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A et of beat valuaes for the tetnperatures and enthalpies of fusion and transtion for the
a-paraffing i3 prosented, From an anal_\irais of these data a general IiEua.lit.au‘c.iwa theory of the
phsas behavior of $he v-paraffing is developed.  Four distinet eryatal structures-—hexagonal,
triglinie, mooeslinig, and orthorhombic—-desoribe the solid phases of all n-paraifine with
o than nine ¢arbon atoms in the chain. The latter two structures become equivelent
at longer chuain lengths, Odd-even differences sre resolved in terme of remsonehle dii-
ferentes in end group packing, and the smooth increase in melting and trensition temperature
with increasing chein length is attributed to a deoresse in the ratio of end %;gups to ohain

gups. Drouble traositions are predioted for severel pure m-paraffios above n-CyHp.
mpurity effects are isolated from the pure n-parafin propertice and diecussed, The equa-
tion, Tw(*K1=1414.3 {n— 1.5/{n+ 5.0} is presented a8 a correet deseription of the melting
temperatures (Tu) of all n-paraffins above n-CyHu. Sufoient data to permit an aceurate
extrapolation of the enthelpies and entropiea of fusfon to the infisite-chain Umit are oot

An Analysis of the Solid Phase Behavior of the Normal Paraffing

availeble.

1. Imtroduction

In spite of much n-paraffin data in the literatura,
no accurate oversll interpretation of the solid phasc
behuvior of the n-paraffin series has been presented.
Individual members of the s-paraffin serjes fre-
aquently exhibit behavior which appears to be
anomaloys, A  double solidsolid transition re-
ported in n-ClyHy, for example, has not been shown
to be consistant with the behavior of neighboring
homeloge. This present work is the result of an
attempt to undersiand the solid stale behuvior of
the sntire n-paraffin series and to resolve the appar-
ent anomalies. In particular, this paper eatablishes
a set of selected values {or the temperatures and
heats of n-paraffin phase transitions based on data
currently obtainable from the literature. These
data are combined inte s general phase scheme,
which is intended to reduce the confysion and mjs-
concepbions which exist in this area and to give the
reader o simple and unified picture of #-paraffin
phase behavior a= related particularly to temper-
ature snd chain length. }?-ruy leng-spacing (F;tﬁ,

which are pertinent to this work have been included
and although emgshasis is placed on the properties
of pure compounds, & discussion of impurity effects
has nccessarily been added to clarify data inter-
pretetions,

The organization of the paper i3 such that the
data and results may be quickly extracted from
section 2 while details of the work are reserved for
gection 3. The references are intended to cover
the bulk of the available useful and reasonably
accurate work on m-paraffine,

2. Data

2.1, Phage Notation

Many different phase notation systems ean be
Found in, the literatyre and it is frequantly difficult
either to understand or to correlate these systems.
In table 1 we ibtroduce yet ancther notation and
corralate it, insofar as ible, with several previous
ones, Tho new nolgtion wae designed to combina
historical precedence with truly descriptive symbaols.

TapLe 1. A deseripiton of the phase nolation sred $n e work and ifs corvelotion with other nolotions in the MWerafure
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b wodation i Teged o thermedynamic rather than oy yetsllngraphic phaoes,




The Greek letters & and @ aro still used in the tradi-
tional manner to repregent the rotator solid phase,

etable {if present} just below the melting point, and
the denser, low temperature, nonrotating soli ghasea,
reapectiv T these symbols hava been added the

gubscripts H, O, T, and M to designate the hexagonal,
crthorhombie, triclinic, and menoclinie crystal struc-
turea, respectively, These four zolid forms are suffi-
cient, to characterize the structures of ull odd n-para-
flins abova Oy (abbreviation for n-CyHy) and all even
n-pareffins shove Cp. We will not ba particularly
concerned with the remaining very short n-paraffins

which form eolid stryctures that do not fit inte the
chainlike pattern of the longer

