View metadata, citation and similar papers at core.ac.uk

brought to you by i CORE

provided by Xiamen University Institutional Repository

FRGRIG: 10384 AR wmg
2% 200225001 uUDC

AN s T VAT

MR R SRS R ST
(=)

Syntheses, Structures and Properties
of Tetrazolate Coordination Polymers

=W E

FBFEIFRL . 2 BEK

M OE SHK
¥IE AL ES: AR +
+ b & AR RO F
HXRRXAH: 20064 5 A
# XA FERTE] . 2005 4 6 A
FARTEE: B 1T K F
FALIT B B

BERMRRAER:

¥ OE A

2005 £ 6 H


https://core.ac.uk/display/41410498?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BRI SR 8 M

2R EAT AR S, A NAE FINTE T R AL 58 K AT
FUMR o AN NAETR S5 1 225 1 HLAB A N SRR AT 5T
R B 30 AW 7 bW o A NARTE A3 MR AH ik i
3L E BRI AT DA .

PN (BE4):
¥ H H



Hx
IS I
ADSEFACE -+ II
E—E 4t
L1 Gl 1
1.2 FRATEEAMIBIIAY vttt 1
1.3 FLARTRATTIE ] oottt 4
14 B HTRATIE B oottt 6
1.5 BEEBRRIEE B vttt 13
1.6 BRALER A MG BRI ST oot 19
L7 AESCRYFF TR IAE oo 21
18 BEHESTRR e s e 23
$£F & Hpztz. Hpmtz BEIRRIEL IR SIS R S &M RIE
2.0 RIS e e 30
2.2 SEBERG 31
23 BETFIIFIE orvvvrsresseesecsetsess it oo 35
2-4 I%\g:él: """"""""""""""""""""""""""""""""""""""""""""""""""" 48
25 BH TR v e 49
F=F H.iptz. Hfutz f05%. BRI BEVIER. SR
GL BT vttt 50
3.2 SEIRERSY 51
3.3 ZETRFIITIE vt ibrmnssnssssss sttt 56
34 1%\2:5 """""""""""""""""""""""""""""""""""""""""""""""""""""""""" 65
35 BT 65
#MZE  Mn(3-cnba)fA Zn(3-batz) B & B FITE R R
AL BITE vvseeeesssssssss e 69
4.2 STIREBSY 71
B3 BEBFIFIR ovveeroriosototototstsssetss ettt 74
4-4 I%\g:él: """""""""""""""""""""""""""""""""""""""""""""""""""""""""" 84
45 BT g5
R AR TAARANR BIRIESEL oo 87
T o7



e

wm =
FCAL SR Wi b 2 0 1 B AL AR 2 MO BRI B2 R, BT

FERELRLS:, IR L, ARZMEICAARE, HIRERTRL, AR I 70 11

SR RS 7 AT VAR Y TR, PRI R 00— B R AT 9T

o NG BB R E T AP A S AR D IE PN BT

FERIR S WIS U S5 8, & s BA s IPE B SR SR kL. Ak

SCHIFFEM 2 A7 DY e fg e A4l 2o 7K PG R B A SR B ) o e 3 — 2R A

(7] )2 DU W R P A 55 28— P R < S N B i T AN SRS Ay

Mg 2HpztzzHO (1)~ [Zn(pztz)2(H20)2]  (2) [Cd(pztz)o(H20)2] (3)-

[Co(pztz)s] (4) [Cu(pztz)2(H20)2] (5)~ [Mn(pmtz)2(H20)2] (6)~ [Zn(iptz)]

(M) ~  [Mn(iptz)(H.0)s] (8) -+  ZnNay(futz),(H20)4 9 -

[Mn(futz)(H,0),] Hofutz ~ (10) «  [Mns(OH):Nax(3-cnba)gls  (11) -

[Zn(3-bat2)], (12).

