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Table 1 Peak parameters of the chemical species
P and U in the model system
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U vp Wp ep
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Table 2 Initial concentrations of the chemical
species P and Q in the model system
Number cp cqQ
1 1. 00 9. 00
2 4. 00 6. 00

SEREN] . 2T2D-57 P A1 S0 0 PR 1 (ER 3 2 4
Bt 2. P 2T2D-53 40 41 506 % A BEAR Dy AL 2+ 7] A1 AR
FHB T 5E D5 1



543

S ST

1139

Absorbance

L}
100

L
150

0 50 200
Wavelength/nm
A
200 — 200
(a) (b)
150 150
E E 4
£ g = =
| = - =
) iy 7 . 3
£ 100 £ 100 = ‘Hﬁ
<
2 =
50 50
50 100 150 200 50 100 150 200
Wavelength/nm Wavelength/nm
200 200
©) d)
150 ¢ 150
g g
£ £
] <
on 4 on
5 100 f @ 5 100
[3] [
3 z
=z =z
50 1 50
50 100 150 200 50 100 150 200
Wavelength/nm Wavelength/nm
B
B1 (A)PHMQEAREFEEHEMA(R L vv=100, Wy=20Fey=1,4a), P QEIMEEERIE P HIEE (v, =100, Wy=
21 f1 gy =1, b) . WELL (vy=101, Wy =20 Fl gy =1, ¢) RIERE (vy =100, Wy =20 F1 ¢ =0.98, d) K &£ TH, K2 E
— BRI — 4R (B)E 1(A)FT5 AR B H 2T2D-F i X ik
Fig. 1 (A) The one dimensional spectra of the first solution in Table 2 of the model system where no intermolecular interactions ex-
ist between P and Q (vy; =100, Wy =20 f{l g =1 in Table 1, a) and intermolecular interactions between P and Q cause the-
bandwidth (vy =100, Wy =21 fl gy =1, b) . peak position (vy; =101, Wy =20 F1 g, =1, ¢) and absorptivity (v, =100,
Wy =20 F1 gy =0. 98, d) variation of the characteristic peak of P; (B) 2T2D-asynchronous correlation spectra in the condi-
tions listed in Figure 1(A)
2.2 HEBBXZXIER 2T2D-% 5 18 X 3¢ i (ASAP-2T2D- KRR EAR, B SEIAR] 2T2D-F M Kk d; T E

FEHERXNKE)

P A OCTE VI, 258 5 20 M OB R RE R M 5 7 T
TFL) A A LA O 1 e 5 28 AT o Sl il 1 &R b 5T A BA
SEOCTER VI AW S, A% G S A0 AR RO 3 Al TR T A IR L
HE T B AU 5T ) 0 G S5 25 R O ST 3 P S A AT Al I 5 S i
AR I CASAP-53 25 A OGO o fiF By ASAP-53 45

WY B 2T2D-53 0 A5G i 44 9 ASAP-2T2D-53 4 il %
Jeil . LN e b B R SRR R SER A ASAD-
2T2D-S3 2 M1 O 315 3R AL 23 1~ (6] AR AR T A9 T ¢ 4 B 47 B
I

T SHmA, X EA R B)



1140 S il 5O %40 &
350 T 350
(2) (®)
3001 = 1 300 | = 1
250t ° ) 1 250 5 ° ) ]
Eﬁ 200 1 1 g" 200 ¢ 1
S 150 {1 BIs0} ]
< <
= 1oot 1 = 100 1
50 1 50 ¢ 1
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Wavelength/nm Wavelength/nm
350 " 350 i
(©) (d)
300 P 1 300 = 1
I “, “‘ | | \‘J \\‘\ i
g 20 \ ° /) g 2 \ °
<, 200 5, 200
5 8
© 1501 1 EREU 1
< <
= 100 | i = 100 | ]
50T 1 50 f ]
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Wavelength/nm Wavelength/nm
A
350 " 350 " .
(a) Domain I1T (b)
300 + 4 300 b J
g 250 1 E 250 F J
| L _ = i
5 200 B 200
5 g
E 150 1 % 150 :
# 100 1 Zoof |
50 r 1 50 :
Domain I ; Domain II
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Wavelength/nm Wavelength/nm
350 T 350 .
© (d
300 | E 300 | .
£ 200t ] £, 200 ]
£ g
2 2
o 150 ¢ 1 S 150t 1
< < y !
= 100} 1 100} .
50 4 50 f ]
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Wavelength/nm Wavelength/nm
B

