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One-Dimensional Coordination Polymers Based on a Tripyridine Olefin Ligand:
Synthesis, Structures and Photoelectronic Properties
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Abstract: The reactions of dipyridin-2-yl-(4-(2-pyridin-4-yl-vinyl)-phenyl)-amine (ppvppa) with various silver(I)
salts afforded three one-dimensional (1D) coordination polymers {{Ag(ppvppa)|BF.}, (1), {{Ag(ppvppa)|PFs}, (2) and
{[Ag (ppvppa)]NOs}, (3). When analogous reactions of ppvppa with Ni(ll) salt was carried out under solvothermal
conditions, another 1D coordination polymer {[Ni(ppvppa)(2,3-NDC)(H,0)]-2H,0}, (4) was obtained. Complexes 1~
4 were characterized by elemental analysis, infrared spectrum (IR), thermogravimetric analysis (TGA), powder X-
ray diffraction (PXRD) and single crystal X-ray diffraction. Complexes 1~3 have similar 1D cationic chain
structures in which the dimeric [Ag(ppvppa)], units are interconnected by ppvppa ligands. Complex 4 holds a
double chain structure in which the [Niy(ppvppa),(H,0),] units are interlinked by pairs of 2,3-NDC ligands. In the
solid state, Ag(I)-based complexes 1~3 showed good luminescent properties while no luminescence was observed
for Ni(I)-based complex 4. Complexes 1 and 4 as representative samples showed relatively prompt, rapid anodic
photocurrent responses, which were steady and reproducible after ten on/off cycles. The photocurrent values were
calculated to be 2 pA for 1 and 6 pA for 4, respectively, which were greater than that observed for a blank 1TO
electrode. CCDC: 1944469, 1; 1944470, 2; 1944471, 3; 1944472, 4.
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Fig.1  Structure of tripyridine olefin ligand ppvppa
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BC A ppvppa 4 SCHR 75 2 il #22 JHAth Ak 27 & Al
PR O WA JF R A — AP SR Al hb B C L H LN
JCE S Ml (EA)7E Carlo-Erba CHNO-S 43 #r X I
HEAT , LLAM BT (IR) 7 Nicolet iS-10 £L4MEREAL
A KBr JE g, A 23 BT (TGA) I I 7E TA
SDT-600 # H 73 Hr A b A7 (m A HE Ky 5 C -
min™), AR X L AT 4 (PXRD)7E PANalytical X'
Pert PRO MPD (PW3040/60) % 4t (Cu Ka,A=0.154 06
nm) b 58 B R A 40 kv, KA 15 mA
FG I F A 50~500, %5 —7] WL (UV-Vis) 6 15 76
Varian Cary-50 DL i A N i | ol o T 4
HORIBA PTI QuantaMaster 40 766354 1 &
JEHL A YE CHI-600B L fb2% TAE S, EakAT
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e 5 ¥ {[ Ag(ppvppa) IBE.}, (1) {[Ag(ppvppa)[PFd},
(2)F1{[Ag(ppvppa)INOs}, (3)FH 1 . FF BL AR ppvppa(7
mg,0.02 mmol) FAHR AYER L (0.02 mmol)(1:AgBF,,
3.90 mg;2:AgPF,,5.04 mg;3:AgN0O;,3.40 mg) 774
BT 2 mL SBEM 2 mL HO ", R og &, 8%
ppvppa 1 ZBE WO B A5 57 3% 55 48 (K 20 em, N
25 mm) | TR I B 18 7K I T B A RE
T 0 B BRI W )2 | LR A G | 7 i
JEFE 4~5 d, HERRE O FARAIR, IR
T, B A2 P T

{[Ag (ppvppa)|BF4}, (1): 7™ % :6.50 mg,58% (
Ag THF A5 5)), JTCR /T (CuH sNBF,Ag) , HIE(H (%) ;
C,50.68;H,3.33;N,10.28; L % f (%):C,51.72;H,
3.63;N,9.68, IR(KBr £ /7, em™):3 424(w),3 032(w),
1 593(s),1 567(s),1 508(m), 1 469(s),1 430(m), 1 365
(m), 1 329(s),1 270(w),1 218(m), 1 197(m),1 180(w),
1 154(m), 1 065(w),1 015(w),976(m),856(m),834(s),
772(s)

