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Abstract Although room temperature ionic liquids (RTILs) themselves are green solvents, their green synthesis faces great
challenges actually. Mechanochemistry is developing as a new discipline with the advantages of solvent-free, green processes
without high temperature and pressure. In this work, we obtained 1-methyl-3-benzyl-imidazolium iodide by directly mixing
iodobenzenemethane and N-methylimidazole in a planetary ball mill using mechanochemical synthesis, and applied the
product to passivate crystal defect energy levels in printable mesoscopic perovskite solar cells. Unlike ordinary thermochem-
ical reactions, the reaction power of mechanochemistry is mechanical energy rather than thermal energy, so the reaction can
be completed without high temperature, high pressure and other harsh conditions, and the whole experimental process is
green and convenient. After dosage optimization, the short-circuit current density (Jsc), fill factor (FF) and photoelectric
conversion efficiency (PCE) of the solar cells increase from 16.19 mAscm2, 68.04% and 10.00% to 17.59 mA<cm2, 71.89%
and 11.47%, respectively. Combining scanning electron microscopy (SEM) images, X-ray diffraction (XRD) tests, photolu-
minescence (PL) tests, time-resolved fluorescence spectroscopy (TRPL) tests, and X-ray photoelectron spectroscopy (XPS),
we demonstrated that, on the one hand, the lone pair of electrons of the nitrogen atom on the imidazole ring has a dispersing
effect on the charge of uncoordinated Pb?>" on the surface of the perovskite crystal, and on the other hand, the electrostatic
interaction between the large m-bonded electron cloud of the benzene ring and I" has an inhibiting effect on the migration of
I, which in turn constrains the capture of excited state electrons by Pb?*" and iodine vacancies. Thus, we believe that the in-
troduction of the rational ionic liquid 1-methyl-3-benzyl-imidazolium iodide effectively enhances the short-circuit current
density (Jsc) of the device, which opens a new pathway for the preparation and synthesis of new high-performance pas-
sivators.
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Figure 1 Schematic diagram of ionic liquid from mechanochemical preparation, to solar cell assembly and basic structure (including passivation sites)
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Figure 2 Cross-section SEM images of (a) control device and (b) IL-30 device; crystallization of perovskite on TiO, surface of (c) control device and (d)

TL-30 device
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Figure 3 XRD patterns on TiO, (a) and ZrO, (b) substrates based on control device and IL-30 device
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Figure 5 XPS images of perovskite membranes of control device and IL-30 device
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Table 1 Photovoltaic performance parameters of printable mesoscopic
perovskite solar cells based on the control group, IL-20, IL-30 and IL-40

FE VolV. Jo/(mAscn?) FF/% PCE/%
Control 0.91 16.19 68.04 10.00
IL-20 0.89 16.70 72.57 10.82
IL-30 0.91 17.59 71.89 11.47
IL-40 0.90 18.60 66.03 11.00
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Figure 6 (a) J-V characteristic curves of perovskite solar cells; (b) monochromatic incident light photovoltaic conversion efficiency profile (IPCE) and
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Acta Chim. Sinica 2022, 80, 1469—1475

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1473

http://sioc-journal.cn



R F F R

x>
x>

W@

}

4 SCIGERSY

41 ZHEHR

MR B B . N-FZEBKPEI 5 TCL AL T (PbL)
A R E(MAD I B ARG B eI A FR A A5 Tio, 2
BH1SNRT)IW H K F ) GreatCell Solar A H]; Jo/K
GBL(y- T B8 H Acros; ZrO, Flfk 22 g8 Kok R H
R ERE A R A F. Fra M es S8R G A
H, R&dt—Daifk.

42 IWHE
421 BT RARGF &

(1) FH % 00k 70 1) W ECAMAR 28 HH 452 (890 wL, 7.00
mmol) A1 N-FFEBKM(1.27 mL, 15.77 mmol), JIAZ]—
A~ 250 mL AW ERES, I 62 MEEER(EAE 0.5
cm), JAANATEEREENL, A 500 r/min FFEEE 1 h. A
A N AR E] 7 Fis.

-
N

L, N7 N—CH, N? “N—CH,
\—/ ” \—/

Bl 7 1-HIE-3- AR & i AR
Figure 7 Synthesis of 1-methyl-3-benzyl imidazolium iodide

(2) S 58 B S v H1 B S0, A B R B A R 4T R
Rk, B RS, IR EREY &7
R, R R 205 . DCM( G B8 3E T 2 E
I3 R IG5 R (L VA

(3)HK. DCM &R =k, ml)E, B B
DCM, FIFliedk 7&Kk 8500 78 r/min MIEEH# . 65 C41t
TS B ORI A

(DX H AT A RE(H NMR)HIRAE, #hilIik
SR I IE
422 KA AT SRR R IR A B A

ERZFEMD, MEE SRR SR A
1.3 mL DMF(—F5E FEEBE G, L e i i, 1921
WA, 1A — R RO 27 mg MACI(FF RS
1bJ%), 159 mg MAL 480 mg Pbl,, JFINAi&E & DMF, 58
B MAPDI; BT IR . X 1 L ¥ A ] 200
uL MAPDI; IR, REE). M EFIEI,
23 53 ELBE AN 20, 30 1 40 mg 1-F -3 F bk nae i 53]
FIT ] £ BVES R AT SRR VR R, BRI, RSN
IL-20, IL-30 £ TL-40.

