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Thermogravimetric Analysis and Calorimetry (Mexico)

Advanced Calorimetric Techniques

Acrylate‑Based Polymer Matrix – a polymeric material derived from acrylate monomers, commonly used as
a binder in modulated calorimetry. Related terms: *Binder*, *polymer matrix*, *cross‑linking*. The acrylate
matrix provides mechanical stability to the sample while allowing rapid heat flow, essential for
high‑resolution DSC. Example: Embedding a powdered catalyst in an acrylate matrix to measure its
polymerization exotherm. Challenge: Ensuring the matrix does not interfere with the thermal event of
interest.

Adiabatic Calorimetry – a technique where the sample is thermally isolated so that all heat generated or
absorbed remains within the system. Related terms: *Heat flow*, *thermal isolation*, *heat capacity*. In
adiabatic DSC, the temperature rise of the sample directly reflects the enthalpy change. Practical use:
Measuring the heat of combustion of solid fuels. Challenge: Achieving true adiabatic conditions; heat leaks
can distort results.

Baseline Correction – the process of adjusting raw calorimetric data to remove instrumental drift and
background signals. Related terms: *Baseline drift*, *instrumental noise*, *data processing*. Accurate
baseline correction is crucial for quantifying small transitions such as glass‑transition temperatures.
Example: Applying a polynomial fit to the pre‑transition region in a DSC curve. Challenge: Selecting an
appropriate model without over‑fitting.

Bifurcated Scan – a scanning protocol where heating and cooling ramps are performed consecutively
without returning to the initial temperature. Related terms: *Thermal cycling*, *hysteresis*, *reversibility*.
Bifurcated scans reveal kinetic effects in crystallization and melting. Practical application: Assessing the
degree of crystallinity in semi‑crystalline polymers. Challenge: Controlling the rate to avoid thermal lag.

Calorimetric Sensitivity – the minimum detectable heat flow of a calorimeter, often expressed in µW. Related
terms: *Resolution*, *signal‑to‑noise ratio*, *detection limit*. High sensitivity enables detection of weak
transitions like subtle polymorphic changes. Example: A micro‑calorimeter with 10 µW sensitivity detecting
protein folding events. Challenge: Maintaining sensitivity at high heating rates.

Calorimetric Titration – a method that combines calorimetry with titration to monitor heat evolved during
chemical reactions. Related terms: *Isothermal titration calorimetry (ITC)*, *reaction enthalpy*,
*stoichiometry*. In advanced calorimetry, the technique is used to study binding affinities of drug
candidates. Example: Measuring the heat of interaction between a ligand and a protein. Challenge: Precise
control of injection volumes and mixing efficiency.

Calorimetric Thermography – a spatially resolved calorimetric technique that maps temperature distribution
across a sample surface. Related terms: *Infrared thermography*, *thermal imaging*, *heat flux*. It is
valuable for detecting localized exotherms in composite materials. Example: Identifying hot spots during
curing of epoxy resins. Challenge: Calibrating emissivity and accounting for ambient reflections.
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Calorimetric Vapor Deposition – a method where vapor‑phase precursors are deposited onto a substrate
while the heat flow is monitored. Related terms: *Chemical vapor deposition (CVD)*, *thin‑film growth*,
*enthalpy of adsorption*. The technique provides insight into film formation energetics. Example:
Measuring the exotherm during silicon dioxide layer deposition. Challenge: Separating substrate heat
effects from film growth signals.

Calorimetric Zero‑Shift – the adjustment of instrument temperature readout to align the zero point with a
reference standard. Related terms: *Temperature calibration*, *reference material*, *offset*. Zero‑shift
ensures accurate determination of transition temperatures. Example: Calibrating a DSC using indium’s
melting point. Challenge: Drift over long measurement periods.

Catalytic Heat Flow – the heat generated or absorbed by a catalyst during a reaction, measured by
calorimetry. Related terms: *Reaction enthalpy*, *turnover frequency*, *exothermicity*. Monitoring catalytic
heat flow helps optimize reactor conditions. Example: Measuring the exotherm of a hydrogenation reaction
over a palladium catalyst. Challenge: Distinguishing catalyst heat from bulk reaction heat.

