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Abstract

Nowadays, luminescent materials have been widely used to be the sensitizer of
Dye Sensitized Solar Cell (DSSC) or Organic Light Emitting Diode. However, most of
luminescent materials consisted of lanthanide series of chemical elements in order to
provide energy gaps for electrons to transfer between ground state and excited state. In
this study, without lanthanide elements was also enable to synthesize a high quantum

yield photo luminescent material.

Because of TPB(1,2,4,5-tetra(4-pyridyl)benzene), a kind of organic amine, |
could synthesize various kinds of luminescent material without lanthanide elements.
Not only the luminescent material | produced was cheaper, but also the emission
spectroscopy of the material in this study was various. Because the compounds we

made has such a distinctive luminescent properties, they are potential sensor materials.
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B BT T A 4 % 7 45 Single crystal XRD (SXRD) 7S 0 &
T k{12 Powder XRD fz:u A 47 chsh & > £ 14 photoluminescence (PL)£ UV-Vis sk
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Thermogravimetric analysis (TGA) 7 & H # 4 3k % o
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1. TPB (1,2,4,5-tetra(4-pyridyl)benzene) =& = :

P * & (mmol) L N FEE R
Fe(NO3)3- 9H,0 0.4
H3PO4 9.0
Oxalic acid - 2H,0 1.2 48 hr. 190°C
tmdp 6.4
H,0 10

sktmdp (Ci3H14N2, 4,4°-Trimethylenedipyridine) -
MEF LI AR TIPSR BB R S e B o
2. K RiEiE o

A B C
Zn(CH3;COO0), « 2H,0 1mmol 0.6 mmol 0.6 mmol
H3PO, 1 mmol 6 mmol 6 mmol
TPB 0.5 mmol 3 mmol 1.5 mmol
H.BTC" 0 mmol 0.5mmol | 0.25mmol
H,O 10ml 10ml 10ml
LiOH 0.4 mmol 0.2 mmol 0.2
Temperature (°C) 100 210 210
Heating rate 1°C/min
Cooling rate 0.1°C/min
Days 1 2 2
Yield 55.67% 82.15% 31.12%

*1,3,5-Benzenetricarboxylic acid
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2. SXRD @7 A4

(1) [Zng (HPO4)4(TPB),]-11H,0 (Compound A) :

(TPB = CyH1gN,4 , 1,2,4,5-tetra(4-pyridyl) benzene)

i“ e A G- AR et B E A S & (Monoclinic) »
L P2Jce B ? ch7 HHE AdcRl- rr 0 F F 0w B e
ZnOsN £ ¢ w2 B HPO e 8 ~ Z B3 P 2 HE =% HTPB;
B g fokd WA ARG B 0 5 d B & SESiRT R a0
L8k Hepan Bk T 5d BEAFRILD o 9T RO A

I R

G- ~E4Eivv 4 (ZRLE-®T)

Donor --- Acceptor | D -—-A(R)
1 N2 --- Owl 2.99
2 N3 --- Ow2 2.89
3 N6 --- Ow3 2.97
4 N8 --- Ow4 2.88
5 011 --- Owl 2.77
6 016 --- Ow2 2.62
7 04 --- Ow3 2.61
8 06 --- Ow4 2.77
Bl- "1s 1 &% A5 ORTEP B 9 01 --- Ow5 2.81
10 05 --- Owb 2.87
11 03 --- Ow7 2.76

eBlZ T 0 AR - Bz BN E A R - g
A E U B 7 A HRTPB A F T § Wi AipT gl
P—'erl 1:,\0 m— IB - g‘}; ’b& 7}'}& }g,ﬁ;;ﬁ/x zJ——f# s m A—L E J\ g #@-‘; L—-"‘

¢ oo

fmsins o ZnOgN = & 4822 HPOsw 6 4812 O R+ £ & cud i

GRS - BeTkaUa (Bl ) e RRaEUalt chZnOsN 2 N =3
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B= ~ZnO;N 5 N =gl A uld 7 2 8

¥ e TPB w ¢t 3 4pig 4%
(2) [Zn4(H2PO4)2(HPO4)4(TPB)3] -2H,0 (Compound B) :

(TPB = CyH1gNy4 , 1,2,4,5-tetra(4-pyridyl) benzene)

® P-lo i ? cn% $HfLH ZdcBle #71 o
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- BT a1 ZnONs £ B¢ < ~ @ B HPOs 22— T HPOs 2 o 48 ~ =
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1 010 --- Ow1 2.73 BT ~ Compound B 3 -kt 3%

