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Abstract—

,QWKLVVWXG\DVHTXHQWLDOGHSRVLWLRQSURFHV

VLVXVHG
IRUWKHIDEULFDWLRQRI3("27366EDVHGLQYHUWHGSOD
QDUSHURYVNLWH
VRODUFHOO$VPDOODPRXQWRIDGGLWLYHGHLRQLJHG
ZDWHU',.+2ZDV
DGGHGLQWR3E,'LPHWK\OIRUPDPLGH'0)SUHFXUVRUVR
OXWLRQLQ RUGHU WR LQFUHDVH WKH VROXELOLW\ RI
3E, LQ '0) DQG ILQDOO\ WR PDQLSXODWH WKH VXUIDFH
PRUSKRORJ\  RI  WKH SHURYVNLWH ILOPV $
PRUSKRORNWUDQVLWLRQIURPQHHGOHOLNHVWUXFW
XUHWRKH[DJRQDOSODWHV DQG WKHQ QHHGOHOLNH
DIDLQ KDV EHHQ REVHUYHG DV WKH '+2 ZDV
DGGHGFRQWLQXRXVO\ZWWRZW7KHODWWHURQHOHD
GVWRIXOO VXUIDFH FRYHUDJH RI WKH SHURYVNLWH
ZKLFK LV HVVHQWLDO IRU KLJK
SHUIRUPDQFHVRODUFHOO
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A. Synthesis of Methylamonium lodide (MAI)

PODQGPORIDTXDVROXWLRQVRIK\GURLRGLFDFLG
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VZLWKGLHWK\OHWKHU
ZKLFKFKDQJHGWKHFRORURIWKHSURGXFWIURPSDO
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B. Device Fabrication
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VSHURYVNLWH

ILOPFRQVLVWRIZW' +2

7JKHWKLFNQHVVRIWKHSHURY VNLWHDEVRUEHUO
D\HULVDNH\
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DEVRUEHUOD\HULVYHU\WKLQWKHQOHVVDPRXQW
JLISKRWRJUDSKRI'0)3E,SUHFXUVRUVROXWLRQVFRQVL |16k RWRQVLY DEVRUEHG UHVXOWLQJ L ORZ

YDULRXVDPRzg\I;J%gﬁ)GGLWLYH' ) SKRWRFXUUHQW +RZHYHU LI
’ SHURYVNLWHDEVRUEHUOD\HULV WRRWKLFNWKHQ

WKHHIILFLHQF\RI
WKHFKDUJHFDUULHUH[WUDFWLRQLVORZDQGFDUU
LHUUHFRPELQDWLRQ
EHFRPHVGRPLQDQW'HYLFHVEDVHGRQPHVRSRURXV
VWUXFWXUH
SDUWLDOO\DYRLGWKLVLVVXHE\SURYLGLQJIWKHOD
UJH7L20$3E,
LQWHUIDFLDOVXUIDFHDUHD+RZHYHULQWKHSODQ
DUKHWHURMXQFWLRQ GHYLFHV WKH VLWXDWLRQ
EHFRPHV ~ PRUH  SUREOHPDWLF LI  WKH
DEVRUEHUOD\HUWKLFNQHVVLVKLIKHUWKDQWKH
FDUULHUGLIIXVLRQ
OHQIWKSHFHQWVWXGLHVKDYHVKRZQWKDWLQSO
DQDUVWUXFWXUHWKH
SHURY VNLWHILOPWKLFNQHVVIURPQPQPFDQEHXVH
GIRU
WKHIDEULFDWLRQRIKLJKSHUIRUPDQFHGHYLFHVZ
KLFKFRQVLVWRI 0$3E, &0y
FZW+2GZW+2 IRUERWKLQYHUWHGDQGFRQYHQWLRQDODUFKLWH
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ROHDQG
HOHFWURQGLIIXVLRQOHQIJWKRIDWOHDVWQPIRUW
KHSDUHQW SHURYVNLWH >@ ZKLFK LV WRR
VKRUWHU  ZLWK  UHVSHFW  WR  WKH
DEVRUSWLRQGHSWKRIWKLVPDWHULDO-+HQFHSKR
WRJHQHUDWHG FKDUJH FDUULHU LQ WKH
WKLFNHU ILOPV FDQQRW EH HIILFLHQWO\
H[WUDFWHGEHIRUHUHFRPELQLQJ>@3UHYLRXVVW
XGLHVEDVHGRQ SODQDU WULLRGLGH
VWUXFWXUH KDYH XWLOL]HG SHURY VNLWH OD\HU
WKLFNQHVVLQWKHUDQJHRIQPQP>@>@/LXHWDO
VKRZHGWKDWWKHGHYLFHVFRQVLVWRIERWK WKL

