the course of oxida-
tion; (2) the anis.tropic influence of some solid catalysts (e.g. Mn): (3)
the "unwinding" of a c~axis screw dislocsticn during oxidation; and (h) the
releese of some types of lattice strain (such as bent tvin bandsj by the
heat liberated during oxidation.

2, "Techniques for study by'x-ray diffraction of transient snd other pro-
cesses at thermal transformations in crystals", by S.W. Kennedy, Uhivcrtity
of Adelaide, South Australia,

The paper describes experimental tachniques for the atudy by Xeray
diffraction of transfermation and subsequent relaxation processes in crystels.
Because of their short duration the inveatigetion of these processes requires
rapid recording and preferably direct observation of the diffraction pattern.
These have been achieved by use of electronic image intensification with a
special Xeray goniometer. Exposure times for photographic recording range
between 0.2 and 5 sec. and a crystal of & product phase can be brought by
inspection to the position for Bragg reflexion without previous precise know-
ledge of the diffraction angle.

The technique has been used to study the plastic deformation and
relaxetion vhich occur during and after transformations. These are expec-
ted tc¢ be importent in the kineties and thermodynamics of scme types of
change, yet little information has been avaiiable on the rate at which
stresses are released. Direct observation of the diffraction pattern showed
at transformations in RbNO, end NH\NO3 the new phase is initially highly
strained or dizordered and“the pattern corresponding to a less strained spe-~
cimen appears gradually over & period of one minute., It is this second
pattern which would te recorded by conventional X-ray photography, After
the trensformation st -16°C in NH,I, the crystal continued to anneal notice-
ably for 40 minutes, the rate being initially rapid. The incresse in an-
nealing rate with increase in temperature was followed by observing the dif-
fraction pattern. The method has also been used to monitor and control the
growvth of small RbNO3 erystals from the melt, and to study the space group
of & high temperature phase unstable in X-rays,
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Another factor involv.a in the mechanism of structure changes is the
amount of misregister at the iuterface when there is an orientation relation,
Discrete change of spacing may be associated with snomalous expansion. It is
often difficult to decide from dilatometiric measurements whether there is an
anoxaly or not, These changes have been studied by a precision method employ-
ing a narrov but deep crystal-monochromatised X-ray beam incident upon a crys-
tal heid in a tempersiure gradient, This records spacings and changes in
spacings on both sides of the interface.

3. "An apparatus for direct measurement of rate of gas evolution in thermal
decompositions of solids", by R.A.W. Hill and B.W. Rodger, Imperial Chemical
Industries, Ltd., Nobel Divieion, Stevenston, Ayrshire, Scotland.

P Progress in the study of the kinetics of thermal decompositions of
801lids now depends on more detailed observation of what have proved to be
rather complex processes. There is scope for greater experimental accuracy
and better methods of kinetic analysis. One possibility is to measure rates
of reection, rather than extents of reaction, and to test theoreticel rate
equations in their original differential form. In this way more accurate pro-
cedures vhich avoid unknown constants of integretion may be devised. 1In a
recent work on poteseium permanganate, in vhich these methods were applied,
we used rat. measuring apparatus operating at atmospheric pressure. In the
present note we describe apparatus similer in principle for carrying out de=
compositions in vacuum. Bc . operate by measuring the time required for a
fixed quantity of gas to be cvolved.

The vacuum system is very simple, consisting of a tube carrying
iwo Pirani gauge heads aid two detachable reaction vessels either of which
can be heated by means of a bsth of molten metal regulated at the required
reaction temperature, This part of the apparatus, which has a werking volume
of about 30 ml, is evacuated through a motore-driven tap, the open and closed
positions of which are defined by microswitches, One Pirani gauge-head moni-
tors the pressure on a meter; the other actustes the tap motor through a
galvanometer-photocell type relay causing the apparatus to be evacuated when
an upper pressure limit has been reached, The tap closes again at a suitable
lower pressure limit and the cycle repeats itself as long as the reaction
coantinues,

L, "Controlled atmosphere microscopy; characterization of a hygroscopic
perchlorate", by Joseph P, Crisler, U.S. Naval Propellant Plant, Indien Head,

Maryland,

Se "The thermal stability and some physical properties of silver chiorite,
chlorate and perchlorste", by F. Solymosi, Institute of Inorganic and Analy-
tlcal Chemistry, Jozsef Attila University, P.O., Box 4L0, Szeged, Hungary.
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Kinetic investigations on the following substances were carried ouc
in the usual vacuum apparatus, Results and rproposed mechanisms were reported.

NaClo0, NaCl0, NaCl0,
Ba(0102)2 Ba(0103)2 Ba(ClGh)a
AgCl0, AgC10, AgC10,
Pb(0102)2 Pb(c103)2 Pb(Cth)a

TlClO2 was found to be too unstable to work with,
Order of stability: Clq’> ClO3 > ClO2
Ne >Ba > Ag > Pb

6. "The thermal decomposition of nickel hexsxmine perchlorate", by R.A.F.
Sherriff and A.K. Galwey, Chemistry Dept., Queen's University of Belfast,
David Keir Building Stranmillis Road, Belfast 9, N, Ireland.

7. "The influence of various oxides and physical factcrs on the‘tﬁer;m;,de-
composition of perchlorates”, by A, Burcat, A, Glasner, I. Pelly, I, Shidlovsky
and M, Steinberg, the Hebrew University, Jerusalem, Israel.

