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In the current data age, the fundamental research related to optical applications has been rapidly developed.

Countless new-born materials equipped with distinct optical properties have been widely explored, exhibiting

tremendous values in practical applications. The optical data storage technique is one of the most significant topics

of the optical applications, which is considered as the prominent solution for conquering the challenge of the

explosive increase in mass data, to achieve the long-life, low-energy, and super high-capacity data storage.
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1. Introduction

The unavailable long-life, low-energy, super high-capacity, and renewable and sustainable optical data storage

remains a severe challenge to be conquered, which promotes researchers to spare no efforts in designing and

fabricating novel systems using more remarkable optical storage materials . So far, the total amount of

annual data produced globally has increased very fast, which has doubled every two years since 2000 . The

traditional technologies including magnetic storage and electrical storage have been improved to deal with the

explosive growth of mass information; however, the commercialized products are mainly developed via the two

technologies with limited capacity, and the strategies for expanding capacity have reached a bottleneck that is

extremely hard to be broken . Moreover, the serious drawbacks such as strict storage conditions, the high

energy consumption of equipment, and low-security level have restricted the further improvement of magnetic

storage and electrical storage, which are difficult to adapt to the booming information era . Optical storage

materials have been one of the most common recording mediums since the beginning of the 21st century,

accompanied by the rapid development of laser technology. Optical storage is the technology that is based on the

interaction between laser and recording medium, and the investigation on breaking the diffraction limit for

conquering the challenge of present data storage has attracted extensive attention in information technology

industry . Compared to the traditional means, optical storage technology shows more possibility for satisfying

the requirements of data storage equipped with the properties including large capacity, high safety, intense stability,

reasonable price, and low energy consumption . In the past decade, researchers have devoted themselves to

exploring new functional materials to be applied in recording media. Meanwhile, the representative recording media

such as rare-earth doped upconversion nanoparticles (UCNPs) , graphene derivatives (GDs) 

, and diarylethene derivatives (DTDs)  are the most potential materials to be further

investigated, which are promising to facilitate the development of optical storage technology and exploit valuable

strategies for practical applications and industrialized projects .
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The low-energy near-infrared light can be transferred to high-energy UV light or visible light by using the

functionalized UCNPs, which is developed for the applications in photolithography, photothermal therapy,

photoswitch, and optical storage . The UCNPs possess distinct fluorescence properties, which can be

incorporated into luminescent materials such as quantum dots, organic dyes, and aggregation-induced emission

luminogens (AIEgens) to fabricate novel recording materials equipped with large memory capacities. In comparison

with common organic fluorescence chromophores, the UCNPs possess wider energy levels to further reduce

transition rates, enabling the low power-assisted stimulated emission depletion (STED) effects to play a crucial role

in optical storage .

So far, the standardization production of graphene has received remarkable achievements, and the representative

industrial process derived from chemical vapor deposition and epitaxial growth has gained rapid development 

. In order to overcome the challenge of production modes, the architecture of graphene-based materials like

graphene nanobelt and graphene quantum dots has been widely reported to be applied in the construction of field

effect transistors, bioimaging, and optical writing . Thus, the significance of designing new graphene

nanostructures is in urgent need to cooperate with super-resolution microscopy technology, for the extensive

imaging of GD substrates. The majority of receptor systems only can be quenched in a narrowed spectral range;

however, the GDs are equipped with the feature of broadband absorption to exhibit energy transfer in the whole

visible spectrum, possessing great potential to be introduced in macromolecular systems to prepare composite

materials for the application in optical storage .

Moreover, on the basis of the established UCNPs, the inorganic–organic hybrid materials are well constructed,

combining the merits of UCNPs and organic stimuli-responsive molecules for proposing a new approach to

advanced optical storage . The DTDs are the most used organic molecules for optical writing because of their

photo-isomerization properties. As the typical photoresponsive molecules, DTDs show vital values in the practical

application of the reversible memory assisted by the photoswitched “writing–reading–erasing” . Generally, DTDs

can finish the rapid transformation between open and close conformations irradiated by the UV light and visible

light, respectively. More importantly, DTDs have favorable physicochemical properties, including strong thermal

stability, moderate fatigue resistance, a quick responsiveness and reaction rate, a high-conversion ratio of

open/close isomers, sufficient quantum yield, and an obvious difference of absorption wavelength between the

open/close isomers. The DTD-based composites play a crucial part in optical storage owing to their significant

changes of absorption spectra, dielectric constants, and geometrical configuration, and have tremendous

commercial values for optical storage revolution in the future .

