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ABSTRACT 

The  results o f  studies on the course o f  ct3-omctric c u r ~ s  obtained by the Skau 
technique and  suggg~tions o f  a n ~ -  procedure to Ix: based on the use o f  the infl~-tion 
point  o f  the melting curve for the determination o f  the "equi l ibr ium" range o f  the 
ct3~on~tric curve are dc~,cribed. 

INTEItODUCTION 

O f  the various cryometric techniques dc~'¢lopcd for deterrninin~ the puri ty 
ofsubstanc~_~ the dynamic technique that  has recently been very ~idely  applied is the 
one due to Skau.  which ~.,~LS proposed as early as the mid-1930s t. This technique 
involves measuring the temix:rature o f  the substance being melted under the condi- 
tions o f  linearly varying ambient  teml~ra ture  so as to record either the samplC:~ 
o ~  temperature or  its difference with respect to the ambient  temperature as a 
function o f  t in~.  

The  Skau technique is ad,.'antag.eous in many  rcsix:cts and c~pecia!ly in that  it 
requires a small amount  o f  sample: and short  measurement time and  may be readily 
automated.  H o ~ 2 r .  al thou~h numerous invcstieators have spared no effort to 
refine the technique., interpreta, ion o f  the experimental results continues to be fraught 
~ i th  n u n g r o u s  difficulties. 

The  cryometric  measurc-ment essentially involves equilibration and registration 
o f  the ~olid--liquid equilibrium tc:mperature dur ing melting or  freoTing as a function 
o f  the reciprocal fraction o f  the liquid phase at  equilibrium. To  detezmine the fraction 
melted (F), Skau assumc~ the :mfface area bounded by the lines representing the 
surrounding temperature Tj and  the sample temperature ( F i ~  I, curve I L F ~ t )  to be 
directly related to the amoun t  o f  heat required to melt the sample and  to raise it  from 
the initial temperature Tm to the final temperature T~. There  are  many  reasons for 
deviations from this assumption,  which render correct evaluation o f  the F-value 
difficult. 

The  dynamic  nature o f  the pror'x~_5 o p ~  the complete establishment o f  the 
thermal  and  thermodynamic equilibrium and  may well ~ive rise to erroneous deterrnina- 
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P"J~.- l- Intct3nctattk~ of tbc: kit~tk: mz:ltin~ c u ~  obtained for lincar tcmlx:~ture champ: of hcatim$ 
block_ 

toga IB'V'Li F ~ fraction recited with ctwrcction for the hcat dis~lxatcd in the t ~  Icads 
arc= IIg'D'FI.I; etc. fc~rcgtion I)- 

area INI'V-LI 
F ~ . . . . . .  ; fraction inched with congclion I ~nd 2 (for the hcat comutm~ to warm the 

area IGC'D'FI.t ~ t c m  ~ the c~mincd ~ the ~amptc hoidcr etc.). 

t ion o f  th~ equil ibrium temperature  (T). As a rcsult. Skau'$ experimental  cryomctr ic  
curi 'es usually follow coursc~ in . . 'on~tcnt  ~ i th  the thcory ~ on rclatior~hips 
suitable for  thc givc~t solid-l iquid transition, whereby they Ix:come still I ~  sufa:eptible 
to  unequivocal  interpretation. 

Much  cffort ha5 bccn dcvotcd z-~' to  enhancing the accuracy o f ~ l u a t i o n  o f  F 
via suitable correct ions in t roduced into the calculation based on  the experimental  
melt ing c u r v ~  T I ~  two major  correct ions arc;  ( I )  for  the hc~t d i~ ipa ted  in the 
thermocouple  leads and  in the sample suspending wires, and  (2) for the heat  consumed  
to  warm the ~ t e m  compris ing the sample examined,  the sample holder,  thermocouple_. 
etc. as the temperature  o f  the melting p r ~  is increased, i.e. the heat  not  invol~x~d 
in the actual  pha.~ transition. 

