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Abstract: The stable isomers of the higher fullerenes C76-D2 and C84-D2:22, as well as fullerenes C60

and C70 were isolated from carbon soot by the new and improved extraction and chromatographic
methods and processes. Characterizations of the C84-D2:22 isomer in this study were performed by
infrared and electronic absorption spectroscopy. All of the experimentally observed IR and UV/VIS
bands were in excellent agreement with the semi-empirical, DFT and TB potential theoretical cal-
culations for this molecule. The molar extinction coefficients and the integrated molar extinction
coefficients of the observed larger number of completely separated infrared absorption maxima and
shoulders of fullerene C84-D2:22, as well as of its main convoluted maxima, in different and new
relevant entire integration ranges, including neighboring, and all surrounding absorption shoulders
were determined and their relative intensities compared. In addition, the molar absorptivity of the
electronic absorption bands of this carbon cluster was found. The new IR and UV/VIS spectroscopic
parameters that are significant for the quantitative determination, identification and numerous possi-
ble applications of C84-D2:22 are obtained and their changes compared to C76-D2 observed. Isolated
and characterized C84-D2:22, as well as other fullerenes from this research can be used in electronic,
optical, chemical and biomedical devices, superconductors, semiconductors, batteries, catalysts,
polymers, sensors, solar cells, nanophotonic lenses with better optical transmission, refraction and
wettability, diagnostic and therapeutic pharmaceutical substances, such as those against diabetes,
cancer, neurodegenerative disorders, free radical scavenging, radio nuclear, antibacterial and antiviral
agents that can inhibit HIV 1, HSV, COVID-19, influenza, malaria and so forth.

Keywords: higher fullerene; C84-D2:22 isomer; chromatographic isolation; IR and UV/VIS spectro-
scopic parameters; applications

1. Introduction

The presence of the basic fullerenes was confirmed in various space environments,
objects and their shells [1–8], as well as in the interstellar medium [9–11] and some resources
on Earth [12–27], by means of IR and UV/VIS spectroscopy [1–41].

It can be assumed that the higher fullerenes also exist in space, due to their extraordi-
nary thermodynamic stability, persistence toward high energy γ radiation [19–23,42–50]
and corpuscular collisions. Their formation is possible through the coalescence of smaller
carbon clusters [22,23], as well as by decomposition of some derivatives, such as dehydro-
genation of hydrogenated fullerenes, fulleranes [19–27,46–53].

Applications of the infrared and electronic absorption spectroscopy for the identifi-
cation of C60 and C70 and the higher fullerenes [19–44,54–72], such as the only stable
C76-D2 isomer [54–57,62–64] and C84-D2:22, the most abundant, stable C84 isomer of
D2 symmetry [57–64], isolated by the new, improved extraction and chromatographic
methods and processes from the carbon soot [20–23,33–43], were studied in the previous
works [19–44,54–73].
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The aim of this study was to determine the new IR and UV/VIS spectroscopic param-
eters that are important for the quantitative assessment, as well as for the identification
and possible applications of the higher fullerene C84-D2:22.

The IR spectrum of the sample of C84-D2:22, isolated in one of the original advanced
processes [36], recorded in the absorption mode on a Thermo Scientific FT-IR spectrometer,
over the relevant region from 400 to 2000 cm−1, and the UV/VIS spectrum recorded on
a GBC Cintra spectrophotometer, from 200 to 900 nm, previously applied for its iden-
tification [26,27,39], were used and presented in this article for determination of the
new parameters.

All of the experimentally observed IR and UV/VIS maxima [20–22] and the general
pattern of the obtained spectra of the isolated C84–D2:22 samples from our research, which
showed similar properties [20,21,26,27,36–41,43], are in excellent agreement with the theo-
retical predictions for this fullerene, with numerous possible absorption bands [20,21,26,27,
36–41,43,54–64].

In the previous study [22,23] and this study, the molar absorptivity and the integrated
molar absorptivity of the observed entire series of a larger number, then formerly [20,21],
of various characteristic and new completely separated IR absorption maxima and shoul-
ders of the higher fullerenes C76-D2 [22,23] and C84-D2:22, out of the numerous possible
vibrational modes [54–61], were determined.

