
- The Correspending Temperature of Liquid
     Elements aRd its Bearing on the Melting

               Points and the T, PoiRts

          • by Usaburo Yoshida

                     (1<eceivecl Ans,ust 30, I94i)

         . Abstract
      Irrom [ routon's rule of the appyoximate proportionality betsveen tlie latent he,it

   of vaporization fut, per .crram molecule of the elements ancl the normal boiling point

   Tb expressecl in the absolute teniperature scale, the inean value of the ratio LvlTb

   was fotmd to be po7.4 cal per degree. The temperature Tc.b. p, obtained by diviclinsr

   the obser,ved value of L,, of an element by 27.4 is called the cor}'espending boilinL.r,

   point of the element, which is soineiiThat different froin the norinal boiling point.

   .Relying upon Young's formula for the saturated vapoux pressure the ratio of the
   yapour pressure at the corresponding boilin.cr.. point of a liquicl to tliat it would have to

   acquire at the infinitely high temperatur'e becomes the same for all subst,ances. By piot-

   ting in a graph the corelation among the corresponding boiling points, the melting points

   and the T2 pointg of nionoatoniic Åëlenients, the corresponclency of aie state ot' diffe.-

   rerit eleincnts and tlie utiaccorclance of their inelting, points with any siniple energy

   Iaxv syere investlt.atecl. - •               ts

                            IRtroduction

    In a paper' published recently the writer applied van't ILIoff's
reaction isochore to the equilibritim between the cybotactic crystals
ancl the free molecules of a substance in liquid state; anci by t.fil<ing

the nun3ber of constltucnt niolecules of a cybotactic crystal as infinite

the case was treLnsferyed to the equilibriuin between the crystal nuclei

and the free liquid molecules of a substance in its super--cooled state.

By denoting the absolute temperattn`e by 7' ancl the degree of decompo-
                                               .tl.x
sition of the crystal nuclei by x, the change of                                                    with temperature
                                               dT
for monoatomic elements i• .as invesclgated ; and it was found that the
temperature .T.. at which dX is maximuni has asin3ple andimportant
                         dT
relatlon xvith the latent heat of fusion referred to one gram atom Åíov

the mcajority of elements, excepting bisnauth anC{ galliuin. When the
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38 Usaburo YOshida
latent heat of fusion of a monoatomlc element referred to one gram
                                                           xatom is represented by .tlf calorie, the T.. point was found to be
given by
                 S/;-2/e, •-•-,••.....•.".-H".--."...."-(,)

where R is the gas" constant, ancl tEti<es che value of i.g8s calorie per

clegree. II]h{s relation will be catled " the T2 -point-Iaw " heireafter.

Next it wELs fotmd that when the temperature is raised the value of
dx    falls to zero abrtiptly at the limit when x approaches to i at a
alT
certaln teipperatuye. This teniper-ature was taken cas the inelting
point T., of the substance, because the crystal nuclei caR exist in eqtd-

iibrium only ln lower temperatures than this but not above it. As
the X., point occurs at a smaller value oi x than i for the, majority
of monoatomic elements excepting bismnt1i .ftnd g'alliura, this point
is usually lower than 7.l.,. The Z.,-point-law ancl thisrelation between
T2 and T., for the rare g,fLses in their super-coole{iL liquicl state are

                              Fig. i
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   figure the latent heat of fusion Lf is tal<en as ordinate and
melting point T., etnd the T-. point as abscissa, aikcl the T..-point-

  'represented by the strai,o.'ht Hne. tX.s is seen in the figure all

    wliich represent the observecl values o.f .Z;f ancl 7;,, occupy the

     jttst on the right hand side of the straig+ht lin.e. This show• s
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that T., is slightly li{gher than T.. for every substance as wcas deduced

tlieoretically. ' ' '
      Trouton's Rule and the Graphical Representation of the
         Latent Heats of Vaporization, Boiling Points, T.
              and T) Points of Monoatomic Elements
                    "
    As is stateci above, if we imagine the state of super-cooled-liquid
of a substance, we can follow the temperature change of its propet"ey

even below the me}ting point without any discontinuity, and a com--
parison of coryesponding states of di'fferent substances in wkler tem-

pe'rature range becomes thus posslble. For the pi`esent, only monod-
atomic elements which are provided with necessary data are ii3vesti-
g'atecl ; ancl if not particularly noticed, monoatomic eleiinents will be

