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Abstract

The objective of this thesis was the synthesis and modification of novel phase-change materials (PCMs)
which are able to absorb a high amount of energy at the time of melting and release it upon
recrystallization. Organic compounds as PCMs are very interesting as a result of their high storage
capacity, safety and low cost. Additionally, they are able to cover an interesting range of melting
temperatures. There is a large number of PCMs that change their phase in a range of 80 2C to 200 eC.
Thus, the use of latent heat storage systems using organic PCMs has a promising future for industrial
applications at medium temperatures.

It was possible to obtain better organic materials for thermal storage devices and improve their melting
energy and thermal stability among other properties by studying and comparing their structures and
identifying trends. This resulted in an efficient design of a new class of organic Phase-change materials
(PCMs) which are able to store up to 375.6 kl/kg in the predefined temperature range of 80 °C to 200 °C.
Beyond their relatively high storage capacity, these materials display advantages regarding safety and
low-cost production.

Within this thesis, the melting enthalpy and melting temperature for different groups of organic PCMs
was compared based on their structure. Additionally, DSC measurements combined with thermal stability
TGA analysis of these compounds was carried out.



Kurzfassung

Das Ziel dieser Arbeit war die Synthese und Modifikation von neuartigen Phase-Change-Materialien
(PCMs), die in der Lage sind, eine hohe Energiemenge wahrend des Schmelzvorgangs aufzunehmen und
bei Rekristallisation wieder freizusetzen. Organische Verbindungen sind als PCMs aufgrund ihrer hohen
Speicherkapazitat, Sicherheit und niedrigen Kosten sehr interessant. Darliber hinaus sind sie in der Lage,
einen interessanten Bereich an Schmelztemperaturen abzudecken. Es gibt eine grolRe Anzahl von PCMs,
die ihre Phase in einem Bereich von 80 2C bis 200 2C andern. Der Einsatz von organischen PCMs fiir
Latentwarmespeichersysteme hat daher eine vielversprechende Zukunft flr industrielle Anwendungen
bei mittleren Temperaturen.

Es war moglich, verbesserte organische Materialien fiir thermische Speicher zu erhalten. Unter anderen
konnten Schmelzenergie und thermische Stabilitdit durch eine Analyse und einen Vergleich der
chemischen Strukturen sowie die Identifizierung von Trends verbessert werden. Dadurch wurde es
ermoglicht eine neue Klasse von organischen Phase-Change-Materialien (PCMs) zu designen, die bis zu
375,6 kl/kg im vordefinierten Temperaturbereich von 80 °C bis 200 °C speichern kénnen. Neben ihrer
relativ hohen Lagerkapazitat weisen diese Materialien Vorteile hinsichtlich Sicherheit und kostengiinstiger
Produktion auf.

Innerhalb dieser Arbeit wurde Schmelzenthalpie und Schmelztemperatur fir verschiedene Gruppen von
organischen PCMs basierend auf ihrer Struktur verglichen. Zuséatzlich wurde fir diese verbindung DSC-
Messungen in Kombination mit einer TGA-Analyse zur Bestimung der thermischen Stabilitdt durchgefihrt.
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1. Introduction

1.1 Thermal energy storage systems (TES)

Energy represents one of the basic pillars of both, our daily life and progress. Following the energy crises
in the seventies and early eighties, the importance of the energy sector for developing countries was
highlighted and since then, an upward trend was constantly observed in the demand for energy (Figure
1.1.1) [1]. In addition, there are a number of factors such as the continuing increase in the use of fossil
fuels, greenhouse gas emissions and the growing world population, among others, which require an
increased energy supply and more efficient energy usage in the future [2].

In an attempt to maintain control of the situation and even revert this growth tendency; this demand
must be managed in a sustainable way. To this end, it is necessary to rely on other new energy strategies.
One of these strategies is based on avoiding energy losses linked, for example, to make use of residual
heat of industrial processes

14000,0

12000,0

B Oil ®m Natural Gas ™ Coal = Nuclear HHydroelectric M Renewables

10000,0

8000,0

6000,0

4000,0

2000,0

Miilions tonnes of oil equivalent (Mtoe)

1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016
Year

Figure 1.1.1 — World primary energy consumption by fuel type, 1965-2014 [3]

To improve the global energy management mentioned earlier, TES systems are an attractive option which
allows storing waste heat instead of releasing it unused into the environment. This methodology is
intended to raise the energy efficiency both in domestic as well as in industrial sectors.
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1.1.1 System types

TES systems can be classified in three types: sensible, latent and thermo-chemical heat storages.

Thermal energy storage

Thermal Chemical

Latent Heat Heat of Reaction

Scheme 1.1.1 — Thermal energy storage classification

Sensible Heat

1.1.1.1 Thermo-chemical heat storage (THS)

Chemical heat is by definition the energy which is released once a chemical bond is broken. On this basis,
reversible endothermic chemical reactions might be used to store energy. One of the most significant
advantages of this method is the capability of the systems to store energy without loss of heat and the
high energy density of the thermochemical materials (TCM) [2,4].

One current example are salt hydrates. Salt hydrates can be considered as both, THS and inorganic PCM.
Regarding THS, this commonly used TCMs store thermal energy by drying the salt hydrate to, afterwards,
store water and the dried salt separately. There is therefore a thermo-chemical reversible reaction where
a dative bond between the water and the salt is formed or broken. As equation 1.1.1 shows, that energy
can be recovered in the form of heat by mixing water with the dried salt.

salt + xH,0 © Salt - xH,0 + heat
Na,S - 2H,0 + 4:H,0 © Na2S - 5H,0 + heat

Equation 1.1.1 — Example of a Thermo-chemical reversible reaction where a dative bond between the water and the salt is
formed or broken[5]
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THS systems present a storage density around 8 to 10 times larger than sensible heat storage systems and
two times larger than latent heat storage systems. All this combined with the capability to conserve the
heat energy at ambient temperature in long term periods without heat losses. Nevertheless, there is a
limitation related to the volume of material that can be employed on a system because an efficient
reaction needs efficient heat and mass transfer [2]. A lot of research is going on in this area and thermo-
chemical storage is at a very early phase. Considering that this project has to develop a storage solution
for industry, meaning large amounts, the volume limitation of THS is key to aiming for different
technologies with no capacity constraints as for example latent and sensible heat storage. Moreover,
some salt formations might release toxic gases as H,S during hydration and some others present high
corrosivity, which results in a more complex and expensive container design [4]. Some of the operational
temperature ranges of this salt hydrates would not fit properly with the operational temperature ranges
defined for medium temperature industrial applications and only in these operating temperatures for salt
hydrates is where the thermo-chemical reaction can be reversed and give the energy back [5].
Consequently, Thermo-chemical storage does not represent nowadays a suitable option for medium
temperature industrial applications.

1.1.1.2 Sensible heat storage (SHS)

Sensible heat storage is the heat which is stored by increasing the temperature of a solid or a liquid

without a change in its phase. As it is shown in equation 1.1.2 where Q is the heat, C, is the specific heat

of a certain material, m is the mass, T is the temperature, Cis the heat capacity and H is the enthalpy; the

stored heat is going to depend on the heat capacity and the temperature rise of the storage medium [6,7].
Ty

Q = m deT = me(Tf - Tl)
Ti

AH = CAT = mcAT
Equation 1.1.2 — Thermodynamic equations for Heat in SHS

Depending on the phase of the material, SHS systems can be classified in two types:

- Liquid sensible storage. As for example, water which is one of the best SHS materials due to its
high specific heat and low cost. Once an operational temperature above 100 2C is required, oils
or molten salts could be employed. Sensible heat storage through heating of a liquid is the most
common method for heat storage. [6-8]

- Solid sensible storage. As for example rocks or metals.

Sensible heat storage is often present in latent heat storage (LHS). That could be easily observed in Figure
1.1.2 where the SHS would be only related to solid and liquid heating and LHS, as will be discussed later,
is taking place during a change of phase.
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Figure 1.1.2 — Sensible heat storage (SHS) can be observed in the light blue heating transitions and latent heat storage (LHS) in
the dark blue phase-change transitions related to the melting and evaporation.

1.1.1.3 Latent heat storage (LHS)

Latent heat storage is based on the heat which is absorbed, stored and released depending on the
temperature of a material which would undergo a change in its phase. This phase change might be solid-
solid, solid-liquid and liquid-vapor. Solid-solid phase change is related to the transition between different
solid conformations of one compound. In this case, equation 1.1.3 for LHS would embrace the SHS of both
phases, as for example solid and liquid, and particularly the latent energy of our material at the melting
point [6-8]. Here a,,AH,, would represent the specific latent heat (L) of the material

Tm Ty
Q= m CpdT + ma, AH,, + m CpdT
T; Tm

Q= m[Csp(Tm —T) + aplAHy, + Clp(Tf —Tn)

Equation 1.1.3 — Thermodynamic equations for Heat in LHS

This fact can be easily observed above in Figure 1.2 where once our solid material starts to be heated, it
starts to absorb energy. Energy absorption begins with solid SHS until the melting point where thermal
energy is stored because of its latent heat of fusion. At this stage, the temperature would not be raised,
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and heat would favour the phase transition. Later, temperature could increase again, and it would be
possible accumulating more energy because of its SHS during the liquid heating.

Therefore, LHS results in a more effective way to save energy than SHS only considering its latent heat.
LHS systems present higher energy density per unit mass and per unit volume than SHS systems among
other advantages. Phase change materials (PCMs) are the materials employed in LHS and they have the
advantage of providing, on one hand, a high storage density for a certain storage volume, therefore, lower
space and weight requirement and higher temperature stability of the system, which eventually provide
containers with a more convenient design; and, on the other hand, LHS allows us to use a certain storage
material in a short range of temperatures where the phase transition takes place.

As mentioned above, there are three important phase transitions:
- Solid-solid latent heat storage (SSLHS)

This latent heat storage is going to be related to the phase transition between different solid
conformations of one compound. For this reason, one advantage which can be observed at first sight is
the lack of need for encapsulation. Encapsulation is not necessarily due to the lack of leakage in solid-solid
phase transition, therefore less production costs [9].

Some materials such as polyethylene glycol and polyurethane have been reported in the literature [10-
14] as an option. These organic SSPCMs can be easily prepared and often have melting points below 100
oC but their latent energy is frequently lower than solid-liquid phase transitions.

- Liquid-gas latent heat storage (LGLHS)

Liquid-gas latent heat storage has the highest energy in terms of phase transition, but it may result in a
more complex container design. This design could give problems over the time due to the big volume
changes because of the expansion from a liquid to a gas [7]

- Solid-liquid latent heat storage (SLLHS)

In this case, the phase transition from solid to liquid is going to be listed in general terms the most
attractive alternative for latent heat storage, thus the most widely studied [7,8]. This thesis is focused on
the way of storing heat by using the latent heat of a substance and in this particular case, we are interested
in solid to liquid phase transitions.

Even though the latent energy is not comparable to the high latent energy of LGLHS, the container will
not present technical complications related to enormous changes in volume. Nevertheless, one
disadvantage that SSLHS tend to present, could be the need of encapsulation. By using this procedure,
leaking of the Liquid PCM may be prevented but it might lower the overall density storage of the LHS and
increase the production cost [7,9]. Other disadvantages which have to be considered and improved are
the low thermal conductivity which some PCMs have shown, the phase segregation that could be
observed usually in inorganic materials such as salt hydrates and subcooling, meaning that a compound
is still a liquid in a temperature below its melting point.

Anyhow, some of these problems can be avoided and the performance of this SSLHS PCMs might be
enhanced by using different techniques that will be discussed in the following sections.
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1.2 Phase-change materials

Materials used for LHS are known as phase change materials (PCMs) and they have to provide ideally 22
properties [9] that can be ranked in four different groups:

-Thermal properties

Large latent heat, large specific heat, large thermal conductivity in both liquid and solid phases, suitable
phase change temperature, rapid heat transfer

-Kinetic or Physical Properties

Large density, small volume change during phase change, low vapour pressure, no subcooling, sufficient
crystallization time, favourable phase equilibrium

-Chemical properties

Long-term chemical stability, compatibility with construction and container materials, completely
reversible freeze/melt cycle, no chemical decomposition, no fire hazard, non-toxic, non-flammable, non-
explosive

-Economic properties
Abundant, available, cost effective

As no single material currently has all the required properties for an ideal thermal storage medium, one
must use the available materials and try to make up for the poor or inconvenient properties by an
adequate system design.

Moreover, PCMs can be divided into two groups, organic and inorganic compounds [1]. Combination of
organic and/or inorganic materials, called eutectic mixtures, can be found on the market as well.

Phase Change Materials

Organic Inorganic
Salt Hydrates

Salt Compositions

Organic-Organic

Inorganic-Inorganic
Non-Paraffin compounds

Inorganic-Organic

Scheme 1.1.2 — Phase change material classification
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As can be seenin Figure 1.1.3, organic and inorganic compounds cover different ranges regarding melting
energy and melting points as well. Inorganics typically cover meting temperatures >400 °C, whereas
organic compounds melt typically below 250 °C. Hence, the two classes are complementary in their
potential applications, the organics suitable for “low temperature” applications[15-17].

Typically, there is a large gap between both, organic and inorganic volumetric latent heat storage capacity.
Inorganic materials tend to have double capacity than organic materials

1000
Carbonates

Salt
800 aqueous salt Hydrates

solutions
600
Water /
400 l

‘ °
l—’ﬁ \SugarAIcohols

Fatty Acids  paraffins

Hydroxides

Melting Energy (J/g)

200

0
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Melting Temperature (2C)

Figure 1.1.3 - Classification of PCM with their melting temperature and enthalpy (graph: ZAE Bayern)

1.2.1 Inorganic phase change materials
In turn, inorganic materials can be classified in three main groups too: salt hydrates, inorganic salts and
metallic ones [7,8].

1.2.1.1 Salt hydrates
Salt hydrates basically consist of water and a salt forming a typical crystalline solid of general formula
AB-nH,0 and they are one of the most studied PCMs for LLS [6,18]. Even though this transition looks like
a melting/crystallization process, this case is in fact a dehydration or hydration of the salt

A) AB -nH,0 & AB -mH,0 + (n —m)H,0
B) AB - nH,0 < AB + nH,0
Equation 1.2 — melting reaction for a salt hydrate with moles of water(A) or its anhydrous form (B)
They can be used either alone or in eutectic mixtures and a melting range is reported of temperatures

(table 1.1.1) between 15 to 1172C [6,18,19]. These salt hydrates can undergo three different types of
melting:

- Congruent melting, when the anhydrous salt is totally soluble in its water of hydration at the
melting temperature

- Incongruent melting, when the salt is not totally soluble in its water of hydration at the melting
temperature

- Semi-congruent melting, when liquid and solid phases are in equilibrium during a phase transition
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Salt hydrates present several advantages such as high latent heat of fusion per unit volume, relatively high
thermal conductivity and small volume changes on melting. Moreover, they are cheap and easily available.
Two of these low-cost available salts are CaCl,:6H,0 and Na,SO4-10H,0 [6]. They are not very corrosive
and suitable for plastics. They only present risk of corrosion in metal containers, widely employed in TES
systems.

One of the main problems in using salt hydrates is the segregation, which is the formation of different
hydrates or dehydrated salts that settle out. This usually happens when salt hydrates melt incongruently
and inevitably results in a reduction of the active volume available, affecting negatively the heat storage
capacity. It was reported in the literature [18,11] that phase transition energy falls below 73% in
Na,S04-10H,0 after 1000 melting/recrystallization cycles, but this issue can be corrected by using gelled
or thickening agents. In addition, most of the salt hydrates suitable for thermal storage tend to melt
incongruently. To confront the segregation problem, solutions such as mechanical stirring [20],
encapsulation of the PCM to reduce the separation [21] and the aforementioned addition of thickening
agents [22] were proposed among others.

Another problem that has been observed is subcooling, meaning that a compound is still a liquid in a
temperature below its melting point. It has been observed that the addition of some nucleation agents
can overcome this problem.

Table 1.1.1 — melting temperatures and heat of fusion: Salt hydrates [18]

Material Melting temperature Heat of fusion Melting
(°C) (kJ/kg) Behaviour

LiClO3-3H,0 8 253 C
NaCl.Na;S04-10 H,0 18 286 n.a.
KF-4H,0 18 330 C
KzHO4'4 Hzo 18.5 231 n.a.
Mn(NOs3),-6 H,0 25 148 n.a.
LiBO,-8 H,O 25.7 289 n.a.
CaCly'6 H,0 29-30 170-192 Ic
NazS04-10 H,0 32 251-254 ic
Na,C0s5-10 H,0 33-36 247 Ic
CaBr,-6 H,O 34 115-138 n.a.
Na,HPO4-12 H,0 35 256-281 ic
Zn(NO3),-6H,0 36 134-147 C
NaQSZOg'SHzo 48 209 n.a.
CH3COONa-3 H,0 58 265 ic
NaOH-H,0 58 272 n.a.
Ba(OH)2:8 H,0 78 265-280 C
Aly(SO4)3-18 H,0 88 218 Ic
Sr(OH)2:8 H,0 89 370 Ic
Mg(NOs),-6 H,0 89.9 167 C
(NH4)AI(SO4) -6 H,0 95 269 n.a.
LiCI-H,0 99 212 ic

MgCl,-6 H,0 117 167 n.a.
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1.2.1.2 Other salt compositions

Beyond the salt hydrates, other inorganic salts can be considered as PCMs. These are the molten salts
which are salts that are solid at standard temperature and pressure (STP) but enters the liquid phase due
to elevated temperatures. Some inorganic salts start melting at temperatures as low as 200 °C and some
can reach melting temperatures of >1400 °C. Due to this feature, they are unsuitable for medium
temperature applications, however very suitable for high temperature applications. As can be seen in
table 1.1.2, they often offer higher storage capacity than other materials. Heat of fusion over 1000 kl/kg
can be reached in salts as LiF.

Table 1.1.2 — melting temperatures and heat of fusion: Salt compositions [9]

Material Melting temperature Heat of fusion
(c) (ki/kg)

LiNOs 253 363
NaOH-Na;NO, 265 313
NaOH-Na;NO; 271 263
Zn,Cl, 280 75
Na:NO; 282 216
Na;NOs 307 182
NaOH 318 159
KNOs 330 266
KOH 360 148
LiOH 462 875
MgCl, 714 453
KCl 770 355
NacCl 800 483
LiF 848 1037
Na,COs 854 275
KF 858 507
K.CO» 898 200
NaF 996 796
MgF,-KF 1008 710
Na,O 1132 770
MgF, 1263 883

CaF, 1411 393
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1.2.1.3 Metals and metal alloys

Some low melting metals might be taken into account as PCMs for LHS as well. They show remarkable
properties that other inorganic PCMs do not. Metallic materials usually present high thermal conductivity,
which allows to develop simple system containers, and high latent energy density. Some other features
of this group could be low heat of fusion per unit weight, low specific heat and low vapour pressures.
However, one of the reasons why metals have not been seriously considered for PCM is due to their heavy
weight. As we can see in table 1.1.2, most of these interesting metal PCMs are melting at temperatures
of >300 °C.

Table 1.1.2 — melting temperatures and heat of fusion: Metals [8,23-27]

Material Composition Melting temperature Heat of fusion
(wt%) (°c) (kJ/kg)

Zn/Mg 53.7/46.3 340 185
Zn/Mg 52/48 340 180
Zn/Al 96/4 381 138
Al/Mg/Zn 59/33/6 443 310
Al/Mg/Zn 60/34/6 450.3 329
Mg/Cu/Zn 60/25/15 452 254
Mg/Cu/Ca 52/25/23 453 184
Al/Mg 65.35/34.65 497 285
Al/Cu/Mg 60.8/33.2/6 506 365
Al/Cu/Si/Mg 64.6/28/5.2/2.2 507 374
Al/Cu/Mg/Zn 54/22/18/6 520 305
Al/Cu/Si 68.5/26.5/5 525 364
Al/Cu/Sb 64.3/34/1.7 545 331
Al/Cu 66.92/33.08 548 372
Al/Si/Mg 83.14/11.7/5.16 555 485
Al/Si 87.76/12.24 557 498
Cu/Al/Si 49.1/46.3/4.6 571 406
Al/Cu/Si 65/30/5 571 422
Al/Si/Sb 86.4/9.6/4.2 575 471
Si/Al 86/12 576 560
Si/Al 80/20 585 460
Zn/Cu/Mg 49/45/6 703 176
Cu/P 91/9 715 134
Cu/Zn/P 69/17/14 720 368
Cu/Zn/Si 74/19/7 765 125
Cu/Si/Mg 56/27/17 770 420
Mg/Ca 84/16 790 272
Mg/Si/Zn 47/38/15 800 313
Cu/Si 80/20 803 197
Cu/P/Si 83/10/7 840 92
Si/Mg/Ca 49/30/21 865 305

Si/Mg 56/44 946 757
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An eutectic is @ minimum melting composition of two or more components, each of which melts and
freezes congruently, forming a mixture of the component crystals during crystallization. Eutectics tend to
melt and recrystallize without showing segregation because they recrystallize to an intimate mixture of
crystals, leaving little opportunity for the components to separate. On melting both components liquify
at the same time thus no separation occurs [6,28].

Table 1.1.3 — melting temperatures and heat of fusion of organic and inorganics eutectic materials

taken from the literature [6,17-19]

Material Composition Melting temperature Heat of fusion
(wt %) (°C) (ki/kg)
Na S04+ NaCl + KCl + H,0 31/13/16/40 4 234
CsHsCsHs + (CsHs)20 26.5/73.5 12 97.9
Triethylolethane + water + urea 38.5/31.5/30 13.4 160
C14H2802 + C10H2002 34/66 24 147.7
CaCly+ MgCl,-6H,0 50/50 25 95
CH3CONH; + NH,CONH; 50/50 27 163
Triethylolethane + urea 62.5/37.5 29.8 218
Ca(NO3)-4H,0 + Mg(NO3)3.6H,0 47/53 30 136
CH3COONa-3H,0 + NH,CONH, 40/60 30 200.5
NH,CONH; + NH4NO3 53/47 46 95
Mg(NO3)3-6H20 + NH4NO3 61.5/38.5 52 125.5
Mg(NOs)s-6H,0 + MgCl2-:6H20 58.7/41.3 59 132.2
Mg(NOs)3-6H,0 + MgCl2-6H20 50/50 59.1 144
Mg(NO3)3-6H,0 +AI(NO3),-9H,0 53/47 61 148
CH3CONH; + C17H35COOH 50/50 65 218
Mg(NO3),-6H,0 + MgBr,-6H,0 59/41 66 168
Napthalene + benzoic acid 67.1/32.9 67 123.4
AICl; + NaCl + ZrCl, 79/17/4 68 234
AICl5 + NaCl + KCl 66/20/14 70 209
NH2CONH; + NH4Br 66.6/33.4 76 151
LiINOsz + NH4sNO3 + NaNOs3 25/65/10 80.5 113
LiINO3 + NH4NO3+ KNO3 26.4/58.7/14.9 81.5 116
LINO3 + NH4NO3 + NH,4Cl 27/68/5 81.6 108
AICl3 + NaCl + KCl 60/26/14 93 213
AICl; + NaCl 66/34 93 201
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1.2.3 Organic phase change materials

As advantages of organic PCMs may be considered that they are typically non-corrosive and display often
only low subcooling, whereas inorganic compounds typically have a larger phase enthalpy but are
eventually corrosive and display problems with subcooling. Organic materials do not present phase
segregation and in some cases, such as the parafins, better cycle-stability than inorganics. Organic PCMs
may be classified as paraffins and non-parafinns [7,18].

1.2.3.1 Paraffins

Paraffins are a family of acyclic saturated hydrocarbons with the general chemical formula CyHzn+2. Their
melting point and latent energy is related to the chain length. The longer the chain, the more Van der
Waals interaction they have and therefore higher melting points and latent energies. One of the most
used paraffins for LHS systems is the paraffin wax which consists of a mixture of different paraffins with a
chain length between twenty and forty carbon atoms. Paraffins tend to be more expensive than salt
hydrates and only technical grade paraffins can be used as PCMs [7,18].

Additional paraffin benefits include no tendency to segregate, non-corrosiveness and chemical stability.
Sharma et al. [7] reported stable properties after 1500 cycles in commercial-grade paraffin wax.
Moreover, paraffins do not undergo big volume changes and show congruent melting and good nucleating
capacity. They are safe, non-reactive and compatible with metal LHS containers.

Even though they are chemically stable, slow oxidation due to oxygen exposure was reported in the
literature [6]. This means the need for closed containers with inert atmosphere. Furthermore, they
present another drawback as low thermal conductivity, incompatibility with plastic containers and they
do not offer well-defined melting points. They are slightly flammable too, but all these problems can be
partially fixed by modifying the wax or the design of the proper container.
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Material

No. of “C” Atoms

Melting temperature

(°Q)

Heat of fusion
(kJ/kg)

n - Dodecane

n - Tridecane

n - Tetradecane
n - Pentadecane
n - Hexadecane
n - Heptadecane
n - Octadecane
n - Nonadecane
n - Eicosane

n - Heneicosane
n - Docosane

n - Tricosane

n - Tetracosane
n - Pentacosane
Paraffin wax

n - Hexacosane
n - Heptacosane
n - Octacosane
n - Nonacosane
n - Triacontane

n - Hentriacontane

n - Dotriacontane
n - Tritriacontane

12
13
14
15
16
17
18
19
20
21
22
23
24
25
n.a.
26
27
28
29
30
31
32
33

-12
-6
4.5-5.6
10
18.2
22
28.2
31.9
37
41
44
47
51
54
32
56
59
61
64
65
n.a.
70
71

n.a.
n.a.
231
207
238
215
245
222
247
215
249
234
255
238
251
257
236
255
240
252
n.a.
n.a.
189
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1.2.3.2 Non-paraffins

Non-paraffins are the largest group of candidates for PCMs for LHS and it embraces materials with very
diverse chemical and physical properties. For all these reasons, it is going to constitute the subject matter
of this study. Lane [6], Abhat [19] and Buddhi el al. [29] have also conducted broad research on this
category of PCMs and some of the properties that they generally share are: high heat of fusion,
inflammability, low thermal conductivity, low flash points, varying level of toxicity and instability at high
temperatures [7].

Initially, two groups stand out in this family. On one hand, fatty acids which usually offer higher melting
energies than paraffins and also present a reproducible melting-recrystallization behaviour [30, 31].
Nevertheless, fatty acids double the cost since they are around 2-2.5 times more expensive than technical
grade paraffins [7]. On the other hand, polyols have been gaining the attention of several researchers for
medium temperature heat storage applications [18,32-37]. For example, sugar alcohols usually show
melting temperatures in a range from 100 to 170 °C and high latent energies. However, they also present
as a drawback poor thermal conductivity and lack of stability in long-term tests.

Table 1.1.5 — melting temperatures and heat of fusion: Non-paraffins

Material Melting temperature Heat of fusion
) (lt/ke)

Formic acid 7.8 247
Caprilic acid 16.7 187
Acetic acid 17.9 198.7
Gycerin 21 188
Lithium chloride ethanolate 20-25 146
Plyethylene glyol 600 26 184
D-Lattic acid 29 197
Camphenilone 39 205
Docasyl bromide 40 201
Caprylone 40 259
Heptadecanone 41 201
1-Cyclohexylooctadecane 41 218
4-Heptadecanone 41 197
Cyanamide 44 209
Methyl behenate 45 230
3-Heptadecanone 48 218
2-Heptadecanone 48 218
Camphene 50 238
9-Heptadecanone 51 213
Methyl behenate 52 234
Pentadecanoic acid 52.5 178
Hypophosphoric acid 55 213
Chloroacetic acid 56 130

Trimyristin 33-561.87 201-213
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Bee wax 61.8 177
Glycolic acid 63 109
Arachic acid 76.5 227
Bromcamphor 77 174
Durene 79.3 156
Acetamide 81 241
Methyl brombrenzoate 81 126
Alpha napthol 96 163
Glautaric acid 97.5 156
p-Xylene dichloride 100 138.7
Methyl Fumarate 102 242
Catechol 104.3 207
Quinone 115 171
Acetanilide 115 142
Succinic anhydride 119 204
Benzoic acid 121.7 142.8
Stibene 124 167
Benzamide 127.2 169.4
Phenacetin 137 136.7
Alpha glucose 141 174
Acetyl — p- toluidene 146 180
Phenylhdrazone benzaldehyide 155 134.8
Salicylic acid 159 199
Benzanilide 161 162
Mannitol 166 294
Hydroquinone 172.4 258
p-Aminobenzoic acid 187 153

1.2.4 Recent PCM advancements

1.2.4.1 PCM capsules

This technique is commonly employed in LHS between materials which undergo a solid-liquid phase
transition. The encapsulation would solve problems such as leakage of the PCM in its liquid form. These
capsules can be classified in macro- and microcapsules and both have to fulfil different requirements. The
PCM capsules have to meet requirements of resistance, thermal stability and strength, among others.
Capsules must protect the material from harmful environmental interactions and provide enough surface
for heat transfer, easy handling and structural stability [9,39].

Macrocapsules are the most common ones, widely reported in the literature in different shapes (spherical
and cylindrical) and different materials (metal and plastics) [40-44]. More recent is the
microencapsulation which has gained prominence due to interesting features as increasing the heat
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transfer area of the PCM. Moreover, this technique would protect the material from reacting with the
external environment and would allow changes in the volume of the storage material during phase
change. The fact that a material could undergo changes in volume during the face transition is commonly
a drawback that it is often observed in liquid-gas latent heat storage. This problem can be avoided with
PCM encapsulation. Some of the drawbacks are the poor thermal conductivity or the poor heat transfer
features that encapsulation shows and the fact that this is a costly process [45-47].

1.2.4.2 PCM Composites

PCM composites are a mixture of several materials where encapsulation is not required and they might
be an alternative for improving some of the drawbacks which PCM encapsulation presents. With this
technique, the low thermal conductivity that some organic materials show can be enhanced. The fact of
not needing encapsulation would lower costs and increase thermal storage density [48,9].

There are four main methods reported in the literature to prepare PCM composites: impregnation or
infiltration, dispersion or kneading, compression and electro spinning.

Impregnation is the most widely studied method and it could avoid leakage of the liquid PCM due to
capillarity and surface tension forces. This method can develop PCM composites for LHS with outstanding
thermal properties such as great thermal conductivity and high density of heat storage once materials
such as porous graphite [49,50] or porous metals [51,52] are chosen to combine with the PCM.

For the dispersion or kneading methods, a powder material such as graphite is mixed with the powder
solid PCM at room temperature and then melted [53]. Similarly, the different powders are mixed for the
compression method to finally compress them at room temperature [48]. The most sophisticated method
is the electrospinning where nanofibers and microfibers are employed to enhance the PCM properties
[54].
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1.3 Melting points and energy

To understand the rationale behind different melting points and melting energies, a close look must be
taken to the different functional groups, their geometric arrangement and their intermolecular
interactions. In-depth knowledge of most major intermolecular interactions is required if a new class of
PCMs with an improved thermal behaviour has to be synthesized.

Two intramolecular forces are going to be predominant in this study: hydrogen bonding and van der Waals
forces.

1.3.1 Hydrogen bonding

Hydrogen bonding is defined as an electrostatic (dipole-dipole) attraction between an electronegative
atom and a hydrogen atom which is, at the same time, attached to another electronegative atom. This
kind of bonding always involves a hydrogen atom and is going to be grounded on the large difference in
the electronegativity between hydrogen and the more electronegative atoms. Another important fact to
consider is that hydrogen bonds can occur between molecules, intermolecular, or within parts of a single
molecule, intramolecular.

O @)

” HO N//
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0 5 \
o— O

Figure 1.1.4 — Intramolecular hydrogen bonding in o-nitrophenol and intermolecular in p-nitrophenol

The most common example to explain hydrogen bonding is related to water molecules. As can be noted
in figure 1.1.5, the difference in the electronegativity between the hydrogen and oxygen atoms of the
water molecule would favour a dipole where both H would present a partial atomic charge of +0.4 and -
0.8 for the O atom. This variation in the charges would affect the orientation of the water molecules,
pointing the positive-charged H atoms to the negative-charged O atoms of the neighbouring molecules
[55].
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Figure 1.1.5 — Intermolecular hydrogen bonding in a water dimer

Nevertheless, Hydrogen bonding could occur not only with oxygen atoms but also with different atoms,
being the most common nitrogen and fluorine. With regard to the electronegativity of the atom which is
taking part in the hydrogen bonding, Different bond strengths are going to be observed [56,57].

e F-H-:F (161.5 ki/mol or 38.6 kcal/mol)
e O-H-N (29 kJ/mol or 6.9 kcal/mol)

e O-H---:0 (21 kJ/mol or 5.0 kcal/mol)

e N-H--:N (13 kJ/mol or 3.1 kcal/mol)

e N-H-:0 (8 kJ/mol or 1.9 kcal/mol)

One other factor which is going to affect the bond strength and energy is going to be the length of the
hydrogen bond and its corresponding bonding angle [58]. This bond angle is going to depend on the
hydrogen bond donor, thus a thoughtful distribution of hydrogen donor and acceptors has to be present
in the future class of PCMs. Moreover, a well-design geometry and a good packing is necessary and has to
be taken into consideration as well when developing new PCMs.

1.3.2 Van der Waals forces

Beyond covalent/ionic bonds and hydrogen bonding, a different kind of intermolecular interactions may
be found in nature. Those are the Van der Waals forces. These attraction/repulsion forces between
molecules, atoms and surfaces would be significantly weaker than the rest of intermolecular interactions
[59].

Van der Waals forces are going to embrace some different forces as London dispersion force, Debye force
and Keesom force [60]. The London dispersion forces are the ones between instantaneously induced
dipoles. In the case of Debye forces, the interaction would be between a permanent dipole and an induced
dipole, and regarding Keesom force, an interaction between permanent dipoles.

Despite of the previously mentioned issue concerning the weakness of the Van der Waals interactions,
these forces have to be considered in long-chain alkane compounds such as paraffins, since they increase
with the surface of the molecule. In these particular cases, Van der Waals interactions become
increasingly important [59].
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1.4 Thermoanalytical techniques

In order to study the properties of the candidate materials some thermal analysis was done. In this project
two main techniques were fundamental, differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA). Both techniques were carried out in the same machine as is the case in simultaneous
thermal analysis (STA) devices which generally refers to the simultaneous application of TGA and DSC to
one and the same sample in a single instrument. One advantage of this simultaneous analysis can be the
identical conditions for the TGA and DSC signals (same atmosphere, gas flow rate, vapour pressure of the
sample, heating rate, thermal contact to the sample crucible and sensor, etc.). Moreover, the STA machine
can be improved by coupling to an Evolved Gas Analyzer (EGA) like Fourier transform infrared
spectroscopy (FTIR) or mass spectrometry (MS).

Figure 1.1.6 — STA 449 F1 JUPITER Netzsch employed in most of the STA measurement of this project
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1.4.1 Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) is a thermoanalytical method where the amount of heat consumed
or released by a sample after a perturbation is measured. In the particular case of the DSC, this
perturbation is going to be a change in temperature.

During the experiment, two crucibles are going to be located in the same oven, one of the crucibles is
empty and serves as reference and the other contains the sample. Both undergo identical conditions of
pressure, atmosphere and temperature. For the temperature parameter, there would be a fixed heating
rate which means a constant increase as a function of time. The rationale behind the detection of the
phase transitions in this technique lies in the fact that, once the sample suffer a phase transition, a
different amount of heat has to be applied exclusively to the sample in order to have in both crucibles,
sample and reference, the same temperature. This amount of heat transferred to the sample would
depend directly on the process, which can be exothermic or endothermic [61].
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Figure 1.1.7 — Adipamide DSC graph where two cycles of melting-recrystallization were done

Figure 1.1.7 shows the common phase transitions which are going to be encountered in this study, a solid
sample which upon heating melts to a liquid and once it cools down, would recrystallize again. This
melting-recrystallization procedure is referred to a cycle in this thesis. An application of additional heat to
the sample will be needed for the melting transition. Melting processes are endothermic transitions unlike
recrystallization, which is exothermic and would require less heat than the reference. Considering all the
mentioned above, the heating differences between reference and sample allows to calculate the energy
released or absorbed for different PCMs at the phase transition.
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1.42 Thermogravimetric analysis (TGA)

In the case of thermogravimetric analysis (TGA), the mass of the sample is going to be measured over the
time as the temperature changes. This thermoanalytical method is going to deliver a valuable input in
terms of physical and chemical information as phase transitions, absorption and thermal decomposition
among others [62].

Several authors have been using this technique to evaluate the thermal stability of different materials
[63,64]. In the particular case of this study, decomposition is going to become the key parameter to
measure. Figure 1.1.8 shows in the green line the mass behaviour of the sample and how it is initially
losing water and finally decomposing at melting point.
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Figure 1.1.8 — Adipamide DSC graph where two cycles of melting-recrystallization were done
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2. Results and discussion

On the basis that several industrial processes are carried out in boiling water as solvent (or heated by
water steam) at ambient or elevated pressure, a target temperature range for our organic PCMs was
defined, starting a bit below 100 °C. Thermal stability is paramount too since PCMs must be used in
thermal energy storages (TES) devices and hence up-scaled at some point to industrial scale, where a
typical volume is 210 m3. Therefore, the material has to be cheap and stable. A facile synthesis with
minimal work-up has to be used instead of synthetic modifications via multi-step routes in order to favour
a low-cost product. Moreover, an intended lifetime of 10 years with a daily phase transition would end
up in 3650 melting/crystallization cycles. This fact highlighted a need for developing more stable
compounds since a material decomposition would negatively affect the storage capacity.

Due to all these project requirements, this study is oriented to temperatures between 80 to 300 °C where
a wide range of organic compounds have their melting points. Hence, several families of compounds were
analysed and chemical modifications within each family were undertaken in order to influence the melting
points and ideally get to higher latent energies and favourable cycle stability. With this approach, new
application temperatures within a given compound class would become available. This would be highly
interesting, since then organic materials could be modified in order to fit the required temperature range
for a given process. Moreover, to confirm that proper thermal behaviour, DSC and TGA measurements
from all of them were done.

2.1 Towards sugars and derivatives

2.1.1 General considerations

Amongst other organic compounds, sugars are nowadays one of the most interesting and studied
candidates for PCMs [32,34-36]. They can reach high melting energies for organic materials up to 300
ki/kg and melting temperatures in our operational range. They usually show fitting phase change
temperatures for medium temperature storage and offer high melting energy capacity, favourable safety
and economic conditions.

For all these reasons, they immediately become a main target group and its screening study was divided
in sugar alcohols, sugar acids, other sugars and different simple modifications of the aforementioned.
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2.1.2 Sugar alcohols

Considering all the sugars, sugar alcohols represent the most interesting group in terms of phase change
material behaviour. They are able to absorb and release a big amount of energy due to their hydroxy
groups which allow efficient hydrogen bonding. In a first series of experiments we conducted
simultaneous thermal analysis (STA) measurements of commercially available sugar alcohols.

OH OH OH oH OH

H H X o ‘\\0
OXO HO\)\;/\OH HO\/\;)\A/\OH HO
HO OH OH OH OH HoOV' KT OH o
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oH OH OH oH OH 0O
Hoy, OH o = = = o HO \/\;/Y\ on on
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Myo-inositol Sorbitol Mannitol Isomalt Lactitol Maltitol

Figure 2.1.1 — Different structures of the initially tested sugar alcohols

It was found that most of the tested compounds (figure 2.1.1) have suitable melting points and they offer
well-defined peaks in their DSC with a big gap between melting and degradation, as can be seen from
Table 2.1.1 and Figure 2.1.2. At this stage, we observed outstanding phase energies for aliphatic sugar
alcohols, such as mannitol, sorbitol and dulcitol, because of their structural symmetry. That distribution
of the hydroxy groups favoured effective hydrogen bonding which results in higher latent energies. Only
the complex sugar alcohols are not appropriate for the PCMs applications. Lactitol, maltitol and isomalt
show a low melting energy. Moreover, isomalt could only recrystallize in the presence of water which
limits its applicability in industrial settings.
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Figure 2.1.2 — Mannitol STA graph



Table 2.1.1 — Sugar Alcohols STA measurements data

Compound Structure MP lit. | MP exp. AH Exp Degradation
P T(ec) | T(0) (ki/kg) T(TGA)
OH
Pentaglycerine {OH 180 200 249 -
OH
HO
Trls(hydroxymethyl) HO 171 136 352 8 :
aminomethane NH,
HO

Aminoglycol HOmOH 110 78 - -
2

OH
Erythritol HO\/'\_AOH 118 119 319.6 244.6
OH
: HO OH
Pentaerythritol X 260 187 321.3 238.5
HO OH

HO
HO
Dipentaerythritol | HO oXOH 218 218 318.3 244.5
HO

Arabitol HOW\OH 90 102 230 (361 239

Xylitol HOWOH 94 93 263.3 191 278.5

Ribitol HO >N Y VoH 100 102 247 69l 255.5

Mannitol HOV\‘/'\AOH 166 166 307 287.0

Table 2.1.1 — Sugar Alcohols STA measurements data
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MP lit. | MP exp. AH Exp Degradation
Compound Structure T °C) T (°C) (kI/kg) T(TGA)
OH OH
Sorbitol HO_~ - OH 111 99 265.7 293.3
OH OH
OH OH
Dulcitol HOA OH 185 187 409.2 318.5
OH OH
OH
HO/,' ‘\\OH
Myo-Inositol 225 224.5 270.7 341.3
HOV " YoH
OH
Isomalt 145 147.6 113.7 285.1
oH OH
HO O v OH
HOW o OH Of
OH
OH
OH
OH
o OH
Lactitol HO@ L 146 - 142(lit) ;
HO\\\ g '////OH
OH
OH
OH
OH
o OH
Maltitol Ho , O 145 150 200.3 274
oW N O
OH
OH
; O
Dianhydro 84 84 175.5 -
mannitol o
HO

It can also be seen on table 2.1.1 that different chain lengths of aliphatic sugar alcohols were measured.
Erythritol was the sugar alcohol which represent the 4-carbon length and arabitol and its stereoisomers
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(xylitol and ribitol) exhibited the behaviour of the 5-carbon sugar alcohols. It can also be observed that
sugar alcohols with an even chain length show larger storage capacity than odd ones due to a better
disposition of the hydroxyl groups and therefore a more efficient intramolecular packing. Moreover,
different derivatives from erythritol were investigated as pentaerythritol and dipentarythritol. Both are
attractive options since they present melting energies in the range of 320 kl/kg and melting points higher

than 200 °C.

Another interesting compound class are the cyclic sugar alcohols. Inositol (figure 2.1.3) is the most
relevant and, prominent among them, and another representative is myo-inositol. This is the most
common isomer, commercially available with a low price and provides a good latent energy of 270.7 kl/kg.
Considering symmetry and less steric repulsions, it would make sense to include in this study the scyllo-
inositol (figure 2.1.4). Scyllo-inositol has a better disposition of the hydroxyl moieties and favourable
intramolecular packing but unfortunately the material decomposes once it melts.
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Figure 2.1.4 — Two inositol isomers structure. Myo-inositol (left) and scyllo-inositol (right).

Finally, some other derivatives from sugar alcohols as pentaglycerine, aminoglycol or
tris(hydroxymethyl)aminomethane were measured to complete the group. From them, only
pentaglycerine seems to be enough stable after melting to be considered as a promising candidate but its
latent energy of 249 kJ/kg is quite low in comparison with other sugar alcohols.

Even if most of these sugar alcohols fit well to the project requirements, thermal stability tests have to be
done. Accordingly, mannitol experienced subcooling and degradation after several cycles because of the
oxidation of the material in oxygen atmosphere [34]. A simple and effective solution to this problem might
be using an inert atmosphere. However, cycle tests carried out at our project partner Siidsucker reveal
that even under argon atmosphere mannitol loses energy storage capacity after 100 cycles. In this case,
the material underwent not only decomposition but also formation of dimers (figure 2.1.5). Something
similar occurs with pentaerythritol which also gave decomposition and formation of by-products. For
others, such as dulcitol, cycle stability was even less reliable [34,35].

Figure 2.1.5 — Mannitol sample before (left) and after (right) 100 cycles under argon atmosphere

Only regular erythritol has shown a remarkable thermal behaviour and after 100 cycles it presented
significant stability and no significant degradation as long as the maximum temperature reached did not
exceed 150 °C (figure 2.1.6). If the temperature rises to 180 °C, some little decomposition was observed.
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Moreover, some thickening agents such as carboxymethyl cellulose were investigated but finally did not
result in higher thermal stable. Regarding the issue of subcooling in sugar alcohols, it has been observed
that the addition of some nucleation agents can overcome this problem. [32]

Figure 2.1.6 — Erythritol sample after (left) and before (right) 100 cycles under argon atmosphere

After compiling all the data related to most of the natural occurring aliphatic sugar alcohols, a trend can
be observed (scheme 2.1.1 and table 2.1.1) where latent energy and melting point tend to increase in a
direct relation with a greater number of carbons in the chain. Accordingly, T. Inagaki and T. Ishida have
predicted in their computational design of long chain sugar alcohols [65] outstanding properties in terms
of thermal storage. The authors expected higher latent energies for the even sugar alcohols, being C8 and
C12 the most promising ones with melting energies around 450 J/g and 500 J/g respectively.

For all these reasons, a synthetic route to obtain octitols was designed, which gives on the way also access
to heptitols. It is important to point out that the synthesized sugars must follow a pattern similar to
Mannitol or Dulcitol (scheme 2.1.1) where 1,3 interactions of the hydroxy functional groups in anti would
favour less repulsions and would impact in the thermal behaviour with higher energies and melting points
than 1,3 syn compounds as sorbitol.

OH OH OH OH OH OH
. _OH X OH OH
HO™ ™ HO™ ™ HO™ ™
OH OH OH OH OH OH
Mannitol Dulcitol Sorbitol
MP: 166 °C MP: 187 °C MP: 100°C

N
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OH OH OH OH
HOWOH HO/\;A;/Y\OH
OH OH OH OH OH OH
i | | Volemitol

Perseitol
MP: 188 °C MP: 153 °C é:g
OH OH OH

OH OH OH

HO = = et =
OH OH OH OH OH OH
D-erythro-D-manno-octitol D-erythro-L-gluco-octitol 83
MP: 262 °C MP: 164 °C

Scheme 2.1.1 - Different 1-3 hydroxi interactions in hexitols, heptitols and octitols. Marked in red unfavoured 1,3 syn
interactions and, therefore, with an X the unfavoured compounds. Marked in blue the common structure that sugar alcohols
share

The correctly configured heptose for the synthesis of the perseitol was in fact available due to the
methodology developed in the lab for the chain elongation of sugars by indium-mediated acyloxyallylation
and ozonolysis [66]. This is the suitable method to secure the necessary configuration in heptitols and
octitols for the major compound formed. In principle, only the reduction of the L-glycero-D-manno-
heptose to perseitol was required, generally done by using an aqueous solution of sodium borohydride
[67]. However, this reduction turned out to be more troublesome than expected and therefore the
reported elongation of L-lyxose 18 was repeated and the methodology was [49] only adapted from the
original text [66] in the ozonolysis step, where a reductive work-up with NaBH, [68,69] was included in
order to obtain the heptitol instead of the heptose (scheme 2.1.2). Upon initial experiments, it became
clear that for reliable and full reduction of sugar to sugar alcohol it was required to undertake this step at
the peracetylated form (20). Yields were not optimized since the main objective was to have the material
in hand to perform proper thermal analysis.

16
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The same protocol was then followed for the octitol synthesis starting from b-mannose, except for the
separation of the two predominant isomers at the first reaction (acetetate stage) in contrast to the
crystallisation of 20. The idea behind this is to obtain both D-erythro-D-manno-octitol (major isomer) and
D-erythro-L-gluco-octitol (minor isomer) and compare them with the predicted data reported by T. Inagaki
and T. Ishida [65]. Even though high yields are not the main target, some work-up modification was
implemented in order to increase the amount of product in the final ozonolysis step for D-erythro-L-gluco-
octitol 28. Instead of employing a work-up with a saturated solution of ammonium chloride for a liquid-
liquid extraction, a few drops of acetic acids were added and the reaction mixture was concentrated to
remove the excess of boron species. Nevertheless, this new procedure could not help to improve the yield
compared to the results for perseitol or D-erythro-D-manno-octitol (Scheme 2.1.3).
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Table 2.1.2 — Synthesized sugar alcohols STA measurements data
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Compound Structure MP lit. | MP exp. AH Exp Degradation
i T(°C) | T(°C) (ki/kg) T(TGA)
QH OH
Perseitol HO" N ~ou | 188 184 260.8 .
OH OH OH
OH OH OH
D-erythro-D- =
manno-octitol HO™ Y o 262 261 352.2 -
OH OH OH
OH OH OH
D-erythro-L- = =
gluco-octitol HO™ % Y o 166 164 163.8 -
OH OH OH

The synthesized sugar alcohols showed an uneven thermal behaviour (table 2.1.2) and showed the
predicted trends although with these first samples of material the predicted values could not yet be
reached. For example the herein synthesized, D-erythro-D-manno-octitol did not live up to the literature
expectations with a melting energy of 352 J/g as compared to the predicted 450 J/g. This melting energy
is lower than the expected one from the computational analysis but still higher than other lower-chain
sugar alcohols and further is significantly higher than its epimer D-erythro-L-gluco-octitol, as predicted
Nevertheless, this synthetic route to obtain heptitols and octitols is not efficient from an economic
viewpoint when ton quantities of a compound have to be prepared. The final product would cost
thousands of euros, being far away from the low-cost requirement of this project. They were only
synthesized to confirm the increasing trend on melting energies for higher polyols, thus, a new synthetic
route would have to be developed in case of upscaling.
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2.1.3 Acetylated sugars

In order to improve cycle stability, chemical modifications could also be beneficial in order to get to less
reactive and hence more stable compounds. In this regard, acetylation reactions on sugar alcohols are the
natural first choice since these reactions are typically high yielding and only use inexpensive starting
materials, which is important for the large quantity application we have in mind. Additionally, these
reactions are often used to block reactive hydroxy groups in sugar chemistry [38].

Acetylation leads of course to the loss of hydrogen bonding, which would lead to a (desired) decrease in
melting point but also in melting energy. On the other hand, the molecular weight is significantly
increased, which typically has the exact opposite effect, an increase in melting point and eventually also
in melting energy. So, it had to be seen, which of the two parameters is of greater importance, possibility
for hydrogen bonding or molecular weight. In our hands, all investigated acetylations have shown
guantitative yields for all the sugars that were modified. A typical procedure for acetylation used the
following conditions depicted in scheme 2.1.4.

