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The mobility of tryptophan fluorophore in N-butyl-N“-acetyltryptophanamide and in side chains of
labelled poly(N-ethylacrylamide) and poly(N-ethylmethacrylamide) was investigated by the fluores-
cence depolarization method. The mobility of the fluorophore in the low-molecular-weight model is
much higher than in side chains of the polymers. Different steric hindrance by the polymer backbone
can explain the higher mobility of the fluorophore in poly(N-cthylacrylamide) than in poly(N-ethyl-
methacrylamide). The mobility of 5-dimethylamino-1-naphthalencsulfonamide (dansyl) fluorophore
in side chains of labelled poly(N-ethylmethacrylamide) in the high-viscosity range increases with in-
creasing number of methylene groups in side chain. In the low-viscosity range, the rates of confor-
mational changes in short side chains (n = 2 — 7) are approximately constant and significantly
decrease in long side chains (n = 10, 12). The drop in the rates is probably due to intramolecular
association of the long hydrophobic chains in water.

Polarized luminescence may provide valuable information on the structural and dy-
namic properties of biological and synthetic macromolecules. In our previous publica-
tions!2we have used dansyl fluorophore to estimate the mobility of variously long side
chains. Similarly, experimental data in the present study were analyzed according to the
genceralized Perrin cquation™*
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* Part I1I in the series The Rotational Micro-Brownian Motion: An Investigation by Fluorescence
Depolarization; Part II: Macromolecules, submitted.
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where Y = (1/P - 1/3) / (1/Py - 1/3) for polarized excitation, ¢ is time, P is the limiting
fluorescence polarization, T is the excited-state lifetime of the fluorescent group, fjis
the relative content of processes with the rotational relaxation times o,(Zf; = 1) and the
time function of fluorophore rotation a(f) is expressed by the following equation:

(cos?a(r)y = 1/3 + (2/3) S exp(-31t/0). #))

Some average characteristics of the rotational relaxation spectrum may be obtained by
analyzing two limiting cases of the dependence Y = Y(T/n) at (T/n) —> 0 and (T/)) — oo,
where 1) is the solvent viscosity and T is temperaturec.

In the case of a fluorescence label covalently bound to a macromolecule the rota-
tional relaxation spectrum may be divided into “fast” processes with the average relax-
ation time o, and into “slow” processes with the average relaxation time o, [0, >> o).
The generalized Perrin cquation for polarized cxcitation may be then written®? in the
two-time approximation as

Y = [ L=/ -l, €)

1+3t/0, © 1+31/0,

where [ is the total contribution of “fast” processes to the decrease in fluorescence
polarization P. From the slope of the asymptote of the Y = Y(T/) dependence at
(T/m) — 0 (where o, >> 1) it is possible to obtain the average relaxation time of “fast”
processes o) at any solvent viscosity. From the slope of the asymptote of the Y = Y(T/ny)
dependence at (T/1)) — « (where o) << 1) it is possible to obtain the average relaxation
time of “slow” processes o, at any solvent viscosity and the total contribution f of
“fast” processes to the decrease in fluorescence polarization (the intercept of this
asymptote is Yy = 1/(1 - f)). It is natural to expect that the rotational relaxation time o,
characterizes torsional vibrations of single bonds within the framework of rotational-
isomeric states. The rotational relaxation time ¢, characterizes the rate of conforma-
tional changes of the chain where the fluorophore is attached.

The mobility of a fluorescence label bound at the end of side chain of a flexible
polymer molecule is affected by several factors. “Slow” relaxation processes o, in the
two-time approximation include intramolecular motions with the average rclaxation
time o; and the rotation of a macromolecule as a whole with the average relaxation time
O, Il cach of these processes can lead to fluorescence depolarization, the overall relax-
ation time o, is

/o, = /o, + /0. )

The time of rotational diffusion of the macromolecule as a whole can be estimated
approximatcly by the equation
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o = b , Q)

where M is molar mass of the polymer, [n] is the limiting viscosity number and b is the
coefficient which depends on the shape of the macromolecule (b = 2 for coil macro-
molecules and b = 1 for compact spherical particles). By estimating o, it is possible to
calculate the average relaxation time o; of intramolecular motions in which the fluoro-
phore participates. o; may be expressed by

1/0, = /o, + 1/0,, (6)

where o, and o, arc average times of the “slow” relaxation processes in the polymer
side chains and in its backbone, respectively.