The optical storage materials are one of the most promising recording media in the digital age . Researchers

have been sparing no efforts on the in-depth exploration of the three functional memory materials for pursuing a

larger storage density . According to the strategies of increasing the number of layers, enhancing the

recording dimensions of recording media, and narrowing the diffraction limit, researchers envision that the ultrahigh

storage density of the TB level, even PB level, will eventually be approached in a single disc .

2. Upconversion Nanoparticle-Based Functional Materials
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The technology of high-density optical writing is of great significance in data storage. Additionally, the optical writing

technology at nanoscale level based on the far-field super-resolution method provides a unique approach for

dealing with memory devices with a large capacity. However, the current nanoscaled optical writing measures

generally rely on the mechanism of photo-initiation and photo-inhibition, which seriously restricts their further

development due to the disadvantages of the high intensity of laser, large consumption of energy, and short life of

devices . Notably, the UCNP-based systems have broad excitation levels to decrease transition rates.

Meanwhile, according to the far-field super-resolution technology, the electron transition in UCNP-based systems

can be selectively modulated to activate the energy transfer-derived low-power radiation for breaking through the

diffraction limit in optical writing. In this section, the diverse UCNP materials used for optical writing and optical

storage with particular functions are discussed in detail (Table 1).

Table 1. UCNP-based functional systems for optical storage applications.

3. Graphene-Based Functional Materials

Graphene is a 2D crystal that resembles as hexagonal network structure with the thickness of a single atomic layer,

which is constructed from the tight arrangement of sp  hybrid carbon atoms. Owing to the distinct 2D skeleton,

specifical energy band structure, and remarkable carrier transport velocity, the graphene possesses broad

prospects in memory storage . In addition, GDs derived from graphene such as graphene oxides (GOs) are

equipped with abundant carbonyl, hydroxy, and epoxy moieties on the surface, as well as the numerous

conjugated units in the intrinsic frameworks, endowing the GDs with intense fluorescent properties for the

fabrication of luminescent devices. In this section, according to the admirable photoelectric performance of GDs,

researchers introduce the GD-based functional materials for the application in the field of optical data storage

(Table 2).

[53]

UCNP-Based
Systems Methods of Preparation Properties Ref.

UCNPs-1 Sol–gel pyrolysis technique
Stimulated absorption mechanism and

emission in the range of visible light

UCNPs-2 Solvothermal method
Reducing the requirement of optical

depletion for laser intensity

UCNPs-3
Oxygen-free hydrothermal

protocol
Background-free and ultrahigh-sensitivity

imaging

NaYF  nanocrystals
Solvothermal method and

crystal growth
Precise control of phase, size, and optical

emission features

Different phases of
NaYF :Yb,Er

Thermal decomposition of metal
oleate precursors

Defect-reduction strategies of preparing
small and brighter UCNPs

UCNPs-4 Solvothermal method Realizing the 28 nm super high-resolution

Lifetime-coded
microspheres

Electrostatic interaction
Enlarging the optical multiplexing range by

increasing the time dimension
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Table 2. GDs-based functional platforms for optical storage applications.

4. Diarylethene-Based Functional Materials

Precise writing and nondestructive readouts are indispensable features for advanced optical storage. The

diarylethene (DTE)-based fluorescent molecular switches can reversibly change between open ring isomer and

closed ring isomer states via alternating UV/visible light irradiation, which is equivalent to photocontrollable

molecular-scale digital switches for directing the data recording and reading, having promising prospects in high-

density optical data storage by virtue of its excellent thermal stability and fatigue resistance . Generally, the

wavelength of reading beam for the DTE will participate in the open/closing ring reaction, exerting severe effects

for optical writing and reading. Thus, the functional DTDs combining DTE molecules and nanocomposites are

fabricated for pursuing accurate recordings and nondestructive readouts (Table 3).

