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Abstract: Three coordination polymers [Ln(NH,-C¢H,-COO),DMF(HCOO)(H,0)], (Ln=Yb 1,Ho 2, Er 3) were syn-
thesized by the hydrothermal method and characterized by single-crystal X-ray diffraction, IR pectra, UV-Vis-NIR

absorption spectra and the emission spectra (UV-Vis fluorescence and NIR emission spectra).Complexes 1~3 are

isomorphous and crystallized in the monoclinic crystal system and No.14 space group. The structural analysis

shows that the three complexes are 1D chain polymers. In their crystals, there are many hydrogen bands, through

which 1D chain polymers are further extended to 3D network structures. In comparison with UV-Vis-NIR

absorption spectra and the NIR emission spectra of complexes, we make reasonable explanation and assignment
to the shift and splitting of emission bands in the NIR region. CCDC: 722575, 1; 722573, 2; 722574, 3.
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NIR X4 A5 FE A DRI 3 30 AT I 7 A1) i 3 17
R LN RIK AE 58 Hb -] UL XA 5 IS0 A6 BT
A o A T S 0 R B T AL, SRR AT LA AR DA
T A T8 R 785 1) ) 2R S - 1Y) R I RE A% b e S
B 28 B 1 BRI A 012 A (1) AL I [Ln(DBM)
s phen](Ln=Nd, Yb), J25| AT DBM= "7 HI 15 H1 &
1 phen=1,10 %BAEME ok | {25 ¥ LG IMBRI (2)
4 ) (Him),[Ln(ip),(H,0)](Ln=Pr , Nd) H 1 23 13 5 |
AT AR T 2 R K e el 2R 5 kO T R
HSR LB BOS T8 R B 178 NIR X 19 & S 0F 52 A
XL 2 H X T 0 2R B 1T £L A0 R A OGTE h Y
WA A7 4 30 1 B 2R RS0 A% 1 3 52 B L R 1T 1 T
VEMGEBE A ARSCRL LA rhoc 8 7, DAXT
BRI N BCAAR DMF 28 “PrRI AR & 1 1 3 445
FHT ) 1D oA R Y [Ln(NH,-CeH,-CO0),DMF
(HCOO)(H,0)],(Ln=Yb 1 .Ho 2 Er 3), X4 T E
TR B S SR AT, JF AT T O B PERE B 5E
IR X LU R SE T L IR SO I R 2140 Ol
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1.1 K FIAN{LER

TR IR R N, N-—H ZL B R (DMF) , ¥R 45
Mrét SmR %2, iERREK SRR 50 ALl £0A0 6%
TE JASCO FTIR/480 i AL EI &, 5843k 78
JASCO UV-Vis-NIR UV-570 Y 58 ik, 256t
TR JASCO 22wl FP-6500 BY 5% '/ 't B 11
JE ., JCER S HTTE PE-240C Analyzer 1 TLASMA-II
ICP A% A% FoE R, I 2040 R SHGTE M FLS-920 #!
TR BRS DO G AU 2
1.2 BREMHEK
1.2.1 [Yb(NH,-CH,-COO0),DMF(HCOO)(H,0)], (1))

B

FREL 0.10 g(£9 0.7 mmol) % 2 3L 2K H R i% T 3
mL ZBE95%)F 3 mL ZKH ] 1 mol L™ NaOH %
BT pH=7 , 453 W (1) ; FRHL 0.15 ¢(29 0.3 mmol)
Yb(NO,);-6H,0 % T 5 mL H,0 ', 15 J (i (1),
TEMBSEFEFAET ) B M A B (D H %
TRV, PR A W T N 3 mL DMF, 3 s 4
pH=6 Ze 47, KI5 B IR G WU 7 B ) FA G 10 R
i fHIR 90 Cl i 6 d fE, HARR AR EIR,15d
AR E A PR AR Z IR =R T AT DR E
FETE N K (L BEF DM, JG R 581 SE A (%)«
C 36.94; H 3.791,N 7.176,Yb 28.87; 70 % /3 ¥rit 5
{E(%):C 37.18 ,H 3.814 N 7.227,Yb 29.76, £IL4}M4k
P (KBr pellet,cm™):3 428 xi) , 3 351(va) , 3 240(won
45 45),3038mam),2964,2 871 (vey), 1 651(r,(CO0Y),
1493(@,(CO07)), 1580, 1498, 1431 (... &AEHH),
1592 Sya), 1 403,1 388 Sow), 1 329 (Sc), 1 183 (ve),
795@x11), 505(y) , 397 (vy,0) . LG 2 .3 WA WL
EHAEY 1 AR, HZEX Lo (NOs);-6H,0
YET AR B 23 &R IR HigEHR S 1
AL,
1.3 mMEYERESEHNE

f£293 K T, ARG W R T G35 0 5 5
&, £ Bruker Smart Apex [I CCD B AT S 1 DA
Mo Ko 72(A=0.071 073nm) R G >R H -4 7
AT HECE . B 2 Lp BT R 2 56 Wl
UM IE . ShIRZE R th ELEA AR R S /N R
P& R SHELXTL F2 7 56 i, &R TR HELS
FEFYFI M 22 Fourier KPR 7 15 #8380 JF 2047 45 17 [A)
PAEIE, 2512 fEW 1.2 M3 B SLEY,
Y g TRk R 14 S fE, LAY F 8k
B TR,

