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Abstract

Application of Explosive Sensors Based on

Benzo—annulated triptycene Germafluorene

By Um, Sung Yong
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

New functionalized Metallafluorene have been synthesized and their optical
characterizations are investigated. Metallafluorene unit has been interested, since
metallafluorene has a unique optical and electronic properties. Here we report the
synthesis of new type of photoluminescent metallafluorene. New metallafluorene
have been characterized by NMR, FT-IR, UV-vis absorption spectroscopy and
X-ray single crystallography. Their optical characteristics have been also
investigated using photoluminescence spectroscopy. Possible applications such as
OLED and Chemical Sensors will be presented. Triptycene Metallafluorene and
Metallafluorene are synthesized and characterized. These compounds are of
interest as light emissive layers, as they possess relatively low LUMO energy
levels while maintaining high HOMO-LUMO optical gaps. Dierential scanning
calorimetry measurements reveal that these Metallafluorene compounds have
advantages of ther-mal stability above room temperature regions. Organic
light—-emitting diodes have been fabricated using thermal evaporation technique

which emit blue light with an excellent diode behavior under the forward bias.



In recent years, photoluminescence polysilole has been a topic of interest
because of ther unusual electrical and optical properties. It is also reported that
silole-containing polymers are selective chemosensors for nitroarematec oxidants,
including TNT. Detection has been achieved though fluorescence quenching of
the silole by the electron-deficient analyte. The luminescence of silole is due to
a ox-mwx [LUMO stabilized though conjugation of the 0% orbital of the silicon
chain with the m= orbital of the butadiene moiety. The selectivity of the sensor
is due to the helical structure of metallafluorene, which permits the intercalation

of planar nitroaromatics.
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7F 219 3FgEE LUMO (lowest unoccupied molecular orbital)7} 2 2] & o]} A

7}
ZolEg Fote vEAE Ho 7] did v 55 Az H EAAS 7R
glon FARIA g F83A AEH T tagee] VlelA Axh A
B4z £ §7)-ELolA AAgay B4z 5880 %Y Metallole ©] we 39
% aele) #

A9E 7HA 5 glow s-A4FE sl gl AEE o AxdFe 574

dAgoR e o' -t WA E sH L Q)
o} M Metalloleo] 2228 2402 3% siloled conjugation® 112 31g& 9]
BEATES} 53 A2 7ok GEA Al o 888 A& siolel
2e] AR QYA UA e P e BEAALETFELUMO) olul x| eF A Fol
Agstar dF oAl A= o BAAETSFS butadiene] 10 AR T A}
olo] A5 AEo® QA silole AHAE AAE oA F U TEE Ad &+
Z7F drt o] siloleE AR} #E Fol HAE fA HdtelFE AA A9 23 A
T2 GA HkelaE dEF Ad S =339 electroluminescenced] &2 =
of Fe] WMUE EoF 7 vk o] £ FEA Hr|AH 5 diEd silole
electron transporting materials ©]vYt LED =2#]31 chemical sensors % <
21t} polysilole Si-Si AF&ES 7FA] a1 9L
FE 7HA B dHe® o] Wit o'l i

ol

electronic devicesol] o] A&H F ¢
B

#de 2323} 54 ao= FH

Aehe & g 7] wEolth EE o2 T

2ALR Zwe AR € 5 = polysiole> HERE W3k 313&(picric acid,
TNT, DNT, NB)ol| %2 HeAd& Bojfeh &3 A4 aias f7ueA] g
FEZAN 1-EAAE 59 AREe] FraEAAES W vEA
AZA AAe ZHAHL, FFE o HdAet &9 AAFo= 2y
Gk Metallole® 2] Zolut AZntroz 89 57 g g aiaz
A FHo 1 B5E5S Fe A, AxH BEAE Zy] wie] §71dA AREA B4

el Witk Metallole®) € st &4 A8 b 9la o-AF



2 otal = Ao ox ARSF 57 aeld FHUIFEY mx AR A

X 2 918 ox-nx v|AA S 2=t} P MetalloleS g =g =
o2 ob silolee] A" =Y BATFEE 55 AAH FxE A
ATEFH 015 S FEL siloleAFe] AR} AYA A FE g e BA} A
=3k (LUMO)oF Aele]l ZAdstal Sle oZF el s ox BAAERTF9
butadiene®] wx FAAE T4 Aol Ao AEo R QFA silole AAE AAE
olFAZ F T THE Ad A Aok Siloled A I Foll HAE HA

F= AAA DZE(electron transporting layer, ETL)# A&2 A £uks]5
Z(hole transportin layer, HTL)#} 37 3d-Z(light-emitting layer,
LEL) 22 =AZste] O-LED 548 Hos ZA3rt Hto| Baixo] Qvh ol

553 AHAELS 53 #HAA 717dA AAAEAE (electron  transporting

i

materials)tt A3 422 & (hole transportin materials), ™ 23 2] & (light-emitting
materials), ™ @ #e}d QA A Wg- 88 Pentiptycene #4}
o= zZh= FAEXR FHZo] A aiAgHdel ol W