Table 3. DTD-based functional materials for optical storage applications.

GDs-Based
Systems Methods of Preparation Properties Ref.

GO-contained
UCNPs-5

Coprecipitation method and
electrostatic interaction

Resonance-assisted optical writing and
ultrahigh capacity optical storage

MoS -based
memory device

Mechanical exfoliation and
polydimethylsiloxane stamping

High on-off ration, long retention time,
stable, and durable features

Graphene-
contained Pr:YAG

Electrostatic interaction
Background-free and ultrahigh-sensitivity

imaging
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DTD-Based Systems Methods of Preparation Properties Ref.

UCNPs-6 modified DTE-
1

Layer-by-layer epitaxial
growth procedure

Highly purified emission and
rewritable optical storage

UCNPs-7 modified DTDs
Electrostatic interaction and self-

assembly strategy

Application in scanning near-field
optical microscopy for higher

storage density

Ferroelectric crystals with
DTE enantiomers

Dropping and spreading the crystal-
based precursor on ITO glass

substrate to obtain thin film

Achieving a contactless integrated
process of writing, reading, and

erasing in data storage

DTE-based Alq  complex Metal complexation
Photocontrolled electron migration

and as active layers in resistive
memory devices

DTD-based
photoresponsive

amphiphilic polymer
Self-assembly strategy

Combination of FRET and emission
reabsorption effects

[65]

[66]

[67]

3
[68]

[69]

[70]



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 5/10

References

1. Zhang, Q.; Xia, Z.; Cheng, Y.B.; Gu, M. High-capacity optical long data memory based on
enhanced Young’s modulus in nanoplasmonic hybrid glass composites. Nat. Commun. 2018, 9,
1183.

2. Ouyang, X.; Xu, Y.; Xian, M.; Feng, Z.; Zhu, L.; Cao, Y.; Lan, S.; Guan, B.O.; Qiu, C.W.; Gu, M.; et
al. Synthetic helical dichroism for six-dimensional optical orbital angular momentum multiplexing.
Nat. Photonics 2021, 15, 901–907.

3. Liang, L.; Feng, Z.; Zhang, Q.; Cong, T.D.; Wang, Y.; Qin, X.; Yi, Z.; Ang, M.J.Y.; Zhou, L.; Feng,
H.; et al. Continuous-wave near-infrared stimulated-emission depletion microscopy using
downshifting lanthanide nanoparticles. Nat. Nanotechnol. 2021, 16, 975–980.

4. Hong, P.; Liu, J.; Qin, K.X.; Tian, R.; Peng, L.Y.; Su, Y.S.; Gan, Z.; Yu, X.X.; Ye, L.; Zhu, M.Q.; et
al. Towards optical information recording: A robust visible-light-driven molecular photoswitch with
the ring-closure reaction yield exceeding 96.3%. Angew. Chem. Int. Ed. 2023, 62, e202316706.

5. Yang, Q.; Xie, Z.; Zhang, M.; Ouyang, X.; Xu, Y.; Cao, Y.; Wang, S.; Zhu, L.; Li, X. Ultra-secure
optical encryption based on tightly focused perfect optical vortex beams. Nanophotonics 2022, 11,
1063–1070.

6. Gu, M.; Zhang, Q.; Lamon, S. Nanomaterials for optical data storage. Nat. Rev. Mater. 2016, 1,
16070.

7. Liu, F.; Lu, W.Q.; Huang, J.Q.; Pimenta, V.; Boles, S.; Demir-Cakan, R.; Tarascon, J.M. Detangling
electrolyte chemical dynamics in lithium sulfur batteries by operando monitoring with optical
resonance combs. Nat. Commun. 2023, 14, 7350.

8. Gür, T.M. Review of electrical energy storage technologies, materials and systems: Challenges
and prospects for large-scale grid storage. Energy Environ. Sci. 2018, 11, 2696–2767.