The  graphical  methods  u ~ d  to  e~tablish the two c o r r g ~ o n s  are  prefected in 
Fig. i .  Tl~e~ methods  are  ~ b e d  in detail  in ref_ 4 and  lead the replacement o f  
the line o f  the c h a n ~ n g  tempera ture  o f  the heating block, Tj, by ano the r  correct ion 
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I ~ -  ~_. C ' o m p ~  o f  t l~ Iheog~it~! ct~ometgic c u t ~  ¢cqn- (I)) ~ith Iho~  a~zg~rtomcd !~- the 
dil~tmngtrk: and 5k~u's tcghniquc~ for ~ tmpl~  cocttainin$ l-O00 ~ %. of n-hcptat~ in ~ .  
,.~.~. diL~tlOn~t~ lcchn~qtJc; C ,  Skat:'s ICghniqt~ ~ l h  ~ i o n  I appl i~ :  ~ .  S~kau'~ ta:hniqt~ ~-ith 
¢ o z g g g t ~  I and • applictL .~jlid str~ti!~hl ling~ r ~ t  t i~ thcot~ig:~i com-s~ (~qn- 11))- 

W h e n  c o n s i d e r e d  in t e r m s  o f  h e a t - t r a n s f e r  t h e o r y  t he  p r o c e d u r e  a d o p t e d  
~.-prc~cnts a c o n s i d e r a b l e  over - s impl i f i ca t ion .  Hox~.',~:r, th is  p r o b l e m  ~oc~ bc~,ond t he  
SCOl~ o f  t h e  p ~ t  ~-ork.  

In  p rac t i ce  i t  is ~ n t i a l  t o  k n o w  tha t ,  even  i f  t h o r o u g h l y  a p p l i e d ,  t h c ~  cor rcc -  
t ion~ fail t o  e l i m i n a t e  t h e  s ~ t e m a t i c  e r r o r s  i n h e r e n t  in t he  d e t e r m i n a t i o n  o f  t he  
F-va lue .  A t t e m p t s  t o  i n t r o d u c e  ex t r a  c o r r e c t i o n s  based  o n  t he  t r i a l - and-e r ro r  m e t h o d  
ha , ' e  a l so  led  t o  unsa t i s f ac to ry  resul ts .  

T o  o,~'ctl:omc t h ¢ ~  difficultic~ cffort~ ha,-c bc~n m a d e  to  es tab l i sh  o~neral  
g u i d a n c e  pginciples  f o r  c h o o ~ n g  a sg~ztion in t he  c r y o m e t r i c  c u ~ ' c  ( T  = ( ( I / F ) )  w h i c h  
o b e y s  e q n .  ( I )  t o  a sa t i s f ac to ry  a p p r o x i m a t i o n .  

T o  de te r 'mine  t h e  i m p u r i t y  c o n t e n t ,  L y a s h k e v i c h  ~ u s e d  e i t he r  t h e  s lope  o f  t h e  
caryon~tr ic  c u r v e  o v e r  t he  ranE~ I]F --- 1 - ~  o r  e x t r a p o l a t e d  t h e  cut~-c f r o m  I / F  = 1 t o  
I/F = 0- CTtsse e t  aL  6 h a v e  r e c o m m e n d e d  t h e  r a n g e  I]F = 2 to  6 fo r  th is  purpose._ 
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Evidently, no  ~eenerally consistent conclusions can be deduced from such investiga- 
tions. 

The  present work describes result5 ofb-tudi¢~ on the course o fc ryomct r ic  cur,.~s 
obtained by the Skau technique and  s u g ~ t s  a ~oenerai procedure which enables the 
accuracy o f  purity determinat ion to ix: enhanced_ 

In order  to di~inguish manifestly the ©fleets assoclatcd ~,~th the interpretat ion 
o f  the Skau melting process from the effects due to thermodynamic  properties o f  the 
system e~amined, benzene ~ n-heptanc ~-as chosen as a model : ~ t e r n  o f  well-known 
properties, which had once [x~n u s ~  as  the object o f  an  international  e o m p a r a t i ~  
s tudy programme on the ct3-ometric techniques o f  purity determination p e r f o r m ~  
under  the  I U P A C  anspices ~. 

A t  n-heptane content  Iow~.r than 5 mole ~'~. benzene 4- n-heptan~ may Ix: 
re~arded as an  ideal system which follov~ the simpk:st form o f  the cryomctrlc equat ion 

. o.t 
T =  + Y (t)  

v-here, Tr.. ;s the f r y i n g  temperature o f  the sol~.~nt; x °. is the mole fraction o f  the 
solute, and .4 is the ctTometric cons tan t  of  the soh~nt_ 

The ~:ourse o f  the c ~ o m e t r i c  c u ~  obtained by the Skau technique was 
compared with the result obtained by the static; dilatomctric technique a (Fig- 2); the 
latter allows the ~ u r ~ m c n ~  under  equi!il~rium condit ions and  to eliminate wholly 
or to a considerably reduced e_xtcnt, the systematic errors inx~oh-cd in determining. F 
and  7". 