The present study was designed to explore the mobilitics of tryptophan and dansyl
fluorophores and to gain experimental data for detcrmination of the axial depolarization
factors of tryptophan fluorophore in copolymers V and VI and dansyl fluorophore in
copolymers VII. The axial depolarization factors® arc used to calculate the distance
between tryptophan and dansyl fluorophores in copolymers VII by means of nonradia-
tive energy transfer method’. The distance of tryptophan and dansyl fluorophores as a
function of the number of methylene groups in the side chain may confirm assumed
intramolecular association of long aliphatic chains in a polar medium (water).

EXPERIMENTAL

Monomers and Models

N-Butyl-N*-acetyltryptophanamide (1) was preparcd by the reaction of N“®-acetyl-pL-tryptophan
4-nitrophenyl ester® (2.425 g, 6.6 mmol) with butylamine (0.578 g, 7.9 mmol) in acetone (50 ml) at
50 °C for 5 h. The reaction mixture was chromatographed on silica gel using acetone as eluent. After
recrystallization from acetonc, /, melting at 157 °C (DSC), was pure (TLC). For C,;H,3N;0,(301.4)
calculated: 67.75% C, 7.69% H, 13.94% N ; found: 67.93% C, 7.51% H, 14.10% N.

N*-Methacryloyl-oL-tryptophan phthalimidyl ester (I1). To a solution of 0.037 mol of N*-metha-
cryloyl-pL-tryptophan® in ethyl acetate (100 ml), 0.037 mol N,N'-dicyclohexylcarbodiimide in ethyl
acetate (30 ml) and 0.04 mol N-hydroxyphthalimide in DMF (50 ml) was added dropwise at ~10 °C.
The reaction mixture was stirred at =10 °C for 3 h, then at room temperature for 10 h and for another
3 h after the addition of 0.1 ml of glacial acetic acid. After removing dicyclohexylurea by filtration
and evaporation of the solvent, the viscous residue was dissolved in ethyl acetate (180 ml), and the
solution was extracted with a cool (= 0 °C) saturated aqucous NalIC'O; (3 x 80 ml) and water (= 0 °C )
(2 x 100 ml). Acctone solution of the crude product was fractionated by column chromatography on
silica gel and the purified II was recrystallized from an cthyl acctate-hexane mixture; m.p. 88 —
89 °C. For Cy3HgN3O5 (417.4) calculated: 66.18% C, 4.59% 11, 10.00% N; found: 66.02% C,
4.59% H, 9.94% N. UV spectra: in McOH A,,, = 282 nm (¢ = 7.20 cm® mol™!), in DMSO A, =
284 nm (e = 7.70 cm? mol™').
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N-Ethylacrylamide and N-ethylmethacrylamide were prepared'® by the reaction of the correspond-
ing chlorides with ethylamine in diethyl ether, in the presence of triethylamine. All solvents used in
the preparation of copolymers were dried prior to use.

Poly(N-ethylacrylamide-co-11) (I11) and poly(N-ethylmethacrylamide-co-11) (IV). A mixture of ac-
tive cster 11, N-ethylacrylamide or N-ethylmethacrylamide, AIBN (0.5 wt.% per monomer feed) and
acetone (250 wt.% per monomer feed) in a glass ampoule was subjected to three cooling-evacuation-
heating-N, purging cycles and polymerized at 60 °C for 13 or 4 h, respectively. The total conversions
were 29 or 22%, respectively. The prepared copolymers were twice reprecipitated from methanol into
diethyl ether. The characteristics of the copolymers Il and IV are given in Table I.

