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MAT
Introduction

* Materials
characterization

* Energy balance
Follow chemical
reactions

* What is calorimetry?
Heat can’t be measured directly. Instead, we measure Heat Flux Calorimeter

Calorimetry .

Calor + Metron
(Heat) (Measure)

* What is reaction-solution calorimetry?

Measure the heat flux of the dissolution of a substance in a solvent

Measure the heat flux during a reaction
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letodos de Analise Térmica
Thermal Analysis Methods

Reaction-Solution Calorimetry

How does it work?

ﬂ.

Heating and
calibration resistance

Thermometer

//'
r L sensor
_/ /
/””/
_ » Ampoule and holder

Glass Vessel

A

\

< ﬂ\

Stirrer

Thermostatic bath

| Isolation jacket

y

Solvent

Ampoule breaker
(saphire)

Metal Ligand Bonding Energetics by Reaction-Solution Calorimetry

Slide # 3



MAT Reaction-Solution Calorimetry
How does it work?

Weight the glass ampoule;
Weight the sample to be analysed (solid or liquid); Calorimeter Functional modes
Insert the ampoule on the support;

Fill rigorously the glass vessel with the appropriated solvent;
Insert the ampoule support into the glass vessel,

Introduce this assembly into the thermostatic bath;

Let the temperature stabilize until thermal equilibrium
(about 3000 sec);

Break the glass ampoule (into the sapphire breaker).

Isoperibolic

Adiabatic

NOUAWN e

Pseudo-Adiabatic

o0



MAT Reaction-Solution Calorimetry
How does it work?
Calibration
gf ————————————————————————————— |
A ' I . .
. ! ! Electrical Chemical
\ |
I !
w
= E E * Provides heat trough | ¢ Reactants with a
g ! : electrical current very well known energy
g .
- I
& } :: | » Before and/or after | Usually, before the
"Gh F----------co= ' i T‘ the reaction reaction
i . I | [
- [nitial i1:aeri0d +i=s Main period - Final period -—-4:
H 1 i i }z

ly t ty t
Time

d6/dt = u+k(6;—6)

u=ple
91 = Bco _(Boo —eb) exp{—k(t_tb)}

Iy

k —thermal leakage modulus
B,— jacket temperature
B..— convergence temperature

p —sum of all constant thermal powers in the calorimeter

€ — energetic equivalent of the calorimeter

S.R. Gunn, J. Chem. Thermodyn., vol. 3, no. 1, pp. 19-34, 1971
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Hypothetical
reactions

Reaction-Solution Calorimetry

What can we measure?

Heat measurements of processes: Q

Enthalpies of processes: AH = @,

. AH
Heat capacities: C, = N

Metal Ligand Bonding energetics:

CoM(@@ + L@ - ML(9)

/\ But the compounds are solid or liquid:

. M(cr) + L(cr) » ML (cr)

AHI =7

A HET =7

AsublH

Reaction-Solution Calorimetry




MAT2021 Reaction-Solution Calorimetry

What can we measure?

-~

AH,

M (cr) + L (cr)

AH,

Solvent

A HET =7

v

A}i4:: 0

v

~

ML (cr)

AH,

\ 4

Solvent

Hypothetical
Thermochemical cycle

/

AH = z AH (products) — z AH (reactants)

ArHCT' - AH3 - (AH1+ AHz)

Metal Ligand Bonding Energetics by Reaction-Solution Calorimetry

Slide # 7



MAT
Case study

Energetics of metal-ligand binding in copper(i1) and nickel(1)
complexes of two Schiff bases

J. Chem. Soc., Dalton Trans., 1997, Pages 1257-1262

Manuel A. V. Ribeiro da Silva,* Maria D. M. C. Ribeiro da Silva, Manuel J. S. Monte,
Jorge M. Gongalves and Elia M. R. Fernandes

Centro de Investigacao em Quimica, Departamento de Quimica, Faculdade de Ciéncias,
Universidade do Porto, Rua do Campo Alegre, 687, P-4150 Porto, Portugal

AHET =7
Cu(0,CMe),- H,0 (cr) + H,L (cr)

Metal

Cu

Ligand

H,acacen

H,bzacen

Cu(acacen) | Ni(acacen)

Cu(bzacen) | Ni(bzacen)

H,acacen = 4,4’-ethylenedinitrilobis(pentan-2-one)
H,bzacen = 1,1’-diphenyl-3,3’-ethylenedinitrilobis(butan-1-one)

