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PAHs, i, Yang %' F f] MOF - 5 1 iy [&] 4 #
HORF LS I AR Z2 38 5 e, R i BR 0.4 ~ 4.0
ng/L. Chen 25 F FH MIL - 53 1y [ 41 3 U1
KK RE 16 Fh 2 BR35 9%, K i FR >4 0. 10 ~0.73
ng/L. Ge %5044 ZIF - 8 IR A1 B AERCE & A6
M6 FhZIRHFHE, K th BN 2 ~ 12 ng/L, A7 46
b 4 S8 A WL A WA . 140, Zhou 2517 45 4
- SRS Cu(4 - C;HN - C00), (H,0), ]
$EUFE 14 [F AR A€ OO 15 980R 5 3 T ARG 0 K
8 FPAHs (2% E B OB ORI [ b ] 9 R IR [k
PR RTFLa ] EEFIORTT [ ghi ] 28) 1 & SR A5 200
(%) ~2337(RFFLb ]2 /B 2 ~ 14 ng/L,
DL EILMECE ¥ B KIFLE Rt R, & 4
PAHSs [{RE 738, 77 3% ] e 3 5 , ELR o MO 1 3R 1
FARPI W BB 22 , S0 40 B R AT B

T WIRFE LA 0 A 5 RA X R B R0 L T R o
PEPER 0, A SCHR R BRI 2> TR/ NS # ik
PRI Y 10 T AR RS BB — B FLBR S H T
W, IV T AR AN [ o T 490 85 4 9 5% 0 L 5 o
10 F 22 R 5590 0 RSO B3

1 ZEAPLECE P R RC A UL S &5 K
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A5 H AR a5 F FPE T, i B Al a5 A AT E
FE LY 4 @ A HLEC B PV R W B 550 2 22 e R
M. ASCYEFIM 10 # PAHs 94T RF&Ed (8h h
EEAR:6.55 ~9.28R) " bt 7 Bk B H 3% T
I FLARE LA IR U AR, T4 JE A L
T 25400 B 45 A6 R b 26 T AR OB A e R e
ASCHERE 5 — AR IR A PR, S5 - &t
2R IR B AR5 e S PAHs JERL w — w HE
RN, I 2 I X, MU BES 5 0 B 2
RECALAE R Z4E gk I Has b i A
FERINEE 7 X 55 5 HARYIE 5055 1A BAE R, 3G9
TR S s R oY NN - o ok = ¥ N A
ANRIECH T7 2, 52 W A P B 245 48 FL ks PAHSs 114
T SRR o T R BRGk A  F A R T8 i A i o
B S . ST, AR S A R
TR 7o R, 5 - AR — R S e iA,
TR TT A AR B AP 4 8 A ML & 9 R AE
BRI ERAEPEXT & 45 PAHs 19520 5 38 258 0% B 17
S RN B 31 ) 22 SE BRI IR & 0% 10 Ff PAHS
FIM B, 4 JE A HLEC A 9 i T = 58 PAHSs
PR — BB PSRN S I AR

2 ZIRAHLECA PN £ e B b 505
2.1 FZRAPECEDINE K

PiRh S W B -5 - & KR K B R
[Zn(CgNH,0,) (H,0) [ Fiffi] -5 — 2 a4 — W iR
[ Cu( CsHNO,), (H,0) THIA A 115 B Wu 251
il Liao 21" 85 BT Vs

BE -5 - PR HIRI A B K E SR
$E0. 68 mmol (0. 1500 g) Fll 5 — 24 K& | 4 — iR
0. 66 mmol (0. 1200 g) ¥ A%EA 18 mL ¥4l /K ke
PR SR, i R 8 20 IR G IR R
ZFRMETREEE R 165C 6 RIGHEE , AL A6
AR AR, FTRB 47K Bk 3 ~4 I, 1E 100°C T BT
P12 h,

i -5 — ZFAEMPR R G R B =K G i RR
i 2 mmol (0. 4832 g) .5 — ZFE[E]ZR W R 1 mmol
(0.1812 g) #t A%EAH 15mL 88 4liK By BEprH, 755
P, o AR 58 AV i IR B VA AR B8 2B O &2
H R 140°C, R JE HUH A K gk ok R AR
B, FRB ALK YL 3 ~4 ¥k, 76 100°C F E45 T4 12 h,
2.2 SIRAHUECA DI R e

