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Pavel Holba received thermodynamic award
at CEEC-TACV conference,

Ljubljana, August 2015




Udéleni nejvyssi ruské medaile Kurnakova za termodynamiku.
In memoriam RCTAC konference, St Pterburg, zari 2016

KypHakoe H. C. 1860-1941 - CoeauHeHie u xumuueckin UHAMBUAD

1918-34 - ocHoeaTenb U nepebIv AupekTop NHCTUTYTA PU3UKO-
XuMmuyeckoro aHanusa AH CCCP
1925 - nepesoe uspnaHue KHUTU BeeneHue B (PUUKO-XUMUYECKUU GHANU3

(2.81928r.;,3.81935r.,,4.81940r..- Izd AN SSSR M.-L. 562 cTp.)
1937-41 - 3asepyrowmii kKapeapon HeopraHudeckou xumum MIy



Teplota vs. nase citeni ?
= cold =

Holding a bar of ..


http://www.google.cz/url?url=http://munfitnessblog.com/how-to-prevent-wrist-pain-from-your-weight-training/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBYQwW4wAGoVChMI3cj0ofj2xwIVCX8sCh0aZQDu&usg=AFQjCNFzsEBkP4qS8mYAQD2fT0Y3KmwLEg

vwv/

Co mérime? Jak to mérime ? Kde to mérime ?
VZzdycky néco namérime

Velka vzddlenost



http://www.google.cz/url?url=http://munfitnessblog.com/how-to-prevent-wrist-pain-from-your-weight-training/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBYQwW4wAGoVChMI3cj0ofj2xwIVCX8sCh0aZQDu&usg=AFQjCNFzsEBkP4qS8mYAQD2fT0Y3KmwLEg

Makroskopicky extrém

Relativisticka transformace

T=TyV(1 —v2/c?) K. v. Mosengeil (1907)
T=Ty/N(-v2c?) H.Ott (1963) ,

1 = 1, P.T. Landsberg (1966)

= Dlouhodoba kontraverze — problém relativistické fyziky

= Nase reSeni

=k = koV(1 =v?/c?), R =RV(1-v?c?)



TEPLOTA, TEPLOZPYT

Temperature Heat
Temperatur  Wdrme

Température chaleur

Teplota
Temperatura ciepto
Temnepatypa Tenno

| \\4 | Ogpuokpaacia BeppoTnTa



J.A. Komensky Me€at: calor, fervor a ardor

Cold: frigus, algor and ??
Not yet distinguishing temperature

cAT 0 i , ,,Abychomwulcmkvy tepla a
- zimy spatrlll svetle_, _slu3| |
.CTi . se vziti predmet viditelny i

multa patura arcana cla-

S —— m;h," SIS |uSi se posetrovati zmen
Hen e ey 7. ';.: i cho, kd yZ se ohreje i

SN NS fdy> se zase ochladi, aby
S Y sc ocite ukazalo, co teplo
__ 004 zima délaji smyslim
| pochopitelné

introduced ., caloric"
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Reneissance :

phlogiston-fuel- palivina
caloricum-medium-teplik

" Becher, Stahl — phlogistom (terra pinquis)
Metal = CALX + phlogiston

Sensible and latent;
heat

Logarithmic dependence between
amount (quantity) and intensity

i «Black,lrving, Sheele
« caloric Pristley, Cavendish




In order to stay away from a
total gravitational collision, which
would produce a single
homogeneous mass, the opposing
force was considered to be the
'self-repulsive caloric’ Such an
early ‘fluid’ hypothesis became
important in the formulation of
modern laws and was common to
the way of thinking of early
Greeks (Archimedes).

phase separation

)




Distinguishing specific heat, latent heat and
temperature: Iaunching thermometry
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Heat as an element

NTAINING ALL THE

MODERN DISCOVERIEES
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Temperature
scale & calibration

Steam point

Triple point
of water

273.16
491.69

<«— max. laboratory teRaperature

<+—— center of Sun

surface of Sun
C meelting of Wolfram

<+— freezing of water

Ice point

273.15
491.67

<4— he Universe now
<+— boiling of He"~

temperature [K]

Celsius
Rankine
Fahrenheit

cooling of nuclear spin
(recerd low temperature)

o0 < T < 00

Absolute zero

Newton (T=12 {2~1}, 0-34 ), Amontons (V—0, T—0)
—Kelvin, Romer, Fahrenheit, 32-212), Celsius (100-0
=Linné 0-100), Thomson (ThA= cZInT + c2, To — « )



Jan Amos Comenius: What i1s what inTA ?

