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Abstract

Syntheses and Characterization of Bis(triptycene)metallafluorene

Derivatives for Explosive sensor and O-LED Applications

By Yang, Jin Seok
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Metallafluorene have recently received much attention because of their unusual
electronic properties. These unusual optical and electrical properties can be
useful in electronic devices, such as electron transporting materials,
light-emitting diodes (LEDs), and chemical sensors. 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. 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.



1. Introduction
Metallole(4,5,8 9-bis(triptycene)-1-metallacyclopenta—-2,4-diene, M=Si, Ge 12]il
Sn)e Aoy AzZwpge ¥stele 54 uE 3FEZ LUMO (lowest
unoccupied molecular orbital) 7} A2l &Zoly Al ZvlE-2 Fole] HHASE FHof
7] ool e HEI AR BAAE AL o FAAT] 7oA g F&
StAl AFEE AL HaEge] V]soA A} R 248 HEe f7]-ELelA AR}
#4242 f43th" Metallole © vhe ¢ A9 A 9len -4
skal gl A of AxSFet 57 g FEr R 1f A= A
AeAgor A% o -1 WBA}E A2 Uk Metalloled] 222
2 3l silole® conjugation® 2] 3}3tEe] EAFFe =5 AAH S
dEA Yok olm 88 A9E sioleR A9 AAT AYA QA = 7}
2 e BAAEEFLUMO) oA et Aol Ad@sta & od@el de o
B AA =849 butadiene®] n° EAAIT g Atolo] Az NG oR QA silole
W Ex7F "Jof o] siloles M A uksg
E d4A e A e 3 dEes fA Stelse dE A
° s
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o] Z2 #etH AHAV]H EA uFd silole? electron transporting materials ©]u}
LED 12|31 chemical sensors 52| electronic devicesd] o] #&<E 4 3t}
polysilole Si-Si AF&2 7k & B vk ofYe} Ex g 57t agElve S ¥
FE AR dqem ol Witk od nEA sgELS 53 Tulrt led 1
olfr+ vHlAEASE 1P THAAIEL HAA-NF FoF ) Si-Sie S8k FoF o
s @ Q7] wdEolth B ol wlg- ¥ F A dEES UM A
o2 gy} gagde] AdelA f7] LEDERARE &5 AnA7 2 & A&
Aoz Algdcrt %3 chemical sensorsZEAE EFFI A8 2 F UEY
polysilole> UE=Z #FES 3¢5 (picric acid, TNT, DNT, NB)ol| %2 Xeie

Y,
X
2
(i)
ol

HolErh S Metallole A 33 Fo] dAAE fGA uksTF&
(electron transporting layer, ETL)Z &S A ¥ AT

(i)
ol
=
o,
o



transportin layer, HTL)3} &4 ¥F#=(light-emitting layer, LEL)2. & A]Z#}s}e]
O-LED 5745 HoF A#7f FHo] BHiso] drh ol8d 553 JHdEL 5

3] FAA 717 A AAADLAE (electron transporting materials)y A& A 2 A

4

_{ok

& (hole transportin materials),” 234 ) & (light-emitting materials),"% 2 33}
A AEsA Ao w9 545" Pentiptycene ¥A: iptycenes 71 E F
Ao Zh= FAEMR FHtd AEA aIAEdel ol Beol ol& HE dE
= o

Z Tvlge] B4 2AES X6

Pentiptycene At LA F AMEY Z=2de o A FIH
Ede 7Aoo 1 yolyl = 4 a8 MR 7] wiEe] A% 2

A% Adg AAR A oM o] §5 o] paraquat™ % TNTB&% e

o] FALEe] A HHE He A A FEFE %X]é}ﬁ‘?i S Aoy A
7] &7 R excimer A PR 7= AS S 2Ee ﬁxﬂ@ Ha7F 8l
a2, geet WA 2ge e 54E 7 AN Adosny AAsE Aol

A GEE 7HA dubE]l 771 A el =2 SalAde dERd ool
IA A olME JNINE FEA B w2 A FEES WE E ZAolga oA
Qq_[3233]



2. Experimental

2.1. Generals

B 239 standard vacuum line Schlenk techniques: Al&3dlom 3}13HE o]
e olmE A E97IelA Adsidnh. Al AR E AokE,
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 g /\] 71 & ¥4 THF$ diethyl ether, hexane, toluene 52 AF-&38}th.
#3s =4 A5 = &l THFE Fisher 3}&3] Alol 4 HPLC gardeE ¢ 3}
o thE A7 glo] AFEsA T &3 A" EY LS UV-vis spectrometer(UV-2401
PC, Shimazu)& ©o]&3sld <AJrt. FT-IR 2HWEFHLS  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 3 C NMR €| 75 MHz)< o]§3dto] it
NMR &vl chloroform-d& 3F% &<t Call:® WREA|A A F8-2 AAstS A}
439t NMR ¥ =29 3}8t4 o] part per million (6 ppm) 2 A=A &

o
_1

|

H€ Perkin-Elmer luminescence spectrometer .S 50BE A}-&3}<
AotArh FF~HAEHS FH517] ot Ee dHEY 5 1meg/l1L =1
ppmlE o] ALt &G AFHESL UV-vis spectrometer (UV-2401