Ceramic Sample Holders – inert containers made of alumina or other ceramics used to hold samples in
high‑temperature calorimetry. Related terms: *Sample crucible*, *thermal conductivity*, *chemical
inertness*. Ceramic holders prevent contamination at temperatures above 800 °C. Example: Analyzing the
oxidation of steel alloys in a ceramic crucible. Challenge: Thermal expansion mismatch leading to sample
movement.

Complex Heat Capacity – the frequency‑dependent heat capacity measured in modulated calorimetry,
comprising real (C′) and imaginary (C″) components. Related terms: *Dynamic calorimetry*, *phase lag*,
*thermal diffusion*. C′ reflects reversible processes, while C″ indicates kinetic losses. Example: Deconvoluting
glass transition into reversible and irreversible contributions. Challenge: Selecting appropriate modulation
parameters to avoid signal distortion.

Conductivity‑Corrected DSC – a data correction approach that accounts for the sample’s thermal
conductivity to improve accuracy. Related terms: *Thermal diffusivity*, *heat transfer coefficient*,
*finite‑element modeling*. By incorporating conductivity, measured heat flow matches true enthalpy
changes. Example: Correcting DSC data for high‑conductivity metal powders. Challenge: Obtaining reliable
conductivity values for heterogeneous samples.

Conduction Calorimetry – calorimetry that relies on heat conduction through a solid interface rather than
forced convection. Related terms: *Steady‑state calorimetry*, *thermal resistance*, *heat flux sensor*.
Conduction calorimetry is employed for low‑temperature heat capacity measurements. Example: Measuring
the specific heat of cryogenic liquids using a conduction cell. Challenge: Minimizing contact resistance at
the interface.

Continuous‑Flow Calorimetry – a technique where the sample or reactant continuously flows through a
calorimetric cell, enabling real‑time monitoring. Related terms: *Flow calorimeter*, *steady‑state operation*,
*process calorimetry*. It is widely used in polymer extrusion to track curing heat. Example: Measuring the
exotherm of a polymer melt as it passes through a DSC flow cell. Challenge: Ensuring uniform flow and
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avoiding dead volumes.

Cooperative Transition – a thermodynamic event where multiple molecular units act in concert, producing a
sharp calorimetric signal. Related terms: *First‑order transition*, *latent heat*, *order parameter*.
Cooperative transitions are typical of melting and crystallization. Example: The sharp melting peak of a
low‑molecular‑weight polymer. Challenge: Distinguishing overlapping cooperative events in complex
mixtures.

Cumulative Enthalpy – the integrated enthalpy change up to a given temperature, often plotted as a
function of temperature. Related terms: *Enthalpy integration*, *heat flow curve*, *area under curve*.
Cumulative enthalpy aids in quantifying the total heat released during a multi‑step reaction. Example:
Integrating the DSC curve of a multi‑stage polymer cure to obtain total cure enthalpy. Challenge: Baseline
drift can accumulate errors over large temperature ranges.

Differential Scanning Calorimetry (DSC) – the core calorimetric technique that measures the difference in
heat flow between a sample and a reference as they are subjected to a controlled temperature program.
Related terms: *Heat flow*, *temperature ramp*, *endotherm*. DSC provides melting points, glass‑transition
temperatures, and reaction enthalpies. Example: Determining the crystallinity of polyethylene via melt peak
integration. Challenge: Overlapping transitions may require deconvolution.

Dynamic Mechanical Calorimetry – a hybrid technique that simultaneously measures mechanical response
(modulus) and heat flow during temperature sweeps. Related terms: *Dynamic mechanical analysis (DMA)*,
*thermo‑mechanical coupling*, *tan δ*. The calorimetric channel reveals energy dissipation, while the
mechanical channel provides stiffness data. Example: Studying the cure kinetics of epoxy resins with
simultaneous DMA‑DSC. Challenge: Instrument synchronization and heat‑flow calibration.

Enthalpy of Fusion – the heat required to melt a solid at its melting point under constant pressure. Related
terms: *Latent heat of fusion*, *ΔH_fus*, *melting enthalpy*. Measured by DSC, it is used to calculate degree
of crystallinity. Example: ΔH_fus of 100 J g⁻¹ for a polymer indicates 80 % crystallinity when compared to
125 J g⁻¹ for the 100 % crystalline reference. Challenge: Correcting for baseline offsets near the melting peak.