®l= “! ~ Compound B 1 ORTEP | (i= b #hiF4k)

BT o B A~ Bz AB RN R AEWNAS £
BN )5 230 P v e ZnON £ B¢ v HPOy 2 & 4812
Eha A - BHRBEA A e REEL R &R0 ZnNsO;
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B ~ Compound B = ‘g 4g~ {7

(). W& (r ds T fe it & )

(b).# s W 4Fd TPB(E ¢ )ed- 5 & Uk

(C). Hodhsr f 4tz e TPB(id )2 = 5 KRB
(d).? & & * TPB(# ¢ )il 4= = i f

(3) [Zng(H2PO4)4(HPO4)4(PO.)2(H2TPB)(TPB)(H20).] (Compound C) :

(TPB = CyH1gN,4 , 1,2,4,5-tetra(4-pyridyl) benzene)

4 C5- ATgpenz s B E A8 & (Monoclinic) » 7 /&
L PUne Bipd 72 HHE A4cB) - 4t 0 2 709 = B ZnO3N - -
 ZnO4~ & B HoPOy~ A i HPOy~ — B POy % 4, e & &8 ~ 0.5 B fie i
& Zn(2)#2 Zn(3)+ 0 TPB ~ 0.5 B fie t= & Zn(1) + 1 (H,TPB™) 5 74 &

FE A AEE o

el NS 0 CH- B2 B RN R B B -

MR BRRER B 7 AT R TPB 5 § WA AApT g A1

Gk B RS R BRRBSE bR NS B E
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B R 0 W TPB I Apilde > a8 2 i (B4 )

-~ “* + Compound C < ORTEP ] ®~ ~ Compound C = & % 4 = 7



3. PXRD #z & & 47 ¢
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(1) Compound A :

T T T T 1
10 15 20 25 30
2Theta( )

_JL _J Calc.
I
5

<Compound A 532 % (T ) BF R (1) 26k XK EHBH -

(2) Compound B :

T T T T T T T T T T 1
10 15 20 25 30 35

2Theta(’)

€Compound B 32 % (™) 223 p () 2% & X kS5 B 3%

L
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(3) Compound C :

Calc.

. . . . . . .
5 10 15 20 25 30 35
2Theta ()

s<Compound C en32. % (™ ) 22570 () 2 % X kY6t B¥ o

£ % 55 g5 preferred orientation 8 &

PL ¥ sk -k2¥p =22 UV-Visible 7 i -k3p| 2
(1) Compound A :

d it & A2l Bk (Bl ) VB RAG S BIksE
Aok > riqept £ 320 nm s B2k 4390 nm .0 C £ £ 455nm
Hog P2k B 550 nm R AcBlE = o F 20 455 nm g o A R K
kLA enkd s f455nm sk JRiEcs T CIE A4 % (0.36,0.49) (2 -
- ) Ak g k§ 3+ 2% (Photoluminescence Quantum Yield) + i& ¥
37% (EPYAG : Ce¥ it s B &) st fathil e ¥ &2 ¥ i oj &

HoAAp o d e R ISR R g P sy ki

(metal -activator free phosphor) =3,k %e¥ > §4p 3 > Lo
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Intensity (a.u.)

Intensty (mu,)
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(a)

e [ [ = 3 30T

/’\ e [ [ 2= F 20T
|1

Imtensaty (2w}

(b)

02 03 04 05 06 07 08

B+ - ~ Compound A CIE & &

1

m— ;B S0RIM
=— Em {Ex=450rim]

Ml

T 1
400} 5 () e}
Veavakength (nm)

00 1 ol
Wareghamegth (nmi]

B+ = : Compound A jEr 2k k¥ (a) @ik & (b) & & &

Intensity (a.u.)

e RT

T T
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T
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Bl = ~ Compound A &=t 7 sk sk 2
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Intensity (a.u.)

CEFASF R EFREREDA G Bk K €AY B F D
Fre#gi (550 nm—500 nm) > & mpELxBlHT F R K FELEI TS
CrHawkp LT alpFgit » R T75°C AR 3 150°CpF > v g
b x kg £ 5 plZleng it > m i 150 °C M A 2 F > ek &

g R A g Apyg el (B=)e
(2) Compound B :

