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Introduction

In this paper we made an attempt to organize the articles published on tem-
perature-modulated differential scanning calorimetry (TMDSC) or publications
where TMDSC was used. The purpose of this paper is simply to present a litera-
ture summary on TMDSC papers published so far. The literature search was per-
formed through the use of chemical abstracts or found in publications known for
TMDSC articles, although other publications may exist which are not noted in
our search. These references are subdivided into several different categories, so
that the reader can easily locate articles of interest. In addition, the titles of the
papers are also given to better help the reader to select the right article. The cate-
gories selected are general theory, glass transition analysis, phase transitions,
heat capacity, special topics, instrumentation, thermosets, review papers, phar-
maceuticals and food science, inorganic and organic chemistry, and degradation
or decomposition. The special topics category covers a variety of subjects which
include, for example, polymerization, thermal conductivity, and interpenetrating
polymer networks. There is some overlap between the categories, for example,
some food science papers which dealt with glass transitions were assigned to the
glass transition analysis section.

The number of published TMDSC related papers has increased rapidly, from
less than 20 articles in 1993 to over 100 written in 1997. More than 300 papers
(including lectures and seminars) have heen published so far with the use of this
new technique. The major application appears to be in the area of thermosets, al-
tough interest in its use is growing fast for thermoplastics, food science and phar-
maceuticals. Applications for inorganic chemistry and degradation studies can
also be found. An international symposium on pharmaceutical and food science
application is planned for 1998. A special session is devoted lately to the use of
TMDSC at the NATAS and ICTAC conferences.
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The most prolific authors, especially in the area of theory, are Reading and
Wunderlich although Schawe has also a significant number of theorctical publi-
cations. Others are also active in the area of theory, including Hatta, Blaine and
Marcus from TA Instruments, Scherrenberg, Mathot, Buehler, Seferis, Ozawa
and Kanari, as can be seen in this special issue. Not surprisingly, the journals
with the largest number of TMDSC articles are the Journal of Thermal Analysis
and Calorimetry and Thermochimica Acta.

General theory

J. E. K. Schawe and W. Winter, The influence of heat transfer on temperature modulated DSC
experiments, Thermochim. Acta, 298 (1997) 9-16.

K. Kanari and T. Ozawa, Simulation of temperature-modulated DSC of transitions represented
by abrupt changes in heat capacity, J. Thermal Anal., 49 (1997) 979-989.

M. Reading, Commenlts on ‘A comparison ol different evaluation methods in modulated-tem-
perature DSC’, Thermochim. Acta, 292 (1997) 179—-187.

J. E. K. Schawe and G. W. H. Hoehne, The analysis of temperature modulated DSC measure-
ments by means of the linear response theory, Thermochim. Acta, 287 (1996) (2) 213-223.

A. A. Lacey, C. Nikolopoulos and M. Reading, A mathematical model for modulated differen-
tial scanning calorimetry, J. Thermal Anal., 50 (1997) 279-333.

B. Wunderlich, Modeling the heat flow and heat capacity of modulated differential scanning
calorimetry, J. Thermal Anal., 48 (1997) 207-224.

B. Wunderlich, A. Boller, I. Okazaki and S. Kreitmeier, Linearity, steady state and complex
heat capacity in modulated differential scanning calorimetry, Thermochim. Acta, 282/283
(1996) 143-155.

. Ozawa and K. Kanari, Linearity and non-linearity in DSC: A critique on modulated DSC,
Thermochim. Acta, 253 (1995) 183—-188.

B. Wunderlich, Y. Jin and A. Boller, Mathematical description of differential scanning cal-
orimetry based on periodic temperature modulation, Thermochim. Acta, 238 (1994)
277-293.

J. E. K. Schawe, Principles for the interpretation of temperature modulated DSC measure-
ments, Part 2: A thermodynamic approach, Thermochim. Acta, 304/305 (1997) 111-119.

G. W. H. Hoéhne, Evaluation of temperature-modulated differential scanning calorimetric mea-
surements by phasc-sensitive rectification techniques, Thermochim. Acta, 304/305 (1997)
209-218.

I. Hatta and N. Katayama, Diagnosis of phase shift in a temperature modulated calorimetric
method, Proc. 25% NATAS, September 7-9, 1997, McLean, Virginia, pp. 623-630.

T. Ozawa and K. Kanari, A new theoretical approach to TM-DSC, Proc. 25™ NATAS, Septem-
ber 7-9, 1997, McLean, Virginia, pp. 633-636.

—

Glass transition analysis

J. E. K. Schawe, Description of thermal relaxation of polystyrene close to the thermal glass
transition, J. Polym. Sci., Part B: Polym. Phys., 36 (1998) 2165-2175.