OH OH OAc OAc
= OH  acetic anhydride X OAC
HO > — > AcO x
= pyridine =
OH OH R.T., 75 min OAc OAc

Scheme 2.1.4 — Acetylated mannitol synthetic route

With the acetylated sugars in hand again STA analyses were performed (Figure 2.1.7). The acetylation of
sugars provides a product with lower melting point and lower melting energy than the starting material
due to the absence of hydrogen bonding possibilities, showing that this is the dominant effect (Table
2.1.3). All the acetylated derivatives, with the only exception of the acetylated myo-inositol, are stable
and provide well-defined peaks. Acetylated glucose provides a more stable compound than glucose itself
but presents a very low storage capacity of 121.2 kl/kg. In terms of melting energy, only acetylated dulcitol
is able to reach 200 kJ/kg. The rest of acetylated materials (mannitol, sorbitol and pentaerythritol) show
melting energies between 139 and 164 kJ/kg and these values are below the requirements of this project.

Our goal of obtaining a lower melting point was achieved but, unfortunately, once the hydroxy groups are
substituted by acetyl groups the properties of the material decline regarding latent energy. Considering
all these points, acetylation does not improve the overall properties of sugar alcohols as PCMs.
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Figure 2.1.7 — Mannitol and its acetylated derivative properties comparison

Table 2.1.3 — Acetylated sugars STA measurements data

450

MP lit. | MP exp. Degradation
truct AHE k
Compound Structure T(0) T(0) xp (kJ/kg) T(TGA)
D-
galactopyranose 109 108.1 121.2 2139
peracetate
D-mannitol
120 122.7 164 232.3
peracetate
D-glucitol 100 | 973 162.4 171.7
peracetate
D-galactitol
171 170.4 200.7 200.7
peracetate




Table 2.1.3 — Acetylated sugars STA measurements data
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MP lit. | MP exp. Degradation
Compound Structure T (°) T(°C) AH Exp (kJ/kg) T(TGA)
OAc
ACO// \\OAC
Myo-inositol 214 | 2126 | Decomposition 210.8
peracetate o
AcOV Y OAc
OAc
i AcO OAc
Pentaerythritol X g0 | 753 139.9 142.9
peracetate ACO OAC
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2.1.4 Sugar acids and derivatives

Regarding hydrogen bonding, sugar acids seemed to be an excellent option but decomposition was
observed when they melt. Carboxylic acid functional groups can undergo decarboxylation reactions upon
heating, which might explain their behaviour during the phase change.

In order to confer more stability some modifications such as esterification or amidation were considered.
Esterification of tartaric acid generates derivatives with melting points lower as required, with diethyl
tartrate being a liquid at room temperature.

O OH OH 4-DMAP, MeOH, O OH OH
= DIPEA, EDCI'HCI -
: OMe
CH,0, MeO z
80 2C, 16 h OH OH ©
O OH OH
H,SO, MeOH . _OMe
z 80 2C, 16 h MeO Z
OH OH O 77% OH OH O

Scheme 2.1.5 — DIPEA protocol (top) shows no conversion and Fischer protocol (bottom) present a yield of 77% for dimethyl
galactarate

Meanwhile, esterification of mucic acid with methanol or ethanol gave compounds with suitable melting
points between 97 and 192 °C (Table 2.1.4). To this end, dimethyl and diethyl galactarate were
synthesized. Initially an esterification with N,N-diisopropylethylamine (DIPEA) was tried, however this was
not successful. Simple Fischer esterification proved to be successful, i.e. refluxing mucic acid and the
proper alcohol in the presence of H,SO4 [70]. The yields using Fischer esterification were 77% for the
dimethyl galactarate and 38% for the diethyl galactarate. Unfortunately, both sugar derivatives tend to
decompose. The same problem was shown in another common sugar acid, sodium gluconate (Figure
2.1.8). In connection with esterification, another simple modification as amidation was considered.
Nevertheless, it has been reported in the literature that amide derivatives from mucic and tartaric acids
decompose at their melting point and thereby they were not measured.
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Figure 2.1.8 — Sodium gluconate STA graph
Table 2.1.4 — Sugar acids and derivatives STA measurements data
MP lit. | MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (kJ/kg) T(TGA)
Tartaric Acid 210 206.2 Decomposition 205.6
Mucic Acid 220 220.5 Decomposition 214.6
Dimethyl 189 | 192.6 | Decomposition 1803
galactarate
Diethyl
ety 158 96.9 | Decomposition 96.9
galactarate




Table 2.1.4 — Sugar acids and derivatives STA measurements data
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MP lit. | MP exp. Degradation
C truct AHE k
ompound Structure T(0) T (°C) xp (kJ/kg) T(TGA)
HOOC o
Glucuronic | HO
Acid HO OH 156 150.1 Decomposition 193.9
OH
OH OH O
Sodi =
e B onat | 198 | 2084 | Decomposition 205.8




2.1.5 Other sugars

To get a more complete overview on the potential application of sugars as PCMs, other common sugars
were studied. Some of them decompose at the melting point but even when they are stable the energy
released is not as big as the sugar alcohols melting energy. Galactose, arabinose and sorbose decompose
at the melting point and glucose and xylose deliver melting energies of 264.9 and 237.4 ki/kg respectively
(table 2.1.5). In these last cases, the base of the DSC peak is not really well-defined which could mean a

non-reliable material (figure 2.1.9).

TG %

100 1
90 1
80 1
70
60 1
50
40 4

30

One of these compounds, Methyl-a-mannoside, is considered as a very stable sugar and showed a reliable
melting pattern in STA measurements and DSC cycle tests (figure 2.1.10). Nevertheless, it presents a
melting energy lower than 250 J/g and serious difficulties to recrystallize once the sample was cooled
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Value: 200.1 °C, 99.08 % + B9
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Figure 2.1.9 — Xylose STA graph
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down to room temperature, Thus, complicating the process of releasing back the energy storage.
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Figure 2.1.10 — Methyl-a-mannoside STA graph



Table 2.1.5 — Other sugars STA measurements data
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MP lit. | MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (ki/kg) T(TGA)
OH
HO ©
D-(+)-Glucose Ho 152 158.1 264.9 204.8
OH
OH
OHOH
0]
D-(+)-Galactose HO 163 160.3 Decomposition 193.9
OH
OH
HO o
D-(+)-Xylose HO 154 156 237.4 200.1
OH OH
OH
HO =
D-(+)-Arabinose 164 166.4 | Decomposition 190.9
OH
OH
CH2OIE13 CH,0OH
L-(-)-Sorbose OH 165 169.6 Decomposition 184.3
OH
OH
OH
OH
Methyl-a-D- HO ~©
mannoside HO 192.2 223.9 -
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2.2 Towards arenes

Many substituted benzene derivatives are commercially available and easy to modify by electrophilic
substitution reactions and to a lesser extent by nucleophilic aromatic substitutions, which will certainly
bring the opportunity to include suitable functional groups and obtain a better design of the compound
and therefore an improved PCM. Catechol and resorcinol are the most relevant compounds of this group
with melting points close to 100 °C and melting energies of 267.2 and 288.5 kJ/kg respectively. Both
generate well defined DSC graphs with a phase change in our required temperature range (figure 2.2.1).
The main disadvantage is the melting energy which is lower as compared to sugar alcohols (table 2.2.1).
Hydroquinone diethyl ether represents the arene with the highest latent energy, 292.5 kJ/kg. Arenes that
show a more complex structure tend to present a low latent energy. Some examples are benzanilide with
a melting energy of 185.4 kl/kg and 4-acetamido benzaldehyde with the lowest storage capacity for the
arenes of 172.4 kJ/kg.

In terms of stability only melamine and anthraquinone decompose when they melt but further several
cycle tests need to be done to check the long-term stability. Since the melting energy was lower as
compared to other compounds, these tests were not carried out.

TG 1% DSC /(mW/mg)
Value: 138.7 °C, 99.05 % | exe
100 -
L 5
[1.1] Pyrocathecol23415.ngb-ds1
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60 1 OH (5
Z OH
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40 - 2
20 | Area: 267.2 J/;; 1
T 1.1
[
- )
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Figure 2.2.1 - Pyrocatechol STA graph
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Figure 2.2.2 — Hydroquinone Diethyl ether STA graph

Table 2.2.1 — Arene STA measurements Data
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. MP .
Compound Structure MP°I|t. exp. AH Exp (ki/kg) Degradation
T (°C) T(TGA)
T (°C)
OH
OH
Pyrocatechol 105 104.9 267.2 138.7
HO OH
Resorcinol 110 110.1 288.5 165.2




Table 2.2.1 — Arene STA measurements Data
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MP lit mP Degradation
Compound Structure ) exp. AH Exp (kJ/kg) g
T (°C) T(TGA)
T (°C)
Hydroquinone HOOOH 172 173.2 265.2 180.1
- /
Hydrogquinone 0 o 60 | 705 292.5 92.6
Diethyl ether /
OH
4-Acetamide o
175 169.4 219.2 216.9
phenol N
H
O
4-Acetamido o Hl 156 | 1559 172.4 195.1
benzaldehyde )]\
N
H
O
Acetanilide )L 114 | 1152 217 179.5
N
H
Benzanilide N 163 163.3 185.4 202.1
H
O
Anthraquinone 286 285.3 | Decomposition 242.9




Table 2.2.1 — Arene STA measurements Data
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MP lit. | MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (kJ/kg) T(TGA)
Melamine N” N 354 362.0 Decomposition 290.8
)I\ =
HoN N NH,
OH
. NH, .
2-Aminophenol 175 176.4 Decomposition 163
4-Aminophenol HOONHZ 189 189.4 270.7 179.8
. 0]
4-Amino
scetophenane H2N4©_< 183.1 249.2 256
0] NH,
Anthranilamide &/NHQ 111 112.0 254 201.9
o)
N-Benzyl N 104 | 106.4 197.7 186.4
benzamide H
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2.3 Towards amino acids

At first sight, amino acids might seem an interesting group because of their functional groups which can
take part in hydrogen bonding. Alanylglycine was reported as the organic compound with the highest
melting energy (387 J/g) in this class (figure 2.3.1). All the amino acids measured were purchased or
obtained from the university stock (table 2.3.1) and, unfortunately, with no exceptions decompose when
they melt. Even when amino acids tend to decompose when they melt, it is possible to obtain their energy
data by calculating the area below the DSC peak but in this case that energy is going to be enhanced due
to the degradation process. Moreover this group has to be discarded because of the proper degradation
itself.

100 4

0]
TG /% H\)I\ DSC /(mW/mg)
H,N OH *&o
(0]

L8
90 L7
80 L6
70 ; L5
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30 L1
[1.1
20 +0
50 100 150 200 250 300 350 400
Temperature /°C

Figure 2.3.1 - Alanylglycine STA graph



Table 2.3.1 — Amino acids STA measurements data
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MP lit. | MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (ki/kg) T(TGA)
O
L-Histidine «NNOH 287 | 283.9 | Decomposition 281.4
N NH,
H
O
Lysine H2N\/\/\)ko|_{ 224 221.6 | Decomposition 219.4
NH,
OH O
D-Threonine /-\_)J\OH 255 253.4 | Decomposition 2445
NH,
OH O
L-Threonine MOH 255 255.8 Decomposition 252.0
NH»>
O
L-Cysteine HS/YtkOH 240 217.5 | Decomposition 213.3
NH,
O
Phenylalanine OH 275 276.9 Decomposition 273.3
NH,
(0]
Methionine /S\/\A)kOH 281 281.9 | Decomposition 270.3
NH,
o)
Glycine 233 251.8 Decomposition 246.6

TN
2 OH




Table 2.3.1 — Amino acids STA measurements data
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MP lit. | MP exp. Degradation
Compound Structure T (°C) T(°C) AH Exp (ki/kg) T(TGA)
O
\ANEN
Alanylglycine HZN/L”/ N OH 228 223.7 | Decomposition -

0]
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2.4 Towards purines and pyrimidines

Purines and pyrimides are another group of organic compounds abundant in nature which present a good
number of hydrogen donors and acceptors. It is for these two reasons that they were initially considered
for an initial screening measurement. Nevertheless, most of the purines and pyrimidines analysed in this
project, just as amino acids, used to decompose when they change the phase (table 2.4.1). Only caffeine
is relatively stable (figure 2.4.1) and even in this case, the melting energy is far from our energy
requirements (110.1 ki/kg). For all these reasons, the group was discarded.

TG /% ') DSC /(mW/mg)
~ / 1 exo
100 - N | N> L3.0
[1.1] Caffeine1062015.ngb-ds1 )\ N/
sgo{ ————— TG (@) N L25
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. ok L2.0
60 Onset: 2359 °C
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40
L1.0
20 -
: L0.5
3 r//_/\_/'»J -0‘0
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Figure 2.4.1. — Caffeine STA graph



Table 2.4.1. — Purines and pyrimidines STA measurements data
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Compound Structure “4”(302; MTP(S:)p' AH Exp (kJ/kg) Deig\-gaAt)lon
O
. N
Guanine HN | \> 360 - - -
)% N
HoN N H
NH,
. NZ N o
Adenine | \> 360 360 Decomposition 265
NP
N"H
O
. HN N .
Xanthine )\ | \> 300 413.4 Decomposition 370.9
N
0O N
H H
O
/
\N N
Caffeine )\ | /> 235 235.9 110.1 224.9
o” >N~ N
|
0]
Thymine | NH 317 320.2 Decomposition 248.8

Iz




Table 2.4.1. — Purines and pyrimidines STA measurements data
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MP lit. MP exp. Degradation
Compound Structure T (°C) T(°C) AH Exp (ki/kg) T(TGA)
NH>
. <N o
Cytosine | /g 300 - 325 314.8 Decomposition 317.1
N @]
H
0]
Uracil 335 339.9 Decomposition 300.3
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2.5 Towards dyes

Due to the fact that one important requirement which must be considered beyond the melting point and
melting energy is the cost of the material, different organic compounds from industrial applications were
analysed. Dyes are widely employed in the textile industry and will offer bulk discounts when a set amount
is purchased.

Taking into consideration the above discussion, the first dye included in this list (table 2.5.1) was indigo.
Indigo is a natural dye extracted from the leaves of certain plants which is also well known for his
contribution to the colour of denim cloth and blue jeans in the textile industry. To complete the group,
three azo dyes were measured as well. Para red is the first azo dye discovered in 1880 that dyes cellulose
fibers with a red colour and, on the other hand, methyl orange and methyl red are both azo dyes which
are widely employed as pH indicators.

Nevertheless, none of these dyes have shown appropriate properties. Generally, the materials
decompose at the melting point (figure 2.5.1). In case a decomposition was not observed, the energy
released is lower than our minimum melting energy target, >150°C (figure 2.5.2). In all cases, dyes are not
an interesting group for PCMs applications.

TG 1% DSC /(mW/mg)
l exo
100
o5 [1.11Indigo1062015.ngb-ds 1 -
TG Value: 300.3 °C, 99.14 % ’
DSC
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nn
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Figure 2.5.1 — Indigo STA measurement
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TG /% DSC /(mW/mg)
Value: 276.6 °C, 99.14 %
l exo
100
95 2
90 Lo
851 [1.1] Parared1062015.ngb-ds1
—— 16 -
80 1 DsC Onset: 257.1°C 4 rea: 116.8 Jig ?
OH
754 -4
s
N NO L-6
O
60 - ; : ' i . . . )
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Temperature /°C
Figure 2.5.2 — Para red STA measurement
Table 2.5.1 — Dyes STA measurements data
MP lit. | MP exp. Degradation
truct AH E k
Compound Structure T(0) T(0) xp (kJ/kg) T(TGA)
Indigo 390 390 Decomposition 300
Para Red 248 257.1 116.8 276
Methyl
ety 300 | 374.6 | Decomposition| 153.2/351.8
orange
Methyl red 179 179.1 Decomposition 114.1/179.3
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2.6 Towards other organic compounds

Beyond the main groups, some other compounds were tested which are summarized in this chapter. Some
remarkable addition might be, on one hand, acetamide which shows a large melting energy with a melting
point lower than the water boiling point. Some other derivatives from acetamide, as acetoacetamide,
diethylacetoamido malonate and 2-bromoacetamide, were considered. Acetoacetamide has a melting
point of 54 °C, which is far from the minimum 80 °C required. By contrast, 2-bromoacetamida and
diethylacetoamido malonate have a melting point of 87 °C and 95°C but only a storage capacity of 228.7
and 227.4 kl/kg respectively. Other small organic compounds with similar structure would also be
interesting. Urea and its derivative, dimethylurea were tested but both decompose at their melting
temperatures 135.2 and 183.2 °C respectively. Dicyandiamide and Diaminomaleonitrile are structure-
related to urea too and they present the same thermal behaviour by decomposing at melting. A very
common terpenoid as camphor was also tested and decomposed at the melting transition. 3-amino-1,2,4-
triazol, for instance, do not decompose but its melting energy, 237.5 ki/kg, is below the minimum
requirements. On the other hand, succinic and glutaric anhydride, both in the requirement range of the
project. Thus, these three compounds might be considered for further tests. However, there are more
promising candidates in other groups as sugar or acids and therefore these three compounds were
relegated to a secondary level. Succinimide present a close structure to succinic anhydride but less storage
capacity, 239.9 kl/kg, below the melting energy required in this project.

The rest were not fitting due to some of our requirements and that is why they were discarded.

Table 2.6.1 — Other organic compounds STA measurements data

MP lit. | MP exp. Degradation

Compound Structure T (°C) T Q) AH Exp (ki/kg) T(TGA)
Acetamide 80 80.4 372.2 128.2
Diethylacetamido 95 96.5 227.4 170.1

malonate

Succinic anhydride 118 116.9 252 154.9
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Camphor 175 - Decomposition -
O
O
Urea )l\ 132 135.2 Decomposition -
HoN NH>
O
1,1-Dimethylurea \N)]\NH 180 183.2 Decomposition 163.6
2
I
H
Succinimide Oﬂfo 123 125.5 239.9 177.8
0] ) 0]
Glutaric anhydride U 55 97.6 295.8 188.1
; N
3-amino-1,2,4- HN™ NH,
151 . . .
triazol EB/ 5 149.6 237.5 196.4
NH
Dicyandiamide )l\ .CN 209 200.7 350.2 -
HoN N
H
O O
Acetoacetamide 54 - Decomposition -
A,
Diami HoN CN
|am|.no. | 182 = Decomposition -
maleonitrile
HoN CN
2-bromoacetamide 87 81.2 228.7 125.3
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2.7 Towards fatty acids

Fatty acids are one of the most commonly used phase change materials for technical applications
[7,15,18,96]. However, they were initially ruled out due to their low melting points, which are below our
predefined requirements.

Another interesting option would be the amides of this fatty acids. They show higher melting points than
their respective acids (table 2.7.1) and they can be prepared easily or obtained at low cost.

@) @)

HOJ\/\/\/\/\/\ HQNJ\/\/\/\/\/\

Lauric Acid Lauric Amide

Figure 2.7.1 — Fatty acids and amides structure

Table 2.7.1 — Fatty acids and amides melting points comparison

Number of C  Acid Melting point Amide Melting point

Lauric Acid 12 43 100
Myristic Acid 14 54 102
Palmitic Acid 16 63 103
Stearic Acid 18 69 107

Arachidic Acid 20 75 109
Behenic Acid 22 80 111

Due to these considerations, commercial stearamide was purchased from Sigma-Aldrich in order to obtain
first DSC data from a fatty acids amide. The initial batch had an 85% purity and as it could be observed in
figure 2.7.2 below, the melting energy was far from our minimum requirements. Given this fact and in
order to have a realistic overview from the amides of fatty acids, two recrystallizations in ethanol of the
stearamide were done. A pure product was obtained for new STA measurements and it was observed
that, even though there is an increase in the phase transition energy with regard to the first stearamide
sample, the melting energy is still far from our best materials. Still, the goal to increase the melting point
was reached and pure stearamide gave a melting point of 108 °C.
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Finally, a last compound was measured to close the fatty acids chapter. The N,N’-ethylenebis(stearamide)
is a compound obtained from the reaction of ethylenediamine and stearic acid and it was expected some
improvement in the melting energy because of the long aliphatic chain and the presence of hydrogen
bonding donors and acceptors. However, figure 2.7.3 showed two solid-solid phase transitions and a STA
graph where the melting energy is below 200 J/g. These solid-solid phase transitions are common too in
the oxalamides which present long aliphatic chains at both sides.

(@]
/\/\/\/\/\/\/\/\)j\ NH,
TG 4 DSC f{mwimg) TG M DSC /(mWimg)
I exo ! exo
100 40
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80

DscC 20
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Dpsc

Area: 200.7 J/g

Onsat 107.9°C

Area: 147.7 Jig Onset: 108.2 °C

50 100 200 250 50 100 200 250

150 150
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Figure 2.7.2 — STA graph from the 85% pure stearamide (left) and the same batch after two recrystallizations (right)
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Figure 2.7.3 — N,N’-Ethylenebis (stearamide) STA graph after 2 recrystallizations



Table 2.7.2 — Fatty acids and amides STA measurements data
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Compound Structure “4"(:2; MTP(S:)p' AH Exp (kJ/kg) Dei{:git)lon
O
fMethyl /O\"/\)l\o/ 102 94.1 294.2 102.8
umarate
@]
O
Fumaramide HZN\"/\)I\NHz 265 265 Decomposition 183
O
Stearamide | ~ oL, | 102 108.2 200.7 -
N,N’- H o)
. N -
Ethylenebis | I~ \/\HJ\’H% 144 | 1426 181.9

(stearamide)
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2.8 Towards carboxylic acids and derivatives

The group of carboxylic acids and derivatives is probably the most promising one together with the well-
known group of sugars. At first sight, it might seem that they are not as stable as other groups because of
the reactive carboxylic acid group but some dicarboxylic acids do not show decomposition when they melt
and an energy capacity close or even bigger than sugar alcohols

As in the sugars, some modifications such as esterification or amidation were carried out in an attempt to
overcome the problem of stability that some acids showed. In general terms, esterification has given a
material which presents a poor thermal performance because of the loss hydrogen bonding possibility
but amidation gave some interesting products with outstanding properties for medium temperature
storage.

Regarding this good behaviour for the diamides, some other derivatives were considered such as
substituted diamides with different lengths of alkene chains. It might be expected that this can increase
the melting energy due to the London interactions of the alkene chain added. Moreover, a symmetrical
geometry is maintained

O O O H
HoJ\n/o'_| H2NJ\n/NH2 /\/\HJ\IrN\/\/
O O O
Diacid Diamide Substituted diamide

Scheme 2.8.1 - Dicarboxylic Acid, Diamide and Substituted diamide structures

In the following subchapters our investigations into these directions will be discussed in detail.

2.8.1 Dicarboxylic acids

From all the carboxylic acid derivatives, the dicarboxylic acids are both, more stable and able to store
more energy than the rest because of their two terminal carboxylic acid moieties and the long alkyl chain
in between, which allow a better intramolecular packing, a more efficient hydrogen bonding from the
carboxylic acid groups and Van der Waals interactiona from the alkyl linker. Considering these facts, the
aim was increasing the length of the alkyl chain between the two terminal carboxylic acid groups in order
to find a trend that could deliver an outstanding material and to help improving other different
compounds in future

Simple dicarboxylic acids show a particular behaviour. Depending on their overall number of carbon
atomas they are going to be named “odd” and the functional groups are oriented in the same direction
due to the carbon chain length or “even” when they have an even number of carbons and both carboxylic
groups are oriented in different directions (Scheme 2.8.2) [71]
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HO OH HOJ\/\/\/U\OH

Even O odd

Scheme 2.8.2 - Dicarboxylic acid structures

These two different geometries are going to determine the properties of the material. It was observed
that because of the functional group orientation, odd or even, the acids offer different values of melting
temperatures and enthalpy. Even compounds present a multilayer structure as result of their crystal
packing which allow consonance between hydrogen bonding and dispersive interaction. On the other
hand, odd compounds offer weak packing because of a strained three-dimensional network [97-99]
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Figure 2.8.1 — Melting points of dicarboxylic acids as a function of number of C-atoms

As a consequence, even dicarboxylic acids show higher melting points and melting energiew. A glance at
figure 2.8.1 gives a better overview of the differences between odd and even compounds. Even
compounds show always higher melting points than odd ones but as the length of the alkyl chain in
between the terminal carboxylic acid groups increases, this difference becomes smaller and smaller until
it levels out. This levelling is the result of the increase in importance of Van der Waals interactions from
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the alkyl chain. As the number of carbons in the alkyl chain increases, the two carboxylic groups have less
relevance and the main contribution to the melting energy comes from the aliphatic section. This effect
can be observed in the even compounds (acids with 14,16 and 18 carbons) and between odd and even

acids.

The odd-even effect is observed in the melting energy as well to some extent (figure 2.8.2). For this reason,
it makes no sense in going further on the synthesis of higher dicarboxylic acids than octadecanedioic acid.
The whole set of dicarboxylic acids measured (table 2.8.1) fits to the odd-even effect considering the
melting points and energies and it only could find some deviations once the melting energy of the C16
and C18 diacid is observed. C16 storage capacity is a bit larger than the one for C18.

260
251,1
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240
& —8—Dicarboxilic Acids
8 230 227,2 226 227
Ll
&
= 220
o)
=

210

200

190

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
N2 Carbon

Figure 2.8.2 — Dicarboxylic acid melting energies

However, In the STA machine employed to make these measurements, it was possible to get some
valuable information about the stability of the dicarboxylic acids presented on table 2.8.1. As figure 2.8.3
and figure 2.8.4 show, the compound is stable after melting and there is at least 50 °C of difference from
the melting point to the degradation point. According to this and the odd-even effect we are going to
consider adipic- (C6), suberic- (C8), sebacic- (C10) and dodecanedioic acid (C12) among the most
interesting materials. It can be expected that sebacic- and dodecanedioic acid are the more stable ones
in long term cycle tests since adipic acid may undergo intramolecular reactions to form a favourable 6-
membered ring. In contrast, 10 and 12-membered rings are not so easily formed. Anyhow, most of the
dicarboxylic acids seem to fit excellent to our requirements. Only oxalic and succinic acids decompose

when they melt.

Finally, some derivatives of dicarboxyc acids as 2,2 — dimethyl succinic acid and diamino pimelic acid were
measured but both decompose at melting point too.
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Figure 2.8.4 — Undecanedioic (C11) and dodecanedioic (C12) acids STA graphic



Table 2.8.1 - Dicarboxilic acids STA measurements data
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MP lit. | MP exp. Degradation
Compound Structure T °C) T (°C) AH Exp (ki/kg) T(TGA)
O
Oxalic acid OH .
X 2 . . =
dihydrate HOJl\n/ H,O| 1015 194.3 Decomposition
@)
O @)
Malonic acid 135 136.3 295 153.8
HO)I\/”\OH
O
Succinic acid HO)I\/\H/OH 187 187.7 Decomposition 197.8
O]
O
2,2 — dimethyl OH "
<uccinic acid HO)J>‘/\'( 139 142.9 Decomposition 159.9
@]
@) O
Glutaric acid )j\/\/u\ 95 98.7 237.3 190.2
HO OH
o
Adipic acid HO)MOH 151 152.4 3126 208.1
o
O O
Pimelic acid )J\/\/\/U\ 105 106.5 3223 144.2
HO OH
. . . . O O
D'am';‘;zme"c HOWOH 316 | 267.3 | Decomposition 122.1
NH, NH,
O
Suberic acid HO)K/\/\/YOH 143 143.2 239.5 218.5
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MP lit. | MP exp. Degradation
Compound Structure T °C) T (°C) AH Exp (kJ/kg) T(TGA)
0 0O
Azelaic acid I~ A~ N 105 7L 317 2303
HO OH
O
Sebacic acid HOJ\/\/\/\/\H/OH 131 133.6 295.4 232.8
O
Undeca.ned|0|c )Oj\/\/\/\/\j\ 111 113.7 306 220.2
acid HO OH
.. o]
Dodeca.nedlom HO)I\MNV\I(OH 127 129.6 308.5 .
acid 0
. . le)
Tetradecgnedlmc HO)K/VVM(OH 123 126.4 240.2 -
acid o
Hexadecgnedmlc Hoj\/\/\/\/\/\/\/\(OH 124 123.7 213.7 -
acid °
Octadecanedioic HOMOH 124 1255 237.7 -

acid

o




85

2.8.2 Aliphatic-a,w-diamides

When modifications of dicarboxylic acids were planned, the first idea that comes to mind were acid
derivatives (scheme 2.8.3). Acyl chlorides is easily discarded from the possibilities since they are more
reactive than carboxylic acids and additionally corrosive. A key issue is the stability of the material. In this
regard, esters and amides are derivatives less reactive than carboxylic acids and therefore more stable.
However, Esterification results in a loss of hydrogen bonding. Hence would give compounds with lower
melting points and melting energy. Ester derivatives are far from being interesting since they are liquid at
room temperature. This is not the case for the Amides since they still preserve hydrogen bonding and
hence looked like a very promising group.

0 0 0 0
RJ\CI ) RJ\OH ) RJ\O/ ) RJ\NH

Acyl Carboxylic Ester Amide
Chloride Acid

2

Scheme 2.8.3 — Reactivity of some different acid derivatives

Oxalamide, malonamide, succinamide and adipamide are the commercially available diamides. The rest
of the tested o, w-diamides has been synthesized. For the synthesis, two methods were followed and some
others were probed. For small scale, hydrolysis of the corresponding dinitrile was carried out using
hydrogen peroxide [72]. This method would involve greater costs since dinitriles are expensive as starting
materials and security concerns because of a very exothermic reaction with hydrogen peroxide. This one
was the first protocol followed to synthesize glutaramide (C5), pimelamide (C7), suberamide (C8),
sebacamide (C10), undecanediamide (C11) and dodecanediamide (C12) and because of the
aforementioned, a new method was developed for large scale where the starting material was a much
more affordable dicarboxylic acid (Scheme 2.8.4) [73]. Considering dodecanediamide, which was
synthesized using both methods, it can be concluded that there is no big difference between yields. The
yield for the small scale was 86% while for the large scale was 80%. Therefore, this method was employed
to obtain azelamide (C9), dodecanediamide (C12), tetradecanediamide (C14), hexadecanediamide (C16)
and octadecanediamide (C18). Probably one disadvantage that has to be faced in large scale is the employ
of DCM as solvent for the formation of diacyl chlorides due to environmental issues. THF is another solvent
possibility which can end up in a pure diamide and might be introduced in industrial processes. In terms
of cost efficiency, another protocol from a patent was found and tried [74]. The diamide is obtained using
only the respective dicarboxylic acid and Urea. Unfortunately, it did not work



86

N O
\\\/\/\/\\ M0, 3% 5505 > MNHZ
NN DMSO, 0°C, 1h HoN
33 34 O
0)
Cl
o o Cl o o o o
)LM»U\ © NH, )LM»U\
—_— .
HO 10 OH DCM, DMF Cl 10 Cl Toluene H2N 10 NH;
43 40

Scheme 2.8.4 — Small-scale protocol (top) and Big scale protocol (bottom)

Regarding physical behaviour of this new class of compounds, higher melting points for the respective
diamides were observed (figure 2.8.3). After measurements, aliphatic-a,w-diamides presented better
thermal properties than the corresponding a,w-dicarboxylic acids. Higher melting points are shown in
figure 2.8.3 due to a more favourable hydrogen bonding of the amide functional group in comparison with
diacids, however, a levelling of the melting points is present starting in the C12 diamide as well. As for the
dicarboxylic acids, the contribution from the alkene chain to the melting point at that moment is more
important than the terminal amide moieties. Similarly, for the same reasons the latent energy of the
diamides follow exactly the same pattern than their respectives dicarboxylic acids shown above but since
they could release and absorb a bigger amount of energy (figure 2.8.4). A more accentuated “odd-even”
effect was observed.

As it can be seen in the table 2.8.2, the even compounds from the set of aliphatic-a,w-diamides are
showing outstanding melting energies but unfortunately the first two even compounds, oxalamide and
succinamide, decompose once they melt at the high temperatures of 290 and 263 °C respectively. The
next two even compounds, adipamide and suberamide, present some of the best latent heats of this
project but, as it happened with diacids, in long term cycle tests may undergo intramolecular reactions to
form a favourable 6-membered ring. Unlike C6 and C8 diamides, sebacamide and dodecanediamide are
better candidates because 10 and 12-membered rings are not so easily formed in intramolecular
reactions. Moreover, they show both some of the best thermal behaviour in this study. The rest of even
diamides (C14, C16 and C18) offer a stable material but not so extraordinary in terms of storage capacity
as dodecanediamide or sebacamide. The same applies to odd diamides, their performance is great with
higher melting energies than most of the diacids, undecanediamide shows a latent energy of 281.4 ki/kg,
but they are not the best option in this group. As we increase the number of carbons between the terminal
diamides the solubility of the material is worst. Due to that lack of solubility for octadecanediamide in
deuterated solvents, it was not possible to record any NMR. Instead a FTIR was measured.

To sum up, in these two graphics can be seen that even diamides as PCM are presented as an optimal
material with a higher storage capacity, similar behaviour than dicarboxylic acids and higher ranges of
melting temperatures.
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Figure 2.8.4 — Dicarboxylic acid and diamide melting energy comparison

Hence, as it happened with dicarboxylic acids, even diamides are the most interesting materials of this
group. In this case, the most favourable in terms of energy and stability were sebacamide and
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dodecanediamide. For these two, DSC cycling tests were performed at the Austrian Institute of
Technology. Figures 2.8.5 and 2.8.6 to confirm the two diamides as very promising materials. Sebacamide
has the highest melting energy obtained in this study, 375 J/g, and the gap between melting and
recrystallization is acceptable. Even though dodecanediamide does not have a melting energy as high as
sebacamide, it could be considered as a better candidate because of a smaller melting-recrystallization
gap and still a high phase energy of 338 J/g.
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Figure 2.8.5 — Sebacamide DSC cycle test
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Figure 2.8.6 — Dodecanediamide DSC cycle test

One of the important achievements of the diamides and dicarboxylic acids families is the big range of
temperatures covered. Meaning that one or another compound would be more suitable for a particular
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production process and giving more options for industrial applications. Once the data of all the diamides
and dicarboxylic acids are compiled, it can be noted from the figure 2.8.7 below that dicarboxylic acids
cover a range from 100 to 150 °C and diamides from 175 to 225 °C. According to this information, there
are some gaps that ideally should be covered; the one between 80 to 100 °C and the other between 150

to 175 °C, which is addressed in subsequent chapters.
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Figure 2.8.7 — Range of temperature covered within diamides and dicarboxylic acids
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Table 2.8.2 — Diamides STA measurements data

MP lit. | MP exp. Degradation

Compound Structure T (°C) T (°C) AH Exp (kJ/kg) T(TGA)
O
Oxalamide H2NJ\[]/NH2 299 290.2 | Decomposition 229.5
O
O O
Malonamide )l\/ll\ 171 172.1 304.5 217.1
H,N NH,
0
. . NH2 _ e _
Succ|nam|de HzNJj\/\n/ 263 DecompOSItlon
O
@] O
Glutaramide )l\/\/ll\ 181 180.3 260.3 165.7
HoN NH,
o)
Adipamide HzNMNHZ 226 224.7 371.0 268.1
o)

Pimelamide A~~~ N 173 173.3 277.2 238.8
HN NH

O
Suberamide HZNMNHz 220 219.5 335.1 265.6
O
(0] (0]

Azelamide A~~~ N 177 175.3 247.8 -
HoN NH

(0]
Sebacamide HENJ\/\/\/\/\(NHQ 210 210.9 375.6 260.5
O
Undecane o o
diamide HoN NH, 178 179.1 281.4 244.0
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MP lit. | MP exp. Degradation
Compound Structure T(°C) T (°C) Sl L T(TGA)
0]
Do'dec'ane HzN)l\/\/\/\/\/\[(NHz 193 191.0 338.8 246.9
diamide 0
o}
Tetradejcane HzNJ\/\/\/\/\/\/\“/NHg 196 194.6 319.9 -
diamide °
Hex.ade.cane HZNJc’)\/\/\/\/\/\/\/\n/“'Hz 179 181.4 282.9 -
diamide °
Octadecane HINWNHZ 179 181.7 264.7 .

diamide




92

2.8.3 Diamide derivatives

New compounds were synthesized in order to cover those gaps that dicarboxylic acids and diamides left
in the range of certain temperatures (figure 2.8.7). Monosubstituted diamides might be a suitable option.
On one hand, the material still presents hydrogen bonding because of the one hydrogen left from the
amide nitrogen and, on the other hand, the added alkyl chain is going to contribute with energy from
London interactions. Thus, the larger the alkyl chain, the higher the expected stability and also melting
energy. Anyhow, different substituted diamides were synthesized to observe the behaviour and to
identify a trend.

@) H 0] H
AN )k[( N~ N )H( N
H o H o
Short substituted Long substituted

Figure 2.8.8 — short and long substituted diamides

Initially, derivatives of oxalamide were the main target. All of them are reported in the literature and are
easily synthesized, starting from diethyl oxalate and the corresponding amine (scheme 2.8.5) [75-77].
Oxalamide tends to decompose at the melting point releasing a high amount of energy but of course being
unsuitable for our purposes. The idea is to see if their substituted derivatives are more stable than the
parent oxalamide.

H
~© AN+ N R AN N o~
O NH2 “30 min N
H
O O
54

Scheme 2.8.5 — Oxalamide synthetic scheme

50

To this end the starting material was monosubstituted initially in both functional groups with methyl,
ethyl, propyl and butyl. All of these derivatives decompose when they melt. The melting point decreases
with the rising length of the alkene chain so longer chains of alkenes were attached. This time, it was
carried out with octyl and decyl and no decomposition was observed. However, STA data showed (figure
2.8.9) that these two compounds undergo solid-solid phase transitions which split their storage capacity
in two different peaks therefore two different operative points. Initially, that might be a disadvantage for
some industrial processes since there is no a single and reliable melting point. Moreover, the energy
storage is not as high as other materials and, consequently, N,N'-dioctyloxalamide and N,N'-
didecyloxalamide were discarded.
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In order to finalize the oxalamide derivatives, a last derivative was synthesized. N,N'-dioctadecyloxalamide
has a linear octadecyl chain at each terminal group and the STA graph present a single peak for melting
(figure 2.8.10). In this case an increase in the melting energy is noticeable because of the significant
London interactions which are not present to such an extent in shorter derivatives. There are several
compounds in the acid/amide group with melting energies over 300J/g so, in this case, an energy of 250J/g
is slightly below our range. As we increase the number of carbons of the substituted alkene chain, the
solubility of the material is worst. Due to the lack of solubility of N,N’-dioctadecyloxalamide in deuterated
solvents, it was only possible to record a *H NMR. Moreover, a FTIR was measured.
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Figure 2.8.9 — Dioctyloxalamide STA measurement
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Figure 2.8.10 — Dioctadecyloxalamide STA measurement
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At the end of this chapter, it should be mentioned that the contribution to the phase transition energy for
the dioctadecyloxalamide comes basically from the long aliphatic chain and its Van der Waals forces. If
the melting energy of the substituted diamide is compared with the respective paraffin (figure 2.8.11), it
can be observed that they approximately present the same energy and the amide moiety barely
contributes.

O
H

MP =124 °C MP =82 °C
ME = 256.4 g/mol ME = 234.46 g/mol

Figure 2.8.11 — Comparison on the thermal properties of the Dioctadecyloxalamide and its respective paraffin

Finally, three more amide derivatives were evaluated to close this amide chapter. Acrylamide is an easy
amide derivative with a conjugated double bond which would be used in next chapters as synthetic
starting material. Even tough its melting values are fitting to this project, it was discarded because it is
an unstable compound which tends to polymerize, therefore, an unreliable material. Moreover, it is a
powerful neurotoxic. Benzamide presents a too low melting energy of 238.4 kJ/kg which does not live up
to the high performances of other materials that have already been discussed in this thesis. Lastly, 6-
amino nicotinamide is a more complex derivative of benzamide which offers a latent energy of 289.1
kJ/kg, however, there is a small gap between melting (246.6 °C) and degradation (274.9 °C) which could
generate future stability problems.



Table 2.8.3 — Substituted diamides STA measurements data
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MP lit. MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (kJ/kg) T(TGA)
" H
NN d|me.:thyl \N N 210 214.9 Decomposition -
oxalamide H
O
O H
NN —dle.thyl /\N N~ 177 180.7 Decomposition -
oxalamide H
O
i ? H
NN —dlpr.opyl \/\N)S( N~ 162 166.2 Decomposition -
oxalamide H
O
N,N'-dibutyl 1 d
A EBUVE L o~ o~p No~—| 153 155.0 Decomposition -
oxalamide H
(0]
I_ H [e]
NNdioetyl Ao | 124 128.9 98.93/118.9
oxalamide Ho g
N,N'-didecyl 2
’ e 122 124.7 88.75/135.4 -
oxalamide “JT /
N,N'- o
. N ;
dioctadecyl 1;(\*\”)%( ~k | 120 123.9 256.4
oxalamide H 5
(@]
Acrylamide 84 83.6 264.1 132
HzN)j\/
O
Benzamide 125 126.6 - -
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MP lit. MP exp. Degradation
Compound Structure T (°C) T (°C) AH Exp (kJ/kg) T(TGA)
O
b-amino XY ONH, | 245 246.6 289.1 274.9
nicotamide | _
Ho>N N
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2.8.4 Other acids

To complete the compound class of acids and derivatives thereof other common acids were studied.
Benzoic acid was not measured due to the low melting energy value which was found in the literature
[100]. Most of them (maleic acid, nicotinic acid, 4-aminophenyl acetic acid and isophthalic acid) were
discarded because of decomposition which was observed during the phase change being imposible to
calculate a proper latent energy of both compounds. This observed lack of stability is understandable
considering, as it was said before, that carboxylic acid functional groups can undergo decarboxylation
reactions upon heating.

Something similar would occur in the 3-amino-2-methyl benzoic acid measurement. In this case,
degradation would take place 10 °C after melting (186.5 °C). That allows to calculate a good melting energy
of 289.7 kiJ/kg but the compound has to be discarded due to degradation issues.

Besides that,salicylic and 2,2-bis(hydroxymethyl)propionic acid have some relevance as materials for PCM
application, particularly the second one due to its high energy capacity, 292.3 kl/kg. Salycylic acid is still a
bit under the requiementes with a low storage capacity of around 200 kJ/kg. Nevertheless, all these acids
did not present thermophysical properties as remarkable as diacids and diamides.

Table 2.8.4 — Other acids STA measurements data

MP lit. | MP exp. Degradation

Compound Structure T (°C) T () AH Exp (ki/kg) T(TGA)
O HO
Maleic acid HO—<_)=O 135 145 Decomposition 147.5
2,2- HO O
Bls(hyd.rox-yme.thyl) Ho/q/u\OH 152 153.4 292.3 202.3
propionic acid
Salicylic acid OH 158 159 201.9 159.8

(@)
o 2 2

Benzoic acid ©)J\OH 122 - - -
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acetic acid

MP lit. | MP exp. Degradation
Compound Structure T (°C) T (°0) AH Exp (ki/kg) T(TGA)
o] o]
Isophthalic acid HQJ\©)LQH 341 - Decomposition 276.9
(0]
Nicotinic Acid o)kOH 236 236.4 | Decomposition 194.4
=
N
0
-Amino-2- OH
3-Amino-2-methyl 185 | 1865 289.7 196.5
benzoic acid
NH,
- i (o)
4-Amino phenyl /©/Y . 201 209.8 | Decomposition -
HN ©
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2.9 Towards 3,6-diazaoctane-1,8-diol and derivatives

After an extended screening of different molecules taking into account their polar functional groups and
their symmetry, a more extensive literature research was done. One paper with DSC measurements of a
large amount of chemicals was found [78]. Thus, we compile in a single list all the highest solid-liquid
phase transition compounds.

Table 2.9.1 - Highest solid-liquid phase transition compounds with diamides (blue), diacids (green) and sugars (orange)

AH Exp MP AH Exp MP
# Name # Name
(Ki/kg) | T (°C) (Ki/kg) | T (°C)
387.28 | 234.85 Alanylglycine 15 | 295.05 | 180.75 Glutaramide
2 |367.78 | 219.85 Glycylglycine 16 | 283.48 | 182.95 Succinic acid
3 |357.35 | 187.15 Dulcitol 17 | 282.47 | 195.05 4'am'“°‘a’2;”y'a°et'c
348.61 | 225.95 Adipamide 18 | 281.67 | 173.65 Pimelamide
5 1343.02 | 211.15 Sebacamide 19 | 273.20 | 236.17 Nicotinic acid
339.09 | 220.05 Suberamide 20 | 273.07 | 214.45 Dicyandiamide
N,N’-bis(2-
7 | 335.34 | 100.05 | hydroxyethyl)ethylene | 21 | 265.88 | 223.75 Myo-inositol
diamine
8 |332.46| 118.20 Meso erythritol 22 | 260.82 | 155.15 | 3-amino-1,2,4-triazol
9 |322.77]192.95| Dodecanediamide | 23 | 260.71 | 137.85 Z'Z'D'mztcri‘;"s““'“'c
10 | 321.52 | 170.45 Malonamide 24 | 256.20 | 185.65 3-amino-2-
methylbenzoic acid
11 | 300.50 | 178.05 Undecanediamide 25 | 255.35 | 104.55 D-Arabinitol
12 | 300.43 | 164.77 Mannitol 26 | 255.22 | 174.07 2-aminophenol
13 | 298.38 | 181.45 1,1-dimethylurea 27 | 252.59 | 187.00 4-aminophenol
14 | 295.29 | 177.25 Azelamide 28 | 252.07 | 236.85 3'5'd'hy;‘;’3'be”2°'°

As may be seen, most of the high-energy compounds are mainly located in the diamides family and the
sugar alcohols family. The two compounds with the highest melting energy are both amino acid dimers
and unfortunately tend to decompose. The next one is dulcitol, a sugar alcohol which is lacking stability
as shown during cycle tests [34,35]. The following three are diamides with an even number of carbon
atoms; Cs, C10, and Cg respectively. Finally, a new compound with interesting properties is found in the 7"
position. N,N’-Bis(2-hydroxyethyl)ethylenediamine (NN-Bis) has a significantly high melting energy with a
low melting point. This melting temperature of 100.052C could allow us to employ a PCM in a range of
industrial processes related to steam and its residual heat. The melting point of the best diamides
candidates (Cio and Ci,) is approximately twice as high. Bearing in mind all these features, NN-bis was
purchased in order to measure its physical properties in DSC.
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Figure 2.9.1 — NN’-Bis (2-hydroxyethyl)ethylenediamine DSC measurement

Subsequent STA measurements showed no degradation and the expected melting properties.
Accordingly, cycle tests were carried out in the DSC machine from the Austrian institute of technology in
order to have better accuracy. However, the cycle analysis reveals one possible drawback. The presence
of a huge gap between melting and recrystallization meaning that the temperature has to drop from 98.5
°C to 38.85 °C if there is an intention to recover that energy. Such shortcomings are often not an issue at
larger scale and additionally, nucleating agents can solve this problem. At small scale in DSCw loss of as
observed once we tried to reach again the melting point. Thus, further modifications for reducing this gap
had to be undertaken.
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Figure 2.9.2 — NN’-Bis (2-hydroxyethyl)ethylenediamine cycle DSC measurement
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Scheme 2.9.1 - Elongation pattern for NN-bis

First of all, an elongation of the NN-Bis pattern was considered (scheme 2.9.1). Since these derivatives are
not known in the literature, different synthetic approaches were tried before ending up with a final
protocol. The major problem that has to be faced in this synthesis is the reactivity of secondary amines.
These amines are more nucleophilic than primary amines and, therefore, must be protected to avoid
secondary amines to react and generate several side products and to achieve the proper elongation
reaction on the terminal primary amines. Nevertheless, a double substitution of the primary amines using
a modification of a protocol for the NN-bis synthesis with the starting amine was initially tried by using 2
eq. of 2-chloroethanol [79]. As expected, this reaction left several side products, giving rise to the need of
using a selective protecting group. For that purpose, two ways of protecting our starting material were
found in the literature. One was employing a tosyl group [80] and another a nosyl group [81]. Both are
selective protective groups for secondary amines. These groups can only react with one proton of the
primary amines due to its voluminous nature and therefore the terminal amines of the starting material
(scheme 2.9.2) would leave one proton ready to undergo a nucleophilic substitution with 2-chloroethanol.
Finally, once this addition is done, a deprotection reaction would deliver the final product. In this
particular case, nosyl protection was chosen because tosyl deprotection needs strongly acidic conditions
and nosyl only would need mild conditions which might be favourable to obtain the final product. As can
be seen from scheme 2.9.2, an initial protection of the starting polyamine with a nosyl group was done
and the product was subjected to a selective substitution using chloroethanol [81]. Finally, the final
product was obtained upon cleavage of the protecting group with p-thiocresol [82].

O
Q §—
S-Cl 3
1]
O NO, Anhyd K,CO;

NO 3
H2N\/\N/\/NH2 2 - NSHN\/\N/\/NHNS Anhyd Acetonitrile
H Triethylamine Ns Cl ~"oH
DCM
58 59

HS
H H \©\ Ns Ns

HO/\/N\/\N/\/N\/\OH - HO/\/N\/\N/\/N\/\OH
N Cs,C05 THF Ns

61 60

Scheme 2.9.2 — NN’-Bis elongation synthetic route
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The first derivative of its kind was synthesized with poor yields. Nevertheless, one of the main goals of
this route was to get the final product in sufficient amount for thermophysical measurements. However,
in the specific case of this first derivative, we ended up with a liquid as final product. After this result, a
further elongation was discarded even though a longer and even derivative would deliver better thermal
properties due to the aforementioned odd-even effect. This effect will have a larger impact in terminal
groups with a constraint mobility as it can be observed in the amides groups of the a,w-diamides where
the carbonyl double bond grants that fixed geometry. Nevertheless, the odd-even effect has also been
reported in sugar alcohols where natural-occurring aliphatic sugar alcohols of five carbons showed slightly
inferior thermophysical properties than even (4 or 6 carbons) aliphatic sugar alcohols. As it happens in
sugar alcohols, the hydroxyl groups on the NN-bis derivatives present more freedom and mobility
opportunities in comparison with the aliphatic-a,w-diamides and therefore a less accentuated odd-even
effect might be observed. For that reason and taking into account that our first odd NN-bis derivative was
a liquid, the elongation to synthesize an even derivative was discarded because a big improvement on its
thermal properties was not expected
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Scheme 2.9.3 — Merging of structures

After experiencing again odd-even effects in the NN-bis elongation and considering the importance of
different geometries of terminal moieties, other modification that came to mind was changing the
terminal hydroxyl group for a different one. Amide functional groups have been tested with good results
in former chapters giving a more effective hydrogen bonding which could increase melting energy. On the
other hand, the final compound has to have an even chain length in order to promote a better
intermolecular packing which would also favour interactions among molecules and the chain length
between terminal groups must be around 10 or 12 atoms. As it was shown, diacids and diamides with 6
or 8 members are not as stable as long-chain diamides since they might undergo intramolecular reaction
to form favourable rings. The longer the chain between amide groups is, the less favourable is ring
formation. With these as its foundation, the pattern of the newly designed NN-bis derivative (64) would
correspond to Sebacamide (36) in terms of chain length among amide derivatives with a secondary amine
in the position 4 and 7 of the chain. This new design might provide improvements in the area of stability
and a lower gap between the melting and recrystallization that have already been observed in sebacamide
(36).
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Scheme 2.9.4 - 4,7-diazadecanediamide (Azamide) synthetic scheme

In view of all these facts, a new derivative of NN-bis, 4,7-diazadecanediamide (azamide), was synthesized

following the reaction that can be seen in scheme 2.9.4. The compound is known in the literature and it
was obtained by Chao et al. [83] in a reaction which was carried out under heating in ethanol, a cheap
solvent and with 60% yield in a gram scale experiment. Another advantage of this resulting product is its
low cost. Both starting materials are bulk chemicals which can be found at a reasonable price.