Enthalpy of Vaporization – the heat needed to convert a liquid to vapor at its boiling point. Related terms:
*Latent heat of vaporization*, *ΔH_vap*, *phase change*. Calorimetric vapor deposition experiments often
measure this quantity. Example: Determining ΔH_vap of a solvent used in polymer processing. Challenge:
Accounting for heat losses during rapid vaporization.

Enthalpy Recovery – the heat released during the relaxation of a glassy material when it is heated above its
glass‑transition temperature. Related terms: *Physical aging*, *structural relaxation*, *non‑equilibrium
enthalpy*. Enthalpy recovery peaks are observed in modulated DSC scans of aged polymers. Example: A
rejuvenated polycarbonate shows a pronounced recovery peak after storage at 20 °C for 6 months.
Challenge: Separating recovery from overlapping melting events.

Entropy‑Driven Transition – a phase change where the increase in entropy dominates the Gibbs free‑energy
balance, such as order‑disorder transitions. Related terms: *ΔS*, *Gibbs free energy*, *configurational
entropy*. Calorimetry detects these transitions through endothermic peaks with small enthalpy changes but
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large entropy contributions. Example: Detecting the disordering of a crystalline alloy at high temperature.
Challenge: Precise entropy calculation requires accurate heat‑capacity data over a wide range.

Exothermic Reaction Calorimetry – measurement of heat released during a chemical reaction, often
performed in isothermal or dynamic modes. Related terms: *Heat of reaction*, *exotherm*, *adiabatic
temperature rise*. This technique is essential for safety assessment of energetic materials. Example:
Measuring the heat release of a polymerization initiator in a sealed calorimeter. Challenge: Controlling
oxygen ingress to avoid secondary oxidation.

Fast‑Scanning Calorimetry (FSC) – a calorimetric method that achieves heating or cooling rates up to
10⁴ K s⁻¹, enabling the capture of rapid transitions. Related terms: *High‑rate DSC*, *ultra‑fast calorimetry*,
*kinetic resolution*. FSC reveals kinetic pathways hidden at conventional rates. Example: Observing the
crystallization of a polymer melt at 5 000 K s⁻¹, which otherwise appears amorphous. Challenge: Ensuring
uniform temperature across the tiny sample and avoiding thermal lag.

Fourier Transform Calorimetry – a data‑analysis approach that applies Fourier transforms to modulated
calorimetric signals to separate reversible and irreversible components. Related terms: *Modulated DSC
(MDSC)*, *frequency domain analysis*, *phase shift*. The method yields C′ and C″ spectra for complex
materials. Example: Deconvoluting the overlapping glass‑transition and crystallization in a semi‑crystalline
polymer. Challenge: Selecting appropriate modulation frequency to avoid aliasing.

Glass‑Transition Temperature (T_g) – the temperature range where an amorphous material transitions from
a glassy to a rubbery state, characterized by a step change in heat capacity. Related terms: *Step heat flow*,
*specific heat jump*, *relaxation*. DSC determines T_g by locating the inflection point of the baseline shift.
Example: T_g of poly(methyl methacrylate) appears at 105 °C. Challenge: Overlapping moisture loss can
obscure the T_g step.

Heat Capacity (C_p) – the amount of heat required to raise the temperature of a unit mass of a substance by
one degree at constant pressure. Related terms: *Specific heat*, *calorimetric constant*, *enthalpy*.
Accurate C_p determination underpins enthalpy calculations. Example: Measuring C_p of a polymer from
-50 °C to 200 °C to model thermal expansion. Challenge: Ensuring adiabatic conditions to avoid heat losses
that distort C_p values.

Heat Flow Calibration – the procedure of establishing the relationship between instrument output (e.G.,
Voltage) and actual heat flow using standards. Related terms: *Calibration factor*, *reference material*,
*sensitivity*. Common calibrants include indium, zinc, and sapphire. Example: Calibrating a DSC with
indium’s 28.45 J g⁻¹ melt enthalpy. Challenge: Periodic recalibration is necessary due to sensor aging.