9. Lee, S.H.; Kim, M.; Whang, H.S.; Nam, Y.S.; Park, J.H.; Kim, K.; Kim, M.; Shin, J.; Yu, J.S.; Yoon,
J.; et al. Position error-free control of magnetic domain-wall devices via spin-orbit torque
modulation. Nat. Commun. 2023, 14, 7648.

10. Lin, W.P.; Liu, S.J.; Gong, T.; Zhao, Q.; Huang, W. Polymer-based resistive memory materials and
devices. Adv. Mater. 2014, 26, 570–606.

11. Gu, M.; Li, X.; Cao, Y. Optical storage arrays: A perspective for future big data storage. Light Sci.
Appl. 2014, 3, e177.

12. Hosseini, P.; Wright, C.D.; Bhaskaran, H. An optoelectronic framework enabled by low-
dimensional phase-change films. Nature 2014, 511, 206–211.

13. Zheng, B.; Fan, J.; Chen, B.; Qin, X.; Wang, J.; Wang, F.; Deng, R.R.; Liu, X.G. Rare-earth doping
in nanostructured inorganic materials. Chem. Rev. 2022, 122, 5519–5603.



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 6/10

14. Mehtab, A.; Ahmed, J.; Alshehri, S.M.; Mao, Y.B.; Ahmad, T. Rare earth doped metal oxide
nanoparticles for photocatalysis: A perspective. Nanotechnology 2022, 33, 142001.

15. Dong, B.; Cao, B.S.; He, Y.Y.; Liu, Z.; Li, Z.P.; Feng, Z.Q. Temperature sensing and in vivo
imaging by molybdenum sensitized visible upconversion luminescence of rare-earth oxides. Adv.
Mater. 2012, 24, 1987–1993.

16. Duan, X.F.; Zhou, L.P.; Li, H.R.; Hu, S.J.; Zheng, W.; Xu, X.; Zhang, R.; Chen, X.; Guo, X.Q.; Sun,
Q.F. Excited-multimer mediated supramolecular upconversion on multicomponent lanthanide-
organic assemblies. J. Am. Chem. Soc. 2023, 145, 23121–23130.

17. Zhu, X.; Zhang, J.; Liu, J.L.; Zhang, Y. Recent progress of rare-earth doped upconversion
nanoparticles: Synthesis, optimization, and applications. Adv. Sci. 2019, 6, 1901358.

18. Olabi, A.G.; Abdelkareem, M.A.; Wilberfore, T.; Sayed, E.T. Application of graphene in energy
storage device—A review. Renew. Sustain. Energy Rev. 2021, 135, 110026.

19. Yin, Z.Y.; Zhu, J.X.; He, Q.Y.; Cao, X.H.; Tan, C.L.; Chen, H.Y.; Yan, Q.Y.; Zhang, H. Graphene-
based materials for solar cell applications. Adv. Energy Mater. 2014, 4, 1300574.

20. Cui, G.; Bi, Z.X.; Zhang, R.Y.; Liu, J.G.; Yu, X.; Li, Z.L. A comprehensive review on graphene-
based anti-corrosive coatings. Chem. Eng. J. 2019, 373, 104–121.

21. Cao, X.H.; Yin, Z.Y.; Zhang, H. Three-dimensional graphene materials: Preparation, structures
and application in supercapacitors. Energy Environ. Sci. 2014, 7, 1850–1865.

22. Cheng, H.B.; Zhang, S.; Qi, J.; Liang, X.J.; Yoon, J. Advances in application of azobenzene as a
trigger in biomedicine: Molecular design and spontaneous assembly. Adv. Mater. 2021, 33,
2007290.

23. Alene, D.Y.; Srinivasadesikan, V.; Lin, M.C.; Chung, W.S. Construction of mechanically
interlocked fluorescence photoswitchable rotaxane with aggregation-induced emission and
molecular shuttling behaviors. J. Org. Chem. 2023, 88, 5530–5542.

24. Bleger, D.; Hecht, S. Visible-light-activated molecular switches. Angew. Chem. Int. Ed. 2015, 54,
11338–11349.

25. Goulet-Hanssens, A.; Eisenreich, F.; Hecht, S. Enlightening materials with photoswitches. Adv.
Mater. 2020, 32, 1905966.

