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FE RO 20 =5° ~45°; IR TR ] ASAP2020 V4. 03 (&[22 e /aw)) #4711 ; Pyris diamond %Y
TG/DTA #4473 H1{X (5 [E Perkin-elmer 2\ &) ) ; Zeta B 3K ] Nano ZS 90 ( 35 [E Malvern /A &) ) 347
1554800 AU T W ( HA H LA F]) o

BiEER A ( Cu(NO; ), -3H,0, KHEHT K Ik 2# 10 A FR A 7)) (2-Z Hoe 48 — HHER (H,BDC-NH, , §* 12,
B (i) AR A ) 4,47 -RIEBE (4,4"-Bipy,, i IIRAL TABRZA D) |, Lh R 2 o ot
JoK BN, N-Z BRIt (DMF ) HIEESE (MV) B30 B [ 24548 T, 249 2 Brafi i) ; — ik ZE K (A
i) 5
1.2 Z#%#&BHYEZ Cu(BDC-NH,) (4,4'-Bipy) , s I H &
1.2.1  Cu (BDC) (4,4"-Bipy),s #9 % & =Wk [8] Jrik, B 0.1143 g Cu(NO;),-3H,0
(0.473 mmol) 0. 075 g H,BDC(0. 473 mmol ) 0. 0369 ¢ [1] 4,4’-Bipy (0. 2365 mmol ) F i s+, IIA
20 mL Z A1 20 mL DMF, 236, 4560 30 min, 766 5 THRAAR o 00 °C [y 24 h, A5G B SRRE
2R, SRR DMF FLE CREsS B UES S ~ 6 K. Kk ir ny BRI 7E 60,120 CIREET , & HA5
T4 12 h,#53|Cu(BDC) (4,4"-Bipy) 50
1.2.2 Cu(BDC-NH,) (4,4'-Bipy), 894 H0.1143 g Cu(NO;),-3H,0(0.473 mmol) .0. 0857 g
H,BDC-NH, (0. 473 mmol ) ,0.0369 g [ 4,4'-Bipy (0.2365 mmol ) F Jx i & 1, il A 20 mL Z B Fl
20 mL DMF, Z i T, 44 30 min, 7EE IR THRALAR P, 130 °C [ 24 he ROWEERE , BAARE R %, 15
FIRYA K] DMF %% 5 W 85 Uk 4 19 W B 5% 7 60,120 C R & T, &% B &5 T4 12 h, 15 5
Cu(BDC-NH, ) (4,4'-Bipy), 5o
1.3 =Z#&£EBIEBZLE Cu(BDC-NH,) (4,4'-Bipy) , s KM MV &K

1E MV WA —5E fE 1) Cu(BDC-NH, ) (4,4"-Bipy) s #EAT BTS2 56, h F AR SpR e i e 70 T 571
AT R
(po —p)V

A, po Ml p, g MV IHG N ¢ 5 B B e BE (mg/ L) 5 V S A AR (L) sm W BRI it (g ) 11 g, W2
H(mg/g) .

2 R HiHE

21 ZHERANBEE A4 Cu(BDCNH, ) (4,4'-Bipy), ORI

ML LM T Ca(BDC) (4,4"Bipy) o Cu( BDC-NH, ) (44" Bipy) o sHZ5 9, 41FEL 1 .
AT, Cu (BDC) (4,4"Bipy ) o 5 9 4 3 40 1550
ik'* 2, A LI 7 Cu( BDC-NH, ) (4,4-Bipy) o s
IR T Ca(BDC) (4,4'-Bipy ), « 975 B R REAE
e, T 5740 A, 1438 om ™ B 40 0 0
Sl —NHRHE R , T—NH, 9 X B2 XS 0 45 4
S S LE 3000 ~ 3400 om ™ A, 2] LA
IO ECu(BDC) (4,4"-Bipy) o5 1, Sl T
Cu(BDC-NH,) (4,4"-Bipy) ¢ s o

