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In 1840 Perzeliust introddcsd the tera allotropy
o denote the existonge of severasl forms of an slsment, ae
distinguished fronm i%@ﬁ@?%&ﬁg which indicates the %ﬁi%ﬁ%ﬁ%@
of different modes of combination of %gﬁ%ivﬁﬁﬁﬁﬁrﬁlﬁf atons
of the same slements, He alse stated 2%&%:%%% diffarent
modifications of ﬁﬁ &i@@%ﬁﬁ‘gﬁﬁﬁﬁ% be explained by the
aisg W@?@w@@@ in the &rr&&g&mﬁﬁtﬁ of the atous, wut tﬁ%ﬁ the
%ifﬁ@r@ﬁﬁgﬁ‘ii% in the atoms themselves, %ﬁig wwmzﬁ i%@i%%%%
that the sllotropss would %@%@?é to thelr g&?&ﬁp’@?@ﬁkiﬁ

ghenical combinntion,.

In &ﬁ@%?ﬁ&ﬁﬁ$ %§%% %@ég&&?ﬁgﬁ %@@%riﬁﬁi~&%%
~@xigﬁgﬁ@@ of molscules aﬁ %lﬁﬁ@ﬁ%% %@%@@%@é of %@V%?ﬁi atoms
%@% aseepted, and t%@r@f%r% ﬁgfgalimgé ﬁi&%ﬁﬁﬁ%iﬁﬁ @@%@%@ﬁ |
1@@&%?@ and &i%ﬁ%fﬁg%@ hag lost i%@ %@ﬁﬁ%ﬁﬁ %ﬁ@ torm
&ilﬁﬁyagf is r@%&i&%ﬁ to @@@ 6 the @Ki%%@%ﬁ% uf %%ff@r@ﬁt
%giﬁgﬁzﬁaﬁ both @f zn element and of & %%E%@&fﬁ, |

Ostwald and Wernst %m%ﬁ their %fmimm of

7

allotropy on snergy @%@ﬁgg, while Benedick, Honds and Le

Chatelier used the discontinuity of forms, phases, end

physieal propertiss as thelr eriterion,

aAllotropy is then taken es a tera covering the
different gtates of matler and also isomerism, polymerism,

and polymeprphism,




-2~

The fundamental weakness %f all these definitions
is that they interprest the ?ﬁ%ﬁ%ﬁ@%ﬁ in teras of effecte and

4o not concern thewsslves with the ¢suses underiving %&@@,

Appsrently there has besn s tendency to exclude

polymorphism from the eatesory of aliotropy and Lowry>

‘ warns againet such %§$iﬁﬁi$ﬁg beeauss of the @@%g@%'ﬁf
~$$@3%§§ﬁ% w&&% &g?%&? to be %ﬁi?@@?§%§§ ehanges %ﬁ% ﬁ%i%k, ‘

2m r&&iiﬁyﬁ %?% isonme Pﬁﬁ %%&%g@%o

 The first observations of alletropy were made by

@%ﬁ%ﬁ@@&:?ﬁﬁﬁﬁﬁ% in %?%§3 §£ the case %f Garbon {ﬁiaﬁﬁaé‘%ﬁé

 §?&§%§%§§.7 ;ﬁiﬁﬁﬁﬁﬁﬁigﬁﬁﬁ ﬁi%ﬁﬁ?ﬁ?;&‘éiﬁ%&? hism in s&ﬁ%a&

‘ @h@%@%ﬁ%@,‘ﬁ&lyﬁﬁﬁg‘&%§ asrowie iﬁé&ﬁae Since %“%ﬁ allotropy

hasg beon noted in numsrous @%mg@a&é% &ﬁﬁ %1@%$%§$9 @é %Eigﬁ s

&%@%ﬁiﬁm is one,

| The early @@@x;gﬁ allotropy wae diseriptive in
;ﬁﬁﬁmrﬁlﬁﬁé‘ﬁﬁ @%%@%gi wus =ade e ﬁﬁ@%&éﬁ the yﬁ%ﬁ@@%ﬁ%q;;
‘ﬁﬁ@ éf the @%yi? &%aﬁ%gﬁﬁ to gr&*%ﬁ% & %@%@?@%%@%R %&&1@ for
aziﬁﬁ?ﬁ§§ was ﬁ&ﬁ% by “w&mﬁaw&&%& , Who @fﬁg@g@% a ﬁ@ﬁ @f
k'rai%ﬁ @%?%Yﬁiﬁﬁ he ggﬂ@rai %%ﬁ&?é%y ﬁf %5&%%?%@y, based en
'%ﬁ@ differences of physiecsl gr@%&ytzﬁﬁ; relative %@wﬁaz%r%%,

%%ﬁ a%@t ?%l%ﬁi§ﬁ$@i§$ associated with t?@ﬁ%ﬁ%iﬁﬁ ﬁﬁiﬁgga;

Lehmann®, from his observations of meny cases of

‘ﬁlzﬁﬁ?@§g,;glgﬁsﬁﬁiﬁi allotrople substances in the following

mann

or:
ii?gﬁﬁkagaﬁaag wﬁ@g@ ﬁl&@%?@g@& ars ?@?%?@i%&@ ;

or iﬁﬁ@?gﬁﬁ?ﬁfﬁiﬁiﬁ with %%&%@?&%&?%;



ééw

; (8) Those whose aii@%?@gﬁé are irreversible, i1.s.
conversion of one sllotrope inte snother tekes plsce in one
dirsction a&iy; the resulting allotrope being steble with
respeset to the other. He ?ﬁﬁ%ﬁﬁiﬁ@% the %E%E%@ﬁ@% of the
fransition point in the latter euss ﬁ& - o iying sbove %ﬁa

ized that the two gases were

melting point, and thus roecopgn

essentiaily the same. ﬁ%rrafﬁfraﬁ'%ﬁ the ?ir&% type as

ensntiotropy, and to the second type as ﬁ%ﬁ%%?@%&a

& 41a not ageapt I @%@&ﬁﬁis ﬁl&@%ifi@&%i%ﬁ
7

Tomnann

and baged %i@ ohjections @%iﬁiﬁ op his researches on i@ﬁp
He found that twaﬁﬁfﬁyﬁaﬁiﬁﬁ of Ice I iﬁtﬁ Ioe 11X bﬁﬁﬁ@ﬁm ‘

‘wﬁﬁﬁanﬁ »%%Q at o gr&&%&r@ of 2220 Kiiﬁg@@&@ was rﬁ@%?ﬁi&lﬁﬁ

~%ﬁ@ 1&%%@? f&rm&é @ﬁ gmﬁﬁa&ﬁ@ ﬁf gyﬁﬁgarﬁ, and thus r&gr@gaﬁ%aé'

an ﬁ&ﬁ@@i%;@f %ﬁ@ﬁgi@%r@gy,i; He found ﬁﬁ%@%@? %%@ﬁ it 3@% %Ei
was @ﬁ@l@ﬁ;ﬁﬁ =160° and %&%»yrﬁﬁﬁﬁﬁﬁ dsoronsed eysn as far as
&%ﬁ%@%@ﬁ@ﬁi@ %?@@QQ@%Q i% 4id not %?§&$?§?% inko Ies 1. E@y
| ﬁ%ﬁ% ﬁ%@%@ﬁ that %ﬁﬁ@%?@gy snd %ﬁ&f%i@%?@gﬁ wers fﬁ%@%iﬁﬁ% ﬁf
kg?%@@nr& and copsequently, @%ﬁﬁﬁﬁﬁ?ﬁ ﬁiﬁ@ﬁifiﬁ%ﬁi%@ %&% ﬁﬁ%
3%&%1?&&&%@. On this basis he considersd the relationship
%%ﬁ@@@ﬁ graphite and dlamond %@ be g@@siﬁig both %@ﬁgi@@@i@

%m@ @ﬁ&@ti@%?ﬁéiﬁ gince the coumplete %ﬁaﬁiiiﬁg gurves %@ﬁ%

not %ﬂﬁﬁﬁg

Tammerm ascordingly offersd g new @iﬁé&ﬁ?%&%@i%ﬁ
based purely on thermodynemies. As his eriteria he used
indientions of tutsl iﬁ%%&%iiiﬁ$9 to which he referred as

monotropy, and indicetions of stability ag %ﬁﬁﬁ%i@%f&gy, 




AB & &%&%ﬁ?ﬁ of stability %@~a§§§% the G- %@%&%?&%ﬁ?%ﬁ’
pressure surface, where O was %%@kﬁgﬁﬁgﬁﬁyﬁaﬁiﬁ g@%@ﬁ%é&i,
& fﬁﬁgﬁiﬁﬁ,ﬁf‘grgﬁﬁgrgg teaparature and @@%@ﬁ%i%iéﬁ. This
surface gave the erder of stability of 2&% éifﬁ%?@ﬁﬁ‘%ﬁaﬁﬁﬁg
the unstable phase %@ﬁﬁ%%ﬁiﬁg a gr@@%ﬁ? S Wﬁiﬁ% %ﬁ&ﬁ ﬁk@

_smtable gﬁ%ﬁﬁw

ﬁ%@iyiag/%ﬁg g4* @&?f&@@ a8 %ﬁ% ﬁ?ii@?i@ﬁ aa
g "ﬁiaﬁgifiﬁﬁ &11@%?@@& @k%ﬁamgﬁa into %@@ ﬁl@%%@@% ;
(1) The € - gurfaces of the twe furmﬁ do ﬁ&ﬁ in-
%ﬁ?@@@% &&%@? ?@&13@%@1@ g?ﬁ@%ﬁ?@w%ﬁﬁﬁﬁﬁaﬁﬁfﬁ a#ﬁﬁiti%ﬁﬁ %ﬁ%
ﬁ%&?&f@? one fﬁ?% is &Eﬁ&?@ aa%%%&i% @i%% ?&fﬁ?ﬁ&%ﬁ o %ﬁ%
. other, . ; L
| {2 The £~w5§grfﬁ%@ﬁ~iﬁ%ﬁ?ﬁ@ﬁﬁ7§ﬁ %@%@@ rﬁﬁﬁiﬁiﬁg~

ina %ﬁrv@ %hi@%;ﬁ%@ﬁ @?ﬁﬁ@@@@% %ﬁ %s% g?@ﬁ%&?%*%%%?@?&%&?%

ﬁ&&ﬁ?&&, ?%§?@%%&%ﬁ the %yaasiﬁigﬁ CUrY .

