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PREFACE

The purpose of this study was to investigete the
polymorphlsm of a group of related compounds, Bpecial
emphasis was placed upon h&a teuperature at which transitions
oscurred and a possible corrslation of these temperatures
with other properties of the compounds.

A review of the literature revealsd that little

- informatlion was availgbla for many nitrates, A group of
five nitrstes with n¢ reported transition temperatures
was investigated, A1l the tompounds were anhydrous and
hed melting pointa which could be resched with the equipment
available, Anhydrous compounds were studied bsceuss the
presence of water of erystallization alters the structure
and hence all the physical properties of the compound,

The compounds investigated in this study were lesd
nitrage, godium nltrate, lithium nitraﬁe,,b&riumﬁﬂitr&ta;
and aﬁrontium nihr&ta.. 81lver nitrate and potassium nitrate
were also lnvestigated, but extensive informetion was
avellable as to thelr transition temperstures,
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CHAPTER I
THIRODUCTION

Polymorphism is the term used to describs the existence
of a sompound in two or more distinet crystalline forms,.
Avmbra neerly oomplete definition has been given by Buerger
"Fﬁlymarphiém inainﬁas every possible diffemanﬁm snoountered
in erystelline Etkﬂﬁﬁﬁf@ of & subgtance, gxeaptingvhama~
ganeaua dsfav&at1ana§“1‘ When & crystal is ﬁeatad certain
ahangea,‘auah &8 axpangian or contyaction, aIWay&VGBQUﬁ in
the orystalline ﬂtrumtur@; which are often referred to as
homogeneous dafe&mﬁti&na.g Polymorphism was fzrat recogniged
by Klaproth in 1798 when he discovered that caleite and
aragonite were chemlically identical,

In the order of decreasing megnitude, polymorphic
ehanges occurring in orystels cen be grouped into three
classes, The first 1a‘pely%ypy, which ls a complete altere
ation of the space lattice with the formation of & new type
of structure. The second is polysyngony in which thers

. lm.hg. agagggm "Thed?anem% zzgi%aéicw ‘ﬁzmémn in
Polymorphism,” The Progcsedings of the Nationa. cademy of -
Sciences gg‘gha”ﬁﬁiyﬁa States, XXIT (1536), 688, -

2r, P, W, Berth, "Polymorphic Phenomsns and Crystal
%ﬁgﬁ?tugggﬂ dmerican Journal of Scilence, XXVII (April,
93L), 275, — LA R A




is a dlstinet change in the geomstrleal aymma#ry of thg
space lattice although the atomic errangement, density,
and cleavage propertles are so slightly %ffacta& theat merely
e new variant of structure is formed while the type of
structure is preserveds The third clsss is salled polybropy,
which p@rtains’tg cxyat&lﬁ repraaenﬁing ona and the same |
gtructure type, but ﬁiﬁt;ﬁmﬁ from polysyngony in that the
crystels must retsin the same geometricel symmetry. The
gredual transition with rising temperature of sodium nitrate
1s 8 cage of pclytrapy?? The three types af‘poiymsrphié
changes may be ﬁiﬂtinguiahed by the phyesical behavior of the
inversion, | | |
The firat éata11ad study of polymarphismﬁwﬁs sarried on
by Frankanheim; who studled a mumber of ecrystals with a
polarizing microscope. This study revealed that there was
a definite temperature of transitlon where a low-temperseture
erystalline form shanged to & higher-temperaturs eryaﬁallin&
. lattlce structurs, The former can not exist at & higher
temperature than its trensition poeint, bubt the higher-
temperaturs structure scen exist below the transitlon point
and can even be generated in thie reglony If the highe
temperature form, below its transition point, is brought
into contect with the low-tempersturs form the first changes
in all

inte the latter upon contact, The change procHi:

5“’-‘%; Poe 27’4—‘



directions frém the’point of contact, It 18 even possible
for the highetemperature form to¢ ohange to the lowetemperature
modificstion upon contact with foreign bodies, stirving,

or ahaking.‘ Whaaﬁvér this change occurs; heet is ralaﬁaaﬁ.k

A polymorphous transition is simply & rearrangement of
the atomlc unite in the space lattlce., As can be seen from
the above exaaaifieatiune; this may be & slight reorientation
of the groups or a complete rearrangement, When the atoms
have ne agltation, this is the arran@am@atgaf loust possible
potentisl energy. With an increase in kinetic ﬁnérgy, the
bonde which hold the atomic units together are strained or
aven brokens A new so-called dynanmie atrumtﬁ@% then occurs.,
There is an infinite number of ways that thﬁv&tmmié1ﬁnita
mey pearrange themselves in the spase lattice and esch new
arrangement has its definite lattlce energys The stable
configuretion is the one with least potential anﬁr@y and
this 18 not necessarily the statie lattica GNBIELY »

There are cases, however, in whiah different modlifis
eatlons of the seame compound exigt at the same temperature
Only one form oan be mosh établu, ises, have the least
potential energy at the given temperature, and any other fomms
exlating at_tha same temperabture aye eailaﬁ mebastable, In
e few cases, sccldental degeneracy of the snsrgles accounts

for the exlstence of metsstable atatesj in others the exvesns

kﬁ Js Buerger a&nd M, C Blaam “cryatai Pmlym@rphiam
Zelts. t‘ur'iirwtallu xcv:'t (3.93?), i o !




of potential energy in the metastable state is probably so
small that the trensition to the more steble form is not
spontaneous, Osalclum carbonate is & good example of
metastability., It exlats in two forms, celcite and eragoe
nite. Both of these forms are found at ordinary temperatures,
However, 1f they are hested and then returned to room
temperature all thﬂ_aryatals will have changed to one form.
At room temperature, caloite 1s the most stable,

In order for a palymarphia chenge to oscur, ensrgy
must be put into or taken away from the aystem. This is
usually accomplished by thé eddition or subtraction of hsatb,
The snergy content of a orystal is in the form of motion of
its fundamental atomic units. That is, hesat motion is &
form of wave motion among the atoms of the crystal strusture,
The temperature of the ecrystal is & good indicatlion of this
ensrgy content. The motions of the fundemental atomic units
are not entlrely at random but are synchronized with their
nelghbors, This 1s true beceuse of the mechenical binding
between thenm, Buargaré suggests that the whole sescret to
polymorphlism resides in the form of this weve motion,

Crystels are composed of atomic units called clusters,

A cluster mey consist of an atom, & molecule, & molecular

2523. C. Evans, An Introduction o Crystal Chemistry,
Da 50 o

6M; Je Buerger, "The Klnetic Basis of Crystalline
Polymorphlsm," Proceedi of the Nationel Academy of Selence
of the United States, XXII (1935), 683,




group of atoms, or a,eaqr&inanaé group of atoms, To

examine the farm,af'ﬁava.mﬁkian, it is convenient to fix

the attention in the immediste vicinity of one of the major

repetitlive units of the crystal lattice, The three degrees

of freedom of each of the n atoms comprising the cluster may
be comblned In aavarai.waya to glve the cheracteristic modes

of vibration. B8lx degrees of freedom csn be accounted for

by the motlon of transiation and votation of the bodily unit,

‘These ere termed “outer” modes, The remalning §ﬂ$éyﬁ$&$ﬁ@5
of freedom account faw'aiaarﬁara inslde the cluster, Thage
sre termed "inner" vibration modes., IS one cluster turns
out to be geometrically identical wibhvanathaﬁ except for
orlentation, then the number of distinetly different typesa
of vibrations la greatly reduced, Different levels of
kinetic energy input tend to oxcite the different posaible
cluster vibration modes,! Thersfore, cluster vibration
modes are different with different temperaturss.

