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Anion-Controlled Assembly of Ag(I) Coordination Polymers Based on frans-Bis
(benzoylacetone)-1,4-cyclohexanediimine Ligands: Syntheses, Structures, and Solid
State Luminescence

ZHANG Qi-Long
(Department of Chemisiry, Guizhou Medical University, Guiyang 550004, China)

Abstract: Four complexes, {{Ag(L)INOs}, (1), {|Ag(L)(H,0)|BF,}, (2), {[Ag(L)s](SbFe)a}. (3), {[Ag(L)]|C1O}, (4), were
synthesized by treating chelating ligand trans-bis(benzoylacetone)-1,4-diaminocyclohexane (L) with AgX (X=NO;",
BF,~, SbFs~, ClO, ). The structures of these complexes were characterized by elemental analysis, infrared
spectroscopy, and X-ray single-crystal diffraction. In the solid state, the ligands in the 2D networks of 1 and 2
exhibited two types of coordination modes: in 1, the CN bonds of the bridging ligand, 1,4-diaminocyclohexane, were
axial, while in 2, the CN bonds were equatorial. On the other hand, the ligands in 3 exhibited two types of
coordination modes, which formed only 1D complexes. Moreover, the ligands in 4 exhibited only one type of
coordination mode, which formed a 2D network. Anions in 2,3 were not coordinated to Ag(I); However, 1 and 4 were

coordinated to Ag(I). Meanwhile, the solid-state fluorescence of ligands and complexes was studied at room

temperature. CCDC: 1061597, 1; 1061598, 2; 10615999, 3; 1061600, 4.
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LA R 45 R RVRR IR A A T 1 A SR 0 e
TAEAAAE 8 A POt BEYERARL Ly
SEEUCSIETUI A T I ) IO T R A A A A A R %
M JEH | BERE I 2 T BE ik P 17 A 2 A AR ) RE
PR G, T8 SRR -5 e 6 5 45 3 0 55 % e
G, BV AU R B AR Y U5 5 7T L
48 B PR, T HL y-C JR A AT DLk - 1 A
AN T 1) 4 T 1~ T A7 T i 285 0 i 850 1) TR 45 4 019 4R
B T Al ORI = 0 AR 2 R [R] A A
75 =, R AT LA BS54 Z R AL A TS,
AFIT AT R AL R A WITE R S5H FIZH 3R
IS, B ES FRA LR A R AR R Y e
i, i H RS B8 S ARFRKR /N JUAT TR IR L KA Al
RN S AR X C B ) ) S5 K 7 AR S v
FER IR R, B B B 45 B R X TE 5 40 14 5
M) 5 Ay Y G 0e2n PRt FRATT B A e R B - X
(R BE)-1,4-20 C (L), R 1 H 5 AgX(X=
NO;~, BF,, SbF, C10,) #ATHRCAIA 3] 4 MG
{[Ag(L)INO4},(1), {[Ag(L)(H0)|BF4},(2) , {{Aga(L)s|(SbF)),
3),{[Ag(L)]C10,),(4), LI T BB F X B & 4544 1
S Rl E WFSE T ECAR RIAC G ) 7F & T T B [ AR
e,

1 SEWHES

1.1 K A

AgNO;, AgBF,, AgSbF,, AgClO,, JZ-1,4-3FC\ —
i | 2% FE I D I L R L i R 3 o A B
1.2 KA ER

JEOL ECX 500 MHz #% # 24 {¥ ; Bio-Rad %! {#
S ZLAMGTEAL (4 000~400 cm™); Vario EL T JT
R (HERE), SRS & R Bruker Smart
Apex HLAATSHL , PH 8453 et T H (3L ),
1.3 BREWERK
1.3.1  BeAK L A5 Ak