Clz . 6H20 (Cr) + H2L (Cr) + H20 (l)

\ 4

Achr — 7

\ 4

Ll (cr) + 2HCI-H,0 (1)

|CuL] (cr) + H,0(1) + 2MeCO,H (1)




MAT Energetics of metal-ligand binding in copper(11) and nickel(1)

Case StUdy complexes of two Schiff bases
Complex AH, (cr) —AH, (cr) A H? —AsH;, (g)
[Cu(acacen)] 40.866 = 0.039 385.1 3.2 127.6 = 0.7 257.5 = 3.3
[Cu(bzacen)] 34.616 = 0.052 2034 £5.1 205.6 = 3.0 —2.2%59
[Ni(acacen)] 82.13 £0.10 472.6 = 3.1 129.1 +0.9 343532
[Ni(bzacen)] 74.59 £ 0.10 292.2 £5.1 201.7+2.8 90.5+5.8

.2.49 2.52 2.55 2.58 2.61
103 7K !
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Curiosity

15t Solution Calorimeter

Heats of Solution of Group IB Metals in Liquid Tin

by L. B. Ticknor and M. B. Bever

SEPTEMBER 1952, JOURNAL OF METALS—941

An isothermal calorimeter suitable for measurements of heats of
solution in liquid tin as solvent is described. Measurements of the
heats of solution of gold, silver, copper, and a gold-silver alloy are
reported. The heat of formation ofdthis gold-silver alloy is also re-

ported.

SAMPLE TUBE

1@
. /‘\/ ICE-WATER BATH

MOTOR

| [] THERMOREGULATOR
WILSON SEAL /
STIRRING E
MECHANISM TO GAS
‘ | - CONTROL
sy
THERMO - (/1:— STEM
0:\ ""
COUPLE 7z
WELL ¢
Zl ,MAIN
DEWAR 2/ H
DEVAR ; EATERS
‘r
Z' _REGULATING
STIRRER | HEATER
Z
L
."eg 7l _SALT BATH
LIQUID ; ‘!ql=;’j' ?L_‘_
-~ 3 %
METAL =} N S g
= Ve N 7
\___/\

Fig. 1—View of calorimetric equipment.
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MAT
1. Introduction

Isothermal Titration Calorimetry (ITC) is a technique used to measure the heat exchange associated with
molecular interactions at constant temperature.

Optimization Comp|_ex
drug-target interaction formation

Thermodynamic (_ Binding constant; ) d:>
Profile — Reaction stoichiometry;

(:0-@ i - Enthalpy;

K,.n, OH, A4S, .. - Entropy;

. ~

® No need of chemical modification, labelling or immobilization;
® No limitations associated with the sample’s cloudiness or the molecular weight of the structures involved.
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2. How does it work?

— — _I:-

‘ "'W Thermocouple
& \”

|

|

Referen eedback
heater heater
X-Ray
[ |
. Reference
1 cell
;
o Adiabatic
o
% jad(et > Controller >
| \ (PID)
ITC by Heat Conduction ITC by Power Compensation

ITC/VP-DSC Slide # 3
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2. How does it work?

11

Baseline

N

L
S AN

1eat/= PowerxTime
J(mols) s

Power (uJ/s)

'I"ime (s')

Study of samples in solution

I_l

Intramolecular stability of

<
| ¥
O
(2]
(@)
v

structured macromolecules

I_l

®+Q<:"

Protein Ligand  Protein-Ligand

Intermolecular stability of
complexes

ITC/VP-DSC Slide # 4
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3. What can we measure?

Endothermic Process No Interaction Exothermic Process
Time (min) Time (min)
0 30 60 9 120 150 05 0 30 60 90 120 150 180
0.9F . Suramin versus buffer 4103
~ 06} ‘
"5"‘-” i 'I_m D_ I L A O -OOEQ
3% 03} = 1 80
U‘g’ i & . {-03 2 &
0 ~05-
0.3} 4-0.6
| ! | ! [ I T T
£ 90+t 0 50.00 100.00 150.00 430 §
(] . .

B Time (min) 1 =
Ié‘ 6.0. 0.0 3'_
(@) :6 3-0’ Curve -30 % -
T A V3
g 00 optimization 2
E —30 i 1 £ L 2 1 N 1 N L £ L -—60 2:.:’
00 05 10 15 20 25 30 00 05 10 15 20 25
[ac-pepstatin],/[HIV-1 protease] c value [indinavir],/[HIV-1 protease],

ITC/VP-DSC

Slide #5



MAT
3. What can we measure?