In addition, the molar extinction coefficients and the integrated molar extinction
coefficients of several main and characteristic absorption maxima of these fullerenes, in
the appropriate, different integration ranges were reported and their relative intensities
compared [20–23].

In this article, the molar absorptivity and the integrated molar absorptivity of the
main convoluted absorption maxima of C84-D2:22, in new, proportionally larger integration
ranges, compared to previous measurements for this molecule [20,21], including neighbor-
ing, and all surrounding absorption shoulders were determined. The relative intensities
of the main, completely convoluted infrared absorption maxima, computed from ελ and
from ψλ, were compared.

The molar extinction coefficients of the UV/VIS absorption bands of carbon clusters
C76-D2 [22,23] and C84-D2:22 were also found. Such infrared and electronic absorption
properties and parameters that are important for the quantitative determination, which
were previously investigated and found for C76-D2, as well as for C60, C70 and fulleranes
showed different properties [15–18,20–23,44,45].

It is important to mention that excellent agreement is found between the relative inten-
sities of the molar absorptivity and integrated molar absorptivity of the main, completely
convoluted infrared absorption maxima of C84-D2:22, with all surrounding absorption
shoulders, in the applied corresponding new entire, proportionally larger integration
ranges in this article, in comparison to previous measurements [20,21].

Excellent agreement was also found between the relative intensities of several main
and characteristic IR absorption bands of this fullerene, computed from ελ and from ψλ

values, in the previous work [20,21], in the appropriate, proportionally smaller integration
ranges.

The molar extinction coefficients and the integrated molar extinction coefficients in
the applied integration ranges in the previous [20,21] and this study of the corresponding
IR and UV/VIS bands in all the obtained spectra of the chromatographically isolated
C84-D2:22 samples from this research [20,21,26,27,36–41,43] are in excellent agreement.

The obtained novel IR and UV/VIS spectroscopic parameters for the higher fullerene
C84-D2:22 are significant for its quantitative assessment, as well as for the identification
and numerous possible applications.

Further changes of its spectral properties and parameters, in comparison to C76-
D2 [20–23], can be used for its incorporation in nanophotonic materials and devices, such as
special lenses [22,23] with improved optical absorption in the UV region and transmission
in the visible part, refraction features and wettability.



Crystals 2021, 11, 757 3 of 13

Isolated and characterized C84-D2:22, as well as fullerenes C60, C70 and C76-D2
of high purity, in increased yields [43], by the new advanced processes from this re-
search [20–27,33–43] have important physical, chemical, biological, antioxidant, anti-
inflammatory, biocompatible and nontoxic properties. These carbon clusters are significant
for the applications in electronic, optical, and biomedical devices [20,21], sensors, as well
as for the preparation of medicinal formulations for targeted drug delivery, including
those against diabetes, cancer, neurodegenerative diseases, free radical scavenging, radio-
nuclear, antibacterial and antiviral agents, such as for HIV 1, HSV and COVID-19.

2. Experimental Methods

Measurement of the Molar Absorptivity, and Integrated Molar Absorptivity of Decon-
voluted and Convoluted Absorption Bands of C84-D2:22. The IR spectrum of the C84-D2:22
sample, isolated in one of the original, advanced extraction and chromatographic pro-
cesses [36], was measured on a Thermo Scientific FT-IR spectrometer Nicolet IR-6700, by
the KBr pellet technique, in the region from 400 to 2000 cm−1, at a resolution of 1 cm−1

and room temperature, in the absorption mode, in order to find the new parameters for
its quantitative assessment, as well as in the transparency mode previously [43] for its
qualitative detection.

Sample of C84-D2:22 (0.312 mg) was mixed with 76.3 mg of KBr, the resulting powder
was compressed into a pellet with the hydraulic Perkin Elmer press, at 4 t/cm2 and placed
in the FT-IR spectrometer.