P 5 -1,4-FF & 1% (0.57g,5 mmol) A1 2 H T Py
M (1.62 g, 10 mmol) A BB, S8 5 A £ 1
100 mL, MR RIGE 4 h, ¥ 203 %05, BEZE B 550
VT CE SR, A TR R T AR SR 2
WATECAR L 2.81 g,7" % 70%, IR (KBr,cm™): 3 448,
2 930,1 589,1 540,1 431,1 382,1 327,1 292,
1223,1175,1 106,1 029,850,739,670,560; 7t &
AT HE CogHyN,O, TH3AE (%): C 77.58,H 7.51,N
6.96; SCH{E .C 77.51,H 7.48,N 7.02,

1.32 FEYRE K

S A BUFIRAE . T FC A W A R FH 28
LE 74 ¥4 AgX(0.1 mmol,X=NO;~ (1),BF,” (2),
SbF, (3),ClO,~ (4) 7 il 1E L BEQ0 mL)H SR 5 22 1%
I E FEAK L40.2 mg,0.1 mmol) 1Y ZEE (20 mL)
B R AR B A PUIR RN S XA AR
T S A AR AR

BCAY 1A B 31.5 mg, /7% 55%., IR
(KBr, em™): 3 468, 2 930, 1 582, 1 547, 1 431,
1382, 1333, 1292, 1 230, 1 106, 1 085, 1 057,
1 029, 739, 615, 567; JLE 3 H14% CoHyAgN,05 TH5E
8 (%): C 54.56, H 5.28, N 7.34; S50 {H .C 54.48, H
521, N 7.45,

BLE% 2 A B 30.7 mg, 7% 50% IR (KBr,
em™): 3 489, 2 923, 1 582, 1 547, 1 437, 1 375,
1333, 1299, 1223, 1 120, 1 078, 1 023, 843, 781,
725, 622, 560, 525, 477; . ® 4 Wr #%
CaHpAgBF N0, TH 5 (%): C 50.76, H 524, N
4.55; LH{H .C 50.68, H 5.21, N 4.61,

BLGW 3 1AL 42.6 mg, /™% 45% IR (KBr,
em™): 3 455, 2 944, 1 589, 1 540, 1 444, 1 382,
1327, 1223, 1078, 1 023, 739, 649, 484; JC % 4347
% Cag HyN3O3AgSbF, TH51H(%): C 49.44, H 4.79, N
4.44; FHKH . C 49.52, H 4.71, N 4.50,

BLEW 4 1A B 35.3 mg, /"% 58% IR (KBr,
em™): 3 468, 2 930, 1 575, 1 540, 1 437, 1 375,
1327, 1299, 1 223, 1 120, 1 078, 850, 795, 725,
698, 628, 560, 456; TLE 53T 4% CagHiAgCIN, O 5
8 (%): C 51.21, H 4.96, N 4.59; S50 {H .C 51.15, H
4.88, N 4.65,

14 BELEHNE

PR /NG TE A 9 Ak, Bruker Smart
Apex CCD HORATEAY, RS A BPES Rl
1 Mo Ka $14:(A=0.071 073 nm), LA @-w 477
FE—E 1 6(0.99°~26.00°, FL 54 1;0.97°~25.99°, i
AW 2;1.97°~26.00°, BL & ¥ 3;1.66°~26.00°, Fit &
Yy 4)30 ol P9 SCER PR AT SR RS A S iR R R A T
T YIRS IE Lp KU, AR S # i B ARG
Xif 4 R R U 1 AR bR B FE A% ] S R IS G AT T 4
HiE /N 3R IEB IE BT AT H SHELX-97 ¥
58 U2 O A AR AR TE LR 1),