; %&mﬁ@mﬁ @?f%?@ some %X@%?ﬁ@@ﬁ%&i %?ﬁ%%fﬁ& f@? %&%
@iaasifia@tiﬁa.g %&@g BrG ﬁ%i@fl&, %ga ﬁﬁ%ﬁi%%ﬁ %ﬁﬁ%i“ég@
:&f the agaili%?ium Gurves, th@ iﬁ?@?ﬁﬁﬁ@& &f @%i@% %@
iiia%ﬁr&t@é iﬁ the caesé of lce, aﬁ@ if this is not $x§&§i%§mﬁally

&?&i&@%&%; the r@i&tig% %%%ﬁiﬁﬁﬁﬁﬁ of volunes and heat gﬁﬁ%&ﬁ%ﬁ

*é £?§&%i% ﬁ%ﬁﬁié%?&%iﬁﬁ% he

of the forms, By moans of the
‘1ﬁié ﬁ%@%.iég f@ii%ﬁiﬁg @ygaifiﬁaﬁi%ﬁaﬂ If the heat of f@ﬁiﬁﬁ |
of the ﬁﬁﬁ%&%k% form is greater than that of the stable fornm, |
8t the mﬁi%i
‘;ﬁﬁﬁﬁiﬁ m@ﬁ%%%z@ at %ii %%%%@?%ﬁﬁ?@@ below 1ts %@iﬁiﬁg

point of the fﬁ?@@?; then the former form will
P iﬁ‘gs

  %§ %@%_r&%gr@% iz true then %&% unsteble form will b stable |






' at %@ﬁ% g?@&%arﬁ %ﬁ@ ﬁtﬁ%ﬁ%iﬁg will be

!&-ﬁ%@;

:‘~§?ﬁﬁﬁﬁ%& z%@ %?&ﬁﬁi%iﬁﬁ g@i%% %f f

kﬁ  ﬁ@@@tiﬁé&g %ﬁ@ @ﬁ&ﬁ%@ﬁ wi%ﬁ rise iﬁ gﬁw&g%?@ @f %b% 3?&%&3%1@@ ;

kﬁaiﬁﬁ amﬁ %f the ﬁ&itiﬁg g@ia@ @§‘§$i§% §§, z% i@ iﬁ%%?ﬁﬁﬁéfil

at some %@%ﬁ5?ﬁ@ﬁ?@ %%iﬁ% %%@ m@iﬁiﬁg points If the fmf’f‘

of %&% @%ﬁ%ﬁ%&ﬁ fé?@ ig greater at low pressures than that of

. %&@ ﬁ%ﬁ%ﬁ% f&?&, then iﬁ ig gr@%&%lg %ﬁ%ﬁ the Q%@ﬁ&ki@ f&r@ _kk

'@zzz ?@%@i% 80 aﬁ all @?@ﬁ@ﬁ?%ﬁg if ths ?%@%ya% is t?ﬁ% then

?a@%?ggﬁ, ﬁ@ ﬁﬁﬁ@

‘;i.iﬁﬁiaaﬁﬁg %%&t if ﬁgg ?@13%@ ﬁf the ﬁﬁ@ﬁﬁ%i% f@?@ i@ &?@%ﬁ@r

‘:%u% %@ ;ﬁﬁﬁ% @f fﬁﬁi@& g %;iﬁrg oy if %ﬁ@ r§v§y$@ is %?m@;

2o iﬁviﬁﬁﬁﬁﬁi&gig i@ ﬁ@% %@ be @ﬂy@%@@ﬁﬁ o

%ﬁ&ﬁ%i@%@%§g and @*ﬁ%ﬁ?ﬁ@? @& ﬁﬁfiﬁﬁﬁ by %gﬁﬁﬁﬁﬁﬁ

~fa§ﬁ the @ff%&ﬁ of @f@@ﬁﬁwe on th&aaxeﬁi&gﬁ&@&%iﬁﬁiiy

: l fr%$r@%aﬁ$@é iﬁ ﬁiguW@@ 1 &@é 2. Xﬁ ?ﬁ%&% fig ires ﬁﬁ ?gw“‘,_kk”

‘ ,ﬁ% i wiiﬁ 11,808 o

| kaaﬁ %g %@% ?@ﬁ@%@%i?@ ﬁaitzﬁﬁ ?%iﬁ%% %f tgﬁ %@%&@%&%i& &ﬁ& -

k; ;%@a%iﬁ f@y@.k: @?@%ziﬁfgr@ 2 it way e %%%ﬁ.%%&ﬁ ﬁﬁiiﬁ i i@, :
b %%%@ﬁ?&%ﬁ?@ﬁ up to it &@iﬁiﬁg g%iﬁ%; ﬁ@%&ﬁﬁ&@l@ @i%& |

?@?&@%ﬁ to a&ii& xz.

g% ?igﬁ?% X %W@ﬁ %%ﬁ‘ mﬁ %g ?@@?ﬁﬁ%ﬁ% ?aﬂ

;;ﬁ@ ﬁ&%@ txgxzﬁ‘%®$§ﬁ %%??%& iﬁt&rﬁ@@% a% %&ﬁ% %@iﬁtg $#§§ﬁ Ex

%i&i ﬁ%ﬁﬁ@ %% %ﬁ%ﬁ% &% ??%%%@?%ﬁ &%@%@ the @@i%% %i iﬁ@%@&%ﬁ”“k

?iggr@ ﬁ %ﬁ?@% ﬁg

‘ §12& riﬁ% in §r§¢awx&, %ﬁiﬁ@ %%% ?ﬁ@@%@@%i%ﬁﬁ %ﬁ??@ ﬁg t% o

‘ﬁﬁﬁﬁﬁ %&@ %@&ﬁg@ ix_%%%~%?aﬁ$ﬁﬁi§ﬁ %%m%%ﬁ&%&?@ %f %ﬁli& Z

if:::;‘ i&iiﬁ~zz with rise iﬂi§?@$$%?$§~ ﬁ%ﬁﬁ%ﬁﬁg %ﬁ&ﬁ ﬁ&asa






- T o

segessing the most symsetricsl

tropes ., ol the configuration »
fistribution of the charges is the sl ble ons, The %ﬁ@%iﬁggﬁm
tion of the possible modes of {resdom of the sntomes should

rendsr 1t poseible to indicats %%@ senatitutionsl formilaeef
allotropes, and to ealeulate the usximen gusber of alloetropes

0o BE i% 3; @ @

Thess poselible modes of freedom in aveordence with
1isted: |

the wmasber of charges are now
{1) Inert gases should not exhibit slletropy since

tholr valences are %ere,
| {2) vonovalent elenents mey exist in twoe poesible

senfigurations ' L
, fa) & forn with 2 fixzed walence — e

(B} & Torm with a free valaence -
(B) A éivelent elenent way exhibit twe foras:
»
(a) & fixed valence form //\\

[ 4

{b) & freo valence fora

{4) 4 trivalent elesent may possess two sunfigura=

N A/

tions: | |
. {a) ] sad {b)

®

{8) Tetras, pents spd other polyvelent slesents

may exhivit three foras:

{a) & saturated snd rigidly fized fovm )

pusessing three

€ —amrmmmacnn- §

{8} an wssturated fura, p

or more Figed valencen, sad #%ill rigidly fixed

{e) an ussaturated stom possseging two ‘

or less {ized valongen; snd oopsassin

) . 6 —
2 the power of \

rotetion.




In the discussion to follow wention will & made
ef unary sod %ﬁ%ﬁ%#'t%imyg aystoms sud 1% ig thersfors advias
able that definitions of these two terme, and torus @ﬁﬁﬁﬁﬁtﬁé

with thenm, be snde,

& vne cowmpenssl Or unary eystes Is oune in whieh
only one iudependently varisble eonstituent is present, and
in the sane wey, & two somponent or Binsry systen hes two

independently veriable constitusnte,

A phass way bo defined as a body in 1tself howoe
genedus, but marked off in space and separsted from other

 phasss by Bourding surfases,

The stats of & system 1§ defined selely by the
susber of cosmponents and by tha number of phases prosent] and
therefors & one coumponent system way vonsist of ssveral
different kinde of melecuies in equilibriuvm. If, however, the

squilibrium is slow in {te attalament and messurements sre

made befvre molesular equilibriue is stiained, then the systen
represented by thess measurcments is a pssudo-binary,
peeutio~toranry , stc. system, depending on ths musbsr of
spacise of ﬁ@i%@ﬁi%% that bave not reached woleculsr sguili-

wrius in the syaten, 1o



In 1897 Duhenld developed a theory of %§%f@ﬁﬁ%ﬁ% ‘

ghanges” %ﬁé ﬁ%@ﬁ%%ﬁfﬁii? &ﬁﬁiiﬁﬁ this %%%@?? to %%@@?ﬁ@%i%ﬁ

‘°$ﬁ£§§wr. %&ﬁ%?ﬁft%ﬁ and %@%ﬁﬁ%ﬁ%@ig nade g?@%%iﬁ%i ?@ﬁ?&ﬁﬁﬁW 
k4£§&iﬁﬁﬁ of this ﬁﬁﬁﬁfg a8 &gﬁli@@ %@ ﬁﬁ‘iﬁiﬁgﬁ%l %@&iii@?iﬁ%
in %ﬁ% ii@ﬁiﬁ~$§&%@. ?ﬁ@ir %ﬁﬁ§§%ﬁﬁ%& has §$§?@ﬁ;%§ %@ ﬁf

“ §?$%i im@%?ﬁ&ﬁﬁ% @?ﬁ will be @?i@iiy ﬁiﬁ@ﬁﬁﬁﬁﬁ in Wﬁ%ﬁ

§§ two @amﬁﬁmﬁﬁﬁﬁ =¥ &%@ /9 iﬁ ﬁ%@ zx

gaiﬁ gﬁat@fﬂ

. are @t%&ié@?@@; %ﬁﬁ if the %%ﬁiiiﬁriﬁﬁ @%ﬁﬁiﬁi@ﬁ 4 = %5

‘ki@ i@t?&ﬁaaaég §§%§~ﬂ@?%&11? %ﬁ@ g%@%ﬁm %i%% @%ﬁ%ﬁ@ &% @ %ﬁ@

 '%&%§@ﬁ@ﬁ% ﬁ?%ﬁ%&a &f;;ga%sﬁ%yg a %&a% f&@%@? is i@%?@%ﬁﬁ@%g

: k‘kﬁ 180 %&%?% are %ﬁf@% gﬁ@ﬁi&%iiﬁiﬁ% %ﬁ %ﬁ @ﬁﬁ@iﬁ%f@ﬁ;1    ~‘~

{1 ﬁﬁﬁiii%@ﬁ%& is ﬁﬁﬁ%iﬁﬁé i@@ﬁ%ﬁﬁaﬁ@@ﬁgiye -
- i£§ ﬁ@ﬁiii%ﬁi%& i %ﬁ%&i%@ﬁ in 2 @&ﬁ&&?&%&$k 

“ ‘§%&%@& @f time, : | L
| i%} @@% &g@@@ ﬁf &%%&i%&%ﬁ% @f %@ﬁili&?é%@ iﬁ

fﬂgr&ﬁﬁiaaiiy ﬁil @% %%m§@r$%u?%ﬁ 3%%% above %ﬁ@ f?@%ﬁpﬁv ~
‘g@i@ﬁﬁe |

in %ﬁ% ﬁifﬁ% %%%ﬁ t%@ @y&%gm‘géii %@ga?@ iﬁ %21

 \1$§%§@&ta BE & %ﬁ% &ﬁ%ﬁ&ﬁ%ﬁ% ﬁgﬁ%@%.

w@‘§?§%%%,%%§ set as & two

ﬁﬁ %ﬁ% %%ﬁ%ﬁﬁ ﬁ%ﬁ% %

¥ be ﬁi%g?%ﬁﬁ&ﬁi%ﬁii? ?%ﬁ?@w%ﬁ%%{;  

