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Inclusion Complex of Malachite Green with Cucurbit[7]uril
and Detection of Malachite Green Using Cucurbit[7]uril
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Abstract: The interaction between malachite green (MG) and cucurbit[7]uril (CB7) had been studied based on fluores-
cence and "H NMR spectroscopic results. The interaction mechanism was also discussed concretely based on 'H NMR
results. The fluorescence intensity of malachite green (MG) enhanced strongly and a slight red shift was observed at the
maximum emission peak when added into cucurbit[7]uril. We had found that the formation of the complex at a 1:1
complex stoichiometry and the association constant was calculated by applying a deduced equation. The thermody-
namic parameters such as AH and AS values were obtained according to Van’t Hoff equation, respectively. We prepared
the solid inclusion complex from co-evaporation method and characterised it by '"H NMR.IR. For the efficient detection
of malachite green, the limit of detection was 4.2 x 10 mol-L™" from our experiments which will make our method
applied to detect the malachite green in sewage effectively.
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Figure 1. Sructuresof CB7 (a) and MG (b)
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Figure 2. Absorption (a) and Fluorescence (b) spectra of malachite green (1.0 x 10°mol-L™) in aqueous solutions
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Figure 3. Fluor escence spectra of malachite green (6.0 x 10°
mol-L™) with the addition of various amount of CB7. The concen-
trationsfrom (1) to (11) of CB7 were (1) 0.00, (2) 1.00, (3) 2.00, (4)
4.00, (5) 6.00, (6) 8.00, (7) 12.00, (8) 14.00, (9) 16.00, (10) 18.00, (11)

20.00 x 10° mol-L ™ at 24°C
3. 24°CTFARERE CB[7]MFLERLR(6.0 x 10°mol- L )AITEHR
ZREHRERMRM. (1)~(10) CB[7]MRE S 58(1) 0.00, (2) 1.00,
(3) 2.00, (4) 4.00, (5) 6.00, (6) 8.00, (7) 12.00, (8) 14.00, (9) 16.00,
(10) 18.00, (11)20.00 x 10°mol-L™*
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Figure 4. Absor ption spectra of CB7 (3.00 x 10° mol-L ™) with
various concentrations of malachite green (1) without CB7. The
concentration from (1) to (13) for malachite green were (1) 0.2, (2)
0.2, (3) 0.4, (4) 0.6, (5) 0.8, (6) 1.0, (7) 1.2, (8) 1.4, (9) 1.6, (10) 1.8,
(11) 2.0, (12) 4.0, (13) 6.0 x 10° M at 24°C. Theinset isa plot of
absor ption intensity vs. the concentration of malachite green
B 4. 24°CTFEE CB[7](3.00 x 10° mol-L ) R EIFREMFL ERLERE
WU E(1)AH CBI7], (D)~(13)hFl ERFMRESFIR(D) 0.2,
(20.2, (3)04, (406, (508, (6)1.0, (7)1.2, (8)1.4, (9 16,
(10) 1.8, (11)2.0, (12) 4.0, (13)6.0x 10°M. FENEIZPFRALE
FEMRBGER vs ik E RiRE%
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Figure 5. Molecular modeling of the CB7-M G complex (a) Con-
formation of malachite green (b) Top-view of CB7-M G complex (c)
Side-view of CB7-M G complex
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Figure 6. Thelinear doublereciprocal plot of 1/(F/F,-1) vs U[H] (R
=0.99928), which showsthe 1:1 stoichiometry of M G-CB7 complex
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Figure 7. Job’splot for the CB7-Malachite Green complex, with
the mole fraction of malachite green variousfrom 0.1 - 0.9, 24°C
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Figure 8. Fluorescencettitration curvesof MG (iem = 466 nm, 6.0 x
107 mol-L™) with CB7: (a) In the absence of any metal ion, (b) In
the presence of 0.1 mol-L™ Na*, (c) In the presence of 0.1 mol-L ™
Ca?. Triangle represent the fluorescence intensity changes of spec-
trum with Na*/mol-L™ (1) 0.001, (2) 0.004, (3) 0.02, (4) 0.1, (5) 1.0.
Square represent the fluorescence intensity changes of spectrum
with Ca?"/mol-L™ (1) 0.001, (2) 0.004, (3) 0.02, (4) 0.1, (5) 0.4, 24°C
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Figure 9. Influence of surfactants concentration on the fluores-
cence ntensity of CB7-M G system: (1) MG+ SDS; (2) CB7 + MG +
SDS; (3) MG + CTAB; (4) CB7 + MG + CTAB; (5) MG + Tween-80;

(6) CB7 + MG + Tween-80; Cyc = 6.0 x 107 mol L™ Ccgy = 1.0 X
10*mol L™ 2=466 nm, 24°C
B 9. 24 CH A R RE BRI MG-CB[7]EREIFM: (1) MG+
SDS; (2) CB7+MG + SDS; (3) MG + CTAB; (4) CB7+MG +
CTAB; (5) MG + Tween-80; (6) CB7 + MG + Tween-80; Cyg = 6.0
x 107 mol L™, Ccgz=1.0x10"mol L™; 4 =466 nm, 24°C
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Figure 10. Changesin theintegrated fluorescence intensity vs. CB7
for the complex at different temperatures, Theinset showsthe plot
of InNKvs. UT, 24C
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Table 1. Inclusion constants of complexes at different temperature

R 1 TRBETHEAYNEEER

Temperature Inclusion constants R
300 K K=18x10"M" 0.9991
310K K=14x10*M" 0.9996
320K K=10x10"M" 0.9996

Table 2. Inclusion constants (K a) of complexes and relative ther-
modynamic

R2 HFAYNEEER(KaShNFSKIE

AH AG AS
(kJ'mol™) (kJ'mol™) (J'mol™ k™)

300K 9.798 0.9991 +0.16  -20.255  -24.445 13.974
310K 9.547 0.9996  +0.05 —24.587
320K 9.210  0.9996  +0.07 —24.726

TK) bk R SD

1B 2 frow, JATTHSE HISR K CB[7]-MG () AH
=-20.255 f1 AS=13.973 J'-mol 'K '. AG &%
Bl A4S CBIT1Z AIPE A & B K IEAT I . AH 72
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FH A #53 DTHk .
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J&, H4, HS AT CB[7IMIZBEM X, [RIRF H6 Ml i
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Harimmag e —8m. diE 11 fosi MG 5
MG-CB[7]HIZLAM G, FATTEAFERT LLIESE MG-CB[7]
EEMITE K
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Table 3.'H NMR dates of MG and MG-CB7
£ 3. MG #1 M G-CB[ 7| 4% R 1R

5(PPM)  HI. 2. 3 H4 HS H6
MG 7.4304 6.8663 5.3191 34314
MG-CB7 7.4501 7.5909 54198 3.1470

a. IR (Jem™) 3150(m) 2900(m) 1645(s) 1605-1450(m)
b. IR (fem™) 3205(m) 2950(m) 1650(s) 1660(s) 1605-1450(m)
1415,1310(w)
Figure11. IR dates of MG and M G-CB[7]
11. MG 1 M G-CB[7]fh4I5h 813

Table 4. Theresults of determination of the sample

= 4. HEREMER

Sample

MG added MG founded RSD (%) Recovery
comtent omly  (ugml')  (n=4) (%)
(gmi?) (e e o
1 1.00 0.50 1.53 1.414 102.00
2 1.00 1.00 1.98 0.815 99.56
3 1.00 2.00 3.05 2.128 101.58
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