In this article, the molar absorptivity and the integrated molar absorptivity of the
observed series of a larger number, compared to the previous study [20,21], of completely
separated infrared absorption maxima and shoulders from the presented spectrum of the
isolated sample of C84-D2:22 were measured on a Thermo Scientific FT-IR spectrometer
with the OMNIC software and automatic subtraction of the baseline.

In addition, the molar absorptivity of the main convoluted absorption maxima of this
molecule, in different and new relevant entire, proportionally larger integration ranges,
compared to previous measurements [20,21], including neighboring, and all surrounding
absorption shoulders was measured on the same spectrometer.

In the previous study, the molar extinction coefficients and the integrated molar extinc-
tion coefficients of the main and characteristic infrared maxima, inadequate, proportionally
smaller integration ranges, compared to this study, were determined from the presented
spectrum of the sample of C84-D2:22 [20,21], isolated in another original, advanced pro-
cess [38], recorded in a-mode on a Thermo Scientific FT-IR spectrometer [20,21].

The mass of the obtained KBr pellet in this work, with the applied sample of C84-
D2:22, was 76.6 mg, and the percentage of carbon determined by the elemental analysis
was 0.407%. Its measured thickness (b) was 0.72 mm, ∼0.07 cm, diameter (R) was 0.7 cm
and the half diameter (r) was 0.35 cm, similarly to the previously obtained KBr pellet with
the C76-D2 sample [22,23].

The volume of this pellet (V), determined from the abovementioned parameters by
the equation V = r2πb was 0.0278 cm3. Concentration (c) of fullerene C84-D2:22 in this
pellet computed from the above-mentioned mass of C84-D2:22 in the pellet, its molar
mass of 1008.84 g/mol, and the volume of the pellet was 0.01 mol/L. The (bc)−1 value
determined for the applied C84-D2:22 sample in KBr pellet from the abovementioned
experimental parameters was 1428.6 L cm−1 mol−1, ca 1429 L cm−1 mol−1. The (bc)−1

value for the applied C76-D2 sample in the previous IR study [22,23] was obtained by
a similar procedure. The above-mentioned infrared spectroscopic parameters that were
investigated and presented for the isolated C76-D2:22 previously [20–23] showed distinct
properties.

Measurement of the Molar Absorptivity of Absorption Bands of C84-D2:22. The elec-
tronic absorption spectrum of the C84-D2:22 sample was measured on the GBC Cintra 40
spectrophotometer, in the range of 200–900 nm, at a resolution of 1 nm, at ambient condi-
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tions, for its qualitative detection previously [26,27,39], and presented for the determination
of the new parameters for its quantitative assessment in this study.

Solutions of fullerene C84-D2:22 in hexane, conc. 10−5 mol/dm3 were used. The
thickness of the cuvette was 1 cm. The (bc)−1 value determined for the C84-D2:22 sample
from the above-mentioned parameters was 100.000 L cm−1 mol−1. The (bc)−1 value for the
applied C76-D2 sample in the previous UV/VIS study [22,23] was obtained by a similar
procedure. The molar extinction coefficients of absorption bands of C76-D2 [22,23] showed
distinct properties.

3. Results and Discussion

The new IR and UV/VIS spectroscopic parameters that are important for the quanti-
tative assessment, as well as for the identification and possible applications of the higher
fullerene C84-D2:22 were determined in this study.

In the previous [22,23] and this article, the molar absorptivity and the integrated molar
absorptivity of the observed entire new series of a larger number, then formerly [20,21],
of various characteristic, completely deconvoluted IR absorption bands of the isolated
C76-D2 [22,23] and C84-D2:22 isomer were determined.

Besides that, the molar extinction coefficients and the integrated molar extinction
coefficients of several main and characteristic absorption maxima of these carbon clusters,
in the appropriate, different integration ranges were reported [20–23].

In this article, the molar absorptivity of the main convoluted absorption maxima
of C84-D2:22, including neighboring, and all surrounding absorption shoulders was de-
termined, in new entire, proportionally larger integration ranges, compared to previous
measurement [20,21]. The molar extinction coefficients of the UV/VIS absorption bands of
C76-D2 [22,23] and C84-D2:22 were also found.