B B e Bk ki (g & 300 nm ~ 420 nm i ) 0 F R
B3 A Bkt (B-Le ) » % 5 565nm k& &3k (12
380 nm ez ) 22 380 nm ek & sk (12 340nm g )0 4o Bl e
F 0 E e LK 380 nm g o R CIE &4k 5 (0.46,0.48) » & IF %
k(BT )L BRLFHEASNE ks § FEH (578

nMm~551nm) > &2 4rit &4 A KehBg % > dot B+ =

:IZBOnm
| —— 300nm
— 320nm|
——— 340nm|
i — 360nm|
— 380nm
——400nm|
B —— 420nm|
T T T T T T T T T T T T T T T T T T 1
300 350 400 450 500 550 600 650 700 750 00 01 02 03 04 05 06 07 08
Wavelength (nm)
B+ = -~ Compound B 2 & £ B+ 7 -~ Compound B CIE Ji &
(2 £ 300 Nm~420 nm e ) sk kg
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Tty (0.u)

(a) (b)
o] E = 2H 0T =— i e ShSam)
— ErnlEx A am) L — i Ex=3A0nm)
"; -
.|
]
2
E -
. L3 r T T B L T o a1 T 1 T i T T ¥ T T u T 1
Mx) 350 4= 450 &ix 550 L] 50 50 £ %0 o) o) L) a5 T}
Wavelangth {nm) Warvalansgth {nam)

B+ = : Compound B jc% 2k k3 (a) =ik £ (b) £ i &

[H} — RT '

Inyaresty (n.u )

B+ - ~ Compound B 7= j§ 2 3k sk 3§
(3) Compound C :

PEp CehrppBoc b RBH(R/-L ~ )7 g CF 3 Bk
roagk £ 320 nm g Bk 5390 nm @ v & gk & 365 nm e o Ak
% 550 Nnm o deBl= L oo E 0 365 nm EF o AP R kL 4k
¢ CIE B:1%: (0.34,038) » 4wl -4 - it &4 C LB B LG &l >

BIE LG SRR R L (FZ - )
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Intensity (a.u.)

InkgEnsity {mw )

——300nm

]

e . . = e
400 500 600 700 ; 0:2
Wavelength (nm)

- A~ Compound C > it £

(72 & 300 nm~440 nm ) sk sk

0.3

0.4 05

B+ 1 ~ Compound C CIE Ji &

— | { T '_,'.l"i-\.|||:|

— pmiEx=3658m)

{a) (b)
= EufEimi=3%0nm]
rn"( e | Ex=3400m]
I
f
- I 4
=
1 ! =
T
w
I \_—\ |
1 | ]
£ =
1
00 3% apd 4% S00 940 600 6% w3 400 &5

W alEngsh (nim)

L]

T
S50

Wircelergth (rm)

Bl= -+ : Compound C jr3f [3x % k3% () &k & (b) & A &

(b)

— 25

75"
— 100"
—125°
— 150"
—175"
— 200"

Intensity(a.u.)
L 1 1 L L L 1

T T T T T T T 1
400 450 500 550 600 650 700 750
Wavelength (nm)

B= - - ~ Compound C & j§ 2 3k sk 3
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(4) UV-Visible % 3#ip] %

3
—_ 2
37 8
R <
']
o
<
T T T T T T 1
300 400 500 600 700 800 900
T - T T T T 1 Wavelength (nm)
300 400 500 600 700 800 900
Wavelength (nm)
Bl= -+ = ~ Compound A Bl= + = ~ Compound B
5
&
]
Q
<C

T T T T T T T T T T T T 1
300 400 500 600 700 800 Q00
Wavelength (nm)

Bl= += ~ Compound C

5. TGA #f~»171% :
(1) Compound A :

L &4 A it 8 X [Zny(HPOL)s(TPB),]- 11H,0 X £ 5 1635.64 g/mol
BEHALZL > 4oBl- -7 97 > §F A A 100°C 2 150 °C 4f 4 «h4
ZRY hi 8ok (Cal : 12.1% ; Obs. : 11.5%) » & ¥ Bl A 7 e #2119
300 °C 2 {5 HHEMA4-T {3 4o 3 850 CHuiplH £ R4F 4 5 %47 48
T it fh#%4 (Cal. 1 47.7% ; Obs. : 38.5%) » H £ #ipl s & * § F F

LR F R MRV 2> v SRR AR DS ko
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100

90 A S S——
80 o f \ A N - A
£ o N N \ N T R
k= 5
= =
B0 i ; \
BO oo e
40 T T T T T T T
40 T T 100 200 300 400 500 600 700 800
100 200 300 400 500 600 700 300 .
Temperature (°C) Temperature (* C)
Bl=- -1 -~ CompoundA #:4& » 7 B 3% Bl - - = ~ Compound B #t4& 4 +7 Bl 3#