CCDC:1061597, 1; 1061598, 2; 10615999, 3;
1061600, 4.,
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Table 1 Crystal data and structure refinement for 1~4
Complex 1 2 3 4
Formula CosHiAgN,Os CoHN,03AgBF, CyHisAgN;05SbF, CosH3AgN,04Cl
Formula weight 572.40 615.22 947.40 609.84
T/K 293(2) 293(2) 293(2) 293(2)
Crystal system Monoclinic Triclinic Triclinic Monoclinic
Space group P2i/n Pl Pl P2//c
a/nm 1.038 15(19) 1.049 98(13) 1.091 94(12) 1.249 4(19)
b/ nm 2.066 8(4) 1.204 49(15) 1.106 48(12) 1.590(2)
¢/ nm 1.197 9(2) 1.280 9(3) 1.779 52(19) 1.314(2)
al(°) 90.00 112.853(7) 75.284(4) 90.00
B1(°) 109.284(5) 103.600(7) 89.746(4) 100.87(3)
v/ 90.00 104.377(5) 71.567(7) 90.00
V / nm® 2.426 0(8) 1.342 6(4) 1.965 3(4) 2.562(7)
7 4 2 2 4
D./ (g+cm™) 1.567 1.522 1.601 1.581
w/ mm 0.874 0.809 1.254 1.581
F(000) 1176 628 952 1248
Crystal size / mm 0.27x0.24x0.23 0.26x0.25x0.24 0.25x%0.21x0.20 0.25%0.24x0.21
Reflns 20 223 15 324 21 687 21 343
Unique 4 659 5125 7 458 4 885
Obsd reflns 3270 4115 5 147 2 594
Number. of parameters 316 334 478 325
GOF 1.015 1.087 1.106 0.932
Final R [I>20(])] R,=0.058 3, R=0.046 8, R=0.048 8, R=0.055 3,
wR=0.136 7 wR,=0.130 7 wR,=0.128 7 wR=0.119 7
R indices (all data) R,=0.084 8, R,=0.060 9, R=0.076 2, R=0.127 4,
wR,=0.147 2 wR,=0.139 7 wR,=0.145 9 wR,=0.143 8
(AD) s (AD)uee / (€+nm™) 931, -950 953, 860 854, ~796 576, -637

2 #R5iTie

21 BMEYHRESEN
2.1.1 EEY 1 SRS

BEAY 18 THRAHR R, P2/n 2 WHE, AEXTFR
FITHEA 1A Ag)E T, 1T AR, 1A NOy B
(Fig.1a), Ag(1) 8 ¥ HAT H1 1 — A XUHE () BiC A7 44 2 |
G300 5K HARAR 2 DB LAY 2 A A e 1
T3 AR LAY y-C T, AHERAR Y 2 AU
FHAL, Agl-C6 . Agl-04 Agl-05 Agl-02 Agl-O1
1Y B 41 5 0.246 0(4).0.247 2(3).0.241 2(3).
0.261 88(39) F1 0.261 77(45)nm , Ag(1)#& F J& [l i)
FATE 79.84(10)°~142.15(1 )G HI N, 7ERCEY 1,
A W FPAS [ BC A7 77 20 (Scheme 1) BEAAR , — B fic (4%

FHBCAI AL 1(Mode 1), RIFVEC AR P4 i (1) £, 15 P9 15 10 e
BTC Y A 7 AR ] #0244 T y-C T
S3OMAN 2 A Ag(DE FRLAL, SXFERCIAR L Bk
WL, 235 Fn 4 > Ag(DEFREAL ;2 A Ag(DE +
Sy AT 2 A AR AR A i M B R R T y-C R
BCAL T i 8 JCIVIR S5 #4) |8 JTIRIRZEFI 1) Ag--Ag
Z [ AEE R 0.534 8 nm, A C JEHFiE 8 JLIRIR
SEA U A AR o J7 0E B — 4E B (Fig.1b), — 4
B A 55 b — ML AL ZE R (Mode 2) Y E 1A 19 i 1) 4
M AU 40 R 8 JT IR AR ZE R i 2 A4S Ag(D) B
FRCALY I AL 2D PUIRZ5H (Fig. 1c), A BRI,
KB 2 AR, MRZERCIARY 1.4-38C —h%
1,4 {7 1) C-N BE&SfE Bor g b, BEAY 1 1 NOy
25 Ao()E TR [FIBF,NO,5 J& ) fik Ji 1 I