26. Liu, S.B.; Yan, L.; Huang, J.S.; Zhang, Q.Y.; Zhou, B. Controlling upconversion in emerging
multilayer core-shell nanostructures: From fundamentals to frontier applications. Chem. Soc. Rev.
2022, 51, 1729–1765.

27. Chen, X.; Peng, D.F.; Ju, Q.; Wang, F. Photon upconversion in core-shell nanoparticles. Chem.
Soc. Rev. 2015, 44, 1318–1330.



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 7/10

28. Liu, X.W.; Wang, Y.; Li, X.Y.; Yi, Z.G.; Deng, R.R.; Liang, L.L.; Xie, X.J.; Loong, D.T.B.; Song, S.Y.;
Fan, D.Y.; et al. Binary temporal upconversion codes of Mn2+-activated nanoparticles for
multilevel anti-counterfeiting. Nat. Commun. 2017, 8, 899.

29. Wen, S.H.; Zhou, J.J.; Schuck, P.J.; Suh, Y.D.; Schmidt, T.W.; Jin, D.Y. Future and challenges for
hybrid upconversion nanosystems. Nat. Photonics 2019, 13, 828–838.

30. Liu, Y.J.; Lu, Y.Q.; Yang, X.S.; Zheng, X.L.; Wen, S.H.; Wang, F.; Vidal, X.; Zhao, J.B.; Liu, D.M.;
Zhou, Z.G.; et al. Amplified stimulated emission in upconversion nanoparticles for super-resolution
nanoscopy. Nature 2017, 543, 229–233.

31. Wen, S.H.; Zhou, J.J.; Zheng, K.Z.; Bednarkiewicz, A.; Liu, X.G.; Jin, D.Y. Advances in highly
doped upconversion nanoparticles. Nat. Commun. 2018, 9, 2415.

32. Li, X.M.; Zhang, F.; Zhao, D.Y. Lab on upconversion nanoparticles: Optical properties and
applications engineering via designed nanostructure. Chem. Soc. Rev. 2015, 44, 1346–1378.

33. Vicidomini, G.; Bianchini, P.; Diaspro, A. STED super-resolved microscopy. Nat. Methods 2018,
15, 173–182.

34. Xu, Y.Z.; Xu, R.H.; Wang, Z.; Zhou, Y.; Shen, Q.F.; Ji, W.C.; Dang, D.F.; Meng, L.J.; Tang, B.Z.
Recent advances in luminescent materials for super-resolution imaging via stimulated emission
depletion nanoscopy. Chem. Soc. Rev. 2021, 50, 667–690.

35. Nadort, A.; Zhao, J.; Goldys, E.M. Lanthanide upconversion luminescence at the nanoscale:
Fundamentals and optical properties. Nanoscale 2016, 8, 13099–13130.

36. Jyoti; Munoz, J.; Pumera, M. Quantum material-based self-propelled microrobots for the optical
“on-the-fly” monitoring of DNA. ACS Appl. Mater. Interfaces 2023, 15, 58548–58555.

37. Deng, B.; Liu, Z.F.; Peng, H.L. Toward mass production of CVD graphene films. Adv. Mater. 2019,
31, 1800996.

38. Yi, M.; Shen, Z. A review on mechanical exfoliation for the scalable production of graphene. J.
Mater. Chem. A 2015, 3, 11700–11715.

39. Jiang, S.; Li, L.; Wang, Z.; Shan, J.; Mak, K.F. Spin tunnel field-effect transistors based on two-
dimensional van der Waals heterostructures. Nat. Electron. 2019, 2, 159–163.

40. Kong, Z.Z.; Daab, M.; Yano, H.; Huang, H.Y.; Breu, J.; Sasaki, T.; Nguyen, S.T.; Huang, J.X.
Visualizing transparent 2D sheets by fluorescence quenching microscopy. Small Methods 2020,
4, 2000036.

41. Yu, Y.; Shi, Y.; Zhang, B. Synergetic transformation of solid inorganic-organic hybrids into
advanced nanomaterials for catalytic water splitting. Acc. Chem. Res. 2018, 51, 1711–1721.



