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Abstract: In this study, we synthesized a new fluorescent polypyridyl dye 2 containing a 2,2-bipyridine in the center and
two 2,2":6'2"-terpyridines at both ends. When exposed to various metal ions, the dye 2 showed selective fluorescence

responses. In the presence of Cu’" and Ni*',
of up to 10°. In response to most other metal ions including

it exhibited a highly effective fluorescence quenching, leading to large K, values
A13+
Ksv value at 10°. Meanwhile, the compound 2 revealed a differentiated fluorescence response to Zn’,

in contrast, its fluorescence changes little, showing a small
which is evidenced by

a large red shift of > 100 nm. Such a red shift from the ion binding is attributed to the planarization of the bipyridyl unit
extending the effective conjugation length in conjunction. A polypyridyl compound will find important usefulness in
chemosensor application due to its selective binding to metal ions. Subsequent research concerned with modified derivatives
is currently going on, as a way to provide high solubility even after metal-complexing.

Keywords: 2 2-bipyridine, 2,2':6\,2"-terpyridines, fluorescence quenching, stern-volmer equation, polypyridyl dye,
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A stoz Fayel ¥
Bpy<} terpy7t 7HA=
Z42] B ZFE=(multidendate ligand)E ‘—?'2}3]-—‘5 5
of 83 HEY & AP, ok 4
ol 7to] EZSH AR} #ZFH(electronic coupling)
AYE AFtsted HET EHES AT diE
ojty. o 2 =] it @ dF7F 1Y
HUAATE, terpy7t EAF FE webo] ATEHIL bpy
7F 24 Sl fAT AR A= A =
el = obA7tA] @ol AFHA &l Uk 53,
=2 % A=E M= oF gYydA A8 F=
of 7]¥ret B3 = g His A ik
2 Ao o5 dd F2E Z2st
A= bpy-bisterpy 25 A3},
4] J°"é§ %J*E 4 7%‘%* S A

flo
m\l

4
ANzAe T AE

2. 4
2.1 A2k
3 d7o &4 U AHA & terpy-boronic acid,

AAH37%), AAGER, €4l 2 Q=3sEE, palla-
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dium 24, SAE, EZ4,
¢ =2u)E, CHCL, CDCl;, Z18]31 DMSO-de7} AR
Houok Al Aol AR 4% AlCh, Cn
(SO4);nH,0, CuSO45H,0, FeCl;6H,O, LiCl, MgCl,,
Pb(OOCCH3),:3H,0, CaCl,, NiCl,, Zn(OOCCH3),2H,0,
CdCl,, HgCl, S| =% Sigma-Aldrich(Korea)A}o]
A Fstah &9 33HE(starting materials)$] 5,5
-diamino-2,2’-bipyridne> o] Ao WRH =2
g gAsta A s

Ags, A7k Atst

2.2 &M

4,4°-Diiodo-2,2’-bipyridine (1) : 0-5 C2o] &1} 5,5-
diamino-2,2"-bipyridine(0.1755 g, 0.94 mmol)e] Z¢H
o] HAK3T %, 0.57 mL)T} HAR}EE(10 %, 1.298
mL& H7hE § dolzsE 9a 147 B¢ 2
fl - R e A T R —4 s@is A7kt =3t
H oPAdS AA F =20 mb)o] &3 fe=
SHEE(0.781 g, 471 mmol) EFM-S HAH3] H7}
1 A2 A overight2 wHISIATE ¥ & 3
< At FET B2 o 2 A H
AZsIE IH-NI\/[R(6OO MHz, CDCls): 8.90(2H,
s), 8.32(2H, d), 8.15(1H, d).

i

H

Al o

O

(AT}
OH il

Bpy-bisterpy (2) : 100 mL flaskE 10 <4 N,
purgings}il 5,5'-diiodo-2,2'-bipyridine(0.1224 g, 0.3
mmol), terpy-B(OH)»(0.2331 g, 0.66 mmol), Pd(PPhs),
(0.021 g, 0.018 mmol) 18|31 TARZHE(0.108 g,
078 mmoly& ERol/oler(imu] = 3 / 1) £
€9 3 mLoA 100 T X 16A17F F<eb wytatgict

