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Abstract

Insulating -conducting polymer blends exhibit fascinating optical properties. Poly [2-methoxy-5(3’, 7’-
dimethyloctyloxy)-1, 4- phenylenevinylene] [MDMO-PPV] is a widely used conducting polymer with band gap
of about 2eV. The thin films of MDMO-PPV prepared from chloroform has the absorption maximum at about
490nm  and emission maximum at around 590nm.   We have prepared free standing films of MDMO-PPV doped
at 0.5wt%, 1wt%, 1.5wt%, 2wt%, 2.5wt% and  3.0wt % of 1:1 PMMA/PVAc non conducting polymer matrix by
solution cast method. Absorption peaks are slowly red shifted from 499.4nm for 0.5 wt% sample to about
514.2nm for 3.0 wt% sample.  Red shift is also observed in emission spectrum (fluorescence spectrum) ranging
from 586nm to about 593nm with the increased doping level. Considerable Stoke’s shift has been noticed which
plays an important role inhibiting fluorescence quenching. New material exhibits multiband gap structure that
are calculated using Tauc’s plot. Least direct band gap of 1.93 eV and indirect band gap of about 1.27eV are
noticed. Thermogravimetric  and Differential Scanning calorimetry affirmed slight variations in the stability of
the samples compared to that of pure PMMA/PVAc films. There is no such drastic change in the thermal
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stability, may be because of very small variation in the doping concentrations. Observed broad band absorption
and also efficient emission  in the visible region along with the tailored absorption -emission properties can be
used in the designing a new materials of desired  properties.
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Introduction

Polymer blending is a versatile, simple
and low cost approach in designing a new
materials with required novel properties to meet
the needs of changing technologies and markets.
The property of blends are superior relative to
the component polymers and also these properties
can be tailored by varying the composition ratios
or by addition of dopants like salts, nanoparticles,
dyes etc. [1,2,3,4]. Though the optically transparent
PMMA is very useful in industrial and medical
applications, its rigidity, hardness and poor thermal
stability has restrained its use at high temperature.
On blending the PMMA with PVAc its thermal
instability can be overcome such that blend can
be used for devices that can withstand high
temperature. Addition of PVAc also improves the
photochemical stability, photo cross linking and
photo-oxidation. Literature reports that 50/50
PMMA/PVAc blend is a good matrix with
optimized qualities [5,6,7]. H.M Zidan et al
reported that PMMA /PVAc blend form an
important and unique pair of polymers although
they are chemically different [8]. R.M. Ahmed
et al reported that PMMA/PVAc blend has
modified the optical properties of its homo
polymers which is suggested to be a good host
matrix for the solar concentrators [9]. Doping
PMMA/PVAC (1:1) matrix with metallic fillers
like carbon black, grapheme, nano fillers, dyes or
quantum dots will result in a material suitable for
optoelectronic devices [10,11,12].

It would be an interesting research to
replace the inorganic fillers by organic conducting

polymers because of their intrinsic electrical
conductivity and also their availability with wide
variation in color. The properties like insolubility,
infusibility  and non processability of the conducting
polymers  can thus be overcome by doping them
on to inert polymer matrix [10, 13]. Gumyusenge
Aristide et al reported that a blend of conjugated
polymers and insulating matrix having high glass-
transition temperature are displaying temperature-
insensitive charge transport behavior with hole
mobility exceeding 2.0 cm2/V·s that are used in
thin film transistors [14]. Mincheol Chang et al
reported increase in the charge transport properties
of 5% P3HT doped Polystyrene [15].

Among conjugated polymers, Light
Emitting Polymers(LEPs) are  attractive in the
field of research because of high absorption
coefficient,  a high PL efficiency and  a large Stokes’
shift. The large Stoke’s shift can reduce self
quenching of its PL emission. Among LEPs poly
[2-methoxy-5(3’, 7’-dimethyloctyloxy)-1, 4-
phenylene vinylene]   (MDMO-PPV) is a polymer
with long side chains that form flexible films for
organic electronics. It is a piezo-resistant polymer
with  band gap of about 2.2 eV [16, 17, 18]. Such
a band gap material is suitable for preparing
photoconductive or photoemissive layers, energy
harvesting and displaying devices like solar cells,
LEDs, optical pump lasers and potentially polymer
diode lasers [19]. Preparing MDMO-PPV doped
PMMA/PVAc will result in a novel Conjugate/
Inert polymer matric with good optoelectronic
properties. Use of chloroform as the common
solvent is preferred. Yang Haiyang et al reported
that the chloroform is the best solvent for preparing
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PMMA/PVAc because of attractive interaction
between PMMA and PVAc in chloroform [20].
The investigations on optical absorption and
emission properties of this system will definitely
shed a light on device applications and Industrial
growth.