: %éﬁ%ﬁ 2&@&‘{% %F@%%% ﬁﬁi% we

. ﬁﬁﬁﬁﬁf&%ﬁrﬁwﬁaﬁgﬁgiﬁiaa,%iagyaﬁ igigﬁr@ ﬁ}. I




-




two $§2§§~§yj@%£~%ﬁ g@gﬁiﬁiﬁf%*% two liquid phases iﬁﬁ%&%iﬁi@,~
the @i%ﬁf&%;%iii gousist vholly @f survae Ab %ﬁ% BDy wher -8
rﬁgféﬁﬁﬁﬁﬁ ﬁ 6 ﬁ@ﬁ%@@i%i@@ &f %ﬁ@ iigziﬁ in %ﬁ%iliﬁ?ﬁﬁ% ;
with purs aﬁzié & %ﬁﬁifiﬁﬁ%ivxnﬁ% ?3?%&%& %@ﬁ%@?&%&?%@, |
%&f&ﬁ% sompoeition of the ii%&iﬁ in @g@i;i%rigw with pure
f@&iﬁé <} ﬁ@%ﬁfﬁﬁ%%%%ﬁ; and D ?@g?ﬁ@%ﬁ%% the &%%&@ti@ @%

 @%1@& &@ﬁ@i%iﬁﬁ% %ﬁtﬁ«# aﬁ&/f’ﬁgiiﬁﬁ ﬁﬁg axia% %ﬁ %@miii%?iﬁ% R

with 1%2;?1%{%& 1t however the 1iguid ﬁ@miﬁ%g of ‘two

‘ﬂaizfiﬁﬁ%iﬁﬁ% iﬁ,éggiliafiﬁa a@&~t%@y are iﬁ%%ﬁﬁ@ﬁ?@?ﬁiﬁiﬁaf;u:‘ Ll

there will be & curve ?@%ﬁ%ﬁ%ﬁﬁiﬁ% %kﬁ& stote of @@1%%&&&?
:t‘%ﬁﬁiﬁiﬁ?iuw, which %&? %% obtained iﬁAﬁﬁ% f@il@%iﬁ? %&ﬁﬁ%r* :
".:Kf pure ﬁ%ziﬁ c& is raiﬁ@& o a %%ﬁﬁ%ﬁ&%ﬁ?ﬁ %o ﬁﬁ% &@g@ at
[‘%Ega;%&ﬁgafatﬁy% ﬁﬁxii @%ﬁiii%?i%% is &%ﬁ&iﬁ%@; @%%@ c( ;
j@@éifiﬁaﬁiﬁﬁ will %@ @&ﬁv@rﬁgﬁ i&t& ﬁ3ﬁﬁﬁifizﬁéiﬁﬁ, @ﬁﬁ %%@‘
-&&wﬁﬂai%i@ﬁ @f %%@ iiﬁﬁiﬁ will be Egﬁ : zf %%@ twgw@?%%gr@

34 %%@ melt i% raisgﬁ %@ %g %mﬁ %@g% ab %&aﬁ %&ﬂg&?ﬁ%ﬂ?%

until @gﬁ%ii%riua is ?%@ﬁ%ﬁ%g %ﬁ%& t%@ @ﬁﬁ%@git§@ﬁ4%f‘%ha

"~&§1ﬁ %izi be ?%g?@ﬁ%&%%ﬁ %? Xg@ and ai@ilariyg &% &ﬁﬁaﬁa&a?k~  ;fffti

a@&iiﬁ%&iaﬁ %@% %@&&éﬁiﬁzﬁﬁ/@f té% 3i%ﬁiﬁ at ?&rixég ‘ ;
k%@m@ﬁ@@%ﬂ?@% &%@?@ %1 will be ?@§r&@%§%$@ %y the ourve

Xy %g X3. The ﬁi?@%ﬁi%ﬁ;ﬁg %i@gr,&f this ﬁ%?@% @%ii %%%ﬁﬁﬁ

on @E@%h@? ﬁ&@ ﬁ%ﬁ?%?ﬁi%ﬁ @f A ﬁuéifiﬁ%ﬁiﬁ% i@%@fﬁ
ﬁﬁﬁifié%ﬁi@ﬁ is acoon ,W#*%\ﬁ? %ﬁﬁiﬁti@ﬁ %i -
heat, Xf tﬁ@ f@rﬁ%r is traa t%@ surve @ﬁi& glope t@ the jik

iﬁ She 1&%%%? @ﬁ%@g %@ %%% l@fﬁ@ | xf &h ﬁ?& is*f

| rigg%*%@ ’ &ﬁ;
km@ ﬁ@&% @ff@gﬁg %ﬁ@ ﬁ%ﬁ%%i%ﬁiﬁm %?%%@?ﬁiﬁﬁﬁ ﬁﬁii %@ iﬁé@m‘i
g%ﬁﬁﬁ%ﬁ of %ﬁ% %%%gar@%ur% and &k @?%fﬁ?% %ﬁ@ @ﬁ?@@ wizi e

?@yiiﬁalg ?ﬁiﬁ BUFVE s %j &49 i% ?@f@f@%@ %@ &@ ?@g@ﬁﬁa&%isa



e

natural state,”

for the iiéi%iif%, the

if 13 3@ ?@%?%&%&%% the stete of homogencus

'agﬁiliﬁfiam in the &ig&i@ phase then Xy, must be the

frptural® freesing g&iﬁﬁ of the ﬁ@iﬁ; that 1g, 1%t oust waw
 present the é%&g@%iti%ﬁ of the melt which %i%i be in a g%@%@
ﬁfkiﬁ%%rﬁal~@%ﬁ§1§%giaﬁ'%ﬁﬁ al8e, in @%ﬁiiiﬁriﬁm %i%ﬁ pure
801id o . The stoble solid form at a %@%@@f&t&?@ in the
‘~§$igﬁ%§?§ﬁgﬁ of the m@iii%g‘?@iﬁgg ig the fﬁ?%»%%%@% will

k‘%& 3% &gﬁiii@ri&% wi%ﬁ t%@ melt, at its ”ﬁ@%&?&iﬁ f?@@%iﬁg

gﬁﬁiﬁ‘%e

%r@m the @@@v@ ﬁia@a@gﬁ@& ??@ﬁi%%%@ﬁﬁ a8 to ﬁha
 %@@&@§§@<&€ the systen ﬁﬁﬁ%? various conditions %&? be mads,
1P ””gﬁ ﬁ%lﬁé‘* is heated %ﬁg@é&?'ﬁa that it melts bafore |
w~aﬁ§ %gﬁ?&?ﬁi@ﬁ of o modification into =2 @ﬁﬁifﬁ%&%i@ﬁ %&%@ﬁi
'fg%%ﬁ&g §%~wézi melt at 4. If the melt is kept at this '

temperatare for some %i%%‘%?§ §%%ﬁ @@@1@%; %ﬁ%’@%&% wéiz
%&%iﬁ to f?@@%@ at ﬁ i%%%? @%ﬁ?&?@%ﬁ?ﬁ; %@af@%%ﬁ%@ﬁ by some
g@imﬁ along eurve &?3, ‘ ?%& %@%&& of thie i@@%?iﬁ§~&ﬁ %ﬁ@
eonversion @f some of tﬁ% o @@ﬁi@i@aii%ﬁ iﬁﬁ@,é?
~@ﬁ§§§i%&%§%ﬁm ?&i@ same is g?&@ﬁiﬁ%iﬁ? F%@?@%%%ﬁ%& by
%ﬁ?vgk%%*.‘ Similarly if the melt is kept at %%@ﬁara@wf@ A

until @@&iiﬁgrﬁa& i@ aﬁ%&iﬁ@&, the i?ﬁ%ﬁ?sﬁ @@%ﬁ% ﬁf *ﬁi%

q&i@%iy %@@i@é %@E% @ﬁ@a&ﬁ iﬁ@ @@ﬁawhera aiﬁﬁg ﬁlﬁ, %&ﬁﬁ&ﬁ%
Bow 5 %ﬁﬁvﬁﬁkﬁ ig kept at %@mg&f&%%rg %g for a great length of
time and equilibrium §$ &%%&§%§65 and then cooled very
slowly, the melt %i%§‘§%§§ﬁ §$ freeze at Tye 1t %ﬁ@ rate

%ﬁfﬁrﬁgﬁiﬁg~i% &i@§3‘§k$ %$2% will freeze %&@%@%%@?:@%f*-



-1z~

temperature T;. 1If the rate of freezing iv comparatively
rapid, the freezing temperaturs will drop along curve ID

~until D is reached; and at this polnt the temperature will
rosain %ﬁﬁﬁﬁﬁﬁﬁkﬁﬁ%ii the melt f@%@g%& @%&%2%@%&?; Hhis

due to the

gontinvous lowering of the frseszing point i
faot that the o <%@éi§§@§tian solidifies faster than it is
formed f?@%r/<3 and thersfore the melt %@%&%@@ ri@%&? m;v:
richer in A2 @@ﬁﬁfi@m@i&ﬁ until the %ﬁ@%é%i% is resghed

at which hoth forams solidily %i%ﬁi%@ﬂ&@%ﬁlﬁ; and therefore,

at 8 constant %%ﬁg&?%%ﬁyﬁ.

%é%&&&@iy 4t purs %&3@%,4? ie heated rapidly it
%iil melt 8t B but the fr&&%éﬁg point will fall gx %ﬁw&%&?

dus to %&@ f@?@%ﬁiﬁ% of %&%‘D{iﬁW§§fi@%%§@ﬁ,%ﬁﬁ the @@%@ﬁ%i*

tion 0f the melt %i%i g&ﬂ& %E%ﬁ% the Surve %ﬁ, - If the
é@@iﬁﬁ& is si&w and. éﬁ ﬁg% %qa%li%?iam is @ﬁg&%ﬁ& of
%&%&%ﬁigﬁiﬁg toelf ﬁiiﬁ gﬁfﬁiﬁi@%@ ﬁg@@ﬁg ‘the ﬁ?@%%iﬁg
;gﬁgaﬁ %i%% bagin %o rig@ again, éﬁ%ﬁ& yaaching %;@%@~

ng the @ﬁ??ﬁ DX, The |

ﬁxﬁ

somposition of the melt will pass ale

f?@ﬁ&iﬁ§ §&iﬁ% will rise uutil the "natural® ﬁ@%a&iﬁg Do

18 resched, and there %ﬁliﬁifiﬁ%%iﬁﬂ will take place ﬁ%
;ﬁ%ﬁ@g% %@ﬁ@%#ﬁ%ar@g

~§a this manner @@lﬁiﬁg %ﬁiﬁ% ﬁgtﬁy%iﬁaiiaaﬁ of

&?ﬁﬁﬁ%%i% ﬁixt&r&@oﬁx

a6 éifiﬁ %i fons will pemit

%%%»ﬁﬁ%@?@%ﬂﬁ%i%ﬁ of the &i&g?&@, #ud from the diagram the

&%ﬁil§§?iﬁﬁ melt ean be ﬁ%@%?@iﬁﬁé %g

somposition &f any
gimply finding the %%%@%F%%ﬁ?@ﬁ at w&iwﬁ ﬁ@iiﬁifi@&ﬁi%ﬁ ‘

?
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beging on guick cooling

The ease %%§%~%ﬁggﬁ the phenomencn may be studied

is obviously proportional, te a limited extent, %ﬁkﬁﬁﬁ

slowness of eonversion of one mudification into the other,

‘ The third cass to be %ﬁﬁ%i@%?@é is ome iﬁ which |

| transformation of one %%ﬁiﬁi&ﬁ%%%ﬁ<i§%% %%%'§%§§?,~§@%% ﬁ§%
ooeur in measurable length of time, in the aﬁigﬁgﬁr§@$%‘§£  :
the melting point. Flgurs 4 represents this case, 1In this
and ﬁ%fi%é&w be ﬁxz’z%%réz%maim realized |

eass the eurves
with great ease sinee o and /3 ‘modifications will remain
_%ﬁ~%%%%?‘&f§§%ﬁ&i %ﬁ%ﬁ%ﬂ%ﬁ%g'&f%%w foaion.