The relstive strength of the intercluster and intrae
eluster bindings determine the possible vibration modes for
any one crystal, In general the forces between ¢lusters are
weaker then the forces within clustersj therefors the
excitation of the "outer" vibration mode is brought about
very easily in the case of clusters of molecules and

molecular groups. As & consequence rotatlion of the molecules

7Ibiﬁ.; Es 68[4.4



is guite common &8 & form of heat motlon, \
Different aymmaﬁ#i@s are generally characteristle of
aifferent vibration modes, In other words, the static
symmetry 1s not necessarily the same as the dynamic symmebry.
The dynamic symmetry may be either h&gha&-ar lowsy than the
static symmetry. If the rotatlion iz complete, th& "ouker”
~ vibration modes tend to ilncrease the cluster symmetyy to
radial symmetry about the axis of rotation, On the other
hand the "inner" modes have either the symmetry of the
jdeal static ocluster or a»lawar‘aymmatry,. zf)a'amyaﬁai
responds to & certain temperature with & given vibrational

mode ; the clusters have & speclific dynemio Bymmaﬁrygs This

requires & orystal structurse in which the cluster ccouples
thet specific symmetry in the space group. |

Transition temperatures for a gwéuy of compounds
containing the same radical may vary over & wide renge,
This can be caused by diffevent valences of the catlons,
The transition temperature from one erystalline form to
another is increased with increased valencé of the catlon,
In the group of compounds of the form ApBXn, the transition
ham@erﬁtnr@ i$ affected by inoreased size of the & catlon,
This is due to the gtrengthening of the A«X bindlng because

the polaprization of the A cation is increased in the

81bia.



negative £ilsld of the anion, An increase in sisze of the A
cation can also dscresse the transition temperature, This
oscurs whers the wealening of the positive f;al& around
A; which 18 due to the incresse in size of A, overcomes
the strengthening of the A«X binding induced by polare
1aation,9

An sxbreme example of polymorphism due to lonie
rotation is exhiblited by mmmonium nitrate. Thle compound
exists in five distinct crystalilne atru@turaa; two Lorms
of tetragonal, two forms of orthorhombie, snd cuble.
Below minus elghteen degrees Centlgrade the low ﬁymmaﬁry
form of tetragonal is steble, At mimus eighteen degress
Gentigrade the emmonia radical probably begins to rotate
about the tetrahedrel axls and the symmetyy changes to
the low symmetry form of orthorhombic, At spproximately
thirty«threes degrees Centigrade the ammonlsa radical iz
thought to commence fyes rotation and the aymmetry chenges
to the higher form of orthorhombilcs. At about eightye
five degrees Centigrade the nitrate group begins to
rotate about a perpendlcular to its plane., The orystalline
structure changes to & highsr tetragonal symmatry. At

%q A, Bredig, "High Temparatum Crystal Chemistry
giggmﬁigiaa%pounds wﬁﬁh Faitigular ?&fgfagga to Oalelum
oailicate,” ournal of Physical Chemistyy, ALIX
(Tuly, 1005), 5520 T =




approximately 125 degrees Centigrads the nitrate group
beging to #etatav£?a&1y, and the crystalline atructure
changses toe cubiec, When the temperature is raised to
169 degrees Gentigrade the ammonivm nitrete melts, The
above e¢vents may be interpreted to mean the substance ls
melting in sbtages, since melting for & solid moans the
constibuents are {res to rotate about one another,



CHAPTER II
APPARATUS AND PROCEDURE

Apparatus

The apparatus consisted of a lesds and ﬁarﬁh:up‘?yp@
7651 potentiometer, & Huppert Hodel 22 heating furnace, &
Bureau of Standards Number 81025 calibrated _mmmsar ¢
two iron-comstanten thermogcouples, and a crushed ice bath
gor the low temperature junbtian of the thermoccuples. g“
traveling miaraaeaga'was used for veading the instruments,

~ The potentiometer could be read scourately to ones
hundredth of & millivﬁiﬁe The one~thousandth place could
b@laatim&tad eﬁaily; Tha'range of thﬁ inatwa@@nﬁ’aﬁ this
accurscy was from zerc to sixteen millivolte, Since the
iranéeanatantan tharmﬂéaupla produced an glectromotive
force of about thirty ﬁillivalts st the higher temperetures,
it waz necessery to restendardize the potentiomﬁtérwwith
the scale set to read half the potentiml of the standard
eells All readings were then multiplied by two.

