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e Teplo vs. teplota
e Latentni teplo
e Specificke teplo

/

Joseph Black
(1728 — 1799)

Stanoveni latentniho tepla tani ledu

Na roztati ledu pri teploté 0 °C je potreba stejné teplo jako na
ohrati vody z teploty 0 °C na teplotu 100 °C.
Black (1761): Aq,H = 420 kJ/kg; Soucasna hodnota: 333 kJ/kg



Antoine Laurent Lavoisier
(1743 — 1794)

Antnine Lourent et Marie-Arme Lavoisier peints por Dovid en [788 (détail).

1782: ,Ice calorimeter"

1786: Memoirs on Heat

1789: Elementary Treatise
on Chemistry Musée des Arts et Métiers, Paris




Johan Carl Wilcke (1732 — 1796)

e Stanoveni latentniho tepla tani ledu (1772).
e Rozpracovani Blackova konceptu specifickeého tepla (1781)

Adaire Crawford (1748 — 1795)

e Stanoveni spalneho tepla vosku, loje, repkoveho oleje,
drevného uhli, ...

e Stanoveni ,zivociSného tepla® (tepla spojeného

s dychanim Zivocichll) — srovnanim se spalnym teplem

drevného uhli (1777). _




| TERMOCHEMIE |

Germain Henri Hess
1802 — 1850




[Teplo - prace - vniteni energie}

e 1798 Benjamin Thompson

e 1842 Julius Robert Mayer

e 1843-1848 _ames Prescott Joule

o 1847 Hermann von Helmholtz




[En'l'alpie - tepelné kapacity}

dU =6q+ow

ow =—pdV

6q=dU + pdv; q,,=AU

H=U+pV; Sq=dH+Vdp; q, =AH

C = lim 3 - (8_0')
AT =0 AT aT

V]: a =AU, Cv=(aujv[p]: d, =AH, cp:(

aT

oH

oT

)




[Tepla fazovych premén - reakéni ’repla}

Ala)—> A(p)




Kirchhoffliv zékon - Hessliv zékon

aAHj N .
: =AC =) vC_ (I
), ey

A+B+C—> ABC; A _H(RI)

A+C—AC; AH(R2) |AC+B—>ABC; A H(R3)

A H(R1) =
= A H(R2)+A H(R3)




[Sm%ovaci a rozpoustéci 'replo]

n,A(@) +ngB(a)= (n, +ny)[A-B](@); A, H

A(s) +nzB(D) = (1+n,;)[A-B](D); A H




' TRANSPORT TEPLA

Vedeni tepla v nehybném prostredi

Fourierova-Kirchhoffova

Fourierdv zakon ,
rovnice
Q=—kVT pC(a—szkva
ot
oT
=6
y oy (gj —aV’T
ot




[ @ @ 0\
Prestup tepla na fazovém rozhrani
Newtontv ochlazovaci zdkon

AT () = AT exp(—%tj

Q=K (TC—TS)
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Temperature

T T Time




KALORIMETRICKA MERENL

49 C(dT j+K(T T
dt dt

Klasifikace kalorimetri:

e Izotermni: A7 = 0, 7, = konst.

e Adiabaticky: A7 = 0, 7, = konst.

e Tzoperibolicky: A7= 0, 7, = konst.
\\. ,Heat-flow™: A7 = konst., 7, # konst./




[Méi"eni tepelnych kapacit]

Metoda 101K 109K 101 K|102K|103 K

Relaxacni ¢as

Adiabaticky
kalorimetr

DSC
Vhazovaci
kalorimetr

T

H (T)-H_(298,15K) = j C,,(T)dT

298,15

Com=A+B-T +%+...
T




[Méi"eni tepelnych kapacit (Z)J
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[Méi"eni spalnych 'I'epeIJ