2 PHSHIREREARHEN(10)(A)FHEER (10) (B) B, (A)PT5] M FH1E 5 X B A ASAP-2T2D-F H K 1%

Fig. 2 ASAP-2T2D-asynchronous correlation spectra in the conditions listed in (A) when the concentrations of

P and S do not satisfy the requirement of Eq. (10) (A) and do satisfy the requirement of Eq. (10) (B)
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Application of Two-Trace Two-Dimensional Asynchronous Correlation
Spectroscopy in Characterizing Intermolecular Interactions: A Feasibility
Study

LI Xiao-pei'” , ZHANG Yong-jie* , XUE Li-zhen'
1. Instrumental Analysis Center, Dalian Polytechnic University, Dalian 116034, China
2. School of Textile and Material Engineering, Dalian Polytechnic University, Dalian 116034, China

Abstract Two-trace two-dimensional (2T2D) asynchronous correlation spectroscopy is a new method of generating two-dimen-
sional asynchronous correlation spectroscopy based on a pair of one-dimensional (1D) spectra. Compared with the conventional
two-dimensional asynchronous correlation spectroscopy where at least three 1D spectra are needed, 2T2D asynchronous correla-
tion spectroscopy makes the experiment easier, and is a better method for the expensive samples. In the present paper, the feasi-
bility of using 2T2D asynchronous correlation spectroscopy to characterize intermolecular interactions was explored. Firstly, a
model system containing two solutes P and Q were set up. P possessed a characteristic peak, and Q had no characteristic peaks.
The mathematical analysis demonstrated that the intensity of 2T2D asynchronous correlation spectra was always zero when the
initial concentrations of P and Q were set incorrectly. Furthermore, the variations of the absorptivity induced by intermolecular
interactions could not be discerned by 2T2D-asynchronous correlation spectra. Therefore, incorrect results may be obtained when
2T2D asynchronous correlation spectroscopy is adopted to characterize intermolecular interactions. In order to develop 2T2D
asynchronous correlation spectroscopy into a reliable method for characterizing intermolecular interactions, the setting method of
the initial concentrations of P and Q in the 2T2D asynchronous correlation spectroscopy was first studied. The case that the in-
tensity of 2T2D asynchronous correlation spectra was always zero induced by incorrectly setting the initial concentrations of P
and Q could be avoided when the initial concentrations of P and Q satisfied the requirement of Eq. (6) in the text. On this basis,
the 2T2D-asynchronous correlation spectroscopy with auxiliary cross peaks ( ASAP-2T2D-asynchronous correlation spectrosco-
py) was developed by introducing a virtual substance S with an isolated peak and proper concentration into the research system to
solve the problem that 2T2D-asynchronous correlation spectra could not reflect the variations of the absorptivity induced by inter-
molecular interactions. The results of computer simulation experiments demonstrated that the ASAP-2T2D-asynchronous corre-
lation spectra could correctly reflect the variation of the peak position, bandwidth and absorptivity indicating that the ASAP-
2T2D-asynchronous correlation spectroscopy was a reliable method for characterizing intermolecular interactions. Finally, the
ASAP-2T2D-asynchronous correlation spectroscopy was adopted to characterize the intermolecular interaction between Li™ and
benzo-15-crown-5 (BC). The results demonstrated that the variation of the peak position and absorptivity of the characteristic
peak of BC could be reflected by the ASAP-2T2D-asynchronous correlation spectrum. These results further confirmed that the

ASAP-2T2D-asynchronous correlation spectroscopy could correctly characterize intermolecular interactions.
Keywords Intermolecular interactions; 2T2D-asynchronous correlation spectroscopy; Auxiliary cross peaks
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