= el glo} = Fulwre] 24

= iptycenes 7| =

ZAES AAsEY Yol 2 A& vF W et maE Q] o] o B
EF o4 24 aRAe] @ RRoz o spx mEa A glo] Hd wol
24 5319t Pentiptycene ALEAE Rz} F Algo] ZzAle e EA
THTEE ME 54 AR Yo ¥ yolrl Be FF 28e /A 9
7 e 2% & A5 A" AAR AL BFAAE o] §F o] paraquat’™
2 TNTPHMel e B Zo] gl g & AA=E 7HA a1 glvfa By u
oith, Zeae el EASo]l uA Uz HiE BHe] A FBe HAseH
=5 A A7) 42A E excimer S NPA7 = HF: S AES oA
& Hart 9u 0 ave wA mge 2t E4L 7F 44 4AoznE Zy
A7 Aol ZH ot Iptycene 1F 9] V15 H 44 BE ©EkA AR §
Wol 349 uA HeHEe sbA dukAel §7) &4 FeolA He g34e Ue
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2. Experimental Section
2.1. Generals

B 239 standard vacuum line Schlenk techniques: Al&3dlom 3}13HE o]
e olmE  JA E9VIelA Adsidn AFe AMEE A=
1,4-dibromobenzene, n-Bulj, anthracene, iron bromide, bromine,
germaniumdioxide, dichloromethylsilane 52 Aldrich®} Flukaoll 4] F+<3sle] A&
gl om fujE of=Z 2 Jta B 7oA sodium/benzophenonest $HA| 24A17F o]
A 3R A7l & 49 THF diethyl ether, hexane, toluene 52 AR&3}9th

#et Z=AHA AL EE &9l THFE Fisher 383 Al 4] HPLC gardeE 938}
of e A7 §lo] AFgsld . 5% AHEYH L2 UV-vis spectrometer(UV-2401

PC, Shimazu)& ©o]&3sld <Ayt FT-IR 2" EdZ+  diffuse reflectance
(Spectra—-Tech diffuse reflectance attachment)®4]-& ©]-&3}o] Nicolet model 5700
2 ol&std FA sdnh #dF=e Fx 4L Bruker AC-300 MHz
spectrometer(‘!H NMR, 300.1 MHz # “C NMR 9] 75 MHz)S o]&3te] a9t}
NMR &7 chloroform-di= shF &9t Call.® A A i 82 A At AL
439t NMR ¥ =29 3}8t4 o] part per million (6 ppm) 2 A=A &
&2 Perkin—-Elmer luminescence spectrometer LS 50BE A}-&-35}¢]

g A EYS =A6y] Yot RE FAHEY FEE 1mg/lL =1
ppml 2 @3Fo] A&l F4¢ AHMEY L UV-vis spectrometer (UV-2401

PC, Shimazw)2 ol&ste] FAsrr. EATEZAHS @67l 918 X-ray



2.2. All analysis material preparation

2.2.1. Fabrication of DNT Solution 10 ppm

THF+= FisherAte] HPLC garde 99% AH& sfdlom, th& Fx 2 §lo] DNT 10
mg2 THF 100 mLol] *=¢] 100 ppmo 2 #AZ 39t #AZ2E 100 ppm 5= &
a2 10 mL #s}e thA] THE 100 mLel #71ske] 10 ppm 522 H3I A ARE
ST

2.2.2. Fabrication of Picric Acid Solution 10 ppm
Aldridh <% 100% Picric Acid dH &% Eo] FE:Aste 1 Ag
Schlenk-line®l A Sucktion FAL ARA =AA 4438 Hae A28 2104

713 W3 sUskA 10ppme] Solutions A%

2.2.3. Fabrication of TNT Solution 10 ppm
TNT= F8E #ef 3pofkf adSRrela] ARES7HE BA &
A1 200g Al g glvlel B AP A AA A skl AFE o
S Rk Ao AAE EgtaAe| 4 DNT 3g, HoSO4 22ml, HNOs 6mlE 2+
7} E§ske] Hot Plateg o1&3te] 90°C §A1% thd 3h 7FE @t} 1 thdof
% fAleke] Overnight(12 h o) gtk oA ®w& o] 3FES TF
50mlE ¥ZA1Z1 7)o @& v A7 E o] &35t Filtering ste LAt o)
b AR obA AEke] DNTZF EA41st7]o methanolel 838|417 thiol W
st AA st A7l vl Schlenk-lines ©]83Fo] Sucktion g A
TNT ®F A5 25 gedn. 19 v TLC 9 NMRE #Ho|l 5024 &
F TNTZE o 3¢t &9 TNT 10 mg2 FisherAte] HPLC garde 99% <]
THE 100mL ] =94 100 ppm =% %43 & tS A 10 mLE A™HAE o]
43 #H3 b THF 100 mLel #H7Fste] 10 ppm 552 H3 FATh

At A4

[11

ofi
DI P

o
i

N
B b



2.3. Synthesis

2.3.1. Preparation of 1,2,4,5—tetrabromobenzene

1,4-dibromobenzene (100 g, 042 mol)2 o}227}2 3SloAl dried carbon
tetrachloride (600 mL)ol| Al st k3] o] & ofs ¥ &7]F oil baths
o] g3sle] &2%E 50-60 C7}F W bromineS- dropping funnel2- o]-&3}e] 1-2A17F
et A3 #H7r sk Fvh brominee] th 7MW LEE 70-75 T7HA &9
the 1242 ol reflux AlAFET BHEEE T 2RE A2oE 9 F oy
20% NazSoz &9 (1000 mL)® F32tde AA|ghrh. &) 2 Zo] ]
Z37) 9ungus udol @ wrx oyl HhEale] AAg o wuk 30 B &
CCly (100 mL) &7} 3Rk & A2} o3} o
Ttk CClL & MgSOs& Argete] gt &8 A7 AAE & {7
stoll Al A A AA $ Solidet E&3ske] Toluene (250 mL)E 7Fskal 30 +
Reflux A7l & 0 C d&EAA 55 d FUHA 1 A
1,2,4,5-tetrabromobenzene2 'H NMR9} “C NMR spectroscopy s ©]43}e] &2l
atglth 'H NMR (300 MHz, CDCLs) § 7.86 (s, 2H), °C NMR (75 MHz, CDCLs)
6 137.28 124.40