Experimental

Chemicals used :  Poly [2-methoxy-5(3’,
7’-dimethyloctyloxy)-1, 4- phenylenevinylene]
(mol. wt 120000)  is purchased from Sigma Aldrich
Corporation. Poly methyl methacrylate (mol. wt
15000) and Polyvinyl Acetate (mol. wt. 50000)
are procured from Himedia Laoratories India and
Alfa Aesar, England respectively. Common solvent
used is the chloroform (mol.wt.119.38) procured
from Rankem Chemicals.

Preparation of host solution :  4g of
PMMA and 4g PVAc are separately dissolved
in 200cc of chloroform. These solutions are
magnetically stirred at room temperature  for about
24 hours. These solutions are mixed with each
other with wight ratio 1:1 and again magnetically
stirred for two days to ensure complete blending.

Preparation of dopant solution: Dopant
solution is prepared by dissolving 50mg of
MDMO-PPV in 200cc of chloroform and
subjected to magnetic stirring for about 48 hours
at room temperature.

MDMO-PPV/PMMA-PVAc films : 1:1
PMMA/PVAC host solutions are doped with
MDMO-PPV solutions in the weight ratios 0.5%,
1%,1.5%,2% and 3%  in separate beakers. These
are magnetically stirred at room temperature for
nearly two days. Blended solutions are transferred
to  petri plates, dried in hot air oven at about 40oC
and then tested for different characterizations.

Characterizations : UV-Visible

absorption studies are done using JASCO UV-
Vis NIR 670 from Karnatak University Dharwad.
Photoluminescence  studies are accomplished with
HITACHI(Japan) model F7000 Spectrophoto-
meter available in Department of Physics
Karnatak University Dharwad. Thermal properties
are characterized by Universal TA-SDT Q 600,
PURSE Lab Mangalore University.

Result and Discussion

UV-Visible Spectroscopy :

Absorption spectra gives insight into band
structure and the energy gap in a sample. The
spectrum  at lower energies reflect atomic vibration
while the higher energy spectrum  about the electronic
energy levels. For polymeric composites, broadband
spectrum with peaks of maximum intensity
account for transition among electronic states and
minimum intensities indicate the vibrational
transitions in the  materials. Both  PMMA  and
PVAc have intense absorption bands in UV region
without any absorption in visible region.
Absorption peaks occur at 230nm for undoped
PMMA and at 270nm for PVAc. But these bands
have been shifted to lower wavelength region in
the 1:1 blend of these homopolymers indicating
strong intermolecular interaction between the
PMMA and PVAc [21]. The thin film of MDMO-
PPV prepared from chloroform has the absorption
maximum at about 490nm. Omer reported thin
films of a conjugated polymer MDMO-PPV
prepared from chloroform, absorption maximum
peak (λmax) values of 491[22]. Quist et al.
reported a MDMO-PPV with an absorption
coefficient  at λ = 500 nm[23].The Figure 1
represents the UV-Visible absorption spectra of
different weight percentage of MPDMO-PPV
doped PMMA/PVAc blend. All the doped samples
have absorption extending from UV to Visible
region with a small peak at 340nm and intense broad
band peak around 500nm. The rate of absorption



increases with doping concentration and also the
absorption peak gets red shifted. Maximum shift
is observed for 3% MDMO-PPV doped PMMA/
PVAc film with  peak  at about 525.5nm and onset
wavelength 606.43 nm. [24]

Fluorescence spectroscopy :