“to observe clearly the effect of heat and cold, a visible
object should be subjected to heating and subsequent cooling,
the sensible changes made by heat and cold will then be visible
to the eye” Seventeen Century
Thermal analysis is a branch of materials science where the
properties of materials are studied as they change with
temperature. Several methods are commonly used - these are
distinguished from one another by the property which is measured
Wikipedia definition
macro ??

Tempe ratU re T Universe, Earth climate, weather

Universe  10°¢light years

(heat q) planet km

< man m (sec)

Thermal analysis molecule  nm
- lect a6
TvsT or Tvstime Seeen Ee el

Chemical and quantum processes




Thermodynamic laws

difference between ,Order"and ,Chaos"

Ter;per'a'rur'e and heat/entropy

0 % macro

micro ®

we cannot use energy arbitralrily
becaouse of entropical limits

Ch@os
ChGos
Craes

Or'aey -
O e

J ALK
] WD

chaotic process el



Similarity of Newton’s law of gravitation

F=ma

ensue many other principles

Law of heat transfer (Fourier) = AVT ]Ic:IIOuV'VdC;If'ke
Law of diffusion (Fick) NE=EDRAYe ‘caloricum’
Law of electric flaw (Ohm) | =r Vu l

Law of thermal inertia Yi — deZT/dTZ

As well as surface tension, mobility in liquids,
(such as further Stokes’, Newton’s law) etc




Pouruing liquid and = I H
filling a bottle is not Fluid-like 'I'r‘ansfer'

instantaneous but
nheeds certain time

Inserting "heat” to
the vibration and
ordering modes is not

mediate but needs
. explicit time
m P
similarity - = =
| am - - °
() = )

Any matter
transport

desires
definite




Newton gave to us the deterministic description of our

physical world whilst always aware that it could be a part of a
superior universe (extending from the very small o the extremely
large). He intuitively associated heat conduction with temperature
gradients called 'gradus caloricum’(whereupon gradient is derived
from Greek 'gradus which means felicitous, congenial). Newton
even tried to make some quantitative observations by heating one
end of a metallic bar and observing heat propagation by detecting
the progress of melting of various substances (wax) at different
distances. It helped him to formulate the law of cooling without
knowing what heat actually was. Let's remind het flow q is
dependent on temperatures T, and T,and heat capacities C :

qg= K(T,,—T,) =C, (dT,/dt) + C_(dT./dtT)
assuming C. C, and T, = const, we obtain

K(T, —T.) = - C, (dT./dt) = K(T,—T,) dt+ C, dT,, =0



(K/C,) dT =d InK(T,,—T,)
U
(Th I Tc) = (Tho i c) exp (' (t _ tO)/’C)
where T, Is the initial temperature of hot body and

IS called
Latter applied by Tian in his basic calorimetric equation




Rovnovazna teplota fazové premeény: T,

Holba"s life attempt to give kinetics its thermodynamic backgroundnd

|’,’

FAZOVA PREMENA R T ;‘!

—_ e —— e — e — s — |__\ ’ :

b \R AT :

: IR—— i

H Loyt

I S !

| !

[ :

-o’ : I I l

: | : l

T - ¢ £ rychlost phFevui[K/min]

Fize a Faze B . i !

T |

T ——

Holba P., Sestdk J. (1972) Kinetics with regard to the equilibrium of processes studied by
non-Isothermal techniques, Zeit. physik. Chem. N.F. 80: 1; and Holba P (2015) Ehrenfest
equations for calorimetry and dilatometry. J Therm Anal Calorim. 120, 175-181.