2.2. Temperatures and Haats of Phase Changes
The temperatures at which phase changes ocour

in the n-paraffins are listed in table 2 and presented
graphically in figure 1. The heats of transition and
melting arelisted in table 3 and

resented graphically
in figure 2, For the shorter {:Eﬂj]l lﬁng&:s in<20,
where % 13 the humber of carbon atoms in the mole-

TasLe 2, Melitng and franedion fempercturas (K} of the n-pareffing &
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. 'The phies which jra stable in the varions reglons are shown and the treneltlon
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igmﬁu&mt:mn aregl‘wnm brackats and rafer to the liat of micrences
4l tha en e,
« The valnes are corobinsd Bepts of anglton and Moslon &8 the #o phasy
Aoed mot melt dirsatly for thie range of chalo lepgkbs.

t imm the wormal triclinkz

d T hesy alubher goln poeninds bave stroctuwnes di

ammmucfthehnﬁ;]n;m_ % and benes shoald nat be expected b0
L '

w 2atne paktarn of

eule) the dats are fairly complete and considered to
ke quite necurste. At long chain lengths (=40}
very few daia exist and “best” valuez must be ob-
tuined from a graphically or mathematically fitted
curve. In table 2 the “beat’’ values for the melting
points of the paraffing above Cy; were obtained from
the equation Ty {*K)=4143 (»r—1.5)/(r1+5.0), as
dizcussed further in seetion 3.3.  In the intermediate
range (20« n< 40} there freguently are many con-
flicting data available for a sln%le. compound, and
a&rehﬁ selaotion of the “best” values becomes neces-
sary. In this work, values were selected for tables 2
and 3 afier consideration of sample purity and con-
sistency with other date for the same compound and
for neighboring homologues. Sinee the usval im-
purity correctighs are not generslly walid for the
n-paraffins {zee see. 3.5a), & corrected melting point
was not hecessarily considorsd to be more accurate
then an uneorrected melting peint. If, for a given
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compound, only one datum ecould be found, that

value was listed together with (if necessary} a

smoothed value. In general the entire set of data

was selected from the standpoint of achicving overall

Eunsist.enajr with the total accumulation of published
ats.

3. Details of n-Paraffin Phase Behavior
3.1. Crystzl Structures

The varions erystal modifieations of the #-par-
affine have been extensively studied, The hexagonal
(eg) form, in which the chains are arranged per-
pendiculurlly to the plane formed by the meihyl
end groups, wes discussed by Miller in 193¢ [1].!
This ag form is stable just below the melting point
in the odd paraffing from C; to Cgz and in the even
paraflins from Cy to Cf. An important feature of
the as phaze iz the high degrea of rotational freedom
of the molecules about their chain axes.

Btructural details of the orthorhombic {3,) [2, 3,
4, 5|, triclinie {g¢) [6], and monoclinie (8] [7] phases
have been reported for the = p g8, ineludin
the polymer limit of very long chain lengths [SE
The &, Eha:ae iz the stable low temnpecature phase
of the odd paraffine above (% and iz the commonly
ocourting low temperature phase of all paraffins
above about 'y This form consiste of vertical
chains (i.e., chains perpendicular to the end group
planea) and hence transforrnz guite ensily from the
ey Phase when, upon cooling, chain rotation ceases,
The ag-f, transition is a simple rotational order-

1 Figuren in brackets [ndicate the litersturs references at the end of thie paper.

disorder transition [9), In the remaining two &
phasea (fy and 8y,), the chaing are tilted with reapect
to the end group plsnes and the itransition from
the liquid or ag phases would seem to be s moro
complex procesa. The £ phase is stable at low
tetmperatures in the even paraffing below Gy and
possibly also in Cy. This phase hae besn found to

ersist even down to Cp and y [10] and possibly

¢ Above {and possibly including) Cp fu is the
stable low temperature structure for the even
parafling. The freguent ocewrrence of the 5 strue-
ture in the even «-paraffins above aboui O is
probably dpe to impuritiee and the very small
d]igerence in free energy between the f, and B
phases.