Fluorescence-labelled copolymers V, VI and VII. A mixture of copolymer Il or IV, fivefold
molar excess (per active ester units in I/I or IV) of octylamine or N-(w-aminoalkyl)-5-dimethylami-
nonaphthalenesulfonamide'! (Dns-NH-(CH,),-NH,), DMSO (ca 10 ml per 1 g of the reaction com-
ponents) and imidazole (1 wt.% per reacting components) were heated in a sealed glass ampoule at
60 °C for 30 h. Then, 0.2 g of ethylamine was added and, after 5 h, the reaction mixture was diluted
with DMSO. Low-molecular-weight compounds were removed by dialysis against 0.015 M HCI, or
against aqucous cthanol or methanol (1 : 1 v/v) acidified with HCI. Final dialysis was always per-
formed against water. Aqueous polymer solutions were lyophilized and V, VI and VII were reprecipi-
tated twice from methanol into diethyl ether.

Methods

Determination of fluorophores. The content of the tryptophan or dansyl fluorophores in co-
polymers was determined by UV spectrometry in methanol, assuming that the molar absorption coef-
ficient of the monomeric unit in copolymers /Il and IV was the same as that of monomer /I and the
molar absorption coefficient of the dansyl unit in copolymers VII was the same as that of Dns-NH-
(CH,),~NH, (g335= 4.40 cm? mol™!). Analysis of copolymers VII revealed that aminolysis of phtha-
limidyl ester units in /I and IV with dansylamines procceds almost quantitatively.

Measurement of fluorescence polarization. The stationary fluorcscence polarization was measured
with a Hitachi-Perkin-Elmer MPF-2A and a 44B spectrophotometers in an t-arrangement. The tem-
perature of solutions in a quartz cell (1 x 1 x 4 cm) was recorded with a thermocouple placed di-
rectly in the cell.

TABLE 1
Copolymerization characteristics of poly(N-cthylacrylamide-co-II) (III) and poly(N-ethylmethacryl-
amide-co-II) (1V)

II Content, mole %

. )
C J _ LW
opolymer em? p 1 M. w
in feed in copolymer
u 15 2.7 27 65 000
v 1.2 2.0 18 60 000°

“ In water at 25 °C; ® M,,, by light scattering; < from the Mark—Houwink equation'?, [] = 2.42 . 1073
MO,
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Fluorescence polarization P was calculated as

Ivv - G Ivi
= Ivv + GIvy’ @)

where Iy is the emission intensity corresponding to vertically polarized excitation and vertically po-
larized emission and Iy, is the emission intensity corresponding to vertically polarized excitation and
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horizontally polarized emission. The factor G is the sensitivity ratio of the detection system to verti-
cally and horizontally polarized light'>!4. The factor G (G = I,ny/l};) Was determined in methanol
using N“-acetyl-pL-tryptophan, carbazole and Dns-NH—-(CH,),-NH, at 30 °C (G359 = 1.08, Gsyg =
0.89). Dansyl fluorophore was excited at 338 nm and its emission was recorded at 520 nm. Trypto-
phan fluorophore was excited at 282 nm and its emission was recorded at 350 nm (slits 10 nm). The
measurements were carried out at 20, 30, and 50 °C and the viscosity of the medium was controlled
by varying the composition of the mixed solvent glycerol-water!s.

Measurement of excited-state lifetime. The lifetimes of the excited states of dansyl and tryptophan
fluorophores were determined by the pulse technique. A free running discharge lamp was the source
of excitation radiation. Excitation and emission wavelengths for both fluorophores were the same as
in measurement of fluorescence polarization. The interference filters used were Corning 7-54 Dell
Optics (337 and 282 nm) for excitation, Dell Optics (350 and 520 nm) for emission and two gelatin-
type sharp cut filters. Detection was performed with a single photon counting system Ortec. The
decay curves were analyzed by the least-square deconvolution.