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



2.2. All analysis material preparation

22.1. Fabrication of DNT Solution 10 ppm

THF<= FisherAte] HPLC garde 99% AH& shdown, th2 A2 §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 <$ldl A&#e] Eo] EXsty 2 AgA
Schlenk-linedl 41 Sucktion #AHE AXA 2AA £58 BD8 A28 2104

713 W3 sUskA 10ppme] Solutions A%

2.2.3. Fabrication of TNT Solution 10 ppm
TNTE= F8E #ef spoff dSRgroA] ARSI 7S A gfal Atk A4
A1 200g Az 7 d7lel 2 A AA Fdste] AFE sHA
S wk Ao HAXE &g~ Ao| £ DNT 3g, H:SOs 22ml, HNOs 6mlE 7t
7} E§ske] Hot Plateg o1&3te] 90°C §A1% thd 3h 7FE @t} 1 thdof
% frAste] Overnight(12 h ©]%) gtth. o] €A =& o] IJFES TF
50mlE WZHA 7l &7)o @ tS 77 E o]&3le] Filtering 8t At} 3}
b AR obA AEke] DNTZF EA41st7]o methanolel 838|417 thiol W
sto] AA3 A7l thgol Schlenk-lineg ©]&3to] Sucktion #HLS 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% <]
THF 100mL °l *9°14 100 ppm $ =% 53 & o A 10 mLE A-AE
&3] Hg ths THF 100 mLel 3 7Fste] 10 ppm 5 %22 #3 FUATh

o3
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=
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2.3. Synthesis
2.3.1. Preparation of 1,24 5-tetrabromobenzene
1,4-dibromobenzene (100 g, 042 mol)2 o}227}2 3SloAl dried carbon
tetrachloride (600 mL)oll Al nlwkelm ks ZHo] & v B8 &7]% ol bath®
o] g3sle] &2%E 50-60 C7}F W bromineS- dropping funnel2- o]-&3}e] 1-2A17F
ot AA3 H7F sl FUh brominee] U H7MHW EE 70-75 CT7HA £
e 12A17F o4 reflux A1 AT HHgFRE ¢ 2EE Aoz U
20% NazSoz &9 (1000 mL)® F3-2 & AAIgth G zo] mao g wofof
37t gkrEEs v Aol & uwj7bA] whEsie] AAls|FEr alwk 30
o

(100 mL) F7F ¥ & Az} o3} ods F Fg, Solide W=E B#Aste] £
CCly &% MgSOr% AbEsle] o] RS AA AATE F F7 s skl
SAlA AA F Solid®yt &35t Toluene (250 mL)E 7}sta 30 ¥ Reflux A

2 s 0 T =X 2EE UFH FUA Rk AAEH @A™
1,2,4,5-tetrabromobenzene2 'H NMR9} “C NMR spectroscopy 2 ©]

atglth 'H NMR (300 MHz, CDCLs) § 7.86 (s, 2H), °C NMR (75 MHz, CDCLs)
6 137.28 124.40

2.3.2. Preparation of 2,3-dibromotriptycene

1,2,4 5—-tetrabromobenzene (30 g, 0.076 mol) ¥} anthracene (15 g, 0.034 mol)<
FehaAo] Hrb 3 o ob 22 7hA Shel A dried toluene (500 mL)e % 713l
FREAZIHA ghdst A HolErh vhE Ao FA]E o] &8l 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 gele Ab&ste] Aglo=m FEldtt Ay o=w dojxl g {718

"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-dimethyl-4,5,8 9-bis(triptycene)stannafluorene

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
o]g3sle] -78 T & 25E& 95 & 5 AHAE o] &3st9 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

op



WHE A AFEL fAE A ALE o] &5t -197 TolA 30% A=
A d¥Fk 1 S dichlorodimethylstannane(IV) (3.5 g, 0.016 mol)g #
Zhgtoh o & 2R0F Aol E wrkA] 2xRE &9 T abksth b

21
WaA {e, sekae] AdZe] A7 Hrl aF

!

&
R
r,
=)
28,
JL
[S—
T
Z,
=
=u}
()
&
S
=
)
K

O
-
O
—
»
o

B“C-NMR Spectroscopy% o] -§-a}
7.80 (s, 2H), 753 (s, 2H), 7.44-6.93 (m,16H), 542 (d, J= 105, 4H), 0.26 (s, 6H)
13C NMR (75 MHz, CDCL3) 6 14758, 145.71, 14541, 14528, 144.05, 136.20,
127764, 125.36, 125.29, 123.74, 123.67, 116.41, 54.67, 53.97.

