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Thermodyonamio data on the n-paraffing from »-C4Hy through s-CiyHyg have bean

used to obinin values for the specific heat, entropy, enthelpy, aod Gibbz free ensrg
large, ideal CHychain crystal from O to 420 K and of the liquid abova 200 K. A

of 8
vtical

expreassions are given for the properties of the ervetal end liguid above 200 *°K.  For the

cryetal, 8 modified Eingtein funotion was used to adjust the melting tem
Valuer batween 975 and 1025 calfmaola for the haat of fusion wers faut

rature to 414.3 °K.
Lo ba the onas moat

consfatent with the data. Comparlson of the resulta with polyethylene data ahows reasonable

Bgreement,

1. Introdnction

Thi= paper concerns the empirical Jetermination
of accuraie values for the thermedyuamic properties
of ideal CHz-chain erystal ' and liguid in the tempar-
ature ranpe from 0 to €20 *K and 200 to 420 °K
respectively, using published data on pure n-paraffing.
This analysis is intended to circumvyent the inherent
difficulties involved in measuring polyethylene
directly since (so far) even the most earafully
cryat-aﬁizad pulyathylene samples are not largs, well
defined CH;-chain systems, and meassuramants neces—
saTily reflect the nonnegligible effects of ¢hain folds
and “amorplhous” inclusions. Wunderlich [g,“
realizing this problem, has extrapolated speciic
heats to 100 percent gtallinity to obtain the

taline CH; cootribubion to the specific beat.
This method iz pregently limited in accuracy by u
scarcity of data and variations in the chemical
structures (e.g., degree of branching and meolecular
weight} which exist batween samples of different
crystallinity. Even ideally, if ome had sufficient
data on several polyethylene samples which differed
in percent nrysl:e.l]me' ity, tha extrapolated results
might still refleet the presenca of chain folded
larnellar surfaces, unlesa the lamellar thicknessas wers
properly teken into account.

The use of n-parntfin dats io determine C’H, prop-
arties offers the advantages that the n-paraffine can
be mada highly pure and erystallized to a high

1 This means & cryacal, 1arge in o]l qlmadskenn, of Taby Tong CHy ¢baln mej-
cubst, which omiakss n0 chem ends or reiches oo el o agudlbrioo fuambae

of dhelocts,
1 Flgures in hrackats iodicebe the Hteratarg mfocaticss Bk £t el af thily paper.

degrae of perfection. Very carefully measured spe-
cific heat data are availabla for pure n-paraffing from
#-CyHy through n-CHyy (see following section). It
has been reported that the molar sperific heat (),
anthalpy [ﬁ), entropy (8, and Gihbe free ener
{F) of the aolid n-paraffine appear to be linear wit
chain length at constant tempersture and erystal
phase [2—4]. An obvious interpretation of this
observation is that each CH; unit in the chain eun
be thought of as contributing & certain number of
vibrational modes to the crystal without changing
the frequency spectrum, spd that this contribution
is independent of the length of the chain in which
the it is located, so long as the local eryatal
structure remaind  unchanged. Aeccordingly, the
f)mpertiee of & CH, unit should be the same in B
arge ideal —CH,— crystal as in the n-paraffina.
The major limitation to the #-paraflin determination
of the erysialline CH, properties are the deviations
from linearity with chuin length which become appra-
ciable at temperatures near the s-paraffin melting
pomia. )

For the liquid phsse, there iz & slight bot real
departura from linsarity which will necessitate special
treattaent in the determination of the liquid phase
properties.

ha approach used below will be: {a) To establish
the best values for &, H, & and F of a —(CH.—
unit i both the hiquid and solid E]msea over a3 wide
a range of temperatures as possible, (b) to stablish
& consistent anslytical representation of the above

1 Ant‘:gllr. the amnlﬂ:nha%t data raters 10 Dwd, the specific heat ooder the

waburkisl Fmpor )t:n'm [ the madariel, For thia work, the differcae betweon
Cp il {oura for kbg 30lid aud Tigukd pheass of the o-pacsifing b negpibia.
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data from 200 to 420 °K, and (¢} to compare the
results with actual date on polyethylens and examine
the discrepancies between the predicted and observed
properties,