RESULTS AND DISCUSSION

Actual Lifetime of Excited States

Actual lifctimes of tryptophan fluorophore in low-molecular-weight model /7 and in
copolymers V and VI are approximately the same in mecthanol, water and aqueous
glycerol. The fluorescence decay was described by double exponential function with
nanosecond (t;) and subnanosecond (t,) components. The latter (1, = 0.50 = 0.15 ns)
contributes to the tryptophan fluorescence with less than 5% of the total emission in-
tensity and therefore only the values t; are summarized in Table II. The mcasured
values are in good agreement with reported data'®!7,

Actual lifetimes of dansyl fluorophore in copolymers VII (Table III) in methanol are
approximately the same and the fluorescence decay was described by single exponen-
tial function. Actual lifetimes of dansyl fluorophore in water and in aqueous glycerol
are also approximately the same but longer than in mcthanol. The fluorcscence decay
in this case was described by double exponential function. Only the t; values arc sum-

TABLE 11
Actual cxcited-state lifetimes (ty, ns) of the tryptophan fluorophores in model / and copolymers V
and VI in various media

Model or Aqueous glycerol

Methanol Water
copolymer
15 wt.% 87 wt. %
I 33 3.1 3.0 33
% 3.6 34 3.4 3.6
Vi 3.8 33 3.6 3.7
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marized in Table III because the contributions of the component T, were negligible. The
measurced values are in good agreement with published data'® =20,

Rotational Diffusion of Tryptophan Fluorophore

The mobility of tryptophan fluorophore in model compound I was investigated by using
the fluorescence depolarization method. Fast Brownian rotation of the tryptophan struc-
turc unit in / brings about an almost total fluorescence depolarization of tryptophan
fluorophore for T/n > 70 K mPa~! s~!. From the dependence 1/P = 1/P(T/n), the value
1/Py = 5.0 was detcrmined for tryptophan fluorophore. From the equation Py = 3 cos?d -
1/(cos®d + 3) we can calculate the angle & between absorption and emission transition
moments for a completely retarded fluorescent group as & = 41°. In the literature®, 1/P,o =
7.8 was determined for L-tryptophan using excitation with natural light. Our result is in
good agrcement with the recalculated value for polarized excitation 1/Py = 4.4; [P,o =
Py /(2 - Py)]. The experimental curve Y = Y(T/n) is shown in Fig. 1. The dependence is
in a broad range of viscosities (/1) = 3 — 60 mPa s) lincar and only for very high
viscosities it is curved. The isotherms for 20, 30 and 50 °C are identical within the

TasLg I
Actual excited-state lifetimes (ty, ns) of the dansyl fluorophores in copolymers VII in various media

Aqucous glycerol
n Mecthanol Water 1 £y

75 wt.%

2 12.7 14.1 14.7

6 12.3 14.3 14.0

12 12.1 13.9 13.9

Fis. 1

The dependence Y = Y(T/m) for the tryptophan flu-
orophore in low-molecular-weight model 1 (O el . L L 1
203.1 K, @ 303.1 K, @ 323.1K) 0 20 Tin, K mPa’ s’ 60
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accuracy limits of the method. This means® that we cannot evaluate the height of poten-
tial barricr of internal rotation of fluorophore in modecl /. In our previous report! we
have found the potential barrier of rotation of dansyl fluorophore in homologous Ac—
Trp-NH-(CH,),-NH-Dns, AU, = 13, 31, 38, and 52 kJ mol~! forn =2 -7, 8, 10, and
12, respectively. In comparison with these values the activation encrgy of viscous flow
for 54.1 wt.% aqueous glycerol was AU, = 27 kJ mol~! and the rotational rclaxation
times o, followed the Arrhenius-type equation

o, = A(WW/T)exp[(AU, + AU,)/RT]. ¥

It scems that the behaviour of model compound 7 is more similar to the behaviour of a
sphere in viscous medium than in the case of models which contain both the fluoro-
phores. The mobility of tryptophan fluorophore in model / is probably not substantially
affected by a relatively small rest of the molecule.