L X B RF S U R GE T Cu(BDC. w0 ww e
NH,) (4,4"Bipy) o5 0 fh IR 2 10, 1011 2 B 7% M
20] LU Y, Cu( BDC-NH, ) (4,4'-Bipy) , s 1 XRD
EFRTHE G AE 20 = 10° ~ 25K By, 55 30,
(891 H A& — B, Rl 6f fi 4 g 4 B % 0
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Fig. 1 FT-IR spectra of Cu(BDC) (4,4"-Bipy),s(a)
and Cu(BDC-NH, ) (4,4"-Bipy), 5 (b)
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Fig.2 XRD spectrum of Cu( BDC-NH, ) (4,4'-Bipy), s Fig.3 TG curve of Cu(BDC-NH, ) (4,4'-Bipy), s

W T UTSE T Cu(BDC-NH, ) (4,4"-Bipy) , s R AREEME, 01& 3 iz, m UL, Bl i3 1 7
f=5,Cu(BDC-NH,) (4,4'-Bipy) , siZ#i L 8, 17 C 3| 146 °C J&Cu(BDC-NH,) (4,4'-Bipy) , s & Z P #f
W R 7K L R 55 A B A B s ) B} ; Cu(BDC-NH,, ) (4,4"-Bipy) s 75 350 °C T Al A2 E /776, BET
FAEBHRTEILSE 1, AT, BET LR TN 124.2 m*/g,

%1 Cu(BDC-NH,) (4,4'-Bipy), ;Kb RELEHSE
Table 1 Structural properties of Cu( BDC-NH, ) (4,4'-Bipy),. s

Sample Spir/ (m*+g™") Viga/ (cm® +g™") D/nm
Cu(BDC-NH, ) (4,4'-Bipy) g s 124.2 0.1 0.2

Cu(BDC-NH,) (4,4'-Bipy) , 5] Zeta Potential 43#13% & LI 4,

—13

Zeta potential/mV

34 s 6 7 8 9
pH

4 Cu(BDC-NH,) (4,4'-Bipy), s £ pH (& F I Zeta t 357

Fig.4 Effect of pH on Zeta potential of Cu( BDC-NH, ) (4,4"-Bipy), s

Hi & 4 A1, Cu( BDC-NH, ) (4,4'-Bipy ), s TE/KIE W H Zeta HL I (A, HP7E pH =9 BYIEHL
T,Cu(BDC-NH, ) (4,4'-Bipy) , s ] Zeta HE#E 5 K, Fr LA Cu( BDC-NH, ) (4,4 -Bipy), s 7£ pH =9 1%
90T W B Y B S S8R 4T o

I A A T R WL T Ca (BDC-NH, ) (4, 4"-Bipy ), s I WOWIE S, W18 S fron. w0,
Cu(BDC-NH, ) (4,4"-Bipy) , s 2 A TEARFI (9 S7 AR S5, i H R 2 1L
2.2 Cu(BDC-NH,) (4,4'-Bipy), . Rt R E L H 5K
2.2.1 W RE pH AR WA R Fwam B0 mg W5, TSI pH {E 11 20 mL 15 mg/L H 3
SV IR 2 h, 76 20 CF B RS pH B IR B ASCR 1 52

Hi1&1 6 A1, Cu(BDC-NH, ) (4 ,4"-Bipy ) , s % T 3 58 1) W% B 2 ) B v V00 iy pHL (R A s 17 - v
pH =3 F Bk AT, 3 ] g5 R H Y A5 BH B 1 Yokl 3 4 W BH I P 0 A ot o e 2R
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¥ 34 %

5 Cu(BDC-NH,) (4,4'-Bipy), s SEM W& 5
Fig.5 SEM image of Cu(BDC-NH, ) (4,4'-Bipy), s
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Fig.6 Effect of pH on adsorption capacities of methyl

violet

2.2.2 MR ERESBEMZRGHw  B10 mg 5], F 20 mL ¥k

35 mg/L (B ORI pH =9 4T HR G,
4 10 min ] 1 RAFE, 7E 20 °CF % 5¢ H L 55 9) 4 o
e RE X I B 1% 50

