
CALORIMETRIC STUDIES OF CGEMICU RAYONS USING A 
THERMAL. MICRO-REACTOR* 

Chemical reactions invoking volatilizable substances cannot usually be studied 
by standard DTA or DSC techniques. However, such difficulties can be overcome by 
using sealed sample containers as micro-reactors_ This work describes the adaptation’ 
of a sealed ampoule technique to standard commercial equipment for calorimetric 
studies of several chemical reactions_ The reaction products are then analyzed by 
other inst.rumental techniques such as _eas chromatography, mass spectrometry, or 
infrared spectroscopy. 

Differential thermal analysis (DTA) and differential scanning calorimetry 
@SC) have now been widely used for the study of chemical reactions in all disciplines 
of chemistry. However, chemical reactions involving volatilkble substances cannot 
usuahy be studied with standard equipment. ,MechanicaUy crimped “hermetic” or 
‘tolatiIe- sample pans avalkble from instrument manu%Xurers, e.g. Perk&Elmer 
Corporation and Instrument Products Division of DuPont Company, withstand an 
internal pressure of only ea. 40 psi (276 KPa). Recent attempts to devise se&xl 
sampIed cells to extend the pressure range included the use of threaded metal cells’, 
bonded ahxminum pans’, blown flint glass ampoule?, aluminum cylinders with 
PTFE pIugsq* ‘, and stainless steel ce4Is resistance-welded by capacitor c@char&, 
adaptable to the Perkin-Elmer DSC, and sealed glass tubes7* ’ and sealed giass 
ampoulesg a&ptahle to the DuPont Calorimeter Cell. Our zrperience with the above 
approaches showed variable successes and some inadequacies. Thelpresent work- 
describes a~modkation of our sealed ampoule techniques for routine a&&l&r to the 
DSC Cell of the DuPont 990 Thermal Analysk System. A~sample introduction &vice 
to facilitate analysk of reaction products a&r calorimetric measure mentk&ll&obe 
discussed. - ,y : -_ 
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The glass ampoule used and the sealing technique have been descrii previ- 
ously9_ Such a sealed sample container has been found to withstand ~&&temal 
pressure of I800 psi (lZ420 kPa), and is suited as a micr~reactor to study most 
chemical reactions. In order to adapt such ampoules to a D*sPont DSC cell, schemati- 
calIy shown in Fi- = I@), an ampoule holder made from siE;er or aluminum metal as 
shown in Fig, 1 (A) is used, The ampoules, quite repioduciile in. weight and dimen- 
sions, are disposable_ &Liiration and operation of tix cell are essentially the same 
as those for normal DSC Because of the height of the ampoule holder, a silver lid 
[I_5 in_ (3-81 cm) diameter x 0_05in_(O_127~~~)~ is placedon the top oftheheater 
block to replace the original lid in the DSC cell, A simiIar approach has been reported 
by WendJandt’“, wing an aluminum holder for ca@a.ries to handle corrosive 
samples in a PerJcin-Elmer DSC instnment 
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Squid or soIid sampIes can be introduced into the ampoule by a syringe. For 
gaseous SampIes, a metering ar@ transportation device shown in Fig. 2is most usem 
Tfiedevicecanbeevacuaitdandfilledwithinertgassuchwheliumorthegastobe 
samplea, A squalane manometer is used to estimate the amount of gas condensed 
into the ampouk Squalanc is ezsiIy frozen by dry ice to State evacuation or other 
manipn3ations Tubing made ofTcfion* FEP flrrorocarbon resin is used for some 
sections of the transportation iine to permit use of corrosive gases_ 

After DSC stndies, the reaction prodzt$or Unrtacted~sampIe in the ampule 
cab be convenient.Iy introduysl into other instruments for anaIysis by a detice &own 
in Es 3_ This controiled heating *vice is-a very versatile toc$‘*y for st@ying 
thcrmai reactions, the construction and the app&stioris of which will be diwwsed 
~Intheprtseatnse,the~~~isplacedintheheater~Ioclc,h~~tothe 
higbest tempe+xz during the DSC studies, and thexrcrushcrushed by turning the screw 
‘to release the volatile products in& the analyzer+ The hea& block is con&c&d to the 
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analyzer by inserting the needle through the septum of the a&lyzr inlet such as the 
injection port of a gas chromatograph- Of coufse, the reaction products can aho be 
produced by simnlating the heating conditions in the heater bIock without going 

xhrough DSC operation. 
A F&M 810 research gas chromatograph (Hewlett Packard Co_, Avondalc 

Pa_), a Perkin-Elmer Model 457 inf& spcctrophotometer (P&in-Elmer Carp_, 
NorwaIk, Corm.), and a DuPont Model =?I-104 mass zqsectrotne~ @uPont Co_, 

Wilmington, De_) were used for analyses of the reaction products 

Information on the thermal stability of a volatiIizabIe substauce is frequentIy 
needed for new product development or process design, but cannot be obtained by 

typical DTAfDSC or thermogratimetry (TG). The present sealed amp&e technique 
readiiy provides such an information. For example, DTA of a peduorodisulfone, 