meant by the substances in the present paper. rrhe observecl values
for iiy}aiiLy substances of normal boiling point Tb, latent heat of vapo-

rizatlon L. at 7;, referred to one gram atom, meltlng polnt T. and
latent heat oÅí ftlsion Lf at T., yeferred to one .(rram atoni are tal<en

mostly from the Iiiternational Critical Table, and are tabulatecl in
Table I. The valtzes of T.., which are given in the 6"]' column of
'J]able I are calculated by means of the T`.,--point-law from the obser-

vecl values of .[.If for the majority of the elenieRts; but for bisinuth

it xvas tal<en to be the same as its nielting poi!]t. The corelation a-
inong tlie X., points, meltlng' poilits, boi}lng- points ancl the latent heats

of vaporization at the boiling poir}ts is shown in I-'ig. 2 for most of
the elenietits ttnd ln Ill?ig. 3 for the rare gases. In these' figures the

iatent heat of vaporization is tal<en as ordinate and the teniperature as

abscissa, ancl the boi]ingr. points are represented by the clots. .As is

seen in I{"ig. 2 inost of the dots tal<e the positions nea'r the straight

line passing througli tl'ie origin of coordinates ; shoxv• ing that the values

of L./ .Tb for differetit substancc$ are appro.ximately the sanie ln accorcl

with "Irrouton's rule. .[l"he straig'ht line O.A. in Iig. 2 is so drawn that

the value oE .L./Tb is tlie same as the mean for the elements havlng

con?paratively high boiling points and tal<es the value of 27.4• Thus
the straight line OA may be called Ehe "inean boiling point line";
but tl]e writer prefers to call it " the corresponcllng boiling point line "

b'y the reason as wiii become clear iater. e Next vertical lines were
drawn to pcFtss through every one of the dots, and from their intersec-
tions with tl}e straight line OA horizontal lines were clrawn. On
each of these horizontal lines, the T2 point aBCI the nieltinsrpoint T.

gf the corresponcling elernent xvere niarl<ed by a sniall circle ancl a
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cross re.spectively. Fig. 3, which is for rckre gases, is drawn in a
magnifiecl scale entirely in the same manne't' as I{-ig. 2. I;rom these
figures we note that, while the crosses are distributed wideiy apart,
the small circles rather crowcl tos.ether near a straig"ht llne passing

through the o'rigin of coordinates.
    XVith inetallic carsenic, the vapour pressttre due to subliination
from the solid is very high, and it boils under atmospheric pressure,
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from the so!id state instead of from the liquid. This is indicated by'
inserting' (s) in rl"able I. Thus the Iatent lieat o'f vapori2ation L,, at

7rb .as is given in the table is somewhat g'reater than that in the case

of the vapori2ation from the llquici. But the wrlter reg'arcls the for-

mer as approximately the same with the latter, andhe treats arsenic
eittirely in the same manner as the othe'r eieinents. The vapour pres-

sure at the triple point of arsenic is so higk as 36 at"mospheres, the
temperature at this polnt being io870I<. Consequently iÅí we tai<e the
melting poiRt of t?iis element as io870I<, it comes to be Ili' gher than
the boiling point 888al<, in contrary to the orCiinary c.ase. "I{)his ap-

parent contradiction ls caused by the conventional clefinition' of the
nornial boiling point in tal<ing it as the temperature at xvhich the

vapo"r pressure attains the stanclttrd atmospheric presstu'e. Instead
of it, if we tai<e ca suflficiently hi,o.'h vapour pressure as that at the

boiling point, then the boiiing point rises correspondingly ancl comes
to be higher than th.e meltlng point, ln rig'ht ovc{er, .fts the mel,ting
point is only slig`htly affectecl by the changnye of pressure.