= 0.0¢ \ — Binding constant;
5 | B - Reaction stoichiometry;
;% - Enthalpy;
oo I
)
£ |
8 _aol \ — AG = - RTIn(K,) - Gibbs free energy;
= . I B | B . PR B S —> AG = AH - TAS - Entropy’
00 05 10 15 20 25 3.0
[ac-pepstatin],/[HIV-1 protease] ‘
I — Strength of interaction;

By performing titrations at a range of temperatures, _0AH » — Stability of biological complex;
the AC, for an interaction can be determined. AC, — Number of binding sites;

— Reaction’s spontaneity;




4. Application Note

Natural Product
Reports

@gm.\m Application of isothermal titration calorimetry as
a tool to study natural product interactions

Cite this: Nat Prod Rep. 2016, 33 881

O. Callies and A. Hernandez Daranas”

~
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Use of isothermal titration calorimetry to study surfactant aggregation in

colloidal systems»

Watson Loh **, César Brinatti 2, Kam Chiu Tam °

* Institute of Chemistry, University of Campinas { UNICAMP), (P 6154, CEP 13083970, Campinas, 5P, Brazil
b Department of Chemical Engineering and Waterloo Institute for Nonotechnology, University of Waterloo, 200 University Avenue West, Waterloo, ON N2L 3C1, Conada

CrogsMark

N

Application on Drug Discovery

J
\
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|dentification of
Target Proteins

~

Suramin

Zhou, X.; et al. Nat. Protoc. 2011,

Q, 158-165.

4. Application Note

-

Drug-Macromolecule
Binding Studies

/

~

=T Low affinity —r— High affinity
(weak) Ligand Ligand
—

Velazquez-Campoy, A.; et al. Nat.

Qrotoc. 2006, 1, 186-191.

-

~

Lead Optimization

NH;

NIJN R(_an_ln
HC A AN, Inhibitor
F
HN \/___<<
F
N” =N
HsC l F NH,
g N/\/\OCHJ
Sarver, R. W.; et al. Anal

/

Qiochem. 2007, 360, 30-40.

/

-

Enzyme Kinetics

synaptic cleft

pre-synaptic

e eee
ATP I
cytoplasm
® Kt (J - (
€ Nat

~

== ADP+Pi+ Heat

Noske, R.; et al. Bioph. Acta.

QOlO, 1797, 1540-1545.

/
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5. Case Study

0
H
A Comprehensive Insight into Binding of Hippuric Acid to Human N\)ko,_,
Serum Albumin: A Study to Uncover Its Impaired Elimination through 0
Hemodialysis

MNida Zaidi, Mohammad Rehan Ajmal, Gulam Rabbani, Ejaz Ahmad, and Rizwan Hasan Khan )

Time (min) Time (min) Time (min)
-10 0 10 20 30 40 50 60 70 80 90 -10 0 10 20 30 40 50 60 70 80 90 410 0 10 20 30 40 50 60 70 80 90
0.0F b AL BT | PR U . .. AL (70 AL AL AL AL
|

E 04r 04f 04} H ITC

8

= 08t -0.8}F 08}

A B C
0.0 0.0 0.0

E R

E- 041 AH |Tas|ac | 04} AH] T 04}

% L 0 | HU . _ 0

2 08 F 08} - 08¢

: : P;LI ! 5

3 g - £ 8

a2t [* T -12¢ = | ...

Binding 2 structuraly
0 2 4 6 8 1012 14 16 18 0 2 46 81012141618 0 2 46 8101214 1618 ] ]
Molar Ratio Molar Ratio Molar Ratio DISp|acement dlﬁerent

[ High affinity site Measurement binding sites

[]Low affinity site
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5. Case Study

15 15 75
15f
1:0 A 1:5 B
) 71
% [10f 1o} ol
% 0
~ BT
|5 5 5 = 10
8 ‘E m1:5
2
0 0 0 £ 63 m1:10
I 1 1 1 1 1 L L L L i - L N I D
10 40 50 60 70 80 of 30 40 50 60 70 80 9030 40 50 60 70 80 D0 -
Native Conformation Temperature (°C) 59

4

//I
- |HN
T

Study Conclusions: |
v" HA markedly binds to both binding sites of stel /‘«w

HSA; TAS
v/ Binding is a spontaneous, enthalpically /‘5& 2 e N
driven, entropically opposed process; :

N 386

v HA elimination through hemodialysis may
hinder.