2216 I A %31 %

B C4-H4B--- 02 .C17-H17C - 02 Fl C26-H26---02  DHECALKGFF(Fig.2a), Ag(1) S E A H iy g 1 4 1

(A SEUL Table 2), BCALFg A 5300 5 0k A ARAR 2 ASBCAR L i 2 A9 B
2.1.2 WA 2 fnikEiH AAT, 7550 1 B L B89 y-C 71 DK T

BCEY) 2 @ T =R R, PLATRE, GEXFRE BCAL, Agl-C8 MBI A 0.233 9(4) nm,03-Agl ,02-
TTHEA 1A AgDE T 1B, 1A BEE T, 1 Agl Agl-O1 FIEEK 20 318 0.240 2(4).0.249 6(2)

Mode 1

¢

Mode 4
Mode 5

Scheme 1 Coordination modes of ligand in complexes 1-4

F 1 @EAY 1A EATTHERE R LAE 25%); (b)IFA il o J5 T U — 458 oRCAY 1R 2D FARZE H
Fig.1 (a) Thermal ellipsoid plot at 25% level of the asymmetric units of the complexes 1; (b) 1D chain structure viewed along a

axis; (c) 2D net structure of complex 1
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Table 2 Structural parameters of hydrogen bonds for complexes 1~4
D-H---A d(D-H) / nm d(H-+-A) / nm d(D-+A) / nm ZD-H-A /(%)

Complex 1

N2-H2:-- 041 0.085 99 0.198 05 0.266 27 135.48

N3-H3A---05 0.086 01 0.201 65 0.269 53 135.15

N4-H4B---02 0.096 01 0.247 72 0.336 65 153.98

C17-H17C---021 0.095 99 0.249 93 0.340 35 156.98

(C26-H26---02 0.093 00 0.239 24 0.327 86 159.24
Complex 2

N1-H1---01 0.085 98 0.193 03 0.262 4(6) 136.74

N3-H3A---021 0.085 98 0.197 12 0.265 8(5) 136.03

03-H3C:--F41 0.089 87 0.222 87 0.295 7(8) 137.84

03-H3D---F1 0.102 52 0.211 18 0.311 5(8) 165.41
Complex 3

N1-H1---03 0.086 01 0.196 81 0.264 0(7) 134.15

N2-H2---02! 0.086 00 0.210 62 0.275 9(6) 132.22

N3-H3A---01 0.085 94 0.199 07 0.269 2(7) 138.02

C18-H18---03 0.093 00 0.240 71 0.274 009) 100.96

C38-H38---F5 0.092 96 0.254 90 0.315 5(7) 123.13
Complex 4

N1-H1---06 0.085 99 0.194 98 0.264 5(7) 137.06

N2-H2A:-- 05 0.086 05 0.199 26 0.268 0(7) 136.11

C5-H5---03" 0.093 02 0.256 08 0.336 7(10) 145.22

Symmetry code: ! 1—x, —y, 1=z; 11/24x, 1/2—y, =1/2+z for 1; 11-x, 2—y, 1-z, T—x, 1-y, —z for 2; 12w, =y, 1z for 3; x, 1/2—y, =1/2+z;

iy, —1/2—y, 1/24z for 4

0.226 6(3) nm, Ag(I) &5 T J& [ (¥ 5 /1 7€ 84.19(9)°~
147.04(12)°5 F N, MEC-& 4 1 AT BL& 9 2
WA WP AS R0 77 20 (Scheme 1) A LA | —FlC 44
K FHEAIEL 1 (Mode 1), BIVEC A 3t (1) 2 15 P4 i 310
e BT A BE Az 7 2R [A)  #8 J2 d e =AUE L y-C
T 2 A Ag(l) BF RO, XAERCHA LRI A
O AR, A3 4 A Ae(DES TR ;2 > Ag(Di
5 343 AT 2 AN A AR I AR A J B U L y-C R
TEALTTIE L 8 TCHRZEHY |8 JCIRIREE I Ag---
Ag ZHHIEE R 0.531 2 nm, O et iE 8 LI
ARZER 2 SRS o J5 19 JE B0 — 4 5% (Fig.2b), —
Y Bl 30 3L 53 A — PP LA 2 B (Mode 3) 14 T 1 4 i 1)
Il 2 EE T2 BN 8 JT IR S5 4 1 2 4> Ag(l)
B FRCALY RIE R 2D MR (Fig.2c), SRCA Y 1
AN R BB 3 MBI B B AR R 1,4-FC
g 1,4 G0 C-N BEERTE T ARBE B BRI TR
HZ5E AL, BF, 5 B K4 T % 03-H3C -+ F4
F1O3-H3D---F1 ZHAEN (S EL Table 2), A