WM& 7 Fizs, Cu(BDC-NH, ) (4,4"-Bipy) s )
B 10 min IR B AP o [T ERHI [ il MV
WITE VA FEE T TN 7T S A0, 3 A R Sy B 5 58 0 ROV
K, fff Cu(BDC-NH,) (4,4"-Bipy), s £ i 5 1 A&
SRV VAR B 251, W B A Bl g 38 K, DT
IEZ AR
2.2.3 /mﬁxf‘mwc%éﬁ%ﬁ B10 mg MR B3
FpH =9 ¥k JEH} 5.10,15.20.25.30.35 mg/L 1
20 mLHI RSP h, IR IR 6 h, 5 540 FE X
RF 8 SR Y 2 )

i & 8 %1, Cu( BDC-NH, ) (4 ,4'-Bipy), s % B

70

60

50F

401

301

O/(mg-g™")

20

0 10 20 30 40 50 60

Time/min
T PSR T e v o X R B 1) 2

Fig.7  Effect of initial mass concentration on adsorption

capacities of methyl violet

p/(mg-L71):a.5; 6.10; c.15; d.20; e.25; £.30; g.35
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Fig. 8 Effect of temperature on adsorption capacity of

methyl violet
temperature/ C :@.20; ¢.30; ¢.40
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5 R 1 R o S o U P o T AR ARG 0 T R o 1 3 AR TR e A 5 T BRJR AR IR R, F R SR I
fRBERS K, Cu( BDC-NH, ) (4,4'-Bipy) , s 5 Ykl VR A 2 .

2.2.4 FEBFABRWERGHm B 10 mg I
B3R, T pH =9 Wk 20 mg/L 1) 20 mL HIER 5875
W, A A 10 mmol i) KC1, NaCl F1 HCL, {5 J5
PR 1 h, B0 5B TV ISR 1) 5 )

Hi & 9 T’ﬁﬂ,ﬁu/\%\@lﬁﬁ%?)ﬁﬁﬂ%%%fﬁw
EED R BT AN SRS T i
1 5L 22 55 4 Cu( BDC-NH, ) (4,4"-Bipy ), 5 F W i iz 10f
S DATATRT IR B 7 A 485 A HCL J5 B 655 1 ¢
B FEAR T 5 mg/g, I RO AEBRME Z5 1 T AR 20 30 @0 0 6
Zeta HLAER/N, [R]BF H s 5 0487 2 58 4 02 B fime/min
AT 5 550 O I, DT 56 B A e = 8 3 o 1O 5 i 7k FF R 0 Bk Py
Eﬁﬁgﬁgﬂ] fﬁ jj]ﬂ— uﬁl}ﬁﬁ;ﬁﬁ Fig.9 Effect of background ion on adsorption capacity
2.2.5 Cu(BDC)(4,4"-Bipy), s Cu(BDC-NH,) (4,4"-  of methyl violet
Bipy)os 8 % M & B 5 b B 10 mg © blank ; b. 10 mmol/L KCl; c. 10 mmol NaCl; d. 10 mmol HCI
Cu(BDC) (4,4'-Bipy), s FICu( BDC-NH, ) (4,4"-Bipy), 5, 720 mL¥ & 20 mg/L .pH =9 [ F 320
H, AT IR, 55 10 min ) 1 YCkE, £ 4 Cu(BDC) (4,4"-Bipy ), s F1Cu(BDC-NH, ) (4,4"-Bipy ) , 5 % F 5k
S AR X L o

Hi& 10 AT A1, Cu(BDC-NH, ) (4,4'-Bipy), s B W fff £ 5 Cu(BDC) (4,4'-Bipy), s A o4& & T
15 mg/g, $i] pH =9 i}, Cu(BDC-NH, ) (4,4"-Bipy) s H i 2 56 50 1AL 8055, A1 5 Cu(BDC) (4,4'-
Bipy) o s FH LI AN T AF R A ARy I BRFEA4A0 , BEOR T WRRICR

40

S
AO >Q

30F

20F

O/(mg-g™")