Domain Il Domain Il

ITC/VP-DSC Slide # 10
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MAT

Heat Capacity (Cp)

Definition: Energy necessary to raise the temperature of a system by 1 K.

> U=Q+W dQ

> H=U+PV l — ar ﬁ

At constant volume and At constant pressure and

2 for infinitesimal process: for infinitesimal process:
s dgy = dU x dg, = dH

2 2

2 2

= Hence: & Hence:

’ (au> A1 | . _<0H)
= | — (} | » = | ==
"\ar/, aT ),

Temperature, T

Temperature, T



MAT

Heat capacity can be converted into extensive thermodynamic property (Molar, volumic and Specific Heat Capacity):

- T M MM Y
(Translational Energy iy
Rotational Energy 5k o c,»:".;4 ;o
These properties change with the increase in temperature: c,{ Vibrational Energy & o .
Eletronic Energy  cp 2.2} &
JIgiK o0 T ]
_ Intermolecular “*" P <
21F 07 @@ L aBS i -
Q00 LE&F I .q:;:’ﬁ _fB’ cozz/ /
) [ {.II] w“.“ [JlglK;u eCoMiad 5
800  (31.5+0.1) 1K mol”/-CH - o® L7F : 2.0 it
- e . - : ' Sless ]
= T00r @ e 1.6} ,~1-,-E"'§ 1.9 RO VPRI . N
E | o L | A _ Y7740 20 0 20 40 60
- &0k P * D'-.- —h:h 1.5 ,--"""-E ‘ T(°C)
h__i I . ] j,-“'“ f _ j"/i P
= so0F e e — L e
: | e == 14f - L OAD CFAO UAO
<) = (32.3£0.4) 1K mol"/ CH : ﬁ""é o " " " 2
400 - .n__.ll (353 04 FR -mat 7 T symmetric stretch  asymmetric stretch bend
L g’ 1.3+ -
300 F (32.1£0.5)J-K “mol '/ -CH - . . ' .
> 4 6 8 10 12 14 > 4 6 8 10 12 14 ibrations
n n .‘
Molar Heat Capacity (J/K-mol) and Specific Heat Capacity (J/K- g) as a function of the . -
*

number of carbons in the alkyl chain of ionic liquids.
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How does Differential Scanning Calorimetry Works? _Samples and Reference are heated:

-Both sorrounded by a furnace;

Eumacgrlriq

DSC sensor -Reference crucible empty;

Heater

Temperature
sensor

-Star shaped sensors = heat flow

-Crucible is placed on the top of the sensor
Purge gas inlet

Sample Reference

Tl T

e

METTLER TOLEDO

https://www.youtube.com/watch?v=MRIXMEIpmpU



https://www.youtube.com/watch?v=MRJXMEIpmpU

MAT

Types of Differential Scanning Calorimeters
Heat flux DSC

Lid

| Thermoelectric disc
constantan
AN ( )

'-."-\ 4_1;7_ ______%-_-::___ ——— Chromel disc
A i

' | ™ Alumel wire
Heating block

* Individual furnace;
* No direct contact with thermocouple;
* Temperature difference is monitored.

{]
e

—

o

Chromel wire

Power-compensated DSC

Pt sensors
T N || T
S i\ R
I~ [/ | =
B B P VT R VAV AV S

Dual heaters

2 independent furnaces and sensors;
Small furnaces (quick cooling/heating);
Heat compensation is monitored (AT =0).
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Heat flow @

(mW)

L ®

Initial deflection

=10 o

Time

Where:

m is the sample mass

C, is the heat capacity of the sample
B is the heating rate.

Mettler Toledo; Introduccién a la técnica DSC

ARAUJOA. A. S., BEZERRA M. S., STORPIRTIS S., MATOS J. R.; Determination of the melting temperature, heat of fusion, and purity

analysis of different samples of zidovudine (AZT) using DSC. Brazilian Journal of Pharmaceutical Sciences

£g
s
L
20 1120 mg
! we v 2710 MG
I --m = 5.050 mg
_ 7.440 mg
AR TNy (SETPTRSI RSO TIEY | R TUSPINE!Y SN WD TN U] Ul M TR A LS MY
118 120 122 124 126
Temperature {"C)

DSC curves of AZT (zidovudine) using different masses
recorded in a dynamic nitrogen atmosphere.

