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Study of the aggregation of 1-alkanoylperylenes in 1,4-dioxane-
H,0 binary solvents—Derivation of a new empirical equation
relating CAgC to both chain-length and solvent aggregating
power
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Aggregation behaviors of 1-alkanoylperylenes (Pe-n, n = 4,
8,12) driven by hydrophobic-lipophilic interaction ( HLI)
have been investigated in dioxane ( DX )-H,O binary
aquiorgano solvents by means of fluorescence spectroscopy. A
novel empirical equation, which rationalizes CAgC ( critical
aggregate concentration) dependence of the aggregates both
on the chain-length of the substituent alkyl group and on the
solvent aggregating power (SAgP) for Pe-n, has been de-
rived.
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Introduction

It has been well established that in aqueous or
aquiorgano binary mixtures with solvent aggregating pow-
er (SAgP), electrically neutral organic molecules tend to
form aggregates (Ags).'* These organic molecules are
called aggregators (Agrs), and their aggregating tenden-
cies are generally evaluated by critical aggregate concen-
trations ( CAgCs), which are the concentrations of the
Agrs at the onset of aggregation. Under identical experi-
mental conditions, a smaller CAgC value signifies a
greater aggregating tendency .’

Various internal and external factors can affect the
aggregating tendency of a molecule, among them molec-
ular structure is an important intemal factor.® Previous
works suggest that usually analogues with longer hydro-
carbon chains have greater aggregating tendencies than
those with shorter chains.” Moreover, there exists a good
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linear correlation between logCAgC and chain length, i.
e., logCAgC = kn + b, where k is negative so that
CAgC will decrease with increasing n, i.e., the num-
ber of carbon atoms in the chain.® In addition to molecu-
lar structure, SAgP is another important factor. In gen-
eral, for a particular Agr, its CAgC will increase with
decreasing SAgP, which usually parallels solvent hy-
drophilicity. If we designate the volume fraction of the
organic component of an aquiorgano mixture by @, then
SAgPs will decrease with increasing ® values. Good lin-
ear correlation between logCAgC and ® value has also
been observed, i.e., logCAgC = k® + b, where k is
positive, thus CAgC will increase with increasing ®.°

In the present work, the aggregation behaviors of 1-
alkanoylperylenes (Pe-n, n =4, 8 or 12) in dioxane-
water (DX-H,0) mixtures have been investigated by
measuring their CAgCs at different @ values. Results
show that CAgC is a function of both @ and n, where n
represents the number of carbon atoms in the substituent
alkyl chain (cf. Daul parameter eg. 4).

Experimental
Apparatus

Melting points were not corrected. Mass spectra
were obtained by using an HP 5989A spectrometer at an
ionization potential of 70 eV. dy spectra were recorded
on a Bruker AM-300 (300 MHz) spectrometer with TMS
as the internal standard. UV-Vis spectra were obtained
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by using a Perkin-Elmer Lambda 2 spectrometer.
Materials

The new compounds Pe-n were prepared from
perylene through the Friedel-Crafts reaction in refluxed
1, 2-chloroethane . ° Their spectral and analytical data
are reported below. Water was deionized, and dioxane
(DX) was purified by a standard procedure.

1- Butyrylperylene (Pe-4) Yellow solid, mp 185—
186°C .84(CDCL) :1.05(t, J=7.5Hz,3H);1.83
—1.94(m, 2H), 3.03(t, J=7.5 Hz, 2H), 7.45—
7.65(m, 3H), 7.70—7.73(m, 2H), 7.83(d, J =
8.0Hz,1H),8.14(d,J=8.0Hz,1H),8.22—
8.44(m, 3H), 8.50(d, J =8.6 Hz, 1H). A,
(CH,CL,) : 258(e=4.3 x 10*(mol/L) ! - em?), 446(e
=3.3x 10*(mol/L) - em?)nm. m/z:251(72.45),
279(100.00), 322(M*, 74.67). Anal. CpH;30.
Caled : C, 89.41, H, 5.63. Found: C, 89.45; H,
5.76.