Méreni uvolnéneho tepla
| [ Motorized stirrer
j _— Electrical leads for Zd konSt' V - AU

igniting sample

— Thermometer A U — A H — A H

comb comb form

_ Insulated container

| O, inlet A

Bomb
(reaction chamber)

H=A

U +AngRT

comb comb

3 - Fine wire in contact
with sample

{ — Cup holding sample CaHbOCSdNe(S) tn Oz(g) 3
+d SO,(g) + e NO,(g)




[Spalné tepla v atmosfére Fz(g)]

Stanoveni sluCovacich tepel anorganickych sloucenin reakci s F,(g)
Berthelot (1891), Hubbard (1960)
Vyhody: silné oxidacni Cinidlo, dobre definovane produkty (SO,/SO; — SF,)

Latka Spalovaci reakce (ﬁzﬁi)
ZrF, Zr(s) + 2 F,(g) = ZrF,(s) -2
GeSe, GeSe,(s) + 8 F,(g) = GeF,(g) + 2 SeF,(q) -5
MosSi; | MosSis(s) + 21 Fy(g) = 5 MoFg(g) + 3 SiF,(g) | -13
Si3N, SisN,(s) + 6 F5(9) = 3 SiF4(g) + 2 N,(9) -1
CuFes, CuFeS,(s) + 17/2 Fzz(gl):nggjer(s) + FeF5(s) + 6,5




| MéFeni rozpoustécich tepel

« Méri se tepelny efekt spojeny s rozpusténim
studovane latky ve vhodnem rozpoustedle

» Aplikaci Hessova zakona se stanovi
pozadovana termochemicka veliCina

» Lze ziskat hodnoty A H, AH, A . H

C(dia) + [Ni-Mn](1) = [Ni-Mn-C](I) A H (1)

sol

C(gr) + [Ni-Mn](I) — [Ni-Mn-C](I) A_ H(2)

sol

_ A H(C,gr—>dia)=A_HQ2)-A_H(®)




[Méi"eni rozpoustécich tepel (2)]

Rozpousténa Roz Teplota Stanovena
latka P- (K) velitina
BaCuO, HCl 298,15 A.H (BaCuO,)

La,0;, Mn,0O;
LaMnO. 2Pb0.B,0, 993 AH (LaMnO,)
Ce, Ni, CeNi, Al 1095 A:H (CeNi,)
a-LiFeO,, :
3 LiFe 022 3Na,0.4Mo0, 974 A H(LiFeO,)
Fe304 MO, | 3Na 0.4Mo0, 976 AHM(Fe,_ Mn.),0,

(Fe,_Mn,);0,




[Sou’éasné aplikace kalorime'l'r‘ie]

Kalorimetrie - standardni experimentalni
technika vyuzivana jak pro zakladni vyzkum
(IF - ®), tak pro vyzkum aplikovany ($ - ©)
e Stanoveni energetickeého obsahu v palivech a biomase
e Stanoveni zakladnich termofyzikalnich vlastnosti Cistych latek
(tepelne kapacity, teploty a tepla fazovych premén)
e Stanoveni reakcnich tepel (dehydratace, tepelny rozklad, spalna
tepla, slucovaci tepla)
e Stanoveni rozpoustecich a smésovacich tepel
e Stanoveni adsorpcnich tepel
e Studium kinetiky heterogennich chemickych reakci

materialove inzenyrstvi - geochemie - chemie -
biochemie — potravinarska chemie - farmacie
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Tahle 2
Thermochemical cycles for caleulation of the enthalpy of drop solution of A0 in 2P0 - By Oy at [0BD K {cvcle 1) and the enthalpies of formation
from oxides for La, A4, Cr0s_; perovskites (oycle 2) at room temperature (4 =Ca or 5r)

Reaction AH

Cyele 12 Enthalpy of drop solution of AQ

ACOyx], 298 K) = A0(sol, 10B0K )+ COu(g, 1080K)* AH(1) = AHpg(ACOy)
COsfe, 98 K)~+COx(g. 1080K) AHR) = A 10000
AO(x], 98K )+ COulg, 298K )= AC0O4(xd, 1080 K) AH(3) = AF ¢, (ACOs
AO(x], 08K )= 40(s0l, 10R0K)