2.3.5. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)stannafluorene

2,2-dibromobitriptycene (5 g, 0.008 mol)2 o}=Z 7}A35ko 4] 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)E Fstd A3 HIF ekl vhEE 3AF Ax w3 F Dry ice bath®

i g ael gelo] Wrk o] F Lol 4

A AL FeoZ 2EE ST &
AZE AR H wRk A AFL A A HAE o] &sle] -197 TolA 30 A=
t}S dichlorodiphenylstannane(IV) (5.5 g, 0.016 mol)-

7b el d w7kA 2xE &8 FuA axkeic ¢F

)& A o w WelA HwW, sfekAle] HHE] AVA "k
AL d2oA alnk AAFEA WA F A oA E ZStsel A S AlA
o dried Toluened #7batel AZ24 AAFT @49 H4ES 'H-NMR 3}
BC-NMR spectroscopy & ©]-&3te] 218ttt 1H-NMR (300 MHz, CDCL3) §
784 (s, 2H), 765 (s, 2H), 7.41-7.33 (m, 8H), 7.12-6.90 (m, 8H), 542 (d, J= 9.6,
4H), 4.88 (q, J= 37, 2H) 13C NMR (75 MHz, CDCL3) & 147.99, 146.55, 145.14,
14499, 144.38, 135.54, 13293, 132.76, 129.93, 12848, 127.95, 125.15, 123.58, 116.63,
54.67, 53.89

i
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AN



2.3.6. Preparation of 1,1-dimethyl-1-stannafluorene

2,2-dibromobiphenyl (10 g, 0.016 moD-e o}l=2< 7}235Fe|A] dried diethyl
ether(120 mL) el Al ksl ¢4 3] =of & thf ¥hg 8§75 Dry ice bathE o]
L3l 78 T & 228 ¢33 & & AdAE g3t n-BuLi (188 mL, 0.032
mo) & FHslo] A A3 H7F sttt vheE 3A1ZF AX Wk § & Dry ice baths

i g ael gelo] Wrk o] F Lol 4
1)

AAEA deiFErd. 1 e dichlorodimethylstannane(IV) (35 g, 0.016 mol)& #H

P& Aol & w7k 228 &9 FUA gk rh g gole
< =@ golow WelA WM, siekAe] FAdEel 4VIA " s
oA Rk Al AFEA WA g A A S 7stElel A S Al A o
+ dried diethyl etherg ©Al FH7leted AAA AAET FHE =L
'H-NMR ¢ "C-NMR spectroscopyE ©]-&3te] 2183tk 'H-NMR (300 MIz,
CDCLs) & 7.85 (d, 2H), 7.75 (d, 2H), 7.53 (t,3H), 7.24(t, 3H), *C NMR (75 MHz,
CDCLs) 6 142.02, 132.88, 132.06, 131.17, 129.65, 121.91.

14
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3. Results and Discussion

3.1. Research of Sensor and Photoluminescence materials

Pentiptycene ¥4} iptycenes 7| ZFZ 0% zte= R ZA FHbo AxRA 1
A Slol wWel ol 8xe sttE 5 shtelth 1 olf& sl ol e

2avge) B4 248 AAstid gl 1 7

7] wj¥-o]t}. Pentiptycene ¥ 3I}g=L AE TZE 7}
Aal gl AR S EAEEEC] AYE F U cavityE FAdste] ekl
MR S8 o o volrl 2 ¥ TE&S AL 7 Uﬂ%‘)ﬂ 53g 2l

o disl w-§- %L HAAEE 7FAa vk ®Bad LES

ol Al AuE wHE #FAA FEE FAsEE &5 A Ay aA

R excimer A4S WAAT= AF HE5AEE AAS davt iz, did vA

RFe e BAE HAAM Aoz E AgrTle slo] iAol I 9ok

o#] 7}A] iptycened 3l FE2 AEAES At 2 FeH 5A4L o]
[e]

i
ko] ggtokd &8st Urt. ol & nte e Z 4 H iptycene metallafluorene
2 53 ¥AF U cavity 84S & F o] 5F
b = 9lth. Metallafluorene(4,5,8,9-
bis—triptycene metallafluorene, M=Si F3= Ge)d 7}4 2% EAHL o 3519
AYE 7HA glom o-AdE shal = HEE of ARgF 57 gl ¥
Bhrjol Fio) 1 Ansy Ale]le] duAgom % o-n HHEASE A gl
on w9 =Eg AR ZF EAS A1 9on #AHA7] 7] (optolectronics) ol A
w9 &5k AR gAaZH o] Vwda]l AR} 894 (electron transporting)
=42 TE f{7]-ELolA AAdRAd =42 f&otth. FA Ed Axdl

metallafluorene®] +x4 WAL Tl 2o FEA EAS dolrya o)
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e
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3.2. Synthesis of Characterization of Triptycene Metallafluorene