The new, characteristic infrared spectrum of the sample of C84-D2:22, isolated in one of
the original, advanced processes [36], was recorded in the absorption mode, on a Thermo
Scientific FT-IR spectrometer, Figure 1, for determination of the abovementioned novel
parameters for its quantitative assessment, as well as in transparency mode previously [43]
for its qualitative detection.

The main absorption bands [43] in this spectrum appear in the region relevant for
the identification of C84-D2:22 [41], from ca. 1050 to 1800 cm−1. The dominant absorp-
tion maximum is observed at 1384.6 cm−1 with a shoulder band at 1399.8 cm−1. Intense
and pronounced maxima are also present at 1731.6 cm−1 with a neighbor shoulder at
1699.8 cm−1, at 1615.8 cm−1 with a neighbor at 1601.6 cm−1, at 1263.8 cm−1 with a neigh-
boring at 1284.1 cm−1, as well as in the middle part of the spectrum at 1186 and 1122 cm−1.
In the next region relevant for C84-D2:22, from ca. 400 to 850 cm−1, pronounced maxima
corresponding to this molecule are present at 842.1 cm−1 with the neighboring bands
at 823.1, 800.9 and 777.5 cm−1, at 743.1 cm−1 with the neighboring bands at 711.3 and
700.0 cm−1, and at 476.0 cm−1 with the neighbors at 463.6, 451.2 and 439.8 cm−1. Several
features also appear at 632.4, 419.2 and 401.0 cm−1. The infrared absorption bands [41] in
the spectrum, shown in Figure 1, correspond to C-C vibration modes that are in agreement
with the theoretical predictions for C84-D2:22 [59–61].

From the IR absorption spectra presented in the recent article [22,23], and in this
article in Figure 1, the values of absorbance Aλ were determined for all the separated
absorption maxima and shoulders of C76-D2 [22,23] and C84-D2:22. Determination of molar
extinction coefficients of separated infrared bands of C76-D2 [22,23] and of C84-D2:22 was
achieved according to Lambert and Beer law, using the absorbance Aλ read at a given wave
number, through the Equation (1) [74], which was also applied in the previously mentioned
investigations [15–18,20–23].

ελ = Aλ(bc)−1 (1)
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Figure 1. The infrared spectrum of the C84-D2:22 sample, isolated in the original, advanced processes [36], recorded on a
Thermo Scientific FT-IR spectrometer, in the absorption mode.

In the previous [22,23] and this article also, the integrated molar absorptivity of decon-
voluted absorption maxima and shoulders, as well as of convoluted absorption maxima,
with neighboring, and all surrounding shoulders, in the entire integration range, was
determined from the presented infrared absorption spectra of the isolated C76-D2 [22,23]
and of the sample of C84-D2:22, Figure 1. The integrated intensity expressed in cm mol−1

or 10−5 Km mol−1 was computed by Equation (2) [72], applied in the previous stud-
ies [15–18,20–23].

ψ = (bc)−1 S Aλ dλ (2)

The molar extinction coefficients and the integrated molar extinction coefficients
in adequate integration range, calculated by the Equations (1) and (2), of deconvoluted
infrared absorption bands of C76-D2 were presented previously [22,23] and of the observed
separated absorption bands of C84-D2:22 in the presented spectrum, Figure 1, in this
article in Table 1. The integrated molar absorptivity of several absorption maxima with
neighboring absorption shoulders of C84-D2:22 are also reported in this table.
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Table 1. The molar extinction coefficients and the integrated molar extinction coefficients in the
appropriate integration range of separated IR absorption maxima and shoulders of C84-D2:22, as
well as of several convoluted maxima with neighboring absorption shoulders of this molecule.