Fluorescence spectroscopy elucidates the
electronic and vibrational energy levels in a sample.
The de-excitation of the excited molecule is
followed by transition to different vibrational levels
of the ground state. This results in the emission
of various wavelengths and also of varying
intensities. Analysis of these frequencies and
relative intensities can give insight into  the
electronic and vibrational levels of the sample.
Since there is loss of energy during emission
process the emission line is shifted towards longer
wavelength. The difference between the frequency
of exciting photon to that of emitted photon is
called Stokes shift inferring the of energy lost

during excitation and emission process [25,26].
Figure 2  represents the fluorescence emission
spectra of different weight percentage of
MPDMOPPV doped PMMA/PVAc blend. The
fluorescence is caused by an exciting wavelength
of 340nm. Intensity peaks arise due to the vibrational
transitions  0-1 bands [27]. Small Red shift in the
emission wavelength is  noticed for samples with
increase in  doping level.  3wt % doped film has
emission at 593nm approaching the usual emission
wavelength of the pure MDMO-PPV. Saxena et
al. reported the solution of MDMO-PPV polymer
in chloroform with a peak value of emission
spectra of 592 nm [28] Intensity of emission is
increased with the increase in doping level of LEP.
Shift in PL spectra are supposed to be controlled
by the conformational changes of polymeric chain,
aggregation and the solute –solvent interactions
for different solvents.  Since the solvent for all
the samples are same, the position of peaks can
be attributed to the formation of aggregates [29].
Table 1 depicts optical parameters of samples.

                   Figure 1 (a)                                                     Figure 1(b)

Figure 1. (a) Overlay of UV-Visible absorption  (b) UV-Visible spectrum of pure
PMMA/PVAc film
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Band gap analysis :

The plot of lnα with hν is depicted in
figure 3. The graph confirms the possibility of multi
band gap regions in samples. Both direct and
indirect band gap values are calculated in higher
and lower energy regions. Figure 4(a) and Figure

4(b) are the Tauc’s plot for direct band gap in the
higher and lower energy regions respectively.
Similarly Figure 5(a) and Figure 5(b) represent
Tauc’s plot for indirect band gaps in  higher and
lower energy regions. The values of band gaps
are depicted in the table 2.

Figure 2. Overlay of Fluoroscence emission spectra of MPDMOPPV
doped PMMA/PVAc films

Table-1. Optical parameters of different wt % MPDMOPPV doped PMMA/PVAc blend.
Absorption Emission Stoke’s shift

Sample maximum ܾܽߣ maximum ݉݁ߣ in nm  ߣ߂ 
in nm in nm

0.5 wt% 499.4 587 87.6
1.0 wt% 501.7 586 84.3
1.5 wt% 514.0 586 72.0
2.0 wt% 520.5 590 69.5
3.0 wt% 525.5 593 67.5
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Figure 3. Plot of lnα  with hν 

  Figure 4(a)                                                    Figure 4(b)
  Figure 4(a) Tauc’s plot for direct band gap at higher energy region

4(b) Tauc’s plot for direct band gap at lower energy region.

        Figure 5(a).                                                 Figure 5(b).
Figure 5(a)Tauc’s plot for indirect band gap at higher energy region

5(b)Tauc’s plot for indirect band gap at lower energy region
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Table-2. Direct and Indirect band gap values

Sample       ࢚ࢉࢋ࢘࢏ࢊ− ࢍࡱ  
− ࢍࡱ                                                    ࢚ࢉࢋ࢘࢏ࢊ࢔࢏

Lowest highest lowest highest
PMMA/PVAc ——— 5.24 ——— 4.89

0.5% 1.93 5.23 1.31 4.84
1.0% 1.96 5.37 1.27 4.86
1.5% 1.99 5.03 1.44 4.05
2.0% 2.06 5.16 1.59 4.34
3.0% 2.08 5.26 1.72 4.58

Thermal properties :

             Figure 6(a) Overlay of TGcurves                   Figure 6(b) Overlay of Derivative TG

 Figure 6(c) Overlay of DSC thermograms
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Table-3. Melting points and maximum
decomposition temperature

Sample Tm in oC Td in oC
PMMA/PVAc 294.6 329.1

0.5 % 287.9 323.3
1.0 % 288.1 319.4
1.5 % 292.4 320.1
2.0 % 291.4 321.9
3.0 % 290.7 313.6