(2) Compound B :

it &4 B it & 58 [Zny(HoPO4)2(HPOL)4(TPB)s] - 2H,0 3 £ 4
2034.82 g/mol » BLE AT H E B L T A XS B doBl o L2 A
70 pAE100°C 2 mdp 4 hE EAEY s B Aok (Cal s 1.77% 5
Obs.: 1.78) » & F WA 7 #H7 481 9 300°C 2 15 4 B4 % = R
IE BAE A HAF AR S BT § T AA (Cal.i58.7%; Obs.
483%) c HigZoplE R * § § T F 8 MRWES 2

FOUTEEGEA R 28 e e
(3) Compound C :

C it 5 34[Zng(H2P04)a(HPO4)4(PO4)2(H TPB)(TPB)(H20)2] 3¢ £ &
2145.69 g/mol » FLAM T A LB AT LFRA-F S Lo 40T 0 AL

250°C2mx72 ¢35 £ 4 -
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Weight (%)

70

i i T ;
100 200 300 400 500 600 700 800 900

Temperature ("C)

Bl= - = ~ Compound C #4& 4 17 Bl :#

6. %A AT

CREEFPEREI R P A REH b 2R AR (22 )0 &
A EIER A DI S T UFRAEMEFBEY 0 A AL TR
% 4 5% %k p 5 $a (Faceto Face) iv#* 4 »jEdA W £ 4.09A ¢ 4114
£ % 1= % 4 (Dihedral angle) 3 37.10°¢7 37.44°(Hl= L ~)o it & 4
AP > 23 Fr-niE*4 183 =4 af%p e Hae (FacetoFace) it
* 4 o ey s wH 3.88A 22 363A 5 - fEk p & 4te (Edgeto Face) T
4R L 2 401Am A3 @ iE* 5 - G & (Dihedral angle) 4 %) 5 12.61

°~6.49°22 3808° (Bl=+4 ~=2+L)e At &HCY » 2 F B a-nuiFr 4
A& KRG = 0 Aukp e Ha (FacetoFace) % 4 ¢ & #tg (Edgeto

Face) it* 4 »jEdi w5 400A 2 382A;m &H % 5 ch- 5 & (Dihedral

=N

L

angle) ~ & 5 41.63°% 1095 °(Bl= + - ~ )oBXZ CAFREiE* 4 (n

It
It

-niE* A) BHEY G2 -G A(REAZ)od AFVBRLESF Adhin-n
T% 4 el £ ¥ H -G b T HITR A KAt e BE Co
T-m T 4 EAREEIR A £ > R H -G d4p g K o AT H TR RS el o
TAFH s L 9 A4 #RTPB (Fifei A kidiir bl

s
BehE S MAT > 20 A58 2 Mg & N B Rl d % o
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Dihedral angel = 37.10°

2 4

Dihedral angel = 37.44°

Face to Face n-1t Interaction

N —Y

Bl- -+~ -CompoundB » + Fn—mie®* 4 (%) B=- +4 ~ Compound A

T* 4 a5 &(%) AN L S IS

Dihedral angel = 38.08° Dihedral angel = 12.61

Dihedral angel = 6.49°

=z -+ ~CompoundA it%* 4 & 5 &
CE R RS A R RS SR LY L
BEA R AR DEPEHE LAz ag o T HY LREF OB A B

R b b A A E R

Face to Face m-m Interaction

Dihedral angel = 10.95*

w4 Bl=L1- - ic*4 a5 4

=
Ju
L
!
D7
4
o3
a
|
a
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A B C
Face to Face 3.85 4.09
: 4.00
Interaction (A) 3.63 4.01
Face to Face 12.61 | 37.10
: 41.63
Dihedral angle (°) 6.49 37.44
Edge to Face
: 4.01 - 3.82
Interaction (A)

19

Edge to Face n-mt Interaction

Dihedral angel =41.63°

Bl=Lt= - ic%4d5 4
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SR AP ERE LA RALRATATERE B L
% >y 230 400 nm 22 550 nm HiT o fe ek R Bk gEd koo

i EHFELAR A M RARF XA GOALEBY F FLEREXEEHIRE

Bl R A Bk £ 7 550 nm 4 A D 500 nm 2d o srid Gt A e

it- H3IEHFens B A BRI

(1) EPrARFEENREL 3 EfpaANBEC &4 7 7 e

kg B (L Ak RPLE I »eFTED37T%) BEE?
(2) PRRFIR A ESAET FHEu AT

foo et Bppie Bk F Lt 400Nm 24 ARB LB LpE
ARk kLR R (FEIFT - FA)ERE L LFR T - AL (F
e I UFREANALIER PP ERE R AR BRI D JQ?‘]‘&Z
LHHER e (BB R ) 7k o A 00§ F LB i S HR A2 et fo