AL A 2 M 2D FEREE T J 1 3D 4544
213 WA 3 Mk

BLGW 38T =/Hah &R, PLASREE, HARXTFR
T A 14 AgDE T, 1.5 R 1 4> ShFES
T (Fig.3a), Ag(D)E FH A Ml = % 04 e o2 44 7Y |
S35 ok HARAR 2 ANBCAR LAY 2 A U R
J3A 1T ABAR LI y-C I, Agl-Cl1 Agl-
01.Agl-02 M5 53 514 0.235 9(5).0.236 7(4)
0.235 2(4) nm,02-Agl-C11 ,02-Agl-01 .C11-Agl-01
YA 53 N 122.76(16)°  112.93(14)°,123.56(17)°,
Be&9 3 v WA M A AR FC Az 75 2 (Scheme 1) 19T
I, — BB AR HITBC ALK 4(Mode 4), BIVEC 14 7 i
1) T P T IV fie B o6 i e 5 5 KON AR ), — g HH 4
XA TS Ag(DE TR, —uH y-C IR T 5
Ag(D) B FECAL, XA ECAR 1L 3R B0 B B AA , 43 531
2 A Ag(D)E TRz ;2 A Ag(DE F 345 548 A
FATEARRY y-C 5 Fdd B =AU AL, NTTTE
I 26 TCRIFEEH 26 TCHIREE MY Ag--- Ag ZIA] )
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B2 (a) BEAY 2 MUK FREATCHE BR B (W R LR 25%); (b) W5 Al o J5 0] B QY — 46 (o)l &9 2 JB L 2D
P R 25 4
Fig.2 (a) Thermal ellipsoid plot at 25% level of the asymmetric units of the complexes 2; (b) 1D chain structure viewed along a

axis; (c) 2D net structure of complex 2

B3 (a) BCEY 3 BRI FR A TCHEBR (5K 25%); (b) BCA 9 3 TE LY — 4 BE 45 1
Fig.3 (a) Thermal ellipsoid plot at 25% level of the asymmetric units of the complexes 3; (b) 1D chain structure of complex 3
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A AR A R R LD P I 2219

FEEH 1.229 8 nm; 73 Ah—F AL A7 25 A (Mode 2) M FiT
AT 79 s 174 M 1t X 40 43 il R 26 ST ER AR S A I
1) Ag(1)E T ECALY REIE B 1D 4k 4548 (Fig.3b), 5
BeE Y 1 ARIR) SRR 2 BBk, B i e 14 Y
14-38C % 1,4 S7 09 C-N B #RAE B 37 58 | ShF,
B S 5B, ShF, 1 U T A Ag(D B+ 17
A EAER , Agl-F5 BIFEE R 0.299 4(5) nm; [T
ShFH1 (4 305 T 5 i 5 i C38-H38-+-F5 &
(ZUE S Table 2).,
2.1.4 FEAEY 4 RiIRGH