S
N
*
L
o,
e

2.3.2. Preparation of 2,3—dibromotriptycene

1,2,4 5—-tetrabromobenzene (30 g, 0.076 mol) ¥} anthracene (15 g, 0.034 mol)<
Zghaze] H7b & g ob2F kA shell A dried toluene (500 mL)-2S % 718l
WA ZIEA bt FofErh HbE A2olA FAM|E o]&ste] n-Buli (456
mL 0.084 mol) 33}t dropping funnel o ¥ i A3 HojwmgFr}h Hlgg-ollo]
S AL l—?*ﬂ"ﬂ*ﬂ A ko WekA "rh 1 9 12 AlZE EQF HRkA]

Tk HHg F= ¢ diethyl ether (100 mL)E 78l H:O (1000 mL)= Al &
et Bhg A7 &) A3t A BAE ths dojxl &oAE S Shol A FEA
7 A AAZIE cyclohexane® =9 ¥ A& 1]Z cyclohexanes AF&3dli 14
Ao sillica gelg Ab&sle] Aoz Rt Aoz dojxl by {f7|&

"l (cyclohexane)& A AsIE €2 =@t A& AT} acetone(400 mL)E 7}

)
N



tol 74 e o5 W4 AAA W SbA] F L anthracenes A7 ko] Frk
anthracene©] €d3stA AAE ) 744 ¥ ghEste] F£rh 7] ¥hg anthracene
S dHE AAT T A AAE At S A7 sheke] AP EE
AL 4 gtk F4¥ 23-dibromotriptycene 'H NMR2F *C NMRspectroscopy &
| 43te] golatgdtt. 'H NMR (300 MHz, CDCLs) 6 7.62 (s, 2H), 7.38 (dd, J=
5.3, 3.2, 4H), 7.02 (dd, J= 54, 3.2, 4H), 5.36 (s, 2H), BC NMR (75 MHz, CDCLs)
6 146.54, 144.32, 128.84, 125.82, 124.04, 120.77, 53.16.

off
1:1

L

(o]

2.3.3. Preparation of 2,2-dibromobitriptycene
2.3-dibromotriptycene (10 g, 0.024 mol) °o}Z 7}~ 3dle| A4 dried tetrahydro
furan (150 mL)el A wRkelw 3] Fo & o W &7]& Dry ice baths
o] &sfd -78 T = W& AHAE o]&ste] n-Buli (8 mL, 0.024 moDE 3}
of AMAfs] H7 ofglrh g e AL FAo] Gl xlghA o m WSkl
th HES- AR n-Bulio] © #H7FME ths 2413 A ) HEE Al AU dry ce
o

bathE AAF 4 o] 2 o 7H4] =5 20 FuA] 4r3F §¢F uRkAA &

Ooubg Fn oS HWA AAE 49 Seld FRAA AA F F hexane(100
mD A oduhAlA FE de wad gyEe o9 & gt g4d

2 2-dibromobitriptycene < 'H NMR$ C NMRspectroscopy & ©]-&3le] 3913}
ot 'H NMR (300 MHz, CDCL3) 6 7.62 (s, 4H), 7.44-7.32 (m, 8H), 7.06-6.96
(m, 8H), 536 (d, J= 26.1, 4H), BC NMR (75 MHz, CDCL3) 6 146.45, 144.56,
138.39, 128.61, 126.62, 125.36, 123.72, 119.34, 54.72, 53.96.

2.3.4. Preparation of 1,1-dichloro-4,5,8,9-bis(triptycene)germafluorene

2,2-dibromobitriptycene (5 g, 0.008 mol)2 olZ> 7}23}o A dried diethyl
ether (120 mL)ol Al wxkstH d3] FHo & tha B8 &7]5 Dry ice baths
olgste] -78 T & 2%E ¥ & £ AHUAE o]&st] n-Buli (94 mL, 0.016
mol) & Fste] A A8 H7F stA Tk WSS 34 X w3 % Dry ice baths

AAstAL 2oz 2eE SHFA W @M Fodo] At o] & 2ol 4
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i FaGAE A AAhE o] &ste] -197 TolA 30 4
A d#E . 2 e Germanium(IV) chloride(2 mL, 0.016 mol)2- %7}
T 2E7F Aol E wWrkA 2EE &9 FUA unksioh b ge
kAl gelo g wWalA Hw, shekAle] HdEo] VA Hrh sFAHE
Ao A aRE Al AFEA wA S g AAE gelelAl i AAE the
dried Toluene® #H7lete] AAA AAFT F49 A4ES 'H-NMR
BC-NMR spectroscopy 2 °l-43te gelstgdtt. 'H-NMR (300 MHz, CDCLs) &
7.83 (s, 2D, 768 (s, 4D, 7.41-7.39 (m, 8H), 7.16-7.00(m, 8H), 545 (s, 4H), 517
(s, 4ID), BC-NMR (75 MHz, CDCLs) & 151.03, 147.14, 144.71, 140.45, 139.22,
129.37, 129.99, 129555, 125.83, 124.15, 54.955, 53.92.

o b

=

o]
_1

N

2.3.5. Preparation of 1,1-dihydro—4,5,8,9—-bis(triptycene)germafluorene

3

1,1-dichloro-4,5,8 9-bis(triptycene)germafluorene (5 g, 0.0077 mol)& ol=3 7
2~ 3o A  tetrahydrofuran (120 mL)oll A xubely  <bA3] =olvh A2 A
LiAlHs (4 mL, 0.004 mol)& H# Ao sl dropping funnelel] 7} 3 th& %
Ha] F AHTE vEgg e AZde dL w@dddA] FEAoZ WMkt WS
T FA AAE st FEAIA A
o gsle] A& g F hexane (100 mL)& 3
A A ES fggetelA dx At &

.