Diferential Scanning Calorimetry (DSC)

Slide # 6
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60 - —— PEEK Msapphire B . (I)sample(T) - (I)empty(T)

. sapphire \ C (T) =C hi (T)
endo empty 3 /l'L P psapphire Mgample ° B d)sapphire(T) - (I)empty(T)
40 | —
M\ .
= i ( \ 1 With: _ Mgapphire B
= ith.:  K(T) =c¢ hire (T)
e 20F o I 1 P Sappaire (I)sapphire(T) - d)empty(T)

- 400

ok 4
/ - 300
-0k 1200
- 1100 Where:

IZI!IEII:lIéIéI1IDI1IEI1I4I1IE
tin min _

1 — Scanning through empty crucibles (base line) ¢, — heat capacity for the sample

C — heat capacity for sapphire;

q)sapphire (T) _q)empty(T)

MgampleB

Hence: cp(T) = K(T)*

Do Ul

sapphire
Mgample — SAMple mass;
Mgapphire — SAPPire mass;

3 — Scanning for sample Dgampie — heat flux for the sample;
O, ponie — heat flux for sapphire;

4 — Measure ranges and calculate cp: Dempty — heat flux for empty crucible.
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Journal.of

«wchemical&

“jenglneerl ngJGtEThls J. Chem. Eng. Data 2018, 63, 1-20

Chain Length Dependence of the Thermodynamic Properties of

n-Alkanes and their Monosubstituted Derivatives

José C. S. Costa *

A

B350

Adélio Mcndes,:;' and Luis M. N. B. E. Santos’

B
30
'.'-L
2.6 b
2,23 -"-.lnl =uu
39 11-.-|-.-|-.-.-|-.:-|ﬁ.-_!7§-t?._:'.:r.--.-‘.l-.-:.1'1!_HJ-.-
1.8 4 5
1.4 - e
;o
A ~t
1.0 4 x,' ___-+’"F
el
-
o4 =
02 " y y ' : .
0 2 4 i g 1 12 14 16 18 2k
n(C)

pubs.acs.org/jced

Haloalkanes

Alkanethiols

Alkanamines

Other termal properties were studied:
> Thoiling and T

meIting;

» AH, AS and AG of fusion, vaporization
and sublimation
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n(C)

n-alkanes (large solid black circle)
n-alkanols (blue solid square)
n-alkanamines (red solid triangle)
n-chloroalkanes (yellow asterisk)
n-iodoalkanes (purple plus)

10 12 14 16 15 20
n(C)

n-alkenes (grey open circle)

n-alkanethiols (blue open square)
n-nitroalkanes (green dash)

n-bromoalkanes (red x)

n-alkanes on gas phase (small solid black circle)

Additive group contribution (-
CH,-) 2 changein C,
(becomes similar to alkanes)

Contribution from functional
groups

Contribution from physical
state

Specific Heat Capacity 2
Lower for heavier atoms

Cp converges to constant
values at higher temperatures
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Contents lists available at ScienceDirect

Thermochimica Acta

journal homepage: www.elsevier.com/locate/tca

Measurement of specific heat capacity via fast scanning M) |
calorimetry—Accuracy and loss corrections chack o

C.R. Quick”, J.E.K. Schawe”, P.J. Uggowitzer", S. Pogatscher™"

* Chair of Nonferrous Mewallurgy, Deparement of Metallurgy, Monamuniversitaoe: Leoben, Franz-Josef-Sir. 18, 8700 Leoben, Ausiria
* Mertler-Toledo GmbH, Heuwinkelstrasse 3, 8606 Nanikon, Switzerland

» Measurements of specific heat capacity in metals via fast scanning calorimetry

» Introduces a correction fator (small mass rates) 2 @ = mcyB + @j4ss
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Introduction

TGA

Sample mass variation by:
Temperature programming function
Atmosphere variation

e Study of the thermal decomposition of
substances

e Studies on corrosion of metals in
atmospheres

e Study of dehydration and hygroscopicity

100

80 1

60 1

401

201

Massa % DTG / %/min

\\\

100 200 300 400 500 600 700 800 900
Temperatura/ °C

Graph 1 - Graph of TGA (red) and its derivative, DTG (blue)

