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DIFFERENTIAL MICROCALORIMETRY AT HIGH PRESSURE 1*
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ABSTRACT

A high pressure microcalorimeter based on the differential scanning calorimetry -
(DSC) principle is described. It was used for the determination of heats of transforma-
tion of organic compounds at pressures-up to 2300 bar. The’ accuracy is- eonsxdcred’
tobe 31 Kforthctempcraturcmthcrangc —20 to +-200°C and to be about + 5%
for the determination of heats of transformation. A hxgh prssure mmsunng mpsule
including an mtcma! ‘'standard substance is d&ch N

Data are prescnted for the transition temperaxurw, the h&ts of transformation,
the volume changes, and the entropy changes of pure heneicosane and hexacosane as
a functmn of prmurc, mpectxvc!y

INTRODUCTION

A quantitative detcrmmatmn of heats of transformation at hxgh pmre by DTA
is very difficult because a sufficiently reproducible calibration is not possible at high
pressure!. Therefore, differential scanning calorimetry (DSC) is supposed to be a
method of much larger accuracy than DTA2 insofar as the detcrmmatlon of heats of
transformation is oonsxdcred. . :

APPARATUS -

The high pressurc DSC calorimeter and the calibration method have been
described elsewhere®: *. Some details may be recalled here. A high pressure DSC
measuring head is placed in a cylindrical pressure vessel made of Nimonic 90 and
closed by two teflon sealed Bridgman pxstons The pressure is generated by a common
pressure supply and is transmitted by -purified helium. It-is measured by a bourdon
tube manometer and two strain gauges and is displayed digitally. -~ -

. Figure 1 showsdetmlsoftbemmmngh&d.Amodlﬁedsamplcholdcrofthe
Perkin-Elmer DSC-1b model is placed into a thermally insunlating -jacket (c) which
works together with the additional heater (d) as an internal.thermostat. The sur-
roundings of thc two pans (r, s) were stuffed with glas ﬁber ('k) and teﬂon (g, h) to
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Fig. 1. High pressure DSC measuring head. 2 = Vessel; b = piston; ¢ = msulating shell (alumina);
d = additional heater (connections dashed); ¢ = alumina socket for the sample holder with gilded -
plugs; f = sample holder base (steel) with gilded pins; ¢ = upper insulater of the sample holder
(teflon); h = sample cover (teflon); k = lower insulator of the sample holder (glass fiber); r = reference
pan; s = sample pan.

Fig 2. Schematic diagram of the temperature control unit. s = sample pan; r = reference pan;
Pt1, P2 = platinum resistors; H1, H2 = heating resistors; DVM T1 = digital display for tempera-
ture; DVM T1-T2 = digital display for dxﬂ’crcnual r.empcrzmrc RV = analog computer; DA =
temperature disphy in °C; R = recorder.

prevent turbulence. The temperature of the two pans is changed simultaneously 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 (r) will be equal at 2ll times. This power is controlled by a regulator and plotted
together with the temperature at the sample pan and together with the prssure by a
recorder.

TEMPERATURE MEASUREMENT

Fig 2is a schemauc dlagram of the temperature control equxpmcnt. 'l'be
temperature is measured by two platinum resistors (Ptl, Pt2) at the bottom of the
pans (s, ). The values of the voltage drops corresponding with the temperatures of the
pans are displayed digitally (DVM T1) or they are converted to. °C by an analog.
computer (RV) and plotted by a recorder. Additionally the difference of thc voltage
drops may bc dnsplayed and recorded in ordcr to be used as an addmonal cbeck. :

HIGH PRESSURE MEASUR.ING CAPSULE

. The procedureof caiibrating the apparatus has been mportedclscwhcre”“i“ln
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Fig. 3. High pressure DSC measuring capsule. A ="aiuminimn'pan;B ﬁ'iﬁdimnodl;céteﬂon
cover; D = inner cell; E = gallium; F = substance under test; G = sample holder. - -

order to prevent the pressure transmitting noble gas from being dissolved in the
substance of the sample, a closed well was developed. Figure 3 shows this well the
wall 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 teflon cover (C) including highly purified gallium (E) is placed into
the indium capsule. Because the transition temperatures and enthalpies of gallium
are well known>, gallium is suitable as an internal standard substance. Using this
standard the accuracy is considered to be = 0.5 to 1 K for the temperature and 3 to
5% for the determination of heats of transformation.

SUBSTANCES

The two substances heneicosane and hexacosane were obtained .from Lachat
Chemicals Inc., Mequon, WI, U.S.A. The purity was controlled by g.l.c. and found
to be better than 999,

RESULTS

In Fig. 4, five original DSC peaks obtained experimentally are presented for
heneicosane at 1, 500, 1 000, 1 500, and 2 000 bar. In the upper part of Fig. 4 the
DSC peaks corresponding to the phase transformations are plotted, in the lower part
the corresponding temperature versus time curves arc given. At pressures up to 1.5
kbar two peaks exist. The greater peak corresponds to.the melting of s; and the
smaller one to a solid-solid transformation s;; — s; that has been attributed to a
rotational transition®. Only one smgk pmk is found at 2.0 kbar cormpondmg to the
melting of the solid sy.-- -- . .

