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Abstract: The present work explores the thermal and magnetic properties of complexes of the transition
metals - Mn(ll), Fe(Il), Co(ll), Ni(ll) and Cu(lIl) with polyvinylpyrrolidone (PVP). Differential Scanning
Calorimetry (DSC) studies provide insights into glass transition temperatures (Tg), melting temperatures
(Tm) and heat capacities (Cp) of these complexes, highlighting significant deviations from pure PVP,
indicative of interactions between PVP and metal ions. The absence of crystallization dips in thermograms
suggests the amorphous nature of these complexes. Vibrating Sample Magnetometric (VSM) studies reveal
the magnetic behaviors of these complexes, including paramagnetic, ferromagnetic and isotropic properties,
depending on the metal ion. The hysteresis loops and saturation magnetization-values provide a detailed
understanding of the magnetic anisotropy and dipole alignment characteristics. The findings establish
correlations between the thermal stability, structural changes and magnetic properties induced by metal
coordination, offering potential applications in materials science and polymer-metal hybrid development.
Index Terms — Thermal analysis, Glass transition, Magnetic properties, VSM, Hysteresis loop, Amorphous
polymers

1. INTRODUCTION

One of the significant experimental methods that help to study the effect of heat on polymers is Differential
Scanning Calorimetry (DSC). Glass transitions, polymorphism, purity, degree of crystallinity, melting
behaviour, etc. are some of the important aspects of thermal transitions of polymers. DSC technique is used
[1-5] to evaluate the purity of the sample and to cure the polymer. The difference in the energies supplied to
the complex under study and the reference material is measured as a function of temperature. Insertion of
the additives or the changes in the degrees of polymerization results in the change in glass transition
temperature (Tg) of the polymer. Physical properties of the polymer change with Tg. A polymer loses its
stiffness above its glass transition temperature, [6, 7]. In general the magnetic property and magnetic
moment of the complexes are studied by different methods such as Gouy’s method [8], Vibrating Sample
Magnetometric (VSM) studies [9-14] etc. In this article the thermal and magnetic properties of the
complexes of polyvinylpyrrolidone with the transition metals viz. manganese, iron, cobalt, nickel and
copper, all in +2 oxidation states, studied by DSC and VSM respectively, are compared.
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2. MATERIALS

Complexes of polyvinylpyrrolidone with transition metals Mn(Il), Fe(ll), Co(ll), Ni(ll) and Cu(ll) are
synthesized[15-18] and characterized by elemental analysis, spectroscopic studies such as FTIR, H:-NMR,
CB-NMR. The data obtained by Differential Scanning Calorimetry and Vibrating Sample Magnetometric
studies are compared in this article for analyzing the thermal and magnetic properties of the specified
complexes.

3. METHODS

The DSC technique is based on the change in heat capacity of a polymer at its glass transition temperature.
Glass transition appears as a step in the baseline the DSC thermogram when the temperature of an
amorphous solid is increased. The heat capacity of the polymer is more above Tg and less below Tg of the
given polymer. Midpoint of the slope is taken as Tg. Above Tg, polymers show high mobility. When
heating is continued, above Tg, at some temperature the heat flow decreases drastically showing a dip the
thermogram. The corresponding lowest temperature is crystallization temperature, Tc of the polymer. The
area of the dip gives the latent energy of crystallization of the polymer. The appearance of dip in the
thermogram indicates that the polymer can crystallize. If there is no dip in the thermogram, it indicates that
such a polymer does not crystallize. Crystallization is an exothermic transition. If heating is continued
beyond the crystallization temperature, Tc, a peak is observed. The flow of extra heat during melting
appears as peak in DSC thermogram. The area of the peak is a measure of the latent heat of melting. The
temperature at which the peak is observed is melting temperature of the polymer, Tm. Melting is an
endothermic transition. Fig. 1. gives the schematic representation of the DSC thermogram.
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Fig. 1. A schematic representation of DSC thermogram

Crystalline polymers show a dip during crystallization and a peak during melting. Completely amorphous
polymers neither show any crystallization point nor show any melting temperature. Both Tc and Tm are
observed for the polymers which show both crystalline and amorphous domains. For Tg, there is neither a
dip nor a peak as there is heat is neither given out or absorbed by the polymer during the glass transition. At
Tg there is only change in heat capacity of the polymer but not in the latent heat of the polymer. The
percentage crystallinity of a polymer can be calculated by knowing the latent of melting, AHm.