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 8/10

42. Chan, J.C.H.; Lam, W.H.; Yam, V.W.W. A highly efficient silole-containing dithienylethene with
excellent thermal stability and fatigue resistance: A promising candidate for optical memory
storage materials. J. Am. Chem. Soc. 2015, 136, 16994–16997.

43. Li, Z.Q.; Wang, G.N.; Ye, Y.X.; Li, B.; Li, H.R.; Chen, B.L. Loading photochromic molecules into a
luminescent metal-organic framework for information anticounterfeiting. Angew. Chem. Int. Ed.
2019, 58, 18025–18031.

44. Kumar, A.; Kumar, S. Light-controlled receptors for environmentally and biologically relevant
anions. Chem. Eng. J. 2023, 474, 145493.

45. Wu, Y.; Zhu, Y.; Yao, C.; Zhan, J.; Wu, P.; Han, Z.; Zuo, J.; Feng, H.; Qian, Z. Recent advances in
small-molecule fluorescent photoswitches with photochromism in diverse states. J. Mater. Chem.
C 2023, 11, 15393–15411.

46. Boles, M.A.; Engel, M.; Talapin, D.V. Self-assembly of colloidal nanocrystals: From intricate
structures to functional materials. Chem. Rev. 2016, 116, 11220–11289.

47. Cai, G.F.; Wang, X.; Cui, M.Q.; Darmawan, P.; Wang, J.X.; Eh, A.L.S.; Lee, P.S. Electrochromo-
supercapacitor based on direct growth of NiO nanoparticles. Nano Energy 2015, 12, 258–267.

48. Sharma, S.; Lamichhane, N.; Parul; Sen, T.; Roy, I. Iron oxide nanoparticles conjugated with
organic optical probes for in vivo diagnostic and therapeutic applications. Nanomedicine 2021, 16,
943–962.

49. Li, Z.Y.; Butun, S.; Aydin, K. Three-dimensional imaging of localized surface plasmon resonances
of metal nanoparticles. ACS Photonics 2015, 2, 183–188.

50. Yi, C.L.; Yang, Y.Q.; Liu, B.; He, J.; Nie, Z.H. Polymer-guided assembly of inorganic nanoparticles.
Chem. Soc. Rev. 2020, 49, 465–508.

51. Linic, S.; Aslam, U.; Boerigter, C.; Morabito, M. Photochemical transformations on plasmonic
metal nanoparticles. Nat. Mater. 2015, 14, 567–576.

52. Sarid, D.; Schechtman, B.H. A roadmap for optical data storage applications. Opt. Photonics
News 2007, 18, 32–37.

53. Li, L.; Kong, W.; Chen, F. Femtosecond laser-inscribed optical waveguides in dielectric crystals: A
concise review and recent advances. Adv. Photonics 2022, 4, 024002.

54. Kolesov, R.; Reuter, R.; Xia, K.W.; Stohr, R.; Zappe, A.; Wrachtrup, J. Super-resolution
upconversion microscopy of praseodymium-doped yttrium aluminum garnet nanoparticles. Phys.
Rev. B 2011, 84, 153413.

55. Zhan, Q.Q.; Liu, H.C.; Wang, B.J.; Wu, Q.S.; Pu, R.; Zhou, C.; Huang, B.R.; Peng, X.Y.; Gren, H.;
He, S.L. Achieving high-efficiency emission depletion nanoscopy by employing cross relaxation in
upconversion nanoparticles. Nat. Commun. 2017, 8, 1058.



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 9/10

56. Song, Z.; Anissimov, Y.G.; Zhao, J.B.; Nechaev, A.V.; Nadort, A.; Jin, D.Y.; Prow, T.W.; Roberts,
M.S.; Zvyagin, A.V. Background free imaging of upconversion nanoparticle distribution in human
skin. J. Biomed. Opt. 2013, 18, 061215.

