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1.2 Sk
1.2.1  ZRAh-AT WL A3 S AR D 2 Dy BB AH B A () 2H 36 [

JFEJR LLATEMIE Q7 ] SZEMA A L LI N T Bl B W 5.0 x 10 “mol - L™ Y Z8/K W S £t
JRIREE A . DR 2SR AN S LA A0 SIS mL B IR ZE R, AR A Rl = 9 -E o8
FRIKIAW(0.00.1.00.2.00.3.00.4.00.5.00.6.00.7.00.8.00.9.00,10.00 mL) Fl2 5 F7K (10. 00,
9.00.8.00.7.00.6.00.5.00 4.00.3.00.2.00.1.00.0.00 mL) , /#3545 3 e A R BUEA TR N 15 mL, 15
B — FRINA R B I RIA 5 ZRIR G, 7E 219 nm ARMIAE R O .

GEEIR RANEME Q7] 5ZEA AL %E L BRI AN T . Bl B W B 5.0 x 10~ mol - L™ A Z87K ¥ WK
Kb ORI W25 . AR Q[ 7 ] FNZSAY MR 5.0 x 10 ™ mol - L™, B HF B T AR )
3 LA, BC L Ny g5,/ (N, + Nog;1) 290.00.,0.10,0.20,0. 30 ,0. 35 ,0.40,0. 50 0. 60 0. 70 ,0. 80 ,0. 90,
1.00 RFNFFME , LA FIHR B 2K 2 b, 3 T I OB 28 50h-v] WA R R E Q6] |
QL8] G H FRILH 2L b ik A L.

1.2.2  PEIHARIM E I Re e iR i 4 %< L

JEE R R R B BC R 7 1. R BE R 1.0 x 10 ™ mol - L™ AU ZS AR EVA . B AR} 1.0 x
10 7 mol - L™ (1 JINFRFR HE A . [ 78 A 8 2 Ak B 32 S 028 SN ER Ak B e il — R AN ) 2 AR o
[ 3t (N7, /N, 24 0.00,0. 10 0. 20 ,0. 30 ,0.40 0. 50 0. 60 ,0. 70 ,0. 80 ,0. 90 1. 00) I #E 75 Q[ n]
g VERIR B 5. T E 2 6 3 & B R 365 nm, FAFEVE N 340—390 nm, i & Bk 4% 56
10 nm , 73 510 2 A IR 2GR L

S JEE IR T 2 A A R T R P C A vk R] L T A AR BIR B 1.0 x 10 mol - L', Bl — &
5 N7/ (N, + Nyz)0.00.0.10.,0.20,0. 30 0. 35.,0.40.,0. 50.0. 60 0. 70 ,0. 80 ,0. 90 , 1. 00 F-5ili %
W, HE 120 min. [B]5E 9OGEEOR B 365 nm, DL R [R] R B B 28K R O S H, IS LA 340—
390 nm, MHHSEIREE. FEEHARME Q6] Q[ 8 ] FARHFRZ %< Lk 7y i [F] L.

1.2.3  #Jy2eacms

JRIA S BRI F 0] DB B —T70 . 00 . = e R 2 Je LR iR 3 3xf X 4 e 45 i B U BEXT A 5 %
RG> T 1 AR AN B A RN T R IRIE A 2RI 25 5 T o5, e — A EE E K
TR R i SR AR B Al 27 L 3 e BB R A BB B A U0

/(A = A = VA, + 1/(K, x 4y x C,)
A Ay Co 73 IR IMA IR 5 R WO BE RN AT IRV WA W6 BE FIUIRER Y SR B2 L K, R0
FARNER 5 ARAY LA E T8, L1/ (A = Ay) FECA BALAR, 1/ C o TR A B A AR VR I A AU S
TG HABIE SRR LAY K, BIE.

