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Abstract: This review article highlights the development in the field of solid-state DSSC as an
economical renewable energy resource. To harvest the solar energy the solar cells are being
fabricated, with five main components among them a liquid redox electrolyte has been replaced
with a solid-state hole-transporter material (HTM). Among the reported hole transport materials
2,2,7,7-tetrakis(N,N-di-p-methoxyphenylamine)9,9-spirobifluorene(Spiro-OMeTAD) reported
to achieve 19.3% efficiency. In this review it was attempted to emphasis the developments in
the design and synthesis of organic molecules and polymers to achieve an improved power
conversion efficiency (PCE).
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Introduction

The conversion of solar energy into electrical energy has attracted the interest of scientists in order to
fulfill the energy needs. A search for an alternative to develop advanced materials to serve the needs of mankind
is a never ending process. Recent spectacular developments in the field of synthetic methodologies have made
significant contributions to the synthesis of organic molecules with improved properties'. A dye sensitized solar
cell comprised of the following components (1) a glass substrate coated with transparent conductive oxides; (2)
a nanoporous TiO,; (3) a dye sensitizer adsorbed onto the surface of the semiconductor; (4) a liquid redox
electrolyte; and (5) an electric contact capable of regenerating the redox mediator. Griitzel and Snaith **
proposed to replace the liquid electrolyte with a solid-state hole-transporter material (HTM) to get solid-state
DSSC (ssDSSC).
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Photovoltaic technologies promisingly meet the intensively increasing demands of renewable energies.
The perovskite solar cells have been paid considerable attention due to their economical and highly efficient
conversion of solar energy into electricity.”® The perovskite solar cells are composed of a perovskite/
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mesoporous TiO, layer sandwiched between layers of electron-transporting TiO, and a hole transporting
material (HTM). Absorption of sunlight by the perovskite generates electron—hole pairs, which then transport
through TiO, and HTM, before getting collected at the electrodes. Organic HTMs are serving as good
candidates for the performance perovskite solar cells’'*. For example 2,2'7,7-tetrakis(N,N-di-p-methoxy
phenylamine) 9,9'-spirobifluorene (Spiro-OMeTAD) has been reported to exhibit higher efficiency (19.3%).>"
" The achievable maximum value of power conversion efficiency (PCE) is 20% , the reported PCE of single
cells and polymer tandem solar cells is over 10%. P-type metal oxides, such as NiO, MoO3, and WO3, have
been successfully applied as a hole transport layer (HTL) to increase the PCE of PSCs'’. Apart from inorganic
metal oxides, poly(3,4-ethylenedioxythiophene) : poly(styrenesulfonate) reported to show efficient hole
extraction and transportation. Due to the strenuous synthetic procedure and the extremely high coast of Spiro-
OMEeTAD scientists continuously putting their efforts to develop a low cost and effective HTM for the solar
energy conversions.

Triphenylamine-based HTMs

Triphenylamine-based HTMs have shown promising results. Kroeze et al.'’ synthesized and tested
different triarylamine oligomers of varying conjugation lengths showing that small, low- molecular-weight hole
conductors present the best hole-transfer yields and pore filling in the amorphous phase. Leijtens et al.'® New
hole transport polymers have been prepared through copolymerization of a fluorinated triphenyl diamine
derivative and trimethoxyvinylsilane. Organic light-emitting diodes containing these polymers show decreased
operating voltages and enhanced operational stability due to improved interfacial contact between the hole
transport layer and the anode”. A triphenylamine derivative 4,4¢ 4¢¢-tris(N-3-methylphenyl-N-(9-
ethylcarbazyl-3)amino)triphenylamine (PCATA) was reported® by Jiuyan Li et al. The introduction of PCATA
into the standard NPB/Alq3 OLED as the hole injecting and transporting layer reported to enhance the device
efficiency to 5.7 cd/A and 2.2 lm/W.