PdC, K,CO4
toluene/EtOH

Scheme 1. Synthetic scheme of 4,4’-diiodo-2,2’-bipyridine
(1) and bpy-bisterpy (2).
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'H-NMR(600 MHz, CDCLs): 9.06(2H, s), 8.83(4H,
s), 8.76(4H, d), 8.71(4H, d), 8.61(2H, d), 8.16(2H, d),
8.08(2H, d), 7.91(4H, d), 7.85(4H, d), 7.38-7.27(6H,
m). Elemental Analysis: C 81.02, H 4.46, 14.54
(0]2X)); C 80.08, H 4.52, N 14.37 (&7 *]). Emission
quantum  yield(&3FFAr=8): 31£2%(MeCN, quinine
sulfate/0.1N H,SO4 7]&).

23 2

'H-.NMRAZ Edl= 600Mhz Agilent NMR system
o7 FA5T 55 o249 whg S g
317] $Js UV/Vis E3F=A|(7 spectrometer, Perkin
Elmer)} PL & 3333 = A(LS-45 spectrofluorophoto-
meter, Perkin Elmer)E o]-&3le] &Astgon, =
£ 240l Bok Aol 1 ame] HAAS ALg
st

M @™y}

3. Zm W n¥

5,5'-Diiodo-2,2"-bypyridine 13} 4'-(4-Boronatohenyl)
-2,2',6'2"-terpyridine2 palladium Zuje] ZA] 3}
X A=A 8F-3(Suzuki Coupling)>'"& Eaf dzjd
TZE 7IAE 9&2 bpy-bisterpy 28 AT
Figure 12 & AdoA Qe FHA 13+ bpy
-bisterpy 2¢] 'H-NMR 2 Ez Zijolt}. 44-
Diiodo-2,2-bipyridine®] 'H-peak-2 8.1-8.9 ppm $JX]
oA YEG O™, bpy-bisterpy 2+ 7.26-9.05 ppm &
o)A 'H-peak e 4= Uit o5 3 F
A 2 o5 9dA 428 Yste =2 FAdst

= 4T = Ak

Bpy-bisterpy 27} 7HAl= &4 o2 Wi FF
Fe ToFstr] AsiA UV HZ(365 nm) oFf ol A
=45kt Figure 2014 ®E vhoh o] 2
£ R0 el X £ £2 %S Uehdck
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Figure 1. 'H-NMR spectra of 4,4’-diiodo-2,2’-bipyridine

(upper) and bpy-bisterpy 2 (lower).

DMSO £uj& Al&3sl= 79, bpy-bisterpy 2=
Cu™, Ni*', Zn*" 9} ”‘i‘ll'lll s A= EC"E}
Cu%} Nf*% AN A4S 3% 2
dysla, g 7@7}%} —°r°ﬂ 8 5K (spectral
sif)7h A T HeEe Taele B4 T
ZAro] EAS 71A| & bpy-bisterpy 2=

l~>
i)
c
@
=3
c
E.
=
ae
N
N
-

43 72 FHYL WA B AW f7
gulol et Soigol BX bek olsh 2L AT
@ oo boysh ey el M9 ol

. 9%9) v o

= AT 5 U B3,
Fe''o disjA &2 F% 2 (quenching)7} Yojut
+ 22 DMSO9| A 2h= T8 4ol

olsh 20] $olol wich PpHol eis
bpy-bisterpy 29} #<&

Pb%* Ca?* Ni2* Zn2* Cd?*

Figure 2. Fluorescence images of bpy-bisterpy 2 solution in DMSO. Photos were taken under UV lamp (365 nm) after

the addition of equimolar metal ions to the solutions of 2.
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CtS m2|E =8 7iX|= EHE2| & 0l2 HS4all
2x AEYar) e B4 gujo] g a4
HEo] 7¢lske oz Az ojo] B Ao
Ne B% 9 394 24S M ke S9ES
Ue= DMSO $ujE ALEE Aol A
B7ha e