DSC /(mW/mg)

84 l exo
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Figure 2.9.3 — 4,7-diazadecanediamide (azamide) 64 cycle DSC measurement

Figure 2.9.3 shows the cycle test for the azamide (64). Once the two hydroxy groups from the NN-bis are
replaced by amides, an interesting new material is obtained. The melting point is half way between NN-
bis and sebacamide, and it still has a phase transition enthalpy as high as sebacamide. On this occasion,
however, recrystallization was not observed. Looking at the present situation, another experiment was
carried out in order to try the capability of the NN-bis derivative to recrystallize in larger scale. 1.5 g of our
product was placed in a closed vial and it was heated to a temperature of 200 °C for 30 min until complete
melting. Afterwards the vial was cooled to room temperature and recrystallization was observed. In any
case, physical issues such as recrystallization can be always improved by adding different nucleating
agents.
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NN-Bis Azamide Sebacamide
Structure
MP
T (°C) 99.6 169.5 210.9
AH Exp
344.5 375.6 375.6
(k)/kg)

Table 2.9.2 — Comparison of the thermal properties for NN-bis, sebacamide and its derivative

Nevertheless, recent long-term stability tests found that after some cycles the material is degraded during
heating to end up in an orange glass-like shape which is going to lose the ability for storing high amounts
of energy

Figure 2.9.4 — Azamide sample after (left) and before (right) after 100 cycles under argon atmosphere
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It is at this point when modifications of azamide (64) took place to improve the thermal stability. These
derivatives were planned in two different ways. On one hand, an elongation of the chain pattern between
its two terminal diamides was intended, as we did for the NN-bis. On the other hand, a substitution of the
heteroatom located in the main chain was aimed for. Taking into account the good nucleophilicity of other
atoms, our targets were oxygen and sulphur instead of nitrogen. For this reason, we tried to synthesize
both, 4,7-dioxadecanediamide (oxiamide) (66) and 4,7-dithiodecanediamide (sulfuramide) (75).

Additionally, for the oxygen derivatives an elongation of the chain was considered. The plan was to obtain
the next two compounds in length order, one “odd” and one longer “even” (Scheme 2.9.5), to have a
pattern of behaviour of two different even diamides, which usually have a better symmetry for three-
dimensional packing and thereby better thermophysical properties. With the help of the odd diamide we
could understand how important the disposition of these terminal amide groups would be (odd or even
conformation) in this particular family of new materials.

Regarding the sulfuramide, no longer derivatives were initially considered. Mainly as a result of the toxicity
related to sulphur compounds but also because of the data linked to the oxygen and nitrogen materials
should be checked before further synthetic efforts were undertaken. However, new sulphur derivatives
might be included in this study if it were the case that sulfuramide shows promising properties. All these
general synthetic considerations are displayed in Scheme 2.9.5.

S O O
~N NH |:> ~0 NH |:> A~S NH
H2N N \/\n/ 2 H.N (o) \/\n/ 2 H-oN S \/\n/ 2
o o o
(e} H o) o) 70 0o
HZNJ\/\H/\/N\/\”/\)I\NHZ HZNJ\/\O/\/O\/\O/\)LNHZ
Q H H o 73
HZNJ\/\H/\/N\/\H/\/N\/\IOrNHz HQNJ\/\O/\/O\/\O/\/O\/\g’NHZ

Scheme 2.9.5 - 4,7-diazadecanediamide derivatives synthesis map scheme

Several methodologies were tried in order to synthesize this group of oxygen derivatives of NN-bis. The
first approaches were reported in the literature [84-86]. Similarly to the nitrogen derivative, acrylamide
and ethylene glycol were used as starting materials with different alcohols (methanol, ethanol, t-butanol)
as solvents. None of them were working properly and oxiamides were not possible to obtain through
these procedures. The most suitable of these protocols was the one related to the hydrolysis of terminal
nitrile groups (Scheme 2.9.6) [87]. An alternative method for a hydration of the dinitrile with
tetrabutylammonium hydroxide [88] was tried with no conversion as a result. For the dinitrile hydrolysis
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it was not possible to follow the protocol that was employed to some diamides in small scale because the
use of hydrogen peroxide combined with ethers may generate explosive products. In any case, a new
hydration method was employed for the dinitrle hydration where the corresponding glycol remains as
initial starting material but a mixture of water and H,SO4 is used instead of hydrogen peroxide [87]. Glycols
are converted to dinitriles in excellent yields with a Michael addition [89] and a similar method where 2
equivalents of acrylonitrile are added to the glycol (scheme 2.9.6). Finally, dinitriles are converted to
diamides by using an acid as it was mentioned above. In all these diamides poor yields were obtained
since optimization was intended to wait until having further DSC data.

(e} (e}
Na koH Ny o 2N Hys0, o
HO/\/O\/\OH N OT,ZF \/\O/\/ \/\o/\/ H—20> HZNJI\/\O/\/ \/\O/\)J\NHZ

67 68 69 70

Scheme 2.9.6 - 4,7,10-trioxatridecanediamide synthetic scheme

The synthesis of the oxiamide 66 was straightforward since the dinitrile used as starting material was
commercially available. It was not the same for the longer derivatives, 4,7,10-trioxatridecanediamide (70)
and 4,7,10,13-tetraoxahexadecanediamide (73). In this case, a previous step is required where the proper
dinitrile has to be formed. For such purpose, different ethylene glycols react in a very exothermic way
with acrylonitrile (scheme 2.9.7). Once these dinitriles 69 and 72 were in hand, a new reaction was
planned to obtain our desired product, oxiamide 70 and 73, through a hydrolysis of its nitrile groups, as
in Scheme 2.9.6.

KOH N
HO/\/O\/\O/\/OH + N\A W \\/\O/\/O\/\O/\/O\/\\N
71 68 72

Scheme 2.9.7 - 4,7,10,13-tetraoxa-1,16-hexadecanedicarboxamide synthetic scheme

After the task of synthesizing all these derivatives had been completed, we carried out the new
corresponding DSC measurements. As can be seen in figure 2.9.4, they offer a good stability after melting
and a well-defined peak. Only in the case of the short derivative, oxiamide 66, we have a solid-solid
transition immediately before the melting point. All of them present melting temperatures between 85
and 117 °C but, unfortunately, only one showed a melting energy above 250 J/g (table 2.9.3). Taking all
the above into account, it can be found no need to continue further with the elongation and synthesis of
new compounds, so it was decided to move on to the next material.
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Figure 2.9.4 — 4,7,10-trioxatridecanediamide STA measurement
Oxiamide 4,7,10- 4,7,10,13-
trioxatridecanediamide tetraoxahexadecanediamide
Structur
e
MP
116. 102. 189.
T(°0) 6.9 02.9 89.6
AH Exp
206.2 256.7 177.4
(k)/kg)

Table 2.9.3 — Comparison of the thermal properties for oxygen NN-bis derivatives

Ending the series of modification for the NN-bis, the corresponding sulfuramide was synthesized [90] and
measured in the STA machine at the TU Wien. As already indicated, sulphur compounds are better
nucleophiles than nitrogen or oxygen ones, meaning that the reaction would take place easily and with
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good yields. Due to this reactivity, however, this sulphur compounds are of high toxicity with direct
negative consequences for human health and the environment.

Even when the toxicity is usually high, the starting material (1,2-Ethanedithiol 74) employed in the
sulfuramide synthesis present a low level of toxicity, slightly higher than ethylene glycol. Another feature
that is observed is the low expenditure. The rest of reactives involved in the reaction, borax and
acrylamide, are cheap and commercially available and everything was carried out using water as solvent.
Finally, the yield was 89% in a small scale of 0.2 mmol, which is the best in the class of NN-bis related
compounds. The thermal data could be considered good since we have a melting energy around 280 J/g
and a melting point of 183.5 °C

H
s >SH + N
74 63 75 O

TG /% DSC /(mW/mg)
1104 ) ! exo
JK/\ S NH 6
1051 HoN S/\/ \/\n/ 2
5
100 4
4
95
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01 ———bsc 1%
Area: 282.3 J/g
85 . 1
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80 1 :' 0
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Temperature /°C

Figure 2.9.5 — Sulfuramide STA measurement

Nevertheless, longer derivatives of sulphur were not considered because of toxicity from the sulphur
starting materials involved in the reaction and derivatives of nitrogen present a challenging synthesis with
a difficult isolation of the product. Only azamide (64) is known in the literature from all the nitrogen
derivatives. However, different methodologies were tried to synthesize them but difficulties in the
isolation process were experienced even following different protocols from the literature [91-95]. The
trend observed in the elongation of the oxamide shows no correlation between even compounds and
higher melting energies which is not fitting to the odd-even effect present in diamides and diacids. This is
another reason why azamide derivates were discarded after some attempts.
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MP lit. | MP exp. AH Exp Degradation
Compound Structure T (°C) T (°C) (kI/kg) T(TGA)
. NO;
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4,7 ~diaza ] H
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3. Conclusions

The main objective from this study was the search and improvement of novel energy-efficient materials
which allow storing heat instead of releasing it to the environment unused. Recovering of this thermal
ebergy should be done upon crystallization. Thus, it can be concluded that this goal was achieved
considering the set of attractive PCMs which have been developed above. It has been seen progress in
three of the several groups investigated: sugar alcohols, carboxylic acids and compounds derived from
3,6-diazaoctane-1,8-diol (NN-bis).

Regarding sugars, sugar alcohols were the most remarkable compounds. Natural-occurring sugar alcohols
were widely investigated for PCM applications before, so the scope of this thesis was on modifications of
these compound type and the synthesis of longer sugar alcohols hitherto not investigated. Both,
modifications and synthesis were planned to avoid drawbacks of these materials such as low thermal
stability concomitantly maintaining or even improving their melting energy. With the synthesis of the D-
erythro-D-manno-octitol it was possible to obtain a melting energy of 352.2 ki/kg, around 50 kl/kg higher
than one of the best natural-occurring materials, namely Mannitol. The development of a low-cost
synthesis is necessary for the upscaling of this new material since the current protocol excees the
requirement of 5€ per kg required for industrial applications. Moreover, long-term stability tests must be
conducted for octitols. Regarding stability, erythritol shows an excellent stability after 100 cycles but there
is room for improvement for the rest of the sugars tested. Acetylations were tried as an affordable
chemical modification for sugars but they cut half the melting point and melting energy due to the loss of
hydrogen bonding, so they were discarded.

Dicarboxylic acids and their diamides are the most outstanding materials from the acids group. They show
better thermophysical properties than sugar alcohols and they are able to cover a wide range of
temperatures for medium temperature applications, starting from 103 °C and reaching 225 °C. Even
though dicarboxylic acids show a great performance as PCMs, diamides tend to present higher storage
capacity. From all of these diamides, two are specifically interesting: sebacamide and dodecanediamide.
Sebacamide has offered a melting energy of 375.6 kl/kg, the highest melting energy registered in this
study. On the other hand, dodecanediamide has presented 338.8 kJ/kg as melting energy. Nevertheless,
dodecanediamide shows a better performance as PCM than sebacamide because the gap between
melting and recrystallization is almost non-existent, allowing an ideal adaptation to the system. This is the
reason why dodecanediamide was chosen as one of the promising materials to upscale. Once the upscale
had been done, it will be necessary to conduct long-term stability test to have an accurate idea about its
thermal stability but until now not enough dodecanediamide was provided by the company in charge of
supplying the material in large scale. Dicarboxylic acids and diamides have another advantage, a cost-
efficient synthesis which can also be improved. In the case of a positive result for the long-term stability
tests, one potential new development line might be related to the fact of finding more affordable starting
materials or processes, as for example fatty acids or enzymatic methodologies which could contribute to
decrease the expense in the production.
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Three more interesting organic materials are located in the NN-Bis group. The parent NN-bis itself has an
outstanding energy of 344.6 kl/kg and a very convenient melting point which fits with the boiling point of
water. This fact makes it an interesting candidate for industrial applications related to steam. The
synthetic route is possibly affordable in bulk amount since it is already a cheap commercially available
product. This material only displays a disadvantage regarding recrystallization and the gap between
different phase transition temperatures. More research has to be done to improve physical properties.
Furthermore, sulfuramide had an easy synthesis with an excellent yield and a phase energy of almost 300
ki/kg and, finally, azamide is one of the most promising materials which was already upscaled. This
material had the highest melting energy together with sebacamide, 375.6 ki/kg and an easy synthetic
route with common chemicals, acrylamide, ethanol and ethylenediamine to finally get the product after
a minimal workup. Long-term stability tests unfortunately showed degradation, however azamide should
still be kept in mind since there are precedents for the improvement of physical properties once organic
compounds are combined with other materials in composites. Research in this direction could take the
outstanding materials developed in this study to a new level.
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a. Experimental

4.1 General notes

Unless otherwise noted, chemicals were purchased from commercial suppliers and used without further
purification. Compounds were synthesised according to (modified) literature procedures with the
exception of 3,6,9-triazaundecane-1,11-diol and non natural-ocurring sugar alcohols such as perseitol and
both octitols.

For Thin Layer Chormatography (TLC) aluminium backed silica gel from Merck was used. Spots were
visualized under UV light (254 nm)

NMR-spectra were recorded on either a Bruker AC 200 (*H: 200MHz, *C: 50 MHz) or a Bruker Avance
Ultrashield 400 (*H: 400 MHz, 13C: 101 MHz) and chemical shifts are reported in ppm relative to the
nominal solvent signals: CDCls: §6=7.26 ppm (*H), 6=77.16 ppm (*3C); DMSO-d6: §=2.50 ppm (*H), 6=39.52
ppm (3C); D,0: 6=4.79 ppm (*H); MeOD: §=3.31 ppm (*H), 6=49.3 ppm (*3C) and CD,Cl: 6=5.32 ppm (H),
5=53.5 ppm (*3C). The abbreviations used as follows: s, singlet; d, doublet; t, triplet; g, quartet; quin,
quintuplet; m, multiplet; dd, doublet of doublets; td, triplet of doublets; ddd, doublet of doublets of
doublets; gd, quartet of doublets; quind, quintuplet of doublets.

DSC and TG measurements were carried out on a STA 449 F1 JUPITER Netzsch under nitrogen
atmosphere.

Melting points were determined using a Kofler-type Leica Galen Ill micro hot stage microscope and are
uncorrected.

LABconco freezone 2.5 lyophillizing system was employed as Lyophylizer for compound drying.

Prep HPLC Chromatography was necessary in the further purification of some materials and was carried
out with an Autopurification system of waters using XSELECT CSH C18 5 pum 30 x 150 mm column. As
solvents HPLC grade methanols and HPLC grade H,0 (containing 0.1% formic acid) were used.

The Ozone generator employed was a Sander Ozon Generator model 301 and Infrared (IR) were
recorded in a PerkinElmer Spotlight 400N FT-NIR Imaging System
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4.2 Preparation of acetylated sugar derivatives

4.2.1 General procedure A

acetic anhydride
RVOH Y > R\/OAC

pyridine
R.T.,75 min

The respective sugar (1 eq.) and pyridine (5 mL) were placed in an oven-dried 8 mL vial with a magnetic
stirring bar. Acetic anhydride (10 eqg.) and DMAP (cat.) were added, the vial was closed and the reaction
mixture was stirred in a heating block at room temperature for 75 minutes. After this time the reaction
was completed according to TLC. Toluene was added in order to co-evaporate pyridine under vacuum
which gave the pure product without further purification.
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4.2.2 Synthesis of 1,2,3,4,6 - penta - O - acetyl - D - glucopyranose [101:102,107]

OH OAc
HO O acetic anhydride AcO =
'
HO pyridine, R.T. AcO
OH 75 min OA
1 OH 2 OAc
CsH1206 Ci16H22011
MW=180.16 MW: 390.34

The product was synthesized according to general procedure A with:

Glucose (500 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8 mmol, 10 eq.), DMAP (catalytic) and
pyridine (5 mL)

Yield: 99% (1.08 g, 2.76 mmol)

Melting point: 107 — 112 °C [Pyridine — toluene] (Lit. MP: 109 °C %)
Melting energy: 121.2 kl/kg

TLC: R¢ = (PE/EtOAC, 2:1): 0.35

Appearance: colourless solid

NMR:

H NMR (200 MHz, CDCls): & = 2.02-2.18 (m, 15H, 5xCHs), 4.05-4.14 (m, 2H, He/Hs), 4.23-4.31 (m, 1H,Hs),
5.06-5.19 (m, 2H, Ha/Hs), 5.47 (t, J=9.84 Hz, 1H, Ha), 6.33 (d, J=3.57 Hz, 1H, H1)

13C NMR (100 MHZ, CDCls): & = 20.4, 20.5, 20.63, 20.66, 20.8 (q, CHs), 61.4 (t, Cs), 67.8 (d, C2/Ca), 69.1 (d,
Cs), 69.8 (d, Cs), 89.0 (d, C1), 168.7, 169.3, 169.6, 170.1, 170.5 (s, 5xC=0)
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4.2.3 Synthesis of 1,2,3,4,5,6-hexa-0-acetyl-D-mannitol [10%:102]

OH OH OAc OAc
/\/E/T\/OH acetic anhydride> /\/kA/T\/OAC
HO = pyridine, R.T. AcO =
CeH1406 Ci18H26012
MW=182.17 MW=434.39

The product was synthesized according to general procedure A with:

Mannitol (506 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8 mmol, 10 eq.), DMAP (catalytic) and
pyridine (5 mL)

Yield: 98% (1.19 g, 2.74 mmol)

Melting point: 123 — 125.5 °C [Pyridine — toluene] (Lit. MP: 120 °C 1%)
Melting energy: 164 kJ/kg

TLC: R; = (PE/EtOAC, 2:1) = 0.4

Appearance: colourless solid

NMR:

'H NMR (200 MHz, CDCls): & = 2.05-2.09 (m, 18H, 6xCHs), 4.14 (diastereotopic, J=12.99, 2.57 Hz, 4H,
H1/H5), 5.03-5.10 (m, ZH, H3/H4), 5.45 (d, J=8.69 HZ, 2H, Hz/Hs)
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4.2.4 Synthesis of 1,2,3,4,5,6-hexa-0-acetyl-D-glucitol [101:10Z]

OH OH OAc OAc
/\M/OH acetic anhydride> /\/kA/k/OAC
HO = pyridine, R.T. AcO =
CsH1406 Ci18H26012
MW=182.17 MW=434.39

The product was synthesized according to general procedure A with:

Sorbitol (506 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8 mmol, 10 eq.), DMAP (catalytic) and
pyridine (5 mL)

Yield: 99% (1.20 g, 2.76 mmol)

Melting point: 98 — 100 °C [Pyridine — toluene] (Lit. MP: 100 °C 119)
Melting energy: 162.4 kl/kg

TLC: R¢ (PE/EtOAC, 2:1) = 0.3

Appearance: colourless solid

NMR:

H NMR (200 MHz, CDCl3): & = 2.05-2.13 (m, 18H, 6xCHs), 3.97-4.41 (m, 4H, Hi/Hg), 5.02-5.28 (m, 2H,
Hs/Ha), 5.40-5.44 (m, 2H, Hy/Hs)



117

4.2.5 Synthesis of 1,2,3,4,5,6-hexa-0-acetyl-D-galactitol [10%-202]

OH OH OAc OAc
/\/:YK/OH acetic anhydride> /\/’\A/k/OAC
HO = pyridine, R.T. AcO =
8
CeH1406 Ci1sH26012
MWwW=182.17 MW=434.39

The product was synthesized according to general procedure A with:

Dulcitol (506 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8 mmol, 10 eq.), DMAP (catalytic) and
pyridine (5 mL)

Yield: 99% (1.20 g, 2.76 mmol)

Melting point: 171 — 173 °C [Pyridine — toluene] (Lit. MP: 171 °C 111
Melting energy: 200.7 kl/kg

TLC: R (PE/EtOAc, 2:1) = 0.3

Appearance: colourless solid

NMR:

'H NMR (200 MHz, CDCl5): 6 = 2.02-2.10 (m, 18H, 6xCHs), 3.83 (diastereotopic, J=11.50, 7.28 Hz, 2H, CH,),
4.28 (diastereotopic, J=12.00, 4.70 Hz, 2H, CH,), 5.26-5.35 (m, 4H, 4xCH)



4.2.6 Synthesis of 1,2,3,4,5,6-hexa-0-acetyl-myo-inositol [101,102:114]

OH OAc
HO/" \‘\OH acetic anhydride AcQy,, WOAC
\ pyridine, R.T. o
HOVY Y~ YOH 75 min AcOV Y~ YOAc
OH OAc
9 10
CsH1206 Ci18H24012
MW=180.16 MW=432.38

The product was synthesized according to general procedure A with:
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Myo-inositol (500 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8 mmol, 10 eq.), DMAP (catalytic)

and pyridine (5 mL)

Yield: 62% (0.74 g, 1.71 mmol)

Melting point: 216 °C [Pyridine — toluene] (Lit. MP: 214 °C 112
Melting energy: decomposition

TLC: R¢ (PE/EtOAC, 2:1) = 0.28

Appearance: colourless solid

NMR:

H NMR (400 MHz, CDCl3): & = 1.99-2.20 (m, 18H, 6xCHs), 5.06-5.22 (m, 3H, 3xCH), 5.44-5.60 (m, 3H,

3xCH)

13C NMR (100 MHZ, CDCls): & = 20.46, 20.55, 20.75 (3xq, 6XCHs), 68.2 (d, CH), 68.5 (d, 2xCH), 69.4 (d,

2xCH), 71.0 (d, CH) 169.43, 169.67, 169.68, 169.81 (s, 6xC=0)
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4.2.7 Synthesis of pentaerythritol tetraacetate 102102

HOXOH acetic anhydride ACOXOAC
-
HO OH AcO OAc

pyridine, R.T.
11 75 min 12
C5H1204 C13H2008
MW=136.15 MW=304.30

The product was synthesized according to general procedure A with:

Pentaerythritol (378 mg, 2.78 mmol, 1 eq.), acetic anhydride (2.64 mL, 27.8mmol, 10 eq.), DMAP
(catalytic) and pyridine (5 mL)

Yield: 100% (845 g, 2.78 mmol)

Melting point: 76 — 79 °C [Pyridine — toluene] (Lit. MP: 80 °C 113)
Melting energy: 139.9 kl/kg

TLC: R¢ (PE/EtOAC, 2:1) = 0.5

Appearance: colourless solid

NMR:

1H NMR (400 MHz, CDCls): § = 2.07 (s, 12H, 4xCHs), 4.12 (s, 8H, 4xCH.)

13C NMR (100 MHZ, CDCls): 6 = 20.7 (t, 4xCHs), 41.6 (s, C), 62.2 (g, 4xCH,), 170.5 (s, 4xCO)
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4.3 Preparation of mucic acid derivatives

4.3.1 General procedure B

)OJ\ HpSO, MeOH j\
R” ~oH  80°C,16h R™ ~OMe

Mucic acid (1 eq.)and the desired alcohol (6 mL) were placed in an oven-dried 8 mL vial with a magnetic
stirring bar. Sulfuric acid ( 50 pL) was added and the vial was closed. Then, the reaction mixture was stirred
in a heating block at 80 °C overnight. After this time the reaction became a white suspension and was
filtrated and washed several times with the proper alcohol. Finally, the product was dried in high vacuum.
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4.3.2 Synthesis of dimethyl galactarate [1°!

O OH OH

O OH OH
= OH HZSO4 MeOH )MOMQ
- r

HO)M 80 C, 16 h MeO E

OH OH O OH OH O

13 14
CeH100s CsH140s
Mw=210.14 MW=238.19

The product was synthesized according to general procedure B with:

Mucic Acid (250 mg, 1.19 mmol, 1 eq.), MeOH (6 mL), H,SO4 (50 L)

Yield: 77% (219 mg, 0.91 mmol)
Melting point: 196 °C [MeOH] (Lit. MP: 189 °C 1%3)
Melting energy: decomposition

Appearance: colourless solid

NMR:

O OH OH

OH OH O

1H NMR (400 MHz, DMSO): & = 3.64 (s, 6H, 2xCHs), 3.78-3.80 (m, 2H, 2xCH), 4.31 (d, J=8.05 Hz, 2H,
2xCH), 4.80-4.83 (m, 2H, OH), 4.92 (d, J=7.93 Hz 2H, OH)

13C NMR (100 MHZ, DMSO): 6 = 51.9 (q, 2xCHs), 70.7 (d, Cs/Cs), 71.6 (d, C2/Cs), 174.5 (s, C1/Cs)
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4.3.3 Synthesis of diethyl galactarate 14

O OH OH

O OH OH
~_ _OH _ Hx50, EtOH ~~__-OEt
HO)M 80¢9C,16 h > EtO)M
OH OH O OH OH O
13 15
CeH10038 C10H150s8
MW=210.14 MW=266.25

The product was synthesized according to general procedure B with:

Mucic Acid (250 mg, 1.19 mmol, 1 eq.), EtOH (3 mL), H,SO4 (25 L)

Yield: 38% (60 mg, 0.22 mmol)

Melting point: 137 — 138 °C [EtOH] (Lit. MP: 158 °C 104)
Melting energy: decomposition
Appearance: colourless solid

NMR:

O OH OH
2 4 6
P &

OH OH O

H NMR (400 MHz, DMSO): 6 = 1.21 (t, J=7.08 Hz, 6H, 2xCHs), 3.78-3.80 (m, 2H, 2xCH), 4.08-4.15 (m, 4H,
2XCH,), 4.29 (d , J=7.87 Hz, 2H, 2xCH), 4.78-4.86 (m, 4H, OH)

13C NMR (100 MHZ, DMSO): 5 = 14.6 (g, CHs), 60.5 (t, CH,), 70.6 (d, 2xCH), 71.7 (d, 2xCH), 174.1 (s,
C1/Cs)
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4.4 Preparation of sugar alcohols

4.4.1 Synthesis of (E/Z)-3-bromopropenyl acetate ¢!

NO ﬂ» /YOAC Zn—CI2> Br\;\.‘\/ OAc
DCM 5 Cat.
r
16 17
CsH40 CsH7BrO:
MW=56.06 MW=179.01

Acrolein (90% purity, containing hydroquinone as stabilizer and < 10% water and cyclic dimer, 10.56 mL,
0.14 mmol, 1 eq.) was dissolved in dry DCM (100 mL) and cooled to -30 °C using acetone and liquid
nitrogen. At a temperature about 5 °C, a formation of a white solid was observed. Once the -30 °C
temperature is reached, acetyl bromide (9.83 mL, 0.33 mmol, 0.95 eq.) was added first via a syringe within
2 minutes and immediately afterwards dry ZnCl, (0.19 g, 1.4 mmol, 0.01 eq.) was added. The reaction
mixture was stirred and the cooling bath removed. At the time when the temperature started to increase
fast from -20 °C to +10 °C the reaction mixture has to be placed back into the cooling bath and then stirred
at -25 °C for another 30 minutes. At this point an NMR was done to check if the reaction was finished

Once complete conversion was observed, the reaction mixture was cooled to -30 °C again and poured into
water ice (100 mL). Both phases were separated and the organic phase was washed with cold water. The
aqueous phase was checked to be acidic and was extracted again with more and fresh DCM. Afterwards,
the combined organic layers were washed with NaHCOs twice (100 mL), with brine, dried over Na,SO4 and
concentrated to give a crude material as dark liquid. This crude was purified in a vacuum distillation to get
12.85 g of a colourless liquid

Yield: 50% (12.85 g, 72.20 mmol)
Appearance: Colourless liquid
NMR: E/Z-mixture
2 5

BI"\’.\;’\/O\ﬁL/

1 3

O

1H NMR (200 MHz, CHCl3): & = 2.12, 2.18 (2x s, 3H, Hs), 3.94-4.08 (m, 2H, H1), 5.16-5.75 (m, 1H, H,), 7.14-
7.43 (m, 1H, Hs)

The compound was known [67,] and the *H NMR was consistent with the literature for that reason no
13C NMR was recorded.
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4.4.2 Synthesis of 1,2-dideoxy-L-glycero-D-manno-oct-1-enitol peracetate
(crude) ¢®!

OAc
Ac,0
OH H/ OH OH 2 OAc OAc
o 0 Br = pyridine =
- - X > < N
HO Indium, EtOH ~ * s A 2. catDmaP AcO e Bh e
OH 50¢9C, 10 min
18
CsH1005
MWw=150.13

D-Lyxose (1.125 g, 7.5 mmol, 1 eq.) was placed in a round bottom flask with a big magnetic stirring bar
and was dissolved with ethanol (45 mL). The reaction mixture was heated at 50°C and stirred at high
speed. Then, indium (1.1429 g, 12.45 mmol, 1.66 eq.) was added first and secondly bromopropenylacetate
(distilled, 1.125 g, 7.5 mmol, 2.5 eq.) in one go. After 10 minutes the reaction was checked by TLC (C/M/W
7:3:0.5) and complete conversion was observed.

Ten minutes after checking with the TLC, the reaction was cooled and filtered over filter paper to remove
indium. Subsequently, it was washed with fresh ethanol and the filtrate was concentrated

Finally, the crude was dissolved in pyridine (20% solution, 26.36 mL) and Ac,O (5 eq. per OH group, 70 mL,
0.76 mol, 30 eq.) was poured into the reaction flask. A catalytic amount of DMAP was added and the
reaction was left overnight. The next day TLC (1:2 PE/Et,0) showed conversion of all starting materials to
the targeted compounds. The reaction was then cooled with an ice-bath and iPrOH (5 eq. per OH group,
58 mL, 0.7 mol, 30 eq.) was poured into the reaction flask. Afterwards, the reaction mixture was stirred
for 1h and later diluted with DCM. A phase extraction was done using 2N HCl as aqueous phase until this
phase remained acidic. The organic phase was separated and washed with water, dried over Na,SO4 and
concentrated by co-evaporation with MeOH.

Yield: 3.23 g of crude material was obtained.
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4.4.3 Synthesis of 1,2-dideoxy-L-glycero-D-manno-oct-1-enitol [¢®!

OAc OAc OH OH
/\/W NaOMe /\/_\/k/\
X > v Y
AcO™ T MeOH HoT =
OAc OAc OAc OH OH OH
19
CsH1606
MW=208.21

The crude (3.23 g, 7 mmol, 1 eq.) was dissolved in MeOH and NaOMe was added until a basic pH was
reached. The reaction mixture was left for 2 hours under these conditions and after that time TLC (1:2
PE/Et,0) showed full conversion to the desired product. Freshly washed (MeOH) DOWEX acidic ion
exchange resin was added to neutralize the reaction. Water was poured into the reaction flask to be sure
that all the products remained dissolved. Finally, the reaction was filtrated and concentrated by co-
evaporation with iPrOH. A recrystallization with water was carried out for a final purification of the

product.

Yield: 7% (116 mg, 0.55 mmol)

Melting point: 168 — 169 °C [H,0] (Lit. MP: 171.9-172.7 °C %)
TLC: R¢ (CHCI3/MeOH/H,0, 7:3:0.5) = 0.36

Appearance: colourless solid

NMR:

OH OH

OH OH OH
H NMR (400 MHz, D,0): & = 3.58-3.68 (m, 4H, H1/Hs/Hs), 3.84-3.92 (m, 2H, H,/Ha), 4.10 (t, J=7.31 Hz, 1H,
He), 5.21-5.32 (m, 2H, Hs), 5.89-5.97 (m, 1H, H5)

13C NMR (100 MHz, D,0): & = 63.2 (t, C1), 68.3 (d, C4), 69.3 (d, Cs), 70.2 (d, C2), 71.5 (d, Cs), 72.4 (d, Ce),
117.6 (t, Cs), 137.6 (d, Cy)
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4.4.4 Synthesis of 1,2-dideoxy-L-glycero-D-manno-oct-1-enitol peracetate 67}

OH OH A0 OAc OAc
/\/W pyridine - /\/T%/\
HO™ Y = N Cat. DMAP AcO™ Y = S
OH OH OH OAc OAc OAc
19 20
CsHi1606 Ci8H26011
MW=208.21 MW=418.40

The pure enitol (0.100 g, 0.47 mmol, 1 eq.) was dissolved in pyridine (20% solution, 0.5 mL) and Ac,0 (5
eq. per OH group, 1.32 mL, 14.1 mmol, 30 eq.) was poured into the reaction flask. A catalytic amount of
DMAP was added and the reaction was left overnight. The next day TLC (1:2 PE/Et,0) showed conversion
to the acetylated enitol. The reaction was then cooled with an ice-bath and iPrOH (5 eq. per OH group, 2
mL, 14.1 mmol, 30 eq.) was poured into the reaction flask. Afterwards, the reaction mixture was stirred
for 1h and later diluted with DCM. A phase extraction was done using 2N HCl as aqueous phase until this
phase remained acidic. The organic phase was separated and washed with water, dried over Na,SO4 and

concentrated by co-evaporation with MeOH.

Yield: 87% (0.188 g, 0.41 mmol)
Melting point: 128 — 129 °C [MeOH]
TLC: R¢ (PE/Et,0, 1:1) = 0.22

Appearance: colourless solid
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NMR:

)1\01253?455
v LY

O

H NMR (400 MHz, CHCl3): & = 1.94-2.04 (m, 18H, 6xCHs), 3.75 (dd, J=11.77, 7.36Hz, 1H, CH,), 4.21 (dd,

J=11.82, 4.91 Hz, 1H, CH), 5.04-5.29 (m, 6H, CH,, CH), 5.44 (dd, J=9.96, 1.88 Hz, 1H, CH), 5.57-5.62 (m, 1H,
CH)

13C NMR (100 MHZ, CHC5): § = 20.7, 20.9 (q, 6xCH3), 62.3 (t, CH,), 67.3 (d, CH), 67.7 (d, CH), 67.9 (d, CH)
70.2 (d, CH), 72.4 (d, CH), 120.4 (t, CH,), 131.3 (d, CH), 169.5, 170.5 (s, 6xC=0)
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4.4.5 Synthesis of perseitol (7]

OAc OAc OAc OAc OH OH
= 1) MeOH, O, = NaOMe =
N — —
AcO™ X z 2) NaBH, A0 X T OH yeon HOOX T OH
OAc OAc OAc OAc OAc OAc OH OH OH
20 21
C18H26011 C7H1607
MW=418.40 MW=212.20

The acetylated enitol (200 mg, 0.43 mmol, 1 eq.) was dissolved in MeOH (30 mL) giving a clear solution.
The reaction mixture was cooled with acetone and liquid nitrogen until a temperature of -78°C was
reached. Ozone was bubbled through the reaction and after around 5 minutes the solution showed an
intense blue colour. Ozone was then switched off and oxygen first and nitrogen later were passed through
the reaction mixture. The blue colour in the solution disappeared and the complete conversion was
confirmed by TLC (1:1 PE/EtOAc). Afterwards, the acetone bath was removed and the temperature of the
reaction mixture was allowed to increase from -78°C to 0°C. At that temperature an ice bath was installed
and NaBH,4 (400 mg, 10.5 mmol, 24.4 eq.) was added in small quantities, controlling that the temperature
does not exceed 10°C. After full addition, the reaction was running for another 30 min. Finally, DCM was
added to the reaction mixture and extracted with NH4Cl sat. solution. The organic phase was washed with
Na,CO; (5% solution in water), dried with Na,SO. and concentrated to obtain 0.201g of crude material.

This crude material (0.201 g) was dissolved in MeOH and NaOMe was added until a basic pH was reached.
The reaction mixture was left 2 hours running and after that time TLC (1:2 PE/Et,0) showed full conversion
to the desired product. Freshly washed (MeOH) DOWEX acidic ion exchange resin was added to neutralize
the reaction. Water was poured into the reaction mixture to be sure that all the products remained
dissolved. Finally, the reaction was filtrated and concentrated by co-evaporation with iPrOH. A
recrystallization was carried out for a final purification of the product employing ethanol to get 47 mg of
pure Perseitol

Yield: 51% (47mg, 0.22mmol)
Melting point: 184 — 185 °C [EtOH] (Lit. MP: 188 °C &)
Melting energy: 260.8 kl/kg

Appearance: colourless solid
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NMR:

OH OH OH

'H NMR (400 MHz, D;0): 6 = 3.57-3.62 (m, 4H, H1.2/ Hiv/H7.a /H3), 3.66-3.71 (m, 1H, He), 3.72-3.75 (m, 1H,
Hs), 3.79 (dd, J=11.81, 2.74 Hz, 1H, H7s), 3.84 (d, J=9.62 Hz, 1H, Ha), 3.91 (t, J=6.38 Hz, 1H, H,)

13C NMR (100 MHZ, D,0): 6 = 63.26, 63.28 (t, C1/C;), 68.2 (d, C4), 69.1, 69.2 (d, C3/Cs), 70.2 (d, C;), 70.9
(d, Ce)
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4.4.6 Synthesis of 1,2-dideoxy-D-erythro-D-manno-non-1-enitol peracetate ¢!

OAc
OH OH (( OH OH OR Ac20 OAc OAc OAc
-0 Br s pyridine z
H%O Indium, EtOH o™ X = Z Cat. DMAP 7¢O X z Z
’ OH OH OH ' OAc OAc OA
OH 50 °C, 10 min ¢ Dhe BAe
22
CeH1206
MW=180.16

D-Mannose (3 g, 16.7 mmol, 1 eq.) was placed in a round bottom flask with a big magnetic stirring bar and
was dissolved with ethanol (120 ml). The reaction mixture was heated at 50°C and stirred at high speed.
Then, indium (3.176 g, 27.66 mmol, 1.66 eq.) was added first and secondly bromopropenylacetate
(250mg, 1.19mmol, 1 eq.) in one go. After 10 minutes the reaction was checked by TLC (C/M/W 7:3:0.5)
and complete conversion was observed.

Ten minutes after checking with the TLC, the reaction was cooled and filtered over filter paper to remove
indium. Subsequently, it was washed with fresh ethanol and the filtrate was concentrated

Finally, the crude material was dissolved in pyridine (20% solution) and Ac;O (5 eq. per OH group) was
poured into the reaction flask. A catalytic amount of DMAP was added and the reaction was left overnight.
The next day TLC (1:2 PE/Et,0) showed conversion to the mixture of acetylated enitols. The reaction was
then cooled with an ice-bath and iPrOH (5 eq. per OH group) was poured into the reaction mixture.
Afterwards, the reaction mixture was stirred for 1h and later diluted with DCM. A phase extraction was
done using 2N HCI as aqueous phase until this phase remained acidic. The organic phase was separated
and washed with water, dried over Na,SO, and concentrated by coevaporation with MeOH. A yield of 8.56
g as crude material was obtained.

Yield (crude): 8.56
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4.4.7 Synthesis of 1,2-ddeoxy-D-erythro-D-manno-non-1-enitol (6710

OAc OAc OAc NaOM OH OH OH OH OH OH
< a e - -
G R —. Z 4 G

AcO™ Y z MeOH HO™ X z HO™ % z

OAc OAc OAc OH OH OH OH OH OH

23
CoH1507
MW=238.24

The crude (8.56 g, 16 mmol, 1 eq.) was dissolved in MeOH (7 mL) and NaOMe was added until a basic pH
was reached. After several minutes a white precipitate was formed. Water and MeOH was poured into
the reaction flask until the white precipitate was dissolved. The reaction mixture was left 2 hours running
and after that time TLC (1:2 PE/Et,0) showed full conversion to the desired product. Freshly washed
(MeOH) DOWEX acidic ion exchange resin was added to neutralize the reaction. Water was poured into
the reaction mixture to be sure that all the products remained dissolved. Finally, the reaction was filtrated
and concentrated by coevaporation with iPrOH. A recrystallization was carried out for a final purification
of the product employing water (5 mL) and the precipitate was washed with MeOH. 494 mg of pure
product 23 and 350 mg of product 23 with a presence of 5% minor isomer were obtained. Moreover, 1.41
g mixture of isomers was obtained too.

Yield: 13% (494 mg, 2 mmol)

Melting point: 200 — 202 °C [H,0]

TLC: R¢ (CHCI3/MeOH/H,0, 7:3:0.5) =0.23
Appearance: colourless solid

NMR:

OH OH OH

HO T Y
OH OH OH
H NMR (600 MHz, D,0): 6 = 3.63 (dd, J=12.11, 6.25 Hz, 1H, H), 3.72-3.74 (m, 2H, Hs/He)*, 3.78-3.79 (m,

1H, H1), 3.83 (dd, J=11.83, 2.80 Hz, 1H, Ha), 3.88-3.90 (m, 2H, Ha/Hs)*, 4.15 (t, =7.43 Hz, 1H, H;), 5.27 (dt,
J=10.50, 1.21 Hz 1H, Hs), 5.34 (dt, J=17.21, 1.36 Hz, 1H, Hs), 5.95-6.00 (m, 1H, Hs)

13C NMR (150 MHZ, D,0): 6 = 63.2 (t, C1), 68.2 (d, C2/C3)*, 69.1 (d, Ca), 70.9 (d, Cs)*, 71.5 (d, Ce)*, 72.5 (d,
Cy), 117.6 (t, Co), 137.6 (d, Cs)

*ambigous assignment
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4.4.8 Synthesis of 1,2-dideoxy-D-erythro-D-manno-non-1-enitol peracetate

[67,105]
OH OH OH Acy0 OAc OAc OAc
= idine R
= pyri - =
HO = = Cat. DMAP AcO = =
OH OH OH OAc OAc OAc
23 24
CoH1807 C23H32014
MW=238.24 MW=532.50

The pure enitol (300 mg, 1.26 mmol, 1 eq.) was dissolved in pyridine (20% solution, 1.5 mL) and Ac,0 (5
eq. per OH group, 4.16 mL, 44.1 mmol, 35 eq.) was poured into the reaction flask. A catalytic amount of
DMAP was added and the reaction was left stirring overnight at RT. The next day TLC (1:2 PE/Et,0) showed
complete conversion. The reaction was then cooled with an ice-bath and iPrOH (5 eq. per OH group, 3.37
mL, 44.1 mol, 35 eq.) was poured into the reaction mixture. Afterwards, the reaction mixture was stirred
for 1h and later diluted with DCM. A phase extraction was done using 2N HCl as aqueous phase until this
phase remained acidic. The organic phase was separated and washed with water, dried over Na;SO,4 and

concentrated by co-evaporation with MeOH.

Yield: 75% (500 mg, 0.94 mmol)
Melting point: 129 — 131 °C [MeOH]
TLC: R¢ (PE/Et,0, 1:1) = 0.11

Appearance: colourless solid
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NMR:

O O O

H NMR (400 MHz, CHCls): & = 2.02-2.09 (m, 21H, 7xCHs), 3.93 (dd, J=12.79, 5.66 Hz, 1H, H1), 4.15 (dd,
J=12.42, 3.07 Hz, 1H, H1), 4.97-5.01 (m, 1H, Hs), 5.04 (d, J=3.95 Hz, 2H, He/H-), 5.23-5.34 (m, 3H, Ha/Hs),
5.42 (s, 2H, Ha/Hs), 5.65-5.74 (m, 1H, Hs)

13C NMR (100 MHZ, CHCs): 6 = 20.66, 20.69, 20.74, 20.91, 20.93, 21.07 (q, 7xCHs), 61.9 (t, C1), 66.5 (d, Ca),
66.7 (d), 67.4 (d) 68.3 (d), 69.3 (d), 72.3 (d), 121.0 (t, Cs), 132.2 (d, Cg), 169.58, 169.64, 169.69, 169.92,
169.97, 170.10, 170.54 (s, 7xC=0)
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4.4.9 Synthesis of D-erythro-D-manno-octitol [67/6869105]

OAc OAc OAc OAc OAc OAc OH OH OH
= _ 1) MeOH, O, = OH NaOMe = OH
—_— _—
AcO™ X H 2) NaBH, AcO™ Y z meon MO T z
OAc OAc OAc OAc OAc OAc OH OH OH
24 25
C23H32014 CgH1303
MW=532.50 MW=242.22

The acetylated enitol (400 mg, 0.75 mmol, 1 eq.) was dissolved in MeOH (30 mL) giving a clear solution.
The reaction mixture was cooled with acetone and liquid nitrogen until a temperature of -78 °C was
reached. Ozone was bubbled through the reaction and after around 5 minutes the solution showed an
intense blue colour. Ozone was then switched off and oxygen first and nitrogen later were passed through
the reaction mixture. The blue colour in the solution disappeared and complete conversion was confirmed
by TLC (1:1 PE/EtOAc). Afterwards, the acetone bath was removed and the temperature of the reaction
mixture was allowed to increase from -78°C to 0°C. At that temperature an ice bath was installed and
NaBH,4 (1.1 g, 29.04 mmol, 38.7 eq.) was added in small quantities, controlling that the temperature does
not exceed 10°C. After full addition, the reaction was running for another 30 min. Finally, DCM was added
to the reaction mixture and extracted with NH4Cl sat. solution. The organic phase was washed with Na,COs3
(5% solution in water), dried with Na,SO4 and concentrated to obtain 197mg of our intermediate.

This intermediate (197 mg, 0.36 mmol, 1 eq.) was dissolved in MeOH and NaOMe was added until a basic
pH was reached. After several minutes a white precipitate was formed. Water and MeOH was poured into
the reaction mixture until the white precipitate was dissolved. The reaction mixture was left 2 hours
running and after that time TLC (1:2 PE/Et,0) showed full conversion to the desired product. Freshly
washed (MeOH) DOWEX acidicion exchange resin was added to neutralize the reaction. Some more water
was poured again into the reaction flask and the mixture was refluxed to be sure that all the products
remained dissolved. Finally, the reaction was filtrated still hot and concentrated by co-evaporation with
iPrOH. Recrystallization from water gave 88.2 mg of the desired octitol.

Yield: 48 % (88.2 mg, 0.36mmol)
Melting point: 263 — 266 °C [H,0] (Lit. MP; 262 °C 576869105
Melting energy: 352.2 kl/kg

Appearance: colourless solid
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NMR:

HO T 3 5 X7
OH OH OH
'H NMR (400 MHz, D;0): 6 = 3.58-3.62 (m, 2H, H1/ Hs), 3.67-3.71 (m, 2H, Hy/ Hy), 3.75-3.81 (m, 4H, H1/
Hs/ Ha/ He), 3.84 (s, 2H, Ha/ Hs)

13C NMR (100 MHZ, D,0): & = 63.2 (t, C1/Cs), 68.1 (d, C4/Cs), 69.2 (d, C3/Cs), 70.9 (d, C/C7)
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4.4.10 Synthesis of 1,2-dideoxy-D-erythro-L-gluco-non-1-enitol peracetate (67105

OH OH OH A‘fé? OAc OAc OAc
= _ pyridine = =
Ho/\i/'\{\i/q\/ catomar . AOT X = ~
OH OH OH OAc OAc OAc
27
C23H32014
MW=532.50

The mixture of enitols (1,41 g, 5.88 mmol, 1 eq.) was dissolved in pyridine (20% solution, 18.68 mL) and
Ac,0 (5 eq. per OH group, 19.4 mL, 0.2 mol, 35 eq.) was poured into the reaction flask. A catalytic amount
of DMAP was added and the reaction was left overnight at RT. The next day TLC (1:2 PE/Et,0) showed
conversion from the enitol to the acetylated enitol . The reaction was then cooled with an ice-bath and
iPrOH (5 eq. per OH group, 3.37 mL, 0.2 mol, 35 eq.) was poured into the reaction mixture. Afterwards,
the reaction mixture was stirred for 1h and later diluted with DCM. A phase extraction was done using 2N
HCI as aqueous phase until this phase remained acidic. The organic phase was isolated and washed with
water, dried over Na,SO, and concentrated by coevaporation with MeOH. The crude (2.41g) was
separated in a MPLC column (1:1 PE/Et,0) and selected fractions were combined and concentrated to end
up with 720 mg of the desired product

Yield: 25% (720 mg, 1.46 mmol)
Melting point: 89 — 90 °C [PE]
TLC: R (PE/Et,0, 1:1) = 0.17

Appearance: colourless solid
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NMR:

O O O

H NMR (400 MHz, D;0): & = 2.03-2.23 (m, 21H, 7xCHs), 4.03 (dd, J=12.59, 5.46 Hz, 1H), 4.20 (dd, J=12.58,
3.15 Hz, 1H), 4.99-5.03 (m, 1H, H,), 5.11 (dd, J=7.36, 2.59 Hz, 1H), 5.25-5.37 (m, 6H), 5.79-5.87 (m, 1H,)

13C NMR (100 MHZ, D,0): 6 = 20.63, 20.69, 20.74, 20.84, 20.85, 20.88 (q, 7xCHs), 61.8 (t,C1), 67.0 (d), 67.3
(d), 67.5 (d) 68.2 (d, C2), 70.1 (d), 71.9 (d), 119.8 (t, Cs), 131.3 (d, Cs), 169.49, 169.65, 169.84, 169.86,
169.93, 170.54 (s, 7xC=0)
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4.4.11 Synthesis of 1,2-dideoxy-D-erythro-L-gluco-non-1-enitol (67195

OAc OAc OAc OH OH OH
= = NaOMe = = _
>
AcO™ % MeOH HO™ % z
OAc OAc OAc OH OH OH
27 26
C23H3,014 CoH1307
MW=532.50 MW=238.24

The starting material (719 mg, 1.46 mmol, 1 eq.) was dissolved in MeOH and NaOMe was added until a
basic pH was reached. After several minutes a white precipitate was formed. Some water and MeOH was
poured into the reaction flask and the white precipitate was dissolved. The reaction mixture was left 2
hours running and after that time TLC (1:2 PE/Et,0) showed full conversion to the desired product. Freshly
washed (MeOH) DOWEX acidic ion exchange resin was added to neutralize the reaction. Water was
poured into the reaction mixture to be sure that all the products remained dissolved. Finally, the reaction
was filtrated and concentrated by coevaporation with iPrOH. The crude product was triturated with iPrOH
and 102 mg of a white solid precipitate were obtained

Yield: 32% (102 mg, 0.42 mmol)
Melting point: 183 — 184 °C [iPrOH]
TLC: R¢ (CHCI3/MeOH/H,0, 7:3:0.5) =0.3
Appearance: colourless solid

NMR

OH OH OH

HO

OH OH OH
H NMR (400 MHz, D,0): & = 3.62-3.65 (m, 1H, Hy), 3.72-3.74 (m, 2H, 2xCH), 3.78 (dd, J=11.80, 2.54 Hz,

1H, H1), 3.84 (d, J=9.52 Hz, 1H, CH), 3.88-3.90 (m, 2H, 2xCH), 4.17 (t, J=7.80 Hz, 1H, CH), 5.23 (d, J=10.54
Hz, 1H, CH), 5.32(d, J=17.51 Hz, 1H, CH), 5.95-5.98 (m, 1H, CH)

13C NMR (100 MHZ, D,0): 6 = 63.2 (t, Cy), 68.2 (d), 69.1 (d), 70.9 (d), 71.5 (d), 72.5 (d, C), 117.6 (t, Co),
137.6 (d, Cs)
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4.4.12Synthesis of D-erythro-L-gluco-octitol [67/68:69,105]

1) MeOH, O

OAc gAc (?)Ac 2) NaBH,

OAc OAc OAc OH OH OH

= OAG NaOMe OH
ACOW\/\/ — HO

AcO™ 7T z 3) pyridine Z Z MeOH Z Z
OAc OAc OAc Ac,0, Cat. DMAP OAc OAc OAc OH OH OH
27 28
C23H32014 CsH150s
MW=532.50 MW=242.22

The acetylated enitol (160 mg, 0.3 mmol, 1 eq.) was dissolved in MeOH (30 mL) giving a clear solution.
The reaction mixture was cooled with acetone and liquid nitrogen until a temperature of -78°C was
reached. Ozone was bubbled through the reaction and after around 5 minutes the solution showed an
intense blue colour. Ozone was then switched off and oxygen first and nitrogen later were passed through
the reaction mixture. The blue colour in the solution disappeared and complete conversion was confirmed
by TLC (1:1 PE/EtOAc). Afterwards, the cooling bath was removed and the temperature of the reaction
mixture was allowed to increase from -78°C to 0°C. At that temperature an ice bath was installed and
NaBH,4 (440 mg, 11.61 mmol, 38.7 eq.) was added in small quantities, controlling that the temperature
does not exceed 10 °C. After full addition, the reaction was running for another 30 min. A few drops of
acetic acid were added until the reaction becomes acidic and afterwards it was concentrated and
redissolved twice in MeOH. The crude material was reacetylated using pyridine (4 mL) as solvent, an
excess of Ac,0 (3 mL) and a catalytic amount of DMAP. The same work-up protocol as in reaction 3.4.10
was followed and 142 mg of acetylated octitol (yellow oil) were obtained.