XoF W e 453 R A HILIC 5 0 e o e T A B D7 =)
FSE, CF75 W2 BT 7510 P S | BB ) R0 0 e J32 %o W
AR B E ek DA S o R SR R A R D
B VIR B A FE Y Bl 0 25 RO AT A RIS, i
PLEE

(1) EFR LA K W i 25 3 =X

R 4 S5 9 o S T ) — R 1Y) L LA R i )
() PAHs S 45 F VR bR 3 WK, 10 F PAHs fu 4F %%
(NAP) 2 - HIEZE 1 - HILZE e/ (ANY) g
(ANA) %5 (FLU) HE(PHE) (& (ANT) % #E (FLT)
MEE(PYR) o 3% 10 Ff 4 B AR 41 55 2R 4 DU 4,
ZR2 - HEZEM L - W4, Ei e —
W Ty AR N — U B BRI —4 . 7R
PR IRARE R oA — 7 S B AW e, W
— B R], B JEIE W 5 AR R |
JEREWATE . AR D) P

Co - Ce

X, g R (mg/g) , CoFl €53 5|55 78 PAHS
VES VR ()] G VAR 2 PR BE (mg/ L), VR TR AR
F(mL) ,m S PAHs 1 .

(2) B0 FH 2 % 2 o 2550 S Py 53 T

TERPRE 2 .4.6.8 10,12 mg FLA LT 1.5
mL B A B 40 mg/L AT R 1mL 1y
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FABRIAI IR R 25°C @75 10 min,40 h J5 U EJZ2
T TN E o

(3) e J32 0T MR B 280 SR 1 5 e

B 10 mg BL AW T 1. SmL 2048, i AV
J% 4 10,20.,30,40.50.,60.70,80.90,100 mg/L (1Y
PAHs BAFRIAIE, 1R o 25°C #8774 10 min, 40 h )5
B L 20O E PAHs YR BE, e #4538 Wk FE 177k
BRI AETE . AHREE (C) e aadn (B2 (q) K
2N AR s 22 1 I BfF 25 1 2R 5 LA Langmuir 1 Freundlich
SEIR IR TR G BC S S PAHs B W Rl £, oK
HAF O 2R B R AR

(4 ) W2 o6 TR Xof 12 o 2850 SR 118 52 i

10 mg FCA W IMABIRI 46 R BE Sl 40 mg/L 1Y
B4 PAHs W, 24 25°C @A 10 min, (%
TRFITC 59 78 53 42 ke, 1A () i [ ] g BSUAE A i I
JEIE W PAHS 185 1 - LA [B] A R A b W B 25
AR B Sy 2 i 2, AL K3 150G
W BBl 12, SR AR 5C R A R R R A ke

(5) W BRI 52

B10 mg FLE T 1.5 mL BLOE P, DA
740 mg/L f&F 0 1 mL AIRARS IR, IR EE R 25°C
75 10 min, 40 h J5 , BCE 2 T E fE A
BRI (S 2) T BT B L e

a,; = ? x q— (2)
P, o PR -, C 1 €24 PAHs TR
SRR L, g, F1 g, — PAHs: Flj W BRI RS 1
(I R A
2.3 ZRAHECE PR RAETLS
2.3.1  SEE NSRRI A

Bruker D8 ADVANCE fi7 5 ( £ [ 4 & 75 AXS
oval)  FEH T E A R R AR A VLAY
SR SCHOE R — 3, BE TS ATH . S A58
Cu Ko 551 (A = 1.5406 nm) , TAEHL JEH 40 kV,
TAFEHLL 40 mA 9475 H 26 =0° ~80°,