The heating Turnace gave & range in temperature from
room temperature to 1200 degrees Centlgrade, which included
the temperamture range desired. It was necessary to heat
the aample‘very slowlys For temperatures belawy§56 degroes
Centigrade, the furnace was lined with asbestos., Glass wool

9
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wag phoked inside the amsbestos, A one~half pint Dewar
flask was mounted in the cenber of the glass wool, The
Dewar flask was packed with glass wool with & small hole
in the center for the ssmple., Since glase wool melte at
& lower tempersture than three of the compounds teated,
it wes repleced with asbestos when barium, strontium,

or lead nitrates ware heated. The two materials placed
in the furnece served two purposes, mechanical support
end insulation,

The thermometer was & mercuryw-insglass, 76 millimeter.
immersion type, henee no stem correction wes necessary, Its
renge was from -l0 degrees Centigrade to +350 degrees
Centigraede, During calidbration of the thermoscuples the
thermometer was read with the traveling microscope. This
afforded an excellent method of reading the temperatures
to the nearest tenth of one degree,

The thermocouples were made of Brown and Sharpe geuge
- number thirtyecne iron wire and number twenty-seven
constenten wire, The different sizes of wire were used
to glve approximasely the sams rete of thermml conduction
in the leads, The hot Junction wes placed in a small
caplllary tube to prevent corrosion caused by contact with
the semple, Ice for the cold junction was kept in a Dewser
flesk which wes packed in rock wool insulation, Figure 1

is a cut-away view of the apparatus,
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Procedvre

- The inltiel step in the problem was to obtalp a therw
mocouple that would give reproducible vresults, that is,
give the same electromotive force sach time the two.
Junetiong were brought to a glven tempersturse difference,
The two wires were amscurely fastensd together mechanieally,
The Jjoint was then made permenent with silver aalﬁgrj For
calibration the thermocouple was heated through steps of
twenty centigrade degrees to 350 degrees Centigrade., An
electromotive force reading was talken ai each interval to .
check the consistency of results, The hot junctlon was
allowed Yo cool and the heatling process repeated, Tables 1
and 2 present the data obtained In the heating processes,
The results were reproduced to ons-thousendth of a millivolt.
After the thermoccuple was callbrated it wes used as &
temperature messuring device, Flgure 2 shows the calibration
curves cbtained when temperature versus thermocouple
electromotive force was plotted.

The method used to find the transition temperatures of
the cowpounds ig known as the heating and cooling curve
methods The temperaturs of the compound was ralsed from
roem temperature to its melting point as elowly as possible,
When 8 orystallline transition occurred the energy thet
noymally raised the temperaturs of the compound produced the
chenge in erystalline structure. On & graph of tempersture

versus time the change in structure was revesled as & plateau,
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TABIE 1
CALIBRATION OF THERNOCOUPLE NUMBER 1

USING 76 MILLIVETER~IMMERSION
CALIBRATED THERMOMETER

Thermometer Calibration Temperature Tharmoeouple
Reading Gorrectlion o BeMuFy
(t) (QG.) (QG a‘f} (ﬁi&l‘l‘?’ﬂlﬁﬂ)

31.8 «0451 32,3 1.2l

5040 ~0.116 50,5 2427

7040 «0.36 TOu 528

90,0 ~0.2l; 9042 h.29
110.0 ~0,08 110.1 531
130,0 ~ﬂ;lb, 12949 6435
150,0 -0,36 1s9.6 T+39
170,0 ~0,52 16945 - BJ43
190.0 «0460 189l 9eli5
210,0 «0460 209444 10445
230.0 <0454 229.5 1.4
250,0 «0u148 241945 1242
270.,0 «0.43 269,6 1% .42
290,0 0440 289,6 b3
310,0 ~0.lidy 30946 15 ey
%3040 ~0.80 329.2 16.51
350,0 ~$440 348.6 1752
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TABIE 2