The transition temperatures and the enthalpm of transformanon such as'
dctermmed from the expcnmental DSC pmks are plotted versus pr&ure in ng.
and 6 SRR

ThephasedmgramsofF'g.Sammgoodagreemenththmmrements of
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Fig. 5. T(p) phase diagrams of heneicosane (x) and hexacosane ().

Wirflinger* for heneicosane and of Koppitz” for hexacosane. The triple point-of
heneicosane was found to be (2000 &= 100) bar and (80.5 -+-.1.5)°C'in accordance -
with Wiirflinger®. The triple point of hexacosane, however, was found to be sitnated
at (870 =+ 50) bar and (76.7 + 1.5)°C that is about 130 bar and .1 K lower than
reported in ref.. 7. The lower accuracy in.the neighbourhood.of the triple point is
caused by increasing difficulties i in separatmg the two overlappmg p&aks of meltmg :
and of the rotational transition: - )

- 'In Fig. 6, the enthalpies ofmelt.ng([l =g, — 1, IV = S§;; > I) oftherotanonal~l
- transition (I = s;; — s,)andofthcsum([ll)oflandllareplottedasﬁmchonsof:
pressure for heneicosane as well as-for hexacosane. thr’ms‘all thsc enthalpy
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Fig. 6. EmthpwsoftmmfomntmndHothc(-r)andbamcomne(x)asaﬁmonof'
pressure along the coexistence curve. - .

Fig. 7. mesofummmnmdsdhmamnc(o)andmne(—)asafmdmnof
pr&ssurealongthzooansteooeanve. ) o -

changes increase with pmssure for henelcosane, the corr&pondmg valu&s of hcxaco-
sane are nearly independent of pressure. g

From the enthalpies of transformation the changa of entropy AS durmg a
phase transition were calculated according to

AS' = AHYT where i = I, o, and IV.

The results are plotted in F‘ g. 7 as functions of pr&ssure for both a]kans, mpectwely.
Using the Clapeyron equanon ’

dp AHE . .
‘(dT)m Ay el LLadlv R
it is also possible to calculate the volume chang&s AV’ durmg thc phasc transmons :
from the experimental data. From the accuracy of the transition temperatures (about
+ 1 K) an error of about 14 % for (dp/dT);,,., and onc of about 209} for the AV
values was estimated. Thus, the 4V valus are only suitable for estimations as long
as dmectly measured data are not avallab!c All AV ‘values decrease thhmcmsmg
pressure except those of the rotatxonal transition of henexcosane where A¥" increases.
Although the limits of experimental error are great, thcy cannot explain this surprising
effect. A posnble explanatxon is that the lattxce of the crystal is more Wldened by the
rotational transition than it is compmsed by the pressure increase. Besides the same
‘effect was also found by:Nelson et al.® for the rota.uonzl transitions of pentzdmne
and tetracosane from much more accuratc pVT measurcmcnts. AL

10 T
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‘ Allvalus of T, AH‘ AS?, andAV‘asfunctlons ofpmsure have beena.._;usted
- to polynomzals of the form

X = A—r—.BP-r Cp T e LR

The valm ofA ‘B and Cobtamed by lmst squan: ﬁnmg axesummanzed m 'Iablel_
- together with the accuracy. obtamed and the range of valndxty of the approxxmanons
From Planck’s equa.uon for a phase transmon i

(AH[AP) ey = ACHATIEpY oy + AV = T (OAV" o,

(where i = I and IT) the change of the heat’ mpac:ty at oonstant p'mnre AC‘ can be
calculatcd when (d4 H[3p): ozr (ATVdP). .. AVH and (34 V‘JBT) are knovm. Hcre the
first and the second term are available from the experimental data of the- -present
paper whereas values of 4V* as a function of tcr;rrature at’ a.tmosphenc pr&ssure .
were measured by Templin® for hexacosane. From th&sc data AC' of hexacosane was

calculated to be

ACL = C(s) — Cfs) = @1 + 1.9) T g~ K~* = (790 & 500) ¥ mol~* K~*
for the rotational transition I and to be ’ ‘

- B . - R s T e

AR =C ~Cfs)=— (23 £15Tg " K ! = — (240 + 500) Ymol * K*

for the melting II of solid s; at atmospheric pressure. Although the limits of error are
great because of the reasons discussed above the sign of the AC} values is correct. A
surprising result follows from these findings: The heat capacity of the solid rotator
phase C,(s,) is larger than that of the liquid phase C,(I). This effect was also found by
Messerly et al.*® for heptadecane, pentadecane, and tridecace. It may be explained
~ by the same arguments used for the discussion of the exceptionally great lattice
expansion in the rotational phase: Ratker complicated motions of the molecules in
the solid phase, which were recently reported by Strobl et al.* !~ 13 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 enthalpy chang&s during the phase
- transitions in liquid crystals such as EBBA have been recently measured up to 2.5
kbar in the same apparatus by Sandrock'“ whereas 2 new low-temperamre high-
pressure microcalorimeter is being developed by Amtz*>.
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