>,
r¥
flo
.
>,
r¥
offt
o]
1=
iyl
o
-,
rUL
N

& TR
71 33 methanol (50 mL)E F7}star
3] Ao F7F AT dojzl €L x
dE AAES 'H-NMR 7 “C-NMR spectroscopyE o] &3he]  3relslgir).
'"H-NMR (300 MHz, CDCLs) & 7.89 (s, 4H), 7.53 (s, 4H), 7.39-7.33 (d, 8H),
6.99-6.95 (dd, 8H), 4.95 (s, 2H), BC NMR (75 MHz, CDCLs) & 147.47, 145.09,
145.03, 144.54, 131.35, 129.89, 125.39, 125.29, 12358, 123.55, 117.32, 54.54, 53.77.

W

rlo

2.3.6. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)germafluorene

1,1-dichloro-4,5,8 9-bis(triptycene)germafluorene (10 g, 0.0154 mol)2 o= 7}
2~ &} A dried tetrahydrofuran (200 mL)ell ukshH 443 ZmoFr), Ao A
PhLi (17.1 mL 0.0308 mol)2 A& =] #3}4 dropping funneld] 7} 3 th& A

_11_



AF FAAACG W] A Qo wekdeA MM e BHoR W
Atk WLAZE 5AT Bt WHAA B NLEFR T &L D Gl =

k=) ol
ANA AAT FodEe (100 mL)e Frbste] ail AAFE g2 oqsia
hexane (50 mL) #7}ale] A& §Hr}. hexane &= 33 ©] Al#3sle] b 'H NMR
¢} ¥C NMR spectroscopy & ©]-&3te] &915t9ith. 'H-NMR (300 MHz, CDCL3) &
7.82 (s, 2H), 7.63 (s, 2ID), 7.39-7.33 (m, 8I), 7.00-6.90 (m, 8ID, 544 (d, J= 96,
AH), 4.85 (q, J= 3.7, 2I1) ®C NMR (75 Mz, CDCLs) § 14595, 144.92, 144.90,
144.39, 135.75, 135.05, 13472, 134.58, 134.42, 129.75, 129.01, 127.98, 124.84, 124.82,
123.29, 116.86, 54.18, 53.41.

i

2.3.7. Preparation of 1,1—-dichlorogermafluorene

2,2-dibromobiphenyl (10 g, 0.016 mol)2 o}=Z3 7}23to A dried diethyl
ether(120 mL)ollAl alwkal ks Hol & v ¥HE &7]& Dry ice bathg ©]
gole] -8 C 2 258 95 & & AHUAE o] &5t n-Buli (188 mlL, 0.032
moDE FHdte] AMA3] H7F vk Whg-& 3AF B wwk ¥ & Dry ice baths
W obgAle] Befo] Hrp o] 5 oA 4

AAGL FeoR LnZ ST &

AN AR o wHkAA Fh §A98 dF dAE o] §sle 197 ToA 308 A%

AAEA deFrh 1 2 Germanium(IV) chloride (2 mL, 0.016 mol)2 3 7}3+
H7F & Aol &

W7 2R & FUA ok goh bz gL HiAl
A g wakA ¥Hw, shekde] HEe] AVA Bt &
oA Rk A|AFHA WA gL A AAE sl FE A =5
dried diethyl etherg A #7lste] AZ2A AAF §4d A4EL 'H-NMR
gk “C-NMR spectroscopy & ©]-&3Fe] <18ttt 'H-NMR (300 MHz, CDCLs) &
735 (d, 2H), 7.75 (d, 2H), 7.53 (t,3H), 7.24(t, 3H), °C NMR (75 MHz, CDCL3) §
142.02, 132.88, 132.06, 131.17, 129.65, 121.91.

ol
0%

o
s

ofi

B T
HN
o
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3.Results and Discussion

3.1. Research of Sensor and Photoluminescence materials

<+ MIT®] Swager 182 o9 22 n-n1 A& L34 && +2& e
pentiptycene WA} 3}3tEE sEsle] WHEF g S-S SUMAA TNTS £ 2dE
S B sl FeAlAE Afeste] B sk (J. Am. Chem. Soc., 1998, 120,
11864)° Pentiptycene 3%z} 32 M3 niEAzA Zadg P22 712
oL A Fto] EHEAEC AUE F e cavityE EAote] AR
ggear glow I 9ok ofe] 7HA| iptycenes ot FHEE AEAE 4
opol] &g3tal rh o] & niEg o PdH
F7174 3EEE triptycene TEE B3I A U
cavity 842 & ¢ ol SHAA AAAA A AMEmE gdEolet &
1t} Metallafluorene(4,5,8 9-bis—triptycene metallafluorene, M=Si %+ Ge)9] 7}

skl 1 FshE 5AE o] &ste] &8
iptycene metallafluorene =

T ERR S 22 24 ANE /AR go8 oARE Fa e A4
0" AEFFSE 57w HepA B 10 ARFF Aold] HEAFon A

o-n" HHAA S A5 glown we E5% Axr|H EAFE R glen 3
k7171 (optolectronics)ol A #-¢- 838k A AREH L HaE o] Vel AR &
HkA] (electron transporting) S 42 T f7]-ELoA AxpddAd 242 89}
o A A @ A A9 metallafluorene®] 734 WA 2 S5t B4 #
S dotryal Frh VIE RN FrlaiAtel skl o g E & o

o
G Wy 44 o gsle] @A BN EE OLED-47)