VSM studies measure the magnetic properties of a sample as a function of magnetic field (H), temperature
(T) and time. Hysteresis loop describes the characteristics of any type of magnetic material. The hysteresis
loop can be determined by Vibrating sSample Magnetometer (VSM).

The primary requisite for a compound to exhibit magnetic behavior is the presence of unpaired electrons.
The extent of magnetism is indicated by the number of unpaired electrons present in the compound. Since
the electron configuration of the transition metal changes when it forms a coordination compound, both
diamagnetism and paramagnetism are affected when a coordination complex is formed. The reason for this
change is the repulsive forces that operate between the electrons of the ligands and those of the metal. A
coordination compound may be paramagnetic or diamagnetic depending on the strength of the ligand, in
spite the metal ion being paramagnetic. The metals iron, cobalt and nickel can become permanent magnets
and hence they are ferromagnetic.
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When a material is placed in a uniform magnetic field (H), a magnetic moment (M) is induced in it. An
object can be magnetized by running current (1) through the coil wrapped around it. This produces external
magnetic field. As the current increases, the field increases and magnetization grows. When all the dipoles
are aligned, a saturation point is reached. Further increase in current has no effect on magnetization (M)
point ‘a’ in the Fig. 2. Now if the current is reduced, instead of retracing its path back to M = 0, M
decreases corresponding to residual magnetization (point ‘b’). Now the sample is a permanent magnet. If
magnetization should be eliminated then a negative current has to be passed through the coil. As a result, M
drops to zero at point ‘c’. When a negative current is further increased, a saturation point is reached at ‘d’.
If current is made zero at this point, the sample becomes a permanent magnet (point ‘e”). When the current
is again increased in the positive sense, M returns to zero at point ‘f*. Further it reached saturation point ‘a’.
The path traced out is called a hysteresis loop or magnetization curve.
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Fig. 2. Hysteresis loop of a magnetic material

The hysteresis loop gives the relation between the magnetization (M) and the applied field (H). The
parameters that are extracted from the hysteresis loop such as saturation magnetization (Ms), the remanence
(Mr), the coercivity (Hc), the squareness ratio SQR, etc., can be used to characterize the magnetic properties
of the sample.

4. RESULTS AND DISCUSSION
COMPARATIVE STUDY OF THERMAL PROPERTIES:

Tg of a polymer changes when different degrees of polymerization are observed or when the additives are
inserted. Tg of PVP-30K from literature is 163°C.

Fig. 3 shows the DSC thermogram of PVP — Mn (I1) complex.

Hear
flow DSC Themogram of PVP - Mn (I) Complex

Temperature in °C

Fig. 3 DSC thermogram of PVP — Mn (11) complex
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Thermogram of the complex PVP — Mn (1) shows that its Tg is 93.4°C. The deviation in the Tg value this
complex from that of pure PVP indicates that there is interaction between PVP and manganese ions. The
complex melts (Tm) at 166.4°C. The area under the peak gives the heat capacity of the complex which is
equal to 16.92 J/g. Since there is no crystallization dip in the thermogram, the complex is amorphous.

Fig. 4 shows the DSC thermogram of PVP — Fe (1) complex.

Heat
flow

DSC Thermogam of PVP - Fe (II) Complex

Temperature in °C
Fig. 4. DSC thermogram of PVP — Fe (1) complex
Thermogram of PVP — Fe (1) complex shows that its Tg is 68.7°C. The deviation in the Tg value of the
PVP — Fe (1) complex indicates that there is interaction between PVP and ferrous ions. The complex melts
(Tm) at 149°C. The area under the peak gives the heat capacity of the complex which is equal to 38.38 J/g

for this complex. Since there is no crystallization dip in the thermogram the complex is amorphous.

Fig. 5. shows the DSC thermogram of PVP — Co (Il) complex.

DSC Thermogram of PVP - Co () Complex

Temperature °C

Fig. 5. DSC thermogram of PVP — Co (1) complex

Thermogram of PVP — Co (Il) complex shows that its Tg is 53.7°C. The deviation in the Tg value of the
PVP — Co (Il) complex indicates that there is interaction between PVP and cobalt ions. The complex melts
(Tm) at 163.9°C. The area under the peak gives the heat capacity of the complex which is equal to 313.2 J/g
for this complex. Since there is no crystallization dip in the thermogram the complex is amorphous.
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Fig. 6. shows the DSC thermogram of PVP — Ni (11) complex.