2. Source af Data

The #-paraffin date uwsed in this study were
furnishad by the United States Burean of Bines,
Bartlesville, (tkla., in the forin of tables of values
for 1, H—f&i’n, &, and P H, (H; is the enthalpy at
0 I°'I{ﬂ]. Their work on #-CH,, #C;H,, and
n-CH,y theough - H,, is presented, together with
details of sample purity, measurement techniques,
and thermodynamie calealations, in references [5, 6,
and 7| respactively, and their work on n-ChyHay und
n-CgHzx 18 83 yet unpublished. The data ¢n
a-CH,e, n-CHag and n-CjgHyg coverad the tempera-
ture raoge from 0 to 370 °K, and data for the remmin-
ing parafling extended from 0 to 320 °LK,

3. CH. Straciures

Tha even n-paraffing * from CyH), through CpHy
are triclipic at all temparatures up to the neltin
pint. The odd n-paraffine * from C.Ha throug
1:Ha: are orthorhombic at all temperatures up to
within 15 degrees of their melting pointe but under-
go & polid-selid transition prior to melting, The
orthorhombic CH, structure of the odd parsffins
appears to be identical to the CH; strocture of poly-
ethylene, and is assumed to be identical to the strue-
ture of the ideal CHxchain erystal whose properties
we are predicting. Although one would oot expect
the date for the triclinde structure of the even n-
paraffing to be relevant te this work, it was found
that the data obtained from the even s—paratfine
varied only slightly from that of the odd n-paraffina.
In the hquid state one expects and finds no even-
odd differsnces among the paraffine. The absolute
entropies of all 13 paraffing examined here, when
lotted ageinst chain length, lie on the same, nearly
Enear curve and the enthalpies and iree enerpies
show s gimilar behavior if one takes into account
the differences in zero point enthalpies between
the different solid structures, For instance, the
enthalpy which had to ha added to F and I for the
even paraffins in order to have the liguid phase
values of ¥ and H for both even and odd paraffins
lie on the same nearly linear curvae, when plotied
veraus #, waa found to be 370+ 10 calfmole of par-
affin molecules. This zero point enetgy difference is
independent of chain length simee 1t results en-
tirely from the differences in packing of the chain
end groups, with the trichnic phase sllowing the
lowest energy 1::1:1;-:;]1&11.%._’i
Wheraas tha solid phase of very linear, high molecu-
lar weight polyethyiene contains a sgnificant volume
of chain folds which causze deviations from the ideal
crystalline CHs specific heats, the liquid state should
ptesent no such difficulties. Specific Leat measurs-
ments should not be able to detect the =mall per-
1 Fvep weporn i wtid odd a- arsffizg are beros psed horo Lo maan n-para(fie

mﬂtninllx um gvas B g pumber of corbem atoms in the oeleela-
¥ Epg refpresica [3] tor & further decwzalon of the nheve poimts,

centage of chain ends and branches present in the
liquid. ‘Therefare, the specific heats and absolute
antropies caleulated here from the liquid a-paraffin
duta ghould bo close to the actual massured values
for polyethylena, and & comparison of predicted and
exparimental properties of the liquid provides an
experimental test of thiz work. ‘lghe liquid paraffin
data should not, however, be axpected to reflect the

presence of a plassy state even well below the tem- -

Ferat-ure where the ideal CHg-chain liguid might
weomme & glass,

4. Analysis of the Paraffin Data

Table 1 contains a sample of tha thermodynamic

data as received lor the solid and liguid phuses at
representative temperatures.

cr the solid at s given temperature, the differ-
ences between the thermodynamic values of consec-
utive even and consecutive odd compounds was com-
puted and these differences wore averaged over the
whole range of compounds for which data were
available at that temperature. The averages for
the even and odd paraffine were found to be very
similar, and the comhbined average for both even and
odd compounds waa divided by two to obtain the
dezired thernodynamic value per mole of CH, units,

At the higher temperatures, where the shorter

arafiing ara ﬁquid, the aeeuracy of the computations

ectenses doe to the decreased ranpe of data and the
premelbing * increaze in the specific heat that beging
about 50 ﬁegmes helow the melting point and wﬁi{:h
can be seen in the Hata at 200 "Kgin table 1. 1tis
probable that sabove 200 °K, the values calculated
by the above procedura wiil be somewhat amaller
than the correct values,

For the liqguid phasze data, the range of tempera-
tures amensble (o somputation was limited at low
temperatures by the decrease in the number of liquid
samples snd at high temperatures (370 °K) by the
tormingtion of experimentsl moessurements. The
most relisble values are those around 300 *K where
most data exiat.