Fazové premeény a teplotni derivace

SKOKOVA PREMENA POSTUPNA PREMENA

zeq ‘ zeq

Dvé faze )
a+p Faze B

Faze a Faze B

dleq/ﬁ e —
jedr —




ANALYSILS analogy

SEARCH FOR INFORMATION

Information transducer

Type of anylysis

Data treatment

Zacharias Janssen (1580-1658);

Galileo Galilei (1564-1742)

«.._L\'\v\i\OPTICAL)
\Hﬁ}\;‘—\ 4{ AcT  DIFFRACT. < Giffraction CRYSTAL

DI
sl ——
X * PATTERN Taw STRUCTURE

Max von Laue (1879-1960)

William Lawrence Bragg (1890-1971)

TA

thermodynamic THERMAL

—_—
CURVE principles STATE
Gustav H.J. Tammann (1861-

\ Nikolaj S. Kurnakov (1860-1941)

PSYCHO psychiatric STATE OF

Instrumental interface

Sigmund Freud (1856-1939)

Evaluation procedure

optical ~ 600 nm

X-ray ~ 0.5 nm




Spectroscopic methods

X-ray

|dentity
“fingerprint”

Position
Symmetry

Quality

Quantity
Intensity
Area

Shape
Broadening
Crystal size

\
1

? Dissimilarity |

TSimilarity
- 1 T

=» heat inertia (DTA)
? Does it exists |

Heat transfer methods

|dentity
“fingerprint*

Position
Uniformity

Quality

Quantity
Size
Area

Shape
Structure
Kinetics



Compensation DSC




DTA equation

qg's =As (Ts —T))

DTA q’A= AA(Ts = Tr)
AH's =q’s + @4+ Q’s
DSC (Ts =Tr) and ATDTA = 0

AT =[- AHS o’ + (CpS — CpR)¢ +
CpS 4AT’] 1 AS

AQ’=- AHs o’ + (Cps — Cpng¢ + 4
A (T =Tj)

Sestdk J, Holba P (2013) Heat inertia and temperature gradient in the treatment of DTA
peaks: Existing on every occasion of real measurements but until now omitted. J Thermal

Anal Calorim 113: 1633-1643



Why are the curves/peak by DTA and DSC different ?

Mutual comparison of the sensitivity of_-medsurements
e Y

DDC or DTA

DSC

&

1/2

limA: - )

diminishing “/A shar'pening

/)

t

Can we recognize its consequences ?!

-8
J

-l

Aq



Isothermal and non-isothermal measurements

% T[c.107]

4(t-10°s)

non-iso B l ; k

d2T/dt2 = 0, dT/dt = B

t

0,61

1 +

process

rd

Holba P, Sestak J. (2015) Heat inertia and its rol

Anal Calor, 121:303-307

08

e in thermal analysis. J Thermal
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DTA CURVE

Correction of thermal inertia

4,C5°

initial Cp

—————
-
-
-
’f
/

-;AK(TO Tg)-AC, @ + A,C5(1- a)(d)+dAT/dt) - AH(da/dt) - Co5(dAT/dt)

\\ /’
-~ -
-~ -
-~ -
S -
-~ -
kT -
-_--——-_--—-———-——————-—-_——

——————————————
-
~_—
=S
~
~
~
\\
\

/
Thermal capacity of sample




Effect of heat inertia on kinetic evaluations

Evaluation of kinetics and mechanism by SQUEST
Skvara F, Sestak J. Computer calculation of the
mechanism and associated kinetic data using a non-
Isothermal integral method J. Thermal Anal. Calor.
1975; 8: 477-489