The star-shaped oligo triarylamines with planar triphenylamine core and peripheral triarylamine groups,
namely FATPA-T and FATPA-Cz, were reported with the following features: (i) excellent thermal stabilities
with quite high glass transition temperatures (ii) good solution-processability; (iii) good hole mobility, efficient
hole injection, and electron-blocking functions. Furthermore, their optoelectronic properties can be modulated
by the peripheral triarylamine groups. For example, FATPA-T with triphenylamine peripheries shows the
significantly red shifted absorption and emission, as well as the small band gap as compared to FATPA-Cz with
carbazole peripheries. Double-layer Alg3-emitting OLEDs using FATPA-T or FATPA-Cz as hole transport
layer by spin-coating method were fabricated.
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According to Zuoquan Jiang et al the optimized three-layer Alq3-emitting OLEDs with FATPA-Cz and
NPB as double hole-transport layers exhibit the current efficiency of 6.83 cd/A. The advantages of solution
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processablity and very high Tg make the star-shaped oligotriarylamines ideal substitutes for conventional
arylamines as hole-inject and hole-transport materials®'.

By irradiation with polarized light, azo dyes undergo photoselective isomerization cycles, leading to a
reorientation preferably into the plane perpendicular to the polarization direction and therefore to a change in
the refractive index ellipsoid. The final orientation is a state in which the molecules cannot be excited again
because their transition dipole moment and the polarization direction are perpendicular to each other. By
uniform irradiation of an isotropic film with polarized light, uniaxial negative birefringence is induced. Gratings
recorded in azo side chain polymers by intensity holography as well as polarization holography using this
reorientation principle have been reported by different groups. The N,N¢-bis(phenyl)-N,N¢-bis((4-phenylazo)-
phenyl)benzidine reported to serves as grating structures in multilayer devices™.
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Squaraine-based HTMs

Squaraines are a class of dyes with resonance stabilized zwitterionic structure. Squaraines typically
contains an electron deficient central four membered ring and two electron-donating groups in a donor—
acceptor—donor (D—A-D) form. They come under the class of functional dyes which are important in photon
based technologies for optical data storage and communication. Imaging ** ** nonlinear optics™ ** *’
photovoltaics,*® ***° photodynamic therapy®' and ion sensing.**

Spiro compounds as HTMs

It is known that 9,9’-spirobi[9H-fluorene] (SBF) is a spiro-molecule with an orthogonal molecular
structure, where two planar fluorene units are connected through a spiro-sp® carbon. This rigid and orthogonal
core serves as an excellent building block for constructing novel 3D molecules. In addition, a better solubility
and less intensive intermolecular interaction of the final molecules would be expected for its nonplanar
molecular structure.> However, only a few PDI derivatives based on this well-known spiro-core were reported
in the literature.***” 9,9’-spirobi[9H-fluorene]-cored perylenediimide derivative were synthesized as a non-
fullerene acceptor in organic solar cells®,

Charge carrier mobility was reported to influence the device performance. Among tested organic
materials some triaryldiamines exhibit hole mobilities exceeding 10° cm” V' s™', were used as hole transporting
materials in organic light-emitting diodes (OLED) and in xerography.*® These compounds, however, often
possess poor morphological stability, which results low reliability in optoelectronic devices. Obviously
structural modifications on these triaryldiamines will improve the morphological stability. The introduction of
spiro-type linkages, covalently bridged orthogonal structural configurations can lead the triarylamine
derivatives to exhibit higher values of Tg. The Salbeck group established a tetrasubstituted spirobifluorene
based amine, 2,2',7,7'-tetrakis(diphenylamino)-9,9"-spirobifluorene (spiro-TAD) with improved morphological
stability (7g = 133 °C).4 More importantly, the three-dimensional structural feature of spiro-TAD allows it to
exhibit remarkable hole transport properties.*
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2,2(E-bis[di-(4-tert-butylphenyl)amino]-9,9(E-spirobifluorene)

The systematic study on the hole transport properties of 2,7- and 2,2'-disubstituted spirobifluorene-
based triaryldiamines and the parent nonspiro- linked model compound, N,N,N',N'-tetraphenylbenzidine (TPB)
was reported by Yuan-Li Liao et al. They found that the introduction of a spirobifluorene unit as a central core
is highly beneficial. The physical properties can be altered through modification of the substitution pattern of
the spirobifluorene core and the nature of the aryl groups on the diarylamino substituents. Which provide a
better undeﬁastanding on the structural requirements and hole mobility of spirobifluorene-based triaryldiamine
derivatives™ .

