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Ahighpressu~ microcaIorim&er based on the differenti &&g+aIi&netry 
@SC) principk is de&ii It was used for the determination 6f h&&s Gf t+ans$orma- ,_ -_.. 
tion of organic compounds at pressures -ap to 2300 bar_ &‘a&_ is-co&idere& 
tobe* 1Kforthttrmpaature~therangr:-U)to~200o~andtobeabout+5% 
for the determination of lkats of transformation. A nigh pressuqs measu+gcapsule 
incIuding&in~‘standa;rdsu~.&d_~’ _.. ., __: . 

_ Data arepr&nti for the traktion t.e&e*t.he heats of tran&o&atio~ 
the vohune changeq and the-entropy changes of pure &n&u&e and hexarosane as 
a function of pressure, sspectivdy. 

. _- 

IlmliimLTcnoN --- .:y ~’ _ 

Aquantitativedeterrninationofheatsoftransfonnationathighpresnue iy DTA 
is very d.ifEtiIt because a sufficientIy reproducible calibration is not possible at high 
pEWilk l_- Therefore, diflkential scanning calorimetry @SC)‘is supposed to be a 
method df much huger accuracy than DTA2 insofkr as the determinatibn of heats of 
tIxxl&olmationiscotidered- : _ 

.- -. 

APPAEaTus ::. -. 

The high presurc DSC calorimeter and the’ calibration method have been 
described eIsewhere3* *. Some details may be recaIIed hert. A high pressure DSC 
measuring bead is piked in a qIi~~drical pressure vesseI made of Nimonic 90 and 
closed by two tefIon seakd Bridgman pistons. Theprcsme isgenexated by a wmmon 
pressure SuppIy and-is tlansmittal by-J.&&d llclium, I+ measured by a bourdon 
tubk manometer.and two strain gauges zkd is d&prayed digitalIy_ -- + I- - 

- Figurelshowsdetaikofthe measkng head_ A modilied sample bolder of the 
Pnkin-EImer DSGIb model is pIaced into a thermaIIy insulating-jacket (c);which 
works toge&r with the- additional heater (d) &an i&ernal.thermosta~_ The _sur- 
roundings of the two pans (r, S) wea. stuffed with glass fiber (k) and teflon (9. h) to 

I I. .I ~ >! __: _- -i..- 
.: - _:>. , _ ,.- c : . 

t 
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prevent tu.rbuknce_ The temperatwe of the two pans is changed simuhaneousiy by 
two separate heaters in a linear way- During a transformation, an additional power is 
generated at one pan such that the temperatures of the sample pan (s) and the~reference 
pan (rj wili be equal at all times- This power is controlled by a regulator and plotted 
together with the temperature at the sample pan and together with the pressure by a 
recorder_ 

_. 

- --:_ 

Fig_ 2 is a schematic diagram of the temperature con&o1 equip&t _The 
terc~ is mcasund by two platinum resistors (EU, P&) at the bottom of the 
pans (s. r)_ The vaIues of the voltage drops comspondkg with the tempentues of the 
pans are displayed digitally (DVM TI) or they. are iconverted to OC-by _a a&Jog.- 
computer (RVj and plotted by a recorder- Additionalty the difkreke of the voitagc 
drops may be dispiaj+d and~recordec~in oidk to bk used as ad additibnal cbekk ’ 

_- _ . 
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order to prevent the pressure transmitting noble gas from being dissolved in the 
substance of the sample, a dosed well was dcvdopcd. Figure 3 shows this well the 
wail of which is capable to transmit the pressure without rupture_ It was found that 

capsules of indium (B) are suitable for this purpose- A second smaller well of molyb- 
denum (D) with a tefion cover(C) in&ding highly purified gallium (E) is placed into 
the indium capsule_ Because the transition temperatures and enthalpies of galiium 
are well known5, gallium is suitabk as an internal standard substance_ Using th& 
standard *he accuracy is considered to be * 0.5 to I R for the temperature and 3 to 
5% for the determination of heats of transformation. 