it ?g 1s the lowert ia@;&%&ﬁayg at ﬁ%i@@ r@?@?ﬁi%z%w
~%%ﬁ?$r$i@m\%@§ &@g% g&a@a %i%% &%&ﬁﬁ?&@i@ ﬁg&aé the eurve .
@f’%%@ ﬁﬁﬁtﬁ?ﬁl &%@%@ﬁ %@1@% this ﬁ%@%ﬁr&%ﬁf& wii& be
hypothetieal and its %ﬁ@gﬁ%é%i%& at ?&rgamﬁ~%@m§@f@%ﬁ?ag
above %g wiii %@ r%§¥%%%ﬁ$@§ by Bg Xg. at %%m%%f&%@ﬁ%$~,
v‘%ﬁlﬁﬁ Tz ﬁﬁ?@ iigaié‘c( ig %ﬁ%ﬁg?@ to ﬁ%ﬁ@ygﬁ chans %ﬁ @ﬁ
that fimlly a point on the eurve Fip is reached and -

%iﬁ%i&?&? pure 3&%%%% j<§§§£ undierge some conversion
c:E e %%@% the @@%iiiﬁ?ﬁﬁ& melts will %&%@ @%&%&%i%i%ﬁﬁ
?&g?@%&ﬁ%ﬁﬁ %% e@iﬁta 31&&@ EgH. At t%mg@r‘tar&@ %@1%% %, ,
%%%% A and
pure ﬁ%@%@ﬁg‘ ‘the &%@iii%ﬁi?’“

2 ﬁ%ﬁifiﬁ&%iﬁﬁﬁ will remain in their r@ﬁgﬁgiiﬁgkk

?@g?&%%ﬁﬁ%ﬁ by liﬁ%ﬁ 5 €8 aﬁé

o the equilibrium 2Hz0 % 2Hpd

BXg are analagous 0 g, at

 low temperatures, and is referred to as Yfalse equilibrium,”

In the ease of & pseudo-ternary ﬁyﬁﬁgm;“

to liquid



- gg‘“ 

thig theory would aleo be spplicsabis.

gquilibrive eonditions the syeten will behave ss & one

nent systenm, and if assssursments are teken befors loner

gguilivrive iz seteblished the syates will aet am & ternary

graton,

The veriflestion of this theory bas boen earrisd

out by wany

workers snd consequently the theory has been

uged to g@gﬁ%iﬁ s sl out of the

uy phoncmens whish ses

ordimary., zinekel® y
d that the o socdificstion melted at 1889 - 1930

and foun

snd wpon heating et & feupersbturs sbove the %ﬁ@%iﬁ% g@iﬁ%§ 
the freeslng peint first fell and then rese to 160° - 165%
after which 1% dia

pot shenses no weiter how long 1t wne

%@&%@§;~1

This theory %ﬁ% slso fourd spplicablse to studles

4 carvethl? on scetaldoxime,

=
i
g
®

made by Dunstan apd Dyoo

which ﬁ@ﬁ%i&%@ﬁkgf twe fsgmars < A in dynemie

equilibrium,  The X forsm was found to melt at 34° - 350 ¢
‘and the 2 forsm at 130

1le ot BLY%26% snd %1s the "natwral froesing point” was found
to be at 87,79, v

¥ ¢, The eutestic D was fourd to

They alvs found the "natural state® surve

%o be 8 vertiesl line,

Reforsnee sheuld slso be made to applicativns of

this theory msde by Cohen™ of density

to metals, By means
and elsetro-chemleal nmessuromerts, he wan sble to deteet

the presence of allotropes In wetals sueh as potassiva,

tohmannl? atudied stilbens dichloride



dium and tin, end thus disproved the

 @$§&i%%@‘§§%§§ lesd, s
%%liéfg'gﬁﬁﬁfﬁi up to that time, that metels had no alle-
tropie forms. This conception, in Cohen's opinion, wase due
to the faet that %?@&$§§§E§%§§§\ﬁf allotrepes into one
gﬁ@%&@r is 80 %x?r&&ﬁlﬁ ﬁi@% and rard to detset, that only

ﬁ§~@ﬁ?%@i% a%@%%%% can the ?@&%@ity @f %?ﬁﬁﬁfﬁfﬁﬁ,

by employl

tion be usads &g@?@@i@%@gg He @%&%@%ﬁ@%ﬁgy %ﬁ%ﬁ%ﬁﬁﬁﬁkﬁﬁ%ﬁ

" the metals deslt with up %@~ﬁ%ﬁi'@§ﬁﬁ‘ﬁg?$ really %ﬁ@giﬁgﬁﬁaﬁ o

~%%ﬁﬁ§%&%i% ﬁgﬁﬁﬁﬁﬁg in which the amounts of the ?ﬁ?i%ﬁ%

>’%$§i§§@&%§§%ﬁ wers uﬁ&%fi%@ﬁ* and g%%y%f@f% the %&gﬁiaﬁ%

eongtants ﬁ%%@iﬁﬁﬁ f@p those m&tﬁi@, and %ﬁi@% @iﬁ n@% refer
tﬁ ﬁ%f%ﬁ@ﬁ %@ﬁﬁi%i@ﬁﬁ af %%@ metale, wers iﬁmﬁ&%@%ﬁ&iiy

w@%ﬁ%%ﬁ.

|  The hypothesis, ﬁgﬁﬁ;%ﬁi&ﬁ the ﬁmiﬁﬁ %ﬁ@@?& of
%&iﬁﬁ?ﬁ§§g§§ based, ﬁ%ﬁ%i%%ﬁ‘%f two parts:
(1) Ev%?§ gﬁﬁﬁﬁg @&é ﬁ?%?@f@?@ every ﬁf?%%%iiiﬁ@

x §ﬁa@%, of &ﬁ &iiﬁirﬁﬁiﬁ gﬁkgﬁ%ﬁ@% ?ﬁ%?%ﬁﬁﬁ%% & g%

under certain eircunstances can behave as a }%;y§$§§§ﬁﬁﬁ%
pheses " Lo ¥

© (2) Tho causs of this behavior must bo assuued to be
 coaplexily, %%ﬁ% i§§;§§% existense of different molecular
spesies which ars in fnner equilibrium when the system

behaves like & one component system,

For the purpoee of illustrating the behaviour of

&/%ag1§%@§ﬁ§$§$ system as i%%%?%?%%%ﬁ‘k?‘%ﬁ@‘%%g@?y of









8 ﬁi

‘ §§ﬁ%%% %h@ ﬁ?@%@ﬁ%% ﬁf @ g@@g&@«%iﬁ&ryg gﬁ&ﬁéaw%%?ﬁﬁgf

fﬁ§@ﬁ@$.

x%%? %@%@%f@%ﬂ?@,%ﬁﬁ%ﬁrﬁﬁiyg i; gﬁg% & g?%ﬁ@%@naaagﬁﬁyﬁ”

¥ OB ﬁk@ %ﬁﬁi% st the %%%&yy put foreard by { &%ﬁ&i %@
%K@%&%ﬁﬁé @g & éi@ ?ﬁ%“&%%i%ﬁ?*%@ ?ig;'ég ‘

3%&%@ ﬁ%&@?ﬁ iﬁ %@@fﬁfﬁyﬁ fﬁﬁﬁ&ﬁ%ﬁ%%&lﬁ ﬁ%%&%&&% ;

kaimizﬁr %@ %ﬁ%ﬁ of %&%ﬁ?ﬁfﬁ aﬁ% E@@%@%&%&,k 1% @?%Eﬁﬁ% %h@ |
@%i@k@ﬁ%@ wf an iﬁﬁ@? @ﬁ&iiiﬁ?iﬁ@ i% %ﬁ@_iig@iﬁ %%@t% t@ &&@:

.  §@ _§f$%&%%, %ﬁ&&ﬁiﬁg gi%@, %ﬁ@% if %fﬁ‘wélﬁaity @z %ﬁﬁﬁﬁiiﬁﬁ*

ment @f @gﬁiii&?i&@ i@ ai&% %%@ﬁ%&g %@%&ﬁ?ﬁ%ﬁﬁ%& %%ﬁwié i?w L

ete.




| Seleniun was first aiscovered in 1617 by Berselius®®
;“st the an}ﬁgmrie mié works at i&ripﬁmm. He ziéti%ﬁ tﬁaﬁ

| ir gw'i'kea from & gertaln sourcs wae maﬁ, a meuiiar mai&a#
. was. 1&%’&; and this faet caused him to investigate this

. raai@%, He found it to contain an_slement aimﬂar ‘ka |

, tellurium axxﬁ mwﬁw .m&mmé if&ﬂ@lﬁﬁiﬁﬁ. o o

ﬁﬁlmiwa n&:a sulgﬁmv &xhihits the g;myar%y ﬁf

. aiiia‘&i'éw. | Berzelius®d weawimﬁ a non-erystaliine fam,
fwmﬁh on hesting softens befors mitixag, Bored amrgmﬂa

mriatm " Wwi gwy arymmlim S’am, and a Maak @ryataiwv

B lim farﬁ.

Won Schaffgotsch®d and Hittorf25 shoved tiat the
aﬁw&. grw mﬁ wa aw&ﬁauim fwm were ram.y one am«- o
ﬁﬁ*@ﬁﬁc |

o ?aﬁ&mm ‘Mliwaﬁ %h&% mim&m m&ll.y www in
timm fw:aﬁz L
| ‘ - 23.) tha margimae z‘am .

* (2) the red erystalline form

| {3) %&m grw&wﬁ"&&i‘iw form

| . kb g? * hww&m ia&iauﬁa& tixaﬁ th@m are. %m&
‘tax.}.iaa f‘amﬁ af aalmim. ' ‘mmr are 'ém rm& mmuam

| fam mﬁ/ grey. trigoni fam.

