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{X #% : Flash 2000 24 45 Hl 76 2 7 #7 1X ;
Brukerd8 Y X- 5 Z& fiT S AX (Cu-K, %@ 3, A=
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B X AT AT R, AL R A AR
BT =R AR PTAEE, ¢=8.292 (2) nm, b=
9.680 (2) nm, ¢=16.467 (4) nm, a=89.753 (4)°,
£=88369 (4)°, y=T73.674 (4)°, V=12679 (5) nm?,
7Z=2. [Ni(tib)(mpda)(H,0),] *H,O ] A~ %} Fx 5. 5
AN B 5 1 mpdaficf&. 14> tib L
L 3K FHM. HAXFRE TS 21



2 FRZEAE . ZE[Ni(tib) (mpda) (Hy0), 1« HyO A i W B 25 B 7K A JE 48 g i 70 % 167

PR FPRSL NI oy, FEAFLEE 1A
A A B A AR 20 . NIl A0 B8 7 H A #1ih Y\ i
RERAL, 2 AU T H 2 AR TE ) tib A A 3R 43
2AEIE T RE 1A mpda it ik, %2 MAJET
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fit, 2Rk H 2 N F E mpda B 1 (a)]-
£ [Ni(tib) (mpda) (H,0),] - H,O 4 ¥y v, 5% =k

WA SRy =1 05 5 NI &5 1 B A7 A% 2D A% T
[EI1 (b)]: X mpdaf 2 MRIEH LT T, H
WA 1A AT G RCAL,  #Z A7 3R 1 mpda
Bic pA R fe DLy 55 5K P 5 78 Bk 2D WS Tk
[E 1 (b)]; FiE mpda fARECALE O HEALK
53 ¥ 2 [A] O—H---O f#H EAEH(00---03 0.2624 nm,
£05—H5A---02=155.41°) T i = 4k 5y 1 W 2%
SR (0]

1 [Ni(tib)(mpda)(H,0),]-H,O 1) i R 4544 - (a) Ni(IT) (AL PR, (b) F28 = kM 55 Ni(IT) #4 Bk 4ERISTHT; () 4k
THIHERRTE i = 48 73 1 4544 .
Figure 1 Crystal structure of [Ni(tib)(mpda)(H,0),]-H,O: (a) The coordination environment of Ni(Il); (b) Pyrenetriazole and
Ni(II) form a two-dimensional mesh surface; (c) Two dimensional stacking forms a three-dimensional supramolecular

structure.

3.2 [Ni(tib) (mpda) (H,0),] -H,0 & FT-IR, #
E.PXRD.BET 531

[Ni(tib) (mpda) (H,0),] *H,O FJ ZL. 4k ¢t it 4
B2 7, 3600~3200 cm™ Ak i 4FAE I & T /K 2>
F O—H £ F1 i 45 4R 55281, 1700~1500 cm! Ak
(FIRFAIE I J8 T FR R 1 e 4] COO- IR X ik LA B2 AN Xt
FRABAEHR BN, 1356 cm! 4b (45 1E U4 J& T 1ok e
I C—NEEF R AE IR B0, IX LERRE I 5 h Ak 4
F 53 BT A — 20

FESAGGFIER, R 10 °C/min
) T 5L 33 2 45 [Ni(tib) (mpda) (H,0),] * H,O F 4
KA, ARWE 3R, 7E %R 600 °CuH
M, [Ni(tib)(mpda)(H,0),]*H,0 )45 B i #5552 5
SERG,  HE 3R] LA AT B B EC A 7K 43
MZE Ky FIRET R, fE95~125 °CIRTE & T
B 8.7% (T HAE 58 9.3%). FCAL R S FEA
BHAE316 °C LU N2 A E W, BEA& T &,
ik mpda. tib BT 2 iR IN# A 500 °C
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2 [Ni(tib)(mpda)(H,0),]-H,O [RI£L A .
Figure 2 IR spectrum of [Ni(tib)(mpda)(H,0),]-H,O.
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ol Joyner-Halenda (BJH) 75 % #E AT L4243 1 70 A
M 5 s AT LU $[Ni(tib) (mpda)(H,0),] - H,O J&
§%- TAAMEL, FFLE RN 15.47 nm.
2 wp 3.3 [Ni(tib)(mpda)(H,0),] - H,O I Fif 7k o B &
gm_ I BE Ml
ol 3.3.1  JeRbpig st
4 [Ni(tib) (mpda) (H,0),] - H,O 1 Jg W Fff 7] %o
%0100 Z(I)](.) 36? /é(l)o 500600 AFEGR (MB. BF. RhB. MO) #ETi& £
emperature/°