1o A TR L ARG LKA B 55— RN eEE T Zn,
Cd. Co. Cu kN lf3 2] T &4 2 3« 4 F1 5. & T AR Hpmtz,
MHESEE Mn s VAFRINEEY) 6. Hlcik 1 5 H0 7012
) (R VB R R ple I FLIR Ao TS A0 2+ 3+ 4+ 5 1 6 #f2
INHCALIY AR SR,k U B i = 4E R SR 5

2. BT AR Haiptz A1 Hofutz, FX AN ECAA S )8 Mn F1 Zn 7E7K A
ARSI S 7 8y 9 F1 10, PG 7 & S 4EMEAL R A
P, 8. 9. 10 # L FHIER N YL MR &

3. G T oAk 3-batz. A BCAK 3-cnba 54 )E Mn Az pl— A = 4ERCAT 2R
S 1L, BeE 10 i TR R I A R A R AT g . AT ECAA 3-batz
548 Zn RNAGECEY) 12, AR EA = 4ERIR S S5

KEIR: WAREY KGR DM A&



Abstract

Abstract

Coordination polymer is a new kind of materials connecting molecular
coordination chemistry and materials science. Because of its inherent
architecture offering the substances potential applications as catalytic,
conductive, luminescent, magnetic, nonlinearoptical or porous materials,
coordination polymer is one of the most attractive topics of current researches.
To date, various applicable complexes have been achieved by combining
selected metal ions or ion clusters and ligands wunder mild or
hydro(solvo)thermal conditions. In this work, we synthesized three ligands
containing tetrazole groups and their complexes (1-10, 12), as well as one novel
homometallic ferromagnetic coordination polymer using a tetrazole-ligand
precursor (11). These complexes are 2Hpztz-H,O (1) [Zn(pztz),(H20).]
(2) » [Cd(pztz)2(H20)2] (3) » [Co(pztz)s] (4) » [Cu(pztz)2(H20)2] (5) -
[Mn(pmtz)2(H20)2]  (6) « [Zn(iptz)]  (7) « [Mn(iptz)(H:0)s]  (8) -
ZnNay(futz),(H20)4 (9 . [Mn(futz)(H20),]-H.futz (10)
[Mn3(OH),Nay(3-cnba)sl, (11). [Zn(3-batz)], (12).

1. Ligand 2Hpztz-H,O (1) was synthesized via [2+3] cyclo-addition reaction
and used to combine with Zn. Cd. Co. Cu salts to form four complexes,
namely 2, 3, 4 and 5 respectively. We also synthesized 6 through an in situ
generation of ligand Hpmtz in one-pot reaction. Ligand 1 and lattice water
molecules form a 3D hydrogen-bonding network with 1D channels.
Complexes 2, 3, 5 are isostructures and all metal ions in 2-6 locate in
octahedral geometry.

2. Other two ligands Hiptz and Hfutz were synthesized and used to react

with manganese and zinc salts to get complexes 7. 8. 9 and 10 under



Abstract

hydrothermal conditions. Complexes 8. 9 and 10 are 3D hydrogen-bonding
networks built with 0D (8). 1D (10) or 2D (9) metal-tetrazolates, and 7 is a
3D coordination polymer in whick both Zn and iptz act as four-connected
unit.

3. A three-dimensional coordination polymer [Mn3(OH),;Na,(3-cnba)s], (11)
was synthesized and characterized. Magnetic studies showed that this
complex is a three-dimensional metamagnet built from homometallic
ferrimagnetic  manganese(ll) chains, in  which the  required
noncompensation in spin moments is achieved by interactions in a F-F-AF
(F = ferromagnetic and AF = antiferromagnetic) sequence in the triangular

magnetic repeating units. We also synthesized coordination polymer 12.

Keywords: Coordination polymers, Hydrothermal synthesis, Tetrazole ligands.