AH(4) = AR(1)-AH2)+AH(]) AH#) = AHpg(A0)

Cywele 20 Enthalpy of formation of Lay; A, Cr()y_ 5 from oxides

L2,04(x1, 208 K)— La,Ossol, 1080K) AHI(S) = AHf(La;05)
CryO(xl, 298 K) = Cry04(s0l, 1080 K) AH(6) = AHpg(Cri0y)
AO(x], 98K )= 40(s0l, 1080K) AH#) = AHpg(A0)

Oafz, 298K ) Osfg, 1080K) AH(T) = AHs 100(02)*
La;_, A,CrOs 5(x1,298K) — 0.5(1 — ©)La;Os(sol, 1080K) + 0.5 Cr;0s(sol, 1080K) AH(S) = AHps(La; 4,Cr05 5)

+ x AD{so], 1080 K) + (0.25x — 0.58) O,(g, 1080 K)

0.5(1 — x)La;05(x1,298 K) 4 0.5 Cr;05(x1,298 K)
+ xAO (xd, 298 K) + (0.25x — 0.58) Ox(g, 298 K) — La;_, 4,Cr0s_s(x], 298 K)

AH(9) = 0.5(1—x) AH(5)+0.5 AH{E)+x AH(%)+(0.25x—0.55) AH(T)-AH(8) AH{E) = AFy,, (La,  A,Cr0;5 5)

“1l = crysialline solid, g = gas; sol = solution in 2Pb0 - By O,

"Heat content of CO, from 298 to 1080K, caleulated from Robie and Hemingway [26], 37.79 kI/maol.

“Enthalpy of formation of 4C0; from oxides at 298 K, caleulated from Robie and Hemingway [26], —178.804 1 58kI/mol for CaCO; and
—233.90 4 181 kJjmol for SrCOs.

YHeat content of O, from 298 1o 10R0K, caleulated from Robie and Hemingway [26], 25.50 kI /mol.




1761: Joseph Black uses melting ice to discover latent heat.

1772: Johan Carl Wilcke calculates the latent heat of ice.

1781: Wilcke comes up with the concept of specific heats.

1783: Lavoisier 's work, Reflections on Phlogiston , on the weaknesses of
phlogiston theory with respect to combustion.

1786: Lavoisier and Laplace 's work Memoirs on Heat.

1798: Cannon-boring experiments of Benjamin Thompson (Count Rumford)
(1753-1814) demonstrating the conversion of work into heat in his work.
Enquiry Concerning the Source of Heat which is Excited by Friction , showing
also that additional weight of an object due to heating (a prediction of caloric
theory) was not detected.

1819: Pierre-Louis Dulong and Aléxis Thérese Petit (1791-1820) find constant
specific heat at constant pressure for metals over wide range of temperatures,
finding that the product of the specific heat and the atomic mass remains
constant (known as the Law of Dulong and Petit).

1842: R.J. Mayer becomes the first to clearly formulate the conservation of
energy, and that heat is a form of (mechanical) energy.

1843: (through 1848) Through a series of experiments, James Prescott Joule
(1818-1889) establishes the exact relationship between heat and mechanical
work.

1847:. Hermann Ludwig Ferdinand von Helmholtz (1821-94) publishes his On
the Conservation of Energy . (Independently of Joule's publications.)



Calorimetry of Non-reacting Systems, Experimental Thermodynamics Vol. |
Edited by J.P. McCullough and D.W. Scott
Butterworth, London 1968
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- " The Japan Society of Calorimetry and Thermal

y Cn ' Analysis (Editor), Michio Sorai (Editor-in-Chief)
- ~ ISBN: 0-470-85152-X
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