423 KMt b B mE

i AR AT 2 moleL ! ff SRR 2 1 %1 0 5 U S Ak
BH(FTO) T FLIHE. K570 Bl S i v I B SRk R 8
TR TAERFITE/K £ BE A 8 7 i 6 30 min. 1 W1 55 44
fRH AR % B0 Ti0, )2, K FTO BEIBTE 500 C i,
HHs 10 mL 55 P SEUE 00 2195 7R A Ak v I 3 E. FTO

1474 http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FHIR F, BTS2 RG] T I 28 R N g JE ER Ak
orf, CAILTEREUR 1) TiO, |2, B TE 500 C R hedh
30 mintBl B EIZE =R G, FIHZMERINESEE L
FEVRIAFL TiO2 |2 ZrO, EMIR)Z, FFTE 400 C TRk
4530 min. #1250 CJa, F 4.5 pL 8560 BA R &
TS B VSR AT IR A MM TEN LR ZE b, SR )5
7E 60 C FiB<k 2.5 h!'2,
424 MEALE

K PH A8 HEL A P 2 FEL YA 25— H S (J- D) R o 2R A2 7
AML.5 Fr#EFETR(100 mWeem ), # ] Oriel 91106 &
FHRERL I AR (35 [E] Newport A 5] A2 77), LA 20 mVes™ (1H]
Hi3% R T il Keithley 2400 $E 5 3 KAEKIE. Frald
(R BH A B A 2O AR 29 0.64 cm?, FFAE J-1 BIK
IR T KRR (AN 0.0875 cm?). BLE NG
It BB 45 80K (IPCE) Y6 i B Newport-74125 & 4t
(Newport Instruments) 3K 75 . F 1k 2% FH B0 3 (EIS) M| 7E
Zahner Ennium HLALZ TAESE B, BiRJEEN 1
Hz~3.92 MHz.
425 ke EeitE

i B A5 ER R K BH BE L b I A 1 DA 3 BTN S 40
B M EREE (o) TFHBHEIEVo). HEFEH T (FF)
A H 45 0% (PCE).

Jsc: K BH BE HL I AE A B 5 T B AR B e,
F I L ) LR

Voc: N BH R FLIBAE 6 25 11 T I HE o . e,
FEL VR P B L R

FF: FF = Puax/(Jsc*Voc), Pumax A5 K HiH T2,

PCE: PCE = Prax/Prighi, 42 A BH BE FEIth ¥ I K8
T 5 NG K BH 6 1 BE B (Pign) 2 EL.

b Jse, Voo 1 Prax 2R B J-V 2R B,

References

[1] Kojima, A.; Teshima, K.; Shirai, Y.; Miyasaka, T. J. Am. Chem. Soc.
2009, /31, 6050.

[2] Chen, H.; Ye, F.; Tang, W.; He, J.; Yin, M.; Wang, Y.; Xie, F.; Bi, E.;
Yang, X.; Gritzel, M.; Han, L. Nature 2017, 550, 92.

[3] Malinkiewicz, O.; Yella, A.; Lee, Y. H.; Espallargas, G. M.; Gritzel,
M.; Nazeeruddin, M. K.; Bolink, H. J. Nat. Photonics. 2014, 8, 128.

[4] Xie, J.-S.; Huang, K.; Yu, X.-G.; Yang, Z.; Xiao, K.; Qiang, Y.-P;
Zhu, X.-D.; Xu, L.-B.; Wang, P.; Cui, C.; Yang, D.-R. ACS Nano
2017, 11,9176.

[5] Jeon, N. J.; Na, H.; Jung, E. H.; Yang, T.-Y.; Lee, Y. G; Kim, G,;
Shin, H.-W.; Seok, S. L.; Lee, J.; Seo, J. Nat. Energy 2018, 3, 682.

[6] Sahli, F.; Werner, J.; Kamino, B. A.; Brauninger, M.; Monnard, R.;
Paviet-Salomon, B.; Barraud, L.; Ding, L.; Leon, J. J. D.; Sacchetto,
D.; Cattaneo, G.; Despeisse, M.; Boccard, M.; Nicolay, S.; Jeangros,
Q.; Niesen, B.; Ballif, C. Nat. Mater. 2018, 17, 820.

[7] Rowlands, S. A.; Hall, A. K.; McCormick, P. G,; Street, R.; Hart, R.
J.; Ebell, G. F.; Donecker, P. Nature 1994, 367, 223.

Moores, A. Chem. Soc. Rev. 2021, 50, 8279.

[9] Xu, L. Ph.D. Dissertation, East China University of Science and
Technology, Shanghai, 2020 (in Chinese). (&%, L&, HR
TR, L, 2020)

[10] Chen, Y.; Ma, D.; Wang, Z.-Q.; He, J.-S.; Gong, X.-Q.; Wu, W.-J.
Adv. Mater. Interfaces 2022, 2200326.

Acta Chim. Sinica 2022, 80, 1469—1475



e ¥ %

[11] Ming, Y.; Hu, Y.; Mei, A.-Y.; Rong, Y.-G.; Han, H.-W. J. Inorg. Ma- [13] Gao, P.-Y.; Fan, X.-Y.; Li, J.-K.; Guo, P.-C.; Huang, L.-Q.; Sun, J.;
ter: 2022, 37, 197 (in Chinese). (B, W13, M2, %6, Zhu, H.; Wang, Y.-X. Mater. Rev. 2022, 36, 17 (in Chinese). (=%
T, AR, 2022, 37, 197.) 78, WHIE, BFERL PR, HEE, ME, kB, THE, M

[12] Luo, Y.; Zhu, C.-T.; Ma, S.-P;; Zhu, L.; Guo, X.-Y.; Yang, Y. Chin. J. HF48, 2022, 36, 17.)

Phys. 2022, 71, 390 (in Chinese). (F'4%, AME, A5, Hxi, (Cheng, B.)

TEak, MY, HIZS 4R, 2022, 71,390.)

Acta Chim. Sinica 2022, 80, 1469—1475 © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1475




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