Literature reports that PVAc is thermally
stable relative to PMMA because of their
structural difference.  PVAc has acetate group
linked through C-O bond while  PMMA has
acrylate group through C-C bond dissociation
energy of C-C bond is smaller compared to C-O
bond [30]. Three steps degradation behavior is
observed for pure PMMa/PVAc with degradation
peaks at 130 oC, 325.5 oC ,390 oC, and. The first
peak at 130 oC corresponds to the scission of the
weak head-to- head bonds and the second one at
325.5 oC corresponds to depolymerization by the
unsaturated vinyl chain ends. The third peak at
390 oC corresponds to  random main chain scission
[30, 31].  Overlapping TGA curves {Figure 6(a)}in
the most of the temperature range  indicates that
the pure and doped samples exhibit almost similar
degradation behavior because of very small doping
concentrations of LEP. However net increase in
thermal stability  can be observed which increases
with increase in doping level. It is interesting to
see that degradation of doped samples changes
into two step degradation  as indicated by the
disappearance of first decomposition peak
corresponding to PMMA/PVAC. This indicates
that doped samples are more stable than PMMA/
PVAc blend. The observed small shift in the
second level degradation peak towards higher
temperature is also noticed inferring the increased
resistance to depolimerization of vinyl chain ends.
Literature reports the glass transition temperature
foor pure PMMA is around 106 whereas that for

pure PVAc is  around 46 and for blends blends the
glass transition peak proportionally lies between
that for the homopolymers. Tg decreases  with
increasing PVAc content [30,31,32,33]. Table-3
indicates melting point and maximum
decomposition temperatures.

Conclusion

Pure MDMO-PPV film cast from
chloroform has the absorption maximum at 491nm
and onset wavelength 577nm with band gap 2.15
eV as quoted in literature. MDMO-PPV doped
PMMA/PVAc films show red shift in the absorption
maximum. Maximum red shift is observed for 3%
doped film. Band gap gets considerably reduced
for doped films. Minimum band gap of 1.93eV  to
1.27 eV is observed for doped films. Red shift is
also observed in fluorescence spectra ie wavelength
corresponding to emission maximum is also red
shifted. Large Stoke’s shifts  are  noticed for all
samples. Stoke’s shift ranging from 67.5 nm to
87.6nm noticed in the experiment. Higher values
of Stoke’s shift is helpful in preventing the
fluorescence quenching. Insulating PMMA/PVAc
environment modifies the photo physical properties
of MDMO-PPV.  Broad absorption in the visible
region can be used in the preparation of solar cell
mater ial (photoactive materia l) and solar
concentrator. As the host matrix changes from
nonconducting to conducting phase, the films can
be used in the construction of transparent
electrodes. Doping the system with nanoparticles
or with ionic liquids, the electric conductivity of
the samples can be enhanced. The new material
can be used as an emission layer in LED or in
display devises.

Scope for future work :

Absorption and emission properties of
these MDMO-PPV doped PMMA/PVAc films
can be further tailored by addition of gold nano
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particles or other metal oxide nanoparticles. More
solar absorption can be achieved due to Surface
Plasmon Resonance (SPR) of these nano particles.
Even by doping with ionic liquids the electrical
conductivity can be enhanced. There are various
light emitting polymers like MEH-PPV, P3HT,
PFO etc. to be used as dopants  on the same
PMMA/PVAc host matrix and a relative study
of the sample properties can be reported. The
experiment can be extended using different
common solvents or by changing host matrix also.

References

1. Abd-El Kader FH, Osman WH. and Hafez
RS Effect of blend ratio on thermal and optical
properties of pmma/pvac films International
Journal of Current Research, Vol. 4, Issue,
01, pp.149-156, January, (2012).

2. Tang, Muoi, and Wen-Rong Liau. “Solvent
effect on the miscibility of poly (4-hydroxy-
styrene)–poly (ethylene oxide) blends.”
European polymer journal 36.12 (2000): 2597-
2603.

3. Abd El-kader FH, Gaafar SA, Mahmoud KH,
Bannan SI and Abd El-kader MFH, γ -
Irradiation effects on the thermal and optical
properties of undoped and eosin doped 70/30
(wt/wt%) PVA/glycogen films” J. Current
Applied Physics,8, 78-87, (2008).

4. Peesan, M., Supaphol, P. and Rujiravanit, R.
(2007), Effect of casting solvent on characte-
ristics of hexanoyl chitosan/polylactide blend
films. J. Appl. Polym. Sci., 105: 1844-1852.  
https://doi.org/10.1002/app.26341

5. H. Kaczmarek, R. Drag, M. Swiaztek, and
D. Oldak,The influence of UV-irradiation on
poly (vinyl chloride) modified by poly (vinyl
acetate),  Surface Science, vol. 507–510, no.
1–3, pp. 887-882, (2002).