[
=

3.2. Synthesis of Characterization of Triptycene Metallafluorene
1,2,4,5-tetrabromobenzeneS /435171 $38Fe] 14-dibromobenzene®| Br.E #7}
st W (Bromination reaction)£ AH& oFlom, g8k ¥EAE SEE 19 %E‘r
WAtk FA4 9 1,24,5-tetrabrmobenzene® melting point 178-180 T .2,
H5E2 80% St

_13_



<Compound 1>
. 1,2,4,5—tetrabromobenzene

Br
Br, Br Br

T FeBr; '
CCly Br Br

Br

Scheme 1. Synthesis of Compound 1.

ol#A Aw 1,245-tetrabromobenzeneS Scheme 20] Ve Hle} o)
Anthracene 19 %3 n-Buli 19 %2 AF&3le] A Th

<Compound 2>
. 2,3-dibromotriptycene

polieeel
Tquene U O Br

Br
Scheme 2. Synthesis of Compound 2.

St El Compound 29 melting point &= 190-192 C o™ FE5E5L 50-60%
t}. g4 49 23-dibromotriptycened] n-Buli 1/29 %2 AF£3te] Compound 32 3§

_14_



Aeteh @A 9342 Scheme 3.9 YERUIATE

<Compound 3>

\J

)
oy o

Toluene
Br Br Br

Scheme 3. Synthesis of Compound 3.
¥ 2,2-dibromobitriptycene®] melting point + 220-225 C 2,
50-60%% YER . 4" 2,2-dibromobitriptycene2 ©]-&3sto] ZFzF ¢}

2 A7) E 7HA = 4,5,89-bis(triptycene)metallafluorene2- & a3 t}.

<Compound 4, b, 6>

4 @ 1,1-dichloro-4,5,8 9-bis(triptycene)germafluorene
5 ! 1,1-dihydro-4,5,8 9-bis(triptycene) germafluorene
6 : 1,1-diphenyl-4,5,8 9-bis(triptycene)germafluorene

_15_



.

”

— A

/

H H PH Ph
5 6

a ! 2 n—Buli, Ether, -78 T
b ClyGe, Ether, =197 T

c ' 1/2 LiAlHs, THF, r.t

d : 2 PhLi, THF, r.t

Scheme 4. Synthesis of Compound 4,5,6.
1,1-dichloro-4,5,7,8-bis(triptycene)germafluorene®] &4 W2 Scheme 4°] &}

Weith 1,24,5-tetrabromobenzene-g- AF-&38le] 2 2-dibromobenzene2- 4 slal o

710l tetrachloro germanium 19%-2 3 7}sle] 43 stoh
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©,

o} o] €A™ 1,1-dichloro-4,5,8 9-his(triptycene)germafluorenes tA] LiAlH,
=3 ke WhE3} PhLig ol &3dte] A &ukg& AZIAEYE Ao ZFH F5
E9] 1,1-dihydrio—4,5,89-bis(triptycene)germafluorene I}

1,1-diphenyl-4,5,8 9-bis(triptycene)germafluorene2 942 Utk F 714 31 &9
melting point= 300 C ol o=2 A HALH, 55 ZH 60% 9 66% A ™
AT

Fig 12 Compound 4¢] X-ray single crystallography S WEIWATE H &= Ble} o]
fluorene T-ZE 718 Fx22 JHA 1 o AZvE(Ge)E FACRE sl 57ba
o] ¥ iptyceneo] WA oE ZAFH UslE & F Uk ol E A
e FACE  Scheme 494 HE HEeF o] 2,2-dibromobitriptycene®ll
tetrachloro germanium< 193 3 7kste] wh&Qlth 1,1-dichloro-4,5,8 9-bis(triptyc
-ene)germafluorene- & 7| w-9 EQtAste] w=Zo] T A I-EFAdEY o=
2 7t AZ3E dUE B e AFgstedof sttt SolventE Toluenes: A-83)
of AAFF2E AUt Compound 4& AZvE(Ge)E TAHoE ®a-84 ©d4d
g3 ol Aol FsAleld Hel e e & FUF dnh ayE=

=
Compound 4+ "% £ A% 3= IS <4571 vt

OFO my,
r%’ﬂ
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Figure 1. Thermal Ellipsoid Drawing of Chain Structure of Compound 4

_18_



™

3.3 Metallafluorene®] $A4H I} Fs+4 &4 £

2,2—-dibromobiphenyl2- eHd stk HH 2 Scheme 8l e ST
1,2-diboromobenzene®] &= THFZ A}-&38}aL, 7yate] jHAd gt

n
t}. melting point ©]3, F5EL 66% % AF}E A}

o
E:
o
off
o
ikl

Br
2 n-BuLi .
THF, 78 C
Br
BrBr
MW 312
12

Scheme 5. Synthesis of Compound 7

4" 2,2-dibromobenzenes  o|&ste] A7 tE AIU|E MR
Metallafluorene®] g4 wHE4S Wetdlgdvh. 8wl 22 Ethers AREdho]
2,2-dibromobenzene® n-BuLi 29 %& H7lsla £E& -178 T 2 <& U
dichlorodimethylsilane, dichloromethylsilane, silicon tetrachloride, tetrachloro
germanium=- 29 %% H718hd Scheme 6914 HOX&= A3} go] 717F g F