The akove forms have becn siudied with soime
success from the standpoint of geometrical packing
[L1-13]. That is, if ope considers the moleeyles
to be made up of overlapping spheres of size and
separation conaistent with atomic radii and molecu-
lar bond len , then the structures ome would
expect for densest packing arc consstent with
structures actually observed. .

It is inferesting that the —CHp— packing, az
shown by cryastellographic measurementa {ﬁ;, is
nearly the same for both the #y; and g phases. Tha
relative stability of these two forms must then be
determined lﬂu‘%'el;f by differences in end group pack-
ing, which implies that, for longer p g, the free
e difference betwesn 8y and Sy becomes guite
small. It iz more puszling that in pure paraffins
the g phase (triclinie suhecell) is not observed above
Cie while the fu is not obsarved below, Apain it
seems that the end group packing must be an nn-
portant factor and that the shilt from Sy to fy above
Cyy 0ceurs because of the diminishing ratio of end
to chain groups. Roughly speaking, the —CH,—
gacking 18 similar for ree § structures with the

ifference occurring in the relative displacement of
wdjacent chains in the direction of the chain axeg—
none for 8, one C—O unit for 8 and two O—C
units for fy.

X-ray long-spacings offer a fairly convenient check
on the sttucture of o given n-paraffin, Tn table 4
and figure 3 are presented selected long-spacing data
for a large number of n-paraffins. l’ﬁmse data fall
on three straight lines corres undinf i P, Sp, ond
vertical (ag or fo) phases. Linenar least squares fits
of these datn result in the rclationships shown on
figure 3, where the cosine of the anple v between the
chain axes and the énd group planes for a given form
was taken as the ratio of the slope for that form to
tha slope for the vertical form. The long spacings
for a mven phase aro quite inzensitive to tempera-
tuke.

Figure 3 confirms meany of the important ideas in
this study. Both 8y and fy long spacings have heen
raported for O a0 that it 18 difficult to say which is
the stable form, but we have here found it more
congistent to assume that gy is more stabhle. The
long epacings of the odd paraflins below Chy are seeh
it fall below the vertical phase line mdicating various
tited Bt.ructuma—pmbal};ly triclinic—which are dif-
forent froan either By or fr. Ome spacing reported
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for Oy indicates the existence of the §y form for this
compound in support of the previous statement that
B 18 stable in the longer even paraffins. Recent
measurements Lﬁl] on Cy heve shown long spacings
of ahout 105 A ab room temperature which is also
indicative of the 8y phase. Frequently, reported
long spacings are longer than one would expect from
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EVEN /T PARAFFING

Fiouee 4. A schematic diagrem, (nod drawns o scale) thad
ilfumrates equivalence of packing of eryatal loyers of event and
edd m-perafin moleculas dn the fo phase and the imporribility
of equivalencs of pecking in the By phare. The Bw phose
aflmes higher densiiy pocking then doex the fo phase for the
eren parafing, bul lower densfly pocking for the add poaraffira,

Thia effect satisfactorlly explaing aven-odd dlfferstices abd similariiles in the
frparaifing,

ﬁ‘%ure 3. This result iz one of the impurity effects
which will be disewssed in section 3.5d.