Z. Jiang, C. T. Imrie and J. M. Hutchinson, Temperature modulated differential scanning cal-
orimetry. Part 1: Effect of heat transfer on the phase angle in dynamic ADSC in the glass
transition region, Thermochim, Acta, 315 (1998) 1-9.

T. Wagner, S. O. Kasap and M. Vicek, Modulated differential scanning calorimetry experi-
ments on film and bulk, (As; 335, 47)100x Y, (Y=Te or I} glasses, Thin Solid Films, 317
(1998) 245-248.
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T. Wagner, S. O. Kasap, M. Vicek, A. Sklenar and A. Stronski, The structure of As S,
glasses studied by temperature-modulated differential scanning calorimetry and Raman
spectroscopy, J. Non-Cryst. Solids, 227-230(Pt. B) (1998) 752-756.

R. Song, X. Lin, J. Chen, J. Gao and Q. Fan, The effect of hot drawn on the physical aging of
atactic polystyrene, Chin. J. Polym. Sci., 16 (1998) 176—184.

L. C. Thomas, A. Boller, I. Okazaki and B. Wunderlich, Modulated differential scanning cal-
orimetry in the glass transition region. I'V., Pseudo-isothermal analysis of the polystyrene
glass transition, Thermochim. Acta, 291 (1997) 85-94.

A. Toda, C. Tomita and M. Hikosaka, A temperature modulated DSC study in poly(ethylene
terephthalate), Prog. Theor. Phys. Suppl. (1997), 126 (Dynamics of Glass Transition and
Related Topics), 103-106.

T. Wagner, 8. O. Kasap and K. Maeda, Glass transformation, heat capacity, and structure of
Ge,Se, ., glasses studied by temperature-modulated differential scanning calorimetry, J.
Mater. Res., 12 (1997) 18921899,

S. X. Lu and P. Cebe, Thermal analysis study of the effect of molecular weight on constrained
amorphous phase in poly(phenylene sulfide), J. Thermal Anal., 49 (1997) 525-533.

D. J. Hourston, M. Song, H. M. Pollock and A, Hammiche, Modulated differential scanning
calorimetry. II1. Applications to measurements of the glass transition temperature and incre-
ment of heat capacity, J. Thermal Anal., 49 (1997) 209-218.

B. Wunderlich and 1. Okazaki, Modulated differential scanning calorimetry in the glass transi-
tion region. V1. Model calculations based on poly(ethylene terephthalate), J. Thermal
Anal., 49 (1997) 57-70.

G. O. R. A. van Ekenstcin, G. T. Brinke and T. S. Cllis, Polymer-polymer miscibility investi-
gated by temperature modulated differential scanning calorimetry, Polym. Mater. Sci. Eng.,
76 (1997) 219-220.

B. Wunderlich and 1. Okazaki, Temperaturc-modulated calorimetry of the frequency depen-
dence of the glass transition of poly(ethylene terephthalate) and polystyrene, Polym.
Mater. Sci. Eng., 76 (1997) 217-218.

M. J. Izzard, S. Ablett, P. J. Lillford, V. L. Hill and 1. F. Groves, A modulated differential scan-
ning calorimetric study. Glass transitions occurring in sucrose solutions, J. Thermal Anal.,
47 (1996) 1407-1418.

M. Song, A. Hammiche, H. M. Pollock, D. J. Hourston and M. Reading, Modulated differen-
tial scanning calorimetry: 4. Miscibility and glass transition behavior in poly(methyl
methacrylate) and poly(epichlorohydrin) blends, Polymer, 37 (1996) 5661-5665.

T. Wagner and S. O. Kasap, Glass transformation, heat capacity and structure of As, Se,,
glasses studied by modulated temperature differential scanning calorimetry, Philos. Mag.,
B 74 (1996) 667-680.

I. Okazaki and B. Wunderlich, Modulated differential scanning calorimetry in the glass transi-
tion region. V. Activation energies and relaxation times of poly(ethylene terephthalate)s, J.
Polym. Sci., Part B: Polym. Phys., 34 (1996) 2941-2952.

B. Wunderlich, A. Boller, I. Okazaki and S. Kreitmeier, Modulated differential scanning cal-
orimetry in the glass transition region. II. The mathematical treatment of the kinetics of the
glass transition, J. Thermal Anal., 47 (1996) 1013-1026.

J. E. K. Schawe, Investigations of the glass transitions of organic and inorganic substances.
DSC and temperature modulated DSC, J. Thermal Anal., 47 (1996) 475-484.