The intermediate (142 mg, 0.36 mmol, 1 eq.) was dissolved in MeOH and NaOMe was added until a basic
pH was reached. After several minutes a white precipitate was formed. Water and MeOH was poured into
the reaction flask until the white precipitate was dissolved. The reaction mixture was left 2 hours running
and after that time TLC (1:2 PE/Et,0) showed full conversion to the desired product. Freshly washed
(MeOH) DOWEX acidic ion exchange resin was added to neutralize the reaction. Some more water was
poured again into the reaction and the mixture was refluxed to be sure that all the products remained
dissolved. Finally, the reaction was filtrated hot and concentrated by coevaporation with iPrOH. A
recrystallization was carried out for a final purification of the product employing water. 11.8 mg of the
desired octitol were obtained.

Yield: 16% (11.8 mg, 0.048mmol)
Melting point: 164 — 166 °C [H,0] (Lit. MP: 166 °C67:68:6%,105)
Melting energy: 163.8 kl/kg

Appearance: colourless solid
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NMR:

HO T3 5 7
OH OH OH
'H NMR (400 MHz, D;0): & = 3.62-3.70 (m, 2H, Hi/ Hs), 3.74-3.83 (m, 4H, H1/3xCH), 3.85-3.91 (m, 3H,
Hs/2xCH), 3.93-3.96 (d, 1H, CH).

13C NMR (100 MHZ, D;0): & = 62.3 63.2 (2xt, C1, Cs), 68.3 (d, C), 69.0 (d, C), 69.6 (d, C), 69.8 (d, C), 70.8
(d, C), 73.2 (d, C)
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4.5 Preparation of aliphatic-a,w-diamides

4.5.1 General procedure C

N H,0,30% K,CO, o Q9

N bz
S z >
\Mn/ DMSO, 0°C, 1h HZNJLM;U\NHz

N

K2COs (100 mg) was placed in an oven-dried 50 mL round bottom flask with a magnetic stirring bar and
cooled with an ice bath to 0 °C. Afterwards, DMSO (1.5 mL) and the desired dinitrile (1 eq.) were added
via syringe. At last, H,0, 30% solution (0.6 mL) was added dropwise and slowly via syringe at 0 °C under
temperature control. The reaction was running for 1 hour at room temperature. The vial was cooled in an
ice bath and the resulting suspension was filtrated. A recrystallization was carried out for a final
purification of the product employing a suitable solvent.

4.5.2 General procedure D

O
al Cl
O O O O O O
JLM,U\ © )LM,U\ NH; JLMJL
—_— —_—
HO n OH DCM, DMF Cl n Cl Toluene H2N n NH;

The corresponding dicarboxylic acid (1 eq.) and dichloromethane were placedin a 2 L round bottom flask.
The reaction vessel was flushed with argon before oxalyl chloride (2.4 eq.) and a catalytic amount of N,N-
dimethylformamide (cat.) were added. After 2 hours, the dichloromethane was removed in the rotavapor.
To the residue (intermediate diacyl chloride) toluene was added. Ammonia gas was bubbled through the
toluene solution during 30 min to finally get the corresponding diamide. The crude product was
recrystallized from methanol and dried in vacuo.



4.5.3 Synthesis of glutaramide 72

O @)
H,0, 30%, K,CO5 Jj\/\/u\
//\/\\
NZ NN DMSO, 0°C, 1h HN NH;
29 30
CsHgN> CsH10N20>
MW=94.12 MW=130.15

The product was synthesized according to general procedure C with:

1,3-Dicyanopropane (0.47 mL, 5 mmol, 1 eq.), DMSO (1.5 mL), H.02 30% solution (0.6 mL), K;CO3 (100

mg).

The solvent employed for the recrystallization was EtOH

Yield: 37% (0.24 g, 1.86 mmol)

Melting point: 180 — 181 °C [EtOH] (Lit. MP: 181 °C 7?)
Melting energy: 260.3 kl/kg

Appearance: colourless solid

NMR:

O O

PP
HoN" T3 "5 NH,

H NMR (400 MHz, DMSO): & = 1.65-1.71 (m, 2H, Hs), 2.02-2.08 (m, 4H, Ho/Ha), 6.73 (s, 2H, NH2), 7.26 (s,

2H, NH,)

13C NMR (100 MHZ, DMSO): 6 = 21.5 (t, C3), 34.9 (t, Co/C4), 174.5 (s, C1/Cs)
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4.5.4 Synthesis of pimelamide 172

O O
NN R0 P NN
N// \\N DMSO, 0°C, 1h HoN NH>
31 32
C7H10N2 C7H1aN20
MW=122.17 MW=158.20

The product was synthesized according to the general procedure C with:

1,5-Dicyanopentane (0.64 mL, 5 mmol, 1 eq.), DMSO (1.5 mL), H,0;, 30% solution (1.2 mL), K,CO; (100
mg).

The solvent employed for the recrystallization was EtOH

Yield: 88% (0.69 g, 4.4 mmol)

Melting point: 172 — 173 °C [EtOH] (Lit. MP: 173 °C 72)
Melting energy: 277.2 kl/kg

TLC: R (PE/EtOAC, 2:1)

Appearance: colourless solid

NMR:

O O

2 4 6
HoN 71N 357 N,

H NMR (400 MHz, DMSO): & = 1.19-1.23 (m, 2H, Ha), 1.46 (quin, J=7.42 Hz, 4H, Hs/Hs), 2.02 (t, J=7.44
Hz, 4H, Ha/He), 6.68 (s, 2H, NH,), 7.22 (s, 2H, NH.)

13C NMR (100 MHZ, DMSO): & = 25.3 (t, C4), 28.8 (t, Cs/Cs), 35.4 (t, C2/C), 174.7 (s, C1/C7)
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4.5.5 Synthesis of suberamide 12

N 9 0
\\\/\/\/\ 120 9% 5105 > )MNHZ
\\N DMSO, 0°C, 1h H2N
33 34 O
CgH12N2 CsH16N20:2
MW=136.20 MW=172.23

The product was synthesized according to the general procedure C with:
1,6-Dicyanohexane (0.5 mL, 5 mmol, 1 eq.), DMSO (1.5 mL), H,02 30% solution (0.6 mL), K,COs (100 mg).

The solvent employed for the recrystallization was EtOH

Yield: 17% (0.14 g, 0.85 mmol)

Melting point: 220 — 222 °C [EtOH] (Lit. MP: 220 °C 72)
Melting energy: 335.1 kl/kg

Appearance: colourless solid

NMR:
@)

2 4 6 8 _NH»
HoN 1 3 5 7

O

H NMR (400 MHz, DMSO): & = 1.20-1.26 (m, 4H, Ha/Hs), 1.46 (quin, J=7.22 Hz, 4H, Hs/Hs), 2.02 (t, J=7.49
Hz, 4H, Ha/H5), 6.67 (s, 2H, NH,), 7.22 (s, 2H, NH.)

13C NMR (100 MHZ, DMSO)! 6=254 (t, C4/C5), 29.0 (t, C3/C6), 35.5 (t, Cz/C7), 174.7 (S, C1/C3)
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4.5.6 Synthesis of azelamide 7!

O
Cl

0 0 cl o o 0O 0O
J\M»”\ —>O )LM/U\ —>NH3 JLMJL
HO 7 OH DCM, DMF Cl 7 Cl Toluene HN 7 NHa

41 42

CoH1604 CoH1sN20;
MW=188.22 MW=186.26

The product was synthesized according to the general procedure D with:

Azelaic acid (500 mg, 2.66 mmol, 1 eq.), dichloromethane (26 mL) oxalyl chloride (0.55 mL, 6.38 mmol,
2.4 eq.), N,N-dimethylformamide (10 drops, cat.) and 200 mL of toluene.

The solvent employed for the recrystallization was EtOH

Yield: 37% (0.18 g, 0.97 mmol)

Melting point: 179 — 180 °C [EtOH] (Lit. MP: 177 °C 73)
Melting energy: 247.8 kl/kg

Appearance: colourless solid

NMR:

O O

2 4 6 8
HoN™ 13" 5"7""9 NH,

'H NMR (400 MHz, DMSO): 6 = 1.18-1.29 (m, 6H, Ha/Hs/Hs), 1.46 (quin, J=6.63 Hz, 4H, Hs/H-), 2.02 (t,
J=7.38 Hz, 4H, Ha/Hs), 6.67 (s, 2H, NH,), 7.21 (s, 2H, NH,)

13C NMR (100 MHZ, DMSO)! 6=255 (t, Cs), 291, 29.0 (t, C3/C4/C6/C7), 35.5 (t, Cz/Cs), 174.7 (S, C1/C9)
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4.5.7 Synthesis of sebacamide 172

NS H,0, 30%, K,CO 1
\\/\/\/\/\\\ 22 L2775 HzNJl\/\/\/\/\n/NHz
N DMSO, 0°C, 1h
35 36 °
Ci10H16N2 C10H20N20:
MW=164.25 MW=200.28

The product was synthesized according to the general procedure C with:
1,8-Dicyanooctane (3.6 mL, 20 mmol, 1 eq.), DMSO (6 mL), H,0, 30% solution (5 mL), KxCO3 (400 mg).

The solvent employed for the recrystallization was EtOH

Yield: 49% (1.99 g, 9.8 mmol)

Melting point: 210 — 212 °C [EtOH] (Lit. MP: 210 °C 72)
Melting energy: 375.6 kl/kg

Appearance: colourless solid

NMR:

H NMR (400 MHz, DMSO): & = 1.18-1.28 (m, 8H, Ha/Hs/Hs/H-), 1.46 (quin, J=6.81 Hz, 4H, Ha/Hs), 2.02 (t,
J=7.35 Hz, 4H, Hy/Hs), 6.66 (s, 2H, NH,), 7.21 (s, 2H, NH,)

13C NMR (100 MHZ, DMSO): 6 = 25.5 (t, Cs/Cs), 29.16 (t, C4/C7), 29.19 (t, C3/Cs), 35.5 (t, C2/Cs), 174.7 (s,
Cl/clo)
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4.5.8 Synthesis of undecanediamide 72!

(@] O
H,0, 30%, K,CO5 J o~ N
N///\/\/\/\/\\\N Sy—— > LN NH.
37 38
C11H1sN2 C11H22N-0:
MW=178.28 MW=214.31

The product was synthesized according to the general procedure C with:
1,9-Dicyanononene (3.92 mL, 20 mmol, 1 eq.), DMSO (6 mL), H,0, 30% solution (2.4 mL), K;CO3 (100 mg).

The solvent employed for the recrystallization was water

Yield: 37% (0.24 g, 1.86 mmol)

Melting point: 181 — 182 °C [H,0] (Lit. MP: 178 °C 72)
Melting energy: 281.4 kl/kg

Appearance: colourless solid

NMR:

O O

2 4 6 8 10
H2N 1 3 5 7 9 11 NH2

H NMR (400 MHz, DMSO): & = 1.26-1.32 (m, 10H, Ha/Hs/Hs/H+/Hs), 1.52 (quin, J=7.24 Hz, 4H, Hs/Hs), 2.07
(t, J=7.54 Hz, 4H, H,/H1o), 6.73(s, 2H, NH,), 7.27(s, 2H, NH2)

13C NMR (100 MHZ, DMSO): 6 = 25.5 (t, Ce), 29.1, 29.2, 29.3 (t, C3/Ca/Cs/ Cr/ Cs/Cs), 35.5 (t, Co/Cao), 174.7
(s, C1/Cu1)
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4.5.9 Synthesis of dodecanediamide 7273

(@]
N\\\/\/\/\/\/\ 1% % s o J\/\/\/\/\/\n/ NH,
\\N DMSO, 0°C, 1h HoN
39 40 °
C12H20N:2 C12H24N202
MW=192.31 MW=228.34

The product was synthesized according to the general procedure C with:
1,10-Dycianodecane (10.7 mL, 50 mmol, 1 eq.), DMSO (27 mL), H,02 30% solution (12 mL), K,COs; (1 g).

The solvent employed for the recrystallization was MeOH

Yield: 86% (9.82 g, 43 mmol)

O
Cl c
O O O O O O
—_— —_—

HO 10 OH DCM, DMF Cl 10 Cl Toluene H2N 10 NH2
43 40
C12H2204 C12H24N20;
MW=230.30 MW=228.34

In this particular case, the product was also synthesized according to the general procedure D with:

Dodecanedioic acid (20 g, 86.8 mmol, 1 eq.), dichloromethane (800 mL) oxalyl chloride (18.4 mL,
0.208mol, 2.4 eq.), N,N-dimethylformamide (5mL, cat.) and 200 mL of toluene.

Yield: 80% (15.86 g, 69.5mmol)
Melting point: 191 — 194 °C [MeOH] (Lit. MP: 193 °C 7?)
Melting energy: 338.8 kl/kg

Appearance: colourless solid
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NMR:

O

4 6 8 10 12 _NH»
HoN- 1 3 5 7 9 11

O

H NMR (400 MHz, DMSO): & = 1.28-1.36 (m, 12H, Ha/Hs/He/H7/Hs/Hs), 1.54 (quin, J=7.04 Hz, 4H, H3/H1),
2.10 (t, J=7.43 Hz, 4H, Hy/H11), 6.74(s, 2H, NH,), 7.29(s, 2H, NH.)

13C NMR (100 MHZ, DMSO0): 6 = 25.5 (t, Cs/C7), 29.1 (t, Cs/Cs), 29.2 (t, C4/Cs), 29.3 (t, C3/C10), 35.5 (t, C2/C11),
174.7 (s, C1/C12)
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4.5.10 Synthesis of tetradecanediamide 7!

(@)
Cl
0O 0 Cl 0O o
Hy

PV _° )LMJ'\ _ NHs

o 12 OH DCM, DMF Cl 12 Cl Toluene HN 12 NH2
45

C14H2604 C14H28N20,

MW=258.36 MW=256.39

The product was synthesized according to the general procedure D with:

Tetradecanedioic acid (1.12 g, 4.34 mmol, 1 eq.), dichloromethane (42 mL) oxalyl chloride (0.92 mL, 10.4
mmol, 2.4 eq.), N,N-dimethylformamide (16 drops, cat.) and 200 mL of toluene.

The solvent employed for the recrystallization was MeOH

Yield: 84% (0.94 g, 3.70 mmol)

Melting point: 194 — 196 °C [MeOH] (Lit. MP: 196 °C 73)
Melting energy: 319.9 kl/kg

Appearance: colourless solid

NMR:

O

4 6 8 10 12 14 _NH»
HoN 1 3 5 7 9 11 13

@)

1H NMR (400 MHz, DMSO): 6 = 1.19-1.30 (m, 16H, Ha/Hs/He/H7/Hs/He/H10/H11), 1.46 (quin, J=7.04 Hz, 4H,
H3/H12), 2.01 (t, J=7.60 HZ, 4H, Hz/H13), 6.66 (S, 2H, NHz), 7.21 (S, 2H, NHz)

13C NMR (100 MHZ, DMSO): & = 25.5 (t, C;/Cs), 29.1 (t, Cs/Cs), 29.2 (t, Cs/C1o), 29.42 (t, C4/Cu1), 29.47 (t,
C3/C12), 35.5 (t, C2/Cu3), 174.7 (s, C1/Cua)



151

4.5.11 Synthesis of hexadecanediamide [7!

O
Cl
0 0 cl 0 0O
3

JLMJL __° . )LMJK _NHs

o 14 OH DCM, DMF cl 14 Cl Toluene HoN 14 NHa
46 47

C16H3004 C16H32N20;

MW=286.41 MW=284.44

The product was synthesized according to the general procedure D with:

Hexadecanedioic acid (1.25 g, 4.34 mmol, 1 eq.), dichloromethane (42 mL) oxalyl chloride (0.92 mL, 10.4
mmol, 2.4 eq.), N,N-dimethylformamide (16 drops, cat.) and 200 mL of toluene.

The solvent employed for the recrystallization was MeOH

Yield: 38% (0.48 g, 1.64 mmol)

Melting point: 181 — 184 °C [MeOH] (Lit. MP: 179 °C 73)
Melting energy: 282.9 kl/kg

Appearance: colourless solid

NMR:

O

2 4 6 8 10 12 14 16_NH,
HoN 1 3 5 7 9 11 13 15

O

'H NMR (400 MHz, DMSO): 6 = 1.19-1.30 (m, 20H, H4/Hs/He/H7/Hs/Hs/H10/H11/H12/H13), 1.46 (quin, J=7.05
HZ, 4H, H3/H14), 2.01 (t, J=7.56 HZ, 4H, Hz/Hls), 666(5, ZH, NHz), 7.20(5, ZH, NHz)

13C NMR (100 MHZ, DMSO): & = 25.5 (t, C7/Cs/Co/Ci0), 29.1 (t, C6/C11), 29.2 (t, Cs/C12), 29.4 (t, C4/C13), 29.5
(t, C5/Cua), 35.5 (t, C2/Cis), 174.7 (s, C1/C1s)
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4.5.12 Synthesis of octadecanediamide [73!

O
Cl
0 0 cl 0 0O
3

JLMJL ___° 0 )LMJ'\ _ NHs

o 16 OH DCM, DMF cl 16 Cl Toluene HoN 16 NH2
48 49

Ci18H3404 C18H36N202

MW=314.47 MW=312.50

The product was synthesized according to the general procedure D with:

Octadecanedioic acid (500 mg, 1.59 mmol, 1 eq.), dichloromethane (16 mL) oxalyl chloride (0.34 mL, 3.82
mmol, 2.4 eq.), N,N-dimethylformamide (16 drops, cat.) and 200 mL of toluene.

The solvent employed for the recrystallization was MeOH

Yield: 47% (0.23 g, 0.75 mmol)
Melting point: 181 — 184 °C [MeOH](Lit. MP: 179 °C 73)
Melting energy: 264.7 kl/kg

Appearance: colourless solid



IR:

153

Due to the lack of solubility of octadecanediamide in deuterated solvents, it was not possible to record

any NMR. Instead a FTIR was measured.
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The resulting spectra shown the characteristic C=0 band related to amida groups at 1645 cm™. Other

500450

bands observed in this FTIR and related to amida groups are the C-N stretch band at 1466 cm™ and the
two N-H strech bands at 3383 and 3186 cm™. Therefore, the final product is confirmed.
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4.6 Preparation of substituted diamides

4.6.1 General procedure E

0 H
O R. R.T. i R. N.
H

O @)

Oxalic acid diethyl (1 eq.) ester was placed in an oven-dried 50 mL round bottom flask with a magnetic
stirring bar. Afterwards, the desired amine (2.6 eq.) was added via syringe and a white solid precipitate
was formed rapidly. The reaction was running for 30 min at room temperature and finally the resulting
suspension was filtrated. A recrystallization was carried out for a final purification of the product
employing a suitable solvent.
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4.6.2 Oxalamide derivatives

4.6.2.1 N,N'-Dimethyloxalamide 17577]

O @)
9] ~ R.T. H
0 H o
50 51
CsH1004 C4HsN20;
MW=146.14 MW=116.12

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (1.46 g, 10 mmol, 1 eq.) and methylamine solution 33 wt. % in absolute ethanol
(2.45 mg, 26 mmol, 2.6 eq.). The crude product was recrystallized from water and dried in vacuo to give
77% yield of N,N'-dimethyloxalamide.

Yield: 77% ( 0.89 g, 7.66 mmol)

Melting point: 214 — 215 °C [H,0] (Lit. MP: 210 °C ">7)
Melting energy: decomposition

Appearance: colourless solid

NMR:

O

H
DG
H
O

H NMR (400 MHz, DMSO): & = 2.66 (d, J=5.05 Hz, 6H, CHs), 8.66 (s, 2H, NH)

13C NMR (100 MHZ, DMSO): & = 26.2 (q, CHs), 160.9(s, CO)
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4.6.2.2 N,N'-Diethyloxalamide [7577!

o) O
R.T.
\/O\[HJ\O/\ + /\NH2 _>30 por /\N)H\/N\/
O O
50 52
C5H1004 C6H12N202
MW=146.14 MW=144.17

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (1.46 g, 10 mmol, 1 eq.) and ethylamine solution 70 % in H,0 (1.7 mg, 26 mmaol,
2.6 eq.). The crude product was recrystallized from ethanol and dried in vacuo to give 22% yield of N,N'-
diethyloxalamide.

Yield: 22% (0.31 g, 2.15 mmol)

Melting point: 179 — 182 °C [EtOH] (Lit. MP: 177 °C ™>")
Melting energy: decomposition

Appearance: colourless solid

NMR:

Y
/\NJ\”/N\/
H
O

H NMR (400 MHz, DMSO): & = 1.04 (t, J=7.01 Hz, 6H, CHs), 3.15 (quind, J=7.09, 1.14 Hz, 4H, CH,), 8.72 (s,
2H, NH)

13C NMR (100 MHZ, DMSO): & = 14.8 (q, CHs), 34.1 (t, CH,), 160.3 (s, CO)
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4.6.2.3 N,N'-Dipropyloxalamide [7577]

O O
H
\/O\”)ko/\ + \/\NHz %’ \/\N)H\/N\/\
O H O
50 53
CsH1004 CsH16N20>
MW=146.14 MW=172.23

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (1.46 g, 10 mmol, 1 eq.) and propylamine (1.44 g, 24 mmol, 2.4 eq.). The crude
product was recrystallized from ethanol and dried in vacuo to give 63% yield of N,N'-dipropyloxalamide.

Yield: 63% (1.09 g, 6.32 mmol)

Melting point: 161 — 169 °C [EtOH] (Lit. MP: 162 °C ”>")
Melting energy: decomposition

Appearance: colourless solid

NMR:

Q H
H
O

'H NMR (400 MHz, CDCl3): 6 = 0.88 (t, J=7.37 Hz, 6H, CHs), 1.52 (sextet, J=7.18 Hz, 4H, CH,), 3.21 (q,
J=7.25 Hz, 4H, CH,-N), 7.46 (s, 2H, NH)

13C NMR (100 MHZ, CDCls): 6 = 11.3 (g, CHs), 22.5 (t, CH,), 41.3 (t, CH2-N), 160.3 (s, CO)
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4.6.2.4 N,N'-Dibutyloxalamide [75-77]

O @)
H
\/ofko/\ b S R A~ )HrN\/\/
2 30 min N

O H O

50 54
CeH1004 C10H20N20:>
MW=146.14 MW=200.28

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (1.46 g, 10 mmol, 1 eq.) and butylamine (1.44 g, 24 mmol, 2.4 eq.). The crude
product was recrystallized from ethanol and dried in vacuo to give 83% yield of N,N'-dibutyloxalamide.

Yield: 83% (1.66 g, 8.29 mmol)

Melting point: 155 °C [EtOH] (Lit. MP: 153 °C ’>77)
Melting energy: decomposition

Appearance: colourless solid

NMR:
 H
/\/\N)J\H/N\/\/
H
@)

'H NMR (400 MHz, CDCl3): 6 = 0.87 (t, J=7.41 Hz, 6H, CHs), 1.25 (sextet, J=7.43 Hz, 4H, CH,), 1.44 (quin,
J=7.00 Hz, 4H, CH,), 3.09-3.14 (q, 4H, CH>-N), 7.46 (s, 2H, NH)

13C NMR (100 MHZ, CDCls): § = 14.0 (g, CHs), 19.9 (t, CH,), 31.2 (t, CH2), 38.9 (t, CH2-N), 160.4 (s,CO)
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4.6.2.5 N,N'-Dioctyloxalamide [7>-77]

\/Om)j\o/\ * \M,\NHz 30m|n M’\N)H( 6

O
50 55
CeH1004 CigH36N20>
MW=146.14 MW=312.50

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (0.73 g, 5 mmol, 1 eq.) and octylamine (1.56 g, 12 mmol, 2.4 eq.). The crude
product was recrystallized from ethanol and dried in vacuo to give 98% yield of N,N'-dioctyloxalamide.

Yield: 98% (1.53 g, 4.90 mmol)
Melting point: 128 — 129 °C [EtOH] (Lit. MP: 124 °C 7577)
Melting energy: 118.9 kl/kg + 98.3 ki/kg from a solid-solid phase transition
Appearance: colourless solid
NMR:
O
H

NN N ~ N

N

H

O

1H NMR (400 MHz, CDCls): & = 0.89 (t, J=6.93 Hz, 6H, H1/H.), 1.28-1.32 (m, 20H, CH.), 1.57 (quin, J=7.12
Hz, 4H, CH,), 3.31 (q, J=6.84 Hz, 4H, CH-N), 7.49 (s, 2H, NH)

13C NMR (100 MHZ, CDCls): 6 = 14.0 (q, CHs), 22.6, 26.8, 29.14, 29.17, 29.2, 31.7 (t, CH,), 39.7 (t, CH2-N),
159.8 (s, CO)
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4.6.2.6 N,N’ -Didecyloxalamide [>77]

(@) (@)
H
[e) R.T. N
Oy No S, s SN Y
H

(@) (@)

50 56
CeH1004 C22H4aN20:
MW=146.14 MW-=368.61

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (0.657 g, 4.5 mmol, 1 eq.) and decylamine (1.48 g, 9.5 mmol, 2.12 eq.). The crude
product was recrystallized from ethanol and dried in vacuo to give 99% yield of N,N'-didecyloxalamide.

Yield: 99% (1.51 g, 4.46 mmol)

Melting point: 126 — 127 °C [EtOH] (Lit. MP: 122 °C >77)

Melting energy: 135.4 kl/kg + 88.7 ki/kg from a solid-solid phase transition
Appearance: colourless solid

NMR:

H NMR (400 MHz, CDCls): & = 0.90 (t, J=7.02 Hz, 6H, CHs), 1.27-1.32 (m, 28H, CH,), 1.57 (quin, J=7.15 Hz,
4H, CH,), 3.31 (q, J=6.79 Hz, 4H, CH-N), 7.48 (s, 2H, NH)

13C NMR (100 MHZ, CDCls): § = 14.0 (g, CHs), 22.6, 26.8, 29.22, 29.28, 29.4, 29.5, 31.8 (t, CH,), 39.7 (t,
CH»-N), 159.8 (s, CO)
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4.6.2.7N,N’ -Dioctadecyloxalamide [75-77]

(@) (@)
H
0) R.T. N
~— %O/\ + ‘M:;NHZ —»30 e ~ N)K’( W%
H
(@) (@)
50 57

CsH1004 C3sH76N202
MW=146.14 MW=593.04

The product was synthesized according to the general procedure E with:

Oxalic acid diethyl ester (0.292 g, 2 mmol, 1 eq.) and octadecylamine (1.08 g, 4.5 mmol, 2.25 eq.). The
crude product was recrystallized from ethanol and dried in vacuo to give 75% yield of N,N'-
didecyloxalamide.

Yield: 75% (0.89 g, 1.51 mmol)
Melting point: 123 — 124 °C [EtOH] (Lit. MP: 120 °C 7577
Melting energy: 256.4 kl/kg

Appearance: colourless solid

0
N
16N)S(\’(/\)%
0

H NMR (400 MHz, CDCls): & = 0.87 (t, 6H, CHs), 1.25 (2, 64H, CH,), 3.30 (g, 4H, CH-N), 7.43 (s, 2H, NH)

NMR:
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IR:

Due to the lack of solubility of N,N’-dioctadecyloxalamide in deuterated solvents, it was only possible to
record a H NMR. Moreover, a FTIR was measured.

102,
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gaEnItan
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% ~
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cm-1
The resulting spectra shown the characteristic C=0 band related to amida groups at 1645 cm™. Other
bands observed in this FTIR and related to amida groups are the C-N stretch band at 1509 cm™ and the
N-H strech band at 3308 cm™. Therefore, the final product is confirmed.



163

4.7 Preparation of 3,6-diazaoctane-1,8-diol derivatives

4.7.1 Synthesis of 3,6,9-triazaundecane-1,11-diol

4.7.1.1 Synthesis of 1,4,7-Tris(2-nitrobenzenesulfonyl)-1,4,7-triazaheptane [81]

‘.?
S=Cl
O
NO
HoN o~~~ NH2 . NSHN -~~~ NHNs
H Triethylamine Ns
58 bCM 59
CsH13N3 C22H22N6012S3
MW=103.17 MW=658.63

A heterogeneous mixture of 2-nitrobenzenesulfonyl chloride (3.33 g, 15 mmol, 15 mmol) in anhydrous
dichloromethane (1.6 mL) was placed in a 8-ml vial and stirred under argon atmosphere at 02C.
Simultaneously, a solution of 1,5-diamino-3-azapentane (0.26 mL, 0.25 g, 2.4 mmol) and trimethylamine
(2.4 mL, 17.22 mmol) in anhydrous dichloromethane (1.2 mL) was placed in another 8 mL vial and stirred
under argon atmosphere at 0 °C for 10 min. Afterwards, the diethylenetriamine solution was added
dropwise in 30 min into the heterogeneous mixture of 2-nitrobenzenesulfonyl chloride and was kept
stirring at room temperature for the next 3 hours. After this time the reaction was completed according
to TLC (PE/EtOAc 1:4).

For the work-up, 3 extractions with aqueous HCI 2M (50 mL) and another 2 extractions with a saturated
NaHCOs solution (50 mL) were done. The organic layer was dried over sodium sulfate, filtered and
evaporated. The resulting crude material was purified by column chromatography (MPLC) by gradient
elution (PE/EtOAc 50:50 - 10/90). Evaporation of the solvent gave 1.2 g of the desired product.

Yield: 76% (1.2 g, 1.82 mmol)

Melting point: 132 — 133°C [EtOAc] (Lit. MP: 156 °C &%)
Melting energy: 71.1 ki/kg

TLC: R¢(PE/EtOAc, 1:4) = 0.65

Appearance: colourless solid
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NMR:
D D
C E C E
B
X FNO, R FUNO,
O:?:O O:?:O
3 5
HN 4 NH
1 \Z/\I}l/\é/ x
0=S=0

A
. F_NO,

C E
D
1H NMR (400 MHz, DMSO): & = 3.06 (t, J=7.07 Hz, 4H, H/Hs), 3.38 (t, J=6.89 Hz, 4H, Hs/Hs), 7.82-8.00 (m,
12H, HB/Hc/HD/HE), 8.19 (S, 2H, H1/H7)

13C NMR (100 MHZ, DMSO): & = 41.3 (t, C1/Cs), 48.0 (t, C2/Cs), 124.5 (d, Ct), 129.4 (d, Cs), 132.4 (d, Co),
132.7 (s, Ca), 134.1(d, Cc), 147.5 (s, C¢)
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4.7.1.2 Synthesis of 1,4,7-Tris(2-nitrobenzenesulfonyl)-3,6,9-triazaundecane-

1,11-diol (81]
Cl
NsHN NHN \/\OH NS NS
SINGC SN S i o M e SN NEg b L N YN

Ns Anhyd K,CO; Ns
59 Anhyd Acetonitrile 60

C22H22N6012S3 C26H30N6014S3

MW=658.63 MW=746.10

2-Chloroethanol (0.120 g, 1.49 mmol, 4 eq.) was added to a solution of 1,4,7-Tris(2-nitrobenzenesulfonyl)-
1,4,7-triazaheptane (0.246 g, 0.373 mmol, 1 eq.) dissolved in anhydrous acetonitrile (0.74ml). Afterwards
a catalytic amount of anhydrous potassium carbonate (0.206 g, 1.49 mmoles, 4 eq) was placed in the same
vial; the reaction was refluxed (120 °C) under stirring for 4 hours. After cooling the mixture was dissolved
in water (50 mL) and extracted 4 times with dichloromethane (25 mL). The combined organic layer was
dried over sodium sulfate, filtered and evaporated. Crude yield at this point was 97,6%. The resulting
crude material was purified by a column chromatography (MPLC). To this end, 10 minutes of PE/EtOAc
1:1 and then a gradient PE/EtOAc 50:50 - 10/90 was programmed.

Yield: 48% (0.135 mg, 0.18 mmol)
TLC: R¢ (PE/EtOAC, 1:4) = 0.18

Appearance: yellow oil
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; FNO, F No2

HO/\/ \/\N/\/lo\/\OH

o= S O
A
B F_NO,
C E
D

1H NMR (400 MHz, CDCl): 6 = 2.19 (s, 2H, OH), 3.39 (t, J=5.07 Hz, 4H, He/Hs), 3.46-3.48 (m, 4H, Hs/Hs),
3.54-3.56 (m, 4H, H3/H11), 3.68 (t, J=5.03 HZ, 4H, Hz/H12), 7.57-7.92 (m, 12H, HB/Hc/HD/HE)

13C NMR (100 MHZ, CD2Cl,): 6 = 48.1 (t, Cs/Cs), 48.2 (t, C/Cs), 51.6 (t, C3/C11), 61.2 (t, Co/C12), 124.2 (d,
Ce), 130.5 (d, Cs), 130.8 (d, Co), 132.2 (s, Ca), 134.1 (d, Cc), 148.1 (s, Cr)
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4.7.1.3 Synthesis of 3,6,9-triazaundecane-1,11-diol [82]

SH
Ns Ns /© H H

HO SN NSNS SNy —————— o NSNS0

Ns C52C03, THF H
60 61
C26H30N6014S3 CsH21N302
MW=746.10 MW=191.28

The starting material (0.5 g, 0.67 mmol, 1 eq.) was dissolved in dry THF (1.35 mL). Cs,COs (2.18 g, 6.7
mmol, 10 eq.) and p-thiocresol (0.83 g, 6.7 mmol, 10 eq.) were added to this solution. The reaction was
stirred overnight and after this time the starting material was consumed according to TLC (PE/EtOAc 1:4).
For the work-up, a filter funnel (5cm diameter) with 10g of silica was prepared and the reaction mixture
was poured in there. Several solvents were flushed through this funnel starting with PE (200 mL), then
EtOAc (200 mL), ethanol (200 mL) and finally methanol (200 mL). The methanol fraction was concentrated
and a crude yield of 174% was obtained due to silica impurities. Further purification was done by HPLC.

Yield: 15% (19 mg, 0.09 mmol)
Appearance: colourless liquid

NMR:
4 10

2 H 6 8 H 12
1 N 7 N 13

'H NMR (400 MHz, MeOD): § = 2.96 (t, J=5.26 Hz, 4H, Hs/H11), 3.16 (q, J=5.25 Hz, 8H, Hs/He/Hs/Ho), 3.84
(t, J=5.32 Hz, 4H, Ha/H12)

13C NMR (100 MHZ, MeOD): § = 44.2 (t, Co/Cs), 46.4 (t, Cs/Co), 48.9 (t, Cs/C11), 56.3 (t, C2/C12)
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4.8 Preparation of 4,7-diazadecanediamide and
derivatives

4.8.1 Synthesis of 4,7-diazadecanediamide 1*3!

O @)
EtOH H
NH N NH
H2N/\/ 2 + H2NJ\/ —_— HZNJ\/\H/\/ \/\n/ 2

62 63 64 0
C2HsN2 C3HsNO CgH1sN40>
MW=60.10 MW=71.08 MW=202.26

A solution of ethylenediamine (3 mL, 45.6 mmol, 1 equiv.) and acrylamide (6.48 g, 91.2 mmol, 2 equiv.) in
ethanol (23 mL) was heated to reflux for 2 hours. The reaction solution was cooled with an ice bath and
the precipitated product collected by filtration and washed with cold ethanol. This delivered 60% yield of
product in good quality even before recrystallization (basically pure). The product can be recrystallized
from EtOH if necessary.

Yield: 60% (5.48 g, 27.09 mmol)

Melting point: 168 — 170°C [EtOH] (Lit. MP: 169 °C &)
Melting energy: 375.6 kl/kg

Appearance: colourless solid

NMR:
O 7
M A AN AN
> H 6 8
4 O
'H NMR (400 MHz, DMSO): 6 = 1.58 (s, 2H, NH), 2.15 (t, J=6.83 Hz, 4H, Hs/H¢), 2.45-2.47 (m, 4H, Hs/Hs),
2.65 (t,J=6.83 Hz, 4H, H2/Ho), 6.69 (s, 2H, NH>), 7.31 (s, 2H, NH,)

13C NMR (100 MHZ, DMSO): & = 40.9 (t, Cs/Cs), 50.7 (t, C3/Cs), 54.0 (t, C2/Cs), 178.8 (s, C1/Cio)
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4.9 Preparation of oxamides

4.9.1 General procedure F - Dinitrile formation

Na KOH Na _N
HO OH A -
\/\éo/\>( + v p— > \\/\O/\,{O\/>\O/\//
n ’ n

The corresponding ethylene glycol (1 eq.) is placed in a round bottom flask with acrylonitrile (14 eq.). It
was stirred at 0°C for 30 min and afterwards potassium carbonate was added to the reaction mixture. The
reaction mixture was stirred again for another 2 hours at 0°C. Some drops of HCl (2M) were added to
quench the reaction and the solvent was evaporated. This crude material was redissolved in
dichloromethane and filtered through celite. This filtrate was concentrated to finally get the desired
dinitrile derivative.

4.9.2 General procedure G - Dinitrile hydrolysis
o0 R o A
\/\O/\{O\%O/\/’ H—20> H,N o/\’<o\/>o NH,

The corresponding dinitrile (1 eq.) was placed in a round bottom flask and stirred at 70 °C. A solution of
sulfuric acid and water (2 eq. H,SO4 + 2 eq. H,0) was added dropwise to our corresponding dinitrile during
15min. After 3 hours the reaction was finished and neutralized with NaOH (25% solution). The solution
was cooled to 10°C and filtered to remove sodium sulphate. The filtrate was concentrated and an oil was
obtained. After recrystallization with dioxane, a white solid appeared.
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4.9.3 Synthesis of 4,7-dioxa-1,10-octanedicarboxamide #”!

O
2N H,50,
N///\/O\/\OM o H,N Jj\/\o/\/o\/\n/ NH,
65 66 O
CsH12N202 CsH16N204
MW=168.20 MW=204.23

The product was synthesized according to general G procedure with:

1,2-Bis-(2-cyanoethoxy)ethane (1.9 mL, 12 mmol, 1 eq.), H,SO4 (1.25 mL, 24mmol, 1 eq.), and H,0 (0.432
mL, 24mmol, 1 eq.)

Yield: 15% (0.361 g, 1.76 mmol)

Melting point: 116 — 118 °C [Dioxane] (Lit. MP: 123 °C &)
Melting energy: 206 klJ/kg

Appearance: colourless solid

NMR:
O
J A Ao A
2
H-N 1 5 O/\/ \/\n/
4 6 8
O
H NMR (400 MHz, DMSO): & = 2.27 (t, J=6.41 Hz, 4H, Hs/Hs), 3.46 (s, 4H, Hs/Hs), 3.57 (t, J=6.40 Hz, 4H,
Hz/Hg), 6.78 (S, 2H, NHz), 7.28 (S, 2H, NHz)

13C NMR (100 MHZ, DMSO): 6 = 36.3 (t, C5/Cs), 67.2 (t, C3/Cs), 69.8 (t, Cs/Cs), 172.6 (s, C1/C10)
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4.9.4 Synthesis of 4,7,10-trioxa-tridecanedinitrile 2!

HO\/\O/\/OH + N\\\/ ooKsth » N\\\/\O/\/O\/\O/\///N
67 68 69
CsH1003 CsHsN C10H16N203
MW=106.12 MW=53.06 MW=212.25

The product was synthesized according to general procedure F with:

Diethylene glycol (0.91 mL, 10.3 mmol, 1 eq.), acrylonitrile (9.56 mL, 0.145 moles, 14 eq.), and KOH (60
mg)

Yield: 99% (2.16 g, 10.19 mmol)
TLC: R¢ (PE/EtOAC, 1:1) = 0.11

Appearance: yellow oil

NMR:
N.ao 3 5 / 9 11 _N
\1\2/\0/\6/0\8/\0/\12/13/
4 10

1H NMR (400 MHz, CDCls): & = 2.62 (t, J=6.38 Hz, 4H, Ha/H1), 3.67 (s, 8H, Hs/He/Hs/Hs), 3.72 (t, J=6.38
HZ, 4H, H3/H11)

13C NMR (100 MHZ, CDC|3)' 6=18.9 (t, Cz/clz), 65.9 (t, C3/C11), 70.6 (t, Cs/Cg), 70.7 (t, CG/Cg), 117.9 (S,
C1/Ci3)
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4.9.5 Synthesis of 4,7,10-trioxa-1,13-undecanedicarboxamide '#”!

(0] (@]
N\\\/\O/\/O\/\O/\///N &» H NJ\/\O/\/O\/\O/\)J\NH
H,0 2 2
69 70
Ci10H16N203 C10H20N20s
MW=212.25 MW=248.28

The product was synthesized according to general procedure G with:

Bis(2-(2-cyanoethoxy)ethyl)ether (2.31 mL, 12 mmol, 1 eq.), H,SO4 (1.25 mL, 24mmol, 1 eq.), and H,O
(0.432 mL, 24mmol, 1 eq.)

Yield: 10% (315 mg, 1.26 mmol)

Melting point: 102-103 °C [Dioxane] (Lit. MP: 103 °C ¥)
Melting energy: 257 kJ/kg

Appearance: colourless solid

NMR:

O @)
3 5 7 9 11
N2 o % 35 Q NH;

12

'H NMR (400 MHz, CDCl3): § = 2.44 (t, J=5.70 Hz, 4H, Hy/H12), 3.53-3.58 (m, 8H, Hs/He/Hs/Ho), 3.67 (t,
J=5.66 Hz, 4H, H3/H11), 5.94 (s, 2H, NH,), 6.71 (s, 2H, NH,)

13C NMR (100 MHZ, CDCl3): & = 36.2 (t, C2/C12), 66.9 (t, C3/C11), 70.1 (t, Cs/Cs/Cs/Cs), 174.3 (s, C1/Cu3)
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4.9.6 Synthesis of 4,7,10,13-tetraoxahexadecanedinitrile [#°!

HO/\/O\/\O/\/OH + V W \\/\O/\/O\/\O/\/O\/\\N
71 68 72
CsH1404 CsH3N C12H20N204
MW=150.17 MW=53.06 MW=256.30

The product was synthesized according to general procedure F with:

Triethylene glycol (0.70 mL, 5.15mmol, 1eq.), acrylonitrile (4.78mL, 72mmoles, 14eq.), KOH (30 mg)

Yield: 99% (1.36g, 5.09mmol)

TLC: R¢ (PE/EtOAc, 1:1) =0.14

Appearance: yellow liquid

NMR:

N\\\/g\ 5 5 9 11 15 15 ¢
YOO YT Y,

1H NMR (400 MHz, CDCls): & = 2.62 (t, J=6.44 Hz, 4H, Hy/H1s), 3.67 (s, 12H, Hs/He/Hs/Hs/H11/H12), 3.72 (¢,
J=6.61 Hz, 4H, H3/H1a)

13C NMR (100 MHZ, CDCl): & = 18.8 (t, C5/Cis), 65.9 (t, C3/C1a), 70.5 (t, Cs/C12), 70.6 (t, Cs/Cu1), 70.7 (t,
Cs/Co), 117.9 (s, C1/C1s)
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4.9.7 Synthesis of 4,7,10,13-tetraoxa-1,16-hexadecanedicarboxamide !*”!

0 o) /\/’/Nﬂ» j)\/\ 0 o NH
N///\/ ~"No0TNYN"0 H,0 H,N O/\/ \/\o/\/ \/\n/ 2
72 73 ©
C12H20N204 C12H24N>06
MW=256.30 MW=292.33

The product was synthesized according to general procedure G with:

o,w-Di(cyanoethylene)triethylene tetraoxide (1.648 g, 6.43 mmol, 1 eq.), H,S04 (1.25 mL), and H,0 (0.432
mL)

Yield: 7% (146 mg, 0.49 mmol)
Melting point: 89 — 91 °C [Dioxane] (Lit. MP: 94 °C #7)
Melting energy: 177.4 kl/kg

Appearance: colourless solid

NMR:
)Cj)\/za\ 5 / 9 11 13 15
16
HN "1 O/\/O\/\O/\/O\/\n/ NH,
2 4 6 8 10 12 14 5

H NMR (400 MHz, CDCls): & = 2.55 (t, J=5.50 Hz, 4H, Ho/H1s), 3.62 (m, 8H, CH,), 3.66-3.68 (m, 4H, CH,),
3.77 (t, J=5.41 Hz, 4H, H3/H1a), 6.08 (s, 2H, NH,), 7.78 (s, 2H, NH.)