715 A= 2dHo] dEHh
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<Compound 8, 9, 10, 11>
8 : 1,1-methylhydro—1-silafluorene
9 . 1,1-dimethyl-1-silafluorene
10 @ 1,1-dichloro—1-silafluorene

11 : 1,1-dichloro—1-germafluorene

: 2 n-Buli, Ether, -78C

: CHsCL:SiH, Ether, -178C

: C2HeCl2Si, Ether, -178°C

: SiCly, Ether, -178C

e ' GeCls, Ether, -178T

Scheme 6. Synthesis of Compound 8, 9, 10, 11.

o T D

[N
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¥ 1,1-methylhydro-1-silafluorene® 1,1-dimethyl-1-silafluorene #3824 £
e dolrr] 918 UV-vis §3% 29ERE SAs3T Fig 2& A438E Fsto

= AR
o121 1-methylhydro-1-silafluorene®] &4 2=HEHL veldl Aol
1,1-dimethyl-1-silafluorene 2] & 23 E7S el Zl ot}

Normalized Intensity (arb. unit)

Y20 a0 3w W & W T o0 6D AW
Waelength ()

Figure 2. UV-Vis absorption spectra of Compound 8

Fig 2(red)= 1,1-methylhydro-1-silafluorene®] &4 2HEH o F 232nmol 4
g &7 34 2= Fig 2(blue)d] WEL LH?ii‘:q 232nmel o 7] 3F-E YA

Sl BT Max = 418nmel A shibe] @ G E WERWRIYE Fig 3= ol¢f
vz 7 A 2 1,1-dimethyl-1-silafluorene ¢ & 23d& 230nmels Hd &
IS WERIAAL 230nme] o17] 32 AAF SFE P Amax = 415nmolA &)
Lo g FAiE B FATH
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=
=Y

[=d
>

[=d
o

— : WAiisabs.
—— : PLspecum

(=]
D

Normalized Intensity (arb. unit)
[=

Figure 3. UV-Vis absorption spectra of Compound 9

250 300 350 400 450 S00 Ss0 600

0.35 , , : : i , 1000
0.3 |
{800
0.25 |
i { 600
% 02l E‘
:
E 0.15 | st B
= =
4 A
= Bt
< {200
0.05 |
u A 1 1 1 1 U
300 400 500 600 700 800
Wavelength (nm)

Figure 4. UV-Vis absorption and fluorescence spectra Compound 10
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Fig 4(red)= 1,1-dichloro-1-silafluorene® &+ ~HEH o2 292nmoA Hd &
F 348 zE=rh Fig 4(blue)oll WeER W10 292nm°ﬂ 7] 3FE dAE Sk
8% Amax = 352nmol A shte] g G E eI Fig 52 ol ¢k k7]
2 1,1-dichloro-1-germafluorene 2| &< Z:Ji}%—% 286nmelA Hd &4 I

JEPNQT 230nme] 7] L AL AL A e = 39nmol A shrte]
B gelys nel ok

mlo
oﬁ

250 300 350 400 450 =00 S50 o600

0.s : : ; , : 1000
0.4 -{ 800
g 03 | {600 &
— =
a1 &
= 0.zt - 400 =
2 -
B =™
=
01 L 4 200
D |‘J L 1 1 1 | D

250 300 350 400 450 500 S50 600
Wavelength (nmj)

Figure 5. UV—-Vis absorption and Fluorescence spectra Compound 11
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Figure 6 1,1-dichloro-1-Silafluorene®] X-ray single crystallographyE e
th BHE Ble} o] A E(S)HE FHo R st 57 aEld % /19 Phenyl &0

fEf oz AgEo] d=de & 7 AUt silafluorened F48H7] AsiM = WA

Scheme 6¢} #o] 2 2-dibromobiphenyloll n-Buli 2% %2 o] lithium 2 X|3A|
71 v} silicon tetrachloride £ 33 H7psle] g4 3t} compound 105 & 7]9
- BAAEt =Fo] W AstEY] wiiEd MEFdEU o2 AR XFE

AU BB ARgelof o,

Figure 6. X-ray crystal structure of Compound 10
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3.4 The principle of O-LED

r{l—w. HTL

o
[== T |

A=l = EML OO @

T <

HAES ETL e N
;Ojlg(““* f‘;; HIL EIL———
dE=ES | Metal

L= =

—] ¥= || _ITO
g
e ©

Light ‘

Excitation

e L .

Figure 7. O-LED &9 X C¥E % 42X} O-LED X

r

T~
—

O-LED= F A= Atole] F717} 100-200nm™8 =] F7] vtepZe] A= o] 9=
TEE 2 frlE A7IE Aew He Wra skl
T §7) ELelgar gl wrgelglsE AL Bxbe] niek AE) (ground state)d
AW AA7p 9o o= Qlylel] o8 BE¥E AH (excited state)Z oA 7

7] A7) Eg A

o] (energy transition)& €27l ¥ oAl 71X HEH=z FLHGA qUAE He
AHZ wEste @t 959 oyA= 49 (F ¥ ¢ photoluminescence), 3}
g2l Wk3(3led w3 chemiluminescence), A71A<¢l A (HA7]EH