H s k4] 4 5 : metal-based - linker-based - charge transfer £ Guest-induced
emission = « 38 > @ 7 linker-based #xsk ¥ » it & F el k4 K p ‘LT#“ B A

e kA > ¥ A —-F,km,;r@ VAR £ B A AT o A R LR A S e
e Aenkih —TPB ek RgF LM H > 7 g mHE L 5 A B Hpes > o w
B 55 370 nm 22 550 nm it (= L7 ) # A KEM Sk E B s Pk
AR AL > AL AT 2 daip] A kst kia Rk p v = TPB: ‘miL £ 5 TPB 4

Bk @ £k E ek kg TPB & TPB Fehm—m 2k o
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=2 ~A-BirC it £ ant i

L& 4 A B C
ZNng(H,PO,4)4(HPO,L)4(PO
g v | (HPODLTPBY] - | [Zn(HPOI(HPON(TP et “);( o
¥ 11H,0 B)J- 2H,0 42
(H.TPB)(TPB)(H0).]
P ¥ % < P, < !J‘;L}ﬁi‘(‘;biw;!_
o i = SN TR
mPH A AR
' A A’ Aa' Mg’ J“(:ﬁji‘k:j"‘(‘?
AL mﬁ:;ﬁ:e‘
R 1D 2D
&l 11 4/5
: o V4 Y 4
452
B il P
P B < Ve W
— S o
e > 7
Ve
FiE: 3 4R 4R 4R & 8R
a=9.55A | a=10.75A , 0=92.61° | a=13.57A,
&t ¥ B | b=61.26A, =93.46° | b=12.05A, =101.68° | b=10.22A, 5=98.97°
(2) c=25.81A, c=16.48A, y=101.11° | c=11.35A,
V=6560.02A 3, z=4 V=2044.31A3, 7=2 V=3569.79A 3, z=4
(@) (b)
e £t Eri= 3800
Ern| Ex= 3 20
£ E

T
MH)

Bl= -+ ~(a). Compound A320nm %

T T T
400 500 B0
Waresdength (nm)

w0
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(b).320nm e o PR Ak R G- 1)



Ikt ()

Intensity (a.u.)

W=+

Vrswlnnh (e

T T T T T
400 500 600 700 800
Wavelength (nm)

Smsilileinn/

Linker-based cmission”,

Chem. Soc. Rev. 2009,38,1330.

SRR T g gl ¢ TPB i et o (T R Y 1 S ek g B
¥ 1w {62k 4 1] e Guest-induced emission ¥k o

22



TR % 4 e g FRCKFIHE 5 FES ARG > PREEFER 4
R AR AT NI A E R AP A A RERDTPB 2 B
Wd ptenp B F L WETPB &+ B iF* 4 53357 pF > H 3ok ig
RGP RFE TPB A F 7 g »xf iTfedpadadp > @ 2P o 5 F v
PARA A P ARG TPB A 3§ R A AT AR (Fh 4 S o A
Pl kRRRY CTPBAFFapERI R - R EAFFET 44 ¢3F o BB
HokRPLBH (B=L> ) 7 3R B TPB 2 440 nm jcs » B+ 2ck
Pt 555 nm; Jk A& 0.5 M pF s 370 nm jEcs 0 2k & 540 nm A @ kB 'E 5 0.005
M pF> 12 305 nm jogF o2k B 520 nm e @ iee RO R A S IR 4 g pE

FEREEHR (AT RE A ) kG FEEHAREAL A HA

NN

[}

Bk LT F Ak PR

Ex(Em=555nm
(a) gb) —_— Err(|(Ex=440nrn}
—05M
—0.25 M
——0.025 M
— 0.005 M| b
5 ER
< <
el =
- 1
= =
300 350 400 450 500 550 600 650 700 750 400 500 000 700
Wavelength (nm) Wavelength (nm)

Bzt ERWTPB vk B4 o W(Q)7T § IER T i & XHFEH -

AT e bR EE s S A B g R A R CE R GE R RARIER 1 d
ABBFs ghok > n B0 h oy ks d4F 4 - gFERDY
s B kiR > F4ETY 4 MR BED A R E R AR n—niF

AR > RATKPHUE F FE SR o B T - BRI

*‘“é

Higpl s R R Ak BhoREREEY o AR s TE 4 g @

s

-
=

ke

|rml.

TR P Rk oE  FE S (Rl )
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