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Abstract Inorganic-organic hybrid perovskite-like materials have attracted widespread attention due to their tunable struc-
ture and unique optoelectronic properties. By simply changing the size of the organic cations, the structural dimensions of
inorganic-organic hybrid perovskite-like materials can be adjusted. However, most of the research were carried out by select-
ing different types of organic cationic ligands, which is not conducive to the study of structure-activity relationship. Herein,
by choosing different alkylation solvents, the control of dimensions and performance of inorganic-organic hybrid perov-
skite-like materials was realized when the reaction precursors were consistent. Two new inorganic-organic hybrid materials
were synthesized in situ by a simple one-step hydrothermal method, that were two-dimensional (2D)
[(Me3;)ODA(Mes)]3Pbsl;s (1) and one-dimensional (1D) [H(Et)ODA(Et,)H]Pb,Is*H,O (2) (ODA =4.,4-diaminodiphenyl
ether). Compound 1 is consisted by 2D inorganic perovskite-like network layers and [(Me;)ODA(Mes)]*” organic dications,
while compound 2 is composed by 1D inorganic perovskite-like chains, [H(Et,)ODA(Et,)H]*" and water molecules. Com-
pound 1 and 2 showed different structures and exhibited different stability, optoelectronics, and humidity sensitivity. The
methylated compound 1 showed an obvious photoelectric response under visible light illumination (400~790 nm), and the
ethylated compound 2 exhibited no photoelectric response. Compound 2 presented better stability to water and organic sol-
vents compared to compound 1, which can be as an ideal candidate in fabricating smart and efficient sensors for humidity
detection. The chemiresistive humidity sensor based on compound 2 showed an investigated response in the wide relative
humidity (RH) (10%~100%) at room temperature. The sensor showed a high sensitivity in the range of 10%~100% RH and
good cycle stability. Tt displayed 10°-fold increase toward 100% RH. The sensing mechanism of the compound 2 based hu-
midity sensor was further studied by direct current (DC) instantaneous reverse polarity method, which proved that the mois-
ture responsiveness was dominated by electronic conduction, and the free transmission of electrons dominated the change of
material’s conductivity.
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Figure 1 (a) Coordination mode of the smallest asymmetric unit of
Pbsli*, (b) 2D layered structure consisted of Pbsli*, (c) 3D stacking of
[(Me;)ODA(Me;)]3Pbsli, (d) coordination mode of the smallest asym-
metric unit of Pb,I¢>, (e) 1D chain structure comprised of Pb,l¢>” and ®
3D stacking of [H(Et,)ODA(Et,)H]Pb,l¢*H,O (for clarity, the H atom is
omitted)
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Figure 2 Simulated and experimental PXRD patterns of (a) compound 1 and (b) compound 2, and their PXRD patterns after immersing in different sol-

vents at room temperature for 2 h
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References

[1] Usoltsev, A. N.; Elshobaki, M.; Adonin, S. A.; Frolova, L. A
Derzhavskaya, T.; Abramov, P. A.; Anokhin, D. V.; Korolkov, L. V.;
Luchkin, S.Y.; Dremova, N. N. J. Mater. Chem. A 2019, 7, 5957.

[2] Kamminga, M. E.; Fang, H. H.; Filip, M. R.; Giustino, F.; Baas, J.;
Blake, G. R.; Loi, M. A_; Palstra, T. T. M. J. Chem. Mater. 2016, 28,
4554,

[3] Van Gompel, W. T. M.; Herckens, R.; Denis, P.-H.; Mertens, M.;
Gélvez-Rueda, M. C.; Van Hecke, K.; Ruttens, B.; D’Haen, J.; Gro-
zema, F. C.; Lutsen, L. J. Mater. Chem. C 2020, 8, 7181.

[4] Glushkova, A.; Arakcheeva, A.; Pattison, P.; Kollar, M.; Andricevi¢,
P.; Nafradi, B.; Forro, L.; Horvath, E. CrystEngComm 2018, 20,
3543.

[5] Liu, S, Z.; Chen, Y, Q.; Peng, H, Q.; Ji, Q.; Wang, X, X.; Wei, L, J.;
Zhong, Q, Y.; Chen, W, T. J. Solid State Chem. 2021, 299, 12270.

[6] Zhang, J. D.; Guo, S. S.; Zhu, M. Q.; Li, C.; Chen, J. G; Liu, L. Z.;
Xiang, S. C.; Zhang, Z. J. Chem. Eng. J. 2020, 127328.

[7] Sun, P;; Ma, F.; Liu, S. X. Chin. Sci. Bull. 2011, 56, 908 (in Chi-
nese). (PN, TRV, XIRER, #5841, 2011, 56, 908.)

[8] Ksiadzyna, M.; Gagor, A.; Piecha-Bisiorek, A.; Cizman, A.;
Medycki, W.; Jakubas, R. J. Mater. Chem. C 2019, 7, 10360.

[9] Huang, G.; Zhou, H.; Wang, C.; Kashi, C.; Ye, X.; Li, W.; Wang, G.
E.; Xu, G. Inorg. Chem. Commun. 2021, 128, 108581.

[10] Cai, M.; Wang, G. E.; Yao, M.; Wu, G; Li, Y.; Xu, G. Inorg. Chem.
Commun. 2018, 93, 42.