Phase transition of BaCO; at 810° C

N AH E [cal] mechanism

/\ 613 118 A3
/ 617 52 A3

tler) orec|raien ¢


http://www.akademiai.com/content/g0763751g6w34288/
http://www.akademiai.com/content/g0763751g6w34288/
http://www.akademiai.com/content/g0763751g6w34288/
http://www.akademiai.com/content/g0763751g6w34288/
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A rectangular heat pulse was inserted into the
sample by either method: (a) circles - the
resistant heating inside the sample under the
mode of linear heating and (b) triangles - the
heat irradiation on sample surface during the
iIsothermal regime. Both pulses are
normalized on the <AT vs. t> axis as to fine-
tuning the same shape. The as-measured
DTA response on the internally inserted
pulses (dashed read line, resistant heating)
was corrected on the heat inertia effect by
differential method to yield the rectified peak
(full red line). The as-measured DTA

feedback on the externally applied heat-pulse

Holba P, Sestdk J, Sedmidubsky
D (2013) Heat transfer and phase
fransition at DTA experiments.
Chapter 5 in: Thermal analysis of
micro-, nano- and non-crystalline
maTerlals (J. Sestdk, P. Simon.
Eds), Springer, Ber'lm, pp. 99-134

.. (small-circle line) was corrected by the

standard Netzsch instrumental software
based on integral method giving a rectified
peak (small-triangles line). Both rectifications
emerge the matching character of
corrections. The upper left area between
rectified peak and inserted rectangular pulses
results from yet uncorrected temperature
gradients in the sample



Temperature profiles

Y
A
A
A
Ay
~

—

Y

N

Stabilized temperature profiles Ty(r),
T.(r) and gradient profiles gx(r), g.(r)at
linear heating (&, 0) in an infinite
cylinder with external radius of holder
(jacket) r,,and external radius of
reference (core) r- in the case when the
thermal diffusivity of holder material g,
is greater than that of the reference
material ay (ay > ag).

Stationary temperature profile
To(r) and gradient profile gp(r)in
hollow cylinder with outer radius
re and inner radius r; separating
outer reservoir with temperature
Tz and inner reservoir with
temperature T;




Temperature profile according to Smyth compared with our
continual model utilized by computer calulus

LA

L
L
a3
—=
=
—

Our computer calculation

L1 0O 30 66

Distance from center {cm.}

Smyth HT. Temperature Distribution during
Mineral Inversion and Its Significance in

1951 data DTA. J. Amer. Cer. Soc. 1951; 34: 221-224.




Kinetic models of a phase transition

. . . |
Continual model: Discontinual model:




Variants of kinetic models of a phase transition

m ‘ -

continual model: Discontinual model:




Profile of temperature gradient in the
sample at the degree of transition {=0.7 |
assuming a discontinued model

Holba P, Sestdk J, Sedmidubsky D (2013) Heat transfer and phase
transition at DTA experiments. Chapter 5 in: Thermal analysis of
micro-, nano- and non-crystalline materials (J. Sestdk, P. Simon. Eds),
Spr'mger' Berlin, pp. 99-134

gr)

dT/dr
AN

— !




Thermal gradients appear everywhere even during small
temperature alternations in modulated thermal analysis

) ——>

—
[
|
S
—
1)
—
)
o
£
)
&=
2

Holba P, Sestdk J, Sedmidubsky D (2013) Heat transfer and phase transition at
DTA experiments. Chapter 5 in: Thermal analysis of micro-, nano- and non-
crystalline materials (J. Sestdk, P. Simon. Eds), Springer, Berlin, pp. 99-134




What Is temperature under extremes?

Size and speed matters Macro extreme
astrophysics

Micro extreme
7 nanophysics

Current study exploring



- what is temperature
contrivance of thermodynamics

WhGT happens if there | thermostatics Heat transfer Thermotics U
is no time for the system

fast-enough equilibration?

what says “"each thermodynamics” ?



Not knowing well the thermal nature in a classically
arranged sample we are seeking for yet novel
methods applying more and more complex regimes

]

Amplitude of the radiation
intensity I (x, y) measured
at ac heating (2 V, 1 Hz).
Dashed line A indicates the
direction at yI =-24 ym
along which the dependence
I (x, y1) was measured.