714
electrolumunescence)®] FHZ FHHTE {7 A7) EFAAE o] F Y] oA
& o]&3t Aolth. O-LEDst &Abel| AAE 71de w Sl A= 2 A electron)
7V, FFel A= F-F(hole)o] T = o FoA ANAdFsh= FEE F3
Z UEE FF FUSFHIL) R BF
Bl

ul
FEFETDS 45 A48 FYFTh A4t 430 BFSEMDAA ¥t
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)
2
2,
ot
o
of

ofi
o

A7t =2 A5E FF2E gl ATt B2 A5S F52F stof #HE
Hiolol 25 Atel] ZlgtomA Awd AAE dRFol FYso FdE A
AEF & A= 594 LUMO(Lowest Unoccupied Molecular Orbital) 2, -&-2
= 4] HOMO(Highest Unoccupied Molecular Orbital)® F94® . F7]5 W=
Azt Aol FAHAE dAE n-4d%S web v 3# X 3Hdelocalization) & ot A}
7b By golatA =AY = A HEAsE Hi AR ddbsbA] Relnm A=

FY9E A B A sl wet olyxHow $3(HdA-4 A
© electron-lattice coupling)® o] Z+2F A 2 54 Z8E(polaron)o] 2k
FE ] Mol vy o Zz; kg std iAo s ol|AE ZtA drh
SHEELS 2 Zreld H7E stell A A W E AFEZE hopping©ll
Wl A =2 3| olF . olwalvhe #NbAME S HRA U o= T
Z MR R AT st A7AE dAdskAl Bk A
= O%ﬂx}—‘:— 23 A9 A Z&(Singlet) %= 4F5 & (Triplet) 17122
AgstA drh AEE 7R 5 dFE AVIARPE 714 A EISI-S0)E Eolrbd
A 3 A (radiative recombination)S ¥ wel] FefE ] oA e & st

Hlo] vtAEly o] 7l o] electroluminescence(EL)®] t}.

o
f
i)

o
o ox
S} HO o, Hr

Y
i

=
f

lo
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3.5. Organic Light-emitting Diodes based on Metallafluorene and Triptycene

Metallafluorene

HOMO LUMO

Figure 8. Molecular orbital amplitude plots of the HOMO (a) and LUMO(b) of
the 1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene molecule and, HOMO
(c) and LUMO(d) of the 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene

molecule

Fig 8+ 449 slgdE9 MO Atda=zry oA
HOMO®F LUMO® #AHAESTE veld 9ot MO AlLMRIE S Density
Functional Theory(DFT)¢t Gaussian 98 Z 2132 o] 8392 basis set2

2 triptycene metallafluorene<]
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B3LYP/6-31G(d)E ©o]&3l6 . 1,1-methylhydro triptycene silafluorene® 7 -%-
HOMOT -5.3931 eV °]al LUMO+ -1.027 eVZ band gap energy+ 4.3661 eV

A¢la1, 1,1-dimethyl triptycene silafluorene®] 7--+ HOMO+ -5.3363 eV ©]
a1 LUMO* -09522 eVZ band gap energy+ 4.3841 eVE Aith ®3 LUMO
EAAESFE B AeFE Fsto] n-dArE vaAxst HJof e & F AUtk

MAE=E =2

HOMO LUMO

HOMO

Figure 9. Molecular orbital amplitude plots of the HOMO (a) and LUMO(b) of
the 1,1-methylhydro—1-silafluorene molecule and, HOMO (c) and LUMO(d) of
the 1,1-dimethyl-1-silafluorene molecule
Fig 9& &+ 3g 5o MO AAZAFZHE 92 metallafluorene®] HOMO<}
LUMO®S #AAZ=ETE vEld 9ot MO AAeIY 2 Density Functional
Theory(DFT)®  Gaussian 98 ZEZ 132 o|&3l49 oW  basis

(o5}
i

ek

set<
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B3LYP/6-31G(d)E ©]-&3}%t}. 1,1-methylhydro-1-silafluorene®] 7-%- HOMO+T
558671 eV ©]a2 LUMOT -1.0157 eVZ band gap energy+ 45710 eVE A
AL, 1,1-dimethyl-1-silafluorene®] 4-%-= HOMOT -57988 eV |3 LUMO+
-0.9540 eVE band gap energyt 4.8448 eVE it} H3F LUMO HAH =84
£ Byl HeFE Sk n-dArt v Hel des & 5 Uk

3.5.1. Structure of O-LED

/—Depusition material and Thickness- \
A=

e Cathode : metal electrode with low work funtion
Cathode —— Al (180 nm) - To reduce driving voltage
EIL - * LiF (2 nm) - To improve brightness-current density
ETL —— Alq; (7 nm) Characteristics
EML —* Emissive material | ¢ TTL : Electron Injection Layer
HTL i T TPD S0nm) e ETL. : Flectron Transport Layer
HIL = CuPC (10 nm) ¢ EML : Emission Layer
—] Anode | ——> ITO (150 nm) o HTL : Hole Transpert Layer
‘ it 4'—’ Glass substrate o HIL : Hole Injection Layer
e Anode: ITO
- To transport visible light

Y o Substrate : Glass, Silicon, etc
Light

Figure 10. Structure of O—LED Shell

Ape] 5A4E dolry] 9t AFE At FS(anode) &E = A
A ITOE A3, & (cathode) 22 & 471 F(ADS AHE
Hole Injection Layer: HIL)2. 2% CuPC : Copper(ID
42 (Hole Transfer Layer: HTL)2. 2+ TPD, AAF+U =
(Electron Injection Layer: EIL) 2.2+ LiF, AA44%% (Electron Treansfer Layer:
ETL)e2E AlpE 44 Abgsgdct. =3 w32 (Emitting Materials Layer:
EML)2 4% 4,5,.89-bis(triptycene)metallafluorene™ metallafluorene® AF-& 3}