I~IPI~IM~%'gAL 

Preperati,~J o f  aubstaacea 
A standard ~ sample, puri ty 99_989 ~ 0.003 mole °:~, pgcpared at  this 

Institute. u~as used. The d eo~ee o f  purity o f  the benzL-nc sample ~ a s  establishcd by the 
Swietoslawski dilatomctric s and  the Rossini dynamic  techniques 9. Preparat ion and 
the dctcrntinations o f  purity and  o f  constants  characterizing the phvsieo-chemicai 
propcrtics o f  the s tandard ~ samp!c ave described clsc~-hcrc t° .  

S y n t h d i c  mixtures v i t h  composit ions known to within 0.001 mole ?/~ ~ 

TAB!_ ~ I 

~IXTUS~ $ ~ P L E  C t ~ U ~ I ~ $  

M/ .~mqr  No- I 2 3 4 5 6 7 

r t - ~  added O.IOK 0.1.50 0~90 0.660 O-b'90 J.O00 1.640 
( rook%)  
To~li impm~y 0.119 0-~1 O-.T31 O-~l  1.0.31 1-141 l-'J~l 
(mo~ % )  



333 

prepared by adding  port ions o f  99.6 mole % ( by  GLC)  pun: n-hcptane to the standard 
benzene sample. The  mixtures prepared arc listcd in Table I. 

A p p a r ~ l ~  

The apparatus used st-as constructed at this Institute and  is dcscrihed else- 
where I I 

T h c  tc rnpcra turc  p rog ramme in  th~ heat ing b lock  ~-as ma in ta ined  l inear  ~ t h i n  

the l im i t s  o f  0.003~C. The  samp!c temperature  ss~s taken ~ t h  a copper--constantan 
thc rmocoup lc .  T h e  sens i t i v i t y  o f  the l©mperalure measur ing  system, establ ished on  

the basi,~ o f  the g a ! ~ n o m e t e r  and  the I hc rmocoup l c  constants,  was f o u n d  t o  be 

0.003 ~C. T/me ~ . s  measured with an accuracy o f  0.02 min. Samples ~ : r e  placed in 
test tubes 30 mm long and 5 mm a c t o r .  The  thcrmocoupl¢ ss~LS immersed directly 
in the substance examined. In choosing the shape and size o f  the test tube, recourse 
~s~LS taken to the results o f  extensive invcstieatious carried out by Lyashkc~ch s" ~ z. ~ 3 
Thc  amoun t  o f  samp!c examined ~as  about  0.1 

P r o r e d t ~ r e  

Since smal l  ~ m p h : s  subjc~c 'd to f r e e i n g  o r  melting are diff~'ult to a~tate~ 
use was made o f  Lyashkc~ich's s idea 1o cr3~tallizc rapidly the sample at temperatures 
about  7.5"C lower than the free.zing point  to ensure a uniform distribution o f  im- 
puritic~ Dry ice ~ ethanol was u.~d as a cooling mixture. 

The  ~ampk: thus crj~al! izcd ~ p!accd in~dc the h~;ttin~ block immersed in 
the cryo~at_ in  s~-uc o f  C ' ~  and Clechet 's finding ~' that the equilibrium section o f  
the melting c u r ~  becomes re.duccd as the hc~ating raze is increased, the lincar increase 
o f  the block temperature ~ applied as loss- as p o ~ b ! e ,  s~ . ,  0.1 °C rain-  ~. 

The liquid phase, fraction, F, ss~e~ c~-aluatcd from the melling curve at a ~ v c n  
equilibrium temperature. 7", by using suitable corrections ~ and the c~oornclric curves 
( T  = f ( I / F ) )  v,'¢re constructed. 

T A B L E  2 

I~!PUEITY DATA EICALUA'I'IED IF!~R STA.'~,'IDARD I~.'~'~E~T S..u, IPLI~ ~Ut.Ti'll TIlE All) OF THE L%.TI[/.CT1OX [t~Ol3,-I" 
I.'~ ~ ~F.JUTL"~G CL'lt~cF.. 