B H R C I AORE AL 23 I 7E 293.2 298.2 302.2 308.2 J 313.2 K F#-E 2 h, 4T WOB46k
FETHAEMSCIEAS S 219 nm DN HWOERE. QL6 ] Q[ 8 ] HAHI IR 1Y 5L 5 5 2.

1.2.4 4NN

HAARBYRE AR KBr Hefr, JGIGAE Bt IR-21 ZLAR 366 e il & .

2 R 5HE

2.1 Q7] 5HAIYZEY)ReL 2 G o A
2.1.1  Q[7] 5HAIYZE TR L %< 1) 2255 A

K11 AEITRIR(QL7]) 525 (o) HEAERIAR RSN, N1 ATLUE Y B TRER T (132
KR Z A Fe R Wil & 2 7 I S8 AT 4%, HLZSAE 219 nm AR AW BE AR U/, X B 2t TR Q[ 7]
FERRE N B 2 2T 5 QLTI R, B 250 FilE ABI T Q7] B KIEZS 6, 50 1 2553
TR T2 %, 2T 252 B 5 4R i T BR T T 75 BE a2, DT 5 25058 A 114 W i 0ég K
SREE A A TARAL . DL B AT, QL7 1 SR LA T AL, IR T ZE 0 T a5k AT
QL7 1Mz JER T AR T .
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2.1.2 Q[7] 5 TIMZE I REL # 1P K% o B

K2(a) 2 Q[7]-g AR ZOLIREERIY) Bt Z LR AL k. I 2 AT, SR &b Q[ 7]/
WREIR B —SEMS (N iy /N, = 1.0) BRI RERABALTIT A6 8 T 1 22, MBI il BAE QL7 ] 5 ¢
FREEZ I o 11 B X BEBT A AR T B9 . I 2 (b) 2 55 B8 R 1% 2 8 Ak 0k iy il 26, 1
Noizi/ (N +Noppy) 24 0.5 b BT A UL LA T R, 3 P 77 3k 0 s 45 2R — B0y, 5 R
SO AT WL o6 B TR Y 4598 — . WHNE By, QL7 ] A9 N I ELAR, 3 H LA 230004 0. 73 nm A1l
0.54 nm, MZEMFLHAK N 0.52 nm, YA Q[ 7] HERREILM 121 B4R 13X 5 9290 B 2 —
.
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16 ol 20
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Rt 8 -
=08 K ® 100 - 1005504 0.6 08 10
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L 80
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0 [ 40 1 | 1 | 1 1 1 1 1 | 1
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B1 Q[7]5Z(g)RAYWHLINIEIE 2 HHEER T PSR (IF) -Ny o, /N, (a) Fil
([g] :5.0%x10 7 mol-L~", AIF-Ny 5,/ (N, + Ny, ) & (b)
No(71/N,:0,0.2,0.4,0.6,0.8,1.0.1.2,1.4,1.6) Fig.2 The curves of IF-NQm/Ng(a)
Fig.1 UV absorpti tra of Q[ 7 ] -naphthal
ig absorption spectra of Q[ 7 ]-naphthalene (g) and AIF-Ny; /(N, + Ny;)) (b)