1,2,4,5-tetrabromobenzeneS /435171 $38Fe] 14-dibromobenzene®| Br:E %7}
sk ¥ (Bromination reaction)g AF§ st ow, g8k ¥kg-AE Scheme 1] U}
E}Lﬂoiﬁr. A" 1,24 5-tetrabrmobenzene®] melting point= 178-180 T %o,
TFESES 0% Atk

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

Br Br
Brz Br C6HzBr4
> (1) Exact Mass: 389.69
ccl, Br Mol. Wt.: 393.7
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

Br

Br n- B“Ll % Br CyoH,,Br,
Br * Exact Mass: 409.93
Toluene Mol. Wt.: 412.12

Br

Scheme 2. Synthesis of Compound 2.
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mol'

A ® Compound 29 melting point + 190-192 C o F55L2 50-60% At}
tAE 2 3-dibromotriptycene®] n-Buli 1/2% #2 A}&3}e] Compound 3& 34
v} A ukg A8 Scheme 3¢ WERATH

o mol'

<Compound 3>

& Il-BllLl a C40H24Br2
Exact Mass: 662.02
F Mol. Wt.: 664.43

Br Br

(©)

Scheme 3. Synthesis of Compound 3.

A71HH e 4" 2 2-dibromobitriptycene®] melting point = 220-225 T o,
& 50-60%= ERth @4 E 2,2-dibromobitriptyceneg: ©]-&35te 747t th

2 H371E 7HRE= 4,58 9-bis(triptycene)metallafluorenes §H4d 8} 91 .

<Compound 4, 5>
4 @ 1,1-dimethyl-4,5,8 9-bis(triptycene) stannafluorene
5 ! 1,1-diphenyl-4,5,8 9-bis(triptycene)stannafluorene

_12_



Q O L QL
SO 0

Y, D s
> Exact Mass: 654.14
Mol. Wt.: 653.4
Wi
7\

Y, (D
e CsyHz4Sn
Exact Mass: 778.17
Mol. Wt.: 777.54
Sn

a . 2 n-BulLi, Ether, -78 C
b : Clo(CHs)2Sn, Ether, -197 C
¢ . Clz(CsHs)2Sn, Ether, -197 C

Scheme 4. Synthesis of Compound 4,5.

1,1-dimethyl-4,5,8 9-bis(triptycene)stannafluorene®] &4 ®WH-2 Scheme 4°] &}
Weith 1,24,5-tetrabromobenzene-g- AF-&38le] 2 2-dibromobenzene2- 4 slal o
71 dichlorodimethylstannane(IV) 13 %% #H7lste] FAdsod H3 FAd=
2,2—dibromobitriptycene®]  dichlorodiphenylstannane(IV)E #7}sld A9 A =4
FE5 59 1,1-diphenyl-4,5,8 9-bis(triptycene)stannafluorene® -2 4 vk F 7}
Al 3teHE9] melting pointe 300 T oldew HA HIlow, F552 474 60%
&+ 659% A=At

4 ¥ 1,1-dimethyl-4,5,8,9-bis(triptycene)stannafluorene® 1,1-diphenyl-4,5,8,9-

bis(triptycene)stannafluorene®] &84 54& dolrr] 93] UV-vis F& ~HE
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HE FA4SE Fig 12 A438& &35t 92 1,1-methylhydro-4,5,8 9-bis
(triptycene)stannafluorene®] &% 2 &% ~AWELS bl Zo|oh
AT IAS
hex=308 - Me” Me
.*’E‘ b ?'f'1:3.22 — - — UV-Visarb
; Jr‘ :."I R === PL Spectrum
£ e
g P B
s 2
= ]
Sy
= :
3! [T
N L Vo
l‘ ;
L ]
L %
L \ rep——— ...'_-- - — -
250 300 350 400 450 500 550 600
Wavelength (nm)
Figure 1. UV-Vis absorption and fluorescence spectra of Compound 4

Fig 1(red)<
2 308nm¥+

322nmell o17] 9FE UAF SIS A Anax = AlTnmol A Bhbe] S

SFth.

o

1,1-dimethyl-4,5,8 9-bis(triptycene)stannafluorene®] & ~HE

322nmolA A F4 3L et Fig 1(blue)el WeR Wt

o o

J {
o
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AeL Fste] A& 11-dimethyl-4,5,89-bis(triptycene)stannafluorene® Quantum
Yielde Z#A3dl7] 9ste] 2T 2% 2-Aminopyridine &% ~HEHS el A
o] Fig 3+ 1,1-dimethyl-4,5,8 9-bis(triptycene)stannafluorene®] &3 A~ EH

2 vpehd o]t

2-Aminopyridine

0.1 | | | 1000
N

0.08 - \ - 800
|~ [
[ N =
[ \ (=g
| \ @
] =
, 2,
o [ \ 3
Q 006 | VL + 600 <
g = | \ ~
2 \ 5
= \ =
2 \ =
S
;‘E 0.04 - 400 B
<
=
=
=4
\ w2