B

BoE 4 0
11 5[

Bt R BRI R A e, a2 2R — A S U /e S A RLRE
R EAL M S SRR T H B A . AL HAREARR
DN SN [ 3/ NG 57/ I DL & T 2 e S K AV ST T 5 o N
B sa e (R EE R RPBTBOR N A AT H 10 R KB D BEA R b as A Wi
JLAit,  THT BRI SR DI REA R T R R, et 7522
IR IFERT IR A S o B T % RIS AP REAN,  F T SR ] e
MR EERP L. ARZRMEE MR BOUAEL, ARG AT DR BRI
Hs T (B 1) AR RE RS R B R L Ih RERIAL SE LA R
1 LS 1 A A, By Tl o3 1 8ISy 1 Bk A o3 1 A 2 1 < s 2
RERC &M, FEr T HE T, W SRS aEie. Jol T SREVEA RS
Z o7 B A o ST, TR AR, TR
PLIRE W SR TR R ilad, T i E R A — 0
I TACSE AR AR TR Tk AnE s, Bt ATl B 4%
S TRFEY, R T RdSaRe, RARRE S AIERI ST Ak
Mot — € Ty AL NPT s B 7> 1, Pk DR M SRR . iy
PRCRRR O V2 N H o AR AN 20 2 LA T0E 4546 (19 53 1 R 500 22 F3
THREM & m IC AP0 R RE o

1.2 B R AW

BiA7 58 &) (coordination polymers) e HH 4 & 2 1 Al e 44 38 ik fic 37
A A B B ZR A P S 2 UL A A 22 iR ZR 8 ]



JE )R 2 1 3

AL LR PO o /N T B AR S B2 3 e ELAT AT ) i s R T AT 5
Y, PTUUE 2R (1) BB S S 4R R K A SR R e i
ALK, TSR —4E. Y)Y E S AR A (2) TR T
MggE, RPEUEE. o -m MERL. JOREAEAE . BKCRARIER . W e fE A%,
PR A DR AR il = 4 450 o S hh, T DAFESR G i dl ek 72,
IONIE SN T T, AL AL e e A R & thrT LLfE4l
5 T I S R T DR B, B RN 2 TR T,
N R T I R A 27

H T S AT AL S 2 dEAR RIS 41 E, AT 7 TRy 3R
SINT AR TREIAE S o 785301 Wells®™M ¥ JEHLIM 2% 45 g B e AT T it 41 2%
AR — AR e (WU, AP 1 — RO ——
(node), SR eIk Le Y RUERE A — e B H L e R B3 . IR PR
(AT LA %% 7 vk R AR 4 M BE R DL R 4 £ T ik
(zero-dimensional), WAJLUE—4E. —4E)5% =4I % (one-, two-, and
three-dimensional). Tf] Robson & Wells 75 TGN 4% 2544 7 T 1) T AE L fi 5]
FHl. SEAEVAE DRI R G M AR “37 ORI 254
(node and spacer)” 777550 0] LAEAT 2 4R R 1) 2 (A 4 2%

SEMIRCAL SR SV P Ah 2 G R SR AR 22, < Ja B 1 IO A7 LA 2%
A VLECAR A 22 S5 R RTECAE 2 R . e 251 0 1 M ot DL A <6 e -
fic s Lol s DO o fead e AR L, R G T KR BAT B A
PG Y), W—dERERIR. B BREVE . T YERE T B A
JIIBRE T XUZG5 K iR s g by, = 4R Nk, 2844
GRA SR UL R LT I = e s (B 1-1)



| f" kir
M
I Tl | |
| e gt ———
M M M
4] R j:;hf | |
I A MM —y——
M 1 h
. Moy
| -
(a) (k) (c) (d)
| | H‘\‘h"fh‘lh\"'ﬂ‘f
—_— e B b —— —M—M—— |
| B W
_T_T_T_ —'-.1—!-.1—T—H—r.-'l— H""‘T*" "“‘T"" ““|.|r"f
_ T_T_ T_ —_— N f"h""‘h-"“' H"“‘H“’ M“‘-.‘
(e (f) (g)