BG4 )8 TR R | P2/c 25 AIRE, FEAEXT
FRELTTH A 14 Ag(DE T, 1 DEAE 14> Clo,
B (Fig.da), Ag(1) %+ H A+ iih 19 1 14 1 e 057 14
R A5 0k H AR 2 ANECIR LAY 2 A X AR
T, J3Ah 1L AEE LB y-C T, Clo,s 1 1 A4
FHCHL, Agl-C19 Agl-02 Agl-05 Agl-06 HIFER 51
H20.230 1(5).0.247 4(5).0.249 3(4)F1 0.224 1(4)

nm, Ag(1) & J& B W H#E 78 81.55 (17)°~145.48(16)°
WEN; SEAY 1-3 AF,BEY 4 A — R
273 (Scheme 1) BYECHR, Be & R FHEC A7 AL 5
(Mode 5), B — it FH 4 it X488, y-C B 720 1)
24 Ag(D)ES FECAr , — i SR 9 et = 48U 1 F Ag(T)
B, BXPRECIR LRI AR, AR 3
A Ag(D)E TR ;2 A Ag(1)EF X a5 A 2 4~ H 4
e A 1 s 1 =X AR L y-C B A I AR 8 T BR
RE5H |8 TLIFIRZE M Y Ag-- Ag Z [A] 19 E 25 Oy
0.494 0 nm,8 JLERAREE A P i 451> Ag(D) B 7 X I3
BN G5 A —AFe AR Lf s s =X U B 2, AT B
AL T 4 B L4 A4 Ag(DE T 1% 60 JTT KI5
[Ag.Ly](Fig.4b),60 JC R I &5 44 2 5 R 5 ) 4
B 2D MRS H (Fig.dc), FLE9 4 Y ClO B T
25 Ao DB TR, RIS ClO, Y 48U R 7 5 e )
FIE M C5-H5---03 S (E S EL Table 2),

Kl 4 (a) BCE 4 BYRXFREITTHEER I (13K JL2Hy 25%); (b) 60 JTC KM [Ag L] (c) BLE W 4 B 2D AR S5 1y
Fig.4 (a) Thermal ellipsoid plot at 25% level of the asymmetric units of the complexes 4; (b) View of 60-membered [Ag,L,] ring;

(c) 2D net structure of complex 4

2.2 BAWHEEDR X

BCAR FIAL G 9 1~4 UK B 53 518 395 Fi
392 nm, BC AR A 5 K E ST 439 nm, FE &) 1
R H K &I 416 nm, FLA 9 2 A9 BR & 0k

KR 422 nm, BLEW 3 BB K& SHEK N 431 nm,
BLEY) 4 (R ARSI R 439 nm, SECRA L,
BC &Y 1~4 W2DEOGERA Il ol X AG TR ik 5 4
J& B TR S, BT OEC AR W R S T AR
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261:1-27
——Ligand

Commplex 1
Commplex 2
Commplex 3
Commplex 4

350 400 450 500 550 600 650
Wavelength / nm

K5 WET RIS 1~4 1R 5O0EE R
Fig.5 Photoluminescences of complexes 1~4 and Ligand

in the solid state at room temperature

324
3 & i

WA ER L5 4 AR ERTE OB W 43 5
PEATHCA L, 15 3] 4 NMRELA Y 1~4, BLEY 1~4
H ) 2 B T R R ST i B P U 4 DA LA s
ShAe A b ) e B R A R —
Uity b — B B g U T A L — B E
HLfF B 53 F 9 N*=H--- O 55 T B Ui (R B S 40
Table 2); FC& % 1~3 #BA PO AN AN [a] e A7 45 2 14 e
i, HABE Y 4 W ECACR H — R Ao BE = B & 4
2 F1 3 W JEHLBA B F BF, F ShF, #8 A 2 5
i, B 11 4 AL B+ NOy .Clo, 2= 5L
f7 ; TTHLHT B+ 4 NO5s~ BF, il ClO, 45 2] 2D MR
SEAMECA Y 1.2 A1 4, THLI B T8 ShF, i 75 2
1D #EARZE M BB 54 3, 3% & — 01 B W] BT g A
S B B BT I VE T, B s EE 5 ) i 4
A 8 7 7 201 5 A A 1 ) A 1 45 5
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