- Kwinth% imwtigﬂaé red wyst&l lina aalmmﬂ
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nd found that 1% does possese two forss, One fTora is

igomerphous %i%& ” &ﬁiﬁﬁﬁrg while the other is not,

29

Sehultz™” established the existence of sclleidal

gelenium,

saunders3C and Buthmemm® attribute to selenium the

- fellowing forms:

{1 @i%ﬁiﬁ selenium

: {a) vitreous gelenium
§%} eclloidal variety

¢} smorphous form

- {2) Crystalline red moncelinie selenium
&) isvmerchous with N sulpbur
(B} ﬁ%%~i$@@ﬁ?§ww s with ™ sulphur

M

%

S

i%}‘@rgy'm%%&%ii@ %fﬁg@h@.ﬁ%i@%iﬁ@

i % 16 fi@%% %ﬂ% g¥$@§% ara ﬁ@lﬁ%i% %ﬁ earbon bipule
phide, ﬁ%ii% the grﬁ§ metallic is ﬁﬁ%. The varicus forms of

ﬁ%}%ﬁiﬁ@kﬁiii now be @gﬁﬁiﬁar@@,

%iba@% %&Q%ﬁiﬂﬁ is fmgﬁ%&&gt&%i? like ﬂyj ﬁ%ﬁ@?
li%ﬁié, %&% mueh %%r& Has boen done on it and axcept f@y
?% pe%@liﬁ?i%? in itg %1@%%?%&%1 %%ﬂﬁ&&%i%l%?g it §%%$%%§%$
k%%&kgrﬁgﬁgﬁiﬁﬁ %??iﬁ%l of glmple iig&iﬁ%»

?%% vitreous fora ig the %ﬁ@@?@%@l&% liguid
&@i@gimm‘ vif'ﬁﬁiﬁﬁﬁaﬁliﬁ-?ﬁﬁiﬁxy seoled to room tempsrature,
the %@%ﬁl%iﬁ%‘?i%?%@%$°$%iﬁﬁ§@§ m&? r@&$i§4im=§%§% gﬁagakfﬁg
an ipdefinite le

ngth of time, it ig in & state of nmetasta-
bility and its ability to remain in suchk 2 state 18 due to the
extremely small veloclty of convewsion, which, in turn, may

be dus both to low tsuperature and grest viscosity, I the



%ﬁ%ﬁ@fﬁ%&?@'ﬁf the vitrsous selenium is raised to 909, the
%@i@ﬁﬁ%ﬁ ef ﬁ&ﬁ?ﬁ?ﬁi@ﬁ.§%%%%%$ apprecisble and scgording to
z%@ﬁ&%lﬁﬁg it &?ﬁ?ﬁ&a%@& g maximum a2t 1289 ¢, 1t is of
iﬁ%%?@%i»%ﬁ note that 90% was 2t one tims ﬁ@ﬁ&%%&?@é @‘%rﬁﬁﬁiw
Ction ?&i%tg in @%3%@ words, vitrevus selenium was considered

’%~&@E§ﬁ allotrops,.

The red amoyphous form is esseuntially %@@ ﬁaﬁak&s
the vitresus form, %?iggia%$§ however, by means of %ﬁiﬁ%ﬁliﬁ?
,%@@%ﬁ? m@ﬁﬁﬁg @ﬁ%”i&m%%& to vitresus sslenium the %%%%@ of &
26118 solution of two g@mg@ﬁ@%ﬁ%, Se® and Sel. %@3 is
ﬁﬁﬁﬁgﬁ% to be Sey and %@ﬁ;]%ﬁg. He believes fgﬁ &ﬁ@?@%@aﬁ

seleniun to be pure Se%.

?@@ ?@ﬁ @?y&%@iii%& f@?@ iz momt %&@iiy &%ﬁﬁiﬁww
: %g %?ﬁ&%%iii%&%i@ﬁ f?t% & ﬁ%?%@ﬁ %égﬁigﬁiﬁﬁ %@3&%%@&. it
%%ﬂﬁfﬁﬁﬁﬁ aut iﬁ.?ﬁﬁ %@ﬁ@&iiﬁig ervstale, It is a &%%@gﬁﬁkia

@Xiﬁ% iﬁ&%fiﬁii@i? at room t@ayﬁ“@%&?& %&%

fore which aay

&ﬁ%%ﬁ% iﬁ%@ the ﬁ%%%@ii% f&rﬁ @% about lﬁ%ﬁ g, Its Miting
point lies %3%@%@ﬁ&1?§§~3&§$

A . Both ﬁﬁ%km@ﬁ%g? and %itﬁﬁﬁ%ﬂ&ieﬁﬁé atirivute to
the ﬁ%ﬁ@%é%ﬁi@ %m?% two ﬁ??ﬁ%%iliﬁ% %&ﬁi%g, which %i@g refer
to a8 and B %ﬁﬁﬁﬁiiﬁi% selenium,  Their difference

lies in their axial ratios, The S fora

“following indlses: C
arbre s 31,6511 ¢ 1.609 an

gls o 10401

fdicen:

'%E@ /3 'fﬁfﬁ bas thess tn

| e = 93047
a: Bre = 1,50: 1 : 1,135 8N8l S
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‘%wyay anslysis bas falled to coulirs the existence of thess

f%?ﬁ$a§$

| Hetzllie seleniunm may bs obtained by Reeping any
other form at o teuporature betwesn 180%nd 2009, 1t 1s the

only stable solid form of selenium %ﬁﬁ‘@@%gﬁ at g%?@a

The éi%%@?@?ﬁ of the light sensitivity of metallie
%@l@ﬁiﬁ@g led to & number of theories.to sxplaln this Eﬁ%ﬁ%* 
%@ﬁgﬁg The first was advanced by &i%ﬁ%ﬁgg& and wes &m%@&g&&ﬁ%&?
- @eveloned by %@?ﬁﬁﬁ.k This theory attributes the iluersase of
| @@ﬁﬁm@%i%ﬁﬁg,%iﬁﬁ increase of intensity of light and heat, to an
existence of two modifications Ses and SeB in dynanic ﬁ%@iiﬁﬁ
%?iﬁ%,i Hares? found that at room %%ﬁ%@?%ﬁ@?% the selenium
was %ri%%&@ avd hard,snd on ﬁ@%ﬁitﬁ at 180%, the lustre became

the seleniun beosue more mwallssble, He al so founa®

ﬁ@iiﬁr’aﬁ@'

current ef ﬁ&%@tfﬁ%%%ﬁ*@&@ higher i%&ﬁ at higher %%m@%?ﬁk&?@ﬁg

the ﬁ%ﬁ&?ﬁi bohavior of ﬁ%%&iﬁa The

8 bohavior @%%ﬁ?%?ﬁ to
@@ﬁ@iﬂaiiy 6f the inersase of @@ﬁﬁﬁﬁ%i?%%ﬁ with rise of tempera=

turs &ﬁﬁ‘%i%ﬁ éﬁ@?g@gg of intensity of 1ight led hinm %o believe

that metallic selenium cuneists of a non-confuctor Ses and

a eonfustor SeB in &y&&%i% gauilibriue and thet both light

hoat %@ﬁé %& inerease the smount éf‘%&%,

The @@%ﬁi%ili%@ of & volume change witk &*if%i@%

%@ﬁiii%ﬁiﬁ@ was &%&%%%@ by %i%@”% © Be found & ﬁ%iﬁ@z'¥§iﬁm@
changs but suggested that this changs was due to the @%aaiﬁg

#ff@%% of the 3%@%@.
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é?éﬁgiﬁ%é’ by weans @f x-ray photographs, showed
 bhat the erystal structurs of @%i%ﬁliﬁ gelenium is the same
under s8ll conditions and wune 1%@&& that the sxistence of two

modlfications as defined by Harc, is lwprobable, He atiri-

butes the changs of condue %ivﬁ%y to mechanical fﬁ@%%?% such ‘
aﬁ‘g&%im‘giaﬁ. The dupliscation of the character of the cone
;ﬁga%i%i%y gurve with rising and f@iiiﬁ% ﬁ@@g@?ﬁ%ﬁrﬁ tends zﬁ

iﬁy&iiﬁ%ﬁ@ such

ax %xgl@ﬁﬁﬁ%%&, since iﬁ%?@&@% in %i%@ of %??%ﬁﬁlﬁ

ia‘ﬁﬂk %'%%?@?ﬁi%%@ ?k%ﬁ%%@%@&e i

%h% ?%ry %igﬁifi%ﬁﬁﬁ faet %%@t 5“3@&%&% i% @@ngiiéva

te ii%ﬁt at %%%%@?&%ﬁ?@% a8 low as -180% ¢ *.,aﬁ,%ﬁ%@&_@&a&igaz

progesges &?%y%ﬂﬁ%i&ﬁ‘?%ﬁﬁ?éﬁﬁ %?‘ﬁﬁﬁgﬁﬁﬁg tends %§~1$%$@§ ﬁh@

%f#%&%iiiﬁy of %%% @xgzaﬁﬁ%iﬁ% of light %@m@itiviﬁy &8 &m@ to

%?@ %Ki%%@ﬁﬁ% of an iﬁﬂ%ﬁ @g&i&i%?im@.gi

| ﬁ&fﬁﬁﬁ? ﬁﬁ&i%@?%i%ﬁ of the light sensitivity of
seleniun was gﬁ% forward by ﬁiﬁ@%ilﬁg  ge aﬁ%riﬁﬁ%&%~ﬁhg$'
3&%@&%@%&& to the formation of ﬁ%i@ﬁixﬁﬁ.; His %ﬁsﬁ&'fﬁr this

@agiﬁﬁﬁﬁi%ﬁ‘%ﬁ% the é@ﬁ%?iﬁ?&%i%ﬁ of the aaﬁﬁi%ivity of %%% ‘
@@1& with age. T |

; ﬁi@%iaﬁgr&iﬁg @ﬁ @%@ %if@ﬁ% of melsture on %%& ‘
ﬁ@ﬁﬁ&ﬁ%i#gﬁy of &@k@ﬁiﬂ%g soncluded t%&% the variation %f
@1&ﬁﬁri@ﬁi @@ﬁﬁ@@%ﬁv%ty @i%ﬁ iﬁ%ﬁﬂsﬁiy af séx?% was dug to
%%@ﬁ%ﬁ%i &ﬁ%i@ﬁ arising f?u% the 5?%@%3%& of %ﬁ*%%ﬁ?@g Here
%%y%&y be noted that the %&ﬁ%i?ﬁiﬁ nowear of weter has besn

noted by

many workers, and that this say be a casge of %ﬁi%%ﬁ?%

shifts in a poseible equilibrium,

eatalyzing
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%&@ %@§£@ %ﬁ%&?ﬁ dus %@i?@ﬁra§@f7§§%&1§g%§k@%@%@%

‘%gaﬁ Lhe @%ﬁﬁgﬁg~iﬁ.%@ﬁgﬁsgﬁﬁgﬁ of g@%@&i&%~%@?§%§*§ﬁﬁ after

%xg&gg%@ to 1izht aredus to & kind %fkgéﬁﬁ?ﬁﬁﬁi?@’iﬁﬁizﬁﬁiﬁﬁ
. of selenium undesr %%@ setion of iﬁ&i%@ﬁﬁ fﬁ%i%ﬁi@ﬁ, th@
%ﬁ@%@? %f ions gw&%a@%ﬁ ia,ﬁﬁi% time %@é&g @?%ﬁ%?%iﬁﬁ@ﬁ to
%@% i%ﬁ@@giﬁg of 1llumination, k%@~gxgia&@%%@ﬁ of the
mﬁaﬁaﬁiﬁg,%f i@ﬁi%&%iiﬁ i& 0 fﬁx§%2%§§k%%§§?§ t&@&%ﬁ@gﬁf;

f%?ﬁ in this f%&g%@%:‘ 

ﬁ%ﬁwiii@

- ef &@i@%ﬁi@&, sone %@ywkiaa %&w@ t@mgﬁrﬁfii? 1@@% &ﬁ %iﬁ%ﬁ;;ﬁo

%% &%3&@@& ﬁh@ﬁ %ﬁ% %ﬁi%ﬁi@m z% %&%@ ag

‘k@%ﬁﬁygﬁiaﬁ o energy is then %ﬁgg@%ﬁé to increase %h% ‘; 

f g?@%&hiiiﬁy @f ii%ﬁ?%ﬁiﬁ% %? &i@ﬁ%&wﬁﬁ; snd &@ar@a@ﬁ @f

k]a%%&%gﬁi%& %f %ﬁ%?ﬁ? %@ iﬁ%?@@%% the r&%@ ﬁf ?%%%ﬁkiﬁ&%iﬁﬁe:

??@ﬁ%?%i@&&i %@ %%% ﬁm%ﬁ%r of %é%@ﬁ!i 5;

 ‘?&@ %%ﬁﬁﬁ@%ﬁ%&ﬁ; %%ifx_

ﬂ;iﬁ%§%&%§$~@&§ %%@F%&&%& ﬁiﬁh ?i@ﬁ ﬁmﬁ i&3i~$§ %ﬁ%?ﬁ%‘fﬁlliﬁg @ﬁ

f %3@ %ﬁ?ﬁ&%@ %f %@& %%l@ﬁiﬁﬁa z% %&g%@”ﬁ @f %ﬁi@ t%@ﬁry ;°

de %w&mig’@ﬁé &Xgﬁ?i@%&ﬁ%% ﬁﬁﬁ% %%&% tﬁ@ %ﬁw%ﬁﬁtiviﬁy @f

 f‘$@1§ﬁ§ﬁm i$ iﬁ&?@&ﬁ%ﬁ %y @1@%&?@&&@ %ﬁ%ﬁﬁ?émﬁﬁﬁ ﬁf it$ @@?f&@%.ﬁ“

| In m&wﬁmﬁa @mz this %mwy of fres @mmmm i,‘
e sulid conductor should have a %i%ﬁ%ﬁ ﬁg@@ifi@‘hﬁﬁﬁ value
than a‘%i%iﬁaﬁkia. Eﬁ.%%% cage of %%;@mi&mg the s@iﬁmi%m in

the %ﬁ?% %%@ﬁi& &a?@ % 3@&%@ speciflc %%@% %&@ﬁ %ﬁ@ @@l@ﬁi&& :

@x%%%%ﬁ to %i%i%a  wmgl@giﬁg @alari%@%%?$ %@iaﬁ %@ﬁiﬁ %ﬁ%%ﬁ%

‘:,ﬁ §§§ ﬁ%ﬁ% ?ﬁfﬁ&%iﬁﬁ im %gﬁﬁifiﬁ ﬁ%ﬁ%ﬁ 9 BO @%&ﬁﬁ@ iﬁ :

%g@@iﬁi@ %@%ﬁ was %%ﬁ@ﬁ%@@m %ﬁ@ﬁ@ %xgayiuﬁngTT nd fe
@i%ﬁ%r§ ﬁ%&% ﬁ%@ %ﬁ%@r? ig not %@@ii@&%&% %@ ﬁ%%@ﬁi@% @Y:%ﬁﬁ%

‘ i%@& t%am B ﬁ%ﬁ ﬁ%ﬁ% of the zﬁi@&ui@g lese aﬁ 5%@@%?@%, L






%ﬁ%&%g&ﬁﬁ% work ?@i%%ﬁ towards the former %3%%?&%%%%@, -

iﬁﬁik? ?@f@?@ﬁ%@ is made to the %%ﬁﬁy of selsnium
in ﬁ%@ Eigﬁ% of Emite'theory ﬁf &iiﬁ%rﬁgy In %ﬁi@ case
simplification of sllotropy of selenium 18 aff%ré@% by this
theory s which ie éi%ﬁ?&%ﬁﬁi%&ii? represented in f&g. 7o ?%iﬁ

disgram represents a pseudo~binery system in which ome cou=

‘~~g@%@%§ is o dissoclation product of ths other. The two

f&rms %@ﬁ%@?ﬁ%ﬁ are ,ﬁg,ﬁﬁﬁ m@;g

curve Tz B ?ﬁg@ﬁgﬁﬂﬁﬁ the ‘composition of solid

| %ﬁ%ﬁ%i&%siﬁ;ﬁﬁﬁiiiﬁfiﬂﬁ with 1iquid solutions Tz 4 and eurve
;§x ¢ ?@ﬁ?@ﬁﬁ%ﬁﬁ %ﬁ@ ﬁ&%@@@i%iﬁﬁ of solid 3@1@%%*&@ in %%ﬁiii*'
l%?%%m %i%@ 1liguid ﬁ@iﬁ&%@ﬁﬁ %@ he B %mé Q iﬁ%i%&ﬁ% the ﬁ%@*
ﬁ%@giﬁigﬁﬁ of @%iiﬁ solutions existing ﬁi@aiﬁ%@ﬁﬁ&%&g tno o
~@wﬁi1i§riﬁﬁ with %i@@ié of @&@gﬁgiﬁiga definéd %y Ao lazﬁﬁ§‘ 

; ﬁ& f%%?@%%ﬁ% %ﬁ% ii%iﬁ@ of stable solid %ﬁlﬁ%iiitﬁ of ﬁgi in

ﬁ% mﬁ ez in Sey. HIy is the composition of the llquid

ular equilibriva. Iy Dy ie the uetastable

selenium in =

- prolen

Vig.ﬁ@mgggiﬁi%g aﬁaaﬁg;@ﬁiﬁg‘%h@ eonversion of liﬁﬁié“ﬁ%&%ﬁiﬁ%
at solesular squilibrium inte the &%fé§$~%a%%§iiﬁ %@rﬁkﬁt o

molesular @%ﬁili%ﬁﬁﬁ%p 8y shows the vomposition of the %%ﬁ@n

- gtabls %ﬁﬁ@ﬁiiﬁi% form in @ﬁaiii%riﬁm with the awggfﬁﬁﬁzgﬁ
liquid @ﬁ!; Curves & b and

%%% ?%@ ﬁéﬁ%ﬁiiﬁiﬁvfﬁrﬁ and the wetallie fﬁ?@~@%kﬁﬁi§%%§§r

534 represent the %ﬁ%@%ﬁﬁ%i&ﬁ af

equilibrius and at various temperatures.

Bzperimental aﬁgpﬁrﬁifﬁﬁ this disgraa lies zg~%§%

gation of the liquid state. Ly §; represents the ehange
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vgri%%i&ﬁ of the ﬁ%l@%iiiﬁiﬁﬁ of guenched selenium, whieh

had been kept at verious temperatures sbove its nelting ggiﬁﬁ,

Briegleb congeives selenium to exist in twe complexes, %$§

and 8¢ 2o

e in carbon %i@ﬁlﬁ%ié% %ﬁii@ Sey is

not. ﬁhig %ﬁ?%%& %%ﬁﬁ the faet that red %kffghﬁﬁﬁ sslsnium

iz very soluble in ﬁ&?%@ﬁ %i@@iﬁ%iﬁ@; %ﬁilﬁ metallic %%iﬁﬁiﬁ@
is not,



BEIPERIMENTAL



; The snalogous ??ﬁ@%?%i@ﬁ of @@%if sulphur snd selid
ﬁ%&%ﬁiﬁ% suzgest that %i%ﬁi@ %%é%ﬁiﬁ% may display @?ﬁ%%?@i@%
%i%il@?~%§ thoss of 1iguid sulphur, It is & well esteblished
fuet that liquid sulphur ﬁﬁﬁﬁi%% of ﬁ%&'*ﬁéifi@&%i%§$§~ 

ﬁﬁigﬁ@? A and . ﬁ%%g&%? }1 in éyﬁamﬁﬁ %%ﬁﬁ}i%?iﬁ@g apd
kkt@@% the g?@gﬁ?ﬁi%% ot iig&i@ gulebur izgmxay irreguisritisse

vecause of this %@m%mwmﬁ,

Hith this in aind ?ﬁi&%@ﬁi% determined the %@éﬁ%@*
tivity of liquid selenium a%~%@%§$?%tﬁrﬁg ra :

{the melting point of selenium) to 688° ¢ {the boiling point

of %@&@ﬁiﬁﬁ}. He fﬁﬁﬁ& that th@ conductivity varied

irr&g&i@rﬁy up to 300°% ¢ and that from that tﬁ%g&?ﬁ%ﬁ?ﬁ; it

iﬁ%?@ﬁ%%% ?@%&1&?&@ with ?i%% in %&ﬁ@%?&tﬁfﬁa

%&%ﬁﬁ%&i %ﬂﬁ‘%@%ﬁiﬁ%ﬁ%iﬁﬁ é@%@?ﬁi%@ﬁ the densities
of liguid selenium at %@m@%r&%ﬁ$%% up to 550° and reported
@ g%ff%%%ig regular relationsbip, - They %»*a %h&ir ﬁ@%ﬁ?@%ﬁ&”‘
‘%iﬁm Ey noting the lose of weight of & ealibrated gi@%&%%

‘ %%%ﬁ jmmersed in zigﬁiﬁ sglenium,

The saus. %3?&@?@§i ﬁﬂﬁﬁ?giﬁ@ﬁ %%@ %ia@%ai%y of
‘liquid selenium with rise in temperature snd even in this
highly sensitive ??&§&$%§ no irregu suiarities in the %@@%%f&%afﬁu‘

viseosity relationship %g?@ found,

Thers wag a possibility that Dobinski and Wsolowskl
d4id not moke determimstions at high enough tempsratures and

that Pelabon's irregularities were not due to an internal
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equilibrium, If thie were true it might #till be possible

that singularities mizht exist at temperatures sbove 350° ¢,

Detsrmination ﬁf‘%i%%@ﬁiiy g% these higher temperaturss ﬁ&%
the original problem sontemplated, but in order’to make these
determinations, it was ﬁ%@%sﬁaﬁﬁ to know the ﬁ%ﬁgi%i@@ $%'
these higher temperaturss, These demsity determinmations
\§f%§%ﬁﬁﬁﬁ a %@&?Z%ﬁ% problem and %@?& proceedsd in that

only.  The problenm was extended to include

direction
‘measurements of density from room temperature up to 350° c
and %@ attenpt %@ ﬁ&g&i@géﬁ the values ohtained %; Dobinski

and %%ﬁ@lﬁ%ﬁ%ﬁ«

7 The change in ddneity with temperature is usually
%kﬁgfai§%%~iiﬁﬁ ?ﬁi%ﬁi@%@%ﬁ@i&ﬁﬁ the ehange in eguilibrium
'ﬁiﬁ%lgaﬁgﬁyﬁ%ﬁﬁﬁ‘iﬁ not, therefore, if the density of two.
g@ﬁ%fié&%i@ﬁ& iﬁ g iﬁﬁ@r gguilibriue is ﬁ%% the zame, &
 density curve, ﬁi%gi&yimﬂ a sudden change in some region of

temperature, should be obtained,




gy g#olatile matter o

fon of splenlus.