Conclusion:

In order to meet the growing needs for energy, finding out the alternative energy resources are must.
One of the best alternative resources is solar energy, the conversion of solar energy into electrical energy at
reasonably low coast can be achieved by dye sensitized solar cells, and continuous attention is being paid to till
date improve the performance and to reduce the coast of production this review has briefly discussed few
important compounds of current interest and improvement. The spiro derivatives proved as the better
counterparts their combination with pervoskite materials led to increase the life time and efficiency.

References

1. Domenico Alberga, Giuseppe Felice Mangiatordi, Frédéric Labat, Ilaria Ciofini, Orazio Nicolotti,
Gianluca Lattanzi, and Carlo A J. Phys. Chem. C 2015, 119, 23890—23898.

2. Kim, H.-S.; Lee, C.-R.; Im, J.-H.; Lee, K.-B.; Moehl, T.; Marchioro, A.; Moon, S.-J.; Humphry-Baker,
R.; Yum, J.-H.; Moser, J. E. Lead Iodide Perovskite Sensitized All-Solid-State Submicron Thin Film
Mesoscopic Solar Cell with Efficiency Exceeding 9%. Sci. Rep. 2012, 2, 591.

3. Lee, M. M.; Teuscher, J.; Miyasaka, T.; Murakami, T. N.; Snaith, H. J. Efficient Hybrid Solar Cells
Based on Meso-Superstructured Organometal Halide Perovskites. Science 2012, 338, 643—647.

4.  Kojima, A.; Teshima, K.; Shirai, Y.; Miyasaka, T. Organometal halide perovskites as visible-light
sensitizers for photovoltaic cells. J. Am. Chem. Soc. 2009, 131, 6050—6051.

5. Lee, M. M.; Teuscher, J.; Miyasaka, T.; Murakami, T. N.; Snaith, H. J. Efficient hybrid solar cells
based on meso-superstructured organometal halide perovskites. Science 2012, 338, 643—647.

6. Burschka, J.; Pellet, N.; Moon, S.-J.; Humphry-Baker, R.; Gao, P.; Nazeeruddin, M. K.; Gritzel, M.
Sequential deposition as a route to high-performance perovskite-sensitized solar cells. Nature 2013,
499, 316-319.

7. Zhou, H.; Chen, Q.; Li, G.; Luo, S.; Song, T.-B.; Duan, H.-S.; Hong, Z.; You, J.; Liu, Y.; Yang, Y.
Interface engineering of highly efficient perovskite solar cells. Science 2014, 345, 542—546.



S. Sarveswari /International Journal of ChemTech Research, 2016,9(3),pp 623-628. 627

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kim, H.-S.; Lee, C.-R.; Im, J.-H.; Lee, K.-B.; Moehl, T.; Marchioro, A.; Moon, S.-J.; Humphry-Baker,
R.; Yum, J.-H.; Moser, J. E.; Gritzel, M.; Park, N.-G. Lead iodide perovskite sensitized all-solid state
submicron thin film mesoscopic solar cell with efficiency exceeding 9%. Sci. Rep. 2012, 2, 591.

Heo, J. H.; Im, S. H.; Noh, J. H.; Mandal, T. N.; Lim, C.-S.; Chang, J. A.; Lee, Y. H.; Kim, H.-j.;
Sarkar, A.; Nazeeruddin, M. K.; Gritzel, M.; Seok, S. 1. Efficient inorganic-organic hybrid hetero
junction solar cells containing perovskite compound and polymeric hole conductors. Nat. Photonics
2013, 7, 486—491.

Qin, P.; Pack, S.; Dar, M. L; Pellet, N.; Ko, J.; Gritzel, M.; Nazeeruddin, M. K. Perovskite Solar Cells
with 12.8% Efficiency by Using Conjugated Quinolizino Acridine Based Hole Transporting Material. J.
Am. Chem. Soc. 2014, 136, 8516—8519.

Liu, J.; Wu, Y.; Qin, C.; Yang, X.; Yasuda, T.; Islam, A.; Zhang, K.; Peng, W.; Chen, W.; Han, L. A
dopant-free hole-transporting material for efficient and stable perovskite solar cells. Energy Environ.
Sci. 2014, 7, 2963-2967.