ν a

(cm−1)
ελ

(L cm−1 mol−1)
Int. Range

(cm−1)
ψ

(Km mol−1)

1731.6 380.114 1710–1757 3.182

1699.8 271.510 1694–1710 0.113

1686.1 238.643 1679–1693 0.129

1601.6–1615.8 1585–1626 1.205

1615.8 298.661 1605–1626 0.177

1601.6 294.374 1586–1605 0.260

1558.5 195.773 1552–1562 0.126

1541.0 187.199 1535–1547 0.054

1506.0 211.492 1501–1513 0.083

1491.5 212.921 1486–1500 0.234

1454.2–1464.9 1446–1479 3.135

1464.9 514.440 1460–1480 0.683

1454.2 498.721 1446–1459 0.133

1399.8 854.542 1392–1419 2.185

1384.6 1429.000 1371–1392 5.990

1304.2 291.516 1294–1308 0.057

1263.8–1284.1 1250–1294 1.420

1284.1 297.232 1278–1294 0.047

1263.8 365.824 1250–1272 0.710

1186.6 517.298 1170–1218 3.700

1160.8 358.679 1146–1170 0.236

1137.7 388.688 1131–1146 0.157

1122.0 441.561 1115–1131 0.410

1098.2 438.703 1091–1114 0.292

1079.9 428.700 1069–1084 0.170

1059.5 375.112 1050–1069 0.110

842.1 258.649 833–851 0.800

823.1 180.054 817–832 0.084

800.9 204.347 792–813 0.206

777.5–2 ab.shoulders 768–832 2.131

777.5 244.359 768–784 0.476

743.1 282.942 724–763 2.256

700.0–711.3 687–716 1.776

711.3 234.356 705–716 0.353

700.0 221.495 687–704 0.489

632.4 168.622 626–637 0.184

476.0 270.081 468–481 0.433

463.6 242.930 458–470 0.349

419.2 200.060 415–426 0.473
a [43].
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The molar absorptivity and the integrated molar absorptivity were calculated by the
Equations (1) and (2) for the main convoluted absorption maxima of C76-D2 [20–23] and
of C84-D2:22, in adequate integration ranges applied previously [20,21], as well as in the
new integration ranges in this study, with all surrounding absorption shoulders, from the
presented spectrum in Figure 1, and reported in Table 2. The relative intensities of the
main, completely convoluted C84-D2:22 maxima, computed from ελ and from ψλ values
are compared in this table.

Table 2. The molar extinction coefficients and the integrated molar extinction coefficients of the
main convoluted IR maxima of C84-D2:22, in the appropriate entire integration ranges, with all
surrounding absorption shoulders, and their relative intensities.

ν a

(cm−1)
ελ

(L cm−1 mol−1)
Rel. int.

[ελ]
Int. Range

(cm−1)
ψ

(Km mol−1)
Rel. int.

[ελ]

1731.6 380.114 26.6 1694–1757 4.261 26.3

1615.8 298.661 20.9 1585–1650 3.371 20.8

1464.9 514.440 36.0 1433–1533 5.682 35.1

1384.6 1429.000 100.0 1370–1419 16.193 100.0

1263.8 365.824 25.6 1250–1328 4.084 25.2

1186.6 517.298 36.2 1146–1220 5.859 36.2

1122.0 441.561 30.9 1050–1146 4.971 30.7

842.1 258.649 18.1 768–851 2.930 18.1

743.1 282.942 19.8 690–763 3.196 19.7

476.0 250.075 17.5 426–504 2.841 17.5
a [43].

It can be seen from the table that excellent agreement is found between the relative
intensities of the main, completely convoluted infrared absorption maxima of C84-D2:22,
computed from ελ and from ψλ, in the applied new entire, larger integration ranges, then
in previous studies [20,21], taking as 100 the most intense band at 1384.6 cm−1 with a
shoulder at 1399.8 cm−1, Table 2.