0.02 4 200

350 400 450 500
Wavelength / nm

Figure 2. UV-Vis absorption and fluorescence spectra of 2-Aminopyridine
Fig 2% 2-Aminopyridine®] &4 A~ Eg o2 306nmolA] Hd FF 34 zt=
A O

th 305nmell 171 3bE-s YAF SRS 5 Amax = 368nmell A shtbe] g g
e HERARIT
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1,1-diphenyl4,5.8,9-bis(triptycene)stannfluorene

01 — . . . . 1000
008 | - 800,

=

2]

=

] et
S 006 - 600 "%
o~ -
1o ]

E =
= =
2 om | 4 ann =
i

=

=

2

w2

- 200
' 0

300 350 400 450 500
Wavelength / nm

Figure 3. UV-Vis absorption and fluorescence spectra of Compound 5

Fig 3= °l¢ vz k< 2 1,1-diphenyl-4,5,3,9-bis(triptycene)stannafluorene ] 5%
232 310nmelA Hdl F sds WYERLLL 310nme] 7] oS iAb 5
Re AT Apax = 378nmol A shbe] W G E B FUTh

Fig 4 &= W& 2-Aminopyridine® 1,1-diphenyl-4,5,8,9-bis(triptycene)

stannafluorene®] Stern-Volmer plotsttelydl Zlolth. Fig 49 &9 1H&
2-Aminopyridine®] 17 2 £22] 192 1 1-diphenyl-4,5,8,9-bis(triptycene)

stannafluorene®] Stern-Volmer plots®] tt.
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th

Fy=126.94x + 0.0445
R*=10.9993

0 1 1 1 1 1

0 0.01 0.02 0.03 0.04 0.05

2-Aminopyridine

[ ¥=35.503x+0.0236

R*=10.9941 .

0.06

Figure 4. Stern-Volmer plots

o] 21t Stern-Volmer plots® 2 3}&

!
F k.

AAT 19%2] FAEE Fe
7] YEME 2Ede Al

49 %2 e

0.005 0.01 0.015 0.02

1.1-Diphenyl-4,5.8.9-bis(triptvcene)silafluorene

of 2-Aminopyridine and Compound 5

o) g3l ohele] Aol AT Wol A3

1,1-diphenyl-4,5,8 9-bis(triptycene)stannafluorene®] Quantum Yields A&

2

Grad, | nx

2

Gradg, \ ngr
o8- = A} o]# 3 Quantum YieldE =45}
F83hH Figure HolA ol deAd AE 7EE
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Compound Solvent Literature Emission Reference
Quantum yield | range /nm
Cresyl violet Methanaol 0.54 G00-650 J. Phys. Chem., 1979, 83, 696
Rhodamune 101 Ethanol + 0.01% HCl 1.00 600-650 I. Phys. Chem., 1980, 84, 1871
Quinine sulfate 0.1M H:S0y4 0.54 400-600 . Phys. Chem., 1961, 65, 229
Fluorescein 0.1M NaOH 0.79 500-600 T Awr. Chem. Soc., 1945, 1099
Norharmane 0.1M H2SOy 0.58 400-550 T Lamin., 1992, 51, 269-74
Harmane 0.1M H-SO, 0.83 400-550 J. Luwin., 1992, 51, 269-74
Harmine 0.1M H2S0y 0.45 400-550 J. Lumin., 1992, 51, 269-74
2-methylharmane 0.1M H250, 0.45 400-550 T Lamin., 1992, 51, 269-74
Chlorophyll A Ether 0.32 600-750 Trans. Faraday Soc., 1957, 53, 646-55
Zinc phthalocyanine | 1% pyridine in toluene 0.30 660-750 J. Chem. Phys., 1971, 55, 4131
Benzene Cyclohexane 0.05 270-300 J- Phys. Chem., 1968, 72, 325
Tryptophan Water, pH 7.2, 25C 0.14 300-380 J. Phys. Chem., 1970, 74, 4480
2-Aminopyridine 010 H-S50, 0.60 315-480 . Phys. Chem., 1968, 72, 2680
Anthracene Ethanol 027 360-480 I Phys. Chem., 1961, 65, 229
%10 igheny) Cyclohesane 090 400500 | J. Phys. Chem., 1983, 87, 83
anthracene

Table 1. A Table of Standard Materials and Their Literature Quantum Yield

Values
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3.3 Synthesis and Characterization of Metallafluorene
2,2—-dibromobiphenyl2- sk HH 2 Scheme 59] [BR=ARIE=r R
1,2-diboromobenzene®]| &7 2 THFE Ab-&3lal, n-Buli 1932 3 7lste] &4 3

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

Br n-BuLi C,HgBr,
> Exact Mass: 309.9

THF Mol. Wt.: 312
Br Br Br

(6)

Scheme 5. Synthesis of Compound 6

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

718 A= B4l FAdd.
<Compound 7, 8 >

7 . 1,1-dimethyl-1-stannafluorene

8  1,1-diphenyl-1-stannafluorene
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) : ab
Br Br Li Li
D st
b Exact Mass: 302.01
—_— /Sn\ Mol. Wt.: 300.97
Me Me
)

Li Li
¢ Cy4HgSn
Exact Mass: 426.04
)

a . 2 n-BulLi, Ether, -78°C
b : Clo(CHs)2Sn, Ether, -178°C
¢ ¢ Cl(CsHs)25n, Ether, -178C

Scheme 6. Synthesis of Compound 7, 8.