Heat Pulse Calorimetry – a technique where a known heat pulse is applied to the sample, and the resulting
temperature rise is recorded to determine heat capacity and thermal conductivity. Related terms: *Thermal
pulse method*, *step response*, *thermal diffusivity*. Heat pulse calorimetry is employed for
low‑temperature studies of superconductors. Example: Measuring the specific heat of a metallic glass at 4 K
using a heat pulse. Challenge: Minimizing parasitic heat losses during the pulse.

Isothermal Calorimetry – a method where the sample temperature is held constant while heat flow is
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monitored, allowing kinetic analysis of reactions. Related terms: *Isothermal DSC*, *reaction rate*,
*activation energy*. It is widely used for polymer cure studies. Example: Tracking the exotherm of an epoxy
system at 150 °C to extract the cure rate constant. Challenge: Maintaining precise temperature stability over
long periods.

Isothermal Titration Calorimetry (ITC) – a highly sensitive technique that measures the heat produced or
absorbed during a titration at constant temperature, yielding binding constants and thermodynamic
parameters. Related terms: *Stoichiometry*, *ΔG*, *enthalpy‑entropy compensation*. ITC is a cornerstone in
drug discovery. Example: Determining the K_d of a protein‑ligand interaction at 25 °C. Challenge: Heat of
dilution must be accurately subtracted.

Kinetic Calorimetry – the combined study of reaction kinetics and heat flow, often using advanced models
to extract activation energies from calorimetric data. Related terms: *Arrhenius analysis*, *model‑free
methods*, *reaction order*. Kinetic calorimetry enables prediction of reaction behavior under varying
conditions. Example: Applying Ozawa–Flynn–Wall analysis to a polymer cure DSC trace. Challenge: Selecting
an appropriate kinetic model for complex, multi‑step reactions.

Laser‑Induced Calorimetry – a method where a laser pulse delivers energy to a sample, and the resulting
temperature change is measured calorimetrically. Related terms: *Laser flash analysis*, *thermal diffusivity*,
*transient heating*. It provides rapid thermal conductivity measurements. Example: Measuring the thermal
diffusivity of a thin metal film using a 10 ns laser pulse. Challenge: Ensuring uniform absorption and
avoiding surface ablation.

Linear Heating Rate – the constant rate at which temperature is increased during a DSC scan, typically
expressed in °C min⁻¹. Related terms: *Ramp rate*, *kinetic compensation*, *thermal lag*. The heating rate
influences peak shape and temperature. Example: A 10 °C min⁻¹ ramp yields a melting peak 5 °C higher than
at 2 °C min⁻¹. Challenge: Selecting a rate that balances resolution and experiment duration.

Modulated Differential Scanning Calorimetry (MDSC) – an advanced DSC technique that superimposes a
sinusoidal temperature modulation onto a linear heating program to separate reversible (heat capacity) and
irreversible (kinetic) heat flow. Related terms: *Modulation amplitude*, *frequency*, *phase lag*. MDSC
provides insight into overlapping transitions. Example: Detecting a weak crystallization exotherm hidden
beneath a dominant glass‑transition endotherm. Challenge: Choosing modulation parameters that avoid
signal distortion.

Nanocalorimetry – calorimetric measurements on nanogram‑scale samples, often employing MEMS‑based
sensors for high sensitivity. Related terms: *Micro‑calorimetry*, *nano‑thermal analysis*, *thin‑film DSC*.
Nanocalorimetry enables study of thin films, nanocomposites, and individual nanoparticles. Example:
Measuring the melting enthalpy of a 5 nm gold nanoparticle layer. Challenge: Substrate contributions
dominate the signal; careful subtraction is required.

Non‑Isothermal Calorimetry – calorimetric experiments performed with a continuously changing
temperature, as opposed to isothermal holds. Related terms: *Dynamic DSC*, *temperature ramp*, *kinetic
analysis*. Most DSC measurements are non‑isothermal. Example: Heating a polymer at 5 °C min⁻¹ to
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determine its crystallization kinetics. Challenge: Thermal lag can shift observed transition temperatures.