SS — 550 AU L T A ( H AR A F])
UL ECAS e . BEm R 15 KV,

Avatar - 370 f# B 2L /MG ( 55 EFE R GH
IRBHE AN E]D) TR E LA Y B A 2= A,
BYIE BB A P45 H . S TE R 400 ~4000 cm ™',

PTC - 10A $AFE M ( H AL A F])
T LA Y il Z I . W 5 R oS
SLTREELEE N 25 ~700°C , FHEHEZ 10 °C/min,

NOVA 2000e [ 25 1i 2 43 #7142 ( Quantachrome
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GC1100 <A A (b a3t B id A 28 A R 53
TR AR R 5 Bk B AR Ak . AR
EYNE (015 F: A SE —54(30 m x0. 53 mm x 1.0 pum) ;
BN RT(LERL =99.999% ) , L% 2 mL/min,
SIUREEA 1 LR R 250°C A 2 (FID ) Yt 5
300°C , Al A PR e THi A2 AT 100°C, £ 45 0.5
min, ) 15 °C/min FEFTHEE 190°C , F-LA 20 °C/min
PP THER 2 270°C , fR4F 10 min,
2.3.2 FEHF

ZOKG SREE oAl W B R ETD G A
A5

KGR BR A < 4 A 2k, W B R TR A PR
NI

5 — IR AR PR Ay M Al W B L T R
AR

JE(96% ) \AE(98% ) \ZHE(98% ) (%5 (98% ) |
BE(98% ) W HIL T LT R KA CARAH

2 - WAEZR(97% ) 1 - W ELZE (98% ) | JE ¥
(90% ) JE(99% ) Wy B LB T il FRA 7

ZR(99% ) W F v E RS — AT

[ R EEN - £ IO AN S P R o Y A

3 ZIBAHLECA PR PEREVEOY
3.1 AT A RIS R R

] 1 mL ¥&JEE 2y 40 mg/L (1) PAHs 5, 735l
A 2.4.6.8.10,12 mg fL &), 7 10 min J5 K
B 40 h, B0, A S I e T R R
B 1S5 o, B PIRREC A 0 S 3G, iz B
S 38 o, 336 T 79 o T 45 0 % PAHSs Y545 BT 8k 14 W
FREVE T, W B 50 FH 200 10 mg B 5674 328 1) WG o~
i (] -5 — ZIEMPR R B ANT gy -5 - &
FE[E] 2R R R FLT BrAN) , R, AR SE5 B &)
KH 10 mg & BEAR, 8 -5 — 2]
R R ROK T 945 RS %) 2 0 208 SR e -, O B S )
30 mg/g( ANY) , £l F ANY HA HHiiA R H o
F RO/ 28 RIS BN, A R FBC A P B AR A 2R
5 ANY Z[EIE R w - R .
3.2 Wk

TE W B30 , 152 B 255 e Bt [ i R S K, 22
Ji Bl IS [B] S22, W2 o e 38 T G4, i 2% B K FfS
P17, 10 Ff PAHSs 78 P 4 EC A 4 L 1 Wz B - i Bsf (1]
PR AT 40 h PR 36 5 1 B (1) Ay W% P A e i) iz
FFASLLR
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h T RS W R, A B A
(X 3) BT IE Y

t 1 1

0 kg a. (3)
A, g, 02 ¢ WA AW R £ (mg/g) , g, R~ 15 8 B
LA TE (mg/g) ky LG8l Ty 2 R 4,0
A A] (min) .

PUEEERINFE 1 PR, MR 2= R A
FFBRAE 0.9179 ~0. 9995 Fi5 [Hl 4, fE % 1R 4 3t
R PFPEL A % PAHs [ 2h 1 HLBE . # -
5 — GEEIRIR Z HHRR W B T -5 — R )
R HR R T /N T RE -5 - s R
HR e o BE -5 — ZBE MR Z R Y bL e T FR
KT -5 - FAREBA R, KW HHEK, 7 -7
FE AR e +2 W4 i T R 2R 2k ik
S A = P0E, BT 5 PAHs A1 w - L4/E
L, Hki+ +2 Mg XF PAHs 19 0% Bt A7 — 2 o1
R, PR B R R (HEBE A9 5 PAHs 1) - 3L
BUAE T W B Ay e ) R PR R R
3.3 WRBHAER T

FEFEM T EFRCA Y A& 10 mg, W B B
() 40 b, 0005 e B % W B RSCR B 5] . P92 26 I, 7E

35
B
30 = ANY(Zn)
o ANY(Cu)
25 4 ANA(Zn)
& ANA(Cu)

% i £ (mg/g)

2 4 6 8 10 12
Bl & Al (g/L)
14
D
12 L = FLT(Zn)
o FLT(Cu)
10 4 PYR(Zn)
5 a PYR(Cu)
W 8|
E
o6 L
=
X 4L
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The adsorption effect of adsorbent dosage of two complexes on the 10 PAHs