Choi, H.; Park, S.; Pack, S.; Ekanayake, P.; Nazeeruddin, M. K.; Ko, J. Efficient star-shaped hole
transporting materials with diphenylethenyl side arms for an efficient perovskite solar cell. J. Mater.
Chem. A 2014, 2, 19136—19140.

Krishna, A.; Sabba, D.; Li, H.; Yin, J.; Boix, P. P.; Soci, C.; Mhaisalkar, S. G.; Grimsdale, A. C. Novel
hole transporting materials based on triptycene core for high efficiency mesoscopic perovskite solar
cells. Chem. Sci. 2014, 5, 2702—2709.

Li, H.; Fu, K.; Hagfeldt, A.; Gritzel, M.; Mhaisalkar, S. G.; Grimsdale, A. C. A Simple 3,4-
Ethylenedioxythiophene Based Hole-Transporting Material for Perovskite Solar Cells. Angew. Chem.,
Int. Ed. 2014, 53, 4085—4088.

Hong Wang, Arif D. Sheikh, Quanyou Feng, Feng Li, Yin Chen, Weili Yu, Erkki Alarousu, Chun Ma,
Md Azimul Haque, Dong Shi, Zhong-Sheng Wang, Omar F. Mohammed, Osman M. Bakr, and Tom
Wau. Facile Synthesis and High Performance of a New Carbazole-Based Hole-Transporting Material for
Hybrid Perovskite Solar Cells, ACS Photonics 2015, 2, 849—855.

Junghwan Kim, Heejoo Kim, Geunjin Kim,§ Hyungcheol Back,§ and Kwanghee Lee. Soluble
Transition Metal Oxide/Polymeric Acid Composites for Efficient Hole-Transport Layers in Polymer
Solar Cells. ACS Appl. Mater. Interfaces 2014, 6, 951-957

Kroeze, J. E.; Hirata, N.; Schmidt-Mende, L.; Orizu, C.; Ogier, S. D.; Carr, K.; Gritzel, M.; Durrant, J.
R. Parameters Influencing Charge Separation in Solid-State Dye-Sensitized Solar Cells Using Novel
Hole Conductors. Adv. Funct. Mater. 2006, 16, 1832—1838.

eijtens, T.; Ding, 1.-K.; Giovenzana, T.; Bloking, J. T.; McGehee, M. D.; Sellinger, A. Hole Transport
Materials with Low Glass Transition Temperatures and High Solubility for Application in Solid-State
Dye-Sensitized Solar Cells. ACS Nano, 2012, 6, 1455—1462.

Erika Bellmann, Ghassan E. Jabbour, Robert H. Grubbs and Nasser Peyghambarian . Hole ransport
Polymers with Improved Interfacial Contact to the Anode Material Chem. Mater. 2000, 12, 1349-1353).

Jiuyan Li, Chunwah Ma, Jianxin Tang, Chun-Sing Lee, and Shuittong Lee Novel Starburst Molecule as
a Hole Injecting and Transporting Material for Organic Light-Emitting Devices Chem. Mater. 2005, 17,
615-619.

Zuoquan Jiang, Tengling Ye, Chuluo Yang, Dezhi Yang, Minrong Zhu, Cheng Zhong, Jingui Qin and
Dongge Ma Star-Shaped Oligotriarylamines with Planarized Triphenylamine Core: Solution-
Processable, High-Tg Hole-Injecting and Hole-Transporting Materials for Organic Light-Emitting
Devices. Chem. Mater. 2011, 23, 771-777.

Synthesis and properties of a hole-conducting, photopatternable molecular glass. Thomas Fuhrmann
and Tetsuo Tsutsui Chem. Mater. 1999, 11, 2226-2232.

A. C. Tam, Optoacoustic determination of photocarrier generation efficiencies of dye filmsAppl. Phys.
Lett., 1980, 37, 979.

K.-Y. Law, Organic photoconductive materials: recent trends and developments. Chem. Rev., 1993, 93,
449-486.

C. W. Dirk, W. C. Herndon, F. Cervantes-Lee, H. Selnau, S. Martinez, P. Kalamegham, A. Tan, G.
Campos, M. Velez, I. Zyss, 1. Ledoux and L.-T. Cheng, Squarylium Dyes: Structural Factors Pertaining
to the Negative Third-Order Nonlinear Optical Response J. Am. Chem. Soc., 1995, 117, 2214-2225.