The thermal decompogition of several perchlorates was investigated,

a, Lithium perchlorate trihydrate (LP). The effect of various
transition metal oxides and lenthanide oxides was surveyed. Most of these
oxides slightly lowered the decsmposition temperature of the perchlorate.
Ni0O was more effective than meny other oxides, but the lithium dored oxide
inhibited the catalytic action. Zinc oxide, both doped anl undoped, had no
effect whatever on the temperature of decomposition.

0020 ’ Cr20 and Cr0, proved the most effective of all the oxides
used in this®sfudy.’ Or(III) 12 oxidized to the hexavalent oxidation state,
but shows no reaction below 285°C; evolution of oxygen begins at 2 higher
temperature after the commencement of the oxidation to the hexavalent state.
Addition of Cr0, had a very nignificant effect on the reaction temperature
and kinetics, hﬁnce it may be concluded that the initiel production of hexa-
valent chromiuva is a decisive factor in the decomposition of LP., Chlorine is
liberated in this reaction, and its amount increases proportionately to the
relative amount of Cr,.0, added to the reaction mixture., The rate of decompo=-
sition of LP increasea 3ith the molar ratio Cr20 /LiClh. There is substantial
evidence that Cr,0, ia oxidized by LP to the hexzvalent stage in the condensed
(1iquid or solidj State, The reaction between LiC10;, vapor and solid Cr,0
wvas very slow, and the ambient pressure of oxygen did not effect the }eactiqn.

b, Nitrosyl and nitroxyl perchlorates. The kinetics in vacuum
vere studied bWy following the pressure increase of the oxygen evolved through
the thermal decomposition in the temperature range 90° - 140°C, The induc~
tion period with nitrosyl perchlorate was more prolonged than that of pressed
discs (25,000 pounds total pressure)., Some transition metal oxides and La 0

reacted with nitrosyl and nitroxyl perchlorates to form stable 1ntermediar§ 3
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perchlorates. Cr203 catalyzed the reaction without forming an intermediary
perchlorate,

. W%_Fm. The effect of wvater of crystallization
on the rate of decomposition of crystal hydrates of praseodymium, neodymium
and sansrium perchlorates s demonstrated, The decomposition rate was evalu-
ated gasometricelly, and the sccelerstion rate constents of the several lan=

thanide perchlorates were compared at similar temperatures,

Correlation between the water content of the crystais and the decom-
position rate constants wvas noted, Apparently the number of the decomposition
nuclel formed as a result of the evaporation of the water molecules increascs
with the smount of water originally present in the crystals.

8. "Thermal duuawnosition of magnesium, silver and samarium c.romates", by
R.G. Darrie snd W,P. Doyle, Chemistry Dgpt.. University of Edinburgh, Scotland.

The thermal decomposition of the chromates of a representative sle-
ment, magnesium, a transitior element, silver, and an inner transition element,
samarium, has been studied by thermogravimetry, differentisl thermel enalysis,
X=ray powder diffractiony magnetic susceptibility measurements, ultreviolet
reflectance cpectroscopy and infrared spectroscopy.

From & previocous thermogravimetric study of the decomposition of an=-
hydrous magnesium chromate it was concluded that the reaction was first order
with an activation energy of 96 kcal., mole™l, Silver chromate is reported to
decompose only above 812°C with formation of the chromite, silver and oxygen;
no previous work on the decomposition of samarium chromate has been reported.

Preliminary DTA and TGA studies showed that magnesium chromate pene
tahydrete loses three molecules of wvater at sbout 215°C, & fourth molecule at
about 315°C and the last molecule at about 385°C; decomposition of the anhy-
drous chromate, to the chromite with loss of oxygen, begins st about 600°C
and i§ complete at about 800°C, The kinetics of the isothermal decomposition
of anhydrous megnesium chromate at 600, 610, 623, 635 and 650°C were studied
thermogravimetrically. The results agree with those previously reported but
the decomposition is not first order; the data can be divided into two stages
eech of which fits the equation « = c(t.t./)n, n less than 1; the activation
energies for the first and second stages are 30 and 57 kcal., mole® =1 respec-
tively. For all partially decomposed samples, all lines in the X-ray diffrac-
tion patterns and all features in the infrared and ultraviolet spectra could
be assigned to magnesium chromate and magnesium chromite. From the magnetic
susceptibilities of the partially decorposed samples and the susceptibilities
of magnesium chromate and chromite, the percentage decomposition was calculated
end found to be the same as that determined from the observed weight loss,

Preliminary DTA and TGA studies showed that decomposition of anhy-
drous silver chromate becomes significant about 650°C and is complete at
about 870°C. DTA also showed an endotherm at about 480°C which may be due
to transition from the red to the green form of silver chromate. The kinetics

ol

Vb o A gl

s ot 8

© e e—————c



ONRL=C=15~66 31

of the isothermal decompositon of silver chromate at 600, 610, 620 and 640°C
were studied thermogravimetrically, The decomposition can be conveniently
divided into three stages the data for each of which fit the Prout-Tompkins
equation logyy [«/(1-=)] = kt + const. The activation energy for the main
stage of decomposition is 5b kcal, mole~l, For the partially decomposed sam-
ples, all lines in the X~-ray diffraction patterns could be assigned to silver
chromate, silver chromite and silver; as for magnesium chromate, the percen-
tage decomposition calculated from messurements of magnetic susceptibility
was the same as that determined from the observed weight loss,

For both Le and Mg chromates, the activaetion energy for thermal
decomposition in very nearly equal to the energy of the first charge trens-
fer band in the electronic absorption spectra of the two sutstances,

wom