13C NMR (100 MHZ, CDCl3): & = 36.2 (t, C5/Cis), 67.0 (t, C3/Cra), 69.8 (t, Cs/C12), 69.9 (t, Cs/Ci1), 70.4 (t,
Cs/Co), 175.1 (s, C1/C1s)
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4.10 Preparation of sulfaramides

4.10.1 Synthesis of 3-[2-(2-carbamoylethylsulfanyl)ethylsulfanyl]propionamide

[90]
@) O
SH oz BORAX S NH
HS T H2NJ\/ H,0, RT,, 2h HZNJ\/\S/\/ e O
74 63 75 0]
C2HeS2 C3HsNO CsH16N20,S2
MW=94.19 MW=71.08 MW=236.35

Borax decahydrate (152 mg, 0.2 mmol) was placed in an 8 mL vial and was dissolved in water (2 mL).
Afterwards acrylamide (157 mg, 2.2 mmol, 2.2 eq.) was added via syringe followed by the dithiol (95 mg,
1mmol, 1leq.). In one hour, some white precipitate was formed but the reaction was left overnight. For
the work-up, the reaction was filtered under vacuum and the filtrate was recrystallize with MeOH

Yield: 89% (212 mg, 0.89 mmol)

Melting point: 179 — 181 °C [MeOH] (Lit. MP: 179 °C %)
Melting energy: 282.3 kl/kg

Appearance: colourless solid

NMR:
0
J\/3\ 2 é X 10_NH
N1 87 SV\[r 2
4 o)

H NMR (400 MHz, DMSO): & = 2.33 (t, J=7.33 Hz, 4H, Hs/Hg), 2.65-2.73 (m, 8H, Ha/Hs/Hs/ Hs), 6.84 (s,
2H, NH,), 7.33 (s, 2H, NH>)

13C NMR (100 MHZ, DMSO)! 6=27.3 (t, Cs/Ca), 31.7 (t, C3/C8), 36.1 (t, Cz/Cg), 172.9 (S,Cl/Cm)
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5.1 TU STA graphics

5.1.1 Sugars and derivatives
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: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCI 15415.ngb-ds 1
Project : Material Segments : 73
Identity : GPM15415 C tion file : F \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  16/04/2015 2:30:08 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-1/N2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K /K DSC corr./m. range : 020/5000 uV
Sample : GPM15415, 10.3 mg ofmeas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Proteus software
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Sodium gluconate

TG % DSC /(mW/mg)
L exo 25
100 -
- M
Value: 205.8 °C, 99.77 % 20
90
[1.1] Natriumgluconat15415.ngb-ds1
8 — TG 15
DSC
Onset: 208.4 °C
s OH OH O
70 = = 1.0
- HO +
Area: 96.58 J/
60 9 05
50 0.0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 17:07 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCI 15415.ngb-ds 1
Project : Material : Segments : 13
Identity : 15415 [ tion file : \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  16/04/2015 7:26:56 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K /K DSC corr./m. range : 020/5000 4V
Sample : 15415, 10.3 mg. ofmeas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVz
Created with NETZSCH Proteus software
Mannitol
TG /% DSC /(mWi/mg)
Value: 287.0 °C, 98.90 % | exo
100
5
80
4
[2.1] manitol15415.ngb-ds1
60 — TG 3
DsSC
40 OH OH a
Onset: 166.5 °C HO R
Area: 302 J/ig = OH
20 OH OH 1
0 0
50 100 150 200 250 300 350 400 450
) Temperature /°C
Main 2015-0703 1556 User. Yago manitol 15415-2 ngb-taa
|Instrument : NETZSCH STA 448F1 STA449F1A-0077-M _File : CANETZSC #0115415.ngb-ds1 |
Project : Material : Segments : 13
Identity : manitol15415 ion file : 15415 ngb-bst Crucible : DSC/TG pan Al
Dateftime :  16/04/2015 4:58:32 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere . N2 f—iIN2
Laboratory : PW Range : 24110.0(Kiminy464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC DSC/TG Octo K/ K DSC corr/m. range : 020/5000 pV
Sample:  manitol15415, 10.5 mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NETZSCH Fi

software
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Ribitol/Adonitol

TG 1% DSC /(mW/mg)
| exo [B
100 " Value: 255.5 °C, 98.76 %
F5
80
[1.1] Adonitol2562015.ngb-ds 1 4
- e TE3
DSC 4
OH
40 = 2
HO Y Y o
- Area: 356.4 Jig ~ OH OH [ 4
Onset: 102.4 °C
o +0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 15.28 User. Yago
: NETZSCH STA 449F 1 STA449F1A-0077-M File : C)\Users\Yago\Documents\doctorado\25-6-2015\Adonitol2562015.ngb-dst
| Material : | Segments : 173
Adonitol2562015 | Correction file : FinalcorectionAT 15415.ngb-bs 1 Crucible : DSCITG pan Al
: 26/06/2015 19:13:05 |Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1/ Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2 /- /N2
: 0C |Range : 24/10.0(K/min) /464 TG corr/m. range :  020/5000 mg
‘Yago Magan ;Samnle car/TC: DSC/TG Octo K /K. DSC corr/m. range : 020/5000 pV'
Adonitol2562015, 10.9 mg of meas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
tod with NETZSCH Profeis somiam
Arabitol
TG /% DSC /(mW/mg)
| exo |6
- Value: 239.0 °C, 99.26 %
5
80
[1.1] Arabitol2562015.ngb-ds 4
60 TG
DSC 9
40 OH
2
Area: 365.8 J/ig | HO Y OH
= OH OH 1
Onset: 102.5 °C
) iR}
0 0
50 100 150 200 250 300 350 400
Temperature /°C

Main  2015-063015:28 User Yago Arabitol2662015-1.ngb-taa

Instrument : NETZSCH STA 449F1 STA440F1A-0077-M_File : G\Users\Yago\Documents\doctoradol25-6-2015\Arabitol2562015.ngb-ds 1 |

Project ; Material : Segments ; 16

Identity : Arabitoi2562015 tion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  26/06/2015 21:43:59 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmesphere : N2/ IN2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample : Arabitoi2562015, 10.0 mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac

n NETZSCHFy software
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Xylitol

TG /% DSC /(mW/mg)
Value: 278.5°C, 99.14 % | exo
100
OH 2
80 HO OH 4
OH OH
60 [1.1] xylitol23415.ngb-ds1 s
— TG
DSC
40 2
Area: 330.4 Jig
20 : 1
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 16:41 User Yago
Instrument : NETZSCH STA 449F1 STA44SF1A-0077-M_File : C\NETZSCH\Proteus\data5\DSC measures\xyiitol23415 ngb-ds 1 |
Project : [Material : Segments : 13
Identity :  xylitol23415 | Correction file : 15415.ngb-bs1 Crucible : DSC/TG panAl
Dateltime :  23/04/2015 22:20:59 | Temp.CalJSens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es 1 Atmosphere : N2/-/N2
Laboratory : PW |Range : 2410.0(K/min)id64 TG com/m. range :  020/5000 mg
Operator:  Magan |Sample car/TC : DSC/TG Octo K/ K DSC corrJm. range : 020/5000 uV
Sample:  xyltol23415,10.1 mg ofmeas.: DSC-TG/ sample wih correction Pre Mment Cycles : 2aVac
F NETZSGH Proieus sonware
Dulcitol/galactitol
TG /% DSC /(mW/mg)
Value: 318.5 °C, 99.01 %
I exo |7
100
OH OH 6
g0/ [1.1] Dulcitol23415.ngb-ds1 HO. =
——— TG z OH 5
DSC OH OH
a Area: 409.2 Jig 4
Onset: 187.8 °C 3
40
2
20
1
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-03 16:54 User Yago
|Instrument : NETZSCH STA 448F1 STA448F1A-0077-M File : C\NETZSCI DSC \Dulcito23415.ngb-ds1 |
Project : Material ; Segments : 13
Identity:  Dulcitol23415 file: ionAT5415.ngb-bs1 Crucible : DSC/TG panAl
Dateftime :  23/04/2015 14:42:35 Temp.Cal./Sens. Files : Calbration 24-3-2015 N2 10kmin.ngb-1s1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 24/10.0(K/miny464 TGcorr/m. range :  020/5000 mg
Operator:  Magan Sample car.TC : DSCITG Octo K /K DSC corrJ/m. range : 020/5000 pV
Sample : Dulcitol23415, 10 mg Modeitype of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NE TZSCH Fi software
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Sorbitol/glucitol

TG /% DSC /(mW/mg)
y o 0,
Value: 293.3 °C,99.10% | gyo
100 L5
80 = r4
OH OH
[1.1] D-SorbitolAT1415.ngb-ds1
—————= T& L3
60
DSC
Area: 265.7 J/g L2
40
Onset: 99.9 °C
20
FO
0 - - - -
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 16.55 User Yago
Instrument : NETZSCH STA 440F | STA449F1A-0077-M_File : C:\NETZSCH\Proteus\data5\D-SorbitolAT1415.ngb-ds1_
Project : Material : Segments : 13
Identity : D-SorbitolAT1415 tion file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  16/04/2015 20:18:46 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ —/N2
Laboratory : PW Range : 24/10.0(K/min)/d64. TG com./m. range :  020/5000 mg
Operator :  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : D-SorbitolAT1415, 10.2 mg of meas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
ot with RET2SCH Prarus somia
Erythritol
TG /% DSC /(m\W/mg)
1 exo
Value: 244 6 °C, 98.20 %
100
6
OH
80 HO\/K/\OH 5
OH
60 1] Erythritol2562015.ngb-ds1 i
— TG
DSC 3
40
: 2
Area: 444.2 J/g
20 5 1
Onset: 119.3 °C
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 1534 User: Yago Erythritol2562015-1 ngb-taa
|Instrument : NETZSCH STA 445F 1 STA449F1A-0077-M_File : Cill i . ngb-ds 1 . -
Project : Material @ Segments : 13
Identity : Erythntol2562015 Correction file : FinalcorrectionAT15415.ngb-bs 1 Crucible : DSC/TG pan Al
Dateltime :  26/06/2015 10:55:35 Temp.Cal.iSens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2 /--IN2
Laboratory: OC Range : 24/10.0(K/miny 464 TG corr/m. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC : DSC/TG Octo K/ K DSC corrim. range : 020/5000 uV
Sample : 2015, 10.0 mg Modef/type of meas.: DSC-TG / sample with corection Pre Mm:e?{:tml;mtwfnr e




Pentaerythritol

181

TG /% DSC /(mW/mg)
Value: 238.5°C,99.13% | o0
100 ;
[1.1] PentaerythritolAT16514.ngb-ds1 4
ot | — TG
DSC
3
O, S
HO OH
40 Onset: 187.0 °C 2

20 Area: 321.3 J/g
——— g
0
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-03 16:47 User Yago
[Instrument : NETZSCH STA 448F1 STA44SF1A-0077-M File : C\NETZSCH\Py AT16514.ngb-ds1 |
Project : Material : Segments : 1"
Identity:  PentaerythritolAT{6514 Correction file : FinalcorrectionAT15415.ngb-bst Crucible : DSC/TG pan Al
Dateltime :  17/04/2015 3:47:51 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-32015 N2 10kmin.ngb-es1 | Atmosphere : N2/-iN2
Laboratory : PW Range : 24110.0(K/min ¥464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K / K DSC corr./m. range : 020/5000 uV
Sample : PentaerythritolAT16514, 10.6 mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Created with NETZSCH Pr sofftware
Dipentaerythritol
TG /1% DSC /(mW/mg)
1 exo
Value: 244.5 °C, 99.12 %
100
5
80 [1.1] Dipentaerythritol2562015.ngh-ds1
S 2
DsC
HO 3
HO O OH
40
HO
HO 2
20 Area: 349.3 J/g
i ) 1
Onset: 218.7°C
0
0
-20 , r
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 1532 User Yago
[Instrument : NETZSCH STA 449F1 STA448F1A0077-M File : C\Us \25-6-2015\Dipentaerythritol2562015.ngb-ds 1 |
Project : Material : Segments : 173
Identity:  Dipentaerythrito2562015 Correction file : FinalcorrectionAT1 541 5.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  27/06/2015 2:44:33 Temp.Cal/Sens. Files : Calbration 24-3-2015 N2 10kmin.ngb-ts1 / Callbration 24-3-2015 N2 10kminngb-es1  Atmosphere : N2/—-/N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator: ~ Yago Magan Sample car./TC : DSC/TGOato K/ K DSC corr./m. range : 0205000 uV
Sample : Di ,10.2mg  Modeitype of meas.: DSC-TG / sample with comection Pre Mment Cycles : 2xVac
Created with NETZSCH Py software



Pentaglycerine

TG /% DSC /(mW/mg)
Value: 192.1 °C, 99.15 % | exo
100 3.5
3.0
80
Area: 249.8 J/g 25
80 [1.1] pentaglicerine23415.ngb-ds 1
— TG 20
DSC ’
40 OH 1.5
1.0
20 OH
OH na 0.5
0 N .
0.0
50 100 150 200 250 300 350 400 450
_ Temperature /°C
Main 2015-0703 16:44 User. Yago
|Instrument : NETZSCH STA 448F1 STA449F1A-0077-M _File : CANETZSCI DSC \pentagl 23415.ngb-ds1 |
Project : Material ; [Segments ; IR
Identity : i ion file : i 15415 ngb-bs1 |Crucible DSCITG pan Al
Dateftime :  24/04/2015 23:25:34 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 'Aimasnhemt N2/ —fN2
Laboratory : PW Range : 24/10.0(K/min)464 TGcor./m. range :  020/5000 mg
Operator:  Magan ‘Sample car./TC : DSC/TG Octo K/K DSC corr./m. range : 020/5000 V'
Sample : i 5, 10.1 mg Mode/type of meas.:  DSC-TG / sample with correction Pre Mment Cycles mf:\l:ﬁr —
Tris(hydroxymethyl)aminomethane (TAM)
TG 1% DSC /(mW/mg)
Value: 220.1 °C, 99.20 % { exo (45
100
4.0
35
80 HO
3.0
HO
60 N H2 25
Area: 414.9 J/g HO 2:0
40 15
Area: 352.8 J/g
1.0
20{ Onset: 135.6 °C
— 0.5
iR}
0.0
0
50 100 150 200 250 300 350 400 450
_ Temperature /°C
Main 2015-06-30 1538 User. Yago
|Instrument : NETZSCH STA 449F 1 STA449F1A0077-M File: C\U \25-6-2015\TAM2562015.ngb-ds 1 |
Project ; Material ; Segments ; 13
Identity : TAM2562015 file : 15415 ngb-bst Crucible : DSCITG pan Al
Dateftime :  26/06/2015 16:42:51 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/IN2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr.im. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC : DSCITG Octo K / K DSC corr.im. range : 020/5000 V'
Sample : ,10.8 mg Modeltype of meas.:  DSC-TG / sample with carrection Pre Mment Cycles : .3:,\?:.," .
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Aminoglycol (AMPL)

TG % DSC /(mW/mg)

Value: 105.2 °C, 98.09 % 1 exo
35

[1.1] AMPL2562015.ngb-d|s0
—_— TG
DSC .

2.0
HOYOH '
H 2 N 1.0
05
K]
N T 0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 15:28 User Yago AMPL2562015-1.ngb-taa
NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documentsidoctorado\25-6-2015\AMPL2562015 ngb-ds1
Project : Material : Segments : 173
Identity:  AMPL2562015 ion file : ionAT15415.ngb-bs 1 Crucible : DSC/TG panAl
Dateltime :  26/06/2015 14:12:34 Temp.Cal /Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es{ Atmosphere : N2/ IN2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator: ~ Yago Magan Sample car/TC : DSCITG Octo K /K DSC corrJm. range : 020/5000 pV/
Sample:  AMPL2562015, 10.1 mg Modeftype of meas.:  DSC-TG/ sample with correction Pre Mment Cycles : 2xVac
h NE CH P Software
Myo-inositol
TG % DSC /(mW/mg)

Value: 341.3 °C, 99.03 % axo

100
L5
[1.1] Myolnositol23415.ngb-ds 1
80| ——— TG L4
DSC
60 L3

40 Onset: 224.5 °C
Area: 270.7 J/g
20

=

50 100 150 200 250 300 350 400 450
Temperature /°C

Main 20150703 1648 User: Yago

: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCI DSC 1234 15.ngb-ds 1
Project : Material : Segments : 3
Identity : Myolnosito 23415 Correction file : FinalcorrectionAT15415.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime :  23/04/2015 17:15:26 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /--IN2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corr/m. range:  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 pV/
Sample : Myoinosito23415, 10.8 mg Modeltype of meas. :  DSC-TG / sample with comection Pre Mment Cycles : 2xVac

Created wilh NETZSGH Profeus solware
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Tartaric acid

TG /% DSC /(mW/mg)
5 | exo
| Value: 205.6 °C, 99.29 %
100 6
80 5
4
60
[1.1] TartaricAcid2362015.ngb-ds1
— TG 3
DSC
40 -
2
0 Onset: 206.2 °C oo b
[1.1]
04 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 18:34 User. Yago
|Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : C\Us D 23.6-2015\T: 12362015.ngb-ds1_ |
Project : Material : Segments : 173
Identity : i file : 15415 ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  25/06/2015 14.05.07 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--/N2
Laboratory : OC Range : 24/10 0(K/min)'464 TG corrJm. range :  020/5000 mg
Operator . Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 uV'
Sample:  TartaricAcid2362015, 10.2 mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment t:;q:m\,:v= ,Z:Vf:,- —
Mucic acid
TG /% DSC /(mW/mg)
I exo
100
10
[1.1] MucicAcid2362015.ngb-ds1
801 —— TG a
DSC
60 5 6
Value: 214.6 °C, 99.22 9
4
40
* . o
Onset*: 220.5 °C 2
20
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 18.36 User. Yago MucicAcid2362015-1.ngb-taa
instrument : NETZSGH 5TA 449F 1 STARASFTA077-W_File : G Users\YagouDocuments\doctoradoi23-6-2015WuGicACidZ362015 ngb-dsi _
Project : Material Segments : 113
Identity : 15 file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time : 23/06/2015 15:05:39 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/ -/N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG com./m. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : MucicAcid2362015, 10.6 mg ofmeas.: DSC-TG/ sample with comrection Pre Mment Cycles : 2xVac

Created with NE TZSCH Profeus sofware



Dimethyl galactarate

TG 1% DSC /(mW/mg)

Value: 180.3 °C, 99.28 % 1 exo
100 =

[1.1] Dimethylgalactarate2172015.ngb-ds}| 5
901 —FF TG

DSC
80 1
70
60
50 ]
40

301 Onset*: 192.6 °C

20 1 1.1
2]
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-07-27 16:53 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\ Screening DSC data\21-7-15\Di 172015.ngb-ds1
Project : Material : Segments : 73
Identity : Dimethylgalactarate2172015 | Ce ction file : \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  21/07/2015 13:50:33 ‘Temp.CaI.ISens. Files : N2 tem20150529 InBiSnZnCsCl.ngb-ts1 / N2 sen20150529 InBiSnZnCsCl.ngb-es1 Atmosphere : N2/--/ N2
Laboratory : OC ‘Range g 24/10.0(K/min)/464 TG com/m. range :  020/5000 mg
Operator :  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample:  Di 172015,10.5mg | of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Proleus software

Diethyl Galactarate

TG /% DSC /(mW/mg)
Value: 92.4 °C, 99.13 % | exo
100 | 40
& [1.1] Diethylgalactarate2172015.ngb
] —— TG 35
o DSC -
70 4 25
(0] OH OH
60 | = 20
P o g o~
50 4 = 1.5
Onset*: 96.9 °C OH OH ©
401 Area: 460.3 J/g 1.0
30 4 05
20 4 0.0
10 - - . -0.5
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-27 16:48 User Yago Diethylgalactamate2172015-1.ngb-taa
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : C\Users!Yago\Documents\doctoradotist Screening DSC data\21-7-15'Diethylgalactarate2172015.ngb-ds 1 |
Project : Material : Segments : 173
Identity : Di 172015 lion file : il 15415 ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  21/07/2015 16:45:26 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsClngb-ts1 / N2 sen20150528 InBiSnZnCsCl ngb-es1 Atmosphere : N2/-iN2
Laboratory : OC Range : 24/10.0(Kimin)/d64 TG corr./m. range :  020/5000 mg
Operator:  Magan ‘Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : Di 172015, 8 mg 3 of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH P software
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Glucuronic acid

TG % DSC /(mW/mg)
s o 0
Value: 158.5 °C, 99.22 % 1 exo
100 7
90 [1.1] GlucuroniacidAT 16415.ngb-ds 1 6
—— TG
80 DSC 5
70 HOOC o i
HO
OH
o Area: 569.9 J/ig HO 3
OH
50 B 2
Onset: 150.1 °C
40 1
30 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015.07.0317:05 User: Yago
[Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : C:\NETZSCI Gl 16415 ngb-ds1
Project : Material : Segments : 3
Identity :  GlucuroniacidAT16415 ion file : F 15415.0gb-bs 1 Crucible : DSC/TG panAl
Dateftime :  17/04/2015 1:18:18 Temp.Cal./Sens. Files : Cakbration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es! | Atmosphere : N2/—IN2
Laboratory : PW Range : 24/10.0(KIminy454 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCITG Octo K /K DSC com/m. range : 020/5000 pV/
Sample : JucuroniacidAT 16415, 9.6 mg of meas.: DSC-TG/ sample with correction Pre Mment Cycles :  2xVac
Z NETZSCH Profeds soware
Glucose-D
DSC /((mW/mg) TG /%
1 exo
Value: 19.6 min/196.9 °C, 99.02 % 100
5 4
90
[1] glucose23415.ngh-ds1
44— TG 80
DSC
70
31 OH
60
21 50
40
1
30
ol 20
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015.07.0317:00 User: Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : C\NETZSCH\Proteus\data5\DSC measuresglucose23415 ngb-ds1 |
Project : erial © Segments : 1212
Identity :  glucose23415 Carrection file FinalcorrectionAT 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  24/04/2015 3:25:43 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ /N2
Laboratory : PW Range : 24110.0(K/min)/464/10.0(K/min) 24/ TG corrim. range :  020/5000 mg
Operator:  Magan Sample car/TG : DSCITG Octo K /K. DSC corr.im. range : 020/5000 iV
Sample:  glucose23415, 10.1 mg ofmeas.: DSC-TG/ sample with correction Pre Mment Cycles :  2«Vac
T NETZSCH Profeus soware
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Galactose

TG /% DSC /(mW/mg)

+ exo

100

Value: 193.9 °C, 99.22 % 4

0 [1.1] Dgalactose2562015.ngb-dg 1
— TG OH
80 — DsC OH 3
@]
70
HO 2
60 OH

Onset: 160.3°C

50

40 0

30

50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 1530 User Yago Dgalactose2562015-1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\25-6-2015\Dgalactose256201 5.ngb-ds 1 |
Project : Material : Segments : 13
Identity : Dy Correction file : F 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  27/06/2016 0:14:26 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/—/N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSCITG Octo K / K DSC corr./m. range : 020/5000 p\
Sample : Dx . 106 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Creaied wih NETZSCH Profaus sofivar
TG I% DSC /(mW/mg)

100 Value: 200.1°C,99.08%  *®° [,

90 1 [1.1] D-xylose23415.ngb-ds 1 o r3.5
i HO r3.0

80— DSC
2.5
701
2.0
60 1
. o
Onset: 156.0 °C 1.5
50 1 ~
S 1.0
a0] Area:237.4Jlg
0.5
304
0.0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 16:53 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCI 5\DSC yl 15.ngb-ds1
Project : Material : Segments : 13
Identity : D-xylose23415 Ce tion file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  24/04/2015 0:53:08 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K. DSC corr./m. range : 020/5000 uV
Sample:  D-xylose23415, 10.7 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NE TZSCH Proleus software
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Arabinose
TG 1% DSC /(mW/mg)
4 exo
100 : 5
[1.1] D-arabinose3062015.ngb-
—_— 8
90 DSC 4
80 OH 3
-0
HO
70 2
- Value: 190.9 °C, 97.55 9 OH
1
Onset: 166.4 °C OH
50 :
— nnlo
40
.1 1
30
50 100 150 200 250 300 350 400
Temperature /°C
Main 20150701 13:44 User Yago D-arabinose3062015-1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\30-6-2015'D-arabinose306201 5 ngb-ds1 ‘
Project : Material : Segments : 13
Identity : D-arabinose3062015 lion file : ) 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateitime :  01/07/2015 1:23:56 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--I N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator . Yago Magan Sample car/TC : DSCTGOcto K/ K DSC corr.im. range : 020/5000 uV
Sample : D- b 3062015, 10.9 mg of meas. : DSC-TG / sample with carrection Pre Mment Cycles :  2xVac
S
Sorbose
TG /% DSC /(mW/mg)
| exo
100
5

[1.1] L-Sorbose23415.ngb-ds1
— T
DSC 4

904 Value: 184.3 °C, 99.09 %

80
CH,OH CH,OH
70 O 3
OH
® OH 2
50 OH

- o
Onset: 169.6 °C 1
40 )
0
30
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-03 18:52 User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : CANETZSCH\Proteus\data5\DSC measures\L-Sorbose23415.ngb-ds1
Project : Material : Segments : 3
Identity : L-Sorbose23415 Correction file : FinalcorrectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  24/04/2015 10:45:53 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts 1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /--fN2
Laboratory : PW Range : 24/10.0(K/min)a64 TG corr./m. range :  020/5000 mg
Operator ;  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 WV
Sample : L- 15, 10mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
i NE

CH P software
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Maltitol

TG 1% DSC /(mW/mg)
1 exo
OH
100 OH 3.5
i OH
[1.1] Maltitol3062015.ngb-ds oHl30
P S—— Value: 274.0 °C, 99.17 8 0
HO OH 25
(0]
y,-OH 20
60
OH 15
Area: 200.3 J/g
1.0
40
Onset: 150.0 °C 05
20 0.0
- v -0.5
50 100 150 200 250 300 350 400
_ Temperature /°C
Main 2015-07-01 1354 User Yago Maltito[3062015-1 ngb-taa
|Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : CAU: 30-6-2015'Maltito/3062015.ngb-ds 1 |
Project : Material Segments : 173
Identity : Maititol 3062015 Correction file : FinalcomectionAT 15415 ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  30/06/2015 22:50:40 ‘Timn.l':lusem. Files . Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ - /N2
Laboratery : OC |Range : 24/10.0(Kimin)/484 TG corr/m. range :  020/5000 mg
Operator:  Yago Magan | Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV'
Sample : i 599mg EMOd-'nrpe ofmeas.: DSC-TG/ sample with corection Pre Mment Cycles : 2xVac -
Acetylated Glucose
TG /% DSC /(mWi/mg)
OAc
1 exo
100 2.5
o
AcO
Value: 213.9 °C, 99.22 %
80 AcO 2.0
OA
[1.1] acetylatedglucose1862015.ngb-ds1
60 SRR OAc 15
DsC
40 Area: 121.2 J/ig 10
Onset: 108.1 °Q
20
0.5
0
0.0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-06-30 14:41 User Yago acetylatedglucose1862015-1 ngb-taa
[Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File: C\U 17-6- 1862015.ngb-ds1 |
Project : Material : Segments : 3
Identity : acetylatedglucose 1862015 Correction file : FinalcorrectionAT15415.ngb-bs 1 | Crucible : DSC/TG pan Al
Dateftime :  19/06/2015 16:33:56 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 |Atmosphere | N2 /- IN2
Laboratory : MC Range : 24/10.0(K/minY464 TG corr/m. range :  020/5000 mg
Operator;  Yago Magan Sample car./TC : DSCTG Octo K /K. |DSC carrm. range : 0205000 v
Sample : 5 10mg of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2x\Vac

Created with NE TZSCH Fi software



Acetylated mannitol

190

TG 1% DSC /[(mW/mg)
Value: 232.3 °C, 99.23 % 1 exo
= 4.0
100
85
80 30
[6.1] Acetylatedmannitol1962015.ngb-ds1 25
60 —— TG 3
DSC
2.0
40 15
Area: 164 J/g
1.0
L o,
20| Onset': 1227°C
05
0 0.0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 14:38  User. Yago AcetylatedMannitol1862015-1.ngb-taa
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : G\Users\Yago\Documents\doctoradoidata\17-6-201 5\Acetylatedmannitol 1962015 ngb-ds |
Project : terial ; Segments : 13
Identity:  Acetylatedmannitol1962015 | Correction file : FinalcomrectionAT154 15.ngb-bs1 Crucible : DSC/TG pan Al
Datefime : ~ 20/06/2015 2:35:41 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere : N2/-IN2
Laboratory : MC 'Range : 2410 0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator Yage Magan Sample car/TC : DSCTG Octo K/ K DSC corr.Jm. range : 020/5000 uV
Sample 1962015, 10.8 mg of meas.: DSC-TG/sample with correction Pre Mment Cycles : 2xVac
; NETZSCH Profeds soware
Acetylated sorbitol
TG 1% DSC /[(mW/mg)
Value: 171.7 °C, 99.20 % -
100 t
OAc OAc 35
OAc
80 AcO™ 7Y 3.0
. OAc OAc
[5.1] Acetylatedsorbitol1962015.ngb-ds1 25
60 — TG
DSC 20
40 15
Onset™: 97.3 °C '
= Area: 162.4 J/g 10
05
0
0.0
50 100 150 200 250 300 350 400
_ Temperature /°C
Main  2015-06-30 14:36 User: Yago
|Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : CAU: 17-6-20° 1962015.ngb-ds 1 |
Project : WMaterial : Segments : 173
Identity:  Acetylatedsorbiol 1962015 ion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime : ~ 20/06/2015 10:03:02 Temp.Cal./Sens. Files : Cakbration 24-3-2015 N2 10kmin.ngb-ts1 / Callbration 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2 /--/N2
Laboratory : MC Range : 24110.0(K/min)/464 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC : DSCITG Octa K /K DSC corr/m. range : 0205000 pV/
Sample : 1962015,99mg  Modeltype of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NETZSCH P

software
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Acetylated dulcitol

TG 1% DSC /(mW/mg)
Yoo Value: 204.0 °C, 99.20 % L exo [45
OAc OAc 4.0
; X OAc
50 [1,1]Acetylateqrdglcnoﬁ962015.ngb—d AcO - 35
DSC o)
OAc OAc 30
60
25
40 ) . 20
Onset: 170.4 °C Area: 200.7 J/g
1.5
20 Onset: 148.8 °C 10
- 05
0
0.0
0 5 10 15 20 25 30 35 40
Time /min
Main  2015-06-30 14.42 User. Yago AcetylatedDulcito|1962015-1.ngb-taa
Instrument : NETZSCH STA 440F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctoradoldata\17-6-201 5\Acetylateddulcitol1 962015 ngb-ds 1 |
Project : Material : Segments : [E)
Identity : ion file : lionAT15415.ngb-bs1 Crucible : DSC/TG panAl
Dateftime :  20/06/2015 12:32:21 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/-IN2
Laboratory : MC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator :  Yago Magan Sample car./TC : DSCTGOcto K/K DSC corr./m. range : 020/5000 uV
Sample : , 10.6 mg ofmeas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac
ted vith NETZSCH Proteus soffware
Acetylated myo-inositol
TG 1% DSC /(mW/mg)
1 exo
100 —_\/ % OAC 20
ACO/,' \\\OAC »
80 Value: 210.8 °C, 99.23 % '

OAc['®

60
0.0
Al L . -0.5
Onset*: 212.6 °C
-1.0
20 i s
[1.1] Acetylatedmyoinositol2362015.ngh-ds1 A
— TG ¢
DSC
0 -2.0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 18:54 User: Yago
Instrument : NETZSCH STA 440F 1 STA449F1A-0077-M_File : CA\Users\Yago\Documents\doctorado\23-6-2015VA cetylatedmyoinositol2362015 ngb-ds1 |
Project : Material Segments : 3
Identity : 15 Correction file : 15415.ngb-bs 1 Crucible : DSCITG pan Al
Datefime : ~ 25/06/2015 0:07:31 Temp.CalJSens. Files : Calbration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere : N2/ /N2
Laboratory : OC Range : 24/10.0(K/min) 464 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC : DSC/TG Octo K/ K DSC corr.im. range : 020/5000 LV
Sample : 15.10.2mg of meas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
; NETZSGH Profeus sotware




Acetylated Pentaerythritol

TG /% DSC /(mW/mg)
1 exo
100 A 25
[1.1] Acetylated PE2362015.ngb-{ <
— TG
80 1 Value: 142.9 °C, 99.21 % DRe 20
AcO XOAC
60 15
Onset*: 75.3 °C AcO OAc
40 . 1.0
Area: 139.9 J/g
20 05
(i8] 0.0
i ;
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 18:51 User Yago AcetylatedPE2362015-1.ngb-taa
[ : NETZSCH STA 440F1 STA449F1A-0077-M_File : CAU: Micetylated PE2362015 ngb-ds 1 |
Project : Material : Segments : 13
Identity : y 2362015 ion file : F 15415.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime :  25/06/2015 11:04.08 Temp.CaliSens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/- N2
Laboratory : OC Range : 24/10.0(K/min)/d64 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K / K DSC corr.im. range : 020/5000 p\V'
Sample : y 15, 10.9 mg ofmeas.: DSC-TG/ sample with comrection Pre Mment Cycles :  2xVac
Crmated ik NETZSCH Proteus sowars
Methyl a-D-mannopyranoside
TG /% DSC /(mW/mg)
1 exo
102 4 ﬂ 40
100 1 , i
98 30
[1.1] 2xMethylalfamannose422016.ngb-ds1 )
96 1 — TG
DSC 25
94
OH 20
OH :
92 _0
HO Area: 223.9 J/g 1.5
90 4 HO M
10
88 1 o Onset: 192.2 °C
05
86 o~
0.0
84 1
50 100 150 200 250
Temperature /°C
Main  2016-02-05 11:05 User: Yago 2xMethylalfamannose422016-1.ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\l 1st Screening DSC data\New Calibration Data\2016-2-4\2xMethylalfamannose422016.ngb-ds1
Project : Material : Segments :
Identity : 2xMethylalfamannose422016 Correction file : NMFinalCorrectionAT300.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  04/02/2016 18:26:33 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts 1 / N2-Magan-15-10-2015.ngb-ts1 .ngb-es1 Atmosphere : N2/--/N2
Laboratory : AGPW Range : 21/10.0(K/min)/300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K/ K DSC corrJm. range : 020/5000 pV
Sample : 2016, 12 mg ofmeas.: DSC-TG/ sample with comrection Pre Mment Cycles : 2xVac

Created with NE TZSCH Proteus software
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Dianhydromannitol
TG I% DSC /(mWimg)
1 exo
100
3.0
80 ) i 25
[1.1] Dianhydromannitol2112016.ngb-ds1
— TG
—  DSsC 2.0
= OH
Area: 175.5 J/g 0 15
40
1.0
. o
Onset: 83.8 °C 05
20 ’
0.0
O T T T
50 100 150 200 250
Temperature /°C )
Main 2016-01-22 1230 User Yago Dianhydromannitol2112016-1 ngb-taa
[ : NETZSCH STA 449F1 STA449F1A-0077-M File : C\U: Screening DSC data\New Calibration Data\1-21-20 12016.ngb-ds1 |
Project : Material : Segments : 13
Identity : Dianhydromannitol2112016 Correction file : NMFinalCorrectionAT300 ngb-bst Crucible : DSC/TG pan Al
Dateftime :  21/01/2016 13:01.28 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-181 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2 /- N2
Laboratory : AGPW Range : 2110.0(K/min)/300 TG com/m. range :  020/5000 mg
Operator:  Magan Sample car./TC ; DSC/TG Octo K /K DSC cor./m. range : 020/5000 pV
Sample:  Di itol2112016, 10.9 mg of meas.: DSC-TG/sample with comection Pre Mment Cycles : 2xVac
Created with NETZSCH Pr software
Perseitol
TG /% DSC {(mW/mg)
105 lexas
[4.1] Perseitol242018.ngb-ds1
— TG
4.0
DSC
100 8.5
3.0
2.5
95
2.0
Area: 260.8 J/g
v 1.5
90 .
.
" Onset: 183.7 °C 1.0
o 141 F0.5
85 t
0.0
50 100 150 200 250
Temperature /°C
Main 201808101303 User: STA
Instrurnent : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCH!ProteusidataSiOCHYago\Perselols42018.ngb-ds1
Project : Material : Segments : 13
Identity : Perseitol342018 Correction file : NMFinalCorrectionAT300 ngb-bs1 Crucible : DEC/TG pan Al
Dateitime :  09/04/2018 15:09:47 Temp.Cal /Sens. Files : N2-M 15-10-2015.ngh-ts 1 1 N2-M 151 15.ngb-ts1.ngb-es1 Atmosphere : N2 /=i N2
Laboratory : MC Range : 21/10.0(K/min)/300 TG corrm. range :  £20/5000 mg
Operator:  Magan Sample car.TC : DSCITG Octo K/ K DSC corr./m. range : G20/5000 J\V
Sample : Perseitol942018, 10.2 mg of meas. : DSC-TG ’sample with correction Pre Mment Cy:l!: © 2xVac

Croatod with NETZSCH Protous softwiare
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D-erythro-D-manno-octitol

TG 1% DSC A(mW/mg)
Value: 310.1°C, 9820 % ¥ €%
100 | e 6
[1.1] MayorOctitol1142018.ngb-ds1
TG
B DSC 5
4
OH OH OH
80 =
OH 3
HO b
40 OH OH OH ”
Onset: 260.9 °C
" 1
20 Area: 352.2 J/g
S e "
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Wain 201808101239 User STA
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\NETZSC| | OCiYag otitall 142018.ngb-ds1
Material Segments : 13
MayorOctital1 142018 Correction file : FinalcorrectionAT15415 ngb-bs1 Crucible : DSCITG pan Al
11/04/2018 00:26:24 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--IN2
Laboratory : MC Range : 2410 O(K/min}id64 TG corr/m. range :  020/5000 mg
Operator:  Schnoell Sample carJTC : DSCITG Octo K/ K DSC corr.dm. range : 020/5000 UV
Sample:  MayorOctital1 142018, 7.5 mg of meas.: DSC-TG/ sample with carrection Pre Mment Cycles : 2xVac

Creatod with NETZSGH Protoiis software

Create PDF files without this message by purchasing novaPDF printer (http:/www.novapdf.com)

D-erythro-L-gluco-octitol

TG /% DSC /{imW/mg)
1 ex
[3.1] MinorOctitol942018.ngb-ds1
105{ ———— TG 3.5
DSC
3.0
100 1
25
95
2.0
90 A
1.5
85 Area: 163.6 J/g
Fd 1.0
T . o
a0 | Onset: 163.8 °C
0.5
12.1]
751 0.0
70 -0.5
50 100 150 200 250
Temperature /°C
Miin 2018.08.10 1248 User: STA i
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : G:INETZSCE g OCHY. Octitelo42018.ngb-ds1
Project : Material : Segments : 113
Identity : MinarOctitol942018 C cti file : NMFinalC ti T300.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  08/04/2018 17.06.04 Temp.Cal /Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2/ /N2
Laboratory : MG Range : 2110 0{K/minyi300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car.[TC DSCITG Octo K/ K DSC corr./m. range : 020/5000 v
Sample : MinorQctitol942018, 5.5 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2¥\ac

Croatod with NETZSGH Protous Softuars



5.1.2 Arene

4-Acetamidophenol

TG /% [1.1] 4-acetamidephenol2362015.ngb-ds1  DSC /(mW/mg)
TS 1 exo
DSC
100 1
4
801 Value: 216.9 °C, 99.21 %
3
60 1
L2
Area: 219.2 J/g
40
. [e]
201 Onset: 1694 °C
Lo
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 18:59 User: Yago ‘4-acetamidephenol2362015-1.ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\ 3-6-20154 12362015.ngb-ds1
Project : Material : Segments : 73
Identity : 4 362015 Correction file : \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  24/06/2015 11:18:21 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /--/N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV/
Sample: 4 362015, 10.2 mg of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Created with NETZSCH Proteus software
4-Acetamidobenzaldehyde
TG 1% DSC /(mW/mg)
1 exo
4
100 o)
90 3
H
80
. 2
70 Area: 172.4 J/
\
\\
60 LY 1
*. o
Onset*: 155.9 °C.
50 -
e ;
40
301 [1.1] 4-Acetamidobenzaldehyde2362015.ngb-ds1 -1
wd —— 18
—————DSC
-2
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-06-30 18:57 User: Yago 4-Acetamidobenzaldehyde2362015-1.ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\L 015M- i 362015.ngb-ds 1
Project : Material : Segments : 3
Identity : 4-Acetamidobenzaldehyde2362015 Correction file : FinalcorrectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  24/06/2015 21:34:38 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2/- /N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr./m.range : 020/5000 mg
Operator :  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : 4 , 10.1 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Proteus software
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Acetanilide

196

TG /% DSC /(mW/mg)
100 4
| exo
[1.1] Acetanilide23415.ngb-ds1 |4
80 — TG
Value: 179.5 °C, 99.00 %
’ DSC
3
60
0]
40 1 . 2
Onset: 115.2 )I\
N
204 Area: 217 Jig H 1
1]
1%
1 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-0703 10:23 User. Yago
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\NETZSCI DSC 3415.ngb-ds1 |
Project : I rial : [Segments : 3
Identity : Acetanilide23415 | file : 15415 ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  24/04/2015 15:50:08 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--1N2
Laboratory : PW |Range : 24/10.0(K/min)id64 /TG corr/m. range :  020/5000 mg
Operator:  Magan |Sample car/TC : DSC/TG Octo K /K |DSC corr/m. range ; 020/5000 pV/
Sample : Acetanilide23415, 10.4 mg Modeitype of meas.:  DSC-TG / sample with corection | Pre Mment Cycles :Ntz:(:tafnr -
Anthraquinone
TG 1% DSC /(mW/mg)
1 exo
100
[1.1] Anthraquinone1062015.ngb-ds1 4
gog4 —— TG
DSC
F3
601 O
Value: 242.9 °C, 99.02 %
40 [2
Onset: 285.3 °C 7
20 - Ly
0]
04 /
F0

200 250
Temperature /°C

50 100 150 300 350

Main  2015-0630 13:22 User Yago

: NETZSCH STA 449F1 STA449F1A-0077-M_File : C)\Users\Yago\Deskiop\1 0-6-2015\Anthraquinone1062015.ngb-ds 1

400

450

Anthraguinonet062015-1.ngb-taa

Project : Material : Segments : 173

Identity : Anthraquinone 1062015 Correction file : FinalcorrectionAT 15415 ngb-bs1 Crucible : DSC/TG panAl
Dateltime :  10/06/2015 11:53:37 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/-1N2
Laboratory : MC Range : 24/10.0(K/min)/464 TG com/m. range :  020/5000 mg
Operator 'Yago Magan Sample car./TC : DSCTGOcto K/ K DSC corr./m. range : 020/5000 pV
Sample 1062015, 10mg | of meas.: DSC-TG / sample with comrection Pre Mment Cycles : 2xVac

NETZSCH P software
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Benzanilide

TG % DSC /(mW/mg)
| exo
4
100 ,
[1.1] Bemzanilide3062015.ngb-{
— TG
&6 o DSC "
Value: 202.1 °C, 99.10 %
N
60 H
2
40 .
Area: 185.4 J/g
1
20 Onset: 163.3 °C
0
0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-01 1341 User: Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M _File : C\Users\Yago\Documents\doctorado\30-6-2015\Bemzaniide3062015 ngb-s1
Project : Material : Segments : 13
Identity : 15 file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  30/06/2015 17:45:28 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /- N2
Laboratory : OC Range : 24/10.0(K/min 464 TG corrim. range :  020/5000 mg
Operator: ~ Yago Magan Sample car/TC : DSCTG Ocla K/ K DSC corr.im. range : 020/5000 pV
Sample : i 15,107mg | Modeltype of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2:Vac
L NE 3CH P software

Hydrochinon Diethylether

TG % [3.1] Hydrochinonediethylether19620151gl™ ™

Value: 92.6 °C, 99.22 %
—_— TG 1 exo
e DSC
5
80
4
Area: 292.5 J/g
60 \
' O o 3
. o
Onset: 70.5 °C \
40
2
20
B 1
B
0
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-08-30 1433 User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : G\Users\Yago\Documents\doctoradoldatal17-6-2015\Hydrochinonediethylether 1962015 ngb-dst |
Project : [ Material : Segments : [
Identity : 196201 | Carrection file : 15415.ngb-bst Crucible : DSC/TG pan Al
Dateftime : ~ 20/06/2015 15:02:45 |Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 1Okmin.ngb-ts1 / Calibratin 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2 /- /N2
Laboratory : MC |Range : 24/10.0(Kiminy464 TG corr/m. range :  020/5000 mg
Operator:  Yage Magan | Sample car/TC : DSCITG Octo K/ K DSC corr/m. range : 020/5000 v/
Sample: 196201, 10.8 mg of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
p NETZSCH Profeus Sotware



TG /%

100 A

Hydroquinone

Value: 180.1 °C, 99.09 %

[1.1] Hydroquinone23415.ngb-ds1
——""70
DSC
60 -
Area: 265.2 J/g
40 -

HO

198

DSC /(mW/mg)
1 exo

5

4

3

OH

2
201 Onset: 173.2 °C ,
) n.1
04 .1
¥ 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 10:25 User: Yago
|Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : C\NETZSCI DSC 23415.ngb-ds 1 |
Project : Material : Segments : 73
Identity: | i 5 filo: i 15415 ngb-bs1 | Crucible : DSCITG pan Al
Dateftime :  24/04/2015 20:53:42 Temp.Cal./Sens. Files | Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ -/ N2
Laboratory : PW Range : 2410.0(K/min)464 TG com/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 uV
Sample : , 10.6 mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Created with NETZSCH Pr software
Melamine
TG /% DSC /(mW/mg)
Value: 290.8 °C, 99.02 %
- + exo
7
90
6
80 [1.1] MelamineAT16415.ngb-ds1 .
70 DSC 4
NH ] 5
60 )\2 Onset: 362.0 °C !
X
50 N N )
40 )I\ — Area: 749.5 J/g
H,NT N7 TNH, b
30 /__—— + 1.1
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015.07.03 1026 User Yago
Instrument : NETZSCH STA 449F1 STA44SF1A-0077-M_File : C\NETZSCH\Proteus'data5\MelamineAT 16415.ngb-ds 1 |
Project : [Material - Segments : 13
Identity :  MelamineAT16415 Carrection file : FinalcormectionAT 15415, gb-bs 1 Crucible : DSC/TG pan Al
Dateltime :  16/04/2015 12.44:12 Tomp.CalJSens. Files : Calbration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/~ (N2
Laboratory : PW Range : 24/10.0(K/min) 464 TG corr./m. range :  020/5000 mg
Operator :  Magan Sample car/TG: DSCITG Octo K/ K DSC corr/m. range : 020/5000 pV
Sample:  MelamineAT16415, 10.6 mg of meas.: DSC-TG/ sample with corection Pre Miment Cycles : 2xVac
¢ NETZSCH Prateus somware
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Pyrocatechol

TG I% DSC /(mW/mg)
Value: 138.7 °C, 99.05 % L axo
100
5
[1.1] Pyrocathecol23415.ngb-ds1
80 — TG 4
—FF  DSC
60
OH 3

& Onset: 104.9 °C OH b

20 { Area: 267.2 J/ig 1
o iR
(11
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-03 10:27 User Yago
[instrument : NETZSCH STA 443F1 STA449F1A-0077-M_File : C\NETZSCH DSC 123415.ngb-ds1 |
Project : Material : Segments : 13
Identity : 5 ion file : 15415.ngb-bs 1 Crucible : DSC/TG pan Al
Dateltime :  24/04/2015 18:21:32 Temp.Cal/Sens. Files | Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Callbration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-IN2
Laboratory : PW Range : 24/10.0(Kiminy464 TG corr./m. range | 020/5000 mg
Operator ;  Magan Sample car./TC : DSC/TG Octo K /K DSC corrJm. range : 020/5000 pV
Sample : , 9.9 mg Mode/type of meas. :  DSC-TG / sample with comrection Pre Mment Cycles :  2xVac
Created with NETZSCH Pr software
Resorcinol
TG 1% DSC /(mW/mg)
Lexo [5
100 4 Value: 165.2 °C, 99.20 %
4
80
[1.1] Resorcinol2562015.ngb-ds1 3
601 —_— 15
DsC
201 Area: 288.5 J/g 1
Onset: 110.1°C
0- _ O H R
" 0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 15:36  User. Yago Resorcinol2562015-1.ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Documents\doctorado\25-6-2015\Resorcin0i2562015.ngb-ds1
Project : erial : Segments : 13
Identity file : i 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  27/06/2015 5:14:43 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmos phere : N2/ ! N2

Laboratory : OC Range : 24/10.0(K/min) /464 TG corr/m. range :  020/5000 mg
Operator :  Yago Magan Sample car/TC : DSC/TG Octo K/ K. DSC corr./m. range : 020/5000 uV
‘Sample 5.97mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

NETZSCHFy software



2-Aminophenol

200

TG 1% DSC /(mW/mg)
Value: 163.0 °C, 99.20 % ‘L exo 6
100
5
80 [1.1] 2aminophenol.ngb-ds1 OH
— TG
DSC 4
60 NH;
2
40
2
20
Onset: 176.4 °C 1
0 ~
0
-20 :

50 100 150

Main  2015-11-12 1548 User Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : ClUsers\Ye

200 250
Temperature /°C

300 350 400

2aminophenok-1 ngb-taa

\Documenisidoctorado\ist Screening DSC data'New Calibration Data\Medidas_9-11-2015\2aminophenol ngb-ds 1

Project [Material : Segments : 73
Identity 2aminophenol If‘ tion file : F 15415.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime 10/11/2015 22:14:43 IT.mnCaIfSem. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts 1.ngb-es 1 Atmosphere : N2 /- /N2
Laboratory : PW | : 24/10.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator:  Magan Isample car/TC: DSCITG Octo K/ K. DSC corr.im. range : 020/5000 pV'
Sample 10.3 mg of meas.: DSC-TG/ sample with corection Pre Mment Cycles : 2xVac
fod it NETZSCH Profeis somvam
4-Aminophenol
TG /% DSC /(mWi/mg)
Value: 179.8 °C, 99.19 % 1 exo
100
5
80
4
604 [1.1] 4aminophenol9112015.ngb-ds1 3
— TG
DSC
2
40 NH,
& o 1
Onset: 189.4 °C
20 —
Area: 270.7 J/g 0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-11-12 1557 User Yago A4aminophencle112015-1. ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\Us Screening DSC data\New Calibration Data\Medidas_8-11-: 112015 ngb-ds1
Project : Material : Segments : 3
Identity 4aminophenol9112015 Correction file : FinalcomectionAT 15415.ngb-bs 1 Crucible : DSC/TG pan Al
Dateltime : 10/11/2015 17:17:40 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es 1 Atmosphere : N2/ -/ N2
Laboratory : PW Range : 24/10.0(Kimin) /464 |TGcom./m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCITG Octo K/ K DSC corr/m. range : 020/5000 pV
Sample : minophenold112015, 10.6 mg of meas.: DSC-TG/ sample with correction | Pre Mment Cycles :  2xVac
tod with NETZSCH Profeus somiar



4-Aminoacetophenone

TG % DSC /(mW/mg)
Value: 256.0 OC, 99.26 % J exo
100
5
%0 @)
80 4
[1.1] 4-aminoacetophenon2872015.ngb-ds1
— TG
70{ —— psc 3
60
2
50 NH;
Onset: 183.1 °C Area: 249.2 Jig
40 W 1
W :
50 100 150 200 250 360 350 400
_ Temperature /°C
Main  2015-07-30 1308 User: Yago

|Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : C:\U: Screening DSC data\28-7-15\ 12872015.ngb-ds1. |
Project : Material - Segments : 13
Identity : 72015 file : 15415 ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  29/07/2015 2:06:22 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsClngbs1 / N2 sen20150529 InBiSnZnCsCl.ngb-es1  Atmosphere : N2/—/N2

Laboratory : OC Range : 24110.0(K/min)/464 TG cormr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC DSCITG Qcto K [ K DSC com./m. range : 020/5000 pV
Sample : 72015,103mg  Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Gyuﬁ.':E:"Z::l:c .
N-Benzylbenzamide
TG /% DSC /(mW/mg)
Value: 186.4 °C, 99.22 % I exo
100
[1.1] N-Benzylbenzamide2872015.ngbh-ds
— TG
80 DSC
0 3
60
N
40 2
20| Onset: 106.4 °C Area: 197.7 J/g ’
iR
0 0
50 100 150 200 250 300 350 400
Temperature /°C

Main 2015-07-30 1345 User Yago

Project : Material :
it tion file :

T15415.ngb-bs1

Laboratory : OC Range : 24/10.0(K/min)/464
Sample car/TC : DSC/TG Octo K/ K
Sample: N i , 109 mg | Modeltype of meas. :  DSC-TG / sample with correction

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C)\Users\Yago'Documents\doctorado\1st Screening DSC data\26-7-15\N-Benzylbenzamide2672015.ngb-ds1

Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsClngb-ts1 / N2 5620150529 InBiSnZnCsCl.ngb-es1  Atmosphere :

173
DSC/TG pan Al
N2/ -/ N2

TG corr.im. range :  020/5000 mg
DSC corr./m. range : 020/5000 kv

Segments :
Crucible :

Pre Mment Cycles : 2xVac
2

CHPr Software

201



Anthranilamide
TG /% DSC /(mW/mg)
Value: 201.9 °C, 99.23 % L exo
100
[1.1] Anthranilamide2872015.ngb-d§ 5
— TG
80 DSC
4
- ©) NH»
3
NH,
40 2
Onset: 112.0 °C Area: 254 .4 Jlg
20 ) 1
i
0 0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-07-30 1318 User Yago
[Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File : C\Us D Screening DSC data'28-7-15\nthranilamide2872015.ngb-ds 1 |
Project : Material : Segments : [E]
Identity:  Anthranilamide 2872015 Correction file : FinalcorrectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  28/07/2015 21.09:15 Temp.Cal./Sens. Files : N2 1em20150529 InBiSnZnCsCLngb-ts1 / N2 56020150529 INBISNZnCsCl.ngb-es1 | Atmosphere : N2/-/N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 pV
Sample : 2015,107mg _ |Modeftype of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NETZSCH P software

202



5.1.3 Amino acids
D-Threonine

203

TG % DSC /(mWi/mg)
Value: 244.5 °C, 99.15 % L exo
100 o A A it
8
80
6
[1.1] D-Threonine2362015.ngb-ds1
60 — TG
DSC 4
40
2
Onset: 253.4 °C
20
: 0
0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 18:37 User Yago D-Threonine2362015-1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\23-6-2015'D-Threonine2362015 ngb-ds1 |
Project Material © Segments : 13
Identity:  D-Threonine2362015 Correction file : FinalcorrectionAT 15415 ngb-bs1 |Crucible : DSC/TG pan Al
Dateftime : ~ 24/06/2015 8:44:18 Temp.Cal.Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1/ Calibration 24-32015 N2 10kmin.ngbes! | Atmosphere : N2 - N2
Laboratory : OC Range : 24/10.0(K/min /464 TG corrim. range : 02015000 mg
Operator:  Yago Magan Sample car/TC : DSCITG Octo K/ K |DSG com/m. range : 020/5000 iV
Sample:  D-Ti  10.5 mg of meas. :  DSC-TG / sample with correction |Pre Mment Cycles : 2xVac
z NETZSCH Prateds somware
L-Threonine
TG 1% DSC /(mWi/mg)
Value: 252.0 °C, 99.14 % 1 exo
100
8
[1.1] L-threonin23415.ngb-ds1 7
8] — TG
DSC OH 0O 6
60 5
4
40 NH; i
. o
Onset: 255.8 °C
- 2
20
1
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015.07.02 17.34 User Yago Lthreonin23415-1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\NETZSCH\Proteus\data5\DSC measures\Lthreonin23415.ngb-ds1 |
Project : Material ; Segments ; 13
Identity:  L-threonin23415 file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime : ~ 25/04/2015 4:26:27 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-s1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ /N2
Laboratory : PW Range : 24/10.0(K/min)i464 TG corr/m.range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corrdm. range : 02045000 WV
Sample :  L-ihreonin23415, 10.4 mg of meas. : DSC-TG/sample with correction Pre Mment Cycles : 2xVac
z NETZSCH Pratets somware