57. Wang, F.; Han, Y.; Lim, C.S.; Lu, Y.H.; Wang, J.; Xu, J.; Chen, H.Y.; Zhang, C.; Hong, M.H.; Liu,
X.G. Simultaneous phase and size control of upconversion nanocrystals through lanthanide
doping. Nature 2010, 463, 1061–1065.

58. Zhao, J.B.; Lu, Z.D.; Yin, Y.D.; Mcrae, C.; Piper, J.A.; Dawes, J.M.; Jin, D.Y.; Goldys, E.M.
Upconversion luminescence with tunable lifetime in NaYF4:Yb,Er nanocrystals: Role of
nanocrystal size. Nanoscale 2013, 5, 944–952.

59. Lu, Y.Q.; Zhao, J.B.; Zhang, R.; Liu, Y.J.; Liu, D.M.; Goldys, E.M.; Yang, X.S.; Xi, P.; Sunna, A.;
Lu, J.; et al. Tunable life-time multiplexing using luminescent nanocrystals. Nat. Photonics 2014,
8, 33–37.

60. Fu, X.; Li, T.; Cai, B.; Miao, J.; Panin, G.N.; Ma, X.; Wang, J.; Jiang, X.; Li, Q.; Dong, Y.; et al.
Graphene/MoS2-xOx/graphene photomemristor with tunable non-volatile responsivities for
neuromorphic vision processing. Light Sci. Appl. 2023, 12, 39.

61. Lamon, S.; Wu, Y.; Zhang, Q.; Liu, X.; Gu, M. Nanoscale optical writing through upconversion
resonance energy transfer. Sci. Adv. 2021, 7, eabe2209.

62. Kim, S.H.; Yi, S.G.; Park, M.U.; Lee, C.; Kim, M.; Yoo, K.H. Multilevel MoS2 optical memory with
photoresponsive top floating gates. ACS Appl. Mater. Interfaces 2019, 11, 25306–25312.

63. Stohr, R.J.; Kolesov, R.; Xia, K.W.; Reuter, R.; Meijer, J.; Logvenov, G.; Wrachtrup, J. Super-
resolution fluorescence quenching microscopy of graphene. ACS Nano 2012, 6, 9175–9181.

64. Fihey, A.; Perrier, A.; Browne, W.R.; Jacquemin, D. Multiphotochromic molecular systems. Chem.
Soc. Rev. 2015, 44, 3719–3759.

65. Zheng, K.Z.; Han, S.Y.; Zeng, X.; Wu, Y.M.; Song, S.Y.; Zhang, H.J.; Liu, X.G. Rewritable optical
memory through high-registry orthogonal upconversion. Adv. Mater. 2018, 30, 1801726.

66. Zhang, C.; Zhou, H.P.; Liao, L.Y.; Feng, W.; Sun, W.; Li, Z.X.; Xu, C.H.; Fang, C.J.; Sun, L.D.;
Zhang, Y.W.; et al. Luminescence modulation of ordered upconversion nanopatterns by a
photochromic diarylethene: Rewritable optical storage with nondestructive readout. Adv. Mater.
2010, 22, 633–637.

67. Tang, Y.Y.; Zeng, Y.L.; Xiong, R.G. Contactless manipulation of write-read-erase data storage in
diarylethene ferroelectric crystals. J. Am. Chem. Soc. 2022, 144, 8633–8640.

68. Khan, M.B.; Khan, Z.H. Ag-incorporated Alq3 nanowires: Promising material for organic
luminescent devices. J. Lumin. 2017, 188, 418–422.



Functional Materials for Optical Data Storage | Encyclopedia.pub

https://encyclopedia.pub/entry/53957 10/10

69. Xu, H.; Chen, R.F.; Sun, Q.; Lai, W.Y.; Su, Q.Q.; Huang, W.; Liu, X.G. Recent progress in metal-
organic complexes for optoelectronic applications. Chem. Soc. Rev. 2014, 43, 3259–3302.

70. Wang, X.; Luo, Y.; Liao, J.; Joselevich, E.; Xu, J. Selective-area growth of aligned organic
semiconductor nanowires and their device integration. Adv. Funct. Mater. 2023, 2308708.

Retrieved from https://encyclopedia.pub/entry/history/show/125619


