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Introduction

Metal organic frameworks (MOFs) are the most studied materials in the last 3 decades because of
its diverse applications in the field of nanotechnology, chemistry, physics and medicine.! It belongs
to a new class of porous materials and because of their extraordinary features such as large surface
area, permanent porosity, chemical tunability, this field have been explored a lot for a wide range of
applications, such as gas storage,? gas separation,’ sensing and catalysis.* Moreover, other than the
typical use of MOF for gas storage and separation, they also have the potential to be explored as an
energy storage device, capacitors, electrocatalysis, conducting materials etc.” However, these
applications are limited by the insulating and redox inactive nature of the MOFs. In recent years,
variety of strategies have been introduced including designing, synthesizing, and post synthetic
modifications etc., through which the electrical conductivity can be modified. As a result of
introducing these strategies, there are plenty of conductive MOFs have been reported in the last 10
years.® To date, they are only focusing on obtaining electrically conductive MOFs and almost no
focus has been paid on their fundamental electronic properties such as investigating conducting
carrier types. In this work we focus on synthesizing electrically conductive MOFs and investigated
the charge carrier type by using thermoelectromotive force measurement. The positive and negative
sign of Seebeck coefficient indicates that the majority of charge carrier are holes and electrons
respectively. Guest-induced modification of the electronic states in metal-organic frameworks
(MOFs) have brought about a new field of interdisciplinary research including host-guest chemistry
and solid-state physics. Although there have been plenty of studies on guest-promoted enhancement
of the electrical conductivity.” However, properties like structure-property relationships,
stoichiometry, conductive carriers have not been studied in detail. In this study, we investigated the
effect of continuous controlled halogen doping on structural, optical, semiconducting and
thermoelectric properties of Cu[Cu(pdt):] (pdt = 2,3-pyrazinedithiolate). Cu[Cu(pdt):] is a
prototype of electron conductive MOFs and possesses permanent porosity (a BET surface area of
280 m? g ).
Results and Discussion

Structural investigation was performed using PXRD (Figurela) and it was found that all the doped
samples kept crystallinity, indicating that the MOF skeleton was maintained upon halogen doping
and halogen doping does not change the intrinsic structure of the MOF. PXRD data were well fitted
using Le Bail fitting (Figure 1b), and the result shows that all the samples are crystallized in a
tetragonal lattice. However, the unit cell parameter c-axis continuously changed. Detailed electronic

structure investigation using DFT calculation indicates that [Cu"{(pdt)2] %~ oxidized to [Cu'(pdt).]
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upon halogen doping. UV-Vis and Raman spectra also supported the aforementioned discussion.
Thermoelectromotive force measurements was performed using pressed pellet samples to
investigate conducting carrier and it was found that the same material could behave as both p- and
n-type semiconductors while tuning the stoichiometry of the doped Br/I in Bry/Ix@Cu'[Cu'{(pdt),]
(Figure 1c). The pristine MOF have a seebeck coefficient of +337 uV K! and the value started
decreasing as halogen fraction increases and after a certain fraction of doping sign of seebeck
coefficient has changed. Which means that conducting carrier has changed from holes in pristine
MOF to electrons upon doping of certain fraction of halogen. Halogen molecules act as an oxidizing
agent. Which causes the selective oxidation of [Cu(pdt).] >~ in the host framework to form
[Cu"!(pdt)>]~ which resulted in a redox hoping mode of charge transportation. Conductivity
measurement was performed on pressed pellet sample using /- characteristic. The electrical
conductivity measurements indicate an enhancement of 10-fold of conductivity upon doping
(Figure 1d).
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Figure 1. a) PXRD patterns of Brx@Cu[Cu(pdt):]. b) Lattice parameters of Bry@Cu[Cu(pdt):]. ¢)
Seebeck coefficients as a function of Br. d) Electrical conductivity at 293 K as function of Br

fraction.
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ARESCIE, BALECIEEREMN S S FICB T 28Xy )V 7T OMEB L2 Okt % . #
pa i IE AT, UV-Vis A7 bv B&FLFEHE, B, EXE8E, BVEEHIEZ MG
HDHZ L THMICERL VD,

Bm T, BALES TICET AR, BLOEREBEMEEN &GS T OEL, R Lo
WTHEREIZR RN TV 5D,

B omTIE, BRABEMNE R T LR R 2 Cu[Cu(pdt):]I 2 W\WT, REEAIFZEICLD
Cu(pdt), == FOBLIZHE I EEL L OB FIREOLE/ICOVWTH R X BEPr, &L,
Raman AX7 R L ZHWTEHMIZERGNTWE, 72, RARMED FIZHTIEER—Y 7
WCEHBERBEEEOE, BLXOAEBENORNEICLZ2EBEX Y U T OEIZONTHR, BFE
DRV 7EIZIGELUTBEXY Y 7R ELPDOEFICHEBENICEET 2 FZ2HL LT
Do TOEIDIZELAMENMNE D FIZH LT R 7 EZHHTIZE THRESFY VT E2EEL
o nE T, BRBEEE R T ZIMEERN S D FICET RO H = FtEEs R LT
ACRIli T & %,

% = ¥ TIlX. 2,5-dihydroxy-1,4-benzoquinone(dhbq) B 1\ ¥ 2> & 72 5 #1 Bl 2 fLYE B AL & 20 1
Fey(dhbq)s #BAZ L. REEEDNEHVWERILBEEZRT &, n WPEEERTHLZ LR EEZH L NI
Lz, 70, KEEEZ YV T U AL F U BEMOEMMEE L THWSD Z LT, 320 mAh/g &9 &
WEMAERELEBLL TW5D,

F U ECIL, BTHLECNL & 47 F Na[Pt(pdt).](pdt = 2,3-pyrazinedithiol) & BA¥E L. AR H W ES
BEREZRT &, KRB p MELERTHLZLEZHOLENTLTVD,

UEOWNEIZ, Gl EENLBES L THFRIEE 2175 2O IS LB G EOMIRE T & Filkx
THZEERLTWS, L2 - T, Shraddha Gupta #&H O 5 0T+ (FRZ) O
ELTAEKERD D,



	化学専攻＿Shraddha Gupta＿論文内容要旨
	化学専攻＿Shraddha Gupta＿審査結果要旨