Bpy-bisterpy 27} 714t B4 717 BHHoR
gl3l7] YA UV-Vis?} PL(photoluminescence) 2
2459tk UV-vis AEY 24 Azt ostu
bpy-bisterpy 2= 280 nm(n — n)&} 340 nm(x — )

oM A% F+5 7HAIM, 340 nmof|lA 7]% PL X
HEHL 410 nmoJlA Hdf FF A=E TILH

%4 A (fluorescence quenching)S 3}gHEo] L}
Buls 3 Al7I7E 543 daste e et
H Bk, AU A ol e 34
ol s GFstA dofdh ol

=
3 FALS Stern-Volmer TAA (1o s &
=, 8% o279 v dAS aFe=E &
A = A’ ol 71&71E YEE KiE
Stern-Volmer AtSolw, &34 ZHA = 29 =
717V 2545 Keve =2 $AE Ed%
0
7: 1+KSV[Q] .................................................... (1)

Fy: Fluorescence intensity without added quencher
F: Fluorescence intensity with added quencher
Ksy: Stern-Volmer constant

[O]: Quencher concentration
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Figure 3. (a) UV titration curves of 2 (5.0 x 10° mol/L) with different amounts of AI’".
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Figure 3+= bpy—bisterpy 2 oo AIY o]
sl A F7Me AL UV 33 PL &% A9
dS YERfSiTh UV A EZA BH AP} %
7HE|E A 340 nmof| A UYEUE g4 peako] 355 nm
2 AA3] olFdte FAFS Uehdoh olg Fut
ZF Aol Fde £ HIHE U7tx] &=
UrERLEH, Z3tEAE YEH o ol
peak ©]%5-& UEhA gEth FE, AN'E W
3% PL ¥ *ﬁ‘E%*PJ o5 A uEhtA
7-ogk oF7te] ¥ Fx=
@mr A, 019} Z-& bpy-bisterpy 2-Al""
ZA A9 34 YGAL Figure 204 TS Zx}
o A9 Ydx|gtrt.

o M olN

o5

Bpy-bisterpy 2 S0 Cu”" 0|29 H7}Fe W
ststA PL @3S A 29, A= Aste
- FEIAA Y] SUEeE & Fo=
Ae7t ZAse AL e & Qth(Figure 4a).
Ao ZU3 PF A (fluorescence quenching)BA}
] N12*94 AeoE e, vk 29 9

e g P BTk SR 27 ML we
HF-S- A2 Stern-Volmer ploto] A1 9] 7| &7|2 &ld
A ch(Figure 4b). SFA AF3H 2 Plote] 7]
71 Ky X2 AFsT 4 glad], Cu’'o Nit'
B Zzh 1.3x10°3%} 2.1x10°9] &L K, $XE
2 9lth ¥, A9l K& 7.6x10°2 ¥ 2F
Uetdch 2 Ao &A% &
Stern-Volmer A4~ ZHS A std

x2 mole added

x3 mole added

Intensity (a.u.)

350 400 450 500 550

Wavelength (nm)
(b)

The inset indicates the

absorbance intensities at 355 nm (b) PL titration curves of 2 with different amounts of AP with excitation at 340 nm.

The arrow in (a) and (b) indicates the direction of the change as Al

** is added.
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3 2R x1 mole added
3 P
/ W\
g 7 N\
c i W
2 | N x2 mole added
= 1 N
| \
N
2
=
S
350 400 450 500 550
Wavelength (nm)
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Fol F

E&T - Hots - M - HES
13} e
12+ ’
1.1} o
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1.0@-""
09 1 L i
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[Cu®] x 107 (M)
(W]

Figure 4. (a) PL ftitration curves of 2 (5.0x10°° mol/L) with different amounts of Cu>* with excitation at 340 nm, and

(b) its Stern-Volmer plot.

Table 1. Stern-Volmer constant of 2 in the presence of

selected metal ions

A cu* NiZ*

Ksy  7.6x10°M" 1.3x10°M™ 2.1x10°M!

et A% g2 34 ot
2HEHO] o] % (fluorescence shift)
o] WA¥tch(Figure 5). Zn®" FeFo] F7hgol whet
410 nmol A o FHFEE 25T, 520 nmol A

M=o BB7Est UehdthFigure 5b). ol 410
mm L I8 TR AA Y . Fol 7]2lEhd,
E
§CISI]} -“.. L]
8 / é. . .
e \ £ ?____..__.._._
8 o2 S
a k 13+ 1 [2]
[2]
0
<
0.1
0.0
300 350 400 450 500
Wavelength (nm)
(a)