1 - Octanoylperylene ( Pe-8) Yellow solid , mp
172.5—173.5C. 34(CDCL): 0.89(t, J =6.7 Hz,
3H), 1.29—1.41(m, 8H), 1.78—1.87(m, 2H),
3.01(t,J=7.3Hz,2H),7.43—7.53(m,3H),
7.72—7.81(m, 2H), 7.83(d, J=7.9 Hz, 1H),
8.07(d,J=7.9Hz,1H),8.09—8.37(m,3H),
8.47(d,J =8.4Hz,1H) . A (CH,CL,) : 258 (e =
3.2x 10*(mol/L) !+ em™), 446(e =2.6 x 10* (mol/
L)' em?) nm. m/z: 251(65.68), 279(100.00),
378(M*, 88.21). Anal. C3H,0. Caled: C, 88.85,
H, 6.92. Found: C, 88.56; H, 6.71.

1 - Lauroylperylene ( (Pe-12) Yellow solid , mp

164.5—165.5C. 85(CDCL): 0.88(t, J=6.7 Hz,

3H), 1.24—1.52(m, 16H), 1.78—1.93(m, 2H),
3.03(t,J=7.3Hz,2H),7.43—7.62(m,3H),7.68
~—7.72(m, 2H), 7.82(d, J=8.0 Hz, 1H), 8.11
(d, J=8.0 Hz, 1H), 8.05—8.34(m, 3H), 8.48
(d, J=8.5Hz, 1H). A (CH,CL): 258(e=3.0x
10*(mol/L) ™ * cm!), 446 (e = 2.5 x 10* (mol/L) 1 -
em!) nm. m/z: 251(49.90), 279(90.88), 434
(M*, 100.00). Anal. C;HyO. Caled: C, 88.43;
H, 7.89. Found: C, 88.30; H, 7.85.

Fluorescence measurement

The samples were shaken vigorously in a mechani-

cal shaker for 30 min, then warmed in a 35°C water-
bath for 3 h. The fluorescence spectra of Pe-n were run
on a Perkin-Elmer 1S-50 Luminescence spectrometer at
35°C by using the excitation wavelength of 446 nm.

Results and discussion

Among the various methods employed to determine
CAgC, fluorescence probe ( FP) analysis is often
used. * This approach is based on the fact that if aggre-
gation takes place, the high local concentration of FP
within Ags will favor excimer formation or self-quenching
of its fluorescence. Thus, the concentration at which ex-
cimer or self-quenching is first observed can be defined
as its CAgC. Under our experimental conditions, Pe-n
does not seem to form excimers because there is no ex-
cimer fluorescence emission at the longer wavelength ,
i. e., wavelength longer than that of 1-alkanoylpery-
lene™ emission. Fig. 1 illustrates a typical plot of the
maximum FL intensities (/,,) of Pe-n. vs. their con-
centrations ([Pe-n]). Such plots show three regions.
In region (a) Pe-n exists only as monomers and their
maximum FL intensities increase linearly with their con-
centrations. In region (c), after saturation of the
monomeric Pe-n, Ags are formed. Due to self-quench-
ing inside the Ags, I,, does not increase proportionally
with the increase of the aggregate concentration. Region
(b) is a transitional region between (a) and (c). The
concentration at the crossing point of straight lines ex-
trapolated from (a) and (c) represents the CAgC.
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Fig. 1 Dependence of the maximum FL intensities of Pe-n
on its concentration at 35°C .

In Table 1 are listed the CAgCs of Pe-n at 35C in
DX-H,;0 mixtures at different @ values. The range of ®
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value is determined mainly by the measuring range of the
fluorescence spectroscopy. If @ is too small, the CAgC
of Pe-n will be so low that the FL intensity of monomer-
ic Pe-n will be hard to measure with reasonable preci-
sion. Meanwhile, if ® is too large, no aggregation can
be determined because Pe-n’ s FL intensity moves out of

the upper measure limit of the instrument. That is also
the reason of why we can not obtain the CAgC of all of
the three Pe-n in a solvent with the same ® value.
However, from Table 1, we still can conclude that in
likeness to previous results, lower CAgC corresponds to
smaller ® value or longer length of the side chain.

Table 1 CAgCs of Pe-n (n=4,8,0r 12) at 35°C in DX-H,0 mixtures at different ¢ values

n 4
(] 0.20 0.22 0.25 0.28 0.30 0.32 0.35
CAgC ( x 10" mol/L) 2.21 3.32 6.41 10.17 16.9 24.8 56.4
n 8
o 0.35 0.36 0.38 0.40 0.42 0.44 0.45 0.46
CAC ( x 10"mol/L) 2.05 2.69 4.85 9.67 14.0 26.6 33.9 41.9
n 12
(o} 0.46 0.48 0.50 0.52 0.54
CAgC { x 10" mol/L) 1.77 3.42 5.87 12.29 24.37

The uncertainty of CAgCs is less than +10% .