mixture

2.2 Q[6].Q[ 8] SHmIMyZ H FR T RELH %E 1 61 40
2.2.1 Q[6].Q[8] S5HiARIY I MR REL % 1) 54 MGk

K3 (a) . (b) NZEHER(gl) /BI5SI0RIR(Q[6]) J\TCIRIA(Q[8]) IRAWIHIE NG, 25 H R
VETRTE 228 nm AL BGR W, Q6] Q[ 8 JFELLIE K T IR AMRIL. BB R Q6] Q8 1#F i)
AN, R R AE 228 nm A0 B WOEHE B R, B RM K & 2 T 208, XU R BRI A T
BRI RR IR FEAHEA T Q[ 6] Q[ 8 A= i T 1 2H 2% 1A
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Fig.3 UV absorption spectra of the Q[ 6,8 ]- benzoic-acid (gl ) mixture
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5 EREY B EZ A2 B 4(a) ((c) PRILIEH QL6] .Q[8]5 gl MR ME
JE B 2R T e 2 LA TR 0. X5 T QL6 15 gl FEHIRR 24 Ny /N, =1.0 B, 1A R IO
AET-G2, KRBT QL6 15 gl BIMEFILLBI N 121 JERL 7RI ;10 Q815 gl EHMARTE Nyg /N, 2
0.5 4b &AW N R QL8145 gl WIMEHIELHIN 1:2 M T AR TL. X LA 145 5 R 45 BE IR i S8 Ak
EIEAT T HAE, A 4(b) L (d) PR 7E Nygg)/ (N, + Noio) )2 0.5 2RI Q[ 6] 1 gl =111 Bt BLFEHT A
T EFAIAL T 101 LI L. 78 Nyjg /(N + Nogg), 2024 0.33 ZEET Q872 gl = 122 HH AL A
VLT RER 52K R > TR T 122 FOLE R I, k7 il 58 45 SR — 3.

() O]
n 056
0.55 -
- 2
055 0221 )
< 054 f z B 0.20
=t ®oos54f s018
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= 053 £ - <0
0531 0.14
- 0.12
052 - 14 L ! | ] ! | |
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0.51 T AN NN (NN SN NN [ N M S N 051 N N N NSNS N N N S N N N
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Noer/Ner NosyNgi

4 AUEAR TR AOERE (A) Ny 5 /Ny (a,e) FAA-Ny o 5/ (Noo s + Ny ) HIZE (D, d)
Fig.4 The curves of A-Ny5/N, (a,c) and AA-Nq 51/ (Nog 57 + Ny ) (b,d)

Q[6].Q[8]5 gl WA —ShE M 2, ol e P28 R 2> T RN EA Q[ n ] 25 i 8l
— NIRRT HEA Q[ n ] 28 M, B T2k MR B0 A7 4 8l 250 e | ARG 2002 L 81 64 00 7 mT LA
LT Q615 gl RRFEL —A> gl 4 F#EA QL6125 BN E M Q815 gl AR EZELIMA ¢l 4
FHA Q8= R .
2.2.2 Q[6].Q[8] HBIRIYIZEHRRINBEAR 2L

K5 AARFUIER QL6 QL8 1 5 H AN AR MO A ARG k. A5 whal i, BEH Q6]
Lo QU8 T BERYIE I, 2 R A2 A b e kA 1 /NI AR B Sl B8 ) A8 AL B0k 12 35 BB TR &b
QL6 & QL8 W EERYARSEIG K, AR IO BE AR ks TP 2%, iIX T BEAE vl TR SR Ry T4 5 1k
BT =B QL6 ] K QL8 1 AR TR IR , 8 MR 7311 B IR (Y B K 25 Ji, 3K 1 % 1
R 71 A JE I A9 PEL 7 25 % BE, B9 17 R 1 (R R B A R, (o 1 7 A O I Pt TG ER RS 3 1 % i 1 i i)
YEH.

100~
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B B
R R 60 gl
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(P Sk BT 09 77 1) 2 2 PR R vk B AR R 3G m 7 1) )
Fig.5 TFluorescence emission spectra of Q [6, 8]-gl ([gl]:3.3 x10 ™ ° mol-L™")
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K6 QL6] M Q8] gl MEMIMAZRAZE R HE I - % AW Bt it Z LB ALt 2. A 6 (a) rhl
DA B QLo 1 s AWK, QL6115 gl YT A 121 4 b BLdr s, U] — F AR B4
TR T EERELLL 121 S AR T K 6 (c) By IZ T A, Q[ 8] 5 gl TEML T A 1:2 A ERY
VAR, N 6 (b) FI(d) ATLAF H FE Ny /(N + Nogg)) =0.5 BT A3 Q6] gl JEAL
T 11 MR T, Ny g /(N + Nygg) ) 290,33 B BUA TS 0600 Q815 ol TR T 1:2 (1
AR, DL E PRk IEFSIE T Q615 gl BT LA 1: 1 A R MU T AHIZ/EHE R E—13)
AV R, T AR A A A AR TR 37