The differences betwesn the thermodynamic
values for consecutive even and odd paraffins are
not quite aa constant for the liguid as for the solid
A% can be seen in table 1, and an appropriste ex-
trapolation of these differsnces to n== was con-
sidered to he preferable to wsing a sinple average.
When plotted versus 1fa, the differencs for the liqmid
were found to be linear within experimental error.
For F, H, and &, tha best linear extr:ﬁm]ation to
1/n="0 was graphically determined, and the resulting
mmtercept was chosen as the desired thermodynamic
value. For (O, this 1/n extrapolation gave values
which exhibited excessive scatter. It was found
that this seatter could be reduced by integrating
the 7, data, extrapolating the integrated wvalues to
1/n=0 and then differentiating the axtrapolated
integrated values to obtain the desired extrapolated
,values. In practice, this process merely involved

¢ We ago it here muncamed with the digtinctlon bebween hetophnae premelt-
g and Iopenikf iduce] heierophaze preteeltinge,
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= These values are low Locause of premelting end were omliked fom ¢he colealations.

taking differences hetween the consecutive experi-
mental & values in table 2 and dividing by 10°.
For exampla, C, (per mola of CHs units} at 305 “K
wia token to equal & {ﬁmr mole of {'H; units) ai
210 *K minos & {'Fer mole of CH, units) at 300 °K
divided by 10°. The same procedure was followed
(though mathemstically, less precisely) using the
T3 data, in order to increase the number of available
£y values,

The results of the sbove determinations are listed
in table 2 and are represented graphically as clozed
circles in figures 1 through 4. The large number of
digitﬂ given in the ealeulated value eolumme in table
2 is not intended to indicate significant fgures but
is ineluded only for internal consistency.

8. Determination of Analytical Expressions

Linenr least squares fite of the specific heats for the
aolid sbove 150 °K und specific heats for the lquid
ahova 2000 °K as a function of temperature were
carried out. The calculated standard deviations
ware 0.15 ¢ inole-°K for the solid {39 data pointa)
and 0.84 cal mole-°K for the liquid {38 data points).
Integrations of C, and f T were then cartied out
and the average values of the constants of integra-

tion were determined from the eotropy and enthuipy
data. The resulting functions fit the i and 5 data
for the solid above 200 °K with a standard deviation
of 2 calfmale and .01 cal/mole“K, respectively,
and for the liquid above 200 K with a standard
deviation of # calfmole snd 002 calfinole-"K
respectively. ‘The (iibbs free energy was mmputed
directly from # and 8 and was found to fit the fres
ensrpy data above 200 °K with a standard deviation
of 4 ealimole for the solid and © calfmole for the
liguid.

vy using the caleclated analyiieal expressivnz to
exirapolate up to the temperature where the free
energiea for the solid and liquid becomne equal, it was
found that the predicted melting point was 387.4
“K and the predicted heat of fusion was 1132 calf
mole. Sinee the predicted melting point is 4 percent
below its most probable value of 414.3 °K [4] and
since the predicted heat of fusion seems unrensonably
high, the asswnption of a linesr specific heat for the
golid ahove 200 °K was concluded to be inadequata
for the representation of the known data. Heance,
a correction to the specific heat for tho solid waae
sought that would decrease the free energy of the
solid by & aufficiant amount to inerease the meltin
point to its previously determined mest probabla
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valug, and &t the same time the correction was
degirad to have ae little effect a3 possible on the
linear thermodynnmic functions for the solid below
00 *K where a good fit of the data was alreedy
abtainad.
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Fortunately, s correction of the type implied here
by the n-paraffin data has the sume lorm as the spe-
cific heat contributions due to several independent
CH; vibrations which become important abova
250 °K [&, 9]. Thesa vibrations are well represented
by a summation of Einstein funcstions of the form
C{=$ (RE T[Ty (e+T—132]. For ouruse, we have

presarved the form of this funeiion but have applied
it to ﬂ'_, rather than € and have made the further
approximationz that we can use & siogle term to
replace the summaiion of several terms, and that
#7==T in the range of interest. That is, we shall
amsume & correction to 7, of the forim,

Co= (BRP|T™) exp (=817, (0

where the bar indicates an “effective’ gquantit
which is expected to lie somewhers betwaen the maxi-
mum end minimum quantities in the above expres-
sion for .. The effective number of independent
H, modea is represented by %, K is the molar gas
constant, f=A%k is the characteriziic termperature,
% is Planck’s copstant, # is the effective frequency of
vibration, & is Bolizmann’s conmstant, and T is the
abeolute temperaturs.