QQHVWIIQPDQG WVHNFLKW ® QP

SHURYVNLWHOS3E, ILOPV KDYLQJ
)JLIVKRZVWKHSKRWRYROWDLFSHUIRUPDQFHRIW
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GPDWFK
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,Q VXPPDU\ ZH KDYH IDEULFDWHG SHURYVNLWH
SODQDU
KHWHURMXQFWLRQVRODUFHOOE\VHTXHQWLDOG
HSRVLWLRQPHWKRGZLWK
GLIIHUHQWWKLFNQHVVRIWKHSHURY VNLWHILOP%\
LQFUHDVLQIWKH WKLFNQHVV RI WKH SDUHQW
SHURYVNLWHOS$3E, WKHUH LV D
VLIQLILFDQWGHFUHDVHLQWKHSKRWRYROWDLFSH
UIRUPDQFHRIWKH
GHYLFH7KLVLVGXHWRLQFUHDVHGFKDUJHUHFRPEL
QDWLRQQHDUWKH
FHQWHURIWKHILOP:HUHSRUWHGDWZRVWHSPHWK
RGIRUWKH
GHSRVLWLRQRISHURY VNLWHOD\HU,QLWLDOO\3E,ZD
VGHSRVLWHGE\
VSLQFRDWLQJPHWKRGDQGVXEVHTXHQWO\IRUWKH
SHURYVNLWH
IRUPDWLRQDGLSSLQJSURFHVVZDVXVHG6HTXHQWL
DOGHSRVLWLRQ
DSSURDFKLVHIIHFWLY HWRDFKLHYHIXOOVXUIDFHF
RYHUDJHRIWKH SHURYVNLWH ILOP ZKLFK LV
HVVHQWLDO IRU KLIK SHUIRUPDQFH
GHYLFHV)RUWKHWULLRGLGHSHURY VNLWHVWKLV
DSSURDFKLVQRW
JRRGEHFDXVHWKHFKDUJHGLIIXVLRQOHQIWKLVWR
RVKRUWDV
FRPSDUHGWRWKHILOPWKLFNQHVV7KDWLVZK\WKH
UHLVDQHHGWR
WDLORUWKHWKLFNQHVVRI3E,$SFRQWUROOHGDPRX
QWRIZDWHU
FRQWHQWZWLQWKH3E,'0)VROXWLRQKDVH[KLELWH
GD
JRRGLPSDFWRQWKHKRPRJHQHLW\RIWKHSUHFXUVR
UVROXWLRQDV
ZHOODVRQWKHPRUSKRORJI\RIWKHSHURY VNLWHILO
PV7KH
VPRRWKQHVVDQGDOPRVWIXOOVXUIDFHFRYHUDJH
RIWKHSHURYVNLWH
ILOPVZLWKZW+2VXJJHVWVWKDW+2FDQKHOSWRDF
KLHYH KRPRJHQHRXV QXFOHDWLRQ E\ PRGLI\LQIJ
WKH 3('27366
0$3E,LQWHUIDFLDOHQHUJ\
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7KHSURMHFWLVIXQGHGE\."3K'VFKRODUVKLS3K'1D
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DFNQRZOHGJH WKH
VXSSRUWRI(JH8QLYHUVLW\6RODU(QHUNLQVWLWX
WHODEV

50(5(1&(6
=LDR&%L<6KDR4'RQJ4:DQI<<XDQ, et al(ILFLHQW KLJK \LHOG

SHURYVNLWH  SKRWRYROWDLF  GHYLFHV  JURZQ E\
LQWHUGLIIXVLRQ RI
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