(a) 120
90 |- a—u—"
./. |
- 4
P ®) 1o -
= g0l n . =
= 40 - = |
B & o
R = 301 R 100 |
B0l u “ ®
/ 20 - B
60 - [} 10 - ) | | | | 90 = | | )
0 02 04 06 08 10 0 02 04 06 ¢8 10
L Ny (Ng1+Naje)) sy NVg1+Nqus)
| | | ] | ] | | | | 80 | L1 [ L1 | | |
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 3.0
Naoys/Ne1 Nojg/Ne1

Bl6 UM T AIIF-Ny o /N, (a,c) Bl AF-Ny gy /(N + Nogy, ) (b,d) 2k
Fig.6 The curves of IF-N, 41/N, (a,c) and AIF-Nq 51/ (Ny + Nogg) (b,d)

2.3 UIReALBARI T 2o b
2.3.1 Q[7] 5ZAEMKER M= 50T

FHXUEIEGE S M QL7 ]-g FULLEER T ZEARRIRIE N A2 H 58O 1. & 1 nARRIEE T
25 IR [R1UA 5 R (A O R B r YK TF 0,99, 156 B S 50 H5 H HL A R4 0 2 M A G Pk 7 52 560 1L B Y15 ]
P B K, B TR %) T AT RN, 3 T A PR A R R g 2 2 A 8 ) i A ot s U I AL IR
BT RAER T FaE . 425 T 19 AG <0, EIHZE FE s A & k4T, h/A s AG = AH - TAS %,
PLAG X T VR, 38 f £ v 101 05 AT oF 50 18 % ¥ AR R AS, HAE 43 51 & - 183. 38 kJ - mol ™' I
-540 Jemol K ~'. AH N FAE , ULBIZ L 2 A B, Xt Ul B T T R B SRR f ) A
BOAS HoA G, BEIHALREAR T B9 P PERR T, X2 A AR ¢ A Q[ 71 NI 11X R G IR AL
REAG. MR A A 2R 0 KINEERE QL7 15 ¢ A FIRIAE A 1 £ 2ok A FHUK/EM, i 7ok fu gl
47 S5 R G D LA .

R ORFEET [ 4lbetkmi 8

Table 1 Thermodynamic parameters of Q[ 7 ]-g at different temperatures

T/K [ 1 7 r K,/(Lemol™") AG/(kJ-mol ~")
293.2 Y =0.9293X +3. 309 0.991 35616. 89 -25.54
298.2 Y =2.1556X +2. 899 0.994 5623.45 -22.40
302.2 Y =10. 126X +2. 510 0.996 2478.90 -20.63
308.2 Y =16.705X +1.262 0.994 755.84 -16.98
313.2 Y =15.926X +0. 467 0.993 293.39 -14.79

2.3.2 Q[6].Q[8] 5 KHEAE ARSI E0HT

ZH 2R A T AT AEAS [ R B9y 2 B2 2. b8 2 ] 75 M X 00 7 2 25 A ot 25 V5 UL 5 1 T
S A RO X R TR T, A TGS B G T 2E R R A A A S 3 B DY A R
B T2 A T A I R

SEEAEFIAE 293.2 K 298.2 K 302.2 K 308.2 K 2 313.2 K FHIFEHE K, , LUK # P iy
AG,Z5RWF 2. KR AH Tl AS W3 3.
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2 NIARLEE T 20 e T AN 1A T 4 )~ i
Table 2 Thermodynamic parameters of Q[ 6]-gl and Q[8]-gl at different temperatures