BILG BT BLED PAHs #e BEAEARINS, W B 75 5B % PAHS
VIIER b b ST iy N = Bl B O T e
JH Langmuir 1 Freundlich 57 2 (= 4 #1= 5) #l
A AR 2 PR

c, C 1
Loty (4)
q. Qo Qb
logq, = logk, + %logCe (5)

K(4) h, C A BE (mg/L) 5, P15 W Fff
i (mg/g) ; QNI KW i & (mg/g) ;b 2 Langmuir
HE(L/mol) ,

X (5) H, C NP HrHe BE (mg/L) 59, -5 W Fff
i (mg/g) sk A n 3 5] 0 55 U R 2 0k R0 B 5 2 A
11 Freundlich H %5,

2 Al A, R JE EI7E 0. 8452 ~0.9993, i
W] Langmuir 1 Freundlich 75 7% n] DU o0l W (45
PHATIA
3.4 WRPHIERETE

A PAHs Hil A 10 mg B 540, #8 75 )5
40 h ff FAAHEGIEE  JF ek, sk 3
L 4 Ji7R  BF -5 — ZAERIZR R0 PAHs 1Y%
FNRCRAE T4 -5 — 2 BE MR R, (H2 W it
PR 2E %) 10 Ff PAHs (1) 0% i 2R AR I, AT LAV R
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TR SRR 5 i - 5 — 2R )R — H R X 10
fiff PAHs E‘J%Mﬂ‘ﬁﬁ%#,ﬂbﬂ’ﬁﬁﬁ@ﬁ%ﬁﬂ‘ﬂ
BHE

XFFEE T - HEEZE 2 - HAEZR  BCa PN 2 -
HIEZR A e S A, X 2 - WRZR A H
s EEﬂA%E@z:%ZIEﬂﬁE%EMHEﬂEFH,afFE 2
- FIEZR 00 F (AT s e A2 BHLA 1 - RN,