It ia convenient to replace the two parameters
fioand ¢ in eg (1) by two different parsmeters,
¥, and H,, the corrections to the fres energy and
enthalpy at T needed to give the proper melting
point sand heat of fusion. This replscement is ac-
complished by inteprating eq (1) to find the corre-
sponding H and #' and then solviog the equations
H=Dat T=T, and F,=F at T="Ty for # and &.
The result ia Fi=(F,/B Ty) exp (H,/F) and b= TyH S
F,. Tf we assume Ty—414.5 "K[4] then ¢na finds
that F, st egual —48.80 cal/mole {ealculated
from the uncorrected AF at 414.3 °K) and H, must
equal (116210 — Ak ) eal/mole where Ak, 1= the heat
u?fusiun at Ty=4143 °E. We hava here chosen a
valus of Ah,=1000 celfmmole as reasonshle, which

cholce gives #=1376 and r=1.64.

The resulting saalytical sxpressions for the thermo-
dypamic funtions of the CHzchain crystal and
liquid rbove 200 °E are shown in table 3, and the
caloulated values sre compared to the experimental
vzluea i tabla 2.
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6. Dizcussion
6.1. Rellakility of the Hesults

It is important to have some ideg of lrow accurately
the resulte lizted in table 2 represent tha properties
of an idesl CHg-chain compound. The specific heats
below 150 "K and H, 5 and F below 200 "K are
probahly accurate to +1 pereent judging from the
consisteney of the averaped wvaluez {cxamples in
table 1) and the estimate of better than 1 percent
accuracy for the ari]%inp.l data. At 200 °K the effacts
of premelting cun be seen in table 1 ns g reduoction
in the first two specifie heat differences and the first
H, 8, and F differences. Ooe is increasingly un-
certain above 200 K shout the correctness of the
averaged data values, and thus the calenlated valnes
ate to be praferred at the higher temperatures. All
reasonable attempts to alter the reaults by atarting
with different imitial linear wod quadretic specific
heat functions did not change the predicted melting
point by maora than 2 degrees or the predicted heat
of fusion by more then 5 cal/mole.  Wor did different
assumed forms of the correction term make s
signifirant difference in the predicted thermodynamie
funetions, The reselts were found to be quite in-
gensitive to artifuets in the deta or initial assump-
tions.  Thiz insenzitivity, while giving one confidence
in the preducted values, gresatly reduces the impor-

tance which one can attribute to the valuea of # and
% In eq 1),

The most uneertain and gensilive parameter in
the enleulations is the heat of [vsion, Af;,. The best
currant experimental estimetc of Ak, for polyethylane
hg the dilnent method is 670 eal/maole [10]. A reazon-
able caleulation shows thet for the ideal OHe-chain
erystul, Ab, can be expected to be higher than for
100 A thiclé lamellar polyathylene by 2 to 3 percent.
From our work, At =075 appears to be & minimum
value since any lower value results in the solid spe-
cific heat exceeding the liquid specific heat below the
melting point.  As 4Ahk; is incrensed ahove its mini-
mum value, the daviation between the ealeulaved and
axperimentsl velues in the 200 to 200 °K range in-

crandes, and the values of Fand % in eq (1) decrease
froin 1580 "K and 2.70 [or A% ,=976 to 1370 "K and
1.84 for Ak,=1000 ealfmole nnd 11684 °K and 0.98
for Ak,=1025. If Ak, is as large as 1025 calfmole,
both the deviation from the experimental data and

tha values of # and % seemn unressonable. Thus it
appenrs likely that the correet walue of Ah, lies
within 12.5 percent of the 1000 ral/mole assumed in
this analysis,

The +2.5 percent error in Ah, cAuzes &N UNCET-
tainty in H and 8 for the solid which decreases
rapidly with temperature from ahout 1 percent at
404} “ﬁ to a nagligible error at 300 *K. Tha affect
of the vncertsinty in Ak, oh the specific heat is
lusirated in firure 5.