3 [Ni(tib)(mpda)(H,0),]-H,O 1A i £5 .
Figure 3 Thermogravimetric curve of
[Ni(tib)(mpda)(H,0),]-H,O.
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20/(°)
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Figure 4 PXRD of [Ni(tib)(mpda)(H,0),]-H,O.
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Figure 5 N, adsorption-desorption isotherms of [Ni(tib)
(mpda)(H,0),]-H,O at 77K (inset: pore size distribution).
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Ko 4MYLREW (20 mL, 20 mg/L) A
[Ni(tib) (mpda) (H,0),] *H,O(5 mg), HF 4 #hA]
DL HE I 5E 24 h 5 ReRbR L 24k, 25 R 6
Jiom. ME 6 T LLE 1, [Ni(tib)(mpda)(H,0),] -
H,O Xt 4 Fh G Rk i)W i E 3 AN, R (1)
B4 Fh ekl MB. BF. RhB. MO W fff & 2
4 1.329. 8.280. 13.930. 18.640 mg/g, ki
[Ni(tib)(mpda)(H,0),] - H,O %} MO 3% £ 1 5 4
MO AT T [Ni(tib)(mpda)(H,0),]- H,O % MO FH b
17N

20
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q,/(mg-g")
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B 6 /Kb gutehig bt ik £ (T=298 K, C,;=20 mg/L).
Figure 6 Dye adsorption selection plot in water (7=298 K,
Cy=20 mg/L).
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20
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=)
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B 7 i iE] S e R B (T=298 K, Cyo = 20 mg/L).
Figure 7 Plot of time versus adsorption capacity (7=
298 K, Cyio = 20 mg/L).

K g5 g5 B 8T 7 i A ¢ B [Ni(tib) (mpda)

(H,0),] - H,0 X MO [P W B 55, ky ke VR B 3

REE, kg AT BOERREH, CRBIE.
3INFNERASHINEL L ©2). Q)W

R253 5180999, 0.626, H H.3 (2) H~F iy W bt
BT EE SR EE R, B s
SRR AT DL R O M AR R R R . BRI, 1R
Bt Ik 2 T A S A 2 W BB R T
MATLLE S, k>k>k, X2 HT MO JeRHE
7 5 [Ni(tib) (mpda) (H,0),] - H,O [1) ¥ £ 2 8k,
25 1 5 [Ni(tib)(mpda) (H,0),] - H,O 1) W B 33 2 53¢
P 25 2 28 MO & ¥ M [Ni(tib) (mpda) (H,0),] -
H,0 #h 3 1i #E NFLIE 5, T L IE S A
TN, SBOERRL<k; #3202 MOZBLIH
I [Ni(tib) (mpda) (H,0),] - H,O K FLi&E AN #F, [Ni
(tib)(mpda)(H,0),]- H,O (i AL SR, KT
PHORE, I8 B PATRS, F Ak, X 3%
BESARE s, SR T N 835 T IR
R, AHARME— R PR, Tk Ah
P BRIV T BRI AR,

1 [Ni(tib)(mpda)(H,0),] - H,O W [ff MO ) }1 2£ 1 R 24
Table 1 Kinetic parameters of MO adsorption by [Ni(tib)(mpda)(H,0),]-H,O.

Kinetic Models Parameters
Pseudo-first-order kinetic e, oxp/(mg-g!) 18.64 g, /(mg-g!) 3.667 ky/(min") 0.00644 R?0.626
Pseudo-second-order kinetic Qe oxy/(mg-g") 18.64 g, .n/(mg-g") 18.62 ky/(g'min'-mg') 0.0119  R%0.999
Intra-particle diffusion model kig/(mg-min’-mg1?) C/(mg-g™h) R?
Step 1 1.34 7.027 0.749
Step 2 0.319 14.24 0.999
Step 3 0.0278 17.60 0.996
3.3.3  [Ni(tib)(mpda)(H,0),] - HyO " it 45 I £& Langmuir: g, = ¢,k Co/(1+K,. C,) (5)
c 1) 94 £ M 5~40 mg/L 1 & 51 MO ¥, Freundlich: g, = KzC,"" (6)
iR [Ni(tib) (mpda) (H,0),] - H,O X MO F W [ff & 5 Temkin: g.= RTIn(KC,)/b (7)

WERIL AR (E8), HAIHA (5)~(7)B394K v
[Ni(tib)(mpda)(H,0),]*H,O % MO MK B 516 46

2
20F 41
1
~ 18} a1
o s
£6t L
st
2f
L
ol
5 10 15 20 25 30 35 40
C /(mg-L")
B8 MO HIAGR 5 5 W B & 1) X R ] (T= 298K, Cyo =
5~40 mg/L).

Figure 8 Plot of MO initial concentration versus adsorption
capacity (7= 298K, Cyo = 5~40 mg/L).
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5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 1.5 2.0 2.5 3.0 35
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B9 (a) Langmuir#%Y; (b) Freundlich 1 7Y

; (¢) Temkin #i7 (T'= 298K, Cyo = 5~40 mg/L).

Figure 9 (a) Langmuir model; (b) Freundlich model; (c) Temkin model (7= 298K, Cy;o = 5~40 mg/L).