AS- x-_ f mole  % )  Al tmlaf  ¢ I~duz ir¢ Standard 
r r r ~  ~rror ~ i m i o n  

Actuan o i ~ . . . - , !  ( ~  % )  ( m o ~  % )  ~ !oo  :o: S , )  

! 0-I  19 0-132 ~ 0 .0!3  10-92 0-59 
2 0-291 0-332 ~ 0-041 ! 4.09 3. I 0 
3 0-531 0-552 ~- 0-051 9-60 ~.-21 
4 0-~)1 0-581 ~ 0.0S0 10-00 I-K2 
5 1-091 0 .960  --0-131 !2-00 i . 40  
6 1-141 0-973 ~0-16"/ 14.T2 2.37 
7 I. ' /SI I-315 -- 0 .466  26-15 3 . 4 /  
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Relx~tabi l i ty  o f  the final results o f  measurements  ~ a s  established by calculat ing 
the standard deviat ion o f  the mean from thrc'c measurements  (Tab I: 2). 

RESUL'I~ A~D ~ ~  

For comparison, the cr~om~r/c curx~s cstab!i~hcd by the dia!tomelric and 
Skau's technique are plotted in Fi~ ~ Theoretical cur~cs arc also plaited accordin+ 
tO cqn. ( I )  tmith ,4 = 0.01 ;~23 dc~- ~ taken for the first cr)-ometHc constant o f  benzene. 

Figure 3 shows the Skau c~_omclric cur~-es oblained for the scvcn samples 
(Table !). ascertained with duc correction for heat dic,+ipation. 

In Fi~- 4, the ( I /F~- I~mmctcr  r a n ~ s  arc sho~-n u,'ithin which the slopes o f  the 
.,mr~omelric cur~'~ coincide m-ith the correct ~alucs of .~.bt at ;hc ~ivcn impurity 
COnl¢tnlt:~. 

As e~+ideat from Fi~  ~ t l~ Skau cr)-omelric cur~, ,  unlike the dilatomclric, 
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c x ~ l  ~ +n each ~ +  d ~ o m i ~  t l~  slolm conl'ommi~ to t k  t l ~ o ~ i ~ l  comm+c fro" 
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Fi~- 4. Inlcr~=k o f  I~F-,,=lucs - , i lhin , .h ich  the sh~p~ o f  the . ~ u  c~-ong t r i c  cun-cs a p ' c c  ; i l h  the  
a'--lu~l impur i ty cOrd~nls in the ~ ~tmpl¢:~ o f  ~ l ~ n g .  ; ~ r i t y  I~roporliO(l~ 

exhibit considerable dcxiations f rom the rectilinear course characteristic o f thc  bcnzcnc 
-~ n-heptanc system at l imi t ing di lut ions and do not a l low the establishment o f  the 
dcgrc~ o f  pur i ty directly f rom the cxpcTimcmally measured 7" and ( l I F ) - ~ l u c ~  The 
strict analog" o f  the curve shapes ~ i th in  the whole series o f  measurements (Rg.  3) 
indicates that the de,'iations arc caused b v s~lcmat ic ,  rather than random, errors 
~ i a t c d  ~ i th  rncasurin~ the liquid-phase fraction, F. or  equi l ibr ium tcmpcgaturc. 
7-. The corrections recommended in the literature wcrc found to rcducc the dc,.iations 
to an unsatisfactory dc-..rc~ Ica,ing no possibil ity o f  adequately intcrprcting the 
r,:~ult~ 

As shown in F i ~  3. by reference to the cryometric curves obtained for  the series 
of  the s ~ . n  samp!c~ o f  var~ing n-hcptane contents, the ~£ctions o f  thc c~-omctric 
c u r l ~  mith slopes approxlmatcly consistent v.ith the actual ,"alucs of.~.y~l do not fall 
in a common interval o f  tttc (liF)-paramcter. This range i~arics ~lith the mole ~ 
impurity in the sample in~:sti~atcd. Thus, the common soction of  the cryomctric 
curve claimed to correspond to a constant ( l iF3-paramcter intcn,'al, I - 2  ~; or  2--6 6, is 
hardly justif ied. Evidently, this ran~(: ,,~rics f rom ( l i F )  = 1.2-1.S to ( l ! F )  = ? - I  I at 
impur i ty  contents o f  1.5 and 0. I mole ~ respeclix1:ly: that is, as the impur i ty  content 
is rais~l, the r a n ~  moves considerably t o ~ t r d  low-~r ( I iF)-~alu~,- To  explain this 
fact. the courses o f  the melt ing cutx-c~ recorded at a linear tempcraturc programme 
wcrc sub.~cctcd to crit ical ana!)~is; i t  is actually these cur,,~:s that foi,i~ the basis for  
thc dctcrmination o f  thc c~ornctHc curves T = f ( l  iF)-  