L-Histidine

204

TG /% DSC /(mW/mg)
Value: 281.4 °C, 99.33 %
Lexo |8
100
O 7
95
6
90
[1.1] L-Histidine23415.ngb-ds1 5
#l ——— TG
80 DSC 4
75 3
70 2
Onset: 283.9 °C
65 . ] 1
60 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-02 17.36 User. Yago
Instrument : NETZSCH STA 440F 1 STA449F1A-0077-M_File : C:NETZSCHProteus\data5\DSC measures\L-Histidine23415 ngb-dsi
Project : | Material : Segments : 13
Identity : L-Histidine23415 Ci tion file : \T15415.ngb-bs1 Crucible : DSCI/TG pan Al
Dateltime : 25/04/2015 6:56:06 | Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/--/N2
Laboratory : PW Range : 24/10.0(K/min)i464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC: DSC/TG Octo K/ K DSC corr/m. range : 020/5000 uV
Sample : L-Histidine23415, 10.2 mg ofmeas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
Cisated wih NE TZSCH Profeus somiam
L-Lysine
TG /% DSC /(mW/mg)
7 ° " ° 0,
Value: 64.4 °C, 99.09 % Value: 219.4 °C, 89.33 % L exo [35
100 M
|
90 0 ‘ [1.1] L-lysine29415.ngb-ds1 30
- —F TG
H,N A DSC r2.5
70 OH
F2.0
60 A
t1.5
50 {
Onset: 221.6 °C
401 SN 1.0
30 1 F0.5
20 1
F0.0
10 + + v - - - - : ;
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-02 17:37 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\NETZSCI 5\29-4-2015\L-lysine294 15.ngb-ds 1
Project : Material : Segments : 173
Identity : L-lysine29415 Ce tion file : \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  29/04/2015 14:48:23 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K. DSC corr./m. range : 020/5000 V'
Sample:  L-lysine29415, 10 mg of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Proteus software



L-Cysteine

205

TG /% DSC /(mW/mg)
Value: 213.3 °C, 99.21 %
L exo |7
100 .
6
go | [1.1] L-cysteine29415.ngb-ds1
— T e) 5
DSC
60 %
HS OH
3
NH,
20 Onset: 217.5°C '
1
1
1.4,
0
0 - T r
50 100 150 200 250 300 350 400 450
_ Temperature /°C
Main  2015-07-02 17:36 User: Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\NETZSCH\Proteus\data5\28-4-2015\L-cysteine 29415 ngb-ds |
Project : Material : Segments 113
Identity:  L-cysteine29415 on file : T15415.ngb-bst Crucible : DSC/TG pan Al
Dateftime :  29/04/2015 17:19:04 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /- N2
Laboratory : PW Range : 24/10.0(K/min)/464 TG corrim. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC cor./m. range : 020/5000 iV
Sample:  L-cysteine29415, 10.1 mg Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : fov'fm— —
L-Phenylalanine
TG /% DSC /(mW/mg)
Value: 273.3 °C, 99.25 % '8
1 exo
100
R g
[1.1] L-phenylalanina29415.ngb-ds1
80 — TG L6
DSC
t5
60 OH 1
F4
NH,
40 : " L3
Onset: 276.9 °C
' 2
20 N F1
R
f—é——i Fo
0 T T T T
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-02 17:43 User Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : G\NETZSCH\Proteus\data5\29-4-2015'L -phenylalanina284 15.ngb-ds 1 |
Project : Material : Segments : 13
Identity:  L-phenylalanina29415 Correction file : FinalcorrectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  28/04/2015 19:49:15 Temp.Cal.Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-est | Atmosphere : N2/ /N2
Laboratory : PW Range : 24/10.0(Kiminy/464 TG corr./m. range : 02015000 mg
Operator 1 Magan Sample car./TC : DSCTG Octo K/ K DSC corrdm. range : 020/5000 WV
Sample: L ,10.7 mg ofmeas.: DSC-TG / sample with comection Pre Mment Cycles :  2xVac

NE

CH P software



Glycine

TG /% DSC /(mW/mg)
Value: 246.6 °C, 99.00 %
{ exo |8
100 |
7
90 |
6
80 4 5
[1.1] Glycine29415.ngb-ds1
o DSC y
3
60 -
2
50 1 Onset: 251.8 °C
1
;
W=
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-02 17:35 User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : CANETZSCH\Proteus'data5\29-4-201 5\Glycine29415.ngb-ds1
Project : [Material : Segments : 3
Identity : Glycine29415 file : 15415 ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  29/04/2015 12:16:05 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--/ N2
Laboratory : PW Range : 24/10.0(Kimin y464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample carJTC : DSC/TG Octlo K/ K DSC corr.m. range : 020/5000 pV
Sample:  Glycine29415, 102 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac
Created with NE 3CH P software
L-Methionine
TG 1% DSC /(mW/mg)
1 exo
A
100
8
80 A 3 °
Value: 270.3 °C, 99.27 % o
S 6
60 A 7~ OH
[1.1] L-Methionine3062015.ngb-ds1 NH2 4
0] ——— TG
DSC
2
4 . o
0 Onset: 281.9 °C
— M1.1] 0
0 4
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-01 13:50 User: Yago L-Methionine3062015-1.ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\ 3 2015\ 3062015.ngb-ds1
Project : Material : Segments : 73
Identity : L-Methionine3062015 Correction file : FinalcormrectionAT 15415.ngb-bs 1 Crucible : DSC/TG pan Al
Date/time :  30/06/2015 20:17:40 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--1N2
Laboratory : OC Range : 24/10.0(K/min)/464 TG comr/m. range :  020/5000 mg
Operator :  Yago Magan Sample car./TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample : L- ionine3062015, 10.9 mg of meas.: DSC-TG/ sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Profeus software



DL-Alanylglycine

207

TG % DSC /(mW/mg)
4 exo
100 ¥:}
90 L7
80 6
70 ; L5
[1.1] DL-Alanylglycine20102015.ngb-ds1
— 16
60 DSC 4
50 H 9] L3
40 N \)I\ F2
H,N OH
30 F1
O .1
20 ro
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-10-28 1505 User Yago
: NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\DocumentsidoctoradoVist Screening DSC data\ 0-22-15\DL-Alanylglycine20102015.ngb-ds 1
Project Material : Segments : 3
Identity :  DL-Alanylglycine20102015 file: 15415.ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  21/10/2015 9:15:51 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-5-10-2015.ngb-ts 1 ngb-es 1 Atmosphere : N2/ /N2
Laboratory : MC Range : 24/10.0(K/min)i464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Oclo K/ K DSC corrJm. range ; 020/5000 v/
Sample DL- 102015, 10.9 mg Modeftype of meas. :  DSC-TG/ sample with correction Pre Mment Cycles :  2xVac

NETZSCH P Sonwan



5.1.4 Purines and pirimidines
Adenine

TG /%

100

95 ;
[1.1] Adenine23415.ngb-ds1
90 7

85 NH,

208

DSC /(mWimg)
L exo
8
6
4

. o
80 N Value: 265.6 °C, 99.85 %
75 2
*. [}
-5 Onset*: 360.4 °C
i - 0
65
60 -2
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015.07.03 1510 User: Yago

Instrument : NETZSCH STA 449F1 STA440F1A-0077-M_File : C\NETZSCH\Proteus\data5\DSC measures\Adenine23415 ngb-ds 1 |
Project : Material Segments : 13
Identity :  Adenine23415 ion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  25/04/2015 9:25:51 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ N2

Laboratory : PW Range : 24/10.0(Kimin)/464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TG : DSC/TG Octo K/ K DSC corr.im. range : 020/5000 PV
Sample : Adenine23415, 10.2 mg ofmeas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
foc with NETZSCH Profeas samiare
Caffeine
TG % (0] DSC /(mW/mg)
N N 1 exo
100
T
[1.1] Caffeine1062015.ngb-ds1 )\ N/
80 — TG (0] N F2.5
DSC Value: 224.2 °C, 99.12 |
y orp F2.0
60 Onset: 235.9 °Q
Area: 110.1 J/g L1.5
40
F1.0
20
r0.5
0 F0.0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 13:25 User Yago
: NETZSCH STA 449F 1 STA449F1A-0077-M_File : G\Users\Yago\Deskiopti 0-6-2015\Caffeine 062015 ngb-ds |
Material : Segments : 13
Identity : Ci ion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  10/06/2015 19:34:13 Temp.CalJ/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/--IN2

Laboratory : MC Range : 24/10.0(K/min) 464 TG corr/m. range :  020/5000 mg
Operator . Yago Magan Sample car/TC; DSC/TG Octo K/ K DSC corr./m. range : 020/5000 V'
Sample : C: 10mg of meas.: DSC-TG/ sample with corection Pre Mment Cycles : 2xVac

NETZSCH Fi software
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Cytosine
TG /% DSC /(mW/mg)
1 exo
100 7
95 v
[1.1] Cytosine23415.ngb-ds1 6
0{ —m TG
5
» DSC
- NH, 4
Value: 317.1 °C, 99.24 %
75 | NN 3
70 N /go 2
85 H Onset*: 314.8 °C
A . o LR o |
60 1.1]
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 1512 User Yago
Instrument : NETZSCH STA 449F1 STA44GF1A-0077-M_File : C\NETZSCH\Proteus\data5\DSC measures\Cytosine23415 ngb-dsi |
Project | Material ; Segments : 1
Identity:  Cytosine23415 file: 15415 ngb-bs 1 Crucible : DSC/TG pan Al
Dateltime :  24/0412015 13:17:44 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ /N2
Laboratory : PW Range : 24/10.0(Kiminyd64 TG com/m. range :  020/5000 mg
Operator . Magan Sample car./TC : DSC/TGOcto K/ K DSC corr./m. range : 020/5000 uV
Sample: G 15, 10.9 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac
z NETZSCH Proieus somware
Guanine
DSC /(mW/mg) TG /%

1 exo

08 [2.1] Guanine1062015.ngb-ds1 S
— TG
o7 ——— DSC

06 2l £ 100
05
0.4 1 95
03
02 HN | \> 0
0.1 )% N
HNT N7
0.0 85
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 1516  User Yago ‘Guanine23415-1.ngb-taa
Instrument : NETZSCH STA 449F1 STA440F1A-0077-M_File : C:\Users\Yago\Documents\doctorado\ist Screening DSC datalothers\Purine and Pyrimidine (Discard)\Guanine 1062015 ngb-ds1
Project : | Material : Segments : 13
Identity ion fill : 15415.gb-bs1 Crucible : DSC/TG pan Al
Dateltime :  11/08/2015 13:52:42 Temp.Cal.Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-is1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ -iN2
Laboratory : MC Range : 24/10.0(</min)/464 TG corr./m. range :  020/5000 mg
Operator . Yago Magan Sample car/TC : DSCITG Octo K / K DSC corr./m. range : 020/5000 uV
Sample : i ,9.9 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
¢ RETZSGH Profeus Sonware
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Thymine

TG 1% DSC /(mW/mg)
| exo
100
5
80
4
) [1.1] Thymine1062015.ngb-ds1
= TG
DSC 3
40 0
Value: 248.8 °C, 99.16 9 2
20 0 °
/g Onset: 320.2 °C ”
0
0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-06-30 14:20 User Yago
|Instrument : NETZSCH STA 443F1 STA449F1A-0077-M_File : C\Us Desktop\10-6-2015\TF 1062015.ngb-ds1 |
Project : Material : Segments : )
Identity:  Thymine1062015 Correction file : FinalcormectionAT15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  11/06/2015 0:31:01 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ - /N2
Laboratory : MC Range : 24/10.0(Kimin)/464 TG carr/m. range :  020/5000 mg
Operator: ~ Yago Magan | Sample car/TC : DSC/TG Octo K/ K DSC corr/m, range : 020/5000 pV/
Sample : Thymine1062015, 10 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2x\Vac
Created with NETZSCH Pr software
Uracil
TG 1% DSC /(mW/mg)
! exo
100 ‘;\
90 4 8
80 T
70 [1.1] Uracil1062015.ngb-ds 1 g
— TG
60 | —  DsC
o] 4
50 1 Value: 300.3 °C, 99.18 %
NH Onset: 339.9 °C
40 | /g nset: ; "
30 N 0 iR}
H (AN
20 4 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 14:21 User: Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C'\Users\Yago\Desktop\10-6-2015\Uracil1062015.ngb-ds1 |
Project : Material : Segments : 13
Identity:  Uracil1062015 Correction file : FinalcorrectionAT 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  10/06/2015 17:05:40 Temp.Cal/Sens. Files : Calbration 24-3-2015 N2 10kmin.ngb-ts1/ Calibration 24-3-2015 N2 10kmin.ngb-es 1 Atmosphere : N2 /- IN2
Laboratory : MC Range : 24110.0(K/min)/464 TG corr/m. range : 02015000 mg
Operator:  Yago Magan |Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 02015000 LV
Sample :  Uracil1062015, 10 mg of meas.: DSC-TG/ sample wih correction Pre Mment Cycles : 2xVac
¢ NETZSCH Proteis Somware
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Xanthine

TG /% DSC /(mW/mg)
1 exo
100 |
. 4
o51 [1.1] Xanthine29415.ngb-ds1
—— TG
o0 DSC ; s
o) Value: 370.9 °C, 99.04 %
85
2
HN N
B
N Onset: 413.4 °C
751 O N H ' 1
701 // "
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 20150703 1517 User Yago Xanthine28415-1.ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\NETZSCH\Proteus'data5\29-4-2015\Xanthine204 15 ngb-ds 1 |
Project : Material : |Segments : 113
Identity:  Xanthine28415 ion file : 15415.ngb-bs1 |Crucible : DSC/TG pan Al
Dateftime : ~ 28/04/2015 22:21:20 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2/—IN2
Laboratory : PW Range : 24/10.0(K/miny464 |76 corr/m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCTGOcto K/ K |DSC cormr/m. range : 020/5000 uV
Sample : 5.10mg ofmeas.: DSC-TG/ sample with correction |Pre Mment Cycles :  2:Vac
i NETZSCH Proteis Somware
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5.1.5 Dyes
Indigo

TG 1% DSC /(mW/mg)
L exo
100
[1.1] Indigo1062015.ngb-ds1
95 TG 5 5 1.5
= Value: 300.3 °C, 99.14 %
DSC 0]
90 H
1.0
85
80 05
i8]
75
0.0
70 )
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 13:27 User Yago Indigo1062015-1,ngb-taa
|Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File : CAU Desktop!10-6-2015\indiga1 062015.ngb-ds 1 |
Project : Material : Segments : 3
Identity : Indigo1062015 ion file : L i 15415.ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  11/08/2015 16:41:45 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/--IN2
Laboratory : MC Range : 24110.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSCITG Octo K /K DSC corrim. range : 020/5000 pV
Sample:  Indigo1062015, 10.4 mg ofmeas.: DSC-TG/ sample with correction Pre Mment Cycles :  2xVac
tod with NETZSCH Proieis scmware
Para Red
TG % DSC /(mW/mg)
Value: 276.6 °C, 99.14 %
+ exo
100
95 2
904 = —+

851 [1.1] Parared1062015.ngb-ds1
— TG
80{—— DSC Onset: 257.1 °C

Area: 116.8 Jig

OH
75 b4
o o
N NOZ F-6
| O
60 . . r . v T v T -8
50 100 150 200 250 300 350 400 450

Temperature /°C

Main  2015.0630 13:28  User Yago Parared1062015-1.ngb-taa

: NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Desktop\10-6-2015\Parared1062015.ngb-ds1 |
Material : 'Segments : 13
Identity : ion fill : F T15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  11/08/2015 19:1148 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/~ /N2
Laboratory : MC Range : 24/10.0(Kimin)/d64 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car/TG : DSG/TG Octo K/ K DSG corr./m. range : 020/5000 pV/
Sample : 10.4mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : _2xVac

h NETZSCH Py sofware



Methyl orange

TG /% DSC /(mW/mg)
Onset*: 3746 °C | o4
100 - —_— 4 2.1
0
95 A
Value: 153.2 °C, 99.85 % X -
90 |
-4
85 R
\ N SO; s 5
0. N NG Value: 351.8 °C, 94.89 % 5
/
751 -8
[2.1] Methylorange1062015.ngb-ds1
701 TG -10
DSC
65 1 21 [-12
60 A ’ ’
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-03 11:45 User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : F Wethylorange 1062015.ngb-ds 1
Project ; Material : Segments : 1B
Identity : Methylorange 1062015 ion file : i i 15415.ngb-bs1 Crucible : DSCITG pan Al
Date/time :  12/06/2015 12:44:01 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/-/IN2
Laboratory : MC Range : 24/10.0(K/min)/464 TG corrim. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr.im. range : 020/5000 V'
Sample : 1062015, 10.9 mg ofmeas.: DSC-TG/ sample with comrection Pre Mm::iﬁ:d:s”t 2:!:1:,‘ ...
Methyl red
TG 1% DSC /(mW/mg)
Onset*: 179.1 °C 0
100 {
1 exo 0
90 5
/ 1.1] Methylred1062015.ngb-
Value: 114.1 °C, 99.13 % [ ] et y ed 06 0 5 gb dS
80 — TG L-10
DSC
70 1 -15
Value: 179.3 °C, 93.85 %
60 HOOC | -20
50 N [-25
\ "
N N
w0/ F-30
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-03 11:44 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : F:\Methylred1062015.ngb-ds1
Project : Material : Segments : 73
Identity : Methylred1062015 Correction file : FinalcorrectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  12/06/2015 10:08:30 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : MC Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator :  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample : | , 10.5 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Proleus software
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5.1.6 Other organic compounds

214

Urea
TG 1% DSC {mW/mg)
1 exo
100 5
80 4
[1.1] Urea2562015.ngb-ds1
—— TG 3
60 DSC
2
40
Onset: 135.2 °C 1
20
0
0 -
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-06-30 15.39 User Yago Urea2662015-1 ngb-taa
Project Material : Segments : 113
Identity:  Urea2562015 ion file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime : ~ 28/06/2015 18.05:52 Temp.Cal./Sens. Files | Calbration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/ /N2
Laboratory : OC Range : 24H0.0(K/min)/464 TG corrim. range 1 020/5000 mg
Operator :  Yago Magan Sample car./TC : DSCTGOcto K/ K DSC corr/m. range : 020/5000 vV
Sample: L . 10.5 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles :  2xVac
tect with NE TZSCH Profeus soware
Succinic anhydride
TG % DSC /(mWi/mg)
Value: 154.9 °C, 99.18 % L exo |5
100
» . 4
80 [1.1] Succinicanhydride1062015.ngb-d
— 16
DSC
60 R
40 O O @) 2
Onset: 116.9 °C
201 Area: 252 J/g i)
il
0 0
50 100 150 200 250 300 350 400 450
_ Temperature /°C
Main  2015-06-30 14:19 User: Yago
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M _File : C\Users\Yago\Desktop'1 0-6-2015\Succinicanhydride 1062015.ngb-ds1_
Project : Material : Segments : 13
Identity:  Succinicanhydride1062015 ion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  10/06/2015 14:37:06 Temp.Cal./Sens. Files : Calbration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1  Atmosphere : N2 /- /N2
Laboratory : MC Range : 24/10.0(K/min}/464 TG corr./m. range :  020/5000 mg
Operator:  Yago Magan Sample car./TC ; DSC/TG Octo K /K DSC corr./m. range : 020/5000 uV
Sample : i ,10mg Modeftype of meas.:  DSC-TG / sample with comection Pre Mment Cycles : 2xVac

Created with NETZSCH Fi software



Glutaric anhydride

TG /% DSC /(mW/mg)
Value: 188.1 °C, 99.19 % 1 exe
10018 1 [1.1] GlutaricAnhydride2172015.ngb-ds1
— TG
DSC
80
0.._.0._0 [
60 o
40 Onset*: 97.6 °C 2
Area: 295.8 J/g
20 1
14
0 0
50 100 150 200 250 300 350 400
Temperature /°C

Main  2015-07.2717:23 User Yago

GlutaricAnhydride2172015-1 ngb-taa

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documentsdoctorado\ist Screening DSC datat21-7-15\GlutaricAnhydride2172015 ngb-ds 1 |

Project : Material :
Identity GlutaricAnhydride2172015 file : F 15415.ngb-bs 1
Dateltime : 22/07/2015 16:24.45 Temp.Cal/Sens. Files : N2 tem20150529 InBiSnZnCsCl.ngb-ts1 / N2 sen20150528 InBiSnZnCsCl ngb-es1

Laboratory : OC Range : 24/10.0(K/min)/464
Sample car/TC : DSG/TG Octo K / K

of meas.: DSC-TG/sample with correction

Operator:  Magan
Sample:  GlutaricAnhydride2172015, 10 mg

Segments : 113
Crucible : DSC/TG pan Al
Atmosphere : N2/ -1 N2

TG comm. range:  020/5000 mg
DSC corr/m. range : 020/5000 pV/

Diethylacetamidomalonate

Pre Mment Cycles : _ 2xVac
; NETZSCH Profeds soware

TG /% DSC /(mW/mg)
1 exo
*ls
100 [1.1] Diethylacetamidomalonate2362015.ngb}
—FF TG
80 DSC 4
Value: 170.1 °C, 99.14 % O
60 O
H 3
40 \"/ N
Q 2
20 O e N
Area: 2274 Jlg
01 Onset96.5°C 1
-20
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 18:39 User Yago Diethylacetamidomalonate2362015-1 ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\23-6-2015\Diethylacetamidomalonate236201 5.ngb-ds 1
Project ; Material ; Segments 13
'15415.ngb-bsi Crucible : DSCITG pan Al

Identity : Di 36201 tion file :
Dateltime :  24/06/2015 13:50:38

Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere :

N2/~ /N2

Laboratory : OC Range : 24110.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : Di i ,109mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac

¢

CHP software
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Acetamide
TG 1% DSC /(mW/mg)
Value: 128.2 °C, 98.61 % 1
exo
100
[1.1] AcetamideAT16415.ngb-ds1 6
— TG
80 DSC 5
60 . 5 4
Onset: 80.4 °C ')
)L i
40 .
Area: 372.2 J/g NH, 2
20 4
11
.
0 et b O
50 100 150 200 250 300 350 400 450
_ Temperature /°C
Main 2015-0703 11:.02 User. Yago
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M _File : CA\NETZSCH\P: JeAT16415.ngb-ds1 |
Project : Material : Segments : 173
Identity : AcetamideAT16415 ion file : '15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  16/04/2015 17:46:28 Temp.Cal./Sens. Files : Cailibration 24-3-2015 N2 10kmin.ngb-ts1 / Calbration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 24/10.0(K/miny464 TGcorr./m. range :  020/5000 mg
Operator:  Magan Sample car./TC ; DSC/TGOcto K /K. DSC corr./m. range : 020/5000 V'
Sample : AcetamideAT 16415, 10.1 mg Modeitype of meas.: DSC-TG / sample with comrection Pre Mment Cycles m%:v:ir —
Acetoacetamide
TG /% DSC /(mW/mg)
1 exo ks
100
4.0
80 35
[1.1] Acetoacetamide2872015.ngb-ds1 3.0
— TG
2.0
40 1.5
1.0
20 0.5
0.0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-07-30 13:16 User Yago
|Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File : C\Us D Screening DSC data'28-7-1¢ 162872015 ngb-ds1 |
Project ; [Material : Segments ; 13
Identity : i 15 | ion file : AT154 15 ngb-bs1 Crucible : DSCITG pan Al
Date/time :  29/07/2015 7:03.45 ITbmn.Cil.ISens, Files | N2 1em20150529 InBiSnZnCsCl.ngb-ts1 / N2 $en20150529 InBiSnZnCsCl.ngb-es1 Atmosphere . N2/--1N2
Laboratory : OC |Range : 24/10.0(K/min)/464 TG comr/m. range :  020/5000 mg
Operator :  Magan | Sample car./TC : DSC/TG Octo K/ K. DSC cor./m. range : 020/5000 pV
Sample : i 15,10.1mg | Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NETZSCH P software
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100
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3-amino-1,2,4-triazol

DSC /((mW/mg)

| exor4

Value: 196.4 °C, 99.20 %

90

80

70

60

50

[1.1] 3amino124triazol9112015.ngb-ds 1
— TG

100

Main  2015-11-12 1562 User: Yago
: NETZSCH STA 449F1 STA449F1A-0077-

200 250 300

Temperature /°C

150 350 400

‘3amino124triazol9112015-1 ngb-taa

M _File : C\Users\Yago\Documents\doctorado\1st Screening DSC data\New Calibration Data\Medidas_8-11-2015'3amino 24triazoi9112015.ngb-ds1

Project Material : Segments :
Identity 3amino124triazol9112015 file : 15415.ngb-bs1 Crucible DSCITG pan Al
Dateftime :  10/11/2015 19:47:00 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es 1 _Almnsphere: N2 /N2
Laboratory : PW Range : 24/10.0(K/min)i464 TG corr/m. range :  020/5000 mg
Operator;  Magan Sample car./TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 v
Sample:  3aminoi24tiazol9112015, 10.9 mg Modeitype of meas.:  DSC-TG / sample with comection Pre Mment Cycles : Nz:va:wr —
1,1-dimethylurea
TG 1% DSC /(mW/mg)
Value: 163.6 °C, 99.20 % 1 exo
100
O &
. X
) ~N 4
[1.1] 11dimethylurea9112015.ngb-ds1 N NH2
— TG
e DSC
3
40
2
Onset: 183.2 °C
20 9
0 0
50 100 150 200 250 300 350 400
Temperature /°C

Main  2015-11-1216:01 User Yago

Instrument : NETZSCH STA 449F1 STA4459F1A-0077-M File : C/\Users\Yago'Documents\doctoradolist Screening DSC data\New Calibration Data\Medidas_9-11-2015\11dimethyluread112015.ngb-ds1

i terial Segments : 113
Identity 11dimethyluread112015 file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  08/11/2015 16:48:43 Temp.Cal./Sens. Files : N2-Magan-15-10-20156.ngb-ts1/ N2-Magan-15-10-2015.ngb-ts 1.ngb-es 1 Atmosphere : N2 /- N2
Laboratory : PW Range : 24/10.0(K/imin)/464 TG corr./m. range :  020/5000 mg
Operator :  Magan Sample car./TC : DSC/TG Octo K / K DSC corr./m. range : 020/5000 uV
Sample 1 12015, 10.8 mg of meas. : DSC-TG / sample with correction Pre Mment Cycles :  2xVac

NE

h CHPr software



Dicyandiamide
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TG /% DSC /(mW/mg)
N H 1 exo
100
S
90
L4
[1.1] Dicyandiamide9112015.ngb-ds1
g0 ——— TG L3
DSC
70 2
Area: 350.2 J/g
Onset*: 200.7 °C 7
60 s
t0
50 100 150 200 250 300 400
Temperature /°C
Main  2015-11.12 1647 User Yago Dicyandiamideg112015-1 ngb-taa
[Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File: C:A\U: Screening DSC data'New Calibration Data\Medidas_9-11-2015\Di 12015 ngb-ds1
Project : Material : Segments : 13
Identity : Dicyandiamide 9112015 ion file : \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  10/11/2015 12:18:12 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015 ngb-ts1.ngb-es1 Atmosphere : N2/-IN2
Laboratory : PW Range : 24/10 0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K / K. DSC corr./m. range : 020/5000 uV'
Sample : Di 12015, 10.9 mg ofmeas. : DSC-TG / sample with correction Pre Mment Cycles : 2x\ac
tod wih NETZSCH Profeus somiar
Diaminomaleonitrile
TG /% DSC /(mW/mg)
{ exo
100 = 5
[tR)]
0
95
-5
%0 [1.1] diaminomaleinsuaredinitril1915.ngb-dsf .10
H — TG
>N_ _CN
85 DSC 15
-20
80
HoN CN -
75 -30
1 -35
70
50 100 150 200 250 300 400 450
Temperature /°C

Main  2015.09.22 16:33 User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M_File : C'\Users\Yago\Documents\doctoradotist Screening DSC data\d-1-15idiaminomaleinsuarediniril1915.ngb-ds 1

Project : torial : Segments 73
Identity : file : F 15415,ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  01/09/2015 14:11:17 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngbes! | Atmosphere : N2/ N2
Laboratory : OC Range : 24/10.0(KIminyd64 | TG com/m. range :  020/5000 mg
Operator:  Magan Sample car/TG : DSC/TG Octo K/ K | DSG core./m. range : 020/5000 WV
Sample i , 10.3 mg of meas. :  DSC-TG/ sample with correction Pre Mment Cycles : 2xVac

Z NE

CHPr software
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Campher

TG /% DSC /(mW/mg)
| exo
100
90
2.0
80 [1.1] Campher2872015.ngb-ds1
— TG
70 —FF  DSC 15
60
50 1.0
40
30 0.5
o 1.1
20
(1.1
0.0
10
T T v T v T T T
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015.07.30 1321 User Yago
Instrument : NETZSCH STA 449F1 STA448F1A-0077-M_File : C\Users\Yago\Documents\doctoradol1st Screening DSC data\28-7-15\Campher2872015.ngb-ds 1 |
Project : Material : Segments : 13
Identity :  Campher2872015 ion file : F 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  28/07/2015 18:40:27 Temp.Cal.Sens. Files : N2 tem20150528 InBiSnZnCsClngb-ts1 / N2 sen20150529 InBiSnZnCsClngb-est Atmosphere : N2/~ /N2
Laboratory : OC Range : 24/10.0(Kiminy464 TG corrm. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCTGOcto K /K DSC corr/m. range : 020/5000 V'
Sample:  C: 72015, 10.5 mg ofmeas.: DSC-TG/ sample with correction Pre Mment Cycles : 2xVac
¢ NETZSCH Prateds somware

Succinimide

TG /% SC,/(mWimg)

[2.1] succinamid1962015.ngb-d

B 1 exo
100 -Srg 5
80 Value: 177.8 °C, 99.20 8 4
60 O N O 3
40 2
Area: 239.9 J/g
20 Onset: 1255 °C 1
2.
B
0 0
T T T T T
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-06-30 14:31  User Yago succinamid1962015-1.ngb-taa
[Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File : CU: D 17-6-201 inamid1962015.ngb-ds 1 |
Project : Material : Segments : 3
Identity : 15 ion file : i 15415.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime :  19/06/2015 19:03.06 Temp.CalJSens. Files : Calibration 24-3-2015 N2 10kmin.ngb-s1 / Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere : N2/ /N2
Laboratory : MC Range : 24/10.0(K/min)i464 TG comr/m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Oclo K/ K DSC corr./m. range : 020/5000 v
Sample : 15,104 mg Modeftype of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Cieated with NETZSCH Fi software



2-Bromoacetamide

TG 1% O DSC /(mW/mg)
100 ] Value: 125.3 °C, 99.29 % Br\)J\ b0 ”
NH,
90 5
[1.1] 2Bromoacetamide2172015.ngb-d
80 - TG 3
DSC
70 4
2
60 4
50 ] Area: 228.7 J/g ;
Onset*: 81.2 °C
40 4 =
1.1
30 0
20
T T T T T T T T -1
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-07-27 16:36 User Yago 2Bmmoacetamide2172015-1.ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : CAU: D Screening DSC data\21-7-15\2B; ide2172015.ngb-ds1 |
Project : Material : Segments : 13
Identity :  2Bromoacetamide2172015 file : f \T15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  22/07/2015 13:34:38 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsClngb-s1 / N2 sen20150529 InBiSnZnCsClngbes!  Atmosphere : N2/ /N2
Laboratory : OC Range : 24/10.0(Kiminyd64 TG com/m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample : 72015, 10.6 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

NETZSCH Py software
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5.1.7 Fatty acids
Methyl fumarate

TG /% DSC /(mW/mg)
100 Value: 102.8 °C, 99.04 % v exo
L5
[1.1] MethylfumarateAT16415.ngb-ds1
= — TG .,
DSC
60 3
Area: 294.2 J/g @)

40

20
[

0 r0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-07-03 1128 User Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\NETZSCH\Proteus\data5\MethylfumarateAT 16415 ngb-dsi |
Project : Material : Segments : 13
Identity:  MethylfumarateAT16415 ion file : i 15415.0gb-bs1 Crucible : DSCITG pan Al
Dateltime :  16/0412015 22:48:33 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-s1 / Calibration 24-32015 N2 10kminngb-es1  Atmosphere : N2/ /N2
Laboratory : PW Range : 24/10.0(Kiminy464 TG corr/m. range :  020/5000 mg
Operator | Magan Sample car/TC : DSC/TG Octo K/ K DSC com./m. range : 020/5000 pV.
Sample : 16415, 106mg | of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Z NETZSCH Profeus sonware
Steramide

0]

TG 1% /\/\/\/\/\/\/\/\)j\ DSC /(mWimg)
NH

2 | exo
. 25
1051 [1.1] Steramide882016.ngb-ds1
— T@
DSC
2.0
100
1.5
™I
95 1.0
Onset 107.9 °C
0.5
Area: 147.7 J/g
90 1.1
0.0
g T T T T
50 100 150 200 250
Temperature /°C
Main  2016-09-21 12118 User Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctoradotist Screening DSC data\20-9-2016)\SteramideB82016. ngb-ds 1
Project : [Material : Segments : 13
Identity :  Steramide882016 | Correction file : NMFinalCorrectionAT300.gb-bs1 Cruicible : DSC/TG pan Al
Dateltime :  20/09/2016 13.40:50 | Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es 1 Atmosphere : N2 /i N2
Laboratory : MC |Range : 21/10.0(Kimin)300 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV

Sample : . 10.9 mg | of meas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
h NETZSCHPr software




Fumaramide
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TG 1% DSC /(mW/mg)
Value: 183.6 °C, 99.24 % 1 exo 45
100
4.0
90 35
. 3.0
[1.1] Fumaramide2172015.ngb-ds1
80 — TG 25
DsC
o) 20
70
1.8
2 1.0
60
@) 05
50 0.0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-27 17:47 User Yago Fumaramide2172015-1.ngb-taa
[ : NETZSCH STA 449F1 STA449F1A-0077-M File : CAU: Screening DSC data\21-7- 172015.ngb-ds1 |
Project : aterial : Segments : 173
Identity : Fumaramide2172015 file: F 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  22/07/2015 19:11:34 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsCl.ngb-ts1 / N2 sen20150529 InBiSnZnCsCl ngb-es1 Atmosphere : N2/ /N2
Laboratory : OC Range : 24/10.0(K/min)/464 TGcor.im. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCTG Octo K /K DSC corr.im. range : 020/5000 pV'
Sample : F 172015, 10.7 mg ofmeas.: DSC-TG/sample with comrection Pre Mment Cycles : 2xVac
Created wih NE TZSCH Profaus somiarm
, . .
N,N’-Ethylenebis (stearamide)
TG 1% DSC /{mW/mg)
1 ex
105 o)
H
N ~ M 2.0
N
15 H 15
100
15
[2.1] NNethylenebissteramide942018.ngb-ds1
TG
— DSC
95 10
Onset: 142.6 °C
90 Area: 181.9 J/g ol
/ 0.0
85 y
50 100 150 200 250
Temperature /°C
Wiin 2018.08.10 1238 User: STA
Instrument : NETZSCH STA d49F1 STA449F1A-0077-M_File : C'\NETZSCH\Proteus'data5iOC!YagoiNNethylenebissteramided4201 8 ngb-dst
Material ; Segments ; 173
NNethylenebissteramide342018 Correction file : NMFinalCorrectionAT 300.ngb-bs 1 Crucible : DSC/TG pan Al
08/04/2018 19:03:06 Temp.Cal./Sens. Files : N2-Magan-15-10-2015 ngb-tsf / N2-Magan-15-10-2015.ngb-{s1.ngb-es1 Atmosphere : N2/ - N2
Laboratory : MC Range : 21/10.0(Kimin 200 TG cotr./m. range :  020/5000 mgy
Operator:  Magan Sample carJTC : DSCTG Octo K/ K DSC corr.dm. range : 020/5000 pV'
| Sample : 18,10.8 mg of meas.: DSC-TG/ sample with carrection Pre Mment Cycles : ZxVac

Croatod with NETZ3CH Protous software



5.1.8 Acids and derivatives
Oxalic acid dihydrate

223

TG /% DSC /(mW/mg)
Value: 64.2 °C, 99.15 % . X | exo
100 : [1.1] OxalicAcid23415.ngb-ds1 8
DSC d
80
6
80 i
HO OH X 2H 20
4
40 O 3
Onset: 194.3°C 2
20 )
[l 1
Nt |
O T T T T
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-07-02 15:47 User Yago OnalicAcid23415-1.ngb-taa
Instrument : NETZSCH STA 449F1 STA445F1A-0077-M_File : C\NETZSCH\Proteus'data5\DSC measures'OxalcAcidz3415.ngb-ds1
Project : [Material : TSegments : n
Identity:  OxalicAcid23415 | Correction file : FinalcomrectionAT 15415.ngb-bs 1 Crucible : DSC/TG pan Al
Date/time :  23/04/2015 12:08:58 | Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /--{N2
Laboratory : PW |Range : 24/10.0(K/min)/464 TG corr.m. range :  020/5000 mg
Operator:  Magan |Sample car/TC ; DSCITG Octo K/ K DSC corrJm. range : 020/5000 pV/
Sample:  OxalicAcid23415, 10.3 mg |Modoltype of meas.:  DSC-TG/ sample with correction Pre Mment Cycles :  2xVac
f NE CHP; software
Malonic acid
TG I% DSC /(mW/mg)
value: 153.8 °C, 99.24 % 1 exo
100 i 6
e 4
0 [1.1] MalonicAcid2872015.ngb-ds 1
! — TG
Area: 295 J/g DSC 3
40
2
Onset: 136.3 °C
20 ]
LR
0
0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-10-22 19:11  User Yago MalonicAcid2872015-1.ngb-taa
[Instrument : NETZSCH STA 443F1 STA449F1A-0077-M_File : C\Us Screening DSC data\28-7-15MalonicAcid2872015 ngb-ds1 |
Project : Material : Segments : 73
Identity:  MalonicAcid2872015 Correction file : FinalcorectionAT 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  29/07/2015 9:32.39 |remp.|:ausem. Files : N2 tem20150529 InBISnZnCsClngb-1s1 / N2 56020150529 InBiSnZnCsClngb-es1 Atmosphere : N2/~ (N2
Laboratory : OC |Range : 24/10.0(KImin)/484 TG corrm. range :  020/5000 mg
Operator ;  Magan | Sample car./TC : DSC/TG Octo K/ K DSC corr/m. range : 0205000 pV/
Sample : MalonicAcid2872015, 10.2 mg |Modeftype of meas.:  DSC-TG/ sample with correction Pre Mment Cycles :  2x\Vac

Created with NETZSCH Fi

software
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Succinic acid

TG % DSC /(mWimg)
| exo
100
[1.1] SuccinicacidAT16415.ngb-ds 1 6
— TG
] ——————DSC
80 .
60 O 4
Value: 197.8 °C, 99.05 % HO OH
3
40{ Onset: 187.7 °C
2
201
.
0 -
0
50 100 150 200 250 300 350 400 450
Main  2015-07.02 1540 User Yago Temperature IDC

SuccinicacidAT 16415-1.ngb-taa

|Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : C\NETZSCI s'data5\SuccinicacidAT 16415.ngb-ds 1 _
Project : Material : Segments : 03
Identity : SuccinicacidAT 16415 ion file : 15415 ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  16/04/2015 15:14:28 Temp.CalJSens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2/ /N2
Laboratory : PW Range : 24/10.0(Kimin)/464. TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC comJm. range : 020/5000 v/
Sample : idAT16415,106mg | ModeRype of meas.: DSC-TG/ sample with comection Pre Mment Cycles :  2:Vac —
Glutaric acid
TG 1% DSC /(mWi/mg)
Value: 181.3°C,99.21% | oy
100
-4
90
[1.1] GlutaricAcid11112015.ngb-ds1
— TG
80 DSC M3
70 2
Onset: 98.1 °C
60
F1
50
ro
40 ; . i
50 100 150 200 250
Temperature /°C
Main  2015-11-1217.35 User Yago

GlutaricAcid11112015-1.ngb-taa
: NETZSCH STA 449F1 STA445F1A-0077-M File : C)\Users\Yago\Documents\doctoradol1st Screening DSC dataiNew Calibration Data\Medidas_11-11-2015\GlutaricAcid11112015.ngb-ds 1

Material : Segments : 13
Identity : GlutaricAcid11112015 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  11/11/2015 22:39:51 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1 ngb-es1 Atmosphere : N2/-/N2
Laboratory : PW Range : 21/10.0(K/min)300 TG corr./m. range :  020/5000 mg
Operator;  Magan Sample car/TC ; DSC/TG Octo K / K

DSC corr./m. range : 020/5000 pV
Sample:  GlutaricAcid11112015, 10.5 mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
E

CHPr Sofwan
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Adipic Acid

TG 1% DSC /(mW/mg)
4 exo
1004 Value: 208.1 °C, 99.24 %
5
80 1 [1.1] AdipicAcid2362015.ngb-d
— TG 4
DSC
60
3
40 4
2
20
Area: 312.6 J/ 1
Onset: 152.4 °C 9 o
0 ————
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-06-30 18:44 User. Yago AdipicAcid2362015-1.ngb-taa
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : Ci\ agc 15.ngb-ds1 - N
Project : Material : Segments : 13
Identity : AdipicAcid2362015 ion file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  25/06/2015 17:51:39 Temp.Cal /Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es 1 Atmosphere : N2 /- /N2
Laboratory : OC Range : 24/10.0(K/min) /464 TG cort/m. range :  020/5000 mg
Operator:  Yago Magan ‘Sample car/TC: DSC/TG Octo K/ K DSC corr/m. range : 020/5000 uV
Sample : AdipicAcid2362015, 10.9 mg Modetype of meas. : DSC-TG / sample with correction Pre Mment Cycles @ 2xVac
‘Created with NE TZSCH Profeus soffwan

Pimelic acid

TG 1% DSC /(mW/mg)
Value: 144.2 °C, 100.16 % | exo
100 { ; -
5
80 4
[1.1] PimelicAcid2362015.ngb-ds1
S 4
60 4 DsC
@] O 3
Onset*: 106.5 °C )J\/\/\/U\
404 HO OH 5
Area: 322.3 J/g
20 A 1
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-08-30 18:35 User: Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : CAL agc i .ngb-dsi -
Project : [Material Segments : 173
Identity : 5 Ce tion file : il 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime : 23/06/2015 17:36:32 Temp.CalJSens. Files : Calbration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2 /-- /N2
Laboratory : OC Range : 24/10.0(Kimin) 464 TG corr/m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Octo K/ K. DSC corr./m. range : 020/5000 pV'
Sample:  PimelicAcid2362015,105mg | of meas.: DSC-TG/ sample with corection Pre Mment Cycles : 2xVac

Created with NETZSCH Profeus software
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Suberic acid

TG 1% DSC /(mW/mg)
Value: 218.5 °C, 99.19 % L exo
100 1
4
80
4 3
60 - [1.1] SubericAcid23415.ngb-ds1
—F TG
DSC 2
Onset: 143.2 °C o
40 - OH
HO)I\/\/\/\H/
Area: 239.5 Jig 0 1
20
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-0702 1538 User. Yago
[Instrument : NETZSCH STA 449F1 STA449F1A0077-M File : C\NETZSCHP: DSC id23415.ngb-ds1 |
Project : Material : Segments : 3
Identity : i file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  25/04/2015 1:56:39 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es 1 IAlmﬂlahem : N2/ -IN2
Laboratory : PW Range : 24/10.0(Kimin)/464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC: DSC/TG Oclo K/ K | DSC corr/m. range : 020/5000 v/
Sample:  SubericAcid23415, 10.1 mg Modehtype of meas, :  DSC-TG / sample with comection | Pre Mment Cycles :Nt%‘t.‘,‘:sr- —
Azelaic acid
TG 1% j\/\/\/\/lcj)\ DSC /(mW/mg)
HO OH 1 exo
- Value: 230.3 °C, 99.16 %
5
4
80 . .
[1.1] AzelaicAcid2362015.ngb-ds 1
—_— 16 3
DSC
60 2
Area: 317 J/g 3
40
0
20 -1
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 18:41 User: Yago AzelaicAcid2362015-1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\23-6-2015' zelaicAcid236201 5. ngbds 1 |
Project Material : [Segments : 13
Identity ion file : 15415.ngb-bs1 | Crucible : DSC/TG pan Al
Dateftime :  23/06/2015 20:07:04 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2016 N2 10kmin.ngb-es1 Atmosphere : N2/-/N2
Laboratory : OC Range : 24/10.0(K/min /464 TG corr/m.range :  020/5000 mg
Operator Yago Magan Sample car/TC : DSCTG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample , 10.3 mg of meas. DSC-TG / sample with correction 2xVac

Pre Mment Cycles :

CH P software



Sebacic acid
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TG 1% DSC /(mW/mg)
1 exo
100
5
Value: 232.8 °C, 99.08 ¢
80
4
Area: 295.4 J/g || [1.1] SebacicAcid2562015.ngb-ds1
60 —— TG 3
DSC
= (@)
2
0] Onset 1336°C | HOJMOH
O
1
20 —
B
0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 1537 User: Yago
Instrument : NETZSCH STA 440F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\25-6-2015'SebacicAcid2562015.ngb-ds1 |
Project Material : | Segments : 113
Identity SebacicAcid2562015 Correction file : FinalcorrectionAT15415.ngb-bs1 |Crucible : DSC/TG pan Al
Dateftime :  28/06/2015 12:24:18 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 | Atmosphere : N2 /- /N2
Laboratory : OC Range : 24/10.0(Kimin)/484 | TG corr/m. range :  020/5000 mg
Operator :  Yago Magan Sample car/TC : DSCITG Octo K/ K iDsC corr./m. range : 020/5000 pV
Sample 15, 10.2 mg of meas.: DSC-TG / sample with correction |Pre Mment Cycles : 2xVac
; GH Proteus soware
Undecanedioic acid
TG /% DSC /(mW/mg)
Value: 220.2°C, 99.27 % L exo
100 6
90 5
80
[1.1] Undecanedioic3915.ngh-ds1 4
70 — TG
DSC
60 0 3
50 )J\/\/\/\/\/U\
HO OH 5
40 . N
Onset*: 113.7 °C Area: 306 Jig
; 1
0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-10-22 19-16  User Yago
Instrument : NETZSCH STA 449F1 STMlQFTMOﬂ-M File : CAL Screening DSC d: 151 r\gb-d5.| ; .
Project : Material Segments : 13
Identity: L ion file : 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime :  03/09/2015 14:40:46 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es1 Atmosphere : N2/ - /N2
Laboratory : OC Range : 24/10.0(Kimin 464 TG corr/m.range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr.im. range : 020/5000 pV
Sample: | , 10 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

ith NETZSCH Prateus software.