A. Hensel, J. Dobbertin, J. E. K. Schawe, A. Boller and C. Schick, Temperature modulated cal-
orimetry and dielectric spectroscopy in the glass transition region of polymers, J. Thermal
Anal., 46 (1996) 935-954.

J. E. K. Schawe, Principles for the interpretation of modulated temperature NDSC measure-
ments, Part 1. Glass transition, Thermochim. Acta, 261 (1995) 183-194.
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Y. P. Khanna, W. P. Kuhn and W. J. Sichina, Reliable measurements on the Nylon 6 glass tran-
sition made possible by the new dynamic DSC, Macromolecules, 28 (1995) 2644-2646.

P. Vast, F. Gomez and M. Chahinian, Principle and advantages of modulated DSC. Applica-
tion to the study of complex transition in polyphosphate glasses, Calorim. Anal. Therm.,
27 (1996) 233-238.

R. Hassler, Measurement of hidden glass transitions in plastics, Adhaes.-Kleben Dichtne, 41
(1997) 31-32, 34-35.

G. M. Memon and B. H. Chollar, Glass transition measurements of asphalts by DSC, J. Ther-
mal Anal., 49 (1997) 601-607.
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Tech. Conf.-Soc. Plast. Eng., (1997), 55" 2232-2237.

X. Feng, W. J. Bresser and P. Boolchand, Direct evidence for stiffness threshold in chalco-
genide glasses, Phys. Rev. Letters, 78 (1097) 44224425,

K.-P. Bohn and J. K. Krueger, The thermal glass transition beyond the time trap, Book of Ab-
stracts, 213™ ACS National Meeting, San Francisco, April 13-17 (1997), PMSE-159
Publisher: American Chemical Society, Washington, D.C.

G. O. R. Alberda van Ekenstein, G. ten Brinke and T. S. Ellis, Polymer-polymer miscibility in-
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213™ ACS National Meeting, San Francisco, April 13-17 (1997), PMSE-130 Publisher:
American Chemical Society, Washington, D.C.

M. C. Luyten, E. J. F. Boegels, G. O. R. Alberda van Ekenstein, G. ten Brinke, W. Bras, B. E.
Komanschek and A. J. Ryan, Morphology in binary blends of poly(vinyl methyl ether) and
e-caprolactone-trimethylene carbonate diblock copolymer, Polymer, 38 (1997) 509-519.

S. X. Lu and P. Cebe, Effect of annealing on the disappearance and creation of constrained
amorphous phase, Polymer, 37 (1996) 4857—-4863.

H. Gao and J. P. Harmon, Viscoelasticity of p-alkylated and halogenated polystyrenes, Polym.

Prep. (Am. Chem. Soc., Div. Polym. Chem.), 37 (1996) 236.
A. Boller, [. Okazaki and B. Wunderlich, Modulated differential scanning calorimetry in the

glass transition region. Part III. Evaluation of polystyrene and poly(ethylene terephthalate),
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L. N. Bell and D. E. Touma, Glass transition temperatures determined using a temperature-cy-
cling differential scanning calorimeter, J. Food Sci., 61 (1996) 807-810, 828.

T. Provder, E. Meyer, C. Michalski, L. Bender and S. Burke, Application of thermal analysis
methods to coatings product research and development, Book of Abstracts 212" ACS Na-
tional Meeting, Orlando, FL, August 25-29 (1996), PMSE-143 Publisher: American
Chemical Society, Washington, D.C.

D. I. Hourston and F.-UJ. Schafer, Polyurethane-polystyrene one-shot interpenetrating polymer
networks with good damping ability: transition broadening through crosslinking, internet-
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C. Tomasi, P. Mustarelli, N. A. Hawkins and V. Hill, Characterization of amorphous materials
by modulated differential scanning calorimetry, Thermochim. Acta, 278 (1996) 9-18.

S. Jiarui, Y. Wei and Z. Shuthan, Miscibility and mechanical properties for blends of sulfon-
ated polystyrene with polyurcthane, Book of Abstracts, 21 1™ ACS National Meeting, New
Orleans, LA, March 24-28 (1996), POLY-123 Publisher; American Chemical Society,
Washington, D.C.
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J. Korus, M. Beiner, K. Busse, S. Kahle, R. Unger and E. Donth, Ilcat capacity spectroscopy
at the glass transition in polymers, Thermochim. Acta, 304/305 (1997) 99-110.
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C. Schick and A. Hensel, Relation between freezing-in due to linear cooling and the dynamic
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mal conditions with MDSC, Proc. 24" NATAS, September 10-13, 1995, San Francisco,
CA, p. 154
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Phase transitions
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