T/K [l )5 5 72 r K,/(L-mol~") AG/ (kJ+mol =)
2032 HAART Y =8.265X +4. 143 0.9971 5013 -21.12
' AR Y =5. 646X +3. 485 0.9954 6172 -21.64
2082 AR Y =9.376X +2.761 0.9972 3395 -20.49
’ AR Y =5.986X +2.761 0.9972 3641 -20.67
302.2 AR T Y =9.833X +2.611 0.9962 2655 -20.19
’ HAAARTI Y =6.833X +2.611 0.9982 1808 -19.21
308.2 AR Y =13.65X +2.940 0.9978 2154 -19.99
’ AR Y =8. 186X +2.999 0.9974 665 -16.92
3132 RN Y =17.24X +3. 030 0.9915 1758 -19.76
’ HAEARTI Y=10.01X +0. 423 0.9962 423 -16.01

£3 Q[6]-gl Al Q[8]-gl AHARAIKEAE (AH) FIEAE(AS)
Table 3 AH and AS of Q [6]-gl and Q [8]-¢gl

AH/(kJ+mol ™) AS/(J+mol K1)
Q[6]-gl -41.87 -69.79
Q[8]-gl -111.29 -299.86

NFE 3 0T 2 A TR T A5 AR 35 S S, U B 20 A2 A X U B T T e T 2 AN 1
SR AR AR A SUER T 32 R R RN G AR, VR T IRIR 2 X g1 43 F bl B8 ) PR 3 2o %o L
AT, G A T K A 2 XHIE B /N 2R 28 (R T s A8 2 e, X2 i F QI8 ] s IE AR L Q6] 1Y
ZE AR, R F BT ol LUE Z A8 A QL8] a5 W, I LALL A T A7 4 6 A A0 A5 1k 5, %t
5 R RYIHE o e g5 R — K
2.4 TIRELIBEARM L AN GTE S b

MELT Q6] Al %etAk T T #MEEXT Ll LUE H, QL6 ] Hrsit I ERIEE P 45 4z 8l 1739 em ™' K
S A PR B0 1474 em ™' FEATREAAR T A58 B RRI8SS . 302 TR R 0 T3 r ik A QL 6] iy =S
FERET QL6 T MR , BEAK T AH R Bk 8 1 BRAE J L.

Q[6]+gl

271
474,

<
wi
I
= o —

| | | ] | —— 1 | | |

3000 2700 2400 2100 1800 1500 1200 900 600
PeE /em
B7 QLo itk Il iarsioti
Fig.7 The FT-IR spectra of Q[ 6] and Q[ 6]-gl

IR SR A A AL I ) D RELL R S84 1 DL A8 Q[ 7 1 SZE AT R A AT B AL < 1
AU 150061 22 Q[8 ] 5K HT R T LUK AR AR T, 0B I 121 K 122 BOZ ek I AT 5 JFR
XL BAT HEOCHEBURAE T 3 2 RO BIF T R W 4B AR I RT3 T8 1, T8 i R S O , 2126 S i
AR Sl 1A A8 KA FH 0 S I B4 F2 K Sy 5 2GS R A B AA AT 1R AE , 45 R AR H , JINER S5 45
R A T A L AR e — 2D WF TS NI S SRR A A FIALBE B E 1 Al by O 4 7 4 14 J5 FE R



L

1686 B2 1k

g

25

AKAE A RO 1

& £ XX
[ 1] PengX]J, Luan Z K, Zhang H M. Montmorillonite-Cu( Il ) /Fe( Il ) oxides magnetic material as adsorbent for removal of humic acid and
its thermal regeneration [ J]. Chemosphere, 2006, 63 (2) : 300-306
[2] Zhao L, Luo F J, Wasikiewicz Mitomo M H, et al. Adsorption of humic acid from aqueous solution onto irradiation-crosslinked
carboxymethylchitosan [ J]. Bioresour Technology,2008,99(6) :1911-1917
[ 3] Anirudhan T S, Suchithra P'S. Humic acid-immobilized polymer/bentonite composite as an adsorbent for the removal of copper( Il ) ions

from aqueous solutions and electroplating industry wastewater [ J]. Journal of Industrial and Engineering Chemistry, 2010, 16 (1) :