4 ¥ 1,1-dimethyl-1-stannafluorene®] &% EX2 dolr7] £3] UV-vis &
F ~HEdR ¥ ~AERS SASAt Fig b AdE Eoto 4

1,1-dimethyl-1-stannafluorene®] & % 3 ~ANEHS Yepd Flo|th

o~
Figure 5. UV-Vis absorption and fluorescence spectra of Compound 7

Fig 5(red)+ 1,1-dimethyl-1-stannafluorene®] & ZHET o2 280nmoll 4] & o

&% 98 zb=t) Fig 5(blue)ol veb Ul2lom 280nmell 7] she 1Ab &k

o= AN



“_;.fzs?_.(_ o= 346

§ g /Sl]
| Me Me

- w= UV -Vis arb

m==m=  PL Spectum

Normalized Intensity (arb. unit)

L. T

250 300 350 400 450 500 550 600

Wavelength (nm)

2 BT Mpax = 346nmol A shibe] W GHE YERA AT

3.4. Quenching mechanism of Photoluminescence materials
B Ao oy #3877 (UV-Lamp, Luminescece Spectroscope-55)E2- ©

L31e] Ao A& F Al 249 triptycene metallafluorene®] o wk

—

»O
S
i o o

O
e golslgar o33 EAES 280-320 nme UV-vis 999 3pae ub
o Valence Band 7} Conduct Band 2 & Ao|dhdA] w42 1= 7]E 44

ol gstol AE vk o Aol HZ<S Nitro aromatic =ZEE  HEH=(
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DNT, TNT, Picric Acid) °le1& A} F-F3geEol #8440 5L &7 F
ANA F o] 2FEN A Vapor & A g+ kRS W ot ¢ Fig 5914 & = 3
Zol ARk weo] AArt AAry Wz tpA] Holx= Zlo] ol o]k HA K-
3ol JHA A e AAA Q"I AV S8R A e BAE &9
LUMO Level 2 Zo|¥A Ho=zZH 43d Aol dojuypdA X &2Q] Static
Quenching ©] ¥dojdE & + YAt & AFLS olefs F3shA el | 7HA
a1 Ay 2 5196 2 triptycene metallafluorene™ metallafluorene®] W] il

Aot FHHE FRew a8 dAdEd 23 mEsith

S

3.5. Detection of Nitro compounds based on Triptycene metallafluorene

Hs
NO 0, 02 O,N NO,
HaC
NO, NO, NO,

OZN N02
1,3,5-TNB 1,3-DNB 2,4-DNT TNT
H HsC~\ ~NO, 5\102
5‘102 r N\
2 r NW 02 2 OZN-K /N’ NO,
- NN N
OoN " NO, rlxlO
NO; NO, 2
PA RDX HMx

Tetryl or nitramine

Figure 6. Chemical structural of explosive
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19973 MIT sl Swager 12 o]} & -1 AR 3831 &= 725
Zb= pentiptycene Al 3FHES J|Eele] @A g &S SUHA A TNT o £
EE-S WS SFSHAA S St 9ol A BE vle} ZEo] pentiptycene
AFA StEE AE aRAEA ZEEGE VP glow aiial Fitol] A4
T AT cavityE st sistAlME &8% 4 k. Fig 169

| 292 Atold A& &3} 3

e
%
it
E
2

o,
et

rE
_I_4
N
>
2
off
2
rir
L
o

| swager
kel & Aol Triptycene metallafluorenes “1E°] 7FA|3L QA& cavity©l
Nitro compounds  #AF&E°] A ZAgE st ©@x|skA ")k Triptycene
metallafluorene ©] 2437} ¥ FAES 2@ Zo] EAEo] SATXY FH
2 Aol "ot} @ AA3E ¥ WA triptycene metallafluorene 9] cavity
7} A D cavity 7F BAEE I o] TNT 59 ZuE Ex7) Eo)717)
A} cavity 9 7]+ ¢F 16 nm °|™ TNTE =27]+= ¢F 06 ~ 0.7 nm °|B2&
ZR3E] cavity ¢re®E  TNT7F Eolzd £ drt. o9k o]  triptycene

metallafluorenes ¥ E A4 2A] 80| 7Msd Zlog AAE o] Rt
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3.5.1. Dectection of PA based on
1,1-dimethyl-4,5,8,9-bis(triptycene)stannafluorene