    • Vapour Ptessure at the Melting Point

    The vapotir pressure o'f a substance at its meltin.o,' point is eon-
siclera, ble when the melting' point is ve.ry close to its boiling' point as

in the case of rare gases. O!i the contrary when the in{.-ltin.g., pok)t

oÅí a substance is very much Iower thaR its boiling point, it's vapour
pressure at the nieltlng' point decreases so remarl<al)ly as is impossible

to be measurecl as in the ccrtse of, most metals. In tke Iatte]r case the

vapqur pressure cit the melting point is only to be estimatecl by ex-

trapolation from its values measured at much higher ten.iperat'a'res. In

cloing so Youn..o"s formula representinLg the vapour pressure as a func-

tion of teniperature was used. If we tal<e.the latent heat of vapo-
rization L. as approxknately eonstar}t irrespectively of tempe'rature,

then X'oung's fornMila can be written as •
                         Lv
                P =Pee- 2?T .......••...............•••...,•....-•-(2)

where P repi'esents Åíhe vapour pressure at the teniperature T, anci Po

that which the substance xvould tal<e at iRfinite]y hi.o-h teniperature iE

the vetlue oÅí L,, is su})posecl to remain constant. IP)y tal.<ing log"arithin

the equatioii (2) becomes

                                 Lv                 logteP ==logioPo- leT IOgto e,
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and can be rewrkten as '
                         /t                            A                               •---•-•-••••-•-•••----•-(3>                logioP :B-
                             T

whereAandBare constants. .    For many inetals their vapour pressures were measured in a range
of temperature ,much higher than their meltl'ng poin#s, and the nu-
merical values of A and B were determined. By using theste values
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of A ancl B, .criven in the International Crltical Table, the writer cal-

culated by extrapolation the vapour pressures and their logarithms at
the irtelting points of metals ; ancl they are tabulatecl in Table II. As

the melting points were very much lower than the temperature rang'es
in which the vapour pressures were measured the values of vapour pres-
suyes and their logarithms given in Table II are considered to contain
conslderable errors of course. H'owever, for an investig-ation upon thelr
orders of magnitude they wM still be of use suffltciently. IFor the vapour

pressures of the rare gases and arsenic values clirectly mecftsu'reci at

the melting point or at the triple point are available. As the. mel--
ting polnt is very neai' ro the triple point, the writer regarcls for the

present that the vapour pressures at the triple points are the same
as those at the melti'ng points, and they are g'iven in Table II by
iioting thena xvith (Trip.). '
    It has already been stated, that the vapour pressure of a substance
cit its inelting point gets the sinaller as the g'reater apart the melting'
point is removed from its boiling point. Now let us consicier ghis
poiiit quantitatively. As is sta#ecl before the vapour pressure of ti
substance at a temperature .7' can be expressed approximately by
eCluation (2). At the melting ,and boiling" points it becomes r'espectively
                     L,,
          P,n. "Pee R7;v
and                    Lv
          Pb:=Poe feTb
Wliere Pm ancl Pb represent ttie vapour pressures at the meltin.b.o' atid

boiling points respectively. I)ivitling one xvith tke othef and then
tal<ing the logarithm we get
          iog'!o p,n--iog'!opb-{ RL,lF, ( i7.:,i -b}iog'Loe •• ••••• (4)

                   Fig. tv. IÅí Trouton's rule is
           -m-" TbfTn. valicl for cli'fferent
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substances,' we can
see from equation
(4.) that the values of

lo.g. ioP., for different

substances inust dec-

rease linearly with
thevalttes of Tb/T.,.

This point was exa-
mined by represen-
ting the values of
logioP. and :Zi/X.,
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 given in T.able II, by the dots plotted in Fig. .; ; and aii approxiinately

 linear relation between lo,c,r,iefS,.. and Tb/Z.. was obtaine(l. The straig'ht

 line shown in I;'ig. 4 is so clrawn that it passes throiigh the average
 position of tlie clots. The average value of .L,,/71, obtalne.cl from rhe

 inclination oÅí the styaight line is 27.o, ancl is in good acco'rcl with 2'f'.4

which is given cabove.

      The Corresponding Temperature of Different Substances
          in the Liquid State, and the Situation of their

        . Boiling, Melting and T-. Polnts .
    ']]he values of the vapour pressure, Po, which a liquld wouici tal<e
at infinitely hi,cr,,k temperature is cilfferent according' to the klnd of

substances as will be seen from the deviation of the normal boiling
points from Trouton's ride. Hlowever, at the normal boiling points
all substances must possess the saine normal atmospheric pressure.
ConsiCtered from thls an.crle the norlnal boiling points of CLifferent

substances can not be adiceptecl as pl}ysically corresponding tempera-
tures in their licluid state. It seems niore reasonable, fi'oin tlie theo-

retical point of view, to clefine the correspondin.cr temperatures oÅí dif-
ferent liquicl substances as those at xvhich the r.f}tio P/Po is constant•