{[Ag(ppvppa)|PFe), (2): 77 % :7.89 mg,65%(H1 Ag
TR, JTTRIIN(CuHNPFAg) , BIB(E (%) C,
45.75;H,2.98;N,9.28; S K {E (%) . C,46.12; H,3.61;
N,10.98, IR (KBr £ ,em™):3 419 (w),3 042(w),
2 927(w),1 609(s),1 595(s),1 509(s), 1 477(m),1 471
(m),1 431(w),1 336(s),1 275(w),1 168(w),1 156(w),
1 068(m),1 019(w),1 002(s),978(m),845(s),776(m),
747(m),
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{[Ag (ppvppa)INOs}, (3): 7 % .7.89 mg,77% (Hh
Ag ITEAFH]) . JER T (CsH iNsOsAg) , FIRH (%) -
C,53.04;H,3.46;N,13.45; 5L 5 {H (%):C,54.25;H,
3.92;N,12.64, IR(KBr /& A ,em™):3 421(w),3 036
(w),1 596(s), 1 509(s),1 466(m),1 431(w),1 375(s),
1336 (s),1 275 (w),1 168 (w),1 156 (w),1 046(m),
1 021(w), 1 003(s),978(m), 845(s), 776(m) .

Bt &5 ¥ {[Ni(ppvppa)(2,3-NDC)(H,0)] - 2H,0}, (4)
1A B K ppvppa(7 mg,0.02 mmol) \Ni(NO3), - 6H,0
(5.6 mg,0.02mmol) ,2,3-H,NDC(3.44 mg,0.02 mmol),
0.5 mL MeCN F1 1.5 mL H,O JIn# i #3655 48 | 2%
HEBABAE T, KR AR R AE 120 CF b
36 h J5 LA 5 C-h' B R B REE 2 %0, 1984
YR AR 4, W SR 2 b IS e 2 1 i
F, F7# .10 mg,67% (1 Ni THRARE]), JTTE ST
(C3sH3 N O,Ni), B8 {H (%) . C,62.04; H,4.43 ;N ,8.27;
SCHE (%) :C,63.12;H,4.23;N,8.32, IR(KBr £ h,
em™):3 387(w),3 051(m), 1 631(s),1 595(s), 1 565(s),
1512 (s),1 477 (m),1 465 (w),1 430 (s),1 394(m),
1 322(s),1 278(m), 1 218(s), 1 188(w),1 153(s),1 105
(s),1 051(s),906(m),869(s), 842(s) , 822(s) , 774(m) .,
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A WA it PR R P A 2 0 T 41230 R O 0T
BB A5 51U R AE TTO T L B3 b (R 5 A &
1.0.64 cm?,0.8 cmx0.8 cm), Hil LA HLAR |, R =
LR AR 2 | 20 3012 67 2R B 1 1O 5 F 3% B8 1 T4
HLR , (RARTH R AARVE S itk B R VS B
W o AT H U 3T FH PR A SV WA 0.1 mol - L

BRAR SRR . JEURN 150 W i IR ARAT , A5 5840
SR (BB ;200~400 nm), Jf- 8% CE 7E BE B
ITO Kl 20 em 4k, SEIRGREEN 40 mW -em?, R H
TSI A A5 T A ity r A0 R SR I (i), PR ST BT[] i) o
20 s,
1.4 BREEHBNE

X SHEATHHE IR A9 1~4 B9 505 4 L
A R 3R ) BLA Y 1~4 19 R R Y R TR
Agilent Technologies Gemini A Ultra CCD - it # 15
F1 ¥R H Mo Ka(A=0.071 073 nm) 9 5& 4k X 4
AR, Ani X IR E ¥ 2 293 K(1~4) , A7 5 B s
DL K fb e 2 % 2 d 3 CrysAlisPro  Agilent
Technologies (Version 1.171.36.32,2013)F2 7 £ if Jit
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1E (multi-scan), Fifi J5 30 48 4256 B f5e /s e i i A1 18
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A AE QU T BRI ) R IE IR BT A ST
I 3 BN A E TR B B A A 1
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SQUEEZE 1642 5 Sl IR 45 b B 46 1520 R 20 43
TG G RE M FoT R L FE R E . % 1 P
TR A Y 1~4 19 E 2 AR L R S 1B S
B, B R RIS A 51 T 2% S2(Supporting
information),