GALEB&&TIDN OF THERMOCOUPIE NUMBER 2
USING 76 MILLIMETER»IMMERSION
CALIBRATED THERMOMETER

Thermometer salibmtim ﬁ‘ampamﬁm 'z’barmmauple
Reading 6@#ra¢%&an BeloF,

(%¢.) ( G.} (°Ce) ; (Millivmlﬁa)
29.5 * ~0.52 30.0 *@35
50,0 . RIS 5045 3,145
70,0 -0,36 04kt 3450
9040 «0,2l, 9042 Le53
110,0 ~0408 110,1 5857
130,40 «0, 1l 129,9 - 6465
150,0 ‘9b36 lh?,é 7563
170.0 0,52 169.5 8,70
190,0 «0,60 189, 9473
210,0 0,60 209,14 10,76
2%0,0 “0454 229,5 11,76
250,0 ~0.48 2i9.5 12,76
27040 ~0uly3 269,6 13,78
290,0 ~0.140 289,6 Upe87
310.0 «0 iy 30946 15496
3%0,0 «0,80 329,2 17,0k
35040 =1.140 31846 18,21
57616% PRI ‘j?Q. §0.§7
5sa.cb | PN 59@.0 51,78

Syelting point of atrontxum,nxtmate.
bMalting polnt of barium nitrate,.
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The cooling curve method is not so rellable sz the heating
curve method. Two ressons for this are metestability end
superocoling. However, cooling curves were taken for
barium, strontium, mnd lead nitrates. L
~ Two compounds with known %ransitian tamp&raturaa,

silver nitrate and potasslum nitrate, were nsed to check
the vesults of the inﬁﬁmm. Values previcusly :ﬂewrwﬂ
for the transition tam@ératur@a of these aampmua&a are
159 degrees Centigrade’ and 129.5 degrees ﬂsntigmma
respectively. Resulbs ahtaim@& were within two per cent
af these tamm‘aumm S

Eaeh of the five compounds studied was heated from
room temperature to 1ts melting point et least twlce. The
thermocouple electromotive force was recordsd at onew
minute intervals. Bince the melting points of the compounds
were known they were used ss check points for the thermoe
gouple ealibration in the high temperature range.

A gradusl transibtlon with rising temperature has been
roported for orystals of sodium nitrates® To check the

regzults obtained using the furnece, sodium nitrate was

" liandolt-Bornstein,
Vols I, D 3554
2Ibide, pe 343.

P14 Fs W. Barth, "Polymorphis Phenomena and Crystal
8trueture£ American Journsl af Sclense, XXVII (Aprii,
193L), 27 |

Physikallsch-Chemische Tabsllen,
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heated twice ageiln using an oll bath, This enabled the
compound 4o Le hested even more slowly then befcres
Reedings wers taken every minute while the compound was
heated from room btempersturs to 200 degress Centigrade.
Bven at a slow rate of heating no transition temperature
wag found. ) |
The sccurscy of results depended on tha.yu&&ty’af*%h&

ments, The
éaw@éunda‘werm all Bakerts Anslyzed aham&ﬁaily‘?mmm,anﬂ

ﬁmmpuﬁnﬁa'and the yaiiakility of the ingtm

contained less than 0,1 per cent ifmpurdities, Therefove
the error due to impurities is belleved negligible.

Az asbtated sbove, the temperature was wmeasured with a
Bureau of Stendards Calibrated 76 millimeter~immersion
mereury-in~glase thermometer. The temperatures could only
be sstimeted to the nsarest tenth of one degrees GCrsater
scouracy could have been obbained if a mcrﬁ'aaanﬁate
temperature messuring device had been available,

Another source of srror was in the calibretion of the
thermocouple in the high temperature range. The only
calibretion polnts between 350 degrees and 600 degross
Gentigrade were the melting points of berium nitrate and
strontium nitrate. |

The potentiometer was sensitlve to ons~thoussndth of
& milllvolt and was recalibrated before each heating,

\Gonﬁequ@nﬁiy the messurement of the thermmocouple electros
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motive force wag more apgcuvrabe then the thernmcmeter uwsed.
The weasurement of bhe trensltion temperatures is believed

to be sccurate bto Wiﬁhin two degrees,.