F TR 5 e o 5 0E Z ] A9 e % R A 0. 19,33
WIS S PR BT B ROCR AR, X5 B AT 454
A 5o

XEF2 AR, E &y BB 1 PR, o
i FREHEA SRR IF BB/ THE B -
5 — GAERR — IR A 5 AR R T R, S R Bl
Sy AR/ BRI, PR B R A

1 JIrEiirapa sk
Table 1  Kinetic parameters for the adsorption of PAHs on two compounds at 25°C
. B -5 — EIER I R -5 — I
)
oy WMESCRGD MRS KRR o WM WMREA Rk 2
(mg/g) (mg/g) [¢/(mg - min) ] (mg/g) (mg/g) [¢/(mg - min) ]
2% 38.40 60. 83 4.30x1074 0.9179 20.01 21.49 9.23 x10 73 0.9950
2 - FigEgE 38.69 52.30 8.26 x10* 0.9743 24.84 24.30 1.83 x10 2 0.9994
1 - A2 38.75 72.52 2.20x107* 0.9671 15.35 17.19 2.77 x10 73 0.9527
W 38.33 51.49 3.26 x10~* 0.9123 32.76 34.99 6.50 x1073 0.9965
A 38.07 58.51 4.87 x107* 0.9436 19.99 20. 83 1.20 x 10 72 0.9986
% 38.21 52.74 7.22 x10 0.9324 16.94 18.26 2.02 x 102 0.9995
(S 38.53 55.34 6.04 x 10* 0.9275 29.28 29.67 1.25 %1072 0.9979
s 37.97 53.94 5.89 x 10* 0.9286 30.96 31.26 9.79 x 103 0.9961
B 38.57 21.71 5.01 x 10 0.9859 31.25 41.14 7.05 %1073 0.9969
I 39.31 35.22 1.41 x10? 0.9878 36.73 47.89 1.35x10 3 0.9867
22 WERHEIR LR Langmuir® fil Freundlich® J7RRUA S5
Table 2 Langmuir and Freundlich Simulation results of adsorption isotherms for ten PAHs on two compounds
PAHs B -5 - AEENPE T HER B -5 - FAEEMIR T H R
&Y Qu/kp b*/nb R? 3/ kP b*/n® R?
% 18.20 £2.79* 0.018 £0.002° 0.9554 30.25 £9.27° 0.043 £0.0043° 0.8452
2 - HIEZE 29.54 +5.35" 0.013 £0.002° 0.9391 34.67 £6.57* 0.012 £0.008" 0.9334
1 - 3Lz 0.003 £0.0001" 0.452 +0.025" 0.9781 1.003 +0. 126" 1.019 +0.033" 0.9919
JE 0.023 +0.013" 0.587 +0. 006" 0.9773 0.063 +0.033" 0.679 +0.068" 0.9333
A 47.08 +13.19° 0.012 £0.003* 0. 8668 51.41 £11.07*  0.0087 £0.0004* 0.9162
% 12.72 £0.38* 0.0030 =0.0006° 0.9687 51.49 +8.06° 0.007 £0.0001° 0.9590
E[ 24.87 +5.40" 0.051 +0.0005" 0.9345 17.50 =4.12° 0.123 £0.001° 0.9129
pa o 12.82 =0.30* 0.29 +0.002* 0.9993 48.88 =6.38" 0.0064 +0.0002° 0.9633
P 24.65 £4.00* 0.019 £0.003* 0.9622 18.76 =3.77° 0.022 0. 006" 0.9346
A 47.04 =8.70* 0.0072 £0.0001° 0.9289 17.37 +3.24° 0.030 £0.0002° 0.9238
#3 BE-5 - FAERPOE T ERAT PAHS W RRE R #4 W -5 - FAERIE P ERAT PAHS RS
Table 3 Selectivities calculated from uptake from mixtures of Table 4 Selectivities calculated from uptake from mixtures of
ten PAHs in acetone by Zn( C4NH;0, ) (H,0) ] ten PAHs in acetone by [ Cu(CgHyNO, ), (H,0) ]
. vixie/h
. ST | i !
e o e e B2 -HILZE 1 - HE%E e A F OB KE #
RACWERICEER R B F B RE & % 145 0.4 5(@027091219256565;;6
= - 125 0.90 0.84 1.08 0.95 1.06 0.78 1.76 2.41 = ' I I s e e
2-F B2 - 0.30  3.45 0.67 0.63 1.51 1.76 0.45 2.65
2-IEZE - 0.72  0.68 0.87 0.76 0.85 0.63 1.41 1.93 =
-3 0.94 1.20 1.06 1.18 0.87 1.95 2.67 1-FEEZE 11.4 2.20 2.06 4.98 5.81 1.47 8.76
-W‘*f - ‘ 1'28 1'13 1'26 0‘93 2'09 2'86 T ~ 0.19 0.18 0.44 0.51 0.13 0.77
e - 0,88 0.98 0.7 1.62 2.2 i ~ 0.94 2.26 2.64 0.67 3.98
e T o0 BT B 02 2 5 - 2,41 2.82 0.71 4.25
% ~ 1.1 0.82 1.85 2.53 * 1030 176
3 ~ 074 1.66 2.27 o AR
o Jol - 0.25 1.51
B - 2.253.08 =
e Yo - 5.95
B - 137 o

T
o
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4 ERRAPACA IS HIFRAL
4.1 HnlsEsbr

XL -5 - AFEMPPR IR FIE -5 - &
FEE R IR AT B I A 0 A, S e A i SR T A
4, SEM HE UL &l 2A FE 2B, WE R, &F -5 -
FAEMIR W RN - 5 — S BE )R — W R 43 i 22
BR PR EE 1), H AR RN 5 —8 B E RS
PRI BEACER
4.2 X Gty AR S

X S ERAT S AT R B R AL T B, i i X 5
253 M B 5 T SRR v 4 B [ e B, PR IC 5 )
I, nE 2C FE 2D FioR . M SCER( 13 -
14 1408, BF - 5 — 2 ) 28 — IR = 4E 451
A, DA~ 5 - G LR 2R R B3 b S EE Tl
A7, JE B I N TR Z5 48, % e & P i fL AR R &
8.264 A x8.264 A, /L LUffi PAHs 7t AfLiEH, 55
PAHs JE 85 283000 A S BeAR Z a1 1w — o E44E
Mo i =5 — @ BLRIR IR —4E454y, U4~ 5 -
FAEMR IR LB b5 54 & H A, 194~ fd
PSPHIAE 0 25 J [, Fo R i 2R R AT 5 PAHSs
e m - HHiAE . BRI -5 - 2 5L 2R = H
R P R RO SR R PR, o — 5 — ) R R R I 42
P AH W B CRPE T4 -5 — 2B MR R
4.3 HE BT