520 nm FFES PGB 2Zn” HEG2UL THsH:
EX A< dn MLCT(metal to ligand charge transfer)
ol 718ke Aoltt™. ol¢k 22 110 nm <
o g Rolt Bolgk Agolu, ofd o
FolMHE 1 WA Rotus] YE @Akl B
A Aol zn'e] whgel ofs) bpy HEe| Hw
3H(planarization)7} WA FFEE 27t (Y=
FHA] Zo](conjugation length)7} Z7}15t= HAF o
£o Uehdth th2 FHolemE T ofdole
o4 ole} e MElAe] etk AE Zi’'7} 7
= 9 E 2z d-HAF AZ(closed dshell electron
configuration)¥} HFX}A](diamagnetic property)o]| 4 H]
%ngo,zl).

kel

E e AN oo

__— x2mole added
- re . ull
3 N
& | \ _— x3mole added
2z O\
= A\
& A\
& R
2 \
= F A
350 400 450 500 550
Wavelength (nm)
(b)

Figure 5. (a) UV titration curves of 2 (5.0x10° mol/L) with different amounts of Zn>". The inset indicates the
absorbance intensities at 355 nm. (b) PL titration curves of 2 with different amounts of Zn®" with excitation at 340
nm. The inset shows a Stern-Volmer plot with different amounts of Zn*>". The arrow in (a) indicates the direction of

the change as Zn’" is added.
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Gradual fluorescence quenching occurs
due to a decreased solubility in DMSO

Figure 6. Schematic representation of optical responses of 2 after gradually adding zinc ions.

ofel ool Wak EASHE A gy Holw
FUAEE 27 gadh ok AAE Fhele

o] bpy ¥ ofyzt terpyoll = WF-ESSk] AT S4-

g7e HEHA7E A5t §ui(DMSO)o| gt
W=7t 543 E01E57] Wl
Bpye} terpyE FAl9] 7FA|+= bpy-bisterpy 2+

Cu™'9} Ni''o] diejs 2 % B4ES, Zn'o] o
BAE Boldt FF Hols i?lu}b Ao =
t} o]Ze FAL 7n® o]29 AL bpyo] IEF
¢l bindingo] WA=t vy, Cuz*S’Jr N terpy
o] #Z binding®] YWAY3}7] WE,LO] Aoz Azhe]
k. Tkl 77t EAYE= A
o] dojutA =Hw FF 7]'5—4 Z+ 2 (quenching) 7}
HEgET) obdo] (Zn’) 7ol 28 LhEhE bpy-
bisterpy 2] ¥ EAS Agstd o 1dI &
T}H(Figure 6).

° 7n’ “_terpy binding

4. @8 B

2 AFoAE F&oldd tig Aqe A
g FAst7] $EiA Em oF Ul
terpyridine(terpy)& 3<%l bipyridine(bpy)E 233}
L o= vadd FFYE bpybisterpy 22 T8
o} ohekdt F4ol2ed diE vheAS FHA

oo =

=

A BN Ad Cu”, NiT, Zn” 53 AHAQ
3 24¢ wdst: Aoz FARAY. BF A
A (photoluminescence titration) S ZI33t ZAilof 2
3 ' NiT: =2 ¥ 73 (fluorescence
quenching)@ArS R o|=d| Stern-Volmer A4, K,
7F 1070 ol2E& &2 $£XE yedch AN 5 o

l‘l

g 3459 4% UV 29Eg] Ml BAs
B W 549 Wl olueke K, AR ~10
o wo ke BQth W, Zn': @= 29 bpy
F2olA g A8 F&2S T¥ste] ~110 nm
o] mj$ =2 AubA} Hol(red shift)7} Ayt

wEbA, 2 dFolA FE s HdA 9=
27} Zn*'9ko] el AL 53 SAHY %
S TS AELS we FHER 97 2
ojty. wheF &g FIE 4 Ue BEVIE
F "Hed gad =3t o zn” Frld=
2 Y A 334 AT e AL
2 AZEY, ol izt F7HHY d+E FF A
y oA Aotk

=
o] =EL Foljatn wATH A Y

o &3t
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