M .1 —N—N—
=1 f . RN
~ M S —M—M—

Mtl.. .ﬂ_,..-rm _r'-_l -

"‘m“{:.'."l'l.‘r-.._‘:‘.i'i A lEHEh‘—
F"‘"-. |"x [ *
{h) (i)

B1-1 BT AR IER 45 2RTY (a-i)

IXEE 2 LR AT LU R A R R (1) B -1 BRI 2% 45 &2
PRSI K, A< NG AR 4 (the metal node and the
ligand spacer), 1y HAE—21 43 o] DURSE & A 7E 1K) B 413808 1 HUGIE#E
3R 2 0 24 5 4 J )b AT LAA A 2 — Se g SRR I, IR B2 4 0 (R 4 5
(2) B NEFGHA LB AR B E R T B, BT R
LA I TN A HUECAR I RN R = A — e AL 12



JE )R 2 1 3

1.3 FLRIALZREY)

A7 SR A i i al LA S5 B, PR s, H& T — Rl
WAV S TN, BRSO Sk RevEfal .
L SR PEADREAE 22 05 T B WA S . H R T O 2R A i 1k
JRRIFFERR I SR SRR B« AR o a3

BE MR FLARTCAT 2K S 9 T T LA B

FIC AT 245 ) B A5 A FE VA LRI S A A T TS 45 40 P 3R AL 7l AL
18 . 3T =A4F K, Yaghit™!, Williams!'*!, Zaworotko!'*!, Kitagawa!' * Fl Fujital'”
R FH W R Ea A G LA I A LR CRZEUE T B 2Rk i) 5
G )8 BT BURAE A STSE P % AR AT RS IX SR AT 2R A
L7 AR R (K E D), AR A Langmuir 22 [R5 1B 42T
B LA 0 B K SRR, Yaghi 55 Nk T B I — i L H(SBU)
e, RIS HHE R MR AL 2 T RS AL Bt i e T e 2 4k
R AR,k nT DUSEBLE 1 (A AR B A R & 1

Williams %5 A H Cu(NOs), S5¥7 —HRAE 180°C [ EtOH-H20 ¥
KA BT B LT L S A E Y [Cus(tma)y(H20)3], (tma =
trimesic acid), 7EXAME AP = 4ERATEAREE M 9 A x 9 A K/MfLIE
(K 1-2) U9, w0 FLIE AR by SRR 40.7%, % AL AHIAE 240 °C &
AE DRIFERR T MAHESE.

] 1-2 [Cus(tma)>(H20)3]n FIF BT () R = 4EF¢ 52 K (b)



B

4,4 -IRILE e A I 4 e LU AR 2 B Ji — e IR DY 7 RE &4 5 1994 4F Fujita
BT — AN TR P T HEAL A4 [Cd(4,4”-bpy)a(H20),](NOs), 7, 5
KA NI 4,47 -Bnkne JSBC AR & B T AR 4m M DU T HESE M) Jeeilt,
Fujita 5 AN FH— KT 20 A 11 4,4 -BRIERE SRR A BT —4E R 28
I REL R, P RSN ANE 2R, T AT B A 2 T IR A0 Hk
STl

1999 4F Yaghi % A7E A7 ML 7 DMF ARG Hi ol 4 il s 0f
Zn(NOs), B ZnsO #%, $RJG ik ZngO RFIN 28 = HRRAEGIE S 40 NI
A = YEAE B2 LI (1) 28 A W[ Zn4sO(BDC);3]-(DMF)s(CeHsCl) (BDC =
1,4-Benzenedicarboxylate)**, X ANELAL AWM 5 4 e H RTECAL 5B
BT B A SE I, ) e SR DL 1-3 (RS AR S S AR 4
P TCUL RN = HE M S50y, L= AT RS AL 8 A, BT LS (10K B
PRI LT, B E 118 2] 1500mg/g (Ar) -

s B 7 v N
i RO
.ml .
b c
1-3 Zn,0(BDC),"(DMF)y(CH,C & kb Fi ot (a), —ZEHER & (b) AR Ff i
Z(c)