G. J. Ashwell, G. Jefferies, D. G. Hamilton, D. E. Lynch, M. P. S. Roberts, B. S. Bahra and C. R.
Brown, Strong second-harmonic generation from centrosymmetric dyes Nature, 1995, 375, 385-388.


http://scitation.aip.org/content/aip/journal/apl/37/11/10.1063/1.91725

S. Sarveswari /International Journal of ChemTech Research, 2016,9(3),pp 623-628. 628

27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.

M. Furuki, L. S. Pu, F. Sasaki, S. Kobayashi and T. Tani, Monomolecular layer of squarylium dye J
aggregates exhibiting a femtosecond optical response of delocalized excitons Appl. Phys. Lett., 1998,
21, 2648-2650.

M. Iwamoto and S. Shidoh, Jpn. J. Appl. Phys., 1990, 29, 2031.

V. Y. Merrit and H. J. Hovel, Appl. Phys. Lett., 1976, 29, 414.

D. L. Morel, A. K. Ghosh, T. Feng, E. L. Stogryn, P. E. Purwin, R. F. Shaw and C. Fishman, Appl.
Phys. Lett., 1978, 32, 495.

R. Bonnett, Chemical Aspects of Photodynamic Therapy, Gordon and Breach, Amsterdam, 2000; D.
Ramaiah, I. Eckert, K. T. Arun, L. Weidenfeller and B. Epe, Photochem. Photobiol., 2002, 76, 672; D.
Ramaiah, I. Eckert, K. T. Arun, L. Weidenfeller and B. Epe, Photochem. Photobiol., 2004, 79, 99.

A. Ajayaghosh, Acc. Chem. Res., 2005, 38, 449.

T. P. Saragi, T. Spehr, A. Siebert, T. Fuhrmann-Lieker and J. Salbeck, Chem. Rev., 2007, 107, 1011—
1065.

Q. Yan, Y. Zhou, Y.-Q. Zheng, J. Pei and D. Zhao, Chem. Sci., 2013, 4, 4389—4394,

X. Zhang, J. Yao and C. Zhan, Chem. Commun., 2015, 51, 1058-1061.

Y. Liu, C. Mu, K. Jiang, J. Zhao, Y. Li, L. Zhang, Z. Li, J. Y. Lai, H. Hu, T. Ma, R. Hu, D. Yu, X.
Huang, B. Z. Tang and H. Yan, Adv. Mater., 36. 15, 27, 1015-1020.

J. Zhao, Y. Li, H. Lin, Y. Liu, K. Jiang, C. Mu, T. Ma, J. Y. Lin Lai, H. Hu, D. Yu and H. Yan, Energy
Environ. Sci., 2015, 8, 520-525.

Jinduo Yi,ab Yiling Wang,ab Qun Luo,a Yi Lin,c Hongwei Tan,d Hongyu Wangb and Chang-Qi Ma
chemcomml]. (a) Strohriegl, P.; Grazulevicius, J. V. AdV. Mater. 2002, 14, 1439.

Fong, H. H.; Lun, K. C.; So, S. K. Chem. Phys. Lett. 2002, 407, 353.

Yuan-Li Liao, Wen-Yi Hung, Tei-Hung Hou, Chi-Yen Lin and Ken-Tsung Wong Hole Mobilities of
2,7- and 2,2'-Disubstituted 9,9'-Spirobifluorene-Based Triaryldiamines and Their Application as Hole
Transport Materials in OLEDs Chem. Mater. 2007, 19, 6350—6357.

%k Kk %k k



	25. C. W. Dirk, W. C. Herndon, F. Cervantes-Lee, H. Selnau, S. Martinez, P. Kalamegham, A. Tan, G. Campos, M. Velez, I. Zyss, I. Ledoux and L.-T. Cheng, Squarylium Dyes: Structural Factors Pertaining to the Negative Third-Order Nonlinear Optical Response J. Am. Chem. Soc., 1995, 117, 2214-2225.
	27. M. Furuki, L. S. Pu, F. Sasaki, S. Kobayashi and T. Tani, Monomolecular layer of squarylium dye J aggregates exhibiting a femtosecond optical response of delocalized excitons  Appl. Phys. Lett., 1998, 21, 2648-2650.