3.2, Even-Cdd Paraffin Ditarences

The «-paraffin phase behavior iz more easily
understood when ono realizes that the even-ndd
differenices show up only when there is o talted
{fu or Br) phase involved, and that the differcnoes
are due primarily to packing differences in the end
group layers. en the paraffin chains are packed
vortically (wg or By phases), there is no reason for
aither the chain groyp or the end group packing to
be any different for the even than for the odd
nymbered chaine. But when tiited (for example,
B only the even paraffins have the symmetry
requi for equivalent {apparently low energy)
packing of both end proups. If sn odd nwnbered
chain is tilted and one end assumes an advantageous
low-energy position, the other end is necessarily
foreed {remembering the rigidity of the planar
C—C zigaag) inte some different apparently high-
energy position. Hence the tilted medifications can
he of low ensrgy for the even paraffine but not for the
odd paraffioe. For the nontdied modifications
{f, ag, and ;) the even and odd paraffins should he
equivalent and indistinguishable. Hence the so
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called “alternation’ of melting or transition tempera-
tures oecurs if and only if a tilted strueture is invol ved
For instanee, as correctly peinted out hy Hoffman
and Decker [34], altcrbation oceurs in the melting
inia halow Cy and in the fransition poinis from
4w to Oy, whereas there is no alternation of the
melting pointe above Cx. The simple sketch of
even and odd zigzag chaina in fi 4 lustrates the
abova & ent which is baged on that introduced
by Malkan [14] in connection with long chain esters,
but which haa not sinco been widely appreciated.

3.3. Mealting and Transition Temperaturas

There have been collected and reported many seta
of n-paraffin melting and transition temperstures
15-20], all of whi-::g differ in some respest from

ure 1. The most satisfactory of such plots iz that
o ?e{];p.erer, quélé, and Ma.zfae [24]. Ind&dc}i'gm to
including a wider range of compounds, re 1
ieludes several modifications to the work of the
above authors. (1) The even-paraffin g-uy transi-
tion line (fi. 1b) has been divided into two segments.
{2) The even-parafiin B8y trapzition line has here
been proposed. (3) A metastable ag-i melting line
{for the ever parafline Oy and helow has been omitted.

Since it is known from X-ray data {fig. 3) that the
even paraffine above Cy are in a different g form
from those below O, it seems reasonable to expect
a break in the fogtransition line. This break seems
te be consistent with {t.hﬂu%h not neceseitated hy)
the trapsiticn point deta in figure 1. The Cy iran-
sition temparature falls on the fy-aa transition line
and henee indicates that the stable form of Ca is
rather than f-.

The proposed even-paraflin fy-Fy transition line
iz actually supported by vory little experimental
evidenca, Pure Oy exhibits a double transition
[21-22] which has not been explained. In figure 1b
this douhble transition is interpreted as & Su-8 and »
Bo-eeq transition, where the S,-ag iransition falle on
the corresponding fo-op odd-paraffin transition linae
as one wonld expect fromn considerations of section
3.2. The Su-8, transition line of figure 1b further
indicates that a double transition should oceur in sll
even paraffing from Cy, to Oy and that longer even
g&mﬁgls should be subject to asingle guf, transition.

he fact that the Su.-f, transition, if teal, 13 50 seldom
observed i probably due to the known stabilizing
influence which even small quantities of impurities
impose ¢n the f; phase of the longer puraffing and
also to the kinetic dificulties which would seem to be
aseociated with the mutual tilting of & large numher
of long, densely packed chains. Also, sines the OH;
gacking is rauch the same, at long chain lengths the

ifference in free energy between the Sy and 8y
phases should become quite small, and hence the
two phages would become thermodynainically indis-
tinguishabie. Even if the 8y-5, transition line inter-
secta the o+ curve at some longer chain length the
¢hange in the melting curve would probably be
insignificant.
and, who first studied the stable room temper-
atura g, form of Cy [5], later found that a more pure,

more carefully prepared sample of Cs was actuslly
B ut room temperature [7].  Recent N.M.E. reeults
[23] on several paraffins {A P.I. eamples} show very
clearly that the shserption line widths associated
with the three solid phases of Uy correspond closely
with the line width= OF the known og, So, and Sy phases
of shorter homologues, and nalso that the go—fw
transition is quite sluggish and tends to occur at
considerably lowar temperatures than the reverse
Bar—+fp, transition. Direct X-ray verification of the
occurence of the fy, §o, and o phsases in & single
saraple during wartming 0 the melling point bas
been reported [61]. In a recent X-ray study of Cu
powder [24] an irregularly oecurring transition in the
eell dimensione was reported at —40 °C. It is con-
sistent with the abova 1deas io mterpret this apparent
anomaly as an impurity-retarded So-fy transition.