Open‑Circuit Calorimetry – a calorimetric configuration where the sample is electrically isolated but
thermally connected, allowing measurement of heat without electrical interference. Related terms: *Thermal
bridge*, *heat flux sensor*, *electrical isolation*. Used for electrically conductive materials where Joule
heating must be avoided. Example: Measuring the heat of oxidation of a conductive polymer film.
Challenge: Ensuring the thermal path is well defined.

Oxidative Degradation Calorimetry – measurement of heat flow associated with the oxidation of materials,
often performed in a controlled oxygen atmosphere. Related terms: *Thermal oxidative stability*, *TGA‑DSC
coupling*, *onset temperature*. This technique predicts service life of polymers. Example: Determining the
onset of exothermic oxidation of polypropylene at 260 °C in 21 % O₂. Challenge: Oxygen diffusion
limitations can mask true degradation rates.

Partial Heat Release – the fraction of total reaction enthalpy observed during a limited temperature interval,
useful for assessing cure progress. Related terms: *Degree of cure*, *conversion*, *heat of reaction*. In DSC,
integrating the exotherm up to a specific temperature yields the partial heat release. Example: Achieving
70 % of the total cure enthalpy by 180 °C in a resin system. Challenge: Overlapping side reactions may
contribute heat, complicating interpretation.

Phase‑Change Material (PCM) – a substance that absorbs or releases large amounts of latent heat during a
phase transition, employed for thermal energy storage. Related terms: *Latent heat storage*, *melting
enthalpy*, *solid‑liquid transition*. Calorimetry characterizes PCM performance. Example: A PCM with
ΔH_fus of 200 J g⁻¹ stores heat during the melt at 30 °C. Challenge: Sub‑cooling and phase separation can
reduce effective storage capacity.

Peak Deconvolution – the mathematical separation of overlapping calorimetric peaks into individual
components, often using Gaussian or Lorentzian functions. Related terms: *Curve fitting*, *baseline
subtraction*, *spectral analysis*. Deconvolution clarifies complex reaction pathways. Example: Separating
two exothermic cure steps in a multifunctional resin. Challenge: Selecting the correct number of peaks
without over‑parameterization.

PerkinElmer Calorimeter – a commercial brand of DSC instruments known for high sensitivity and
programmable temperature control. Related terms: *Instrument model*, *software suite*, *thermal analysis*.
While brand‑specific, the principles apply universally. Example: Using a PerkinElmer DSC to determine the
melting behavior of a pharmaceutical compound. Challenge: Proprietary software may limit data export
formats.

Physical Aging – the spontaneous structural relaxation of a glassy material towards equilibrium, resulting in
enthalpy changes measurable by calorimetry. Related terms: *Enthalpy recovery*, *structural relaxation*,
*non‑equilibrium thermodynamics*. Calorimetry tracks the aging rate. Example: A glass stored at 25 °C for
3 months shows a 0.8 J g⁻¹ enthalpy recovery peak upon reheating. Challenge: Distinguishing aging effects
from moisture sorption.

Power‑Compensated Calorimetry – a DSC design where the heat flow is measured by maintaining equal
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power to the sample and reference, compensating for temperature differences. Related terms: *Heat flux
DSC*, *power balance*, *feedback control*. This method provides high accuracy for small samples. Example:
Measuring the heat of polymerization of a 0.2 Mg sample using a power‑compensated DSC. Challenge:
Rapid temperature changes can exceed the feedback response time.

Pressure‑Modulated DSC (PMDSC) – a DSC variant where external pressure is modulated in tandem with
temperature to investigate pressure‑dependent transitions. Related terms: *P‑T studies*, *volumetric
calorimetry*, *compressibility*. PMDSC helps study high‑pressure crystallization. Example: Observing a shift
in melting temperature of a polymer under 200 MPa. Challenge: Ensuring pressure equilibrium throughout
the sample chamber.

Radiative Heat Transfer Calorimetry – calorimetry where the dominant heat exchange mechanism is
radiation, often used at high temperatures. Related terms: *Emissivity*, *Stefan‑Boltzmann law*, *radiative
cooling*. Instruments must account for radiative losses. Example: Measuring the heat of fusion of a ceramic
at 1 800 °C, where radiative losses dominate. Challenge: Accurate emissivity values are required for
correction.

