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We have developed a top-loading type adiabatic calorimeter which works in the temperature range
13-375 K. This calorimeter drastically reduces the time required for the sample(tetup0 min)

and enables us to set up samples at liquid nitrogen temper@tark). The heat capacity of an
empty cell was measured in a test experiment. The imprecision of the heat capacity measurement
was=*0.2% at 13—30 K;+0.1% at 30-50 K, and: 0.02% at above 50 K. These are as good as the
performance of any of the traditional adiabatic calorimeters. The heat capacity of
(1,3-propanedig} 5(1,2-propanediamings was measured in the temperature range 20—-290 K and
the enthalpy relaxation in its glassy state was also measuredTgéarl78 K). Because of the
top-loading feature, fast-quenched samples prepared at 77 K outside the cryostat could be set up
without ever undergoing a temperature above 100 K. 1998 American Institute of Physics.
[S0034-674808)04301-9

I. INTRODUCTION can be studied only by the top-loading cryostat, e.g., crystals
formed only at low temperatures or glassy states formed un-

The ad.|abat|c calorimetry is one of th_e most povyerful}der extreme conditions and quenched at low temperatures,
and versatile methods for studying physical properties oLic

condensed matter. It provides absolute values of the heat™ . '
capacity as a function of temperature with an imprecision of Handq has cgnstructed a top-loading Tian—Calvet _heat-
less than 0.1%. The Gibbs energy derived from the heat Ca{l_ow c'alorlr.neter in 1984.He measured the heat capacities
pacity is a quantity of prime importance in chemical thermo-Of various ice and clathrate hydrate systems prepared at low
dynamics, determining the relative stability of the phases ofeémperature and high pressré,but the temperature range
a substance. To this classical role of the adiabatic calorimetr¥as restricted to above 90 K and the accuracy of Ghe
has been added a new type of thermal measurement to detépeasurement was inherently limited by the principle of con-
mine slow evolution of heat that takes place if4QC° sin  duction calorimetry. No top-loading adiabatic calorimeter
a sample kept under an adiabatic condition. This enables orfeas been constructed so far. This is because the following
to study thermodynamic aspects of various irreversiblecomplicated structure of an adiabatic calorimeter have been
change_s such as glass transitions, crystallization, and phaggficult to realize in the top-loading type cryostat) the
separation. _ o _ ~ sample cell is surrounded by doulfiener and outeradia-

The top-loading type cryostat is widely used in variouspaiic shields,(ii) the temperature differences between the
|OW-temperatUre experiments, such as spectroscopic, EIECtla'e" and the shields are detected by thermocoupiESIhere

cal, or magnetic measurements. The merit of such a cryost%tre many thin electrical wires connected to the d@l), most
is that samples can be set up in the apparatus with a simple

. . . arts of the cell, especially resistance thermometer, are ver
operation and then cooled quickly down to the desired IoV\?ra ile. Therefore SFl)JCh ur?stable samples as described abO\B//e
temperature, enhancing the efficiency of the low-temperatur gile. ' P

experiments. This merit is quite substantial for the experi—ﬁa\/e been studied only with special type adiabatic calorim-

. . . 5.7

ments at expensive public facilities, such as neutron scatteFters based om situ sampl_e preparat!o'ﬁ. _ .
ing. We have succeeded in developing a top-loading adia-
us to do a new type of experiment in which the sampledimeter and the result of the test experiment on the empty
prepared in advance at low temperatures are set up at logample cell are described in Secs. Il and lll, respectively.
temperature. There are many interesting substances whidihe heat capacity of(1,3-propanedio <(1,2-propanedia-
mine)0.5 was measured in the temperature range 20—-290 K
dpresent address: Institute for Chemical Research, Kyoto University, Uji,and the enthalpy relaxation in its glassy state was also mea'
Kyoto 611, Japan. sured neaiT 4(=178 K). These measurements were carried

YAuthor to whom correspondence should be addressed; electronigyt on glassy samples prepared by fast cooling to 77 K out-
mail: yamamuro@chem.sci.osaka-u.ac.jp

9Present address: Department of Chemistry, Graduate School of Scienc@',de the cryostat as well E_is on. the samples stabilized in the
Kyoto University, Kyoto 606-01, Japan. cryostat. These are described in Sec. IV.
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FIG. 1. Block diagram of the adiabatic control system. Two regions sur- K
rounded by dotted lines represent the center stick and the main body of the
cryostat. Cr, Co, and Cu denote chromel, constantan, and copper wires of D (ID)
the thermocouples, respectively.
FIG. 2. Schematic drawing of the cryostéi: center stick(ll) main body of
II. STRUCTURE OF APPARATUS the cryostat.(A) Hermetic seal connector¢B) bellows, (C) flange, (D)
o ) ) center stick rod(E) radiation shielding diskgF) thermal anchorgG) ther-
A. Principle of the adiabatic control mal anchoring block(H) outer adiabatic shieldéi1: block, H2: outey, (J)