=2 [Ni(tib)(mpda)(H,0),]* H,O W fff MO 255 £k R 24 .
Table 2 Isotherm parameters of MO adsorption by [Ni(tib)(mpda)(H,0),]*H,O.
Models Parameters
Langmuir isotherm Gmexp (Mg 1) 19.85 g, (mg-g?) 21,93 K (L-mg') 0.247 R 0~1 R?20.996
Freundlich isotherm n4.16 Ki[(L/mg)V"] 9.24 R?0.898
Temkin isotherm b 665 Ki(L-mg1) 6.01 R?0.930
3.3.4 [Ni(tib)(mpda)(H,0),] - H,O W i 4 /52 Kq=qc/c. Q)
W B 34 77 % % - HF 5% [Ni(tib) (mpda) (H,0),] - InK, = AS/R —AH/RT (10)
H,O W Bff MO Hy HL 3 B A B 28 L. fE 298, AG =AH—TAS (11)

308, 318 K T i [Ni(tib) (mpda) (H,0),] - H,O
X MO [ B S8 (K1 10). RIS R = (9)~(11)
A A A RS (AG). B AR (AH). A
(AS)#1-8], ZER LK 3,

20
*:::ZI:E 3
-@—
15}
_'Ol)
210t
g
= —*—298K
S5k
—+— 308K
—e—318K
0

0 200 400 600 800 1000 1200 1400
t/min

B 10 [Ni(tib)(mpda)(H,0),]-H,O 7EA IR R (15 /12
W B 3 A2 (Cpo=20 mg/L).
Figure 10 Adsorption process of [Ni(tib)(mpda)(H,0),]
H,O0 at different temperatures (Cy;0=20 mg/L).

Kb Ky PR, RVAEEEL T
DIV PR

MIETO W LA, Bl TR A T e di KR
B EIZEAL /N R 3 AT LUE 3 /MR T AH.
AG. ASEIJIE Ui I R AR R T TSR g
IR T R S o

3 [Ni(tib)(mpda)(H,0),]*H,0 T Iy MO # /12 51 .
Table 3 Thermodynamic parameters of MO adsorption by
[Ni(tib)(mpda)(H,0),]*H,0.

T(K) AG/kI-mol') AH/(kJ-mol') AS/(J-mol'-K)]
298 -0.7371 -9.254 -28.58
308 ~0.4514 -9.254 -28.58
318 -0.1656 -9.254 -28.58

335 BTN
A [F) K FE B NaCl (5~30 g/L) i A\ MO ¥
W, 193 MO W & 5 NaCl ik B 19742 16 K
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(B 11). 7] LLFE H[Ni(tib) (mpda) (H,0),] - H,O %
MO ¥ B} £ [ 25 NaCl ¥ B (38 n i g b, X
ST NaCLIRFE (P3G 0, s 4558 o1 A% R4 R A

30

20

q/(mg-g")

0 5 10 15 20 25 30
Cauc/ (&L

NaCl
11 555 B0 W B B R 52 ) (72298 K, Caer=5~30 g/
L, Cyio=20 mg/L).
Figure 11 Effects of ionic strength on adsorption capacity
(T=298 K, Cnuc=5~30 g/L, Cyp=20 mg/L).
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Research paper

Study on the Synthesis of 2D [Ni(tib)(mpda)(H,0),]-H,O and Its Adsorption
to Remove Methyl Orange in Water
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(!Xinjiang Shinning Environmental Protection Energy Co. Ltd., Hami 963000, China; *College of Chemical
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Abstract Porous coordination polymers have attracted significant attention due to their tunable structure, large
specific surface area, excellent selectivity, stability and reproducibility, making them ideal adsorbents for
removing dyes from wastewater. In this paper, a coordination polymer called [Ni(tib) (mpda)(H,0),] -H,O was
synthesized using flexible m-phenyldiacetic acid (mpda) and rigid 1,3,5-tris (1-imidazolyl) benzene (tib). In [Ni
(tib)(mpda)(H,0),]-H,O0, the tib acts as a trinode coordinating to the Ni(II) ion, forming a 2D lattice surface. The
cis-mpda is attached to the 2D lattice surface in a telomeric fashion. The uncoordinated carboxylate group O of
the mpda forms a 3D supramolecular network structure through O—H---O interactions with a coordinating water
molecule (00---O3 0.2624 nm, £05—HS5A---02=155.41°). The thermal stability, phase purity, and specific
surface area of [Ni(tib)(mpda)(H,0),] -H,O were also examined in the study. It was found that the polymer's
skeleton begins to decompose and collapse at 316°C. The highly pure crystalline material had a specific surface
area of 58 m?g and average pore size of 15.47 nm. The [Ni(tib)(mpda)(H,0),]-H,O was shown to effectively
remove methyl orange dye in an aqueous system, with an adsorption capacity of 18.64 mg/g. The adsorption data
are fitted well with the Langmuir model and the proposed second-order kinetic equation, indicating that the
adsorption process is a monolayer chemisorption. The adsorption of anionic dye-methyl orange is the largest at
pH=4, and the { potential of [Ni(tib)(mpda)(H,0),]-H,O indicates that the surface has positive charges, validating
the adsorption force mainly from electrostatic interaction. Moreover, thermodynamic studies reveal that the
adsorption process is spontaneous and exothermic, and results in entropy reduction.
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