245 ¥=2E+06x+0.0219
04 R*=0.9627

PL Intensity
(1y1)-1

0 e ' . : . i
0.00E+D0 5.00E-08 L.O0E-07 1.50E-07 2.00E07 1.50E07

250 300 350 100 150 500
‘Wavelength (nm) Molarity (M)

Fig 7. Quenching PL Spectra Stern—Volmer plot of
1,1-dimethyl-4,5,8,9-bis(triptycene)stannafluorene for PA

2454 PA 10 ppm solution & Micro sylenge(50uM)E o] &3} 100-800 ppb =
Ad2 AR st o vepd A ER ] AdEo|tt Fig 299 1% 1@ == PA 30
WA 7F 3192 Wl Triptycene metallafluorene®] 4% 2 ZZ Vel Aol
LEE Y=z w5 WE Stern-Volmer (S-V)E Ve e = ot}

el A mRel PAS) FEIF As) A5 S 2%sE Fol ke AL ¢ F Atk

St KoM 22 2 x 10° o] gt}
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3.5.2. Dectection of DNT based on 1,1-dimethyl-4,5,8,9-bis(triptycene)stannfluore

ne

0.5 -

0.45 -

0.4 -

035 -

(1y/1)-1

=y 03 -
=
=
2 025
= 2 y=466576x - 0.0004
& & | R*=0.9849
015
01 -
0.05
. . e 0 &= i i ; )
250 300 350 100 450 500 0.00E+00 S.00E-08 1.00E-07 1S0E-07 2.00E-07 2.50E-07
Molarity (M)

Wavelength (nm)

Fig 8. Quenching PL Spectra Stern—Volmer plot of
1,1-dimethyl-4,5,8 9-bis(triptycene)stannafluorene for DNT

2454 DNT 10 ppm solution & Micro sylenge(50uM)E o] &3Fo] 100-800 ppb=
Ad 2 A std o Yehd ~HEede] AdEo|tt Fig 309 9% 1=+ PA 30

WA Zd7F 518 W Triptycene metallafluorene®] 427 2 XS el 7o)

0 8% OYZE HEd wE Stern-Volmer (S-V)E el 28 = o)t}

AT

T

aRlA mRe] DNTS ¥571 Q855 agshs Fo] Bris 42 & %

otk #FH KoM g2 46 x 10° o] vhgkr},
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3.5.3. Dectection of TNT based on 1,1-dimethyl-4,5,8 9-bis(triptycene)stannfluore

ne

Z = v=1E+06x-0.0044
= = 025 ;
] et R*=0.9945
] -
= = 02 1
A~ 0.15

0.1

0.05

0 T T T
b o e SR 0.00E+00 S5.00E-08 1.00E-07 150E-07 2.00E-07 2.50E-07
250 300 350 400 150 500
Molarity (M)

‘Wavelength (nm)

Fig 9. Quenching PL Spectra Stern—Volmer plot of
1,1-dimethyl-4,5,8 9-bis(triptycene)stannafluorene for TNT

454 TNT 10 ppm solution & Micro sylenge(50uM)E ©]&3}4 100-800 ppbZ&
Ad 2 AR stglorm vEd 2fER]e] Aot} Fig 319 9% 1¥ == PA 30
WA H7F 3RS v Triptycene metallafluorene®] 47 I 25 Ve Hlo]al
LEE Y=z w5 WE Stern-Volmer (S-V)E Ve e = ot}
e Beo]l TNTS w7l dlafjdss Hdsts ol gus 2s & F

2
gtk W KoM g2 1 x 10° o] vkt
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3.5.4. Dectection of PA based on 1,1-dimethyl-1-stannafluorene

0.45
0.4
038
31
=
=
H - 03
= A y=1E+06x-0.0044
= - 025
& = R*=10.9945
Z hedl
015
0.1
0.05
04 ; r ;
 —— 0.00E+00 S.00E-08 1.00E-07 1SO0E07 2.00E-D7 2.50E-07
250 300 500

Wavelength (nm) Molarity (M)

Fig 10. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-1-stannafluorene for PA

B4 52 PA 10 ppm solution & Micro sylenge(50uM)Z ©o]-&38% 100-500 ppb&
A2 A4 stHen Yepd A9 ER ] AFEo|rt Fig 329 9% 1#ZE= PA 30
WA H7Y 5192 W metallafluorene?] 427 ZHZE Ve Folal LEF
aYPEE FE wE Stern-Volmer (S-V)E e T Z ojr) 199

%ol PAS w&7 A drE &Kt ol Brke 3e & 5 vt 3
KSV<M*1> e 1 10° o] vhginh
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3.5.5. Dectection of DNT based on 1,1-dimethyl-1-stannafluorene

0.5 -

0.45

0.4 -

0.35

%“ l T 0.3 -

E l = oas |

5 . =

= f \ ] 023 y=322392x-0.0039
{ ! . R*=0.9672

[\ ! o

,|'I'I .\_\ =
7 | ., S 0 —2 i ]