Wust, K. M. Estabilidade térmica, oxidativa e suporte em silica mesoporosa de liquidos idnicos derivados do ibuprofeno. Santa Maria. 2018

L -10

L .15



MAT2021 .
Introduction

* Decomposition
* Desorption
Mass loss » * Dehydration

* Desolvation

* Volatilization

Mass gain »

Oxidation

Adsorption

Estabilidade Térmica de Liquidos I6nicos por TGA

Slide # 3



MAT

Principles of Technique

gas outlet valve

thermocouple
///
heating element ___
sampie camer
protectve tube .
radiation shieid
evacuating system
adjusting screws . 3
we 4]
MFC ;: ]
il
mrc— i}
| =2 avv ] ‘Q e
[ — i T T J
5. -
)

hoisting device

purge 1
purge 2

protective

Figure 1 - Schematic of a TGA instrument

Table 1 - Main factors influencing
TGA analysis :

Instrumental Factors

Oven heating ratio
Paper registration speed
Oven atmosphere

Sample support geometry

Scale sensitivity
Composition of the sample holder
Sample Factors

Sample quantity
Solubility of the gases involved
Particle size and the heat of reaction
Sample packaging
Nature of the sample
Thermal conductivity

Denari, G.B; Cavalheiro, E, T.G. Principios e aplicacfes de analise térmica. Sao Carlos, 2012

G

sample support

v
F

d5rr s

Oven atmosphere

A

Temperature variation
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Principles of Technique

ah
N
o

Thermogramivetric Analysis TGA

P 100 ﬁ Volatile Components
— g 80
(=] °
S~ 2
~ s 60
© Polymer

(4] £ 40
n =) — W
w g 20 \(.uhn:\ Black e o
g ; T Aoh Zine Ovide, Siia -

0 200 400 600 800 1000 .E
o Temperature (deg C) E
% ® |&
O 2 o) T et SR 3 I, ) Sl i SR e iy s e
- ] Els

3 4 ©
@
(s B
0,
- = > : Ti Tpico Tt T(°C)

Temperatura (°C)
- Xis the initial mass

- b - start of thermal decomposition

- ¢ -temperature at which the reaction speed is
maximum

- d - end of thermal decomposition

- bcd - area proportional to mass loss

- Xs s aintial mass

- 2 —start of thermal decomposition

- 3 —end of thermal decomposition

- Line T, extrapolated Tonset and Tendset

- 1, 2,3 and 4 we have the amount of mass released
from the sample.

IONASHIRO, M. Giolito: Fundamentos da Termogravimetria, Analise Térmica Diferencial, Calorimetria Exploratoria Diferencial. S&o Paulo: Giz, 2005.
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Principles of Technique

A =3,
k)
< 72
P ,fl_/ 73
3 |f /"‘
N
e
g S
N ~
© T~
o ~. 1
1™ 2 R
-] 2 R
a o -
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Graph 4- isothermal TG
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Novelli, M. Estudo comparativo de borrachas utilizadas como guarni¢cdo emcarenagens de geradores de energia a diesel. S&o Carlos, 2015.
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Graph 5- almost isothermal
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ionic liquids by TGA

Organic salts found in the
liquid phase at temperatures
below 100°C
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Application: Thermal stability analysis of
ionic liquids by TGA

Pharmaceutical Industry
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Figure 3 - Profile of [DIF][IBU] decomposition - Decomposition of contaminants;
at rates 1, 5 and 10 °C min-1.

Wust, K. M. Estabilidade térmica, oxidativa e suporte em silica mesoporosa de liquidos idnicos derivados do ibuprofeno. Santa Maria. 2018
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Application: Thermal stability analysis of
ionic liquids by TGA

Materials Industry

LI for supercapacitor
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Borges, R. S.; Reddy, A.L.M; Rodrigues, M. T.; Gullapalli, H. Balakrishnan, K. Silva, G. G. ; Ajayan, P. M. Supercapacitor Operating At 200 Degrees Celsius. SCIENTIFIC REPORTS | 3 : 2572 |2013
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Curiosities and particularities

Coupling with:

TG-TDA

» Fourier Transform Infrared Spectroscopy (FTIR)
» Mass Spectroscopy (MS)

TGA with FTIR

TGA with MS il

Estabilidade Térmica de Liquidos I6ni TGA
stabilidade Térmica de Liquidos 16nicos por Slide # 10