Excellent agreement was also found in the previous article [20,21] between the relative
intensities of several main and characteristic IR absorption maxima of this molecule,
calculated from ελ and from ψλ, in the appropriate, proportionally smaller integration
ranges [20,21], compared to this study, taking as 100 the most intense band at 1384.5 cm−1

in the spectrum of the C84-D2:22 sample [20,21].
The molar extinction coefficients and the integrated molar extinction coefficients, in

the applied integration ranges in the previous [20,21] and this study, of the corresponding
IR bands, in all the obtained spectra of the chromatographically purified C84-D2:22 samples
from this research [20,21,26,27,36–41,43] are in excellent agreement.

In the former study, the original, characteristic electronic absorption spectrum of
the chromatographically isolated C76-D2 sample was used [22,23], and in this study, the
UV/VIS spectrum of the isolated C84-D2:22 sample, previously applied for its identifica-
tion [26,27,39], is presented in Figure 2, for determination of the above-mentioned novel
parameters for its quantitative assessment.
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Figure 2. The electronic absorption spectrum of the C84-D2:22 sample [26,27,39], for determination of molar
extinction coefficients.

A series of the electronic absorption maxima attributed to C84-D2:22 appears in this
spectrum [26,27,39] in the UV region, from 200 to 400 nm, at 200.00, 230.11, 239.34, 251.19,
261.03 and 272.12 nm, followed by the bands at 287.19, 305.10, 318.40, 333.65 and 357.39 nm,
as well as weak decreasing absorption in the visible part extended to 900 nm. The electronic
absorption bands in the spectrum [26,27,39], shown in Figure 2, correspond to the electronic
transitions from HOMO to LUMO that are in agreement with the theoretical calculations
for this molecule [60–62].

Absorbance Aλ of the electronic absorption bands was determined from the UV/VIS
spectrum of C76-D2 previously [22], and from the UV/VIS spectrum of C84-D2:22 [26,27,39],
presented in Figure 2, in the current study. Molar absorptivity Eλ was calculated according
to Equation (1) for C76-D2 [22] and for C84-D2:22, and reported for this molecule in Table 3.

The molar extinction coefficients of the corresponding UV/VIS bands in all the ob-
tained electronic absorption spectra of the chromatographically purified C84-D2:22 samples
from this research [26,27,36–41,43] are in excellent agreement.

The appearance of a larger number of characteristic, intense and pronounced absorp-
tion bands in the mentioned spectral regions, fine structure, as well as a general increase
in molar absorptivity and integrated molar absorptivity in the IR and UV/VIS spectra of
C84-D2:22, in relation to C76-D2 and basic fullerenes [15–18,20–23,44,45] indicate a decrease
in the symmetry of C84-D2:22 compared to these fullerenes.
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Table 3. The molar extinction coefficients of the UV/VIS bands of C84-D2:22.

λ a,b

(nm)
ελ

(L cm−1 mol−1)

200.00 97,000

230.11 71,500

239.34 94,000

251.19 42,500

261.03 37,000

272.12 53,000

287.19 32,500

305.10 15,000

318.40 31,000

333.65 46,000

357.39 8000
a [26,27]; b [39].

The aforementioned changes of the spectroscopic parameters of C84-D2:22, in compar-
ison to C76-D2 [20–23] can also lead to further changes and improvement of the refraction
and wettability features. This can be used for its applications in nanophotonic materials
and devices, such as special lenses with improved optical absorption of UV rays, transmis-
sion in the visible part, and other physical properties. Recent investigations [22–25,75–77]
indicate that incorporation of fullerene-based materials in standard polymers for the rigid
and soft contact lenses generally enhances their optoelectronic and mechanical properties.

4. Conclusions

The only stable C76-D2 isomer and the most abundant stable C84-D2 isomer, as well as
the basic fullerenes C60 and C70 were isolated from the carbon soot by new and advanced
extraction and chromatographic methods and processes [20–23,36–43].

The infrared spectrum of the sample of C84-D2:22, isolated in one of the original
advanced processes [36], recorded in the absorption mode on a Thermo Scientific FT-IR
spectrometer, over the relevant region from 400 to 2000 cm−1, and the electronic ab-
sorption spectrum recorded on a GBC Cintra spectrophotometer, from 200 to 900 nm,
previously applied for its identification [26,27,39], were presented in this study for deter-
mination of new parameters for its quantitative assessment, as well as identification and
possible applications.