CCDC: 1944469, 1; 1944470, 2; 1944471, 3;
1944472, 4,
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Table 1 Crystal data and structure refinement parameters for complexes 1~4

1 3 4
Empirical formula CxHisN,BF,Ag CxHisNPFcAg CyHisNsOsAg CisH3N,O5Ni
Formula weight 545.09 603.25 520.29 677.31
Crystal system Monoclinic Monoclinic Monoclinic Triclinic
Space group P2i/n C2/c C2/c P1
a/ nm 1.124 17(7) 2.901 24(16) 2.947 60(2) 1.039 25(10)
b / nm 1.566 66(6) 1.076 00(6) 0.936 31(7) 1.199 45(15)
¢/ nm 1.391 92(9) 1.630 59(9) 1.893 14(16) 1.428 95(12)
al(®) 79.532(9)
B/(° 98.767(6) 113.281(2) 126.252(4) 80.834(8)
v /(%) 69.012(10)
V /[ om® 2.422 8(2) 4.675 8(5) 4.213 4(6) 1.626 7(3)
D,/ (g-em™) 1.494 1.714 1.640 1.383
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2381

VA 4 8 8 2
w/ mm’ 0.879 0.998 0.993 0.651
F(000) 1 088 2 400 2 096 704
Total reflection 14 852 72 297 53 171 18 209
Unique reflection 6 368 5 817 4 877 8972
R 0.022 5 0.057 5 0.153 1 0.159 3
Ry 0.040 3 0.061 4 0.101 5 0.105 6
wRy® 0.099 7 0.171 7 0.233 7 0.244 7
GOF* 1.008 1.010 1.150 0.876

R=2NEFN X IF); P wR=[w X (IF)-IF )Y X wlF "™ © GOF=[ X w(IF,J-IF.*(n—p)]", where n is the number of reflections and p

is total number of parameters refined.
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TE 42~158 CZ I & AT Bhis S R L 6 R+ 2 4
A K T LA R 1 AN B K A I R (S .
7.9% , PLEAH .8.0%), A LA 5 1Y 43 ff 3 Bl 7R
294~474 CZ I8, &5 Lk Bl &9 1~4 #R LA B A4F
AR E M o BRI A 1~3 1R E T 2R
TEHRNEAY 4, XvfeEh TRESEh&H

b B 2 WAL K 4y F B S,
22 RN
221 BAY 1-3 e ikLs 1

BCEW 18 TR R P2/n 2 RIRE LS 2
3 WE F AR R C2le 25 B, EATMEEH+ 4
Kl HORX AR IC I 1 A [Ag(ppyvppa)| 00 & 1
ANFH L A BH B - B, o A ()88 7R I 1 = £
WAL T2, 430 5K A T ppvppa FLik I 3 AR
[l N RO (8 2a), B 2 D Ag(Deoh 2 4
ppvppa BCHRFR B, T B b0 % BR O Z R AR R B
[Ag(ppvppa)l,, XA ) AR R Be il T B A R
(A TCASE A7 a0, 5 LIRS ] S | I B — 4 DU 5
Z5K(E 2b,c) BLA ) 1~3 1 Agl A1 N1 DL K N4 5
F LA S TE 0.223 nm Ze A7, 5 SCHR TR = A Y
Ag-N BER ST T Agl 5 N2 Ji 5~ 14 e A B < )
2974 0.245 nm, WS T SCHR TP HRE 1Y Ag-N 715
K, X ARESE B TR ppvppa A9 BHLALN S 3029
BEAh ik — ek 2 8] 5 TC AL RS T SRR
B W = 4E DR 25 F (18] 2d), Hod A4 19 B
BT BF, Y F R TR S 1 — 485 oL TR L
K WUEE B H O T R B AF A 55 SRR
(0.255.0.269 1 0.270 nm), BLEY) 2 BIE T Pry
FPHES  —dedi b A T4 10y H R+ Z A7 7R
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B 25 F NO,~ F1 BH 525 HE 42 [6) £ 77 72 &0k 1 H
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222 FLEY 4 WY RS 1