The purification of selenium may be represented by

the following equation:

38e # 4HNOz -— 3Se0p # 4NO # 2Hg0
8e0pf 256, — Se # 2505



ton




Ty




Consequently, & pykunometer of thick epwbustion Fublng was

sonstructed snd this vessel was found satisfactory.

Bafore ﬁﬁiﬁﬁ the ?&?affiﬁ,ﬁii, s serise of |
sxperiments wers g&rri&ﬁ out to determine the suitability

of %ﬁiﬁk@ii for the purpose, Its boiling point was found to

be in the nelghborhoed of 310% ¢, The solubility of selenium
in bolling oil wae fﬁ%ﬁ@ to be -0013 gf&%ﬁ per ecubic centimster

not vroset chemically with the oil,

of oil, ‘The selenium 4aid
for on @ﬁé&iﬁ@’%ﬁ@‘ﬁ@%’&@%m@&%a&:&ii’,?%@'ﬁaiﬁaiﬁa preciniiated
out. Th#se experiments indicated that psralfin oil vas |
suitable to %ﬁ%wiﬁ;%%%‘ﬁﬁﬁﬁfﬁiﬁﬁﬁi%ﬁ of density of liquid

selenivm,

4 serigs of density determinstions were made at

temperatures ranging from 2279 277°C, . peterminations of
‘ @%gﬁi%f at higher %@%?%f%%ﬁf%& by thie wmethod were ﬁﬁéﬁﬁiﬁﬂ
factory bscauge the temperatures %%?%‘gﬁ%%iﬁg too close to the
%&iﬁimﬁ ?éi%ﬁ of the oil snd in @§m§'§&$@$ 21%%@@’%&%&1&% %f'
'%31 Yapur wers @%ﬁ%ﬁ%ﬁ&. In &1l determinstions the selenium
was kept at ons tempersture for spprozimately two hours, %&
{nsure attainment of a posaible equilibrium, %&%&#%i&&%i%&a ‘

woers made with rising ard with falling temperatures,

The volume of the pyknometsr was 25,043 gues.
The weight of seleniun used was 80,2240 grams,
The results obtained are listed in Table II

'iﬁ %%@if‘%ﬁ?@&@lﬁgigﬁ} order,




a87

241

26709
257
277
296
276
257
244,5
226

# These results wers discarded due %o the presence of alr

bubbles in the seleniuam,

For deteraining %gﬂaiﬁiag of solid mstallic %éi@ﬁé&%,‘ ‘
a new 1iquid had to be used, The peraffin oil proved %@ %%‘
too viseous at the low temperatures snd the powdsred $%3%%$&%
teonded to remain suspended iﬁkﬁﬁﬁ Ei%ﬁiﬁe The new liquid

had to have a high bolling point but s low viseosity. Witro-

benzene wes tried, but proved unsatisfsetory. Bensyl baunzosate,
however, produced sstisfactory results, The demsity of bensyl
benzoate at %&?ﬁ%g@‘%@ﬁ@@ﬁﬁ%ﬁ?@@'%@&‘ﬁﬁﬁﬁyﬁiﬁaég

Resulie are ziven in Tsble 111,

l iﬁéﬁ »
20389

SITTES
96834




= 34 -

The fﬁ%&a&& resresenting the varisiion of %@@k
donsity with feupsrature is:

Dz 1.12001 - ,000834 €%”ﬁ§3

The metallie selenium was finely powdersd, intre-

duced inte the pyRnometer, %@ig&&@ snd goversd with benzyl
bengoate. The wixture of @@@%@? and oil %ﬁ@*@%@@%ﬁﬁ%&?
@%irr@% with a giﬁﬁ% rod aﬁ% heated §ﬁf a few ﬁ%mrg ak ié& Cy

2 £ iﬁ?%?% %&at %ﬁ@ whole ganple of ﬁﬁlﬁﬁium was in %&@ %@%@1&2%

‘ f@?ﬁ,' 4 6 &%w%%%y deterainstion &% room tempsraturs vas %ﬁ@ﬁ ~
ﬁ&ﬁﬁ.‘ The selenium ax ad oll wers ‘then ﬁﬁi??ﬁﬁ and hoated

9#&& and density 8% ruon %ammg?%t&f@ was @@%ﬁ% ﬁ@t@r iﬁ%ﬁ,

~?ﬁi% was repeated a%ﬁi} %%ﬁ%i&ﬁ% ?&l%@% iwr the ﬁﬁﬁ%i?i@&‘@%?ﬁ
| %%ﬁ%i%ﬁég - pensi &y %%%%?%i%ﬁ%i@ﬁﬁ wers %&%@ at ﬁ@m&@f&%ﬁyagk |
 up to 208° ¢, At y&réaa@ i%%%??&%%g density at room t@mg%r&*
,%ﬁf%;%aﬁ ﬁ@%@?ﬁiﬁ%ﬁg This was done to note @ﬁy ﬁ%&&ﬁﬁ %m |

~§%% @@@zgnﬁ@ ﬁ%?iﬁg the process @@ %ﬁ%i%? @%%w?ﬂiﬁ%iiﬁﬁﬁ @%

@i%%%? %%@gﬁ?&ﬁ@?%ﬁ. The results ar% given in %ﬁ%&% X?

in the sequence of t%@i?‘ﬁ%%@?@iﬁﬁ&i@@Q

The @%i@ﬁ% of selenium used = 40,1373 syrae

Phe volume of the pykuomstsr = 25,066 P

_§¥

4,7278
4,6541
4,6224
4,7877
4,6187
4,6198
4,7274
%;§%1%



e










The fimgl‘&%%ﬁ@é ﬁ§§§§%§ involves s velumenomster,

This method of deteraining deus

ity is based on %&Eiﬁ*ﬁ 1&%,
where at constant %%&g%@%ﬁ%ﬁ%; changes in volume %&? be

expresgsd in terme of cherg

g2 in g?&ﬁﬁﬁ?ﬁg Thue:

If’%f 8 g%%%$7§§1ﬁ%@‘§aﬁ p the corrsspondiog 1

prossure aa& ¥ = a susll ineressse or decreass in volume

and p) = ‘%ﬁ%‘ﬁrﬁﬁﬁﬁ¥% af%%? §%$ shange bas been made,

‘%ﬁ&ﬁ‘? p oz

éﬁgﬁﬁﬁ@ ?(?ﬁgfﬁﬁﬁﬁﬁﬁ aﬁ,air @%ﬁ%@ iﬁ 8 ?@@ﬁ%i f@iigé %itﬁ %‘;

substance whoss %a&%%kg is ié be é%%@?&iﬁ%&; aﬁ,zﬁ@raagg ﬁr.~“ 

%ﬁ@%@ 68 ¢£ é%ﬂ&ﬁﬁ? will ﬁ@ﬁﬁ% & changs 4t one |
%@ﬁ%@?&%%r% ﬁ%ﬁ% ?@iﬁ%ﬁ m&y %@ ﬁ%%%@&iﬁ%ﬁ %g é&%?f%ﬁi%ﬁ ig

By a known volume. v, and ﬁﬁ%ﬁﬁg t@% ﬁ?&%ﬁﬁ?ﬁ %%f@rﬁ ﬁﬁézaf%%r
the g%&@gaﬁ In this ﬁ&ﬁaﬁf”ékﬁﬁgﬁﬁ ig,¥; %ﬁ&% i, %ﬁaﬁgas
§ﬁ~ﬁﬁ@~ﬁ§ﬁ$ity of the gﬁ%&%ﬁﬁﬁﬁ ey ﬁgféggﬁrmgaaﬁ, Ef_%@%

. density of the substance is kuown aﬁ‘a@ﬁ1%@$§@r5§ﬁ$a §aé~if Lk

~%mﬁ %ﬁ?r@%gﬁﬁﬁiﬁg ?’i@ %&1@@1&%@&, ﬁﬁﬂﬁi%iﬁg &t various

: %@%%@Fﬁ%ﬁ?@ﬁ nay be %ﬁi@%i&%%ﬁ,

, The ?ﬁ%&ﬁ%g&ﬁ%%@? %éﬁ@%ﬁ%ﬁ%@é‘iﬁ‘ghﬁﬁﬁliﬁ %i§;~g*,‘
The apparatus consists essentially of a bulb.(V), mearly
£illed with selenium and attached by @@@ﬁ§~ﬁf‘a a&giii&wy~k  , ‘
tube @@'aﬁﬁﬁﬁﬁf similar %ﬁi%‘{??.;f%ﬁi% buldk is ﬁ@ii@@&%@é‘

~ for volume between marks 8y and Sg,

The &ﬁgﬁ?ﬁﬁﬁﬁtﬁﬁﬁ;ﬁirﬁﬁ constructed with ig@lﬁaiagri‘ 



1~'§f

.
gt

shor (A w?
e
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{3} The tempersturs of the furnace had to be kept.
copstant throughout e resding, eince 2 small %ﬁ%@@?&%gfﬁ
fi%%%ﬁ%%iﬁﬁ might eause a largs error in the density detere

minstion,

T %@%&%ﬁ% for the fﬁ?ﬁ% faetor, & foraula had %o

be adapted which would take into sceount the ﬁifi%?@ﬁ%ﬁ in

égﬁggyagﬁ?@‘ It was quite obvious that in terms of prossurs
a volums at lower tempersture would rocord itself as a
larger volume at higher temperstures, With thie in uind, -

%ﬁg‘f@iiﬁ@iﬁg forsule was used:

() v o= (Y

R __g} d whersTp = Temperaturs of the
; ﬁ%&%ﬁiﬁﬁ .

and T3 s Teaperature of the
selibrited ?wiﬂ%ﬁ. ;

§%~r@$&;ﬁi %~@%§%?—§ag%%% w&&,?ia@%é-&@@a% the calibrated

%&Eﬁ\&&§ §%ﬁ %%%%%?ﬁ%ﬁ?@ road,

The seeond factor was aceounted for by ueing a
large smount ﬁf'%%i&ﬁiﬁ&vﬁﬁg by leaving & $%&1f @§$ $§%§a. .
4 small change in density of selentun therefore recorded itself
a8 %%ﬁ@g&?%ﬁi&%l%yﬁﬁﬁﬂgﬁk%ihitﬁfiﬁﬁﬁl volume, while & small
@%%ﬁ%%:i& volune was a@%ﬁ%@i&%i@ with refersnce to %@g.ggﬁzg
air ggagg;-§ The volume change thersfore #%g@ﬁ%%?%& tteelf

to en apprecisble extent in terms of pressure change,

 The third factor shall be discussed in a later

chapter under the hesding of "Thermostatic Control®,
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The levels of S and Sp were read om the ssale,

- Thess r&%ﬁiﬁﬁayﬁﬁgraﬁﬁﬁﬁﬁé atmospherie preassure at these
levels., The burometer was then read. A4fte: the reguired
tomperature wae sttained, the %@?ﬁﬁ?? level was brought up to

8y and the pressure reading taken, The difference botween

%ﬁi@:?@aéimg and the reading reprogenting level 8y was saleu-
&%ﬁ%ég and by weans of this differonce,; the pressure iﬁitﬁé
air space determined. The level of the mereury wae then
r&iﬁaﬁ to 8z and after a short interval of time the veading
on the seale teken, The pressure in the air space was
determined by correcting the atmespheric pressurs by the
éifi&r@ﬁﬁg,hﬁﬁwgaﬁ ths reading repregenting fg and this raal~
ing. In the mesntinme the tewperatures of the f%?ﬁ&@ﬁ and of

the water-jacket were read,

Applying the resdings to the formuls (1), V was

deterained for that tesperature,

The total volume of the buldb was cobiained by deter-
mining ¥ at & tempsreture at whieh the density of selenium
wag known, JIn detersmining the densities, correction for

the @ﬁ@&ﬁ%iﬁﬁ.ﬁﬁ the glass bulb wes sade,

Deterninations were weds st temperatures 228° ¢
to 478° C.