. . . inner adiabatic shieldgd1: top, J2: side, J3: bottomK) sample cell(L) He
The calorimetric measurement by the top-loading appagas inlet,(M) vacuum cans(N) refrigerant filling tube,(P) refrigerant gas

ratus is based on the usual adiabatic princﬁ‘pTEhe heat outlet,(Q) spiral tubes for cold refrigerant ga®) center-stick loading pipe,
capacitpr is measured by determining the temperature in{S radiation shields(T) refrigerant tank(U) refrigerant,(V) heater wire for
crementAT of the sample caused by electrically supplied "M9erant tank(W) exhaust tubes.
energyAE under an adiabatic conditio§,=AE/AT. En-
thalpy relaxationAH(T,t) is measured by monitoring the center stick part, while the side, bottom, and outer adiabatic
spontaneous temperature chamjg'dt of the sample as a shields are in the cryostat part. The top adiabatic shield is
function of timet under an adiabatic conditiomyH(T,t) controlled against the cellAT1) and the block against the
=JCp(dT/dt)dt. The adiabatic condition is achieved by top adiabatic shieldXT2). All of the lead wires for the cell
evacuating the space surrounding the sample cell and coheater and thermometer are introduced via the top shield.
trolling the temperature of the adiabatic shield to the samd he bottom and outer adiabatic shields are controlled against
temperature as the cell. the side shield as usuéAT4 andATS5, respectively. The

In the traditional calorimeter, the temperature of the sidecrucial point of this system is that the temperature control of
section of the inner adiabatic shield is controlled against théhe side shield is performed using a long thermocouple dis-
sample cell and the temperatures of the other sections of treonnectable at the terminal box outside the cryostat as shown
shields against the side section. The temperature control I8 the figure AT3).
done by a negative feedback mechanism using a thermo-
couple, a stable dc amplifier and a power amplifier. There-
fore, the sample cell and shield are inevitably connected witl?'
each other and with the cryostat by thermocouples and other Figure 2 shows schematic drawings of the center stick
electrical wires. In a top-loading calorimeter, it is crucial to (1) and the cryostat main bodyi). Figure 3 is an expanded
devise electric circuits that can be connected and disconsew of the sample cell as positioned in the cryostat. The
nected outside the cryostat for setting up of the experimenpole of the center stick D is made of stainless steel {i5e
The present calorimeter therefore uses a new method for theme), which has good mechanical strength and low thermal
connection of the thermocouples for the adiabatic controlconductivity. All of the lead wires pass through this tube and
Figure 1 shows the block diagram of the adiabatic controlare taken out of the cryostat at the hermetic seals A1 and A2.
Cr, Co, Cu denote chromel, constantan, and copper wire§he cryostat is vacuum sealed by the flange C with a rubber
respectively. The center stick and the cryostat are each su® ring. The bellows B gives the flexibility necessary to push
rounded by dotted lines. The sample cell, the top adiabatidown the center stick for good mechanical and thermal con-
shield, and the blockthermal anchgrare included in the tact between the thermal anchoring copper block G and the

Cryostat
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FIG. 3. Expanded view around the sample cé®) thermal anchoring
block, (H) outer adiabatic shieldd41: block, H2: outey, (J) inner adiabatic
shields(J1: top, J2: side, J3: bottomK) sample cell(S) radiation shields,
(T) refrigerant tank(U) refrigerant,(X) heater wire for adiabatic shields,
(Y) copper wire.

lower central edge of the refrigerant tank T. The disks E arg!C: 4. Sketch of the sample cellA) lid of thermometer room(B) lead
wires of thermometer,(C) thermal anchors,(D) hermetically sealed

radiation shields and F1 and F2 are thermal anchors for thgedthrough,(E) thermocouple sleeveF) Rh—Fe resistance thermometer,
lead wires. The block G suspends another block (ftk (G) thermometer holderH) clamp edges(J) screws,(K) vanes,(L) man-
thermal anchoring the top adiabatic shields J1 and the ganin heater wireclv_l)lead wires of heatefN) sample inlet hole(P) plug,
sample cell K. (Q) gland nut,(R) pin connector.