250 300 350 400 450 500 0.00E+00 S5.00E-08 1.00E-07 1.50E-07 2.00E07 2.50E-07

Wavelength (nm) Molarity (M)

Fig 11. Quenching PL Spectra Stern-Volmer plot of
1,1-dimethyl-1-stannafluorene for DNT

2254 DNT 10 ppm solution € Micro sylenge(50uM)Z o] 43+ 100-500 ppb=

T’___‘*lg
e 2 AA st o vehd ~dE" 9] AnEolt; Fig 339 9% ¢ Z+ DNT 30
WA H7)F 512 Wl metallafluorene] 4% ZHZE by Flolal L E2&E
g EE= Fko| WE Stern-Volmer (S-V)E W 12 o|r} Ty A
%ol DNT® w7l Jafjds Ldsles oFo]l gus 2& &+ Ut 34

KoM e 32 x 10° o] vhgirh,
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3.5.6. Dectection of TNT based on 1,1-dimethyl-1-stannafluorene

¥=545004x -0.0083
02 - R?=0.9545
0.15 - +

01 -
0.05 -
04—

0.00E+00 5.00E-08 1.00E-07 1.50E-07 2.00E-07 2.50E-07 3.00E-07

250 500

Molarity (M)

Fig 12. Quenching PL Spectra Stern—-Volmer plot of
1,1-dimethyl-1-stannafluorene for TNT

454 TNT 10ppm solution & Micro sylenge(50uM)Z o] €34 100-500 ppb=
2H 2 AR sk o et AdE ] AiEo|t) Fig 349 9% Z# X+ DNT 30

WA A7} 8192 W metallafluorene® &7 TP ZE VeI Zlojal QX

g EE= Fko| WE Stern-Volmer (S-V)E W 12 o|r} Ty A
%ol TNTO sx7 dajdsy5 &Kgsts dol Brhe Ae & 5 dn. &4

KoM g 54 x 107 o] vgrh
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0.25 -

0.15 4

01
0.05

0.E+00 5E-08 1E-07 2.E-07 2.E07 3.E-07

PA

v = 2E+06x+0.0219
R*=0.9627

¥ = 1E+063 - 0.0044
R?=0.9945

1.1-Dimethyl-4,5,8 9-
bis(triptvcene)stannfluorene

1,1-Dimethyl-1-stannfluorene

035
03
025 |
02 |
0.15

0.1
0.05
0

DNT
¥ = 466576x - 0.0004
R?=0.9849

¥=1322392x-0.0039
R:=0.0672

O

0.E+00 5E-08 1E-07 2E-07 2E-07T 3.E-07

PA DNT
2,000,000 466,576
1,000,000 322,392

INT

y=1E+06x-0.0235 ¢
R:=10.986

0.E+00 LE-07 2.E07

INT

1,000,000

545,004

Table 2. Total Comparison of Stern—-Volmer Constants KM
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4. Conclusion

2 Agoae F8tr, dr)4 agla #33E 5L 2t A28 organicmetallic
compound?] Triptycene Metallafluorene® Metallafluorenes /33t M Z L
compound® 'H-NMR, “C-NMR, FT-IR, X-ray single crystallography® 3¢5
o] EX W BExpxE F9ldl ). Triptycene Metallafluorene® Metallafluorene
< B2 F EFAAYAEES P o] daEde] Y 7] LEDEEE &
Fet AR "y d&ser Aol Aol k. HE3H Triptycene
Metallafluorene® Metallafluorene2- ©]-&3sle] Az H-& ez 48 HER
= 3} & (Nitrobenzene, DNT, TNT, Picric acid)5¢ ZZLEL #X O}—Etﬂ
&% & zZloz FAIsH Polymer /WY A % chemosensor®9 &&o] 7}&
Aoz AZtET Triptycene Metallafluorene® Metallafluorene®] Luminescence
Spectroscopy & °]-&3to] HA} HE 3 E= OLE% UE=Z v3kE 335 (Picric
Acid, TNT, DNT)9] AHA7|4 <1 SFATE A

013 BAL A=
ol gate] TuEO 7hA @ Jrke ARE ¥4<) z‘s}ggr:}
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6. '"H NMR, "C NMR spectroscopy

6.1. '"H NMR, “C NMR spectroscopy
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Fig .PC-NMR spectrum of compound 1
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Fig JH-NMR spectrum of Anthracene
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Fig .”"C-NMR spectrum of Anthracene
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Fig JH-NMR spectrum of compound 2
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Fig ."H-NMR spectrum of compound 3
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Fig .PC-NMR spectrum of compound 3
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Fig ."H-NMR spectrum of compound 4
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Fig .PC-NMR spectrum of compound 4
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Fig ."H-NMR spectrum of compound 5
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Fig ."H-NMR spectrum of compound 6
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Fig PC-NMR spectrtum of compound 6
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Fig ."H-NMR spectrum of compound 7
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