A thcorctical cryomctr~c cur~'e transformed by cqn_ ( I )  into the plot o f  a melt ing 
c u r ~  T = f(--) for  the. l iquid phase mole fractions. Fadopted f rom the Sgau technique 
rncasurcmcnts is prcscntcd in F;~. 5. 
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Fig. $. I l luslr~l ion ~1" Ibc inlhmm:c o f  the ceer¢clion includin~ l iquid cxislcncc at ,cmpcralurc T , .  cm 
the: walt~ o f  fr 'a~ion n~'llcd (F)  fox , , ~  s l a ~  o f  Ihc n~lm.in~ ~ C'. cxptarlmcnt.'al polnl: 
~.. - idea l"  inching ~ rcxmt~mc[cd on  I!~ ~ o f  the o y o n ~ r i c  ~ n ~  in oc t -m~ncc  wi~h 
scatc I. ~ g  o f  -ideal'" , ' n c ' h ~  ~ afl~r making a l l o ~ n c ~  for cmrc~ ion  including 
l~qmu~d cxi~,m~c at  ~¢~mpc~tum 7", ¢~I¢ ~ ~,1~m~d by. the arrow-. 

The c ryon~r i c  c u r ~  T --- f(F) ~-hich. in a g r ~ t  ~lith cqn. ( I )  forms an 
equilateral hyperbola, becomes distorted in thc T = if=) plot bccatL~C the time scale 
in this plort is incop_~cnt  with the: F-value scale (as indicated by Fi~  5). However. 
i f  the F- and T-values ~ere correctly evaluated, t l~  theoretical meJling curve should 
coincide with the e x p e r i ~ l a l  cur~__ As evident from Fi~  5, such a coincidence is 
achie~exl in only a ~mall v ~ o n  o f  t l~  melting curve. 

Two ~gions  exhibiting diverse deviations may be dislinguishcd. ( I )  In the 
initial melting range the theoretical melting curve follows a course beneath the 
eXlX'rimental curve and makes a ~rong  bend down~'ard. (2) Starling ~ith a cerlain 
point the experimental curve straighlcns and then makes a bend u p ~ r d . ~  

departure o f  t l~  thcot~:lical from the expe~menla! curve in the final 
melting slag~ is s u g g ~ t i ~  o f  thermal di~:quilibrium and progressive superhealing 
o f  the liquid phase. It is thus evident that extrapolation o f  the final melting curve 
section along the strai~ht line up to the intersection with the slraig..ht line P -F  (Fi~ I), 
as often I~rac6ced ~, to determine the sample melting point (Tr), is incorrccl. Extra- 
polation o f  the melting curve beyond the equilibrium range up to F = I is juslified 
along the h ~ l i c  type cur~._ However, the analytical form of  this curve cannot  
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be determined unti l  after the x°:A valuc and the relation between the t ime scale, 
: ,  and  the F-scale in thc melting curvc are kno,,ln, i.e. after the relationship F = f ( : )  
has bccn cstablishcd: therefore~ the extrapolat ion and also the determinat ion o f  Tr 
in the Skau technique directly from the melting curve may bc only approximate  in 
nature.  

Figure 5 shows that  the section [ I ( F ) ]  ---- I to 2 as suggested in the litcqrature 
for the determination of  the co 'on~ t r i c  d e p r ~ i o n  is unsupported and still l e ~  
justified ~ the extrapolat ion o f  the cryometric c u r ~  from ( I : F )  = ! to 0. 

The  characteristic point in the melting curve ( F i ~  5, point  I) at which melting 
h e ~ n s  to proceed under the increngingly high thermal disequilibrium conditions,  is 
the inflection point. Therefore, for purposes o fc ryomet r ic  analysis it appears  justified 
to consider only the points I.~ng below this point within the low F-,-aluc rankle. 

Since a t  the initial melting sta~e superheating may be ruled out  as a possibility. 
deviations in this r a n ~  o f  the experimental  from the theoretical curve appear  to he 
duc to errors inhcrcnt in the determination o f  the liquid-phase mole fraction, F r a t h c r  
than to t h o ~  arising from thermal discqui!ibrium. 