In Fig. 2 are shown the plots of the logarithms of the
CAgCs of each Pe-n vs. ® values of the solvent. Within
experimental error these plots appear to be linear and fit
Eq. (1).

logCAgC = C; @ + C, (1)

For each Pe-n, values of C;, C,, and linear cor-
relation coefficient r as well as the range of @ values,

are listed in Table 2.

Table 2 C, and C, values of Eq. (1)
at corresponding © range

n C, C r Range of ® value
4 9.193 -8.517 0.998 0.20—0.35
8 12.037 -10.8388 0.999 0.35—0.46
12 14.160 -13.274 0.999 0.46—0.54

In Figs. 3 and 4 are shown respectively the plots of
C; and C; vs. number of carbon atoms in the side chain
of Pe-n. These points fall on straight lines, which can
be fitted with Eq. (2) and (3).
Ci=ain+5;=0.62n+6.83, r=0.997 (2)
Cz=a2n+b2=—0.60n+(—6.14), r=1 (3)

From Eqs. (1), (2) and (3) we can obtain Eq. (4),

a dual-parameter equation of CAgC with @ and n as the
variables.

lo'gCAgC=(a|'n+ bl)(I)+(a2'n+ b2)
=(a1'<I>+ az)'n+(b1'CI>+ b2)
=(0.620-0.60) n + (6.830-6.14)
(4)

It is clear that CAgC depends on both the lengths of
side hydrocarbon chain and by the SAgP of solvent. If ®
is fixed , then logCAgC = kn + b; if n is fixed , then
logCAgC=k®+ b. Eq. (4) can enable us to estimate
the CAgC of Pe-n with any number of carbon atoms in
it’s side chain in DX-H,0 mixtures with any ® value.
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Fig. 2 Relation between the logarithm of the CAgC of Pe-n
at 35°C (n =4,8,12) and the ® value of DX-H,0.
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Fig. 3 Relation between coefficient C; of Eq. (1) and num-
ber of carbons in the side chain of Pe-n.
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Fig. 4 Relation between coefficient C, of Eq. (1) and num-
ber of carbons in the side chain of Pe-n.

In conclusion, Pe-n may also be used as fluores-
cence probes for evaluating aggregatingtendencies or
CAgC values. Furthermore, the SAgP and chain-length

dependence of these values can be described by a single
dual-parameter equation.

References

1. Jang, X.K., Acc. Chem. Res., 21, 362(1988).

2. Jiang, X.K., Pure Appl. Chem., 66, 1621(1994).

3. Tung, C.H.; Xu, C.B., Hydrophobic and Lipophilic Ef-

10

Jects on Photochemical and Photophysics, Vol. 4, Ed.
Rabek, J., Baca Raton, CRC Press, 1991, Chapter 3.
a) Jiang, X.K.; Sun, S.X., Prog. Natwrdl Sci., 5,
527(1995) .

b) Jiang, X.K; Zhang, J.T., Aggregation and Self-Coil-
ing of Organic Molecules, Shanghai Science Press, Shang-
hai, 1996.

Jiang, X.K.; Shi, J.L.; Chen, X., Langmuir, 12,
3881(1996).

Jiang, X.K.; Ji, G.Z.; Tu, B.; Zhang, X.Y.; Shi, J.
L.; Chen, X., J. Am. Chem. Soc., 117, 12679
(1995).

Shi, J.L.; Jiang, X. W.; Zeng, H.; Jiang, X.K.,
Langmur, 13, 2480(1997).

Zhang, X.Y.; Zhu, Y.; Ji, G.Z.; Jiang, X.K., Chin.
Chem. Lett., T, 759(1996).

Jiang, X.K.; Ji, G.Z.; Luwo, G.L., Chin. J. Chem.,
9, 448(1991).
a) Zieger, H.E., Rosenkranz, J.E., J. Org. Chem.,
29, 2469(19%4) .
b) Reaction Index of Organic Synthesis, 44, Friedel-Crafis
Reaction (5-3-2), Sugasawa, S.; Nakai, S., Hirokawa
Publishing Company, Inc., Tokyo, 1966.

(E9911165 SONG, J.P.; DONG, L.J.)



