
Over the recent years, organic-inorganic hybrid perovskite solar cells (PSCs) have been attracting a massive worldwide attention due to their low cost and facile fabrication. HTM is one of the quintessential components

required for the efficient and stable PSC devices. The hunt is now on for new organic semiconductors that are prepared by simple, cost-effective, and green chemistry without sacrificing the efficiency [1].

Is known that photodimerized carbazole is an attractive building block due to the simple, elegant and green synthesis [2]. Herein, we disclose the development of novel HTMs, which comprises cyclobutane as a new

structural core element for HTMs. Novel cyclobutane-based HTMs have been successfully applied in PSCs showing PCE up to 21%. Most importantly, to obtain novel HTMs we have applied protocols inspired by green

chemistry, for the first time presenting that HTMs for PSCs could be synthesized eliminating the use of hazardous substances in order to reduce the adverse environmental impact without sacrificing the efficiency.
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Scheme 1. Straightforward reaction scheme of fluorene enamine HTMs
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HTM Tm [oC] a) Tg [oC] a) Tdec [oC] a) λabs [nm]b) λem[nm]b) Ip [eV]c) μ0 [cm2 V–1 s–1] d)

V1244 - 122 416 291, 303 450 5.07 7.9×10-6

V1296 320 159 406 291, 304 435 5.37 1.7×10-4

V1297 - 162 382 289, 302 427 5.48 3.3×10-7

V1321 - 148 421 291, 306, 334 420 5.34 1×10-5

V1361 - 157 432 291, 315, 354 445 5.28 2.5×10-5

V1366 - 173 439 291, 309 459 4.77 3.5×10-5

V1367 - 215 477 291, 318 471 4.78 2.5×10-6

Table 1. Thermal, optical and photoelectrical properties of newly synthesized

compounds

a) Melting (Tm),

crystallization (Tc), glass

transition (Tg) and

decomposition (Tdec)

temperatures observed from

DSC and TGA, respectively

(10 ℃/min, N2 atmosphere);
b)Absorption and emission

spectra were measured in

THF solutions (10-4 M) c)

Ionization potential was

measured by the

photoemission in air method

from films; d) Mobility value

at zero field strength

HTM PCE (%)
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Fig. 1. (a) Thermogravimetric analysis (TGA) data; (b) UV-Vis absorption and photoluminescence spectra of V-series HTMs

in THF solution 10-4; (c) ionization potential; (d) electric field dependencies of the hole-drift mobility in the synthesized HTMs

And another issue of importance to commercialization is their large-scale production. Modules based on V1366 at a size of 6.5 cm × 7 cm were fabricated. The performance of module with high PCEs of 19.06%, as far as

we know, this is the highest non Spiro-OMeTAD system PSC modules photoelectric conversion efficiency.