If we tal<e the latent lieat of vapori:.ation .L. of a substance as cip-
proximately constant inclependent of #he temperattire change, then the

value P/Pf} is dete'rmined, by the aid of Young's formula, only by the
value oÅí L./7' irrespectlvely of the 1<incl of substances. I-Ience the
writer xvill• define the corresponcling temperatures as those at which
L,,/T is constant for different sRbstances. It has already been stated

that the average valkie of L,/Tb for many elements having' compcira-
tively high boiling Io:,nts is 27.Li.. .ajccording'ly, the tempei':)-tures de-

termined by equating .Z;./7" to 27.4 ancl by assigning' to L. the obser-N
ved values xvill be called " the corresponcling" bolling points " ancl tl}ey

xvi!1 be represented by T...t,.p.. 'IL"he values of T..,.p, thus ctalculatecl

for (iiifferent elements are given in the last column of Table I•'As
the values of Pe are different for di'fferent elements the actual vti!tie-s

of the yapour pressure at the corresponding boillRg points are di{lfereiit

with the l<incl of elenients. ILIowever, the mean oÅí these differetit

actual values will be very close to the nornaal atmospheric pi'essiire,
because the proporbioreal constant 27.4 of L./7L.b.v. was obtainecl bY
taking the avera...o'e of the valaes of L,,/Zb for tlie elements having'

comparatively high boiling points.
    Defining the correspondin.cr boiling point as above, the writer re-

                           .x'

,
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.L., Tb, T,. and T2 for many elements, by taking the corresponcling
boiling' points as tke reference polnts anci by arrang'ing them on a
straight line. In IFigs. s and 6, tlie latent heat oÅí, vaporization is tal<en

.rts ordinate anci the temperature tas abscissa, and the corrcssponding

boilln.cr poiRts occupy the intersections of the line OA with the ver-
tlcal lines (which we shall call "the llnes of heat of vaporization ")

whose len.o'ths are tal<en to represent respectively the values of the

]atent heat gf vapoi'lzation of the elements. Fig'. 6 is drawn in en-
]argied scale for the ;'are .crases entirely in the same manner as Fi'g.

s. In these figtires the T2 point, the melting+ point and the normal
boiiing polnt o'f the element are ma'rked respectively by a snaall circle,

a cross and ca dot on the horizontal line passing tht'ough the position
oÅí the correspeRcling boiling" point of that, element on the line OA.

Such a horigontal line representlng tlie temperature of a substance
will be called " tke temperc3t"re line " of that elenient.
    If we take the corresponding boilii'}g' points of different substances

                ""tS' '7 . :Sf ,fiL}O.X.8.[' i:.;.,ee1:'/2Sgg'}Cg3ew.3

oAA.-.,. .7,,1,R,"7e""th•x g%-gigx',".x.?yo.t;.r.g,,ge?s.ljiues..fi.gi:

                                    .s and 6. If w• ecallp/P, `` the
                                    relative vapo-ttr piiessiire " for
                                    the sake of coi"renience then
                                    the' relative vapotu' pressure
                                    is constant for all eleinents at
                                    theiz` corresponding boiling
                                    polnts which lie on the straight

                                    line OA. P/Toreover. we can
                                    see easily with Flgs. .s and6
that the ralative vapour pressurcs of clifferent elen3e,,nts at the teiii""

peratures determineti by the intersections of tkeir temperat"re liiies
xvith'a straig'ht line passin.og through the origin are the sanie for al1
substances. In order to i.11"sti'ate this point, an outline of FiL.o's. ,s aiiCl

6 'are represented by l--'ig. 7, where the line OA., vertical and horizon--

eal lines etc. have the same si.o'nific,ances as in the case oÅí Iri.ff..s- s

and 6. I.et the ]atent heats of vaporization oÅí txvo different s"bstcances

be L.t and L,'t, ancl their ccrresponding boiling poin"cs be Tt..b.7,.
and Tit,,b,f,. respectively. Next let OC be a strai.o-ht line passing through

the orig'in O, the point's IP) and P" be t]ie points of insersection of

the line OC with [he temperature lines of two clifferent substances

NLL NL'v''

tiI Il

BP'