For the liquid phese, the standard deviations of
the dats from the caleulated curve havae been given
in the previous section and amount to roughly 10
percent [or (7, 2 percent for F, und 0.3 percent for
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Frauke 5. The predicted specific hepfa, O, of an fdeal CHoa-
chain crystel ond (fyuid (2ofid currer) for two aretemed heals
of Turion, compared io the extropofaied palues given by Wum-

erlich for complefaly crystalline polyethilone (daxked turve)

and Mic poiyslryism dalz of Daintow, Evand, Hoore, and
Afetia (clored circies) amd Foassapfio and fevorkiagn (open
squgragh,

H and 8. Hence, it seems reasonabla te expact the
calelated H and 5 values to be aceurate to within
+2 percent. A comparison with polyethylene
liquid data in the next seetion supporia sn estimate
of 42 percent reliability for the liquid &% values as
well ng the I and & valuea.

6.2. Comparissn With Experiment

Fipure § shows 4 comparison of the ideal specific
haat predicted here from n-paraflin date with that
pradicted by Wunderlich [1] from polyath¥lena dats
abd with actual experimental valuea lor crystalline
Marlex 50 as reported recently by Passeglin and
Kevorkian |9 apd Dainton, Evens, Hoare, and
Melia [11]. The specific heat values predicted lLere
are apprecizbly lower than the polvethylene values
up to %0 °K, slightly larger from KO to 140 °K (this
range varies somewhat with different datal and
again stnaller atb higher temperatures.  The sinooth-
ness {smaller vanations in the slope) of the experi-
mental €, corve relativea to the predicted curve
below room temperature indicates that the ideal
vibretions] frequency distribution s broadened and
the characteriatic temperature iz lowered in actual
specimens of polyethylene—a result atiributable to
imporfections. Sunilar behavier was noted during
thia study in {7, data for a sanple of n-CyHy and 4
lesa pure sample of #-CpHpy. Whereas the Cp
specific heats were nearly linear with temperature
from 90 to 180 “K, the Uy specific heats were
mar]{edlif gigmoidal in the same tempersture rangn
with values below thoge of Oy at high and low
tomhperatures and above those of Cj at tempera-
tures betwaen 100 end 150 "K. Liguid polyethyl-
ene specific heat. data [8], ahown a8 squares in figure
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5, agree to within 1 percent with the predicted liquid
The enthalpies ol the liqguid reporied by
Pasaeglin and Kevorkian are sinaller than predicted
by leas than 2 percent and the entropies of the lignid
are larger than predicted by less than 2 percent.
These ngreeinents are congidered satislsctory,
Wunderdich's predicied H and & values for the solid
at. 300 “K agree to within 2 percent with thoae pre-
dicled frome the n-paraffine. The predicted specific
heats differ somewhat as shown by the dashed curve
in fisure 5. IMainton, Evana, Hoare, and Maelin {§1]

. uged an extrapolation technigue to obtain & value for

the ideal entropy of polyethylene at 25 °C of 5.5
cnl{mule. "K. in fevorable agrcement with 5.6 ocalf
mole °K predicted here.

Ooe iwmportant result of this work concerns the
thermmodwvnamic erystallinity scale [i.e., the ealeula-
tion of the crystalline fraction of & sample from the
equation x=[H {liguid) —H{Emmple]]f[ﬁ liguids-H
(ervatald].  The values of H (iquid) -H {ervaial)
cnlculated in this study wure ﬂgni&mnﬂy larger than
those given by Wunderlich [1], but both the crystal-
line and liquid enthelpies wre smaller, probably
because of a zero point enthilpy dilference. Such
a zerg point enthalpy differenca is expected if one
nesumes that the polyethylene extrapolation pertaina
to an ideally perfect chain folded lamallar crystul
rather than the ideally perfect, large nenfolded
crvstal aseociated with the parsffin extrapolation.
¥Whaereas both types of perfect crystals would heve
the swine zero point entropy (equal to zero by the
third law), the zaro point enthalpies wounld be differ-
ent. It 1= interesting to note that the Marlex 50
sample measuved by Paseaglia and Kevorkian (9]
has & volome crystallinity of %00 percent and un
enthalpy erystallinity of 93.5 percent as determinad
from the values of Wunderlich and Dale [12], and
using enthulpy values froin this work, 87 percent or
93.5 percent, depending upon whether one uses the
zolid at, 0 °K or the liquid above Ty, us the reference
atate. The zero point enlhalpy corvection winch
had to ba addad for the latter calculation was 40
cal/mole of folds, The fact that thermodynanic
erystallinities are generally higher than volume
erystallinities is consistent with the sssumption that
much of the imperfection in highly cryatalline poly-
ethylene samples is uncccupied volume (such &s

" might be expected to exist between lamellar fold

surfaces.) Volume measurements would ba sensitive
fo these defectz whereas enthalpy mmeasurements
would oot.