The inner space of the outer vacuum can M1 is parti-
tioned into two spaces by the inner vacuum can M2. The twetick is positioned correctly, the cryostat is vacuum sealed by
subspaces can be evacuated separately through W1 and W flange C. The sample cell is cooled with heat-exchange
down to 104 Pa by an oil diffusion pump and an oil rotary helium gas down to a desired temperature and the heat ca-
pump. S1 and S2 are radiation shields made of aluminurpacity measurement started.
with good thermal conductivity. The outer adiabatic shield
H2 are suspended from T and the inner adiabatic shield J
from H2 with copper wires. All of the adiabatic shiel(kl—
J3, H1, H3 are made of copper. They are gold plated for  Figure 4 shows a sketch of the sample cell, some parts of
reduction of radiative heat transfer and for protection againsivhich are cut open for the sake of visibility. The sample cell
tarnishing. The chromel—constantan thermocouple junctionsonsists of two main partst) cell cover andll) main body.
for the adiabatic control are fixed to each shield and block aFhey are made of copper. The inner volume and mass are
described in the last section. The heater wires X are woun.16 cni and 99.6010 dcell cover: 43.2673 g, main body:
pairwise to reduce inductive interference. The copper wire Y56.3337 ¢, respectively. The surface of the cell is gold
works as a thermal link to release a small amount of heaplated for reduction of radiative heat transfer and for protec-
from the inner shields to the outer shield. This is necessar{ion against tarnishing.
for stable adiabatic control. The Rh-Fe resistance thermometef2# () at 273 K;

Low temperature is obtained by charging refrigerant UOxford Instruments Ltd.is fixed to the thermometer holder
(liquid nitrogen or liquid heliuminto the tank T through the G. The resistance is measured by the use of an automatic
filling tube N. Vaporized refrigerant flows through the spiral resistance bridg€ASL F700. The thermometer was cali-
tube Q wound on the center-stick loading pipe R and escapdsated on the temperature scale ITS2%he calibration was
through the exit P. This heat exchange mechanism reducextended to 300—380 K against a standard platinum ther-
the refrigerant consumption. The manganin heater wire V isnometer(25 Q) at 273 K; Chino Corp. The calibration data
energized when one wants to remove the refrigerant quicklywere polynomialized by the Chebyshev equation. Deviations

The center stick is loaded into the inner space of M2 androm the best fit Chebyshev polynomial were within
the pipe R while flow of helium gas from L prevents ambient=1.5 mK (T<27 K), =2.5mK (27 K<T<300K), and
air from entering into the central channel. When the centert 1.5 mK (T>300 K). The lead wires B of the thermometer

g. Sample cell
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are wound on the thermal anchor C2, soldered on a hermeti- . . . . . ‘ .
cally sealed feedthrough D and then wound on another ther-
mal anchor C1. The ends of the wires B are connected to the
terminals on the top adiabatic shield. The thermometer is
enclosed with heat-exchange helium ¢a6° Pa at 293 K - 30F
by the lid A using an indium O ring and 12 screws. The M
copper sleeve E accepts the thermocouple junction for the iy
adiabatic control. &
A manganin heater wire [122)) is wound on the outer
surface of the body. The ends of the heater wire are con- 10
nected to the pins of a connector R through copper wire M.
The electric current is supplied by a constant-current source.

olet

The supplied energy is measured with a digital voltmeter and 0" S0 10 150 200 250 300 350 400

a clock in the computer. The six vanes K are fixed to the r/K

inner wall of the cell body to shorten the thermal path be-

tween the heater and the sample. FIG. 5. Heat capacities of the empty cell.

D. Sample setting by this apparatus is better than 1% between 13 and 50 K and

better than 0.1% above 50 K assuming that the heat capacity

The calorimeter is set up for an ordinary experiment inof the sample is 20% of the gross heat capacity. The preci-
the following way. The sample is loaded through the hole Njon is the same as that of the best adiabatic calorimeter.
which is vacuum sealed mechanically with the plug P andrhys we have developed a top-loading adiabatic calorimeter

the gland nut Q. The main body is then connected to the celyhich has an equivalent performance to that of the tradi-
cover by a pair of the screws J1 and J2 clamping the edg&fynal adiabatic calorimeter.

H1 and H2. The plug P and the part around the hole of the

main body(N and H2 are made of copper—beryllium alloy
which has high thermal conductivity and mechanicallV: HEAT CAPACITY AND ENTHALPY RELAXATION

strength. The pin connector R is finally inserted in its coun-OF (1,3-PROPANEDIOL ) 5(1,2-PROPANEDIAMINE )o 5