CHAPTER IIZ
DATA AND RESULTS

‘The heating and cooling curves through the different
transition polnts are presented in Figures 3 thwough 1le
Figure 11 shows the ﬁébling surve ehtaiaa&'far*baﬁiﬁm
nitrete, While awal&ﬁg'éﬁrvaa'fariiﬁad ﬁiﬁﬁﬁﬁﬁ“aﬁd'
strontium nitrate were ‘taken, they are not givan ain&e no
transitions wers indlcated by these data,

 Piguves 3 snd L show the transition points f@r ﬁ@%&ﬁﬁi&m

nitrate and silver nitr&xas The observed tr&nsition poimﬁ
for silver nitrete was 160,1 degrees Uentigrade, while the
reported value was 159.4 degrees (entigrade, Tha"ﬁapaftaa
transition temperature for potessium nitrate wes 329,5
degrees Centigrade and the observed value wes 13148 |
dsgrees Centigrade. .

 Figure 5 shows the transition points for lead nitrate,
The first heasting gave a transition at 2044 miilivaltau
The second heating gave one &t 20,47 millivolts, The
average temperature given by the two readinga was 579.8
degraaa Centigrade,

The first hesting of strontium nitrate gave & trensition
point et 23.96 millivolts. The second heating yieldsd |
ong at 23,79 mlllivolts, The temperaturs difference was

21



Thermocouple lNo, 1 EM.Fe in Millivolts
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three degrees (entlgrade., The average temperature given
by the two readings was 33,8 degreea Centigrade, The
rate of heating for the second trial was greatly reduced,
As 8 result a definite platesu was not cbserved in this
ourve, However, there wes a marked change in the slope of
the curve at the transition point, Figures 6 and T show
the transition polints for atrontium nitrate, _
Barlum nitrate revealed & transition point at 538,8
degrees Centigredes Both heating curves gave the same
reading at this point, 4 temperature of 538.8 dsgrees
Centlgrade corresponded to 29,78 millivolts.s A aaaling
curve was also taken for barium nitrate, However, the
transition wes noted to occur approximately forty Centigrede
degrees lower than the transition temperature obtained from
the heatlng curve. This was a result of supercooling,
The slight rilse in temperature, after the minimum point
wes reached, indicates that the temperature tried to »ise
to the originel transition point, The heat of transition
wes too small for the temperature to rise to this value.
Sueh dlfferences between heatling trensitions and cooling
trensltions have been noted previcusly and measured for a
number of eryatais.l Filgure 8 shows the heating curves

for barlum nltrate ﬁnd,Figure 9 shows the vooling curve,

iz, F, Connell end J. H, Gammel, "Hysteresis Renges
of Polymorphic Trensitions of Some Crystals," Acta
Crystallographice, III (January, 1950}, 75.
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Re transitlions were observed for sodlum nitrate and
lithium nitrate. Two sets of readings were taken very
carefully over the complste temperature rvange for abch
compound., These curves are shown in Piguves 10 and 11,

A summsry of data for the nitrates studled is gliven
in Table %3, The molscular weighta,a melting paiﬁtag5
kmown transition temperatures, and observed transition
temperatures are included in thia table,

20 o wesois e A o g .
Cs Ds Hodgln, editor, Hendbook of Chemist
Physies, ppe L36+500, '

31p14d,
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PABIE 3
A SUMMARY OF DATA AND RESULIS

PN P PO Known Cbeerved
Compound | ggéggg%ar{M§éz§§g ﬁg”ggtgga.?rmnaiﬁian Tranaition
i ' S " |Temperature |Temperature