CCDC:722575,1;722573,2,;722574,3,

x1 LEYHNETEREFEE
Table 1 Crystallo graphic data for complexes 1~3

1

Empirical formula CisHxN;05Yb
Formula weight 581.43
Temperature / K 293(2)
Wavelength / nm 0.071 073
Crystal system Monoclinic

Space group P2i/n

2 3
CsH»N;0sHo CisHuN;OgEr
573.32 575.65
293(2) 293(2)

0.071 073 0.071 073
Monoclinic Monoclinic
P2\/n P2\/c




Reflections collected / unique (R;,)

Final R indices [I>20(])]
R indices (all data)

10 793 /3 939 (0.030 5)
R=0.030 8, wR,=0.062 7
R=0.041 6, wR,=0.066 1

10 908 / 3 981 (0.024 2)
R=0.021 7, wR,=0.048 4
R=0.026 1, wR,=0.050 0

1428 oL Mmoo i 25 4%
EE

a/nm 0.650 93(6) 0.656 03(7) 0.654 0(3)
b/ nm 2.898 4(3) 2.905 3(3) 2.899 9(12)
¢/ nm 1.070 74(10) 1.069 38(11) 1.230 9(5)
B/ 92.513 0(10) 92.369 0(10) 119.858(18)
V/nm? 2.018 2(3) 2.036 5(4) 2.024 6(15)
A 4 4 4
0 range for data collection / (°) 2.03~26.00 2.03~26.00 2.37~26.00
D./ (g-cm™) 1.914 1.87 1.889
F(000) 1 140 1128 1132
Data / restraints / parameters 3939/0/275 3981/2/283 3950/ 2 /283
Goodness-of-fit on F 1.068 0.994 1.026

10 720 / 3 950 (0.057 4)
R=0.076 4, wR,=0.188 1
R=0.095 3, wR,=0.200 3

Largest diff. peak and hole / (e-nm™) 1643 and -563

358 and -712 9 351 and -2 448
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Fig.1  Yb(Il) coordination environments in the complex 1
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Fig.2 Verticality of ligands in the complex 1
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Fig.3 One-dimensional chain structure of the complex 1
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Table 2 Selected bond lengths (nm) and bond angles (°) for the complexes 1~3
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Yh(1)-0(8)

0.229 5(3) Yh(1)-0(3) 0.238 8(3)
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AR A 14 COO SRR 24~ 0 IR FIEA T
0(7)-H---01(0.273 3 nm)H! O(7)-H-+-02(0.275 4 nm)
SUHE AL IX RN O—H--- O B SV 15 45 AH 4B 11 — 4t
% B — M S S5 A (] 4)

TA AR AR AR P A B 2 A
H R 53R R 14 COOBL A A 11
240 R FIE R NI-H---03 (0.304 1 nm);N1-H---
04(0.322 4 nm);N2-H---03(0.315 7 nm);N2-H---04
(0.299 7 nm) =B (&l 5), 8L X N-H---O B U5

YblL

5 LAY 1 N-H---0 BRI A
Fig.5 Hydrogen bonds (N-H:--0) of the complex 1

22 EUBEBMHRMR
2.2.1 UV-Vis-NIR W50 i

FE 3 FEC AP0 L IO EE R RE ISR
FIBCAR A r—ar BRAT WA | o BE UL 2% 5140 B
+ B P AR AR R (LI 7,8 ,9) WA B HE KA A
UL 3, N 3 FPC A 9 SO TE B R A B A )
s BRI 8 R I E R g £ 3F L
BCAA () ar—>ar R 7 48 41 DX 17 4 28 B8 1 F W A
ZAE] WLIX AT 2T AR X B e ] DL R E & 4 1 28
SR G RE B ROk A T RECAARNS AN, Uk
JEFTIE A KRN, BN LAY 1~3 B F IR
WS 3 s X it AT RS AT AT 08 AH . K S 4G T
A T AEE LR T ),
2.2.2 UV-Vis XZHIEIE