Reactive Calorimetry – the study of heat flow associated with chemical reactions, including polymerizations,
oxidations, and curing processes. Related terms: *Exotherm*, *reaction kinetics*, *self‑heating*. Reactive
calorimetry is critical for safety evaluation. Example: A reactive calorimeter detecting a runaway exotherm in
a peroxide‑initiated polymerization. Challenge: Controlling the reaction environment to avoid external heat
influences.

Reference Material – a substance with well‑known thermal properties used for instrument calibration and
method validation. Related terms: *Standard*, *certified reference material (CRM)*, *traceability*. Common
references include indium, zinc, and sapphire. Example: Using a 99.9 % Pure indium standard to calibrate
melt enthalpy. Challenge: Degradation of the reference over time can introduce errors.

Relaxation Calorimetry – a technique that measures the heat flow associated with the relaxation of a
perturbed system back to equilibrium. Related terms: *Time‑domain calorimetry*, *thermal relaxation*,
*Kohlrausch‑Williams‑Watts (KWW) function*. It is applied to glassy polymers. Example: Observing a
stretched exponential decay in the heat flow after a temperature jump. Challenge: Separating overlapping
relaxation processes.

Reverse‑Scanning Calorimetry – a protocol where cooling scans follow heating scans without returning to
the initial temperature, allowing investigation of recrystallization. Related terms: *Cooling ramp*,
*recrystallization exotherm*, *thermal hysteresis*. Example: Detecting a cold‑crystallization peak on cooling
a semi‑crystalline polymer. Challenge: Controlling nucleation to obtain reproducible results.

Sample Pan – the small crucible that holds the sample during DSC measurements, typically made of
aluminum, platinum, or ceramic. Related terms: *Crucible material*, *thermal conductivity*, *sample
encapsulation*. Choice of pan influences baseline stability. Example: Using a hermetically sealed aluminum
pan for volatile monomers. Challenge: Pan deformation at high temperatures can cause leaks.

Scanning Rate Optimization – the process of selecting an appropriate temperature ramp rate to balance
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resolution, sensitivity, and experiment time. Related terms: *Thermal lag*, *peak shift*, *kinetic
compensation*. Faster rates improve throughput but may broaden peaks. Example: Choosing 2 °C min⁻¹ for
precise glass‑transition measurement versus 20 °C min⁻¹ for rapid screening. Challenge: Different transitions
may require different optimal rates.

Self‑Heating Calorimetry – a technique where the sample’s own exotherm raises its temperature, and the
temperature rise is recorded to assess reaction vigor. Related terms: *Adiabatic temperature rise*, *runaway
reaction*, *thermal runaway*. It is a key safety test for energetic materials. Example: A self‑heating
calorimeter shows a 150 °C temperature rise for a polymerized peroxide. Challenge: Interpreting data
requires accurate heat loss correction.

Sensitivity Enhancement – methods to increase the detectable heat flow signal, such as using smaller
sample masses, micro‑fabricated sensors, or signal averaging. Related terms: *Signal‑to‑noise ratio*,
*micro‑calorimetry*, *noise reduction*. Enhanced sensitivity enables detection of sub‑µJ events. Example:
Employing a nano‑thermocouple to detect protein unfolding enthalpy of 0.5 ΜJ. Challenge: Increased
sensitivity often makes the system more susceptible to environmental noise.

Specific Heat Anomaly – a deviation from expected heat capacity behavior, often indicating a phase
transition or structural change. Related terms: *Heat capacity jump*, *critical point*, *anomaly detection*.
Calorimetry highlights these anomalies. Example: A sharp peak in C_p at 220 K for a glass‑forming liquid.
Challenge: Distinguishing true anomalies from instrumental artifacts.

Thermal Conductivity – a material property describing the ability to conduct heat, influencing calorimetric
measurements, especially in high‑rate techniques. Related terms: *Thermal diffusivity*, *Fourier’s law*, *heat
transfer coefficient*. Accurate conductivity values are required for correction algorithms. Example: Copper’s
high conductivity can cause temperature gradients in large samples. Challenge: Heterogeneous samples
exhibit effective conductivity that is hard to model.