Dodecanedioic acid
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TG 1% DSC /(mWimg)
OH
HO 1 exo
100 o
5
80 4
[1.1] DodecanedioicAcid2562015.ngb-d:
60 S S 3
- DSC
40 = 2
Area: 308.5 J/g
1
201 Onset: 129.6 °C |
= - [iEl]
0
50 100 150 200 250 300 350 400
Temperature /°C

Main  2015-06-30 1532 User: Yago
|Instrument : NETZSCH STA 448F1 STA449F1A-0077-M _File : C\Us

\25-6-2015\DodecanedioicAcid2662015.ngb-ds1

DodecanedioicAcid2562015-1,ngb-taa

Project : Material : Segments : [
Identity : D i ion file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  29/06/2015 14.55:44 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2/ -/ N2
Laboratory : OC Range . 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Operator:  Yago Magan Sample car/TC ; DSCITG Octo K [ K. DSC corr./m. range : 020/5000 V'
Sample: D i 15, 99mg | Mode/type of meas.:  DSC-TG/ sample with comection Pre Mment Cnh;;ult:’: -
Tetradecanedioic acid
TG 1% DSC /(mWimg)
L exo
[5.1] TetradecanedioicAcid882016.ngb-(
— TG
100
2
95
Area: 240.2 J/g 9
90 Onset: 126.4 °C
o 0

50

Main 2016-09:21 1255 User Yago
: NETZSGH STA 449F1 STA449F1A-0077-M _File : G \Users\Yago\Documents\doctorado\ist Screening DSC data\20-5-2016\Tetrade canedioicACid882016.ngb-ds 1

150 200
Temperature /°C

250

Material :

Segments : 13

Identity TetradecanedioicAcid882016 Correction file : NMFinalCorrectionAT300 ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  20/09/2016 17:34:26 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1/ N2-Magan-15-10-2015 ngb-ts 1 ngh-es 1 Atmosphere : N2 f--fN2
Laboratory : MC Range : 21/10.0(Kimin)/300 TG corrim. range :  020/5000 mg
Operator Magan Sample car/TC ; DSC/TG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample ,10.1mg Model/type of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

f

NETZSCHPr Somwan



Hexaecanedioic acid

TG % DSC /(mW/mg)

| exo
3.5

3.0
w’\
25

100 4 »r——————————

951 [3.1] HexadecanedioicAcid882016.ngb-( , o
DSC 15
90 4 0]
Area: 213.7 Jig oH 10
HO
o © 05
Onset: 123.7 °C il o
851 . ,
— -
0.0
50 100 150 200 250
Temperature /°C
Main  2016-08-21 1258 User: Yago HexadecanedioicAcid882016.ngb-ds1.ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C\Users\Vago\Documentsidoctoradolist Screening DSC data'20-5-2016\HexadecanedioicAcid8820 16.ngb-ds 1 |
Project : Material ; Segments : 13
Identity:  HexadecanedioicAcidB82016 Correction file : NMFinalCorrectionAT300.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime :  20/09/2016 15:37:36 Temp.Cal/Sens. Files : N2-Magan-15-10-2015 ngb-s1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2/ /N2
Laboratory : MC Range : 2110.0(K/min) 300 TG corr/m. range :  020/5000 mg
Operator :  Magan Sample car./TC ; DSC/TG Octo K / K DSC corr./m. range : 020/5000 uV
Sample : i , 103 mg of meas.: DSC-TG/sample with comection Pre Mment Cycles : 2xVac

Created with NETZSCH Prot m

Octadecanedioic acid

TG 1% DSC /(mW/mg)
105 1 exo
4
100
—
3
95 o
[8.1] OctadecanedioicAcid882016.ngb-{ ,
— TG
- DSC
Area: 237.7 JIg 0 1
= Ho)l\/\/\/\/\/\/\/\/\n/O|-|
Onset: 125.5 °C 0 @y
85 —. ,
H t 0
50 100 150 200 250
Temperature /°C
Main 2016-09-21 12:50 User Yago OctadecanedioicAcid882016 ngb-ds1 ngb-taa

Segments : ]

Identity : OctadecanedioicAcid882016 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime :  08/08/2016 12:17:37 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015 ngb-1s1.ngb-es1 Atmosphere : N2/- /N2
Laboratory : MC Range : 21/10.0(Kimin¥300 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC comr./m. range : 020/5000 pV
Sample: O« o 16, 10 mg Modeltype of meas. : DSC-TG / sample with correction Pre Mmant Cycles : 2xVac

i NETZSCH Py Software

229



Oxalamide
TG /% DSC {mW/mg)
Value: 229.5 °C, 99.20 % L exor6
100 4
o 5
801 NH>
HoN
4
1 [1.1] Oxamide2172015.ngb-ds1 b
— TG
DSC
40 4 [2
. o
20 Onset*: 290.2 °C 1
t {51
0
0 4
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-07-27 17:38  User: Yago Oxamide2172015-1 ngb-1aa
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C:\Users\Yago\Documentsidoctorado\ist Screening DSC data'21-7-15\0xamide2172015.ngb-ds 1 -
Project : [Material - Segments : 3
Identity : Oxamide2172015 Correction file : FinalcomectionAT15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateftime : 21/07/2015 18:47:20 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsCl ngb-ts1 / N2 sen20150528 InBiSnZnCsCl ngb-es1 Atmosphere : N2/--IN2
Laboratory : OC Range : 24/10.0(Kimin)i464 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSCTG Octo K/ K DSC corr/m. range : 020/5000 uV
Sample:  Oxamide2172015, 104 mg | of meas. . DSC-TG/ sample with correction Pre Mment Cycles : 2xVac

Creafed with NETZSCH Proteus soffware

Malonamide

TG % DSC /(mW/mg)
; o 0,
Value: 217.1 °C, 99.20 % e s
100 :
90 4
[1.1] Malonamide21102015.ngb-ds1
DSC 3
70 O O
2
60 Onset: 172.2°C HoN NH,
50/ Area:304.5J/g h
40 0
50 100 150 200 250 300 350 400
Temperature /°C
Main 2015-10-30 1242 User Yago Malonamide21102015-1 ngb-taa
C\Users\Yago\Documents\doctorado\ st Screening DSC data\l 0-22-1 5iMalonamide21102015.ngb-ds1
Project ; Material : Segments : 7
Identity : i 1102015 ion file : ionAT 15415 ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  23/10/2015 6:42:37 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2 /--/ N2
Laboratory : MC Range : 24/10.0(K/min)i464 TG cormrdm. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K /K DSC corr.im. range : 020/5000 LV

Sample : Malonamide21102015, 10.9 mg Modehtype of meas. :  DSC-TG/ sample with comection Pre Mment Cycles :  2xVac
v NE

CHPr Software
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Glutaramide

TG /% DSC /mWi/mg)
Value: 165.7 °C, 99.20 % L exo
100 L4
[2.1] 3xGlutaramide422016.ngb-ds1
95 — TG L3
— DSC
J]\/\/u\ k2
90 - Area: 260.3 J/g
H,N NH,
Onset: 180.3 °C M1
85
e k 0
50 100 150 200 250
Temperature /°C
Main 20160205 11:53 User: Yago glutaramide.ngb-taa
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M _File : C:lUsers\Yago\Documentsidoctoradolist Screening DSC dataiNew Calibration Datal2016-2-4\3xGlutaramide422016.ngb-ds 1
Project : Material : Segments : 1n
Identity : i 16 | Ce tion file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSCITG pan Al
Dateltime : 04/02/2016 16:27.:09 | Temp.Cal./Sens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan- 15-10-2015 ngb-ts1.ngb-es1 Atmosphere : N2/- /N2
Laboratory : AGPW |Range : 21/10.0(K/min)/300 TG corrim.range :  020/5000 mg
Operator . Magan | Sample car./TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 UV
Sample : 2016, 10.3mg | of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Created with NETZSGH Proteus soffware
Adipamide
TG /% DSC /(mWimg)
Value: 268.1 °C, 99.23 % 1 exo 7
100
. . 5
[4.1] Adipamide1962015.ngb-ds
80 — TG 5
DSC
4
60 0 Onset: 224.7 °C
NH
H,N 2 3
40 fe}
Area: 371 J/g 2
20 1
0
0 - - - - - . .
50 100 150 200 250 300 350 400
Temperature /°C

Main 20150630 14:35 User: Yago

Adipamide1062015-1.ngb-taa

|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : CAUs 76-2015\Adipamide1962015.ngb-ds1 |
Project : Material : Segments : 173
Identity : i file : i 15415 ngb-bst Crucible : DSCITG pan Al
Dateftime : 19/06/2015 21:37:50 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-1s1 / Caibration 24-3-2015 N2 10kmin.ngb-es!  Atmosphere : N2/--/ N2
Laboratory : MC Range : 24/10.0(K/min)/464 TG com/m. range : 02015000 mg
Operator: ~ Yago Magan Sample carJTC : DSC/TG Octe K/ K DSC corr.im. range : 020/5000 pV
Sample:  Adipamide1962015, 102 mg  Modeftype of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NE TZSCH Fi software
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Pimelamide
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TG 1% DSC /(mW/mg)
1 exo
b5
100 Value: 238.8 °C, 99.18 %
L4
95 [1.1] Pimelamide3x2112016.ngb-ds1 3
— 16
—  DSC
O O [2
Area: 277.2 Jig
%0 )J\/\/\/U\
H,N NH,
Onset: 173.3 °C (1
85
o H Lo
50 100 150 200 250
Temperature /°C
Main 2016-01-2212:21 User Yage
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : C:\Users\Yago\Documentsidoctoradotfst Screening DSC data\New Calibration Data\-21-2016\Pimelamide3x2112016.ngb-ds 1
Project : Material : |Segments : i1
Identity:  Pimelamide3x2112016 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  21/01/2016 15:01.44 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-1s1.ngb-es 1 Atmosphere : N2/- N2
Laboratory : AGPW Range : 21/10.0(K/min)/300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSCITG Octo K/ K DSC corr/m. range : 020/5000 .V
Sample : Pimelamide3x2112016, 10.1 mg Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Cycles :  2xVac
f NETZSCH P software
Suberamide
TG 1% DSC /[(mW/mg)
s Value: 265.6 °C, 99.19 %y |
5
100
4
[4.1] 5xSuberamide422016.ngb-ds1
95 1 TG Area: 335.1 J/g 3
o 2
2 o
| Onset: 219.5 °C
% NH
2
HoN i
o
85 { [ 0
50 100 150 200 250
Temperature /°C
Main  2018-0205 1122 User: Yago suberamide ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_Fil \UsersYago\Documents\doctoradol ist Screening DSC dataiNew Calibration Data\2016-2-4\5xSuberamide422016.ngb-ds 1
Project : Material : Segments : 13
Identity :  5xSuberamide422016 Correction file : NMFinalCorrectionAT300.ngb-bs 1 |Crucible : DSC/TG pan Al
Dateltime : ~ 04/02/2016 12:26:56 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmesphere : N2/ /N2
Laboratory : AGPW Range : 21/10.0(Kimin)'300 TG corr/m. range :  020/5000 mg
Operator :  Magan Sample car./TC : DSC/TG Octo K/ K | DSC corr./m. range : 020/5000 pV
Sample : 16,106 mg of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NE TZSCH Prof m
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Azelamide
TG 1% DSC /(mW/mg)
L exo 4.0
[2.1] Azelamide20102016.ngb-ds1 L35
105 - TG ;
DSC 3.0
- L2.5
JC)]\/\/\/\/[CJ)\ 5
95 H2N NH2 r1.5
Area: 247.8 J/g L1.0
Onset: 175.3 °C o5
90 —
0.0
50 100 150 200 250
Main  2016-10-21 1114 User Yago Temperature "qc Azelamide20102016-1 ngb-taa

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C:\Users\Yago\Documents\doctorado\ist Screening DSC data\New Calibration Data\2016-10-20Azelamide20102016 ngb-ds1_
Project : Material : Segments : 173
Identity : file NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSC/TG panAl
Dateltime :  20/10/2016 14:35:21 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1/ N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2/ /N2
Laboratory : PW Range : 21/10.0(K/minj300 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample carJTC : DSCITG Octo K [ K DSC corr./m. range : 020/5000 V'
Sample : . 10.2 mg of meas.:  DSC-TG ! sample with correction Pre Mment Cycles : 2xVac
Z NETZSGH Profeus somware
TG /% DSC /(mW/mg)
| exo
105 4 6
Value: 2605 °C, 99.22 %
5
100 1 -~
4
[1.1] Sebacamide52112016.ngb-ds1
— TG
954 —— DSC 3
Area: 396.6 J/g
NH; 2
& HyN
fo) .
Onset: 210.9 °C !
854 —— - o
50 100 150 200 250
Temperature /°C
Main 2016-01-22 13.03 User. Yago
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Documentsidoctoradolist Screening DSC data'New Calibration Data\1-21-2016'Sebacamide52112016.ngb-ds 1
Project : Material : Segments : 13
Identity : Sebacamide52112016 Correction file : NMFinalCorrectionAT300 ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  21/01/2016 19:02:47 Temp.Cal /Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015 ngb-ts1.ngb-es1 Atmosphere : N2/-/N2
Laboratory : AGPW Range : 2110.0(K/min 300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSCITG Octo K/ K DSC comJ/m. range : 020/5000 pV/
Sample : 112016, 10.1 mg Modeltype of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
Crealed with NETZSCH Profeus software
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Undecanediamide
TG 1% DSC /(mW/mg)
1 exo
105 o )
H2N J\/\/\/\/\/U\ NH 4
100
3
95 [1.1] Undecanediamide5x2112016.ngb-ds1
— e Value: 244.0 °C, 99.21 %
2
. Area: 271 J/g
& 1
Onset: 176.1 °C
85 .
0
50 100 150 200 250
Temperature /°C
Main  2016-01-22 1305 User: Yago Undecanediamide5x2112016-1 ngb-taa
Instrument : NETZSCH STA 440F1 STA449F1A-0077-M_File : C\Users\Yago\Documents\doctorado\ist Screening DSC data\New Calibration Data\1-21-2016\Undecanediamide5x2 112018 ngb-ds1
Project : Material Segments : 173
identity:  UndecanediamideSx2112016 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  21/01/2016 17.01:40 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.agb-ts1.ngb-es 1 Atmosphere : N2 /- N2
Laboratory : AGPW Range : 21/10.0(Kimin)/300 TG com/m. range :  020/5000 mg
Operator:  Magan Sample car./TC : DSCTG Octo K/ K DSC corr./m. range : 020/5000 pV
Sample: | 12016. 8.6 mg of meas.: DSC-TG/ sample with correction Pre Mment Cycles : 2xVac
foct with NETZSCH Profeus Soiware
Dodecanediamide
TG I% DSC /(mW/mg)
Q | exo
105 NH
HoN z .
Value: 246.9 °C, 99.21 %
100
4
[3.1] 5xDodecadiamide422016.ngb-ds1
95 S —— TG 3
DSC
%0 Area: 327.8 J/g 2
Onset: 191.0 °C 1
85 ;
fm— 0
80 -
50 100 150 200 250
Temperature /°C
Main  2016-020511:13  User Yago
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : C\Users\Yago\Documents\doctoradolfst Screening DSC dataiNew Calibration Data\2016-24i5xDodecadiamide4220 16, ngb-ds |
Project : Material Segments : 13

Identity :  5xD 16 on file : NMFinalCorrectionAT300.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  04/02/2016 14:27:11 Temp.CaLiSens. Files : N2-Magan-15-10-2015.ngb-ts 1 / N2-Magan-15-10-2016.ngb-ts1 ngb-est Atmosphere : N2/ N2
Laboratory : AGPW Range : 21/10.0(K/minV300 TG corr/m. range :  020/5000 mg
Operator | Magan Sample car./TC : DSCITG Octo K / K DSC comJ/m. range : 020/5000 v
Sample: 5D 16, 8.5 mg of meas.: DSC-TG ! sample with carrection Pre Mment Cycles : 2xVac
F NETZSCH Proieus somware




TG %

100 {

Te

[1.1] c14diamide3xrecrys7102016.ngb-ds1
—_— 6

tradecanediamide

: NH
105 HzN)er 2

DSC /(mW/mg)
| exo

951
90 4 2
Area: 319.9 J/g
85 & " nink1
Onset*: 194.6 °C
B s P ;
——
804 —
ro
50 100 150 200 250
Temperature /°C
Main  2016-10-10 14.48 User. Yago Cl4.ngb-taa
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yaga\Documentsidoctoradalist Screening DSC data'New Calibration Data\2016-10-7\c14diamide3xrecrys7102016.ngb-ds1
Project : [Material Segments |
Identity : cl4diamide3xrecrys7 102016 Correction file : NMF inalCorrectionAT300 ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  07/10/2016 16:00:39 1Tcm|xfhh‘50m. Files : N2-Magan-15-10-2015 ngb-ts 1 / N2-Magan-15-10-2015 ngb-ts 1 ngb-es1 Atmosphere : N2 /—/N2
Laboratory : AC ‘Rango ? 21/10.0(K/min)/300 TG corr/m. range :  020/5000 mg
Operator:  Magan ‘Sample car./TC : DSCITG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample : 102016, 7.8 mg | Modeftype of meas.:  DSC-TG/ sample with comection Pra Mmant Cycles : _ 2d/ac
Crealed with NETZSCH Profeus software
Hexadecanediamide
TG 1% DSC /(mW/mg)
(o] I exo
NH>
HzN J\/\/\/\/\/\/\/\n/
le) r4
100 4 W
. . 2.1]
[2.1] C16diamide3xrecrys7102016.ngb-ds1 r3
*1 Dg(CB
Area: 282.9 J/g =
90 4 "
Onset: 181.4 °C
e a1
L
.- +
-
85 f—(
ro
r T T -
50 100 150 200 250
Temperature /°C
Main 2016-10-10 1447 User: Yago
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Documentsidoctoradol st Screening DSC dataNew Callbration Datai2016-10-7\C16diamide 3xrecrys? 102016.ngb-ds 1
Project : Material ; Segments : 13
Identity : C1édiamide3xrecrys7102016 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  07/10/2016 17:57:40 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1 ngb-es1 Atmosphere N2/ -/ N2

Laboratory : AC
Operator:  Magan
Sample:  C

102016, 10.4 mg

Range :
Sample car/TC :
of meas. :

21/10.0(K/min 300
DSC/TG Oclo K/ K
DSC-TG / sample with correction

| Pre Mment Cycles : 2xVac

TG corr./m. range | 020/5000 mg
DSC corr./m. range : 020/5000 V'

Crealed with NETZSCH Froleus soffware
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Octadecanediamide

TG 1% DSC /(mW/mg)
1 exo
o 7
110 NH
HoN )l\/\/\/\/\/\/\/\/\n/ 2
O E
100 —— l g iy 5
90 [1.1] C18MeOHx3recrys20102016.ngb-ds1 4
— TG
—  DsC 2
80
2
Onset: 181.7 °C
70 i
Area: 264.7 J/ig
(.1
% 0
‘—_______/\‘—i—— u
60
A
50 100 150 200 250
Temperature /°C
Main 2016-11:0815:32 User: Yago G1BMeOHX2recys20102016-1.ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yago\Documents\doctoradoist Screening DSC data\New Calibration D 16-1 18MeOk 02016.ngb-ds1
Project : Material : Segments : 13
Identity : C18MeOHx3recrys20102016 Correction file : NMFinaiCorrectionAT300.ngb-bs 1 Crucible : DSCTG pan Al
Dateltime :  20/10/2016 16:32:26 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-1s1.ngb-es 1 Atmosphere : N2/ -iN2
Laboratory : AC Range : 21/10.0(K/min)/300 TG corrfm. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 V'
Sample : C18MeOl 102016, 3.8 mg Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
el ith NETZSCH Pr software
N,N’-dimethyloxalamide
TG I% DSC /(mW/mg)
| exo
100
. ° 0, 5
80 Value: 144.3 °C, 99.25 %
4
60
[1.1] 1532017 Oxalamida1.ngb-ds1
40 — TG 3
—  DsC
20 O H 2
~ )HVN Onset: 214.9 °C
N ~
0 H 1
@)
ol 0
50 100 150 200 250
Temperature /°C

Main  2017-03-16 12:14 User Yago

15320170xalamidai-1.ngb-taa

|Instrument : NETZSCH STA 449F 1 STA449F 1A-0077-M_File : C\Us Screening DSC dataWew Calibration Data\2017-3-13115320170xalamidal. ngb-ds 1

Project : Mater Segments : 13

Identity: 153201 7Oxalamidat Correction file : NMFinalCorrectionAT200.ngb-bs 1 Crucible : DSC/TG pan Al
Dateltime :  15/03/2017 13:49:59 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-s1 / N2-Magan-15-10-2015.ngb-1s1.ngb-es1 Atmosphere : NZ/—-i N2
Laboratory : MC Range : 21/10.0(K/min)/300 TG comr./m. range : 0205000 mg
Operator ;  Magan Sample car/TC : DSCITG Octo K/ K DSC corr/m. range : 020/5000 pV/
Sample: 153201 7Oxalamidat, 10.3 mg Modeltype of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Created with NETZSCH Fi software



TG 1%
100
80
1 [1.1] 15320170x%alamide2.ngb-ds1
——
40 DSC
O
20 H
N ~~"  Onset 180.7 °C
N (e
0 (@]
-20

N,N’-diethyloxalamide

Value: 124.8 °C, 99.20 %

DSC /(mW/mg)
|l exor45

4.0
3.5
3.0
25
2.0
1.5
1.0
.
0.5

0.0

50

Main  2017-03-16 12:18  User. Yago

100 150 200
Temperature /°C

250

15320170 xalamide2-1.ngb-taa

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yago\Documents\doctoradoiist Screening DSC data'New Calibration Data\2017-3-13115320170xalamide2. ngb-ds 1
Project : Material : Segments : 173
Identity : 15320170 Ci tion file : NMFinaiCe \T300.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  15/03/2017 15:46/58 Temp.Cal./Sens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan-15-10-2015 ngb-ts1 ngb-est Atmosphere : N2/ -1 N2
Laboratory : MC Range : 21/10.0(K/min)/300 TG cor/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample:  15320170; 10.2mg of meas.:  DSC-TG / sample with correction Pre Mment Cycles : 2xVac
tedl with NETZSGH Proteus somware
, . .
N,N’-dipropyloxalamide
TG % DSC /(mW/mg)
L exogp
100 4
H r3.5
Value: 150.4 °C,99.22 % [ [\ "N ~
80 4 H o L3.0
: r2.5
so4 [1.1]1 15320170xalamide3.ngb-ds1
0SC 2
40 (1.5
Onset: 166.2 °C 110
20 4
r0.5
0 K—_ r0.0
50 100 150 200 250
Temperature /°C
Main 201703161220 User. Yago
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yago\Documentsidoctorado\1st Screening DSC dataiNew Calibration Data\2017-3-13115320170xalamde3.ngb-ds 1
Project : al : Segments : 73
Identity:  1532017Oxalamide3 Correction fille : NMFinalC \T300.ngb-bs 1 Crucible : DSCITG pan Al
Date/time :  15/03/2017 17:45:00 Temp.Cal.iSens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2 /-/N2
Laboratory : MC Range : 21110.0(K/min¥300 TG corrdm. range :  020/5000 mg
Operator:  Magan Sample carJTC : DSCITG Octo K/ K DSC corr./m. range : 020/5000 LV
Sample:  15320170xalamide3, 10.2 mg |Modeftype of meas. : DSC-TG / sample with correction Pre Mment Cycles : _2xVac

Created with NE 1 ZSCH Profeus somware.
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TG /%

100 4

N,N’-dibutyloxalamide

/\/\N

H
)H(N\/\/
H

80

40 4

20 4

Value: 152.2 °C, 99.28 %

so. [1.1115320170xalamide4.ngb-ds1

TG

— DSC

Onset: 155.0 °C

o

0

@)

o

DSC /(mW/mg)
+ exo
3.5

3.0
25
20
1.5
1.0
0.5

F0.0

50

Main 2017-03-16 1222 User: Yago

100 150

200

Temperature /°C

250

16320170xalamided-1 ngb-taa

|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yago\Documentsidoctorada\1st Screening DSC data'\New Calibration Data\2017-3-13115320170xalamded.ngb-ds 1

Project : al ; Segments : 173

Identity : 15320170xalamide4 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSC/TG pan Al
Dateftime :  15/03/2017 19:44:47 Temp.Cal.iSens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1 ngb-es1 Atmosphere : N2 /-1 N2
Laboratory : MC Range : 21110.0(K/min¥300 TG corrdm. range :  020/5000 mg
Operator:  Magan Sample carJTC : DSCITG Octo K/ K DSC corr./m. range : 020/5000 LV
Sample:  15320170xalamide4, 10.3 mg |Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVa

TG 1%

N,N’-dioctyloxalamide

o]

c
Created with NE TZSCH Profeus somware.

H
A~~~ J\n,N o~~~ DSC/(mW/mg)
H 5 | exo
100 4
t3.0
901 [1.1] 15320170xalamide8.ngb-d
] F2.5
801 DSC
2.0
70 4
" o F
Onset: 128.6 °C 15
601 Onset: 76.6 °C Area: 118.9 J/g L10
Area: 98.93 J/g
s ' Los
40 4 t0.0
50 100 150 200 250
Temperature /°C
Main 2017-03-16 1227 User. Yago 16320170 xalamides-1.ngb-taa
|Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C:\Users\Yago\Documentsidoctorada\1st Screening DSC data\New Calibration Data\2017-3-13115320170xalamde8.ngb-ds 1
Project : Material : Segments : 173
Identity : 153201 70Oxalamide8 Ci ction file : NMFinalC: \T300.ngb-bs1 Crucible : DSCITG pan Al
Date/time :  15/03/2017 21:43:30 Temp.Cal.iSens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1 ngb-es1 Atmosphere : N2 /-/N2
Laboratory : MC Range : 21110.0(K/min y300 TG corrdm. range :  020/5000 mg
Operator:  Magan Sample carJ/TC : DSC/TG Octo K/ K. DSC corr./m. range : 020/5000 pV
Sample : 15320170xalamide8, 10.8 mg | Modeftype of meas. :  DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NE 1ZSCH Profeus somware.
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N,N’-didecyloxalamide

TG 1% 0y DSC /{(mW/mg)
N
H)l\g/ | exo
115 4
[1.1] 13320170xalamida10.ngb-ds1 [,
110 4 e T
105 DSC
=
100 { #~—~
95 4 \ -
90 4 . =
Onset: 91.1 °C OnsetT 124.7 °C
85 4 ) ?
Area: 88.75 J/g 7z Area: 135.4 Jig =3
80 / ™" e
754 Lo
50 100 150 200 250
Temperature /°C

Main  2017-0316 1232 User. Yago

13320170xalamida10-1 ngb-taa

Instrument : NETZSCH STA 449F 1 STA44S9F1A-0077-M _File : G \Users\Yago\Documents\doctorado)1st Screening DSG dataNew Calibration Data\2017-3-1311 3320170xalamida10.ngb-ds 1

Project : Material : Segments : 13
Identity : 13320170xalamida 10 ion file : NMFinalCi \T300 ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  13/03/2017 11:37:01 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts 1 ngb-es 1 Atmosphere : N2/-/N2
Laboratory : MC Range : 2110.0(K/min)/300 TGcorr./m. range :  020/5000 mg
Operator :  Magan Sample car./TC ; DSC/TG Octo K/ K DSC corr./m. range : 020/5000 uV
Sample:  1332017Oxalamida10, 5 mg Mode/type of meas.:  DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
i NETZSCHP) soffware
N,N’-dioctadecyloxalamide
TG /% DSC /(mW/mg)
(@]
b H L exo
N 40
16 H 16
(@] 35
100 — M
3.0
[1.1] 20320170xalamide16.ngb-ds1
— T 25
95 DSC 2.0
Onset: 123.9 °C 15
90 1.0
Area: 256.4 J/g .
i 0.5
gemm— e :
85 0.0
50 100 150 200 250
Temperature /°C

Main 2017-07-11 1346 User Yago
[Instrument : NETZSCH STA 449F1 STA448F1A-0077-M File : C\Us

2032017 Oxalamide16-1.ngb-taa
Screening DSC data\New Calibration Data\2017-3-2012032017Cxalamide16.ngb-ds 1

Project : Material : Segments 173
Identity : 203201 70xalamide 16 Correction file : NMFinalCorrectionAT300.ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  20/03/2017 11:56:35 Temp.Cal.iSens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2/--/ N2
Laboratory : MC Range : 21/10.0(Kimin 300 TG corm. range :  020/5000 mg
Operator:  Magan |Sample car/TC : DSC/TG Octo K / K DSC corr.im. range : 020/5000 |V
Sample:  20320170xalamide16, 10.6 mg | of meas.:  DSC-TG / sample with correction Pre Mment Cycles :  2xVac
z NETZSGH Protaus somware



Diaminopimelic acid

240

TG % DSC /(mW/mg)
Value: 122.1 °C, 99.24 % | exo
100 s 5
O O
90
HO OH 4
& NH, NH,
[1.1] 26diaminopimalicacid1962015.ngb-ds1
70 — TG 3
DSC
60
2
50 Onset: 267.3 °C
40 1
30
0
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 14:42 User Yago 26diaminopimalicacidl962015-1.ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : CA\U: 17-6-2015\26diamir 1962015 ngb-ds1 |
Project : Material = |segments : 13
Identity : 1962015 file : 15415.ngb-bs1 |Crucible : DSCTG pan Al
Dateftime :  20/06/2015 0:06:33 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 !Almasphem 13 N2/ -/ N2
Laboratory : MC Range : 24/10.0(K/miny464 |TGcorr./m. range :  020/5000 mg
Operator:  Yago Magan Sample car.iTC : DSCMTGOcto K / K |DSC corr./m. range : 020/5000 pV
Sample : i 1962015, 10.6 mg ofmeas.: DSC-TG /sample with correction |Pre Mment Cycles : 2xVac
ted itk NE TZSCH Profeus somware
Dimethylolpropionic acid
TG /% DSC /(mW/mg)
o 1 exo
Value: 202.3 °C, 98.47 %
100 4 . o 35
[1.1] Dimethylpropionicacid3062015.ngh
— TG 3.0
DSC ’
80
HO_ O 25
j 2.0
- HO OH
15
40 A 1.0
Area: 292.3 J/g | :
Onset: 153.4 °C 05
20 A I
0.0
01 ; ; : : : , , ; -0.5
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015.0701 13:48 User Yago Dimethylproplonicacid3062015-1.ngb-taa
[Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : CAU: 30-5-2015\Din id3062015.ngb-ds 1 |
Project : Material : Segments : 13
Identity : Di 13062015 file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  01/07/2015 3:56:10 Temp.Cal/Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1/ Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere : N2/ - IN2
Laboratory : OC Range : 24/10.0(K/min)id64. TG corr/m.range : 020/5000 mg
Operator:  Yago Magan Sample car/TC : DSC/TG Oclo K /K DSC corr./m. range : 020/5000 vV
Sample:  Di i ,103mg of meas.: DSC-TG/sample with correction Pre Mment Cycles : 2xVac

CH P software



Salicylic acid

TG /% DSC /(mW/mg)
Value: 159.8°C,99.15 % | exo
100
4
80 1 [1.1] Salicylicacid1062015.ngb-ds1
— TG
DSC 3
60 4
2
401 oOnset: 159.0 °C OH
Area: 201.9 J/ 1
20
i1
0
01
50 100 150 200 250 300 350 400
Temperature /°C
Main  2015-06-30 13:30 User Yago
: NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Deskiopt! 0-6-2015\Salicylicacid1 062015.ngb<is T
Project [Material : Segments : 113
Identity:  Salicylicacid1062015 Correction file FinalcorrectionAT15415 ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  10/06/2015 22:02:51 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 1 Okmin.ngb-s1 / Calibration 24-3-2015 N2 10kmin.ngb-es Atmosphere : N2 /N2
Laboratory : MC 'Range : 24/10.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator: ~ Yago Magan Sample car/TC ; DSCITG Octo K/ K DSC corrdm. range : 02015000 v
Sample , 10 mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
i NE SCH P Software
Isophthalic acid
TG % DSC /(mW/mg)
+ exo
100 8
90 [1.1] Isophtalicacid1062015.ngb-ds1 5
— TG
80 DsC
70 Value: 276.9 °C, 99.14 % 4
60 9] o) 3
50
HO OH .
40
30 1
20 r____________
0
10 x . , . , x . " .
50 100 150 200 250 300 350 400 450
Temperature /°C
Main  2015-06-30 1327 User: Yago
Instrument : NETZSCH STA 440F 1 STA440F1A-0077-M_File : C:\Users\Yago\Desktop\i 0-5-2015\Isophtalicacid 1062015 ngb-ds1 |
Project TMaterial : Segments =)
Identity :  Isophlalicacid 1062015 Correction file : F 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateftime :  11/06/2015 8:43.04 | Temp.Cal.Sens. Files : Calibration 24-3-2015 N2 10kmin ngb-ts1 / Calibration 24-3-2015 N2 10kmin ngb-es  Atmosphere : N2/ I N2
Laboratory : MC |Range : 24H0.0(K/min)/464 TG corrim. range 1 020/5000 mg
Operator:  Yago Magan | Sample car/TC : DSC/ITG Octa K / K DSC corr./m. range : 020/5000 P\
Sample 1062015, 10 mg of meas.: DSC-TG / sample with correction Pre Mment Cycles : 2xVac

NETZSCHF software



Maleic acid

242

TG 1% DSC /(mW/mg)
; o ) 1 exo
ieg Value: 147.5 °C, 99.12 %
’T 8
1 7
80
. . 6
[1.1] Maleicacid23415.ngb-ds1
60 TG 5
DSC 4
404 Onset: 145.0 °C "
O HO
HO (6] 2
20 —
. 1
[1RI]
o 0
50 100 150 200 250 300 350 400 450
_ Temperature /°C -
Main 2015-0702 1548 User. Yago Maleicacid234 15-1 ngb-taa
Instrument : NETZSCH STA 449F 1 STA449F1A-0077-M File : C:INETZSCH\Proteus\datas\DSC measures Wialeicacidz3415.ngb-ds1
Project : [Material : [Segments : 173
Identity : Maleicacid23415 icmmiun file © FinalcomectionAT 15415 ngb-bs 1 | Crucible : DSC/TG pan Al
Dateftime :  23/04/2015 19:48:37 J‘emp.[:ﬂljsam. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1 Atmosphere : N2 /--{N2
Laboratory : PW |Range : 24/10.0(Kimin)i464 | TG corr./m. range :  020/5000 mg
Operator:  Magan |Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 V'
Sample:  Maleicacid23415, 10.1 mg |Moditype of meas.:  DSC-TG/ sample with comection | Pre Mment C‘ycln: :ml'vafn.- —
Nicotinic acid
TG 1% DSC /(mWi/mg)
Value: 194.4 °C, 99.21 % o
100
5
80 [1.1] NicotinAcid9112015.ngb-ds1
—— TG 0 4
DSC
60
| A OH 3
=
40
N 2
20 Onset: 236.4 °C
. 1
0 S5
0
50 100 150 200 250 300 350 400
Temperature /°C

Man  2015.11-1217:14 User Yago

NicotinAcidg112015-1,ngb-taa

: NETZSCH STA 440F1 STA449F1A-0077-M File : C\Users\Yago\Documents\doctorado\ist Screening DSC data\New Calibration Data\Medidas_8-11-2015\WicotinAcid9112015 ngb-ds1

[Material :

Segments :

173

Identity :  NicotinAcidg112015 ion file : f \T15415.ngb-bs 1 |Crucible : DSC/TG pan Al
Datelime :  10/11/2015 14:48:25 Temp.Cal/Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1.ngb-es1 Atmosphere : N2/-1N2
Laboratory : PW s 24110.0(K/min)/464 TG corm./m. range :  020/5000 mg
Operator:  Magan Sample car/TG : DSGITG Octo K /K DSG corr./m. range : 020/5000 pV
Sample:  MicolinAcidd112015, 10.3 mg of meas.: DSC-TG/ sample with comection Pre Mment Cycles : 2xVac
¢ NETZSCH Prateus somware




6 — Aminonicotinamide

TG /1% DSC /(mW/mg)
Value: 274.9 °C, 99.20 % I exo
100 6
90 0
| N oH [°
80 1 =
[1.1] 6-Amincnicotinamide2872015.ngb-ds 1 HN" N 4
70{ —— TG
DSC
60 - 3
50 1
2
40 ] Onset: 246.6 °C Area: 289.1 J/g
) .1
30 % 1
1.1
20 K/ .
50 100 150 200 250 300 350 400

Main 2015-0730 13:14  User. Yago

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Documents\doctorada) st Screening DSC data\26-7-15%6-Aminonicotinamide2872015.ngb-ds 1

Temperature /°C

Sample : icoti 2015, 10.6 mg

Material : Segments )
file : 15415.ngb-bs1 Crucible : DSC/TG pan Al
Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsCl.ngb-ts1 / N2 sen20150528 InBiSnZnCsClngb-es1 | Atmosphere : N2 /- FN2
Range : 24/10.0(K/min)/464 TG corr./m. range :  020/5000 mg
Sample car./TC : DSC/TG Oclo K/ K DSC corr/m. range : 020/5000 pV
Modeitype of meas. : DSC-TG / sample with correction Pre Mment Cycles | 2xViac
WE

CHP; sofware

2,2 Dimethyl succinic acid

TG 1% DSC /(mW/mg)
| exo
Value: 159.9 °C, 99.22 % 5
100
80 4
[1.1] 22dimethylSuccinicAcid9112015.ngb-ds
— TG
60 DSC 3
O
40 2
OH
HO
20{ Onset: 142.9 °C O 1
fid
0 0
50 100 150 200 250 300 350 400 450
Temperature /°C
Main 2015-11-1216.11 User Yago 22dimethylSuccinicAcid9112015-1. ngb-taa
[Instrument : NETZSCH STA 449F1 STA448F1A-0077... File: C\U Screening DSC data\New Calibration D _9-11-201522 SuccinicAcidd112015.ngb-.. |
Project : Material : Segments : 13
Identity : i 112015 file : i \T15415 ngb-bsi Crucible : DSC/TG pan Al
Date/time : 09/11/2015 14:17:53 Temp.Cal./Sens. Files : Calibration 24-3-2015 N2 10kmin.ngb-ts1 / Calibration 24-3-2015 N2 10kmin.ngb-es1  Atmosphere : N2/--IN2
Laboratory : PW Range : 24/10.0(K/min)484 TG corr/m. range :  020/5000 mg
Sample car/TC : DSC/TG Octo K/ K DSC corr/m. range : 020/5000 pV

Operator:  Magan

Sample : 112015, 10.6 mg

Modatype of meas.:  DSC-TG / sample with correction Pre Mment Cycles :  2xVac

Created with NETZSCH P software
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4-Aminophenylacetic acid

TG /1% | N OH DSC /(mW/mg)
L exo
z O
100 Ho,NT N
4
90
Onset: 209.8 °C

80 :

— t 0
70 2

[1.1] 4aminophenolAceticAcid9112015.ngb-ds1
601 ——— TG -4

— DsC
50 ®

50 100 150 200 250 300 350 400
Temperature /°C

Man  2015.11-12 1559 User Yago

4aminophencl ACetcAcids112015-1 ngb-taa

: NETZSCH STA 440F1 STA449F1A-0077__ File : C\Users\Yago\Documents\doctorado\ist Screening DSC data\New Calibration Data\Medidas_9-11-2015\daminophenolAceticAcid9112015.ngb.
1

Material

Segments :

Identity k9112015 file : F 15415.ngb-bs1 Crucible : DSCITG pan Al
Dateltime 09/11/2015 19:19:10 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-ts1 ngb-es? Atmosphere : N2/ -/N2
Laboratory : PW Range : 24/ 0.0(K/min)/464 TG corr/m. range :  020/5000 mg
Operator :  Magan Sample car/TG | DSCITG Oco K/ K DSC corr/m. range : 020/5000 pV
Sample 12015, 10.5 mg of meas. . DSC-TG / sample with correction Pre Mment Cycles : 2xVac
o W NE T SCH s S
Acrilamide
TG % DSC /(mW/mg)
105 4 1 exo
-4
100 4 2
na
t Onset_" 131.5°C )
95 4 : o |
Onset 836°C  Area: 264.1 419 _-2
[1.1] Acrylamide20102016.ngb-ds
0 TG -4
DSC
-6
85
. y . " ; -8
50 100 150 200 250
Temperature /°C

Main  2016-10-21 11:00  User: Yago

|Instrument : NETZSCH STA 449F1 STA440F1A-0077-M _File

Acrylamide20102016-1 ngb-tas

[Project : Material : 13
|Identity : file : NMFinalCorrectionAT300.ngb-bs 1 Crucible DSC/TG pan Al
Datehime : 20M10/2016 12:38:03 Temp.Cal./Sens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015 ngb-ts1.ngb-es1 Atmosphere : N2 /N2
Laboratory : PW Range : 2110.0(Kiminy300 TG corrm. range :  020/5000 mg
|Operator :  Magan Sample car/TC : DSC/TG Octo K/ K DSC corr./m. range : 020/5000 WV
|Sample : ,10.1mg Modeitype of meas. :  DSC-TG / sample with correction Pre Mment Cycles :  2xVac |
i NE TZSCH Proteds somware



TG /%

100

3-Amino-2-methylbenzoic acid

90

80

70

psc

[1.1] 3amino2methylbenzoicacid20102015.ngb-
—F— TG

ol Onset: 186.5 °C

50

40

30

Area: 289.7 J/g

Value: 196.5 °C, 89.20 %

DSC /(mW/mg)
| exo

OH

NH,

.

50

Main  2015-1029 18:05 User Yago

1 22/10/2015 20:43:49

100

: NETZSCH STA 449F1 STA449F1A-0077-M

3amina2methylbenzoicacid201020

150

File : CUsers\Y;
Material :
file :

200 250
Temperature /°C

15415.ngb-bs1

300

\Documents\doctorado\ st Screening DSC datal 0-22-15\3aminozmethylbenzoicacid201 02015, ngb-ds 1

Temp.Cal./Sens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan-15-10-2015 ngb-ts1 ngb-es1

350 400

3aminoZmethylbenzoicacid20102015-1.ngb-taa

Segments : 3
Crucible : DSCITG pan Al
Atmosphere : N2 /i N2

Laboratory : MC Range : 24/10.0(K/min)/464 TG comr/m. range :  020/5000 mg
Operator:  Magan Sample car./TC ; DSC/TG Octa K /K DSC cor.im. range : 020/5000 pV/
Sample 1020, 10 mg Modeltype of meas. :  DSC-TG / sample with correction Pre Mment 'TNclu i“th\ﬁ:’r —
Benzamide
TG /% DSC /(mW/mg)
Value: 177.8 °C, 99.22 % 1 exo
100
[1.1] Benzamide2172015.ngb-{ 4
— TG
80 DSC
3
60
O
2
40
NH,
Area: 238.4 Jig 1
20
Onset: 126.6 °C
3 0
0

50

Main 2015-07-27 16:44 User Yago

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : CUsers\Y;

100

150

200 250

Temperature /°C

300

350 400

Benzamide2172015-1.ngb-taa

\Docume is\doctorado\1st Screening DSC data'2 1-7-15\Benzamide2172015.ngb-ds1

Project Material : Segments : e}
Identity Benzamide2172015 file : i '15415.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  22/07/2015 8:30:09 Temp.Cal./Sens. Files : N2 tem20150529 InBiSnZnCsCl.ngb-ts1 / N2 sen20150529 InBiSnZnCsCl ngb-est Atmosphere : N2/--IN2
Laboratory : OC Range : 24/10.0(K/min)464 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car./TC ; DSC/TG Octo K /K DSC corrJm. range : 020/5000 v
Sample 172015, 10.6 mg Modeitype of meas.:  DSC-TG / sample with comrection Pre Mment Cycles :  2xVac

Z WE

CHP software
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5.1.9 3,6-diazaoctane-1,8-diol and derivatives

1,4,7-Tris(2-nitrobenzenesulfonyl)-1,4,7-triazaheptane

TG /% NO, DSC /(mW/mg)
0=s=0
AN~ | exo
16
NO, NO, 12
2y f1:0
100 = o S
0.8
9 7.1] YMA43882016.ngb-ds 1 -
[7.1] .ngb-ds
Area: 71.07 Jig DSC 0.4
90 0.2
. o
Onset: 132.6 °C
7ilg.0
85
- T -0.2
50 100 150 200 250
Temperature /°C
Main  2016-08-21 1248 User Yago YMA43-2182016.ngb-taa
Instrument : NETZSCH STA 449F1 STA445F1A-0077-M File : C\Users\Yago\Documents\doctorado\1st Screening DSC data\20-8-2016\YMA43682016.ngb-ds 1
Project : [Material : Segments : [
Identity :  YMA43882016 | Correction file : NMFinalCorrectionAT300. ngb-bs 1 Crucible : DSCITG pan Al
Dateftime :  20/09/2016 19:31:22 }Tamp.taum.rnu: N2-Magan-15-10-2015.ngbts1 / N2-Magan-15-10-201 5.ngb-ts1.ngb-est Atmosphere : N2/ /N2
Laboratory : MC |Range : 21/10.0(K/min)/300 TG corr/m.range :  020/5000 mg
Operator;  Cognigni |Sample carJTC : DSCITG Octo K/ K DSC corrJm. range : 020/5000 pV/
Sample : YMA43882016, 10.1 mg | Modeltype of meas. :  DSC-TG / sample with correction Pre Mment Cycles : 2xVac

Z NETZSCHP; sofware

1,4,7,10-tetrakis(2-nitrobenzenesulfonyl)-1,4,7,10-tetraazadecane

DSC /(mW/mg) TG /%
1641 exo s
144
1.2 .

3.1
101 [3.1] NNbis2product17102016.ngb-ds1
TG @\ @\
] —_— NO, NO,
0.8 DSC o=t o-Leo 95
0.6 NSNS NH
Area: 69.95 J/g 0=8=0 0=8=0
0.4 2 :

i NO, i _NO, 90

. -]
Onset: 170.6 °C
0.2 1 — = 1]
ri—/—’k/r N
0.0 1
50 100 150 200 250
Temperature /°C
Main  2016-1008 15:51 User Yago NNbis2product17102016-1.ngb-taa
: NETZSCH STA 449F1 STA449F1A-0077-M File : C\Users\Yago\Documents\doctorado\1st Screening DSC data\New Calibration Data\2016-10-7'NNbis2product17102016.ngb-ds
Project ; Material : Segments : 17
Identity:  NNbis2product!7102016 Correction file : NMFinalCorrectionAT300.ngb-bs1 Crucible : DSC/TG pan Al

Dateltime :  07/10/2016 12:06:54 Temp.Cal /Sens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan-15-10-2015 ngb-ts 1 ngb-es 1 Atmosphere : N2/ - /N2

Laboratory : AC Range : 21/10.0(K/min)/300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC ; DSC/TG Octa K / K DSC corr./m. range : 020/5000 pV/
Sample : 7102016, 10.1 mg Modeltype of meas.: DSC-TG/ sample with comrection Pre Mment Cycles : 2xVac

i WETZSCH Profeus sofware

4,7-diazadecanediamide

TG /% DSC /(mW/mg)
Value: 206.3 °C, 98.82 % | exo
100
4
95

%01 [4.1] NNbisderivativedry7102016.ngb-ds1 3
- TG
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4,7-dioxa-1,10-octanedicarboxamide

TG /% DSC /(mW/mg)
1 exo
1001« H 25
R2NE2.0
- [2.1] 1320170xiamide1.ngb-ds1
— TG
———DSC 15
90
1.0
Onset*: 116.9 °C
& Area: 206.2 J/g 05
V’_/—4—4—— 0.0
80 i ;
50 100 150 200 250
Temperature /°C
Main 2017-03-01 1851 User Yago Cxiamide1 ngb-taa
Instrument : NETZSCH STA 449F1 STA449F1A-0077-M File : C)\Users\Yago\Documents\doctoradolist Screening DSC data\New Calibration Data\2017-3-11132017 Oxiamide 1. ngb-ds1 ‘
Project : Material ; Segments : 173
Identity : 132017 Oxiamidet tion file : NMFinalC: i 300 ngb-bs1 Crucible : DSC/TG pan Al
Date/time :  01/03/2017 11:20:55 Temp.Cal/Sens. Files : N2-Magan-15-10-2015 ngb-ts1 / N2-Magan-15-10-2015 ngb-1s 1.ngb-es1 Atmosphere : N2/--/ N2
Laboratory : PW Range : 21/10.0(K/min)/300 TG corr./m. range :  020/5000 mg
Operator:  Magan Sample car/TC ; DSC/TG Octo K [ K DSC corr/m. range : 020/5000 pV'
Sample : 132017Oxiamide1, 10.2 mg | Modeftype of meas.:  DSC-TG / sample with corection Pre Mment C‘yj:’l::ﬂ "ixNthc —— —
4,7,10-trioxa-1,13-undecanedicarboxamide
TG /% DSC /(mW/mg)
105 L exo|g
100 ﬁ 1
s = 5
95
90 4
85 [1.1] 20xiamide 1522017 .ngb-ds1 "




O (0]
HzNJ\/\O/\/O\/\o/\)J\NH2
4,7,10,13-tetraoxa-1,16-hexadecanedicarboxamide
TG /% DSC /(mW/mg)
(0] | exo
O~ O OH 3.0
(0]

100 25
2.0

95
[1.1] 1532017 Oxiamide3.ngb-ds1 1=

— TG
%0 DSC 1.0
Area: 177.4 JIg
(1.1 05
Onset: 89.6 5o

85

0.0
50 100 150 200 250
Main 2017.03-16 13:39 User Yago Temperature r'c 15320170xiamide3-1.ngb-taa

Instrument : NETZSCH STA 449F1 STA449F1A-0077-M_File : C'\Users\Yago\Documents\doctorado\ist Screening DSC dataWNew Calibration Data\2017-3-13V1 5320170xiamide3.ngb-ds1

Project : Material : Segments : 3

Identity 153201 70xiamide3 file © NMFinalC: \T300.ngb-bs1 Crucible : DSC/TG pan Al
Dateltime :  16/03/2017 11:32:32 Temp.Cal.iSens. Files : N2-Magan-15-10-2015.ngb-ts1 / N2-Magan-15-10-2015.ngb-is1.ngb-es 1 Atmosphere N2/--1 N2
Laboratory : MC Range : 21/10.0(K/min)/300 TG corr/m. range :  020/5000 mg
Operator:  Magan Sample car/TC : DSCITG Octo K/ K DSC corr./m. range : 020/5000 v
Sample : 153201 70xiamide3, 10.2 mg of meas. : DSC-TG / sample with correction Pre Mment Cycles : 2xVac
L T
3-[2-(2-carbamoylethylsulfanyl)ethylsulfanyl]propionamide
TG /% DSC /(mWi/mg)

110 1 exo

248
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HQNJ\/\S/\/S\/\H/NHZ



5.2 AIT DSC graphics

N-N"-BIS(2-hydroxyethyl)-ethylenediamine

H

DSC /(mW/mg) N OH
L exo HO/\/ ~ N N~
H
8
[5.1] 15-303.ngb-dd7
[6.1] 15-304‘ngzdd7
e m—
7 N Nl BIS [7.1] 15-305.ngb-dd7
y - —DSC
6] (2-hydroxyethyl)-ethylenediamine
sample (1) blue: 10.84 mg
sample (2) blue: 10.97 mg
54 sample (3) blue: 12.52 mg
T(t): 25°C-150°C; 10 K/min
4 Crucible: closed Al Fléche: 344.5 J/ig
) Atmosphere: N2
e
3] Fa Flache: 344 Jig
A
e Fléche: 344.1 Jig
2] e
Onset: 99.56 °C 5 =
e ’:’{o 2555
14 S S AT
. " e SIS + :
+
0 4
60 70 80 90 100 110 120 130 140
10,
2-hydroxyethylethylendiamine  2015-12-14 08:50  Nutzer: thermophysik Temperatur e 56-15.ngb-taa
[#) Gerit Datel Datum VersuchsD  Probe Masse/mg  Segment Bereich Atmesphire Korr.
[5.1] DSC 204F1 Phoenix ~ 15-303.ngb-dd7  2015-12-11 15-303 2-hydroxyethylethylendiamine_1 10.84 14 25°C/10.0(Kimin)150°C N2, 20.0ml/min / N2, 20.0mi/min 020
[6.11 DSC 204F1 Phoenix  15-304.ngb-dd7  2015-12-11 15-304 2-hydroxyethlethylendiamine_2 10.97 1i4 25°C/10.0(K/min)150°C N2, 20.0ml/min / N2, 20.0mifmin 020

DSC /(mW/mg)
1 exo
'
N y N 'B | S s Fléche: 344.2 J/g
5 : : Prasessss
(2-hydroxyethyl)-ethylenediamine L5588
SRt Flache: 344.6 J/g
SIS e
ARSI
04 t T g‘
Ende: 38.85 °
Onset: 98.50 °
-54
Flache: -270.2 J/ig Onset: 98.54 °C
sample (3): 12.52 mg
Ende: 38.89 °| T(t): 25-150-25-150-25°C; 10 K/min
-10 1 red solid: 1. heating
Fléiche: -272.4 J/g blue solid: 1. cooling
red dashed: 2. heating
Ik blue dashed: 2. cooling
151 Atmosphere: N2
-20
-25 1 HO/\/ ~ H e
-30 4 . . : . . .
40 60 80 100 120 140
Temperatur /°C
Zusatzfenster 2 2015-12-14 12:40  Nutzer: thermophysik
[#] Gerét Datei Datum Versuchs-ID Probe Masse/mg Segment Bereich Atmosphére Korr.
[8.1] DSC 204F1 Phoenix  15-306.ngb-sd7 2015-12-14  15-306 2-hydroxyethylethylendiamine_3  12.52 116 25°CH0.0(K/min)/150°C N2, 20.0ml/min / N2, 20,0ml/min  —
[8.4] DSC 204F1 Phoenix  15-306.ngb-sd7 2015-12-14  15-306 2-hydroxyethylethylendiamine_3  12.52 46 25°CH0.0(K/min)/150°C N2, 20.0mi/min / N2, 20.0ml/min  —
[9] DSC 204F1 Phoenix ~ CS_15-306_2.ngb-md7 2015-12-14 15-306 2-hydroxyethylethylendiamine_3  12.52 2-3/6 (verb))  150°C/../25°C N2, 20.0mi/min / N2, 20.0ml/min  —
[10] DSC 204F1 Phoenix _ CS_15-306_5.ngb-md7 _ 2015-12-14 _ 15-306 2-hydroxyethylethylendiamine 3 12.52 5-6/6 (verb.) 150°C/.../25°C N2, 20.0mi/min / N2, 20.0ml/min_ -

Erzeugt mit NETZSCH Proteus Software
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4,7 —diazadecanediamide