DSC Thermogram of PVP - Ni (II) Complex

0 100 [ 200 250

Temperature °C

Fig. 6. DSC thermogram of PVP — Ni (11) complex

Thermogram of PVP- Ni (1) complex shows two glass transition temperatures one at 35.5°C and another at
57.7 °C. The deviation in the Tg value of the PVP — Ni complex from that of pure PVP indicates that there
is interaction between PVP and nickel ions. The complex melts (Tm) at 97.1°C. The area under the peak
gives the heat capacity of the complex which is equal to 682.7 J/g for this complex. Since there is no
crystallization dip in the thermogram the complex is amorphous.

Fig. 7. shows the DSC thermogram of PVP — Cu (Il) complex.
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Fig. 7. DSC thermogram of PVP — Cu (1) complex

Thermogram of the complex PVP — Cu (II) shows that its Tg is 51.0°C. The deviation in the Tg value of
the PVP — Cu (Il) complex indicates that there is interaction between PVP and copper ions. The complex
melts (Tm) at 140.8°C. The area under the peak gives the heat capacity of the complex which is equal to
120.04 J/g for this complex. Since there is no crystallization dip in the thermogram the complex is
amorphous.
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COMPARATIVE STUDY OF MAGNETIC PROPERTIES:

Fig. 8 shows the magnetization curve of PVP — Mn (11) complex obtained by VSM studies.

Moment - Y

Field

Fig. 8. Magnetization curve of PVP — Mn (11) complex

Linear magnetization of the PVP — Manganese (1) complex sample is shown in the VSM curve. As the
applied field (H) varies between positive and negative values, the dipole moment realign without
randomness, showing that the complex is isotropic. The sample reaches saturation around 15000 G.
But at H = 0, magnetization, M is also zero. Hence there is no residual magnetization. Consequently, it
may not turn into a permanent magnet for the given domain. It is only paramagnetic.

Fig. 9 shows the magnetization curve of PVP — Fe (1) complex obtained by VSM studies.
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Fig. 9. Magnetization Curve of PVP — Fe (Il) complex

VSM curve of the PVP — Fe (I1) complex shows curvilinear magnetization of the sample. As the applied
field (H) varies between -20000G and +20000G, the dipole moments align randomly, showing the
complex to be anisotropic. For a zero external field, there is small trace of residual magnetization.
Hence the complex is ferromagnetic for low dipole moments. For all higher fields the sample exhibits
paramagnetic behaviour.
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Fig. 10. Shows the magnetization curve of PVP — Co (I1) complex obtained by VSM studies.
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Fig. 10. Magnetization Curve of PVP — Co (Il) complex

The magnetization curve (Field, H versus dipole moment, p) shows abrupt local maxima and minima.
Non linearity in dipole moment shows maximum anisotropic nature. The dipole moments are non-linear
and extremely random when field is switched between positive and negative values. However, small
traces of ferromagnetic nature are exhibited at zero external field and at H ~ 5000 G. The complex is
mainly paramagnetic in nature.

Fig. 11. Shows the magnetization curve of PVP — Ni (1) complex obtained by VSM studies is shown
in the
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Field

Fig. 11. Magnetization Curve of PVP — Nickel (1) complex

VSM curve of the PVP — Ni (1) complex shows similar behaviour as that of P\VP — Mn (1) complex. VSM
curve of the PVP — Ni (II) complex shows linear magnetization of the sample. As the applied field (H)
varies between positive and negative values, the dipole moment realign without randomness, showing that
the complex is isotropic. The sample reaches saturation around 15000 G. But at H = 0, magnetization, M is
also zero. Hence there is no residual magnetization. Consequently, it may not turn into a permanent magnet
for the given domain. It is only paramagnetic.
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Fig. 12. Shows the magnetization curve of PVP — Cu (I1) complex obtained by VSM studies.
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Fig. 12. Magnetization Curve of PVP — Cu (Il) complex

The complex exhibits permanent magnetism as it shows non-zero residual dipole moment even at null
fields. As the applied field increases, magnetization also increases but for higher values of H, there is a
decrease in p. Similarly, as —H increases —u becomes small and attains saturation. Hence PVP — Cu (II)
complex shows permanent magnetism at lower fields and paramagnetism at higher fields.

5. Conclusion

DSC studies show that the PVP — metal complexes studied are amorphous as there is no crystallization dip
in the DSC thermogram of any of the complexes.

Magnetization curve (hysteresis curve) obtained by VSM studies reveal that all the complexes are
paramagnetic whereas PVP — Fe (Il) complex is ferromagnetic.
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