CF5CFZS02(CF&S02CFZCF, in an open capihary showed a mehing peak at 
58°C and a boiling peak at 232°C as shown in Fig 4. Decomposition of the sample 

cannot be reached before evaporation_ By the sealed ampoule technique, the sample 

showed an exothermic decomposition peak at 308°C without boihng. The onset 
temperature of 265°C is a measure of the thermal stabifity of this material. If desired, 

the heat of decomposition can be simuItaneousIy obtained- The decomposition 
products in the ampoule can aIso be identied by other analytical techniques through 
the use of the heater device shown in Fig_ 3, 

The use of se&d ampoule calorimetry for the determination of heats of 
polymerization has been demonstrated previousIy by employing the DuPont calori- 
meter ceil’_ This can now be performed with the DuPont 990 system equipped with a 

f 

Frg 4, MA of a perthor-w Opaz, DuPont mA cdl, 4.0 mg sampk in a 2 mm capibry- 
sczak&13uPoYltDsca43_5mgarnpkinampouk Heating late I5”c/min 
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Ftg, 5. DSC study of styrcnc poQmaim tioa9.8m&3ynmcumtaining0_460/, di-zm-buqipecoxidq 
beating rate, z”cbtitl.; t-dacna, atlpty se&d ampodc. 
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DSC celi. A typic& scan is shown in Fig. $ f6r t6~~p&k&i&o~df s&en& C&b& 
tion of the instrument is based on the heats of fixsion of pure materials such as lllcrcury 
(ReIiabie Chemical Co, St Jim& MO-), _g@ium (FWiabIe Chemical Co_), +aric 
acid (Applied Zkienee Laboratories, State Collegej Pa-),- kiium ‘@eliable CZlz&icaI 
Co_), tin (National Bureau of Standa&:Washington, D.C.), lead (National Bureau 

of Standards), and zinc (National Bureau of Standards). Heat of pdlymerization 
values of 16.5 * 0.3 cd/g were obtain& The residual monomer content was detcr- 
mined by aushing the ampoule in the h&er block shown in Fig. 3 and analysis of 

the evoked styrene by gas chromatography- A typical GC scan is shown in Fig- 6(C), 
and compared with scans obtained by d.ir@ct q&be injecron ofa styrene solution in 
tetrahydrofixan shown in fig- 6(A), and sealed ampoule injection of a standard 
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solution for calibration shown in Fig. 6(B). Since the residual styrene content is far 
less than 1 “/, no correction of the heat values is neeesmxy. 

-Many organic reactions can be investigated by DTA/DSC with the aid of 
sealed ampoules~.~ Tbis capability can be further iilustmted by a.maction between a 
-~ an tmsaturated perfiuorohydrwarbon (ITEE), and a~volatik liquid, methanol_ 

AIcohok are known to add to the double bond of peA~orooIefk to form ethers’ ‘. 
Thus PFHC reacts with methanol to form a perffuoroetber. In the present study, a 
weigbed amount of methanol was first loaded into the ampouk, znd then the metering 

device shown in Fig. 2 was used to add various amoll~lts of PFHC. & shown in 
Fig. 7(D), the reaction o&&red tiotbermahy in the tempkrature range from -50 to 
+90°C. The melting points of PFHC, methanol, and the product ether were -123, 

-98, and -6O”C, respectively tFig. 7(A)-(C)]. Tbe heat of reaction was measured 
from the peak area recorded on a time base as indicated on the scan in Pig. 7(D). 
Heats of fusion of pure materials were used for calibration as described in the pre- 
ceeding section. Measure ments made with various moie ratios of PFHC and methanol 

indicated the heat of reaction to increase with increasing excess of methanol and level 
off to a vahre of 30 kcal/rnole (126 H/mole) of PFHC-in the range of KLfold excess 
of metbanoi (Fig. 8). StiU iarger excess of methanol resulted in gradual decrease in the 
heat vab~~, presumably due to heat absorption of tie solvent- 

The reaction products were analyzed by GC with the aid of the ampoule 
crushing device shown in Fig. 3. A 20 ft, x 118 in. 0.1). stainless steel c&mm of iO% 
Grbowax 1500 on 80/100 mesb Cbromosorb P provides good separation among 
PFHC, methanol, and the ether product Preliminary results showed sign&ant 
amounts of PFHC unreacted even with a Iarge excess of me&anol. later, infrared and 

maq spectrometric anaIyses of the reaction products by crushing the ampoule 
directiy into a 10 em infrared gas cell and the mass spectrometer i&et showed the 
presence of perBuorobutene-2 (PFB-2) which was not sepa&~I from PFHC by tbis 
column. Suceessfut resolution of PFHC and PFB-2 in tbe presence of large amounts of 

methanol and the fluoroether was achieved by using a 10 ft. x I/S in. 0-D. stainless 
steel wlumn packed with 80/100 mesh Porapak N in series with the above Carbowax 

eohmm~ Typieai GC scans are shown in Pig 9. Essentially complete _cor+rmption of 
PFHC resuhed from the use of more than IO-foId excess of methanoL Thus, no 

Fii 8. Halt of PFHC -mctbno~lwctkm. 
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correction of the heat of reaction was necessary ifa iarge excess of nethanol wasused. 
In summary, 1 have described a simple method to adapt a sealed ampoule 

technique to a commerciaI DSC instrument for routine calorimetric studies of 
chemical reactions involving voIatiIizabIe substances. A unique controlled heating 
device has aIso been shown to be UseN in introducing the reaction products to other 

instruments for anaIyses so that all analytical resuks can be c0n-eIatc.d on the basis of 
identical thermal history. _ 
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