terpart fixed at the top adiabatic shield. The structural relaxation in supercooled liquids and
When loading a sample at low temperatures, we use glasses is one of the current topics in condensed matter phys-
large glove boX70 cm Wx70 cm D200 cm H installed at  jcs and chemistry. One of the powerful methods to investi-
the top of the cryostat. This box, filled with helium gas, gate this phenomenon is to measure irreversible enthalpy re-
covers the space around the center-stick inlet. The cent@ixations around a glass transition temperature, where the
stick is suspended inside the box from the ceiling. Therelaxation time is in the order of 2610* s. Such enthalpy
sample, which has been stored at low temperatures, is loadeg|axations can be observed as a spontaneous temperature
into the sample cell immersed in liquid nitrogen. The cell iSincrease by use of an adiabatic caloriméfer® It has been
sealed in liquid nitrogen and then screwed quickly into thepginted out that the measurement should be done not only as
cell cover also cooled with liquid nitrogen. The cell is im- 3 function of temperature but also as a function of the rate at
mersed into liquid nitrogen again and the pin connector fokyhich the glassy sample was cooled. A glass prepared with a
the heater is set up as described above. Finally, the cent@ijgher cooling rate will have a higher fictive temperatfire
stick is inserted into the CryOStat which is cooled in advanc%nd so have h|gher entha|py and entropy, less density, and

to liquid nitrogen temperature. The experiment can thus benore disordered local structure. However, the experiments
set up at low temperature since all the procedure is free from

indium sealing and soldering, which are time consuming and

very difficult to do at liquid nitrogen temperature. 02

0.15
IIl. HEAT CAPACITY OF EMPTY CELL 01

0.05

As a test experiment, the heat capacity of the cell con-
taining helium gag0.1 MPa at 290 K was measured be-
tween 13 and 375 K. The temperature increment of the heat
capacity measurement was abduK at 13 K andincreased
progressively up to ab®B K at higher temperatures. o |2

Figure 5 shows the heat capacity of the empty cell. °
These data were fitted with 7—12th-order polynomial func- 015
tions in three ranges of temperature. Figure 6 gives the per-
cent deviation plot from the fitted curve. The deviations are
within +0.2% between 13 and 30 Kt 0.1% between 30
and 50 K, and* 0.02% above 50 K. This result indicates that gig_ 6. peviation plot from the smoothed heat capacity curve of the empty
the precision of th@etheat capacity of a sample determined cell.
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FIG. 7. Heat capacities of the glassy and supercooled states of 100 120 140 160 180
(1,3-propanedio), 5(1,2-propanediamings prepared by three different cool- T/K
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FIG. 8. Configurational enthalpy relaxation paths during the heat capacity

measurements of1,3-propanedig} 5(1,2-propanediamings prepared by
over a wide range of cooling rate have not been pOSSibléhree different cooling rates. See text for the details of the graph.

since the maximum rate available in traditional adiabatic ) )
calorimeters is at most about 0.1 Kls the exothermic enthalpy relaxations. The method to calculate

By use of the present calorimeter, we have succeeded i€ relaxed enthalpy is described elsewHér@he curve
measuring the heat capacities and enthalpy relaxations §Mmeothly rising up to the right gives the hypothetical equi-

glassy samples prepared with cooling rates varied over fodiPrium configurational enthalpy derived by integrating the
decades. The sample material was a recently founf€at capacity difference between the glassy and liquid states.

glass-forming  molecular  liquid (1,3-propanediol s The point of intersection of the stepli!<'e line and equilibrium
(1,2-propanediamings which does not crystallize all over Curve corresponds to the glass transition temperature qf each
the temperature region betwedh,(=178K) and fusion sample. The zero oAH, was taken at the glass transition
temperaturd” This sample is abbreviated as PDO-PDA témperature of RQG sample. As we expected, the total en-
hereafter. thalpy relaxed in RQG was much larger than that of NQG.
The details of the sample purification and mixing proce_Interestingly and unexpectedly RQG started to relax far be-

dure are described elsewhéfeThe precise mole fraction of 10W Tg while SQG did not relaxed up @g. In adiabatic

the sample was (1,3-propanediop seeod1,2-propanedia- calorimetry, the ent.halp_y relaxation starts at the temperature
MiNe)o s0007aNd the mass of the sample loaded in the Samp"\_v(vhere thea relaxation timer, reaches about fGs. Hence

cell was 8.512 62 ¢0.113 34 mol. We have prepared three the present results have shown thaRQG)<r,(NQG)
samples with different cooling rates: rapidly quenched glass<7(SQO, indicating that thex relaxation is drastically ac-
(RQO) (cooling rate: 3K st aroundT ), normally quenched celerated by the dls_order_ed and/or less d_en_se local structure.
glass(NQG) (1x 1072 Ks™%), and slowly quenched glass We are now analyzing this (jata and the 5|m|lfir data recently
(SQQ (8x10 % K s™Y). The RQG sample was prepared by Obtained on glycerd? by using the Adam-Gibbs thedfy
immersing the filled sample cell into liquid nitrogen and thenWhich involves the effect of short-range ordering on the
loaded into the cryostat. This method is of course impossibl&elaxation.

in traditional adiabatic calorimeters. Both NQG and SQG
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