The readings obiained varied froam day to éaqu The
possible sauses for the variation wers shougit to be:

(1) the graﬁgﬁganaf air bubbles in the Lliguid and
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their failure to respond to §?%@§ﬁ§% %ﬁ%ﬁg%ﬁ. |

{2) thes formation of s permasnent gas dus to the
decomposition of truces of oil present in the selenium,

A3} ths sa%a%iliﬁy of air in %@1&@&&@ sné its increase

with ineresse of pressurs,

To %i%%iﬁ%%% the Tirst two sources ol error, the
volunenometer was subjected to & lengthy pumping by weans of

& high vasuum pump, while the pumping was going on the charge

was %&agﬁakagrﬁﬁfﬁﬁﬁ% Co After the pumping, the results

obtained were in good agrosment, Ten to. twenty reasdings were
»A%ak%&‘f@r each tempersture and the %ié&%&%kééﬁarﬁﬁa@ﬁg %@%@%ﬁn
the readings at one bemperature was .1 66., g%gr@g@ﬁ%img &
possible arror of0,1 §%?§ant, It was thought Jhowever,that
in averaging & great number of readings,this error would be

reduced,

The results obtained by this metiod are listed In
Table V. B

%@ig@ﬁ of @%i%ﬁiﬁ%t ERER BT REEE R Q%ﬁq@%% grams -

G

Volume of the bulb wp to upper calibrati

fﬁf‘?ﬁ?ﬁqwagwfan:&agcaq#nu#yaaym*cggxﬁt»easqiv,pgv%o%%éﬁ‘ G o
 TABLE V

?@m@a%&%aya' %@.kﬁf é%@ar%gﬁi@ﬁ ﬁ%&&ity‘ ﬁaﬁiﬁééj?arié§§%§
(mean) bstwesn readings

&se 10 Se 98
328 | 10 3.89
378 8 3.77
23 11 3.7
479 17 3.68

i
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STATIC CUNTROL

6 large beaker of water, which had been kept at
CPoon %ﬁﬁﬁi%i@ﬁ%.§%? & day, was found satisfactory for

maintaluning constanay for room temporature detsrainations,

Per the renge 90%277%zn oil bath was used, This

thermostat coneisted of o metal tank filled with paraffin
%ii,gi&ﬁ%ﬁ in & besker-shapsd slectrical rcsistance fur-
neeg, This fﬁ?ﬁ%ﬁ@} in the thermorsgulater @iraﬁiﬁ,
provided the regulated heat supply. Temperaturs control
'%ﬁ% %%§§%%§ﬁ%§ by & nereury regulater, while awﬁf@?@iﬁy
’ﬁf tenperature of the %a%ﬁf@ﬁ& sseured by & high %?ﬁ@é

of the furnece, caused a uniform fluctustion of a magni-

tude ranging up to 5%, The fluctuations wers very slow;

A

2 single one regulrsd sbhout twenly minutes, A8 indicated
by the rise and f£sll of the oill thread in the cspiilary
of the stopper, the selenium and oil responded quickly

b%ﬁ’ﬁﬁﬁli %ﬁ&ﬂéﬁﬁ—iﬁ temperature, It wss thersfors safs

to aaBuss %%@%,%%@.%%ﬁgﬁﬁﬁéﬁwﬁ of the %aﬁh~&ﬁ% selenium
a@%@#:§§f£$f§&{§§ BOTE than .8%, This difference caused

a negligible error in the density detersinationg,

The eross-sectiom of the furnace used inm the
volumsnometer method is shown im Pig, 8., By adjusting
the resistance of the eireuli by means of & series of
rhogatate, rigid %@mg@?%&u?@ %ﬁﬁ%?@i was maintained. An

air reculator wes included as 2 safety messure, in casg

an ungxpected rise in terumperature seeourred.



The temperaturss up o 297° &, were roud by an
ordinary 360° thermemeter, while teamperatures higher then

2779 ¢ by an iropn-constantin thersmocouple,



The summary of the results of measursments made B

means of a pyknometer are given in Table VE,
e —— TABLE YI

£ o 41 a @Zn. ﬁiﬁ%}‘ﬁ* Aé gﬁe«%. ”‘?’%}&;@g

=

% g%?i

4.7182
4, %%ﬁ%‘

Dobinski & ..
%@ﬁﬁi@%ﬁki”“

%%% | 5. 9705 S.0727

ot 3,950  3,9479
Béd.8 - 3.9094 53,9424
257 - 3.9276 %9236
R - 3,8904  3.8925

3,976
5.258
S.947
35,9286
55,8914

BB P B

SRS Y A AT RIS R BB R “ ’ S : e

In the above table “t" represents gga %%m?%#%%gfgg
mae g, *4" exp,., the ?ﬁi%%% of dengity ohtained and
ngn ﬁ&iﬁ@p those ealeulated f?&%.%%@ formulae, The f@?%aiaﬁ
used are:
(3) 4 = 3,9851 - ,001551 (4-217) {for 1iguid sclemium)
Theas gﬁ?ﬁ&gﬁ%;%@fﬁ gomputed by meens of the nethod of fleast

m‘,%iﬁﬁ?ﬁﬁ t (for wetalliec selenium),

aguares, * A 4 represents the differsnce betwoen %%% and



Literature values are listsd in the £ifth column,

ﬂgg@,

The values deterainsd were plotted mgainst tesperse
ture and the eurves obiained ars shown & & solid line in
%ég, 2. The conparison between experimental values and

%&%@@ obtaioed by the linear %ﬁ??@%?iﬁ%ﬁ ag well as the graph

ghow that the forsulee give & good spprozisstion of the

‘@@%%E%ﬁ*%%&%@?ﬁ%ﬂf@ ?ﬁ&%?ﬁ@#%ﬁi? in the range under considera=-

%i@@;

The formule @%ﬁ%iﬁ%ﬁ,%?xﬁﬁﬁiﬁﬁai and %@gazaﬁggi'%ag
d = 3,987 - L0016 x ($-220),

‘  The literature velues for densities of metallie
selenium at 179 C.
from the 'Internation

and of water and %@?@ﬁ%ﬁ were obbtalned
ad Critial Tebles?,

From the greph it may be seen that the ohange in

volume on melting way be caleulated, From this and the

latent hest of fusion, the chenge in the melting point with
s data to

rise @f’grééﬁﬁ%g may be esloulated by epplying

. the @lavsius-Clapeyron equation
tkm,g:%§ §*%ﬁ57 4 g}ﬁreeziﬁg tempe OA

1 = latent heat of
§ﬁ$i§ﬁ

dv = g?&&g@ in ?ﬁ%&%&
seccmpanying melting
at atmoaphsric prasssurs,
‘Latent heat @f fu@iﬁﬁ,fﬁy metalliec selenium st 220° o ﬁggﬁigg
' = 13,4 gﬁiﬁyiﬁgg,
Imeresss of volume per gram of ﬁﬂi%ﬁiﬁ%&%ﬁr@@iﬁiﬁggguwaaaéggo
- 0,03737 e.6.
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Therefore the rise in meiting point = Otﬁﬁﬁlﬁéﬁfﬁﬁﬁgagh%fﬁ.

Tue resulits obialned by zeans of the volusenonmeter

are given in Table VII,

The deusities %@tﬁr&iﬁﬁ& %% one t%%g%?@ﬁm?@ wﬁrﬁ

averaged, and thoss varying %y more than .02 were dilsearded,

The remsining readings were %ﬁ%ﬁ re=uveraged,

Teupsrature ' ﬁ@%&%ﬁ%@'@ﬁ;@, |

286 Se 917
248 3,898
878 Se775
431 5e713
478 $.683

¢80 88

The results were gl@%%@@ en & %%m@%?a%@?@*&%ﬁ&ﬁ@?
%?%ﬁh ahd the curve obtained was ?ﬁg?@ﬁ%ﬁ%@ﬁ %y dotted. 11ne,

as in Fig. 9.
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SSION oF %&%W%@E%

Phe close agreemant of resulis obtained for the
densitiss of liquid selenium betwesn 220% 277° with %ﬁﬁé%
of Dobinski and Wesolowski, indicates the accursey of the
methods employed in bolh cases, | From this it mey also be
assumed that the results @Bﬁ&i%&ﬁ by Debinsgki and vesolowski

fﬁf @@%ﬁ@?@%ﬁ?ﬁﬁ; E??ﬁa éf%ﬁ; are squally relishls,

The linsar r%&@%i%ﬁﬁﬁig E@@%&%ﬁ density and %@%@@raw
k%ur% indicates that as £ir as dengity is aﬁg@%&%&ﬁ the

h@&%?iﬁ? of both golid and liguid are quite ruguler,

Although the results,obtained by mesns of the

volumenometer method may be considered signiffcant to the
third figure only, they indisate several things:

(1) The edpirieal formuls obtained for liquid
~selenium may be applied to temperatures up to 480° ¢, This
'iﬁ iﬁéﬁ%@%@ﬁ by the fact %ﬁa% the dotted line on the graph

is

formula. The sunete nt differsunce bstween the twe curves

of the eunirical

parallel to the one obtained by means

mentioned can be asoribed to experimental error, since the
dengity Getsruined at 277° by m%&a@ of the ?ﬁiﬁ@%ﬁ@@gﬁe?‘ ,
shows the same difference from the more %a§&%&§@ é@ﬁ%?&iﬁ@*
tion %%%&iﬁ$& a§ the sane tempsraturs by the pyknonms ter
method, |

(2) The fact that the error is in the direction of

inereese of density while dissociation and equilibrium ehanges



should cause &g abnoraal deeresss in density, indicates

thet liquid selenius ise sinmple ligquid uwp to é&%ﬁ. §% maat
be noted here, that the basis of the latter statement is
density date only, and becauss density ié not very sensitive
to temperaturs changes, definite cunclusions sarnot be drawn

from 1% alone ;k o

?%@ %@%ﬁ%&@? of the Volumenometer ecan be oade
nigher 1f standardization with s substance of kuown %@ﬁ&i%i%&
for the renge to be investigated is made and if other local
fastors are sscounted for, but this alons would constitute

a complete problem,



(1) The densitics of selenive %ﬁ?%;é%@%?@?@% ovapr
& range of 20%-480°%, The values for tho /3605807 nave

Bot besn provicusly determinet,

{2) In scevrdanes with the conolusions drawn by
Dobinski and Vesclowski®0, these nensuresents, although
wads by & different nmetiud, gﬁ%% no %@iﬁ%ﬁﬁ@lém@‘&

ghifting squilibrion,

{3 The rise of the wliting point with inerease
of pressure was vsiculsted,
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