AR DRI RT SR AR BN, BORIE A AR AR S K 5 1 B R AT 4%
i, (R B H AR o BB BOATTHE AR G AZ 86 LK A Pl 23 11
71, WA DA IAMERIME S, EMFUREATHOEAU . SRS



JE )R 2 1 3

(1950 TARH SR RS, FER R SRR Ay (AL 1 T 7, 75
SRR R, TR B (T o, B L, A E
ST S (4 TR U RE 1 R & I 2 [ AL

14 RAREY

DIIEHE o FL 7 S5 A RFAE (AT LA 5 0 DAL A4 14 6 Je T EC

&), BRI L B, SRR
TANI S EHAZ 0, BT I 56 FACKIE A,
WU IR R 52 A IR A, TR Ay SR B T P 0 R e b
WV T — S IO B BT AR 0 6 B % RR 2 Sk ot SR Ok
(Photoluminescence, PL)s il 4L (1037 R0 AR it B FFIOR
Bk RIS, BRZ WSOk (Electroluminescence, EL)o Hi T4
RO A BATHE BRI 9 450, — 7 AL T ORI PSS, 4545 T 1%
SHOT AR IR 5T T IR bE, S HAR i Th bR )

[19,20]
(A8 PR AL T ARAIE /
1.4.1 BEEYIEEEN

1.4.1.1 S FHIFRS KT

T T e K A BIOR S . T RS E— AR
MR RES, SZEW DR S RS FE R R I Re E DOA B — AN e
W& — A2 F I REEAFERULFE v] LA Jablonski Bk K7k (Kl1-5)



B 1-5 ¥ R5OEBE I 2 Jablonski &
(If 3k Ip B 1IC AE# 1ISC RIM AR VR Hk3)5%)

52 V) DA [ 21 RE 2 I LR R D' 7 1R R T8 R = SR O i S
BRI MBS — WO R A M BIEAS AR SRR 9630 . R =435 1m] 32
LA AR TR B (p) o TERFTOCEUROGITIRE T, AAT A5 B SRR K
AR, N ORI BRIT I R AN L e R O AR, AT s ROk

HI T R 2 EOOHLER R B R 2 1 5 W ) 1) A ELAE AR A, Ok
Gr PR I RE R AR > TR 2 A E N, 2 UGk 7 R RIS,
ORI, T RE SO LD o SR 1 5D RcE
A DL TE B4, I TR )W) 8 R AN BRAT . OO A S ) S5
FHE L BRI BRI 2 2R ARG I B 1 S AT HILIC AR T T 1
(RITC AP0 RO I 5 4 B 1 LA R AT HUBC AL A 1) 25 R R AT AR R IR 06
N

1.4.1.2 WiEREHEEEY

SIRICEINE Aoy T HEAR, Tl BRSO E R RO, W



JE )R 2 1 3

R BT (R AR A m* HLF B 2R e T IC AR 1 B AR PR 2 A5 S 1RE L,
WUIC & 9093 v] B R AR B FCAR (RS T RE R [l B AR S OT (9O, 5X
MR =S TR RIS 4R S BRAT (B56Ip).

TEIXFMEIL T, S8 s FAS Tt s 7, SA LA A F A7
JEMEEG I AR () ETERI ARG M RO G A A —
SED, VFZECARSTAE A RS FASOCECROGIRSS: TR &5,
JEUA WA PR G AR 5 R AR A IR S50, DR ORI/ T A SR BRI J L% i
BRI BRIT LA L o, 45 AL RN RO G BUR G AR 89 I AT HLAL 5 4)
ARy R ARG AW o 1IN 8- TR AN KO, T 8-FA MRS (AIQ)
it &5 R G50

REfE 154 8 B T IR RO A AT WAL & ) 26 K 2 BUR 05 B et &
Wy, Ha W SRS SEE TR o BRI E REH], 4n-COOH. -OH. -NH2
By BUE SRR BT, WING -OR. O%FERgH.