Thermal Diffusivity – the ratio of thermal conductivity to the product of density and specific heat, governing
the rate of temperature equilibration. Related terms: *Thermal diffusivity measurement*, *laser flash
method*, *heat propagation*. In fast‑scanning calorimetry, high diffusivity reduces thermal lag. Example:
Measuring diffusivity of a polymer using a laser flash apparatus. Challenge: Low diffusivity materials require
longer equilibration times.

Thermal Gravimetric Analysis (TGA) – a technique that measures mass change as a function of temperature,
often coupled with DSC to provide simultaneous heat flow and weight data. Related terms: *TGA‑DSC
coupling*, *mass loss*, *decomposition*. Combined TGA/DSC is essential for studying decomposition
pathways. Example: Detecting a mass loss at 350 °C concurrent with an exothermic peak in DSC for a
polymer additive. Challenge: Ensuring synchronized data acquisition.

Thermal Hysteresis – the difference between heating and cooling transition temperatures, indicating kinetic
barriers or metastable states. Related terms: *Cooling peak*, *reversibility*, *lag*. Calorimetry quantifies
hysteresis magnitude. Example: A 10 °C hysteresis between melting and crystallization of a
low‑molecular‑weight polymer. Challenge: Interpreting hysteresis in multi‑component systems.
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Thermal Lag – the delay between the programmed temperature and the actual sample temperature,
causing peak shifts and distortion. Related terms: *Instrument response time*, *heat transfer resistance*,
*calibration*. Minimizing lag improves accuracy. Example: A lag of 3 °C observed at 20 °C min⁻¹ heating rate
for a large sample. Challenge: Correcting lag requires modeling of the sample holder geometry.

Thermodynamic Integration – a computational method that uses calorimetric data to calculate free energy
changes by integrating heat capacity over temperature. Related terms: *Gibbs free energy*, *ΔG
calculation*, *entropy integration*. Calorimetric measurements provide the necessary C_p data. Example:
Integrating C_p of a liquid from 0 K to 300 K to obtain ΔG of fusion. Challenge: Extrapolation to low
temperatures introduces uncertainty.

Thermo‑Mechanical Coupling – the interaction between mechanical deformation and thermal response,
observable in techniques that combine calorimetry with mechanical testing. Related terms: *Stress‑induced
heat flow*, *thermoelastic effect*, *dynamic mechanical calorimetry*. Example: Measuring heat flow during
cyclic loading of a shape‑memory alloy. Challenge: Decoupling pure thermal effects from mechanical
dissipation.

Transient Calorimetry – calorimetric measurements that capture rapid temperature changes, often using
step or pulse inputs. Related terms: *Step response*, *time‑domain analysis*, *thermal transient*. Transient
calorimetry reveals kinetic parameters of fast reactions. Example: Applying a 0.5 K step and recording the
heat flow decay of a polymer cure. Challenge: Instrumentation must have high temporal resolution.

Transition Enthalpy – the heat associated with a phase transition, such as melting, crystallization, or glass
transition. Related terms: *ΔH_transition*, *latent heat*, *enthalpy of transformation*. Accurate
determination requires proper baseline subtraction. Example: ΔH_crystallization of 45 J g⁻¹ for a polymer
upon cooling. Challenge: Overlapping transitions can mask the true value.

Vapor‑Phase Calorimetry – measurement of heat effects associated with vapor adsorption, desorption, or
condensation on a solid surface. Related terms: *Adsorption enthalpy*, *condensation heat*, *surface
calorimetry*. It is used to study porous materials. Example: Quantifying the heat released when water vapor
condenses in a zeolite. Challenge: Controlling vapor pressure and ensuring uniform exposure.

Zero‑Heat‑Flow Reference – a reference configuration that ideally produces no heat flow, used to
benchmark instrument response. Related terms: *Reference pan*, *baseline stability*, *instrument zeroing*.
Achieving a true zero flow minimizes systematic errors. Example: Using an empty aluminum pan as a
zero‑heat‑flow reference in DSC. Challenge: Environmental temperature fluctuations can introduce apparent
heat flow.
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