It is interesting that the various long-chain
crystal forms persist down to rather short chain
lengths and the melting points decrease rtather
smoothly even down to ;. The odd paraffins
become monotropic at and below 5, with a trielinic
structurea which is not the same as that of the even
paraffine. It must be crphasized that a line
representing the temperatores at which a given
phase melts shonld not be a smooth continnation of
the transition line of that phase, nor iz the line
representing the freezing of one phase a smooth
continuation of the freezing line for a diffevent phase.

In order to obtain best valucs of the melting points
for paraffins above C,, we uzed the equation
Te=Tyn4o}/m--b. Variations of thiz eguation
have been sxtenaively emplovad [15, 17, 18, 24] to
dessribe the melting points, Ty, of the n-paraffine
as a function of the number, n, of carbon atoms in
the chain, T, 4, and b are constants where T ia the
convorgence tomperature, ic., the meltinﬁltempera-
ture of & v arge orystal of long—CH;—haing
containing only the equilibriom number of defecte.
The eguation was fitted by least squares to the
melting points for the 14 parafiine Cy and higher
for which data were found in this study,  The resuls
of this caleculation iz 7y ("K)=414.3 (-n—l.f:K}/
{n4-5.0). The standard deviation of Ty iz 0.3 *K.
Assuming no variation in b, the standard arror of
Ty for theae dats ia calculated divectly to he 0.4 K,
The Possibla varigtion in 4 was assumed to be 1£2.0
which leads to a corresponding uncertainty in T of
+1.2 K. (Combining the uncertainty in Ty due to
the uncertainty in & with thrae times the standard
error in T, ab constant b, one arrives at & total
uneertainty in T, of 2.4 *K. It should be remem-
bered that the sbove relationship applies only to the
melting temperatures of the longer n-paraffing {Cy
snd ahove), which melt from an orthorhombic
subeall structure,

A4, Heats of Fusion and Transition

Premelting, changes in melting temperatures due
to impurities, and overlapping of melting and transi-
tion regions are among the factors which introduce a
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E’rmt- deal of seaiter and uncertainty into data on
eats of trangition and fusion. Garner [15] has pro-
posed that the heats of fusion, AH,, are linear with
¢hain length, but the data in e 2 ghows a definite
nonlinearity in the heats of fusion and transition.
Billmeyer has made & more extensive study of
ni-paratfin heats of fuaion [26] and also concluded that
the heats of fusion ave linear with chain length and
that the slopes of these functions are the same for
fuzsion of all the 8 forms. Although the heats of a
particular phase change should lie on a smooth curve,

ere is no reason to expect linesrity except in the
limit of very long chain-lengths where Iy becomes
constant. The accurate heats of fusion of the shorter
paraffing show u very definite upward curvature, but
even with the large amount of data gathered here,
irregularities prevant the determination of an acon-
rate genaral relationship betwean chain (lltﬁgl.h and
heat of phase change, and it iz even difficult to
deternine what type of amooth ctirves would be the
most accurate® Hence “best’” wvalues could not be
obtained with enongh confidence to merit inclusion
in table 3.