130-139
[4] Fd, mFE,KIAT S WA XRD RIS 8 AW 4R AR AP i A HLBT ROt se k2 [ 1], HhER 53R, 2006,34 (1) -
90-96

[ 5] Day Al, Arnold A P. Method for synthesis cucurbiturils [ P]. WO 0068232 ,2000

[ 6] Day A, Blanch RJ, Arnold A P, et al. A cucurbituril-based gyroscahe: A new supramolecular form [ J]. Angew Chem Int Ed, 2002, 41
(2):275-277

[7] Zhao Y J, Xue SF, Zhu Q J, et al. Synthesis of a symmetrical tetrasubstituted cucurbit[ 6 Juril and its host-guest inclusion complex with
2,2'-bipyridine [ J]. Chinese Science Bull, 2004, 49(11) . 1111-1116

[ 8] Buschmann H J, Schollmeye E. Decreasing the concentration of heavy metal in wastewater from textile finishing operations [ J].
Textilveredelung, 1993,28:182-184

[ 9] Karcher S, Kornmiille A, Jekel M. Cucurbituril for water treatment. Part I: Solubility of cucurbituril and sorption of reactive dyes [ J].
Water Research, 2001, 35(14) :3309-3316

[10] Katsumata H, Kaneco S, Matsuno R, et al. Removal of organic polyelectrolytes and their metal complexes by adsorption onto xonotlite
[J]. Chemosphere, 2003, 52(5) :909-915

[11] Besiw, WI9EMG 4057 45 K-SR PIARE T BNIRRGY (1], AHLIEY:,2007,27(7) :880-884

[12] Walker H W, Bob M M. Stability of particle flocs upon addition of natural organic matter under quiescent conditions [ J]. Water Research,
2001, 35(4) :875-882

[13] Yan X M, Shi BY, LuJ J, et al. Adsorption and desorption of atrazine on carbon nanotubes [ J]. Journal of Colloid and Interface
Science, 2008, 321(1) :30-38

(14]  R&F, 80 e, A 2L 56, SRR W SRR A3l J1 2 A2 BALERATTE [ )], TR R ,2011,26(2) :170-174

Laws of thermodynamic and assembly of
cucurbiturils with humic acid models

YANG Qin'" MENG Xiaorong' YANG Yongli' WANG Wendong®
(1. Department of Chemistry, Xi'an University of Architecture & Technology, Xi'an, 710055, China;

2. State Key Laboratory of Environmental Engineering, Xi'an University of Architecture & Technology, Xi'an, 710055, China)

ABSTRACT

The interactions of cucurbituril [6 ] (Q [ 6 ]) and cucurbituril [ 8 ] (Q [ 8 ]) with benzoic acid and
cucurbituril[7] (Q[7]) with naphthalene as model compounds of humic acid were investigated by UV
absorption and fluorescence methods. The results showed that the ratio of the assembled complex between
Q[6], Q[ 8] and benzoic acid was 1:1 and 1:2 respectively, whereas Q[ 7] formed a complex with
naphthalene with a ratio of 1: 1. The UV spectra indicated that the naphthalene molecule fell into the cavity of
Q[7]. The fluorescence spectra showed that Q[ 6] and Q[ 8] enhanced the fluorescence of benzoic acid. The
thermodynamic data indicated that the assembly process occurred spontaneously and the hydrophobic
interaction was the main driving force. Infrared spectra provided additional evidence for the assembly of
cucurbituril with the model compounds.

Keywords: cucurbituril, assembly, model compounds, UV, fluorescence.