XiF 3 B AL A 0 ETUIX % S I E Ay B 4
RRW 3R AP Lo B 119 E 2 ((CT $71F
RIATEA] WXL N, TR UV-Vis XN A5

fit SRR b F e Dy AR AATTIE L T 3D R 2%
5 (1A 6),

K4 fba® 180 1D XUEESS
Fig.4 Double chain structure of the complex 1

6 fLaw 13D 45
Fig.6 3D network of the complex 1
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Fig.7 Electronic absorption spectra of the complex 1
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Fig.8 Electronic absorption spectra of the complex 2

Wavelength / nm
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Fig.9 Electronic absorption spectra of the complex 3

£33 3IMEAYH UV-Vis-NIR BRI E , UV-Vis £ 5K NIR £ 5 L BIE RN
Table 3 Data and assignment of UV-Vis-NIR absorption spectra, UV-Vis and NIR emission

spectra of the three complexes

Complexes Absorption R Fluorescence R NIR Theoretical Assigmment
peak / nm emission / nm emission / nm  value / nm
1 260, 326, 406 i 324,339 LLCT, LMCT 992, 1024 970 Py,
964, 1 008 2y
2 260, 326 T 400 LLCT, LMCT 946, 991 1172 SF—,
418, 450 TG, 425,468 D,
(J=5, 6) (J=5. 4)
484, 538, 642 I F, 474,529 S|,
(J=3. 4, 5) (J=3. 4)
890, 1148, 1178 517, 494,550  DF,
(J=5, 6) (J=5, 4)
3 256, 330 T 419 LLCT, LMCT 1430, 1 440 1538 TyrTisn
378 TG 500 1G> Ty
520 T H 536 1G> Fan
542 TS
652, 486, 450 T F)
(J=9/2, 712, 5/2)
1 512, 970, 796 U

(J=13/2, 11/2, 9/2)

LMCT BRiE &4, R 87 Yb*IURRE (CT &
S F AT L AKX A ] UL IR 3]

L&Y 2,78 A,.=366 nm WK AT, H& Ha0
17 376~650 nm, = KE G T 400 nm 4,
N U JEF LLCT A LMCT R A BRiE & 58, HoAth & 5
i, IR T Ho™ Y ffCT FRAE A5, Horb 425 Fil 468

nm AJF5IAN D1, (J=5,4) BRIT ;474,529 nm A]

HINN ST F, (J=3,4) BRiT ;494,550 nm AJ 5NN

D, —F, (J=5,4) BRiL ., {H Ho™7E il UL DX Y A& 5l
R,

G 3,76 A.=372 nm WKL T H L S

U [ R 382~600 nm. i K& G T 419 nm A,
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1536 nm Ab Y 2 ARG IEIE T EX Y ffCT FRAE A&
Gt, RN 4G50k, (J=7/2,502), X PIAL KIS IR
LE e
223 ULLLAMNX K S

W3 FPEC A ) AR S FEE IR T, B FLS-920
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BL G911 TEBOR K A,=330 nm T, 7E 1024
nm 4B G  8 4 i L& AR B 2L ke S (B 10), B
HJE T Yb B RRE BR IE 2Ry, 2K, (B Z5F 5
Y B S A A (970 nm) L HL  HBE T A £
FEHIEEZL(992,1 024 nm), J3Hrik b itk {3 5% 1 EE
240 R YD E FAEE B G2 )5, HT W
TR RE LI T 2Fy, RE A T N REIF H R AE T — 2 W
BESLFT LAY N 2Ky, 1R 2R, B R A R AR T A
LT R FBS 24 3k 50T LA G 9 1 A O 1 E
TR O T AR BIAUE A 1R T IR IO I (4]
N2, —2Fg, BT (964 ,1 008 nm), H IS (H
(970 nm) A BB Imse fEE 2 kAt —E gk,

1024

992

350330360 350400 450430 200 1000 1200

10 B4 16T UL X RL 2140 X 1 56 6 % 5 Pl
Fig.10  UV-Vis and NIR emission spectra of the complex 1

BL&9 2 e & WK R A,=260 nm T, 7E
1000~1700 nm [], FEZF] 1 A4 Ho(l)H#1E & 4F
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Yila Ho A & fREHZ BIsgm , fii 5T, KA TEF%
H LA A8 2 FE AT L0 A8 X H B SF—T 19 & 51
EHMEER ) XA IR FEREGE NAL-E Y 2 BYAH L
(1 HL T O TE hAR BAIE . LAY 2 B IR
WOEE (1818) AT, A& 2 1 SIg—31, T
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Fig.11  UV-Vis and NIR emission spectra of the complex 2
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IELLAMNK Ay, WIRE RS HR . XA GH
FERTLAAL &9 3 B i S OB A TE . A
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Fig.12  UV-Vis and NIR emission spectra of the complex 3
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