6.3. Obkservations and Suggestions

The thermodynamic properties represented in
fgvres 14 exhibit severa]l unuswal festures that
result, from the high specific heat of the solid at high
temperatures {nearly equnl te that of ihe hguid ok
the melting tempersitre). The difference (AL
between the enthalpies of the sohid and liquid is

guite constant in Lhe melting region and the tendency
of AH to beconie negutive at low temperntures s
not pronounced. Even thongh AS appears to tend
toward zorc batwesn 100 and 150 °K, the necessity
for polyethylens o form a glass to muintain »
positive AH and AS ie not ns obvious as in nost
substances. It scems likely that the discontinuity
in the AH wversus temnperafure curve at tha gliss
Lransition would be 20 atnsll thet it weuld be diffieult
to detect. In accord with the whove, AF is well
approximatad by ARATY Ty over an ynusaally Inrge
range of tetnperatures, This simple linear approxi-
s licn to Af 1z in error by only 1.5 percent for A T=50
desreez and by lese thun § percent for AT'= 100
degrees. One would expect AF to be muelh less
linear than thia for most substances [12], From
the above observations, it iz not surprising hat
there iz very little indication of » glus= transition
in the thermodynamic date for linear polyethylene.

There 13 no indication in the dsta derived {rom
the liguid paraffins above 200 “K of the existence of
the glasaﬁ atate in polyethylene, and yet the glase
1= generally considered to be the stable amorphons
stata in polyathylena below about 237 °K [i]. Oae
may conclude that the glass transition temperature
13 chuin length dependent and thaet the plass he-
comes stabla with reapect to the suparmo]id liquid
abova 200° only for chein lengths greater than some
mininum value. The only wey one could use the
a-parafline for predicting the propecties of the
polyethylene glassy state would ba to have data on
the plussy state of the n-paraflins.

As ghown in table 1, the incremetilal incresse per
CH, in the r-paraffin thermodynamic erties is
not as constant in the liquid state as mm the solid.
This result sesms consistent with the following
argwnent. Jo the solid, even for chains wiih less
than 13 CH; unitz, the intermclecular forces are
atrong encugh compared to the intramolecular
forces to jsolate the motions of a central CH; unit
fromn those of the chain ends. Jn the liguid the
mtermolecalar forces are weaker and less regular
g0 that the (H, behavier ia sensitive to chain end
eifects, The nonlinearity of the incremnaental inerense
per OH; in the liquid thermodynamic properties
with reeciprocal chain length possibly indicates the
presence of “entire chain” wibrational modes in the
liguid even for very long chain lengths, 7

The departure of the predicted specific heni from
that measurad for polyethylene in the 10 to 80
*K temperature range should be investignted further.
Sines all polyethylenss so far measured zeem to
show the same hipher then predicted specific hests
in thiz range, the anomaly would seem to be s=zo-
ciated with some nonideal feature which all samiples
have in common—e.g., chain felded surfares. Tt
would be interesting to examineg the change: in

TIna Privhte comemumication, J. B, MeCullough hes supgested that te nan-
linearddy io L dlogukd atete dx duwd 0 & conirLbEdlon Mrom <ok mn g ordes Urhibch
denreansy BXPHNLETIELMLY wltn besm ture sbove the neling peint. I Rl
Wt Elve dame. Che Uquld dats woa)d become mdra IMear At DIEwer WrLperit s,
Higher temperature specific beat dala sam Clarify Wik point.
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specific heat of mthylﬂne with lamellar thicknesa |

to sea if the conld be reeolved. It
mlght aleo be useful ta :a.tt-empt to moalyza the data

E dl:ar in the manner reported recently by
Wuuder [§]. It is deeirable to have more %-
paraffin specific hant data for longer chain lengths
and higher temperatures in order to increase the
accuracy and femperature range of the predicted
l;ﬁ‘her temperattre solid and ligqoid thermodynamie

les
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