=i

40F b 03F
~ 30f
‘?n a 9;, 0.2
=} ©
E 2 s
o 0.1F
10
0.0F
0 1I0 ZIO 3I0 4IO 50 6IO (I) .2 21 ‘6 é I‘O 12
Time/min P,
K 10 Cu(BDC)(4,4"-Bipy),s (a) 5 Cu(BDC- 11 B IEEE1Y Langmuir 2515 W% ff £
NH, ) (4,4"-Bipy) 5 (b) FTFHZBCRXT L Fig. 11 Langmuir isotherm of methyl violet adsorption
Fig. 10 Comparison of Cu(BDC) (4,4'-Bipy),s(a) onto Cu(BDC-NH, ) (4,4'-Bipy) s
and Cu(BDC-NH,) (4,4'-Bipy),s (b ) adsorption Langmuir model, 7/K:a.293; 5.303; ¢.313
activity

2.3 EMERARENHE
3 60 T L, TR RE — 25 5 T Y4 500 R 6 0 Y ( Langanaie 1
Freundlich) , H:H Langmuir £/ @ﬁ%ﬂ; Iﬂi‘@ffﬂﬂ_l:

pP. _ 1 1
q. qmp ° q.KL

Ko, g, f g, (mg/g) 53 5l J2& F 5 B Cu( BDC-NH, ) (4,4"-Bipy) , 5 i W BfF 2 0 A K 5 )23 W T ot
p.(mg/L) J& Py FHEE 28 1 Bt vk i, K (L/mg) J& Langmuir (W2 BFH 20 B p X p. /g AEEI(E] 10)
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LMK AR RW], Cu(BDC-NH, ) (4,4'-Bipy) o s I FF HISE ST 5 Langmuir W BEBERY 3155453 2 AR E S 8K
W2,
®2 BEENZRWMEESH
Table 2 Isotherm parameters the adsorption of methyl violet by
Cu(BDC-NH, ) (4,4’'-Bipy) , s at different temperature

Langmuir Freundlich
Temperature/K 4 o o
Qun/(mg-g™') K /(L-mg™") R, R Ky/(mg-g™) n R
293 60.09 1.404 4 0.048 81 0.9933 29.54 2.57 0.969 1
303 45.35 1.5863 0.043 57 0.976 4 23.71 3.33 0.9306
313 43.64 0.5245 0.1037 0.926 1 15.68 2.56 0.9322

Langmuir % I W B BEAREE , T LA R AR R

1
R, 1 + K, p,

3, K (L/mg) f& Langmuir 453605 BB 20, (me/L) Syl RIRAVI E o Ry WD T RE 19 5132
B BB F1: R, > 1 R TUEM 0 < R, <1 BEH RLAFIR I R, =0 B R Al S0 b R, = 1 it
WM. Cu( BDC-NH,) (4,4'-Bipy),, s 7 20 30 40 CUZHEHFIEL Ay R, (1435 M :0. 04881 0. 04357
F10. 1038, A T2 Cu( BDC-NH, ) (4,4’-Bipy ), 5 % FHE 25 1 W BEF2: BLAFIR B

Freundlich 2 Hf§ 437 F2 ') — iR A

In g, =Lln p. +1n K
n

A K KRB F I T B B B RE J7,1/n 0BT T WRBESR A /N . 3 2 sPata i T A SR

%2 i EH T Langmuir Freundlich 7745 5 0 BT (149 R 6 S 800 o 26 i 80 7l a0, % S 30 4%
Y5 A5 4 Langmuir 2535 W FRASRY 17 FL A7 SCHR™® 4508 A1) A Langmuir 25 35 5% FH 5750 £ 16 0% B 5500 DA 24
L R e
2.4 BMEHHFHHEE

N T ARFEIHM I FE AR HLR] , 22 SOk 16 ] 07 12 5 S0 i i P b 3l ) 2 R BL

H12¢ 3 A1, 7€ 15 .20 mg/L F Cu(BDC-NH,) (4,4"-Bipy) , s B0 28l S 2415 MAS A bk AR 6
FR R BB G 5 T — 2% 3h )12, L =8l S B R MR 56 2B (R 20045 T 10 A, 52
BE Q... (mg/g) F—Zk 5 11230 55 A R Q.. (me/g) SERAHIAT A, T S50 — % 5h
SR AR B B W MR (3R 3) MBCE A W A TR 2 B R 3 ) o R LR AR U o R
Cu(BDC-NH, ) (4,4"-Bipy) . s X 1 35 28 PO 82 JF , ok FF 35k 2 £ 0% o J 8 A2 e s 7

x3 REEEARKE TU—RINEMUZRINFSH

Table 3 Parameters of pseudo-first-order and pseudo-second-order adsorption

kinetics model in different initital concentration

Kinetics model po/(mg-L™") Q. p/(mgg™) Q. .m/(mg-g™) K /min"';K,/(g-mg™" +min~") R?
Psedo-first- order model 15 27.29 3.47 0.5715 0.9157
20 38.42 4.46 0.3254 0.8348