The two substances heneicosane and hexacosan e were obtained from La&at 
Chcmicais Inc., Mequon, WI, USA, The purity was controlkd by g-l_& z&d found 
tobebetterthan99%_ 

: _ 

RESULTS .- 

_ . _ 

In Fig_ 4, five original DSC peaks obtained experimentahy a& presented for 
htneicosaneat1,500,1000.1500,and2000bar.Int6eupperpartofFi~44e 
DSC peaks corres@onding to the phase transformations are plot&d, in the Iower part 

thecorresponding t&nperatureversus time curves are given. At pressures up to 15 
kbar two-peaks exist The greater peak corresponds to-the melting of sI and the 
smaikr one to a solid-solid transformation~s,, *+ sr that has been-attributed to a 
rotatioaal transition6_ only one s&iepeak is found at 20 kbar Corresponding to the 
q&in~ofthqsoIidsu,~. .: . -,-. ;-_._ I - , -_. 1 

The transition temperatures and the entbaIpies of transformation~such: as 
determined from the experimental DSC peaks-are plotted ver&s pr&+e in.Figs_ 5 
and 4,=:_-_: r - 1 -;;c_~_.; :: ;> I-. ~_ _ 7.. z ;- ._ _:_:. _. _ _. ._ ___- ; :-- 

-_I- ~~~.~Thcphase *grams of Fig :5_are in good agreeme _: _ ntwith measurements of L ,. --- 
:. -- 



- 

Wiirfiing& for heneicosane and of Koppitz? for hencsane. The triple point-.of 
heneicosane was found to be (ZtMO &- 100) bar and (80.5- &-. 1.5)0c-in aazorda& 
with Wiirllin~‘_.The triple point Of hexzknq however; was found-to be&u&l 
at (870 -+-50) bkr and (76.7 2 1.5)“C that is about 130 bar-and.1 K Iower_than 
reported ii -Af_- 7_ -The lower aazuza& in.the.neighbourhood.of the.&pk p&t 6s 
caused by incnasin g diBia&ks in separating the two overlapping peaks gfr~i&ig.~~ 
and oftficro~t&&~tion;-: -., .:.- .. :- _ _ _-. ,_.:::--.._:; ‘_-;I -_ ;:, 

- In Fig_ 6, the enthalpies of melting (II S %‘ + 1, Iv = St* +-l),~-of~the~o&ic&l~: 
transition (I = s‘, --, sJ and of the sum (III) of I and II are plotte& f$&ti&s-:of--. 
pressun for ha@xnane as weil asfore htsamam. whcmas l+wJ ti+ id&m’._. 

. . . 



changes increase with pressure for heneicosane, the corresponding vaiues of hkxacc~ 
sane are kariy iudemdent of prpssurt, 

From the enthalpies of transformation the changes,of entropy AS during a 
phase*tionwerecalarlatedaccardingti. ‘- --~_ -- 

As’ = AHip tiherei=I,II,andW.~ 

The result are plotted iu Fig. 7 as k&iolqbf presstire‘for both akalles, res~veIy_ 
using the clapeyron equation _ 

_: 
-. 

: 

wherei = I,ll,and?Y 
.- 
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Acl, = C&) - C&)=(2-1 + 1_4)Jg-xK-x =~90~~500)Jmol-‘K-’ 

for the rotational transition I and to be 

dC = c,o - =P(s$ = - (23 + 1.5)Jg-1K-’ = - (Sso + 500) J mol-’ K-’ 

for the melting II of solid sI at atmospheric pressure. Although the limits of &or are 
great -use of the reasons discussed above the sign of the dCi values is correct A 
surprising result follows from these findings: The heat -pa&y of the solid rotator 
phase C&r) is larger than that of the liquid phase Cfl)_ This effti was also found by 
Messerly et al.” for heptad&ane, pentadecane, and tridecar;e, It may be explained 
by the same arguments used for the discussion of the-exceptionally great lattice 
expansion in the rot.aZionid phase: Rather complicated motions of the molecules in 
the solid phase, which were recently reported by Strobl et aL1’- I3 for tritriacontane, 
very probably occur in a similar way in all rotator phases of the other alkanes up to 
the triple point. 

In order to continue the investigations, the entbalpy changes during-the phase 
transitions in liquid crystals such as EBBA have been recently measured up to 2.5 
kbar in the same atiparatus by Sandrock14 whereas a. new low4emperature bigh- 
z;~~~ure microcalorimeter is being developed by Arnt~~~. 

-- F&&l support of the De&che Forschun~ge~ein&haft.Dl?G and of the 
Verband & Cbe#schen Industrie ‘(Fends der Cheniischen In+striej is gratefully 
ac-knti_~led* -- 
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