'

s
.
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respectively, and Tt and Ttt be the temperatures'  corr'esponcling to

the points [?t, ancl ]P't respectively. Then we have '
                 TT"' == illi.ti : iSIti.?j,I'l,'i'' "'''''''''''''''''''''''(5'

and consequently
                 -.Lil == l;•i,' ........................................(6)'

rlrhis ma!<es the relative vapour pressures of two differeltt substances

the same at the temperatures Tt cand Ttt respectively. Thus the tem-
peratures determined by rke positions on a stralght line passing through

the ori.o'in can be consiciered to be the corresponding" temperatures
for different substances; anci the liquicl state of different substances

Lit tli'eir corresponding temperatures can be re.o'arclecl as tlie corres-

pondiRgny state, so far as the vapour pressu:e is concernecl. If the
straight line OC moves from left to ri.crht by l<eeping- tiae positioR of

O fixed, then the relative vapour" pressvrre, which is the same for
different substances at the corresponcling' temperatures determined by

the posititfon of 0C, increases. On the contrary, if the ]ine OC
moves from right to left the relative vapour pressure clecreases.

    Next, the T2 points of clifferent substances must be investig'ated
in connectioR xvith the corresponding temperature. IFor this ptirpose
let us imag';,ne that the substaRces are in super-coolecl state below
their nielting points. Now we shall consider the cascx, in xvhich the
T., points of txvo different substances lie on a same straight line' xvhich

passe.s thyough the orlgin. I.et the points P' P" IB Fig. 7, whose
temperatures are respectivel>r ZY and T.,tt, be such two 7i, points of
different substances, then we have froni equation (,s)

   ' t•ii'•=iS•1':,=ligtl,';i;,'i •••••••••••••••••••••••••••(6)

If we represent the Iatent heats oÅí fusicn of the two subst'ances by

Lft and Lf't respectlvely, we get from eqtiation (i) '
                 T.'=Ll and z,ti=: L/i .
                   " 2k) " 21t)
for [-Lll the monoatomic elements. By usin.cr these values of T",f and

 7.1." (6) becomes
                  'l"1 wt L,! .

                              '                  Lftt L,!t
and conseqLiently we g-et

                  f../ .. Llt ......................................(7)

                         L,tl .                  L,1
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This shoxvs that for di'Eferent svtbstances whose T2 poirits lie on a
same straight line passing through the origin the ratio oE the two
latent heats, of fusion and oÅí vaporization, is constant, It is also evi-

dent that the T.n points of different substances xvhose values of Lf/L.

are clifferent do not 1{e on a same strai.crht 1{ne passing through the'
origin, As is seen in Fig'. s, the positions of the T., points for cliÅí-

ferent substances are scattered to some extent ; but, roughly speal<ing,

they may be consiclered to be crowded near the strai.o'ht line OB
whici} passes through the origin. 'Jrhis indicates thEtt the value of.
-Li/L. does not much di'ffer accorcling to the l<ind oÅí substances. The

values of Lf/L, for the eleinents are given in the sth colunm of Table
II. The valties for rare gaseS are compcaratively great, but for the

other substances they are not much ditlferent Åírom each other. By
taking an average for all the eleinents tabulatecl in Table II the value

oÅí o.o3i8 was obtained as the mean, ancl the straight line OB in
Figs. s. and 6 was clrawn wlth this mean valne. 'from these figitres
the relative situation of the .T2 points i. e. tl}e values of Lf/L. for dif-

ferent substances can-be seen very clearly. NVhen tlie T2 i)oint of a
substance is situateCt to the right of the llne OB the value of Ly/.IJr,

is gre,ater tlian the mean v.alue, and xvhen lt is situcated to the left
the value of Lf/L. is smaller than the mean value. Thlls If'"igs. s (ind{

6 show very clearly the correspondency or uncorrespondency of dif-
ferent elements with regard to their values of .Lf/L,,. as well Ets their

rclatlve vapour pressures. As is stated above, the Zle. polnts of the
elements are rather crowcled in tl}e vicinity of the l;ne OB. This is
not the case with their meiting points, whose positions in I;it.r. s are

inuch scattered incllcating that t.he c.orrespondency of the melting po-
ints of cliflFerent e.lenie.nts is inuch worse than that of the .T. noints.
                                                         --'l'his shows that the clifiEerence of tl[te relative vckpour prossure with

the kind of substances is much .o'reater at the melting point than at
the X] point,
    The positions, in F2gs. ,s ancl 6, oE the nonnal boiling point and
melt.ing' point of arsenic, ancl of the T2 polnts and the melting points