Included in figura 2 are caleulated, approximate
values of the heats of metasiable transitions (ie.,
the cnthalpy differences between two phases at the
temperatirea where the free energiea of these phases
are equal). Though not directly mensurable, these
data are important in a study of phase behavior,
As an example, the fo- transition does not occur in
the paraffine below C,, because of the occurrence of
the o phasa, and heat of {usion daia are rare for
paraffivg abova ;. OUne way te gain information
about the hent of the 8- phase chunge is_to add
together the heat of transition Sy~ and hest of
fusion o<f. A more accurate approximation could be
made from enthalpy-temperatira eurvea of the tran-
sition region bui these are not readily obtainable.
Comparisons inade in this work using accurate
enthalpy-temperature curves [44] show that the
method of adding heats of fusion and transition gives
values which are about 4 percent lower than those
obtained from enthalpy curves. In either case, it is
not poesible to tell exactly at what temperature the
{ree encrgiea are equal unlese bhc transition between
these two phaszes actuslly occurs. ‘The discontinuit;
in the So-I curve of figure 2 can he reconeiled mtﬁ
the ideaa of this paper only by assuming that the
anomaly is the result of impurities in the longer
paraffine.

3.5, Inpurity Effects

Impuriiy effects have heen the major cause of
confugion in the study of s-paraffins. In chain
compounds, the usual impurties are other chain
compounds of similar length since other types of
impurities are easily removed. Various hinary mix-
tures of parfling have been studied [27-30] in order
to determine the effectz of paraffin impurities on

TIn & oot 36 0dy of the extrapalaticn of the N-paratin mel; behaviar
higher tun peratures LA0[, 6 waa shown ek Ln the sioepieat eate the entbalplss
ol plrase change wooll oot in gonersl bo lineqr,  Hoaes the sigrmoldul curves
ghown in figuee 2 quice probally represent peal affacks

parafling and it is not unreasooable to suppose that
the observed effects would apply qualitatively to
other long chain impurities such as clofina. Rather
complex binary phase disgrame have heen con-
structad [20, 53] to explain binary behavior but
goeveral general conclusiona can ba made.

a, Bolid Scluticma

If the impurity and major component arc iso-
morphic andp of not too different length, then solid
solutions are formed and the phasa behavior of the
major component is not drastically altered. An
axcellant exatople is 6 binary mixture of Oy and Cy
28] which ehows melting f{opf) and transition
{Bo-ap) temperatures inereasing linearly from those
of pure O to those of pure Oy a8 the percentage of
4 is inereased.? It thus may he impossible fo
detect certain impurities—even in large amounts—
hy thermal analysis.

b. EulecHe Mizhaires

If the impurity is not isomorphie with the major
component or 15 of sufficiently different length
(eapecially criticel at short chain lengths) then eolid
aolutions are less hkely to form and phase behavior
iz more drastically altered. If for instance a small
amount of Oy is added to Cgy [28] then the Cu
freezes inito an ortherhoembic form {-5.0* tather
than the normal trielinic form (-fr; and then
undergoes a transition into thetriclinic form {Go-fy).
Metastable melting pointe obtained by extrapolating
the impurity-induced 8, melting temperatures te¢
zero percent impurity should not ha interproted
83 op{ melting points and combined with the odd

arafin g melting line. This interpretation has
Eean criticized [30] on the grounds that the
impurity induced phase in Cyy, Cs, and Cxy ia actuslly
Bo rather than ag |29, 30, 32] and henee the metast-
able melting points in question should be unrelated

to the o melting pointes.

¢. Fhase Slahbilization

A peneral effect of impurities is to stabilize the
versical ag or Bo structures, presumably by removing
m::i&tilunal &:unstmi.nt-smil_]d by interfering tﬁlﬂi':il:hdﬂ
orderly en up packing nee in the tilte
fix a,ndv - st.rﬁ?ures. It hea already gacn mentioned
thet impure Cy (and also tha shorter even paraffine)
exhibits & stable B phasc just_below the melting
point and a fo-fr transition. Hence, in this case,
the impurities have csused the occurrence of a solid-
golid travsition. Thizs same effect may well be
resa ible for eliminating the solid fu-gy tran-
gittons in the longer paraffine,® and clarifies the