A 48T =R &R P1 SRR, HORXHR
BITAL Y AN [Niy(ppvppa)a(2 , 3-NDC),(H,0),| 4514  7F
B 4 1 Ni(DE T 5 2 42k B RRRIR 4 1
0 J#5,2K A 21 ppvppa FLHER 3 4~ N JEF | DL K&
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1 ARG FBEAL, 52 B0 AR BC 7 44 B (] 3a), 7
4 B —XF Ni(IDi# 2 2 4> ppvppa BLARBR K | If-45

e N B N

~..
= Ny

gy

Atom color codes: C, gray; H, white; N, blue; Ag, yellow; B, olive; F, light green
BCA W 10 SRS (a) BCE Y 1 AR IEF (9 BC AL & (Symmetry codes: A: v, y+1, z; B: —x+1, —y+1, —2);

2
(b) FLE 9 1 (0 Z B AK[Ag(ppvppa)], 2548 B JLATB B BF, Z A1 8576 R B (o) BLa W 1 by —4t
BESS A (d) BCE W) 1 —4E st B & 5 BE,BRIBOE i) — 4R 451 19
Fig.2  Crystal structure of complex 1: (a) View of the coordination environment of Ag in 1 (Symmetry codes: A: x, y+1, z;

B: —x+1, —y+1, —z); (b) View of the dimeric [Ag(ppvppa)], structure in 1 and the weak interactions between
[Ag(ppvppa)l, and BF,~ group; (c) View of the 1D double-stranded chain of 1; (d) View of the 3D H-bound structure

of 1 constructed by 1D [Ag(ppvppa)], chains and bridging BF,~ groups

Atom color codes: C, gray; H, white; N, blue; Ni, dark green; O, red
-y, —=z+1; B: —x+42, -y, —z+2);

3 WA 40 EIREH: (a) BCE Y 4 PERIEF I EC A2 B (Symmetry codes: A: —x+1,
(b) 41 4 T — B PR [Nisppy ppa)s(HaO) 5 10 (c) B2 480 4 o 9 — b 5 (o) P40 4 TP — e e S

Fig.3 Crystal structure of complex 4: (a) View of the coordination environment of Ni in 4 (Symmeltry transformation: A: —x+1,
-y, —z+1; B: =x+2, —y, —z+2); (b) View of the dimeric [Niyppvppa),(H,0),] structure in 4; (c¢) View of the double-stranded

chain of 4
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(¥l 3b,c), ZEBCEY) 4 By iR EE R, J5EEE Ni(NO5), -
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23 EEY 1~4 BB HER

TN E 2 B A L S OCE A SR R R
2 I C g TR 4w B i As i, A
T EATC G Y 1~4 F ppyvppa BCARTE = 3 T (15
SeERT, ko Hr(E 4), AT AR ppyvppa B 5
RBEFHA N 435 nm, HHCZ A 370 nm, T
B 1~3 19 5 K KA 43 51 R 465 447 Fi 449
nm,ﬁ@l(k/ﬂzfiigjﬂ 420 nm, MESY 4 TEERT
WA EBA 58,

1.0x 107
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8.0 10° —1
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i 6.0x10°

.

4.0x 10

Intensity / a.

2.0x10° \

449 nm

0.0 T T T
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Wavelength / nm

Bl 4 & ppvppa ML A1 1~3 195806 5T E
Fig.4 Luminescent emission spectra of ppvppa and

complexes 1~3 in solid state
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e 5 s, 38 P4 5 R A b 2 i, AT 2 T
EW) 1~4 W EEBE (E,) 573 5 2.56 eV (1).2.62 eV
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Absorbance

w
1

EF256eV
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—4 Ez:2'63 eV

Energy / eV
5 BEY 1~4 W E K5 AME S HOERE
Fig.5 UV diffuse reflection spectra of complexes 1~4 in

solid state
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SREESN A 2 A6 A AT 245 (1 ITO Huilk iy 6
TR (0.7 wA) A BRI B 5>

Light on Light off

0 100 200 300 400
Time /s

Condition: applied voltage: 0.70 V vs SCE; electrolyte: 0.1 mol -
L™ NaSO, solution; UV energy density: 40 mW-cm™

6 AW 1A 4 R I R

Fig.6  Photocurrent responses of complexes 1 and 4
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Supporting information is available at http://www.wjhxxb.cn
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