DSC /(mW/mg) H O
S_lexo H2N N\/\N/\)I\NH
NN-BIS DERIVATIVE H
Initial mass m=10.33 O
Final mass m=10.23 mg
6 i Al crucible, pierced cold welded lid
Heating rate = Cooling rate= 10K/min
Gas conditions = nitrogen Fléche: 375.6 J/g
4 Onset: 169.5 °C
N
2 4
-~
=
B
- -
P e N =
G = e T
0 / ST
|
s
T T T T T T T T T
Temperatur /°C
NN-BIS DERIVATIVE  2016-11-14 11:13  Nutzer: LagerD 20161114_02-16.ngb-taa
Gerdt : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\P DSC - DSC 204 F1\16-447.ngb-dd7
Projekt : 02-16 Referenz : ——-,0mg Segmente: 4
Proben-ID : 16-447 Material : XXX Tiegel : Pan Al, closed
Datum/Zeit : 10.11.2016 18:55:12 Korr./Temp.kal :  16-445.ngb-bd7 / 20151130_C10H16_In_Sn_2Zn_Al_1Kmin_N2.ngb-td7 Atmosphdre : N2, 20.0ml/min / N2, 20.0ml/min
Labor : AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 uV'
Operator: DL Probentr./TC : DSC 204F1 t-sensor / E
Probe : NN-BIS DERIVATIVE(1), 10.33 mg Modus /Messtyp : DSC / Probe + Korrektur
# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr. [#]Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr.
[12.1] Dynamisch  25°G/10.0(K/min)l210°C  300.00 0. 200 200 AUS AUS 020 [12.3] Dynamisch  25°C/10.0(K/min)210°C  300.00 0 200 200 AUS AUS 020
[12.2] Dynamisch  210°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 1.0 020 [12.4] Dynamisch  210°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 1.0 020

Glutaramide

Erzeugt mit NETZSCH Proteus Software

O O

101 | exo H2N NH2 Area: 276 J/g
Onset: 1&9 °C - 249 U/
— rea: (o]
Onset: 177.9°C = 2 2
04 - ; - — t oy
GLUTARAMIDE 3xRECRYS H
m=10,33 mg g
Al crucible, cold welded lid
-1 0 1 Heating Rate = Cooling Rate = 10K/min H
2. cycles H Value; 124.1 °C
Area: -235.1 JIg il
E Value: 117.4 °C
-20 1 Area: 2206 Jlg |
f
|
-30 1 1
I
|
I
-40
T T T T T T T T T
40 60 80 100 120 140 160 180 200
Temperature /°C
1 2016-04-27 10:59  User: LagerD 02-16_GLUTARAMIDE 3xRECRYS.ngb-taa
+ NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrége\2016\02-16_AIT_TES4SET\16-256.ngb-sd7
Project : 02-16 Reference : -0 mg Segments: 4
Identity : 16-256 Material : Messprobe Crucible : Pan Al, closed
Date/time : 20.04.2016 18:18:28 Corr./temp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens file ; 2016-04-20_Modell_In_Sn_Sa_AlICrucible_10Kmin_He.ngb-ed7 M. range : 5000 pV
Operator: DL Sample car./TC : DSC 204F1 t-sensor | E
Sample : GLUTARAMIDE 3xRECRYS, 10.33 mg of meas. : DSC / Sample
[#] Type Range AcqRate STC P2He PG:He LN2 GN2 Corr. [#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°G/10.0(K/min)’220°C  300.00 0 200 20.0 off - [1.3] Dynamic ~ 25°C/10.0(K/min)/220°C  300.00 0 200 200 off Ooff —
[1.2] Dynamic _ 220°C/10.0(K/min)/25°C  300.00 0 200 200 of 10 - [1.4] Dynamic _ 220°C/10.0(K/min)/25°C  300.00 0 200 200 of |10 |-—

Created with NETZSCH Proteus software



Adipamide

DSC /(mW/mg) H-N
2
| exo NH
10 2 Onset*: 216.8 °C
. o
ipami O sl — pless
rea: 3
Adipamide g
5 -
L 1.4
H __una
~End: 196.0 °C
Area: -314.4 Jig
Area: -317.2 J/ig
-10 4
-15 1
-20
T T T T T T T T T T
160 170 180 190 200 210 220 230 240 250
Temperature /°C
Adipamide 2015-08-1911:13  User: LagerD 39-15.ngb-taa
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:NETZSCH\P! DSC\15-164.ngb-sd7
Project : 2015 Operator: DL Corr./temp.cal : 120150519_N2_Al_2Kmin.ngb-td7 Segments: 5
Identity : 15-164 Sample:  Adipamide_1,9.17 mg Sens file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Dateftime :  21.07.2015 12:56:54 Reference : -—--,0 mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min
Laboratory : AIT Material :  Di & Modeftype of meas. : DSC / Sample M. range : 5000 uV
[#] Type Range AcqRate STC P2N2 PG:N2 LN2 GN2 Com. [#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2 Com.
[1.1] Dynamic  20°C/10.0(K/min)/270°C 150.00 0 20.0 20.0 off Off - [1.4] Dynamic  155°C/10.0(K/min)/270°C  300.00 0 20.0 20.0 off Off -
[1.2] Dynamic _ 270°C/10.0(K/min)/165°C _ 150.00 0 20.0 20.0 Off 1.0 - (1.5] Dynamic _ 270°C/10.0(K/min)/20°C 300.00 0 20.0 20.0 Off 1.0 el
Created with NETZSCH Proteus software
Pimelamide
DSC /(mW/mg)
0 o Area: 280.3 J/g Onset: 174.2 °C
10 lexo
PIMELAMIDE 3xRC Area: 26024 J/g nset: 173.5°C
m=13,84 mg ) HoN NH, i
Al crucible, cold welded lid
5 B Heating Rate = Cooling Rate = 10K/min
2. cycles
0 m
- —End:1623°C
i nd: g
5] Area: 2502419
s 2 End: 156.4 °C
Area: -238.7 J/g
-10 1 = E
-15 1 é
]
-20 1
-25
40 60 80 100 120 140 160 180 200
Temperature /°C
PIMELAMIDE 3xRC  2016-04-27 09:33 User: LagerD 02-16_Pimelamide.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:\NETZSCH\Proteus6\data\Auftrage\DSC\DSC 204 F1\2016\02-16_F1-DSC_AIT-TES4SET\16-250.ngb-sd7
Project : 02-16 Reference : --=-,0mg Segments :
Identity ; 16-250 Material : Messprobe Crucible : Pan Al, closed
Dateltime :  20.04.2016 09:41:37 Corr.ftemp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AlCrucible_10Kmin_He.ngb-ed7 M. range : 5000 pv
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : PIMELAMIDE 3xRECRYS, 13.84 mg Mode/type of meas. : DSC / Sample
[#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr. [#] Type Range Acgq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/215°C  300.00 0 20.0 200 off  off - [1.3] Dynamic ~ 25°C/10.0(K/min)/215°C  300.00 0 20.0 200 off off -
[1.2] Dynamic  215°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 — [1.4] Dynamic  215°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 -
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Suberamide

O

DSC /(mW/mg) HoN
2
| exo NH,
SUBERAMIDE (@) Onset: 2‘@ °C
101 D okt wekded id Onset: Zﬁb‘“s\ Arca: 336.4 Jig
ge:;i;gsRéte = Cooling Rate = 10K/min SN &\ " 3135,
o — 1
"
End: 196.5 °
-10 End: 195:3 °c Area: -296.8 J/g
i
-20 1 !
i
i
i
-30 !
i
50 100 150 200 250

Temperature /°C
SUBERAMIDE  2016-04-27 09:46  User: LagerD

02-16_Suberamide.ngb-taa

: NETZSCH DSC 204F1 Phoenix 240-12-0371-L

File : T:\Auftrage\2016\02-16_AIT_TES4SET\16-251.ngb-sd7

Project : 02-16 Operator: DL Corr.temp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Segments: 4
Identity : 16-251 Sample : SUBERAMIDE, 822mg Sens.file : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 Crucible : Pan Al, closed
Dateftime : 20.04.2016 11:01:46 Reference : -—-,0mg Sample car/TC : DSC 204F1 t-sensor / E Atmosphere : He, 20.0mi/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Material : Modeltype of meas. : DSC/ Sample M. range : 5000 pV
[#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Comr. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Cor.
[1.1] Dynamic  25°C/10.0(K/min)/260°C  300.00 0 200 200 off oOff - [1.3] Dynamic ~ 25°C/10.0(K/min)/260°C  300.00 0 20.0 200 off off —
[1.2] Dynamic__ 260°C/10.0(K/min)/25°C _ 300.00 0 200 200 Off |10 |== [1.4] Dynamic _ 260°C/10.0(K/min)/25°C _ 300.00 0 200 200 Off |10 |-=
Created with NETZSCH Proteus software
Azelamide
o (6]
DSC /(mW/mg) L~~~ N
H,N NH,
AZELAMIDE
104 | exo Initial mass m=4,68 mg .
Final mass m=4,64 mg Onset: 1\76.3 °c Fléche: 250.4 Jfg
Al crucible, pierced cold welded lid Onset: 175.3°C sahar
54 Heating rate = Cooling rate= 10K/min Flaohe 2809l
Gas conditions = nitrogen
0+ ‘ — — } 134
t —
-5 4 Flache: -227.5 J/;
Wert: 139.4 °C E‘ Ende: 160.2 °C
-10 1 =
EI Fléche: -237.7 J/g
15 1 %’
-20 E‘
H
d
251 E
-30
100 120 140 160 180 200
Temperatur /°C

AZELAMIDE 2016-11-14 09:22 Nutzer: LagerD

20161114_02-16.ngb-taa

Gerét : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F1116-446.ngb-dd7

Projekt:  02-16 Operator : DL Korr.Temp.kal :  16-445.ngb-bd7 / 20151130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Segmente: 4
ProbendD: 16-446 Probe:  AZELAMIDE(1), 468 mg Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed? Tiegel : Pan Al, closed

Datum/Zeit: 10.11.2016 17:55:23 Referenz: -——-,0 mg Probentr./TC : DSC 204F1 t-sensor / E Atmosphire : N2, 20.0ml/min / N2, 20.0ml/min
Labor : AIT_TB_N208 Material :  x-x-x Modus /Messtyp : DSC / Probe + Korrektur Messber. : 5000 pvV

# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr. [#]Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr.
[13.1] Dynamisch  25°C/10.0(K/min)l210°C  300.00 0O 200 20.0 AUS AUS 020 [13.3] Dynamisch ~ 25°C/10.0(K/min)210°C  300.00 0O 200 20.0 AUS AUS 020
[13.2] Dynamisch  210°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 1.0 020 [13.4] Dynamisch  210°C/20.0(K/min)/25°C  300.00 O 20.0 20.0 AUS 1.0 020
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Sebacamide
DSC /[(mW/mg) O
204 |exo H2N
NH,
151 O
Onset: 212.2°C Area: 375.6 J/ig
10+ SEBACAMIDE 5XRECRYS Onset: 2114 °C d Asbe: 352.4 Jig
m=6,48 mg 4 H g
Al crucible, cold welded lid % iz
54 Heating Rate = Cooling Rate = 10K/min ‘ii
2. cycles ;?i
P
: 2 Z ]
0 : i
/
Area: -333.8 J/g
-5
/
Area: -319.9 J/g Value: 185.6 °C
-10
-15 1
T T T T
50 100 150 200
Temperature /°C
1 2016-04-27 11:10 User: LagerD 02-16_SEBACAMIDE 5XRECRYS.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T:\Auftrége\2016\02-16_AIT_TES4SET\16-257.ngb-sd7
Project:  02-16 Reference : ——0mg Segments: 4
Identity : 16-257 Material : Messprobe Crucible : Pan Al closed
Date/time :  20.04.2016 19:40:41 Corr./temp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens file : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 M. range : 5000 pv
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : SEBACAMIDE 5xRECRYS, 6.48 mg Modeltype of meas. : DSC / Sample
[#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Comr. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/250°C  300.00 0 200 200 off oOff - [1.3] Dynamic  25°C/10.0(K/min)/250°C  300.00 0 20.0 200 off off —
[1.2] Dynamic__ 250°C/10.0(K/min)/25°C  300.00 0 200 200 Off |10 |== [1.4] Dynamic _ 250°C/10.0(K/min)/25°C  300.00 0 200 200 Off |10 |-=
Created with NETZSCH Proteus software
Undecanediamide
RE Jl\/\/\/\/\/u\
2041 |exo HaN NH>
UNDECANEDIAMIDE 5xRECRYST Onset: 178.2°C Area: 281.4 J/g
m=4,57 mg
10 Al crucible, cold welded lid Onset: 176.9 °C
Heating Rate = Cooling Rate = 10K/min TR Area: 275.9 J/g
2. ¢ycles e — 1al
0 1 —
L
Area: -264.1 J/ 157.4 °C
-10 4 -
Area: -2604 Jig Value: 157.8 °C
-20
-30 1
-40 1
-50 4
-60 4
40 60 80 100 120 140 160 180 200
Temperature /°C
UNDECANEDIAMIDE 5xRECRYST  2016-04-27 10:52 User: LagerD 02-16_UNDECANEDIAMIDE 5xRECRYST ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T:\Auftrége\2016\02-16_AIT_TES4SET\16-255.ngb-sd7
Project : 02-16 Reference : ——--,0 mg )egments 4
Identity ; 16-255 Material : Messprobe Crucible Pan Al, closed
Dateltime : 20.04.2016 16:58:20 Corr/temp.cal : /2016-02-11_C10H16_In_Sn_2Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AlCrucible_10Kmin_He.ngb-ed? M.range: 5000 vV
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : UNDECANEDIAMIDE 5XxRECRYST, 4.57 mg Modeitype of meas. : DSC/Sample
[#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr. [#] Type Range Acgq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/215°C  300.00 0 20.0 200 off  off - [1.3] Dynamic ~ 25°C/10.0(K/min)/215°C  300.00 0 20.0 200 off off -
[1.2] Dynamic  215°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 — [1.4] Dynamic  215°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 -
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Dodecanediamide
O
DSC /(mW/mg)
HsN
L exo NH,
15 ] S O Onset: 192.6 °C
Al crucible, cold welded lid "\ Onset: 1627 °C
Heating Rate = Cooling Rate = 10K/min Area: 338.8 J/g
101 2. cycles
‘Area: 332.2 J/g
5 -
1.
014 § Q]l
—
End: 188.1 / E rea: -336.7 Jig

51 Area: -327.1 J/g
-10]
-15 4

50 100 150 200
Temperature /°C

DODECANEDIAMIDE  2016-04-27 10:01  User: LagerD

02-16_Dodecanediamide.ngb-taa

Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrége\2016\02-16_AIT_TES4SET\16-252.ngb-sd7
Project:  02-16 Reference : ——0Omg Segments: 4
Identity : 16-252 Material : Messprobe Crucible : Pan Al closed
Date/time :  20.04.2016 12:39:57 Corr.jtemp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 M. range : 5000 pv'
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : DODECANEDIAMIDE, 6.15 mg Modeitype of meas. : DSC / Sample
[#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Comr. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Cor.
[1.1] Dynamic ~ 25°C/10.0(K/min)/230°C  300.00 0 200 200 off oOff - [1.3] Dynamic ~ 25°C/10.0(K/min)/230°C  300.00 0 20.0 200 off off —
[1.2] Dynamic__ 230°C/10.0(K/min)/25°C  300.00 0 200 200 Off 1.0 = [1.4] Dynamic _ 230°C/10.0(K/min)/25°C _ 300.00 0 200 200 Off |10 |-=
Created with NETZSCH Proteus software
Tetradecanediamide
DSC /(mW/mg) H,N N
Jexo  Ct4DIAMIDE 2
Initial mass m=6,48 mg (@]
Final mass m=6,42 mg
Al crucible, pierced cold welded lid Elaths:
: A i ache: 315.3 Ji,
Heating rate = Cooling rate= 10K/min 9
54 Gas conditions = nitrogen \
Fléche: %ﬂg \
| — . 181
0 o T T
4 - 4 |
t
7 7 T
/ LR
—
T / Ende: 179.2°C
Flache: -295.7 J/g /
51 /
o
Flache: -291.6 J/g Ende: 178.2 °C(n.i.)
-10
Temperatur /°C
C14 DIAMIDE  2016-11-14 09:38  Nutzer: LagerD 20161114_02-16.ngb-taa
Geréit : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F1\16-449.ngb-dd7
Projekt : 02-16 Referenz : =--,0 mg Segmente: 4
Proben-D: 16-449 Material : XXX Tiegel : Pan Al, closed
Datum/Zeit : 10.11.2016 20:57:48 Korr.MTemp.kal :  16-448.ngb-bd7 / 20154130_C10H16_In_Sn_2Zn_Al_1Kmin_N2.ngb-td7 Atmosphre : N2, 20.0ml/min / N2, 20.0ml/min
Labor: AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 pvV
Operator: DL Probentr./TC : DSC 204F1 t-sensor / E
Probe : C14 DIAMIDE(1), 6.48 mg Modus /Messtyp : DSC / Probe + Korrektur
# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr. [#]Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr.
[11.1] Dynamisch  25°C/10.0(K/min)l220°C  300.00 0O 200 20.0 AUS AUS 020 [11.3] Dynamisch ~ 25°C/10.0(K/min)/220°C  300.00 O 200 20.0 AUS AUS 020
[11.2] Dynamisch  220°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 1.0 020 [11.4] Dynamisch  220°C/20.0(K/min)/25°C  300.00 0O 20.0 20.0 AUS 1.0 020
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Hexadecanediamide
O
DSC /(mW/mg) H,oN
NH,
1l exo o)
Onset: 181.1 °C lache: 296.2 J/g
C16 DIAMIDE p
] Initial mass m=7,4 mg . e i
5 Final mass m=7,31 mg OnSeLrBHE 0 Flache: 271 Jig
Al crucible, pierced cold welded lid P
Heating rate = Cooling rate= 10K/min
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Temperatur /°C
C16 DIAMIDE  2016-11-14 10:52  Nutzer: LagerD
Gerdt : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\P! DSC - Messungen\DSC 204 F1\16-450.ngb-dd7
Projekt : 02-16 Operator: DL Korr./Temp.kal :  16-448.ngb-bd7 / 20151130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Segmente: 4
Proben-D : 16-450 Probe : C16 DIAMIDE(1), 7.4 mg Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Tiegel : Pan Al, closed
1 10.11.2016 22:00:24 Referenz: ---,0 mg Probentr./TC : DSC 204F1 t-sensor / E Atmosphire : N2, 20.0ml/min / N2, 20.0ml/min
Labor AIT_TB_N208 Material : xx-x Modus /Messtyp : DSC / Probe + Korrektur Messber.: 5000 V'
[# Typ Bereich Erfrate STC P22N2 Pg:N2 LN2 GN2 Kor. [#]Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr
[10.1] Dynamisch  25°C/10.0(K/min)/220°C  300.00 O 20.0 20.0 AUS AUS 020 [10.3] Dynamisch  25°C/10.0(K/min)/220°C 30000 O 200 200 AUS AUS 020
[10.2) Dynamisch _ 220°C/20.0(K/min)/25°C 30000 0 200 200 AUS 10 020  [10.4] Dynamisch 220°C/20.0(K/min)/25°C 30000 0O 200 200 AUS 1.0 020
Erzougt mit NETZSCH Proteus Software
Octadecanediamide
O
DSC /(mW/mg) H,N
NH,
| exo 0
151 Flache: 311.6 Jig
C18 DIAMIDE
Initial mass m=3,49 mg Onset: 182.8 °C
10 Final mass m=3,47 mg " y
Al crucible, pierced cold welded lid ) s Flache: 308.1 Jig
Heating rate = Cooling rate= 10K/min Onset: 183.0
Gas conditions = nitrogen
5
o g ‘ B
07 . i
t f
Z == =
51 , N o S
Flache: -305.1 J/g e 7 Ende: 177.7 °C
=1
p. 7]
1 Flache: -302.8 J/g V\\g 7 Ende: 177.4 °C
-10 1 5
¥
J\\; 7]
]
_1 > @/
140 150 160 170 180 190 200 210 220
Temperatur /°C
C18 DIAMIDE  2016-11-1410:51 Nutzer: LagerD
Geréit : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F1\16-451.ngb-dd7
Projekt : 02-16 Referenz : =--,0 mg Segmente: 4
Proben-D: 16-451 Material : XXX Tiegel : Pan Al, closed
Datum/Zeit : 10.11.2016 23:02:57 Korr.[Temp.kal :  16-448.ngb-bd7 / 20151130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Atmosphre : N2, 20.0ml/min / N2, 20.0ml/min
Labor: AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 pvV
Operator: DL Probentr./TC : DSC 204F1 t-sensor / E
Probe : C18 DIAMIDE(1), 3.49 mg Modus /Messtyp : DSC / Probe + Korrektur
# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Ko [#]Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Korr.
[9.1] Dynamisch ~ 25°C/10.0(K/min)/220°C  300.00 0 20.0 20.0 AUS AUS 020 [9.3] Dynamisch  25°C/10.0(K/min)/220°C  300.00 0 20.0 200 AUS AUS 020
[9.2] Dynamisch _ 220°C/20.0(K/min)/25°C  300.00 0 200 200 AUS 1.0 020  [9.4] Dynamisch 220°C/20.0(K/min)/25°C 300.00 0 200 200 AUS 1.0 020
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Glutaric acid

O O

DSC /(mW/mg)
| exo HO OH
. » 5 SRR Area: 180.3 J/g
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Temperature /°C
Glutaric  2015-10-1310;38  User: LagerD
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File: T 15\49-15_AIT- 15_DSC_TES4SET\15-235.ngb-dd7
Project : 49-15 Operator: DL Corr./temp.cal : 15-234.ngb-bd7 / 20150519_N2_Al_2Kmin.ngb-td7 Segments: 8
Identity : 15-235 Sample : Glutaric_acid, 27.27 mg Sens file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Date/time :  08.10.2015 20:54:09 Reference : --—--,0 mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min
Laboratory : AIT_TB_N208 Material : Modeltype of meas. : DSC / sample with correction M. range : 5000 pV
[#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2  Corr. [#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2  Corm.
[1.3] Dynamic  -50°C/10.0(K/min)/130°C  300.00 0 200 20.0 off  off 020  [1.7) Dynamic  25°C/10.0(K/min)/130°C  300.00 0 20.0 200 Off  Off 020
[1.5] Dynamic _ 130°C/10.0(K/min)/25°C _ 300.00 0 20.0 20.0 Off 500% 020 (1.8] Dynamic _ 130°C/10.0(K/min)/25°C _ 300.00 0 20.0 200 Off 50.0% 020
Created with NETZSCH Proteus software
Adipic acid
DSC /(mW/mg) HO
84 | exo
O Onset*: 151.6 °C
6 /,Ar‘ea' ?,517 Jig
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Temperature /°C
Adipic_acid  2015-08-19 11:15  User: LagerD 39-15.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:\NETZSCH\Proteus6\data\DSC\15-168.ngb-sd7
Project:  20-15 Operator: DL Corr.temp.cal : 720150519_N2_Al_2Kmin.ngb-td7 Segments: 5
Identity : 15-168 Sample:  Adipic_acid_1, 11.24 mg Sens.file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Dateftime : 21.07.2015 17:31:39 Reference : ——-,0mg Sample car./TC: DSC 204F1 t-sensor / E Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min
Laboratory : AIT Material :  Di a Modeltype of meas. : DSC / Sample M. range : 5000 uvV.
[#] Type Range Acq.Rate STC P2:N2 PG:N2 LN2 GN2 Corr. [#]Type Range Acg.Rate STC P2:N2 PG:N2 LN2 GN2 Corr
[5.1] Dynamic ~ 20°C/10.0(K/min)/200°C ~ 150.00 0 20.0 20.0 off oOff — [5.4] Dynamic  80°C/10.0(K/min)200°C  300.00 ¢} 20.0 200 Off off -
[5.2] Dynamic _ 200°C/10.0(K/min)/80°C  150.00 0 20.0 20.0 Off 1.0 - [5.5] Dynamic | 200°C/10.0(K/min)/20°C | 300.00 0 20.0 20.0 Off 1.0 =
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Pimelic acid

DSC /(mW/mg)
| exo
Onset*: 103.2 °C
4 . . . ea: 197.5 J/g
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Temperature /°C
Pimelic Acid  2015-08-19 11:14  User; LagerD 39-15.ngb-taa
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:NETZSCH\ProteusB\data\DSC\15-165.ngb-sd7
Project : 2015 Operator: DL Corr./ftemp.cal : 1/20150519_N2_Al_2Kmin.ngb-td7 Segments: 5
Identity : 15-165 Sample : Pimelic_acid_1, 9.39 mg Sens.file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Dateftime :  21.07.2015 14:23:30 Reference : ---—,0mg Sample car./TG : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0mi/min / N2, 20.0ml/min
Laboratory : AIT Material :  Dicarbonséuren Modeltype of meas. : DSC / Sample M.range: 5000 yV
[#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2 Comr. [#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2 Com.
[2.1] Dynamic  20°C/10.0(K/min)/160°C  150.00 0 20.0 20.0 off off - [2.4] Dynamic  35°C/10.0(K/min)/160°C  300.00 0 20.0 20.0 Off off -
[2.2] Dynamic _ 160°C/10.0(K/min)/356°C _ 150.00 0 20.0 20.0 Off 1.0 - [2.5] Dynamic _ 160°C/10.0(K/min)/20°C | 300.00 0 20.0 200 Off 1.0 o
Created with NETZSCH Proteus software
Suberic acid
DSC /(mW/mg) HO
| exo OH
61 @)
41 Suberic Acid
Onset: 133.7 °C
Onset: 132.8 °C R
rea: 242.2 JIg & e Ry
y s
2 4
I
| I L >~ " [ra
t } t
01 : 1.4
End: 1392°C _End: 138.9°C
24 Area: -234.3 Jig Area: -232.5 JIg
4
T T T T T T T
100 110 120 130 140 150 160
Temperature /°C
Suberic_Acid  2015-08-19 11:15  User: LagerD 39-15.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:\NETZSCH\Proteus6\data\DSC\15-170.ngb-sd7
Project:  20-15 Operator: DL Corr.temp.cal : 720150519_N2_Al_2Kmin.ngb-td7 Segments: 5
Identity : 15-170 Sample:  Suberic_acid_1, 10.36 mg Sens.file : 38-15.ngb-ed7? Crucible : Pan Al, pierced lid
Date/time :  21.07.2015 20:00:49 Reference : -—0mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0ml/min /N2, 20.0ml/min
Laboratory : AIT Material :  Dicarbons&uren Modeftype of meas. : DSC / Sample M. range : 5000 pV.
[#] Type Range Acq.Rate STC P2:N2 PG:N2 LN2 GN2 Corr. [#]Type Range Acg.Rate STC P2:N2 PG:N2 LN2 GN2 Corr
[7.1] Dynamic  20°C/10.0(K/min)/190°C  150.00 0 20.0 200 off  off - [7.4] Dynamic  70°C/10.0(K/min)/190°C  300.00 0 20.0 200 off off -
[7.2] Dynamic _ 180°C/10.0(K/min)/70°C  150.00 0 20.0 20.0 Off 1.0 - [7.5] Dynamic | 180°C/10.0(K/min)/20°C | 300.00 0 20.0 20.0 Off 1.0 =

Created with NETZSCH Proteus software
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Azelaic acid

peeimme )j\/\/\/\/u\
+ B HO OH
8 4
. .
6 - Azelaic Acid Area: 205.1 J/g
Area: 218.1 J/g =
Snsetl07a™e ~Onset: 106.8 °C
41 " Lol
2 4
I PR } B34
04 ; : =t - 32]
_— |
-2 Area: —20?,6 Jg “Area: 202.7 J/g
End: 101.8°C End: 102.1 °C
-4 4
-6
-84
T T T T T T T T
60 70 80 90 100 110 120 130
Temperature /°C
Azelaic Acid  2015-08-1911:14  User: LagerD 39-15.ngb-taa
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:NETZSCH\P! DSC\15-166.ngb-sd7
Project : 2015 Operator: DL Corr./ftemp.cal : 120150519_N2_Al_2Kmin.ngb-td7 Segments: 5
Identity : 15-166 Sample: Azelaic_acid_1,7.5mg Sens.file : 39-15.ngb-ed7 Crucible : Pan Al pierced lid
Dateftime :  21.07.2015 15:30:28 Reference : -——-,0 mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0mi/min / N2, 20.0ml/min
Laboratory : AIT Material : _ Di 4 of meas. : DSC / Sample M.range: 5000V
[#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2 Comr. [#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2 Com.
[3.1] Dynamic  20°C/10.0(K/min)/140°C  150.00 0 20.0 20.0 off off - [3.4] Dynamic  40°C/10.0(K/min)/140°C  300.00 0 20.0 20.0 Off off -
[3.2] Dynamic _ 140°C/10.0(K/min)/40°C _ 150.00 0 20.0 20.0 Off 1.0 - [3.5] Dynamic _ 140°C/10.0(K/min)/20°C | 300.00 0 20.0 200 Off 1.0 o
Created with NETZSCH Proteus software
Sebacic Acid
DSC /(mW/mg) HO
l exo
6 4
Onset™: 1\33.5 °C
- .
41 Sebacic Acid Ares: 227.2 g
21 /
, ‘ SS%S ‘ 4
t f
0 t | L [4.2)
-2
-4
-6 1
T T T T T T T T
920 100 110 120 130 140 150 160
Temperature /°C
Sebacic_Acid 2015-08-19 11:14  User: LagerD 39-15.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : D:\NETZSCH\Proteus6\data\DSC\15-167.ngb-sd7
Project:  20-15 Operator: DL CorrJtemp.cal : 120150519_N2_AI_2Kmin.ngb-td7 Segments: 5
Identity : 15-167 Sample:  Sebacic_acid_1, 1293 mg Sens.file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Date/time :  21.07.2015 16:28:05 Reference : —-,0 mg Sample car/TC : DSC 204F1 t-sensor/ E Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min
Laboratory : AIT Material :  Dicarbons&uren Modeitype of meas. : DSC / Sample M. range : 5000 pV
[#] Type Range Acq.Rate STC P2:N2 PG:N2 LN2 GN2 Corr. [#]Type Range Acg.Rate STC P2:N2 PG:N2 LN2 GN2 Corr
[4.1] Dynamic  20°C/10.0(K/min)/170°C  150.00 0 20.0 200 off  off - [4.4] Dynamic ~ 70°C/10.0(K/min)/170°C  300.00 0 20.0 200 off off -
[4.2] Dynamic _ 170°C/10.0(K/min)/70°C  150.00 0 20.0 20.0 Off 1.0 - [4.5] Dynamic | 170°C/10.0(K/min)/20°C | 300.00 0 20.0 20.0 Off 1.0 =
Created with NETZSCH Profeus software
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Undecanedioic acid

DSC /(mW/mg)

| exo

5,62 mg, Al crucible,

Heating Rate = Cooling Rate = 10 K/min

O O

OJI\/\/\/\/\/U\OH

1,11 Uanecane
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S
g
5 N2 atmosphere Onset: 110.8 °C ‘,:.:,:..’
S Nesg
AR
\ Si==9
Onset: 111.2°C &r:-.:o::%:.g.:.g
£ LRI
O3S A Area: 220.1 J/g
B NI — )
O
S e e
4 pSelelels L 3.3
01 T LS i ! 13.8]
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TP < : ‘;’ Wi
/,/ h¢ Z = End: 103.8 °C
Area; -218.2 Jig \E ”i
== = End: 103.9°C
-5 4 o ¥
Area: -218.2 Jig V= ?’
s
Y
-10
T T T T T T
Temperature /°C
1,11_Undecane  2015-10-1310:37 User: LagerD
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T:\Auftrage\2015\49-15_AIT-Tes4Set\49-15_DSC_TES4SET\15-237.ngb-sd7
Project : 49-15 Operator: DL Corr./temp.cal : 120150519_N2_Al_2Kmin.ngb-td7 Segments: 8
Identity : 15-237 Sample : 1,11_Undecane_(1), 5.62 mg Sens.file : 39-15.ngb-ed7 Crucible : Pan Al, pierced lid
Date/time :  09.10.2015 00:14:26 Reference : ——,0 mg Sample car/TC : DSC 204F1 t-sensor / E Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min
Laboratory : AIT_TB_N208 Material : of meas. : DSC/ Sample M. range : 5000 pvV.
[#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2  Cor. [#] Type Range AcqRate STC P2:N2 PG:N2 LN2 GN2  Corr.
[3.3] Dynamic  -50°C/10.0(K/min)/140°C  300.00 0 200 200 off  Off - [3.7] Dynamic  -50°C/10.0(K/min)/140°C ~ 300.00 0 20.0 200 off  Off -
[3.5] Dynamic __140°C/10.0(K/min)/-50°C _ 300.00 0 200 200  Offi 500% = [3.8] Dynamic | 140°C/10.0(K/min)/25°C__ 300.00 0 200 200 Off 500% -

Created with NETZSCH Proteus software

Dodecanedioic acid

DSC /(mW/mg)

1 exo

HO

41 Dodecanedioic Acid
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End*: 1 %

Onset*: 120.3 °C
Area: -215.9 J/ig

Area: -215.3 Jlg

110

Dodecanedioic_acid 2015-08-19 11:15  User: LagerD

Instrument ;: NETZSCH DSC 204F1 Phoenix 240-12-0371-L

120 130 140 150 160
Temperature /°C

39-15.ngb-taa

Project:  20-15 Operator: DL
Identity:  15-169

File : D:NETZSCH\Proteus6\data\DSC\15-169.ngb-sd7

Dateftime :  21.07.2015 18:45:14
Laboratory : AIT

[#] Type
[6.1] Dynamic

-,0mg
Range Acq.Rate STC

Dodecanedioic_acid_1, 11.49 mg

P2:N2 PG:N2 LN2 GN2 Corm

Corrtemp.cal : 120150519_N2_AI_2Kmin.ngb-td7
Sens.file : 39-15.ngb-ed7

Sample car/TC : DSC 204F1 t-sensor / E
Mode/type of meas. : DSC / Sample

Segments: 5
Crucible : Pan Al, pierced lid
Atmosphere : N2, 20.0ml/min / N2, 20.0ml/min

20°C/10.0(K/min)/180°C ~ 150.00 0 20.0

M. range : 5000 uvV
[#] Type

[6.2) Dynamic__ 180°C/40.0(K/min)/30°C 15000 0O 20.0

20.0 off off —

Range Acq.Rate STC P2:N2 PG:N2 LN2 GN2 Corr.
20.0 Off 1.0

[6.4] Dynamic  30°C/10.0(K/min)180°C | 300.00 0 200 200 off |off
— _ [6.5] Dynamic

180°C/10.0(K/min)/20°C | 300.00 0 20.0 20.0 Off 1.0 —
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Tetradecanedioic acid

DSC /(mW/mg)

| exo

HO

O

8 -
C14 CARBOXILIC ACID
6 i Initial mass m=9,54 mg
Final mass m=9,52 mg
Al crucible, pierced cold welded lid
41 Heating rate = Cooling rate= 10K/min
Gas conditions = nitrogen
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Temperatur /°C
C14 Carboxilic Acid  2016-11-1410:56  Nutzer: LagerD
Geréit : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F1\16-453.ngb-dd7
Projekt:  02-16 Referenz: Omg Segmente: 4
Proben-ID : 16-453 Material : XXX Tiegel : Pan Al, closed
Datum/Zeit : 11.11.2016 00:50:24 Korr./Temp.kal :  16-452.ngb-bd7 / 20151130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Atmosphire : N2, 20.0ml/min / N2, 20.0ml/min
Labor : AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 pv
Operator: DL Probentr./TC : DSC 204F1 t-sensor / E
Probe : €14 CARBOXILIC ACID(1), 9.54 mg Modus /Messtyp : DSC / Probe + Korrektur
# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Kom. [#]Typ Bereich Erfrate STC P2N2 Pg:N2 LN2 GN2 Korr.
[8.1] Dynamisch ~ 25°C/10.0(K/min)/160°C  300.00 0 20.0 20.0 AUS AUS 020 [8.3] Dynamisch  25°C/10.0(K/min)/160°C  300.00 0 200 200 AUS AUS 020
[8.2] Dynamisch _ 160°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 1.0 020 [8.4] Dynamisch _ 160°C/20.0(K/min)26°C  300.00 0 20.0 20.0 AUS 1.0 020
Erzougt mit NETZSCH Proteus Software
Hexadecanedioic acid
DSC /(mW/mg) HO
exo
61 4 le}
A\
1\
C16 CARBOXILIC ACID Onset: 124.7°C A
44 {itia.iass n= 1a, 15 mg 22 Flache: 211.4 Jig
Final mass m=15,19 mi A
Al crucible, pierced cold welded lid Onset: 122.6 °C W =
Heating rate = Cooling rate= 10K/min S y ==
2 Gas conditions = nitrogen S /s 4
- +
01/
b - o I
= S—
-2 4 2 g Ende: 114.4 °C
s BT oo
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Temperatur /°C
€16 Carboxilic Acid  2016-11-1411:06  Nutzer: LagerD
Geréit : NETZSCH DSC 204F1 Phoenix 240-12-0371-L Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F116-454.ngb-dd7
Projekt : 02-16 Referenz : -0 mg Segmente: 4
Proben-D: 16-454 Material : XXX Tiegel : Pan Al, closed
Datum/Zeit : 11.11.2016 01:35:01 Korr.Temp.kal :  16-452.ngb-bd7 / 20154130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Atmosphre : N2, 20.0ml/min / N2, 20.0ml/min
Labor : AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 pV
Operator: DL Probentr./TC : DSC 204F1 t-sensor / E
Probe : C16 CARBOXILIC ACID(1), 15.19 mg Modus : DSC /Probe + Korrektur
# Typ Bereich Erfrate STC P2:N2 Pg:N2 LN2 GN2 Ko [#]Typ Bereich Erfrate STC P2:N2 PgiN2 LN2 GN2 Korr.
[7.1] Dynamisch ~ 25°C/10.0(K/min)/160°C  300.00 0 200 20.0 AUS AUS 020 [7.3] Dynamisch  25°C/10.0(K/min}/160°C  300.00 0 200 20.0 AUS AUS 020
[7.2] Dynamisch  160°C/20.0(K/min)/25°C _ 300.00 0 20.0 20.0 AUS 10 020 [7.4] Dynamisch  160°C/20.0(K/min)/25°C  300.00 0 20.0 20.0 AUS 10 020
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Octadecanedioic acid

DSC /(mW/mg) HO
104 L &0 o

C18 CARBOXILIC ACID

Initial mass m=6,97 mg

Final mass m=6,95 mg

Al crucible, pierced cold welded lid

54 Heating rate = Cooling rate= 10K/min

Gas conditions = nitrogen
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Temperatur /°C
20161114_02-16.ngb-taa

Gerit ; NETZSCH DSC 204F1 Phoenix 240-12-0371-L

Datei : D:\NETZSCH\Proteus6\data\DSC - Messungen\DSC 204 F1\16-455.ngb-dd7

Projekt: 0216 Referenz: - 0mg Segmente: 4

Proben-ID : 16-455 Material : XRX Tiegel : Pan Al, closed

Datum/Zeit : 11.11.2016 02:19:37 Korr./Temp.kal :  16-452.ngb-bd7 / 20151130_C10H16_In_Sn_Zn_Al_1Kmin_N2.ngb-td7 Atmosphire : N2, 20.0ml/min / N2, 20.0ml/min

Labor : AIT_TB_N208 Empf.Datei : 2016-11-09_Modell_In_Sn_Sa_Al_Crucible_10Kmin_N2.ngb-ed7 Messber. : 5000 pv

Operator: DL Probentr./TC : DSC 204F1 t-sensor / E

Probe : €18 CARBOXILIC ACID(1), 6.97 mg Modus /Messtyp : DSC / Probe + Korrektur

#1 Typ Bereich Erfrate STC P2:N2 Pg:NZ2 LN2 GN2 Kom. [#] Typ Bereich Erfrate STC P2:N2 Pg:iN2 LN2 GN2 Korr
[6.3] Dynamisch  25°C/10.0(K/min)/160°C  300.00 O 20.0 20.0 AUS AUs 020

[6.1] Dynamisch ~ 25°C/10.0(K/min)/160°C ~ 300.00 0 200 20.0 AUS AUS 020
160°C/20.0(K/min)/25°C _ 300.00 0 20.0 20.0 AUS 10 020 (6.4] Dynamisch _160°C/20.0(K/miny25°C  300.00 0

20.0 20.0 AUS 1.0 020

[6.2] Dynamisch

Erzougt mit NETZSCH Proteus Software

Dipentaerythritol

DSC /(mW/mg) HO
i HO o OH
Lexo HO
Area: 318.3 J/g
6 - HO Area: 305 Jig |
\
Onset: 221.9 °C
41 2218
DIPENTAERYTHRIT Olisst Z@ e ™
m=23,22 mg S i
2 4 Al crucible, cold welded lid g B
Heating Rate = Cooling Rate = 10K/min e e
2. cycles % ’\
~ \ i
O 1 I
U
-2 1 ?’ Entk 211.0 °C
< o
Area: -295.2 Jig End: 210.0 °C
-8 T v v v
50 100 150 200
Temperature /°C
1 2016-04-27 11:59 User: LagerD 02-16_DIPENTAERYTHRIT ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrage\2016\02-16_AIT_TES4SET\16-258.ngb-sd7
Project : 02-16 Reference : ——--,0 mg Segments: 4
Identity : 16-258 Material : Messprobe Crucible ; Pan Al, closed
Dateltime : 20.04.2016 21:14:48 Corr./temp.cal : 12016-02-11_C10H16_In_Sn_Zn_AI_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens file : 2016-04-20_Modell_In_Sn_Sa_AlCrucible_10Kmin_He.ngb-ed7 M. range : 5000 pV
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : DIPENTAERYTHRIT, 23.22 mg Mode/type of meas. : DSC / Sample
[#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr. [#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/240°C  300.00 0 20.0 20.0 off off — [1.3] Dynamic ~ 25°C/10.0(K/min)i240°C  300.00 o 20.0 200 off off —
[1.2] Dynamic  240°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 — [1.4] Dynamic  240°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 —
Created with NETZSCH Profeus software




Dulcitol
OH OH
DSC /(mW/mg) = OH
HO™ Y
exo =
0] * OH OH

DULCITOL

m=18,76 mg

Al crucible, cold welded lid Onset: 187.7 °C

Heating Rate = Cooling Rate = 10K/min Area: 358.2 JIg

54 2. cydles Onset: 186.3 °C
Area: 340.4 Jig
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01 ; - : 5
e
End: 124.8 °C
Area: -264 J/
51 Area; -263.3 Jig End: 124.9°C

-10
-15 4
201 ,

50

100 150 200
Temperature /°C

Dulcitol  2016-04-27 10:20  User: LagerD 02-16_Dulcitol.ngb-taa
: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrdge\2016\02-16_AIT_TES4SET\16-253.ngb-sd7
Project : 02-16 Operator: DL Corr./ftemp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Segments: 4
Identity : 16-253 Sample: DULCITOL, 18.76mg Sensfile : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 Crucible : Pan Al closed
Dateftime : 20.04.2016 14:06:06 Reference : —--,0 mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : He, 20.0ml/min / He, 20.0mi/min
Laboratory : AIT_TB_N208 Material :  Messprobe Mode/type of meas. : DSC / Sample M.range: 5000wV
[#] Type Range AcqRate STC P2He PG:He LN2 GN2 Cor. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Corm.
[1.1] Dynamic  25°C/10.0(K/min)/230°C  300.00 0 200 20.0 off off — [1.3] Dynamic  25°C/10.0(K/min)/230°C  300.00 0 200 200 off off —
[1.2] Dynamic__ 230°C/10.0(K/min)/25°C _ 300.00 0 200 200 of 10 - [1.4] Dynamic _ 230°C/10.0(K/min)/25°C _ 300.00 0 200 200 off |10 |=
Created with NETZSCH Proteus software
Mannitol
DSC /(mW/mg) < OH
l €xo
51 Area: 288.3 Jig
2
_—Area: 269.1 J/g
i
-
0 : 18
SUDZUCKER MANNIT
m=36,86 mg Area: -232.7 JIg
Al crucible, cold welded lid Value: 123.1 °C
-5 Heating Rate = Cooling Rate = 10K/rrin
5 s Area: -232.8 Jig
-15
40 60 80 100 120 140 160 180 200
Temperature /°C
1 2016-04-27 1209 User: LagerD 02-16_SUDZUCKER MANNIT.ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrage\2016\02-16_AIT_TES4SET\16-259.ngb-sd7
Project : 02-16 Reference: = —— L0 mg Segments: 4
Identity : 16-259 Material ; Messprobe Crucible : Pan Al, closed
Dateltime : 20.04.2016 22:45:03 Corr.temp.cal : 1/2016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 M. range : 5000 pv
Operator: DL Sample car./TC : DSC 204F1 t-sensor / E
Sample : SUDZUCKER MANNIT, 32.42 mg Mode/type of meas. : DSC/ Sample
[#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr. [#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/210°C  300.00 0 20.0 20.0 off off — [1.3] Dynamic  25°C/10.0(K/min)i210°C  300.00 o 20.0 200 off off —
[1.2] Dynamic  210°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 — [1.4] Dynamic _ 210°C/10.0(K/min)/25°C  300.00 0 200 200 Of 10 —

Created with NETZSCH Proteus software
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Erythritol

DSC /(mW/mg) HO\/k/\
| exo C:)H
10
MESO-ERYTHRITOL Onset: 118.3 °C
9,11 mg . : 118,
Al crucible, cold welded lid Area: 319.6 J/g
Heating Rate = Gooling Rate = 10K/min Onset: 102.9 °C
2. cycles Area: 274 J/g e
P
5 4
= y ]
0 — ‘ R——— i j ‘ i 5
-5 1
Area: -218.5 Jig
P Area: -207.7 J/g
-10{ End: 56.6 °C
End: 455 °C
-15 - r r r - T .
40 60 80 100 120 140
Temperature /°C
1 2016-04-27 12:19 User: LagerD
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrége\2016\02-16_AIT_TES4SET\16-260.ngb-sd7.
Project:  02-16 Reference : ——0mg Segments: 4
Identity : 16-260 Material : Messprobe Crucible : Pan Al, closed
Date/time :  21.04.2016 00:03:12 Corr./temp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 M. range : 5000 pv
Operator: DL Sample car/TC : DSC 204F1 t-sensor / E
Sample : MESO-ERYTHRITOL, 9.11 mg Modeftype of meas. : DSC / Sample
[#] Type Range AcqRate STC P2He PG:He LN2 GN2 Cor. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Cor.
[1.1] Dynamic  25°C/10.0(K/min)/160°C  300.00 0 200 20.0 off off — [1.3] Dynamic  25°C/10.0(K/min)/160°C  300.00 0 200 200 off off —
[1.2] Dynamic__ 160°C/10.0(K/min)/25°C _ 300.00 0 200 200 of 10 - [1.4] Dynamic _ 160°C/10.0(K/min)/25°C  300.00 0 200 200 off |10 |=
Created with NETZSCH Proteus software
Methyl-a-mannoside
OH
DSC (mW/mg) OH
HO =
l, €X0
HO
6 1 Methyl_Alpha_Mannoside_RC
m=23,18 mg
Al crucible, cold welded lid O
51 Heating Rate = Cooling Rate = 10K/min \
2. cycles
4]
3 4
Area: 239.1 Jlg
2 4
Onset: 193.9 °C
=S
11 TS
=
N o oo o oo
04/
f e — -
50 100 150 200
Temperature /°C
Methyl_Alpha_Mannoside_RC 2016-04-27 10:39  User: LagerD 02-16_Methyl_Alpha_Mannoside_RC .ngb-taa
Instrument : NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T:\Auftrage\2016102-16_AIT_TES4SET\16-254.ngb-sd7
Project : 02-16 Reference : ——--0mg Segments: 4
Identity 16-254 Material : Messprobe Crucible : Pan Al, closed
Dateftime :  20.04.2016 15:32:11 Corr.temp.cal : 12016-02-11_C10H16_In_Sn_2Zn_Al_10Kmin_He.ngb-td7 Atmosphere : He, 20.0ml/min / He, 20.0ml/min
Laboratory : AIT_TB_N208 Sens.file : 2016-04-20_Modell_In_Sn_Sa_AlCrucible_10Kmin_He.ngb-ed7 M. range : 5000 uv
Operator: DL Sample car./TC : DSC 204F1 t-sensor/ E
Sample:  RECRYST METHYL_alpha MANNOSIDE, 23.18 mg of meas. : DSC/ Sample
[#] Type Range Acq.Rate STC P2He PG:He LN2 GN2 Corr. [#] Type Range Acq.Rate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic  25°C/10.0(K/min)/230°C  300.00 0 200 200 off  off - [1.3] Dynamic ~ 25°C/10.0(K/min)/230°C | 300.00 0 20.0 200 off Ooff —
[1.2] Dynamic  230°C/10.0(K/min)/25°C  300.00 0 200 200 O 40 - [1.4] Dynamic  230°C/10.0(K/min)/25°C | 300.00 0 200 200 Of 10 —

Created with NETZSCH Proteus software
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Myo-inositol
OH
DSC /(mW/mg)
HO,,, W\OH
lexo
-
HOY Y~ YOH
MYO-INOSITOL =
m=18,81
] Al Drflclb\e. chO we«ded lid ~ O H
5 st = Gonfg =10y Onset: 224.2 °C
Area: 262.1 J/g
G 254.6 J/g
o= — ' -
e . T
Area; 1927 g EndiB73°C
e
Area: -190 J/g End: 186.7 °C
-5
-10 4

50

1 2016-04-27 12:30 User: LagerD

100

150 200
Temperature /°C

250

02-16_MYO-INOSITOL.ngb-taa

: NETZSCH DSC 204F1 Phoenix 240-12-0371-L File : T\Auftrége\2016\02-16_AIT_TES4SET\16-261.ngb-sd7
Project : 02-16 Operator: DL Corr./temp.cal : 12016-02-11_C10H16_In_Sn_Zn_Al_10Kmin_He.ngb-td7 Segments: 4
Identity : 16-261 Sample: MYO-INOSITOL, 18.81mg Sens.file: 2016-04-20_Modell_In_Sn_Sa_AICrucible_10Kmin_He.ngb-ed7 Crucible : Pan Al, closed
Date/time : 21.04.2016 01:01:17 Referen -,0mg Sample car./TC : DSC 204F1 t-sensor / E Atmosphere : He, 20.0ml/min / He, 20.0mi/min
Laboratory : AIT_TB_N208 Material :  Messprobe Modeltype of meas. : DSC/ Sample M.range: 5000 pV
[#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Corr. [#] Type Range AcqRate STC P2:He PG:He LN2 GN2 Corr.
[1.1] Dynamic ~ 25°C/10.0(K/min)/270°C  300.00 0 200 off  Off - [1.3] Dynamic  25°C/10.0(K/min)/270°C  300.00 0 20.0 200 off Off —
[1.2] Dynamic__ 270°C/10.0(K/min)/25°C _ 300.00 0 200 10 |s== [1.4] Dynamic _ 270°C/10.0(K/min)/25°C  300.00 0 200 200 of |10 |-
Created with NETZSCH Proteus software
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