[11] Song, Z.; Zhao, J.; Liu, Q. Inorg. Chem. Front. 2019, 6, 2969.

[12] Liu, G. N.; Zhao, R. Y.; Xu, B.; Sun, Y. Q.; Jiang, X. M.; Hu, X.; Li,
C. C. ACS Appl. Mater. Interfaces 2020, 12, 54694.

[13] Ye, S. Y,; Liu, Z. W,; Bian, Z. Q.; Huang, C. H. Acta. Chim. Sinica
2015, 73, 193 (in Chinese). (W-#x =, XI&E M, TR, HHEE
F 45,2015, 73, 193.)

[14] Mitzi, D. B. J. Chem. Soc., Dalton Trans. 2001, 1, 12.

[15] Borriello, I.; Cantele, G.; Ninno, D. Phys. Rev. B 2008, 77, 235214.

[16] Mitzi, D. B.; Wang, S.; Field, C. A.; Chess, C. A.; Guloy, A. Science
1995, 267, 1473.

[17] Wang, S.; Mitzi, D. B.; Field, C. A.; Guloy, A. J. Am. Chem. Soc.
1995, 117, 5297.

[18] Weber, O. J.; Marshall, K. L.; Dyson, L. M.; Weller, M. T. Acta
Cryst. B2015, 71, 668.

[19] Eperon, G. E.; Stranks, S. D.; Menelaou, C.; Johnston, M. B.; Herz,
L. M.; Snaith, H. J. Energy Environ. Sci. 2014, 7, 822.

[20] Liu, G; Liu, J.; Sun, Z.; Zhang, Z.; Chang, L.; Wang, J.; Tao, X;
Zhang, Q. Inorg. Chem. 2016, 55, 8025.

[21] Yang, D.; Zhang, X.; Hou, Y.; Wang, K.; Ye, T.; Yoon, J.; Wu, C,;
Sanghadasa, M.; Liu, S.; Priya, S. Nano Energy 2021, 84, 105934.

[22] Takeoka, Y.; Fukasawa, M.; Matsui, T.; Kikuchi, K.; Rikukawa, M.;
Sanui, K. Chem. Commun. 2005, 378.

[23] Li, C.; Wan, J.; Zheng, Y.; Dong, W. Mater. Lett. 2012, 76, 187.

[24] Bu, Q.; Wang, G. E.; Xu, G; Long, X.; Xia, Y. Inorg. Chem. Com-

http://sioc-journal.cn 465



o F 5 R

it

mun. 2020, 116.

[25] Zhang, L.; Li, Z. J.; Lin, Q. P; Qin, Y. Y.; Zhang, J.; Yin, P. X,;
Cheng, J. K.; Yao, Y. G. Inorg. Chem. 2009, 48, 6517.

[26] Que, C. J.; Mo, C. J.; Li, Z. Q.; Zhang, G. L.; Zhu, Q. Y.; Dai, J. In-
org. Chem. 2017, 56, 2467.

[27] Wei, Z.; Zhao, Y.; Jiang, J.; Yan, W.; Feng, Y.; Ma, J. Chin. Chem.
Lett. 2020, 31, 3055.

[28] Sun, J.; Wu, J.; Tong, X.; Lin, F.; Wang, Y.; Wang, Z. M. Adv. Sci.
2018, 5, 1700780.

[29] Lv, J. N.; Zeng, L. R.; Ma, J. Q.; Yue, C. Y. Inorg. Chem. Commun.
2020, /17, 107973.

[30] Wang, B.; Chen, H.; Guo, W.; Liu, Y.; Han, S.; Hua, L.; Tang, L.;
Luo, J.; Sun, Z. J. Mater. Chem. C 2021, 48, 17349.

[31] McGrath, F.; Ghopade, U.; Ryan, K. M. J. Chem. Phys. 2020, 152,
174702.

[32] Zhou, J.; Huang, J. Adv. Sci. 2018, 5, 1700256.

466  http://sioc-journal.cn

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

[33] Haque, M. A,; Li, J. L.; Abdelhady, A. L.; Saidaminov, M. L.; Baran,
D.; Bakr, O. M.; Wei, S. H.; Wu, T. 4dv. Opt. Mater. 2019, 7,
1900865.

[34] Duan, H. B.; Yu, S. S.; Liu, S. X.; Zhang, H. Dalton Trans. 2017, 46,
2220.

[35] Tablero Crespo, C. Sol. Energy Mater. Sol. Cells 2019, 195, 269.

[36] Lin, Y.; Jiang, H. J.; Liang, G. L.; Deng, W. H.; Li, Q. H.; Li, W. H.;
Xu, G. CrystEngComm 2021, 23, 3549.

[37] Wang, L.; He, Y.; Hu, J.; Qi, Q.; Zhang, T. Sens. Actuators, B 2011,
153, 460.

[38] Yeh,Y.C.; Tseng, T. Y. J. Mater. Sci. 1989, 24, 2739.

[39] Zhang, T.; He, Y.; Wang, R.; Geng, W.; Wang, L.; Niu, L.; Li, X.
Sens. Actuators, B 2008, 131, 687.

[40] Wang, C. P;; Kashi, C.; Ye, X. L.; Li, W. H.; Wang, G. E.; Xu, G;
Chin. J. Struct. Chem. 2021, 40, 1138.

(Zhao, C.)

Acta Chim. Sinica 2022, 80, 460—466




<<
  /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