of rare srases are Clifferent from those of other eleirnents. For the
latent heat of vaporization of liquid arsenic the writer assignecl ap--
p/'oxitnately the same value as that of its solid. But the .abnormcality

of arsenic as stated above is not clue to this approximatl,on, It is
enti'rely caused by an enormously li;,gh vapour pressure for the solid
state, so that its naeltiRg takes place at the teniperatu're higher thEtn

tlie boillng point and under enormously high vapour pressure. XVith

'
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to liquid some more energy 7. is lteces-
sary in excess of f.,f/Al. This excess
potential energ'y, x•vhich will be callecl

" the excess potential barrier ", isi repre-

sentecl by a brol<en line in .II?ig. g ; anC! it

is to be jumpecl over by the moleciiles in
their transition from crystal. to liquid or

vice versa. The presence of such excess

so Usabitro Yoshida
rare gc"}ses all of tlie X., points, the mekk'ig points and the normal
boiling poiRts appear to the rig'ht of the correspondin.o' boiling point

line OtN. This is cltte to the facts that their meiting' points ax-e veiry

close to their normal boiling p.oints ancl also t:hat their latent heats
of vaporization a're niuch snaaller than tl}e average tiaus causlng thei'r

corresponcling boiling. points to becoine much lowe'r. I-Iowever such
al)nonnality xv{th irare g"ases xvili ent!rely disappL'tar if xNre turn the

corresponding boiling point line OA to the right.
    The 71, polnts o'f the eletzaents are proportional in general to their

latent heats of. ftision. But the melting points liave no silch cllrect

conce'rn with the latekt heats of fusion as is evident from I;'ig. io of

the former paper; and the reason for this xvill be now considerecl.
As is stated above the vapour pressure at the melting polnt has a
direct connection xvith the vEtlue oÅí Tb/T. or T..b.p./7I.,, and the for-
mer increases aop' s the melting point appro:-L6hes• ro the normal or cor-
responcling boili'ng poiltt. Considered from this view point, it will be

fruitÅíul to interpret the melting point by means of the mEgnitude of
the vapour pressiire at that poiRt. To do thls, it is iinore convenieiit
to consider oi:i the triple point instead of on the melting polnt, as the

latter is practically the same as tlie fornier. ]Let us suppose that the

vapour, t'he liquicl ancl the c'rystal phases of Et substance a're in equi--

librituia in a closecl vessel as ]s slioxvn in I;ig'. 8, and that the inan-•

ner oÅí energy levels for a molecule in tliese tfu'ee states is as shown

       Fig.s in. Iiigi g. In this figure L. ancl f..r a're the
                   '       ' ' ' lateRt l}eats of vaporigation and oÅí fasion res-'
     Vfaf3"t'VZ" pectively, .kncl -tV is ILoschmidt's numbeer.

     -•• -, "lrhus L./2V anci f..f/2V repyesent respectively
 c,ts;t6taL ikgOt'tA;C{- the energies x•vhicl'i are necessary to carry

   r f • one molecule from liquid to vapotir ancl from
          1         t crystal to liquid. Now let us assume that in
the transition of ainolecule from crystal Fisr.g
                            •). ---...                                                          vapour
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of Ligitid Elements etc. :-I

they corresponc{ to two differene tem--

peratures, being niuch higher in I;ig.

io. Now let us compare two extreme cases
tential barrier 1) is very great, and (2) when
the he{ght of the potential 1ovel Lf +.p

                                fv
m'ust jtunp over in going to the liquid is
poteneial height /"f + L" which the

                    2V               N.
in sublin?in.cr to tlie vapour. Tn IFig. io

are represented by the ful1 and the
these two lines are situated very closely
possossing the kiBetic energy greater

ting and in subliming wlll not be
teniperat{ire abottt tltis state is that of tlae

          ----s, !<inetic energy of n]olectiles

potential barrier, which does not appear in the

      will hinder the molecules from tyavelling

       and the liquicl phases, and wM
      the meiting point of the crystal
and consequeBtly the vapour pressure at
that point. The e'ffect oE the presence of

the excess potential.barrier seems to be

understood more clearly by considerin.cr •
the distribution of the 1<inetic ener.cry
amofig the molecules in the crystal. Mco

.The curves shown in Figs. io aRd H ri'l
represent clia.gr'arinatically stich distribti-t fi
tion of tl}e 1<inetic energ'y amon$, mo- Åé.