Hot junction Cold junction

S.A. Adamovsky, A.A. Minakov, C. Schick. Scanning microcalorimetry at high cooling rate
Thermochimica Acta 403 (2003) 55—-63; and: Ultra-fast isothermal calorimetry using thin film
sensors Thermochimica Acta 415 (2004) 1-7



Special case of a change:
temperature during quenching

ase change




Temperature -tempericity of ultrafast changes
(in nano-scale) and its determinability

Ag AT = ?A?

Where is the operate limit of
uncertainty principle

AT/At = ?A7?

Where is the operate limit of ever
recordable temperature changes

AT = ?A?

Where is the limit of readable and
reproducible temperature gradient




Thermodynamic approach through the detailed analysis

of family tree of existant thermodynamic subdiyvisi

Sadi Carnot
Clapeyron

CARNOT LINE
(dissipationless work)

Kelvin /

Clausius
(thermodynamics based (absolute
on 1st and 2nd laws) temperature)

THERMODYNAMICS*

NN

THERMOSTATICS Ciausius-Planck inequality
(Gibbs) (Planck)

v

Fourier
Duhamel

v
FOURIER LINE
(workless dissipation)

Stokes
Kelvin

|

DISSIPATION LINE

Kirchhoff

v

Clausius-Duhem inequality
(Duhem)

v _

de Donder
Meixner

THERMAL ANALYSIS PRACTICE AND THEORY

Prigogine

v

THERMODYNAMICS OF IRREVERS

BLE PROCESSES

hibbs (1839-1903)

N/
Temperature gradient

. /7




Thermodynamic approach needing an extension for
true non-equlibriums studies

Sadi Carnot Fourier William Whewell
Clapeyron Duhamel (1794-1866)
d.CARNolTL'NEk FOURIER LINE TYKOLDI LINE
issipationless wor issipati
(dissip )I (workless dissipation) thermo-dynamics
Clausius _
(thermodynamics based \4 Stokes \/ Ralph Tykodi
on 1st and 2nd laws)¥ Kelvin (1925-2009)
Clausius-Duhem inequality
(Gibbs)
of irreversible processes

dT/dt = O, T = constant d?T/d+? = 0, dT/dt = B d?T/dt? = 0, dT/dt = changing

Temperature Tempericity
N\

Temperature gradient




Yet uncertain territory of thermodynamics
Corrections toward nano-scale progression

E Subject of another lecture ...

»‘» ‘»‘»O

At macroscopic scales: the Laws are perfectly valid for statistical
systems but what happens at nano-scales (curved interfaces y and ¢ )?

Decreasing number of
bulk molecules to a
nano-limit narrowed by
interface layer energy
and curvature

>
>

—

mple holder (cell) and

Interaction between the
the entire sample surfac

° o




Quandary for diminutive bringing on
micro/nano-analysis methods by using:

* ultra-small samples and
* mili-second time scales .

It involves a further peculiarity of truthful femperature (T, versusT,)
measurements of nano-scale crystalline samples in the particle micro

range with radius (') which becomes size affected due to increasing
role of the surface energy usually described by an universal equation:

T/T, =1 -C/r)

where o portrays a standard state and C and p are empirical
constants ranging ~0.15< C<0.45 and p = 1 and/or 3



il It's the responsibility of researcher to know to

Any experiment always provides certain data on
temperature and other measured variables =
sensor’ s reading !

It seems that thermoanalysts believe that a mere
replacement of thermocouples by thermocouple
batteries or by highly sensitive electronic chips
moreover renaming DTA principle to variously
termed DSC’s is a sufficient solution toward
theoretical rations.

what extent spans his true conscientiousness!

One never gets to see that his work is so secret
that he does not even know what he is doing !







Pavel mél svoji logiku, v nasem kabaretu “ Major Kopriva“ rika:

..aby se nemohl ohen rozsirit na odlehlejsi mista, musi se
nddoby se stlacenym plynem a veskeré horlavé kapaliny

a sva pozorovani tridil podle principu:
...ze kazdd myslenka ma polocas rozpadu, kdy se stdvd blbosti a

Thermal Physics
and Thermal
Analysis

From Macro to Micro, Highlighting
Thermodynamics, Kinetics and
Nanomaterials
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€ Springer