EN.

phthalocyanine, &
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=
A2 FEE Fig 108 Zo] ITO / CuPC (10nm) / TPD (50nm) / Emissive
materials / Alg3 (7nm) / LiF (2nm) / Al (100nm)& #Z = Ao
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3.5.2. PL and EL spectra

A7#E3e PL 574 A9 o7] F¥(excitation slit)g &3 Fxe] F¢ o2l
Keithley 2388 ©]&3dle] ¥& A= AsHE ¢drbete] d7]7)F Sshy Hlo] wAs}
= RS SAHSA T PLH 22 Perkin ElmerAte] LS50BE o] &3t ow, 48 <l
7hehe diAl dsts ke o) e HBE 54 slolth

Fig 22% 1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene (A)3} 1,1-methylhydr
-0-4,5,8 9-bis(triptycene)silafluorene (B) ¢] PL " E7 3 EL ~HEZ S el

ageltt Fig 114 =< 91501 F =538 PL 2HEAELS 44 AlTnme

.
Do
]
=
=)
o,
|
ald
1
=2,
>
o
v
o,
i
J
i)
o
=
il
fz
38
M
o
=
>
B
im u
il
18,
>
N
N
.
—
]
=
8

Normalized Intensity (arb. units)

Figure 11. PL and EL spectra of

1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene (A) and
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (B) materials.
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1,1-methylhydro-1-silafluorene (A)3} 1,1-methylhydro—-1-silafluorene (B) ¢ PL

A EQF EL 2FEH S Fig 120 e Fig 120014 &5 dxo] + &4
o] PL 29 EHEL Z47F 414nm$} 415nme] FE&40) A shtbe] g oA E B
Har, EL ~#E" 9A] Z47F 406nm 9+ 409nmel A shbe] $-AF s e B

ot

10 A

o
ras]

~B-  PL=4147rm
-4~ B =408m

= =
I o

=3
%]
Normalized Intensity (arb. units)

Normalized Intensity (arb. units)

Figure 12. PL and EL spectra of 1,1-methylhydro—1-silafluorene (A) and

1,1-methylhydro—1-silafluorene (B) materials.
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3.5.3. Analysis of |-V-L Characteristics
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Figure 13. Applied voltage versus luminance and current density plot of
1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene (A) and
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene (B) materials.
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Figure 14. Applied voltage versus luminance and current density plot of
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3.6. Quenching mechanism of Photoluminescence materials
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Figure 15. Detection Mechanism for Explosives
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3.7. Detection of Nitro compounds based on Triptycene metallafluorene
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Figure 17. Triptycene metallafluorene= 0/&3dt0 Nitro compoundsE & Xl& 2l
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3.7.1. Detection of PA based on 1,1-methylhydro—4,5,8,9-bis(triptycene)silaf
—luorene
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Fig 18. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene for PA
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3.7.2. Detection of TNT based on 1,1-methylhydro—4,5,8,9-bis(triptycene)sila
—fluorene
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Fig 19. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene for TNT
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3.7.3. Detection of DNT based onl,1-methylhydro—4,5,8,9-bis(triptycene)sila
—fluorene
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Fig 20. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene for DNT
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3.7.4. Detection of PA based onl1,1-methylhydro—1-silafluorene
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Fig 21. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro—1-silafluorene for PA
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3.7.5. Detection of TNT based on1,1-methylhydro—1-silafluorene
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Fig 22. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro—1-silafluorene for TNT

A E
A 2
WA A7} 8192 W metallafluorene® &7 TP ZE VeI Zlojal QX
Y EE FEo E Stern-Volmer (S-V)Z WERH 1 E o) 1y of A
%ol TNTY w7t Hajdys Hdsts ol Brhe A& | =

KoM 7 1.8 x 10° o] vhghr},

2 TNT 10 ppm solution < Micro sylenge(50 uM)Z ©] &3} 100-500 ppb=
A st o yepd AHER 9] Aiutgo|t; Fig 229 9% 18+ TNT 30

&

1
e
=

e
3o

_42_



3.7.6. Detection of DNT based on 1,1—-methylhydro—1-silafluorene
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Fig 23. Quenching PL Spectra Stern—Volmer plot of
1,1-methylhydro—1-silafluorene for DNT
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4. Conclusion
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PA TNT
¥= ZE;‘ilﬁx - 0.0046 X ¥y = TI0175x +0.0028
R'=0.0953 R = 0.0087 y=180105x - 0.002%
y= IE+06x +0.0013 R =0.9804
B = 00087
0.00EH0  S00E08  LOOEDT  LSOE  200E07  2S0EN 0.00E40  SO0ES  LOOEOT  LSOEQT  200E07  250E07
0.12
01 DNT 3
0.08
o~ y= 39:413): - 0.0076
o4 B =0.9723 = 40398 - 0.0013
.2 R = 0.8269
o —u——.r—_.'.—_.'
0.00EH00 5.00E08 LOOE07 LS0E07 2.00E07 250E07  3.00E-07
PA THT DNT
Triptycene
Metallaflucre 2.000,000 T09.175 397,413
ne
Mﬂtalfeﬂ“"m 1,000,000 180,105 40,398

Table 1. Total Comparison of Stern-Volmer Constants K(Ml)
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