Liﬂ@g 684 9% | 255 trigonal SETPE YL,
Hﬁﬁ% 85 +O1 506 8 ﬁz‘ig@ml Ty Y21

rhambaw
hedral

KNO3 1011 | 334 |vhombic | 126-130% | 131.8
hrgganal
AgNOg 169,89 | 212  |rhombie | 159.4° 16041
8r(NOg)z | 21265 | 570 cuble reves 1338
Ba(N0z)y | 261438 | 592 | cuble core 538,8
Pu(NOz)p | 331423 704 |eubic or snuue 379.8

MOB
¢liniec

bemg‘, Vol. III, D  L60.



CHAPTER IV
CONGLUSION

All the compounds that possessed transition points
between room temperature and the melting point proved to
be dimorphous, That 18, they existed in two dlstinot
erystelline forms ig this temperature penge.

Barium nitrets, strontium nitrate, and lsad nitrate
were found to have inversions of the type known as poly«
typys In gll three cases there was & sharp trensition
point whieh polnted to a complete rearrangement of the
erystal lattice,

Sodium nitrate end lithium nitrate were not observed
to pess through a distinct transition. Sodium nitrate is
xnown to possess & gradusl transition which is character=
iatic of the type known as p@lytrﬂpy¢1 At twenty degrees
Centlgrade the oxygen atome are fixed around the nitrogen
atom in sodlum nitrate. At 270 degrees Centigrade the
oxygen atoms ers rotating around the nitrogen atom. The
trensition ocours somewhere between these two temperatures,

It 18 pasaibla that & trensition of the palytypy class may

szﬁ. W, Barth, "polymorphic Phencmens and crymm '
gggﬁﬁtugﬁ The American Journal of Science, XXVII (April,
»

3l
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oceur below room tamperatura;a However, for sodlium nitrate,
ﬁiaSinkﬁ trisd to find a transition polint betwesn minug
fifty degrees Centigrade and 270 degrees Centlgrade and
Paliy Br&ﬁgmanh investigeted the material hatwaén twenty
degreea and 200 ﬂagreéa Centlgrade, Negatlive results

were obtalned in bathleaaaa.

Wo transitions heve been previously reported rnv
strontium, hariwm, or lesad nitratesg the tranaitien
temperatures observed during this 1nveatigatian wexre
between 579.8 ﬁégrags'cehhigradﬁ and 538,8 d&gﬁﬁ&# Centi-
grade, 3Such high tem@ﬁrntarag were to be expected for
divaient compounds, The éxpiénatianifav this is the
greater binding between the positive lon and the nitrate
group, which waﬁ induced by the greater valence of the
cation,

A higher trensition tamperatura wes noted to accompany
larger atomle welghts of the cation in esch compound,
Strontium nltrate waa the lightest divalent campaund
investigated, and its trensition temperature was l&wer;

et hza.a dwgraas ﬁmntigrada, Barium nitrateﬁ which wase

23. c. Emna, An Introduction to ggata hemist
PDs 255256,

33;‘%. ﬁallor, o ,rahenaive Tre
and Theoretical Qhaﬁis Y «

hmm‘

atlse of Inarganie
s Ps BUT.
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slightly heavier than strontlum nitrate was observed to
have & bransition at 5%8,8 dagraea Centigrade,

In the case of la&ﬂ‘ﬁitrate, which was the h@ﬁviest
of all compounds studied, e 1awar=tvanaitien temperature
of 379.8 degreecs Centigrads wag noted, The reduced
transition peint was a result of the greataf welght of the
lead stom.’ This welght overbalanced the strangthening of
the binding creoated by the incresse in polarization
described above and in Chapter I, Hence the tobal binding
force batweon the lead and the nltrate growp was reduceds

lio new transition points were observed for the
monovalent compounds studied, Without additional infore
mation no velld conclusions could be reached regarding
them, For more definite conclusions to be drawn an X-ray

study of all the above compounds would be highly desireble,.

Evans, op. ¢it., pe 22,
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