                                       elecLi!es by tal<ing the number of mo- eapt-
                                       slecules as orclinate ancl the magnltitcle Z
oÅí the. kinetic energy as abscissa, and T z"L

therniodynamical treat-
 inutually between the

      Fie'. II
       e

"L.L.
/V N

                             l
          --> Kinetic eneigy of molecu}es

          : <i)when the excess po-
          !) is zero. In the fu'st case

       which the crystal molecules

        not niuch different from the

   cyystal molecules inust jump over

       these two potentical heights
    brol<en lines respectively. As
         the number of molecules
    tl}an that just necessary in nael-

much di'fflerent. Consequently if the

          triple poine, we can see
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that tl}e vapour pressure at the e'riple point or the melting point is

considerable, because the number of subliming moleculeis is consider.a-
ble, being tl}e saine as that of nidlecules conclensing" froin the vapour

to the crystal in equilibr2um. Next', let us consider the second case
where P is zero. In tl}is case tlie heig'ht of the potential level 'Lf

which the crystal molecules iinust jump over in melting ls very much
smaller than iivl'J' + iivl'i'" wli{ch the crystal molecules must juii!ip over in

subliinihg to the v" a' pour. Thus is obtained a congiderable number of

niLolec"les whiciii can transÅíortn into the !iqu{d frona tlite crystal, as is

seen in Fig. xx, at a temperature mtzch lower 'than thtkt in the case
oÅí IFig. io. 'IIrhis shows that the melting- po{nt is very much lowered

when compared witl? the case of Fig. io. If we tal<e the potential
heiglit for the' sublimation i.n this case as• the saine as in the ccrLse of

Fig. io, the number of rnolecules which sRblime into the vapour-is
reduced reinari<ably due to the decrease of temperature otC equillbriuna,

as is seen in Fi.o'. ii. "ll)his shows that the vapotir pressure at the
triple point or at the meltin.cr poiRt is reducecl remarl<al)ly. The two

cases con$idered above .are the extreme ones; and theheigrhts of the
e).<cess potential barrier for mckny elenients will be within these two ex-•

tremes. Consequently the cleg' ree of the effect of thepresence of the
excess potential barrier upon the increase oÅí tke melting point ancl
of the vapour pressure at the melting point wllt be diffe'rent from
elenient t'o element, bein..cr greater w• ith hig'her excess potential barrier.

    The above argument is eikirely qualitative. I-IowevLTLr, the.gene-

i'al tendency of the vapour pressure at the melting points of the ele-

nRents,- ehat it increases as the inelting' point appfoaches to the
boiling point aikd at the same time as the melting point recedes apai't
from the T-" point as was seeit k'om Iigs,"2, r), 4.,s and 6, - will be
clearly unclerstooci in the above way. iMoreover, the above v' iew as-
suming the presence of the excess potential barrier in the transition
from crystal Åío liquicl or vice versa afifords a very probable ex. planation

for why the melting point of a substance does not directly depend tTpon
its latent heat of fusion.

    As the heig'ht of the excess potential barrier diminishes the melting

point !'ecedes apart Åírom tlie boiling polnt, and approaches to the T.,

point which is determinecl by the latent heat of Åíusion. X,Vith the
rare gases t"he ineltinf.r points are very close to their respective T2
points Ets is seen in Fig'. i , anci the height of the excess potential ba'rriers
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is likely to be very small as coinpared with their latent ' heat of fusion.

However the ratios of Lf/L. are exceptlonally great in these cases,

and consequently the values of 'l' ( L.Atr +P)/( L.2vt + tt                                                 ) which affect

the vapour pressure rernains remarkably great despite of the $mall
value of P. This acts entirely in the same way as when P is very
great, and camses the enormous vapour pressure at the triple point
or the melting point by bringing the boiling point also very close to
the melting point. NVith arsenic, whose value of the latent heat of
fusion is'not I<nown, we can not enter into details in this connection,

though an enormous vapour pressure of 36 atmospheres at its triple
point seems to be due to its exceptionally large value of

          (Li.p)/(Li+L.•).

    The cost of this research has been defrayed from the Scientific
Research Fund oÅí the DeparÅíment of Education.