All of the experimentally observed IR and UV/VIS absorption bands of the isolated
C84-D2:22 samples from this research [20,21,26,27,36–41,43] are in excellent agreement
with the semi-empirical QCFF/PI, DFT and TB potential theoretical calculations for this
molecule [20,21,26,27,36–41,43,59–64].

In the previous [22,23] and this article, the molar absorptivity and the integrated
molar absorptivity of the observed entire series of a larger number, then formerly [20,21],
of various characteristic and new, completely deconvoluted IR absorption maxima and
shoulders of the isolated C76-D2 [22,23] and C84-D2:22 isomer were determined.

In addition, the molar extinction coefficients and the integrated molar extinction
coefficients of several main and characteristic absorption maxima of these molecules in the
appropriate, different integration ranges were determined and reported together with the
relative intensities [20–23].

In this article, the molar absorptivity and the integrated molar absorptivity of the
main convoluted absorption maxima of C84-D2:22, in new, proportionally larger integration
ranges, compared to the previous studies [20,21], including neighboring, and all surround-
ing absorption shoulders were determined and their relative intensities compared.
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The molar extinction coefficients of the UV/VIS absorption bands of carbon clus-
ters C76-D2 [22,23] and C84-D2:22 were also obtained. The above-mentioned infrared
and electronic absorption parameters that were investigated and presented for C76-D2:22
previously [20–23] showed distinct properties.

It is important to emphasize that in this article the excellent agreement is obtained
between the relative intensities of the main, completely convoluted IR maxima of C84-D2:22,
with all surrounding absorption shoulders, in the applied new entire, proportionally larger
integration ranges, then previously [20,21], computed from the ελ and from the ψλ values,
taking as 100 the most intense vibration mode of this fullerene at 1384.6 cm−1, with a
neighboring shoulder at 1399.8 cm−1.

Excellent agreement was also found in the previous article [20,21] between the relative
intensities of several main and characteristic IR absorption maxima of this molecule,
calculated from ελ and from ψλ, in adequate, proportionally smaller integration ranges,
taking as 100 the most intense band at 1384.5 cm−1 in the presented spectrum of the isolated
sample of C84-D2:22.

It should be mentioned that the molar extinction coefficients and the integrated
molar extinction coefficients in the applied integration ranges in the previous [20,21] and
this study of the corresponding main and characteristic absorption bands in all the IR
and UV/VIS spectra of the chromatographically purified C84-D2:22 samples from this
research [20,21,26,27,36–41,43] are in excellent agreement.

The new spectroscopic results and parameters obtained for this carbon cluster are
significant for its quantitative assessment, as well as for the identification and numerous
possible applications. The observed further changes of its spectral properties and param-
eters, compared to C76-D2 [20–23], can be useful for the applications in optoelectronic
materials and devices with advanced properties, such as nanophotonic lenses with im-
proved optical absorption in the UV region and transmission in the visible part, as well as
with enhanced refraction and wettability features.

Isolated and characterized C84-D2:22 and other fullerenes of high purity, in increased
yields [38], by the new improved methods and processes from this research [20–27,33–43]
can be used in electronic, optical, chemical and biomedical devices, superconductors,
semiconductors, catalysts, batteries, synthesis of diamond, biosensors, optical limiters,
diagnostic and therapeutic medicinal formulations, such as those against diabetes, cancer,
neurodegenerative disorders, free radical scavenging, incorporation of metal atoms, radio
nuclear therapy, antibacterial and antiviral agents that can inhibit for example HIV 1, HSV,
COVID-19, influenza and malaria, due to their important antioxidant, anti-inflammatory,
biocompatible and nontoxic properties.

Additional Points: Figure 2 is an intellectual property of Tamara Jovanovic and Djuro
Koruga: The new technological process for obtaining the higher fullerenes of high purity
from carbon soot, The Intellectual Property Office of the Republic of Serbia, Belgrade,
no. 2693/09 A-165/09, 2009.
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