6. Guo, Zhengrong, et al. “Synthesis and
Characterization of a Diblock Copolymer of
Methyl Methacrylate and Vinyl Acetate by

Successive Photo Induced Charge Transfer
Polymerization Using Ethanolamine as the
Parent Compound.” Macromolecular rapid
communications 22.2 (2001): 120-125.

7. Ahmed, R. M., Optical Study on Poly (methyl
methacrylate)/Poly(vinyl acetate) Blends,
International Journal of Photoenergy, 2009,
150389, 7 pages, 2009. https://doi.org/
10.1155/2009/150389

8. H.M. Zidan, A. Tawansi, and M. Abu-Elnader,
“Miscibility, optical and dielectric  properties
of UV-irradiated poly(vinyl acetate)/poly
(methylmethacrylate) blends Physica B, vol.
339, no. 2-3, pp. 78–86, 2003 DOI: 10.1016/
j.physb.2003.08.054

9. R M Ahmed, S. M. El-Bashir, Structure and
physical properties of polymer composite
films doped with fullerene nanoparticles,
International Journal of Photoenergy, vol
2011, Article ID801409

10. Bohwon Kim, Vladan Koncar and Eric Devaux,
electrical properties of conductive polymers:
pet–nanocomposites’ fibres AUTEX Research
Journal, Vol. 4, No1, March 2004

11. F. Lagrève, J. F. Feller, I. Linossier & G.
Levesque, Polymer engineering and science,
vol. 41, No. 7, 1124-1132 (2001).

12. C.V. Bellingen, N. Probst & E. Grivei, Specific
Conductive Carbon Blacks in Plastics
Applications, Polymers & polymer composites,
vol. 10, No. 1, 63-71 (2002).

13. Titelman, G.I., Zilberman, M., Siegmann, A.,
Haba, Y. and Narkis, M. (1997), Thermal
dynamic processing of polyaniline with
dodecylbenzene sulfonic acid. J. Appl. Polym.
Sci., 66: 2199-2208. https://doi.org/10.1002/
(SICI)1097-4628(19971219)66:12<2199::AID-
APP1>3.0.CO;2-B

14. Gumyusenge, Aristide, Tran, Dung T.;  Luo,
Xuyi; Pitch, Gregory M.; Zhao, Yan; Jenkins,
Kaelon A.; Dunn, Tim J.; Ayzner, Alexander
L.; Savoie, Brett  M.; Mei, Jianguo
Semiconducting polymer blends that exhibit

G. Rajesha Shetty et al., JUC, Vol. 22(3), (2026). 37



stable charge transport at high temperatures
Science, Volume 362, Issue 6419, pp. 1131-
1134 (2018).

15. Mincheol Chang, Dalsu Choi, Gang Wang,
Nabil Kleinhenz, Nils Persson, Byoungnam
Park, Elsa Reichmanis; Photoinduced
Anisotropic  Assembly of Conjugated Polymers
in Insulating Polymer Blends. ACS Appl.
Mater. Interfaces 1 July 2015; 7 (25): 14095–
14103. https://doi.org/10.1021/acsami.5b03310

16. Nicholas A. Kotov; Prof. Pradeep K. Rohatgi;
Ben Schultz; J.B. Ferguson; C. N. R. Rao; A.
Müller; A. K. Cheetham (Eds.);Schmid(Ed.)
Advanced nanomaterials, particles, or specialized
chemical components for materials research
Aldrich ChemFiles 2005, 5.3, 1.

17. Abdullah Karaca, Dilber Esra Yı ldı z, Ali
Akbar Hussaini, Murat Yı ldı rı m, Bayram
Gündüz, Structural and photoelectrical properties
of an MDMO-PPV/n-Si hybriheterojunction
photodiode for broadband detection,Physica
B: Condensed Matter,Volume 725,2026,418225,
https://doi.org/10.1016/j.physb.2025.418225.

18. A.J. Mozer, P. Denk, M.C. Scharber, H.
Neugebauer, N.S. Sariciftci, P. Wagner, l.
Lutsen, D. Vanderzande, A. Kadashchuk, R.
Staneva, R. Resel, Novel Regiospecific
mdmo-ppv Polymers with Improved Charge
Transport Properties for bulk heterojunction
solar cells”Synthetic Metals 153(1-3), 81-84,
(2005).