The  liquid phase present at the moment adopted at  the start  o f  the melting 
process is o f  consequence, a fact hitherto underrated. When impurities form eutcctics 
with the major  component ,  the liquid phase appears at the melting point o f  a binao" 
or  a mult icomponent  eutectic~ which is usually much l e ~  than the melting point o f  
the major  component  and also below the temperature range involved in the measure- 
ment. "l 'herefor~ as evident from Fig. 5, the grcatcst differences between the courses 
o f  the theoretical and CXl~rimcnta! curves occur within tbc ran~'c accepted a_~ the 
initial melting region in the melting curve where the m ~ u r e d  F-i~lues are burdened 
• , i th  !arrest crro.-~ 

For  example, for  the Skau melting curve ( R ~  5) o f  a sample containing l 
mole ":~. o f  n-heptane as impuri ty,  the liquid-phase mole fraction at temperature T~ 
adopted as thc melt ing slart-point and dctc~,-,,incd f rom lhc phase diagram is --- 15 ~;~. 
A suitab.tc correction adopted for  the F-~-a!ue allows good agreement in the courses 
o f  the theoretical wi th experimental curves (R~.  5, scale 2). 

I t  remains open how to formulale the correction for  fraction F o f  a subslance 
wi th an unknow~ impur i ty  content, a commonplace situation in co'ometr ic measure- 
ments o f  purity. This problem has hecn discussed at greater length in our  fo l lo~ ing 
paper. 

For  a substance o f  unknown impuri ty content  and type and an  unknown 
correction to be applied to the liquid pha~., it appears to Ix: most reasonable to rely 
upon the equilibrium melting curve s ~ i i o n  closely adjacent to the inflection point  
for  the evaluation o f  impuri ty content.  In thc cryomctric curves in R ~  3 the points 
are marked,  correspot~ding to the inflection points in the cxperlmcntal melting curves 
obtained by the Skau tcc:hniquc. 

Thc  slopcs o f  tbc straiE.ht lines dra~qn through these points and through the 
lower experimental points ( toward higher (l~F)-valucs) were adopted as a basis for 
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TABLE 3 

T l ~  51~LTL'~ XTAIrrolq~llx~ 

~'o. x: fau,A- %)  

A ~ r ~  O~' r r rd  

~ r t -  R~/~ir¢ ,~r~ederd 
t-rr~r m o r  d c r / ~ / ~  

I 0-1!9 0-109 = 0 9 1 0  = 0.9 1.13 
2 0291 ~ ~ 00119 -:- 3_1 1.46 
3 0.531 0-530 -OIM!  -- 7.7 ~ ?(, 
4 o-S01 0 - . ~ 0  ~O-0 !9  -~ ~ 4  ~ . ~  
S 1-031 0-9:30 =0-10! = 9 ~  3.63 
6 1.141 1-010 - 0 - ! 3 !  - -  ! 1-5 3.00 
7 !.7~I I~1~ --0-173 ~ 9.7 " i~ 

the dcltn~:nation of  Xe-Valucs in the indi~,~dual samples. Rcsulls am prcsc~Icd, m 
Table 

As cvidcnt f rom Table 2 llu~ relali~,~ error is held x, i t h in  the l imits o f  ! 5 ~ -  The 
$1andard  deVialion~ ~ , ,  c h a r a c l e r i s l i c  o f  Ihc  r e p e a l a b i l i l y  o f  !he  m c a s u r e m c n t s  

I X ' ~ o r m ~ ,  ~'xhibits n o  c o n s i d e r a b l e  ~ r i a l i o n  ~ i l h  Ihc  i m p u r i l y  c o n c c n l r a l i o n  a n d  

maintain~ ~lself ~i lhin the limits o f  0.01 Io 0_03 mole ~ in harmony wilh Ihc precision 
oblained by other in~,li~ators- 

Results obtained with the aid of  the inflcclion point in Ihc mclling c u r ~  and 
c o r r c c t i o n  o n  t h e  l i qu id -phas~  p r c s ~ i e d  in  t h e  t e m p e r a t u r e  (7-,)  a d o p t c d  a s  t h e  

melling sl=trt-point are shown in Table 3_ 
As is evident from this Table the re la l i~  error is held within the limits o f  1 0 ~  

and is smaller then that obla;.ned wilhou[ considcralion o f  Ihc !iquid-phasc prcscntcd 
at  the temperature 7", at the ix'ginning of  Ihe e_xpcrimcnl. 
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