Psedo-second-order model 15 27.29 27.74 0.2589 1

20 38.42 39.28 0.1218 1

2.5 RAFESY
7£293 303 FiI 313 K i & F #£47 Cu(BDC-NH, ) (4,4"-Bipy ) , s Wl B FF 5L 55 19 S 06, 2 M8 2 2% Sk
I8 A5k, TR S Al A BB (AG") JEAE (A" ) FEAZ (AS) AR SR R A 2R K 4
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%4 Cu(BDC-NH,) (4,4'-Bipy), s RHf RE LB RN FSH
Table 4 The thermodynamic parameters of adsorption MV onto Cu(BDC-NH, ) (4,4'-Bipy), s

AG/(kJ-mol 1)

. -1 N . -1, -1
293 K 303 K 313 K AH/(kJ-mol ™) AS/(Jemol " -K™)
-8.097 -6.727 -4.875 -52.28 -150.48
—+- N
3 45

A 3 PR P B AR B — R B 1 = 2 R A MLHEZR (MOF ) #18 Cu( BDC-NH, ) (4,4"-Bipy ) 5
(BDC = XIZK - HIERAR, Bipy = HRILIE ) , R T F S0 M W BT P R o 45 SRR, Wil A pH =9 2%
T ,Cu( BDC-NH, ) (4,4"-Bipy) o s % H1 I ZL A IR B BCR AL 4T, Cu(BDC-NH, ) (4,47-Bipy ) o s X H L5211
W P4 5 Langmuir S5t 9 AR, JHCRRE R 7 o 400 — 0 sl g p A TR AEL 5 7 T A~ MR R 1 o 7700
pH =9 &% 20 C A T Cu(BDC-NH, ) (4,4"-Bipy ) o s Xt F ISR A S R4 60. 09 mg/g
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Adsorption of Methyl Violet by an Anionic Metal-Organic
Framework Cu( BDC-NH,) (4,4'-Bipy), s
( BDC = Terephthalicacid, Bipy = Bipyridine)

GONG Wenpeng, CHEN Dan, YANG Shuijin "
( Hubei Key Laboratory of Pollutant Analysis & Reuse Technology ,College of Chemisiry and
Chemical Engineering ,Hubei Normal University , Huangshi , Hubei 435002 , China )

Abstract 2-Aminoterephthalic acid and 4 ,4’-bipyridine ligand with Cu®* ion was used to prepared three-
dimensional ( 3D ) anionic metal-organic framework, namely Cu(BDC-NH,) (4,4'-Bipy),s ( BDC =
terephthalicacid, Bipy = bipyridine ) by hydrothermal method. By X-ray powder diffraction pattern ( XRD) ,
Fourier transform infrared spectrum( FT-IR) , scanning electron micrographs( SEM) , thermogravimetry (TG ) ,
N, absorption-desorption experiment, the composition, structure, morphology, stability and toleration of
Cu(BDC-NH, ) (4,4'-Bipy ), s were characterized. The adsorption property of the composites on methyl violet
(MV) from aqueous solution was investigated. The effects of experimental parameters including the
temperature, initial pH value and initial concentration of MV solution were discussed. The experiment data
could be well described by the Langmuir equations with pseudo-second-order kinetic model. Thermodynamic
parameters AG <0, AH <0 and AS <0 indicate that the MV adsorption onto Cu( BDC-NH, ) (4,4'-Bipy), s is
spontaneous and endothermic, and the maximum adsorption capacity value reaches 60. 09 mg/g at 193 K and
pH =9, indicating that the adsorption ability of Cu(BDC) (4,4'-Bipy), s towards dyes can be improved by
using amino modification. .

Keywords three-dimensional metal organic frameworks ; methyl violetadsorption
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