19. Thompson BC and Frechet j m j angew. chem.
int. ed. 47 58, 2008 polymer–fullerene composite
solar cells DOI: 10.1002/anie.200702506

20. Yang Haiyang, Zhu Pingping, Ren Feng,
Wang Yuanyuan, Zhang Tiao,Viscometric
investigations on the intermolecular interactions
between poly(methyl methacrylate) and poly
(vinyl acetate) in various solvents, European
Polymer Journal, Volume 36, Issue 1,2000,
Pages 21-26, https://doi.org/10.1016/S0014-
3057(99)00049-X.

21. Abd-El Kader FH, Osman WH. and Hafez

RS “Effect of blend ratio on thermal and
optical properties of pmma/pvac films”
International  Journal of  Current  Research
Vol. 4, Issue, 01, pp.149-156, January, 2012

22. Omer BM (2013) Optical properties of
MDMO-PPV and MDMO-PPV/[6,6]-
phenyl C61-butyric acid 3-ethylthiophene
ester thin films. Int J Organic Electron IJOE
2(2): 1–7.

23. Quist PAC, Martens T, Mancab JV, Savenije
TJ, Siebbeles LDA (2006) Photo-induced
charge separation and electron diffusion in
MDMO-PPV:PCBM  bulk heterojunctions.
Sol Energy Mater Sol Cells 90:362–378 25.

24. Gündüz, Bayram. “Optical properties of poly
[2-methoxy-5-(32 , 72 -dimethyloctyloxy)-1,
4-phenylenevinylene] light-emitting polymer
solutions: effects of molarities and solvents.”

 Polymer Bulletin 72.12 (2015): 3241-3267.
25. Peter TC So, Chen Y Dong, Encyclopedia of

life sciences / & 2002 Macmillan Publishers
Ltd, Nature Publishing Group / www.els.net.

26. Rees, M. H.; Jones, R. A. (1973-07-01).
“Time  dependent studies of the aurora—II.
Spectroscopic morphology”. Planetary  and
Space Science. 21 (7): 1213–1235.
 doi:10.1016/0032-0633(73)90207-9 .
 ISSN 0032-0633

27. R.F. Cossiello, L. Akcelrud, T.D.Z.  Atvars.
Solvent and Molecular Weight Effects on
Fluorescence Emission of MEH-PPV” J.
Braz.Chem. Science, Vol. 16, pp. 74-86, 2005.
Doi:10.1590/S0103-50532005000100011

28. Saxena K, Kumar P, Jain VK (2010)
Fluorescence quenching studies of conjugated
polymer poly [2- methoxy-5-(30,70-
dimethyloctyloxy)-1,4-phenylenevinylene  in
the presence of TNT. J Lumin 130: 2260–
2264

29. S. Quan, F. Teng, Z. Xu, L. Qian, T. Zhang,
D. Liu, Y. Hou, Y. Wang, and X. Xu, organic
semiconducting polymers and thin films. J.
Luminescence, Vol. 124, pp. 81-84,2007.

38 G. Rajesha Shetty, et al., JUC, Vol. 22(3), (2026).



30. R. Kumar, S.A. Ali, A.K. Mahur, H.S. Virk,
F. Singh, S.A.Khan, D.K. Avasthi, R.Prasad,
Nucl. Instrum Methods Phys. Res. B, 266,
1788–1792 (2008).

31. Crispim, Edson Golembievski, Adley Forti
Rubira, and Edvani Curti Muniz. “Solvent
effects on the miscibility of poly (methyl
methacrylate)/poly (vinyl acetate)  blends: I:
Using differential scanning calorimetry  and
viscometry techniques.” Polymer 40.18
(1999): 5129-5135.

32. Canýmkurbey, Betül. “High-Performance

MDMO-PPV for Polymer-Based Luminescent
Solar Concentrators in Scalable Energy
Harvesting”. Bitlis Eren Üniversitesi Fen
Bilimleri Dergisi 14/2 (June 1, 2025): 1243-
1253. https://doi.org/10.17798/bitlisfen.
1671495

33. Shijie Yuan, Wenzhen Luo, Mingfa  Xie,
Hongjian Peng; Progress in research on
organic photovoltaic acceptor materials. RSC
Adv. 2025; 15 (4): 2470–2489. https://doi.org/
10.1039/d4ra08370a.

JUC Vol. 22(3), (2026). 39