A IS HES | PIFIEC G 0 B e i 52 3B, a0
&1 2E FIEL 2F PR, B -5 — K A28 — H RTE 330 ~
365CXAIZRTE 7% , NBCEYIIK I35 75 470 ~480°C
X [H] R H 70. 5% , HECA I 5 — S MR Z H R
53,78 S00°C J5 PREFAAS 4 - 5 — 2 R 28 — W R TE
310 ~325°C X [ 81. 4% , LAWK I F—A>
5 — EEEEZRE RN —A> 5 — FIEAIZE BRI
ANERIE TR 325°C 5 PR FFANAS s U W P Fh ) 5 T LA
R TR HEA T AR — RS
4.4 ZLAMEIE sy Brfbe R i B

AN B R BT T RS W 0 S5, 1B 26
FIPE 2H o1 3450 em ™ BT N—H {1 45 4% 35 1% i
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Fig.2 The experimental SEM image (A) and (B), XRD pattern and the simulated pattern (C) and (D), TGA curve (E) and

(F) and FTIR spectra (G) and (H) of compound Zn( C4NH;0,) (H,0) and Cu(CyH,NO,),(H,0), respectively
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The Characterization of Two Metal-Organic Complexes Investigated by
Spectroscopy, Electron Microscope and Thermogravimetric Analysis and
Their Adsorption Behaviour for Polycyclic Aromatic Hydrocarbons

MENG Jie, LI Yan™

( Tianjin Key Laboratory of Structure and Performance for Functional Molecules; Key Laboratory of Inorganic-
Organic Hybrid Functional Material Chemistry, Ministry of Education; College of Chemistry,
Tianjin Normal University, Tianjin 300387, China)

Abstract ; The classification of metal-organic framework ( MOFs) is presently restricted to a few classical structures
of MOFs for solid-phase extraction of polycyclic aromatic hydrocarbons ( PAHs). However, separation of a similar
construction of analytes and selectivity are not satisfactory using these MOFs in many cases. In the work presented
herein, aminoisophthalic was selected as the ligand and copper ion and zinc ion as the subjects to prepare two
metal-organic frameworks ([ Zn ( C;NH0,) (H,0)] and [ Cu ( CgH,NO, ), ( H,0)]) by the hydrothermal
synthesis method. Adsorption capacity, adsorption behavior and adsorption selectivity of two MOFs were studied for
ten PAHs. The results indicate that (D) the equilibrium adsorption capacity for PAHs are >30 mg/g and adsorption
rates are >75% . The highest selectivity of two as-prepared MOFs reached 11.4, exceeding the classical MOF-5
(a; =10.9). Adsorption of PAHs on two as-prepared MOFs could be well described by the pseudo-second order
kinetic model, with correlation coefficients R* of 0.9179 —0.9995. The PAHs adsorption behavior of two MOFs is
in accord with the Langmuir model and Freundlich equation with correlation coefficients R2 of 0. 8452 - 0. 9993.
(@The shapes of [ Zn ( C4gNH;0,) (H,0) ] and [ Cu( CgH,NO, ), (H,0) ] are rod and bulk respectively, with
homogeneous distribution from evidence of scanning electron microscopy, X-ray Photoelectron Spectroscopy and
Infrared Spectroscopy. Specific surface areas of [ Zn ( C;NH;0,) (H,0)] and [ Cu(C4H,NO,), (H,0) ] are
20.392 m’/g and 7. 44 m’/g, respectively. Adsorption capacity of [ Zn( CgNH,0,) (H,0) ] is better than |.
Comparatively, [ Zn(C¢NH;0,) (H,0) ]Jn can be applied as the material for pre-concentration of PAHs and [ Cu
(CgH4NO,),H,0] as the packing column material for separation of PAHs.

Key words: polycyclic aromatic hydrocarbons ; metal-organic framework ; Gas Chromatography; Scanning Electron

Microscope ; X-ray Photoelectron Spectroscopy; Infrared Spectroscopy
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