1413 HLBEFREWEED

WEREC S b IR & T IIm* BEAR TR ST, e, In] g A
R BT RO A ) BE AT (mAF—m) 1A B R R E SO XK
e &R T2 0L 1. i TFROtHM L RN B I PLUE
HARFEWHIE, m* (BIf—~f * BRIEMIP BEL0) 7 FRCAAT, RE) R 7, I
m* S mEEY L (M AFAEIESERED, NI I POC AV B R & T2k

3+ 3+ 3+

SPRFE I EARTO . T SO L8 FHEu « Tb . Sm . Dy %,

1.41.4 ETHNEBENKINEESY



B % b

e & W) vh 38 W] A7 AR P R L Ar F B S BRI (CT): LMCTHIMLCT.
LMCT 475 T M A5 [ 48 35 FEERS BT (BRI, & — MR 1
VAT Rl k86 T 9IRS o T R LT B I IR A LN s T
MLCTH 75 T M 42 P AR5 B A BT, & AR A FL I A
B B IO, BT S A RO R . (AR R A5 T
OO B MLCT 45 40 T3 % M M (<300 fo ) 3 ik 26 1] 98 K 31 1
MLCT#, AR BRI 5, BEE100%. 44 7515 MLCT
AJE, T LB AR AT BT SR () R RS (K
1-6), AELJE MmN 4 iR %, —BAEd00 ns /i, BOR I T4
T 5T I LR R 2 P 8098 T 5 AR BEL PO B T R

T E] W
Q@ 1.0

BB s MLCT]

WLCT_

400 n=
el N

L Y

v

K 1-6 MLCTZ )38 Moo 74

52 b, WA FHUE (MO) IS G, OB R HLRA# S
THREYS FHUERIME. TR RE R LeR YO, S
DL ] Fp i AN 5 56 06 35 0F 2 G I B BEAT FR N, RIXE DL-A BEAE WY H & 9
HOMO FI LUMO e = B 35 14 2 i O B 7 [ B0 Bl 233 A2 A LI
(BT 5y o otk NATTAE: A 5 000 Jok P 45 420 B IS T A (08 AR 2 i 25
O . ARILTOEI GRS Tt BT AR 2 R 2Ok A AT B



JE )R 2 1 3

P02 20, SR, b TR PO, JUIE ' S REC A ORI R &
Yl G, FE A AR ME LAROR FEAEE ) W SEVE A4S 926 i) I SR AT AT L REAR
PaHEA BN AT A 22 0 6T AT BERO AR, D et Y BLVF 22 B ATP T A 45
Wo XU SV THE MO) AGANT, W TG H
HOMO Al LUMO A AN REL IR R, 45 A e S AR S AR P IR HERUIR DL ,
R H At TEAT IR ZI BN

1.4.2 BB ENEEY

TS BR L BT, RIS R S AL
WIS, H 198743 FKodak A v XSH = (C.-W. Tang) EXIRE T HZ
FEATHUR BRI 5 O I SR S DIOR, SR G A8 P BTN 5
TAEEE . SREAEUA TS L, BRI
BB T AR, SO TR SE P AR A, TR Al 2

[18-20]

B N TS — IR e R
(1) 8- FE MR A1)

8-FRHEMEIE S (AlQ) fEKodak A w) fic 42 Hh () FHAEEL 2841 rh A6 Sz 44
BHOYIT . T MR Tt 2 m (175°C), FREtbakwir, A4
FAT AR, vT DL B 2 AR AR L 19 LU 1 J 50 o5
— AU BLELES I AR SR TV S 2 A8 . TAE RS E6IALQ
LA ARG — AR B SR EL R L& (BI1-7), LRSI
AHIE, Hathf .

10



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