¥ Thiz examphe also lldsirates somplata abaenos of even-edd AlSersiwes a8
digorigeed Y aaetion 43,

e e e hetaci o PR S0 HrdEares,
SATA &8 tha THITE DX rrma hecausd of ahaln e 4,

1AN0 € be 12 thee lack of 6 dodbke tranalton in impure O [T, 19] Alxuessd
earlier in aeklon L3,
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u}[l)parent.ljr ambiguous proposal that even though
the By structure iz usuadly the observed structure
in the very long even paraffins, the iy structure may
actually have a lower free energy and hence represent
the sta.'lv}-le, long even-paraffin structure. Even when
impurities do not {lrevent. a transition from ceceurring
they usaally greatly lower the trangition temperature
mdy cause inereased separation of inelting and tran-
sition temperatures. Because of this, transition
tenperatures are frequently a much more scositive
impurity indicator than are the melting temperatures
which may be raised, lowered, or left unchanged by
impurities. The present study has shown that
samnples of guestionable punty usually show high
melting and low iransition temperatnres,

Second order 3" transitions which have received
gome sttention in the literature [QJ appear 0 be
another example of an impurity-io uceli) anomaly.
Altheugh these anomalies do exist in impure paraffins,
there iz no cvidence that any pure paraflin exhibits
such & transition, Other transiticos {eg., ortho-
thombic—orthorhombic in % and moncelinic-tri-
clinic in Cg) have been reported [38], which are not
in accord with the phase scheme of this paper, and
slthough it is assumed hera that impurity eé):cts Are
responsible, the nocessity of further experimental work
15 evident. Similarly there is w great need for further
work on the very long a-parafling to study recently
e}r]idenced {54] struciural variations in the monoelinic
phasa,

d. X-raoy Long Spacings

Low-angle spacings, which are frequently relied
upon to furnish jnlormation as to phase and chain
length, are in peneral incressed by impurities,
even when the Impurity is a shorter homologye [28).
Part of this effect can ba attributed to & broadening
of the diffraction intensity curves and a resulting
apparent shift of the maxima to amaller anglea.

iper [28} found that inhomogenecus mixtures of

aflina frequently give long spscings whish are
mdistinguishahle fllt:ﬂm those of pure compounds
and that long spacings alone are & poor means of
identifying paraffins. However, with reasonahly
pure samples of known chain length, small-angle
spacings offer a convernient way to identify phase,
and & spacing greater than expected from figure 3
would indicate uneven-chain-end planes and hence
proebably impurities.

&, Heale of Tronsition and Melfing

The waye in which impurities affect the heats of
melting or transition are not completely understood,
If the tetnperature of a given transition is lowered
by impurities then the cﬁ;served heat of transition
would probably be low since the enthalpy difference
between two phises nsyally decresses with decreas-
ing temperature. The obsarved heat of phase
change would also be lowered by impurity-induced
premelting offects where part of t.ie enthalpy change
gccurs during premelting.  In general, it would seem
most accurate to assume that the heats of fusion
collected in this paper tend to be too low, especially

with the probably less pure lenger paraffine, These
effects account for at lesst some of the irregularities
evident in figure 2,

f. Fremmrw Effacia

Finally, mention should be made of the effects of

regzura onh the phase behavior of the n-paraffins.

elson, Webb, and Dizon [13] have made high-pres-
sure phase studies on several n-paraffing from C,to
. Poth even and odd parafina show the expected
increase in melting and transition temnperatures
and a gradual convergence of the melting and transi-
tion temperatures as the pressure increases, It was
also found that increased pressure tends to stabilize
the S¢ form more than the gy form. These effects
are oppoeite to tha affects of increased impurity con-
centration. Since high pressure compresses the
lattice, it is consistent {crudel¥) to group impurty
effzcts 05 “loosened lattice’ effacts",

The author is grateful for many helpful discussions
with John D, Hoffman,
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