In addition to the study of the tryptophan fluorophore in model /, also the mobility of
the same fluorophore in side chains of copolymers V and VI was investigated. The
cxperimental curves Y = Y(T/m) are shown in Figs 2 and 3. The dependences are in a
broad range of viscositics (7/n = 20 — 250 K mPa~! s7!) linear and arc curved only for
very high viscositics. Fast Brownian rotation of tryptophan structural units in both co-
polymers brings about an almost total fluorescence depolarization of emitted radiation
for T/n) > 300 K mPa~! s~1. The measurcments of copolymer V were performed at 20,
30 and 50 °C and the isotherms were identical. The measurcments of copolymer V/
were performed at 20 and 30 °C (the isotherms were identical); at 50 °C the copolymer
in cuvctte precipitated and the results were confusing (polymer with a lower critical
solution temperature). From the dependence Y = Y(T/1)) the average characteristics
of the rotational rclaxation spectrum (the two-time approximation) were calculated
(Table 1V).

! ' ! Fi. 2
LA — The dependence Y = Y(T/y) for the tryptophan flu-
"y 1 1 ) . . .
200 orophore in the side chain of copolymer V (O
Y 50 TIn, K mPa's” 203.1 K, @ 303.1 K, @ 323.1 K)
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The average values o, were calculated from the initial slope of the function Y =
Y(T/m) up to T/ = 2.0 K mPa~! s, The average values o, were obtained from the
slope of the lincar part of the dependence Y = Y(T/n); the Y, valuec was determined by
cxtrapolating this linear dependence to (T/n) — 0.

From the values in Table IV it can be seen that the tryptophan fluorophore in side
chains of copolymer V exhibits a highcr mobility than that in side chains of copolymer
VI. The mobility of fluorescent label in copolymers V and VI significantly decreases in
comparison with the label in low-molecular-weight model [ (0= 1.8 ns at T/m =
40 K mPa~! s~! was calculated; T = 3.2 ns, from Fig. 1). Similarly to the modcl /, we
could not evaluate the potential barrier of rotation of tryptophan fluorophore in co-
polymers V and VI.

Using stereochcmical models Finkclstein?! studicd the internal rotation of side
groups of polypeptide chains. For the tryptophan units it was found that the main hind-
rance of rotation around the C, = Cg and the Cg - C, bonds is steric repulsion of the
indole rings and polypeptide backbone. On the basis of this analysis and from published

TasLe 1V
Average characteristics of the rotational relaxation spectra of tryptophan fluorophores in copolymers
V and VI (in the two-time approximation)

T =2.0K mPa™ s7! Th) =200 K mPa~! 57!
Copolymer s )
Y Oy, NS Yy Y f 5, NS
2 35 1.70 15 1.75 5.40 0.43 5.0
%4 3.6 1.40 27 1.45 4.30 0.31 5.5
FiG. 3

The dependence Y = Y(T/) for the trypto-
phan fluorophore in the side chain of co-

polymer VI (O 293.1 K, @ 303.1 K) 0 100 Tip, K mPg's! 250
4
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cxperimental data Scmisotnov ct al.’ estimated the potential barrier of rotation of tryp-
tophan fluorophore in the copolymer of tryptophan with glutamine (AU, = 8.37 kJ mol ™).
They did not try, however, to calculate this value from their own experimental data.
The potential barricrs of rotation around the C,, - Cg and the Cg - C, bonds in trypto-
phan are also discussed elsewhcre?2.

From the examination of space-filling models of copolymers V and VI it was con-
cluded that no conformational changes of the side chain with tryptophan unit located
ncar the polymer backbone are possible. From this point of view, the main contribution
to the mobility of tryptophan is the flexibility of the chain segments to which the fluo-
rophore is attached. A similar behaviour, i.c. the absence of potential barrier of rotation
was observed in the case of fluorescence label placed in the backbone of poly(methyl
methacrylates) and poly(alkyl acrylates) with a long side chain®*2*, This obscrvation
led to the conclusion that it is possible to describe the motion of the backbone in these
polymers by cooperative continual mechanism of motion along the equipotential plancs
in conformational space of the chain. This mcans that the motion of relatively long
segments of the chain is involved and this motion docs not depend on rotational bar-
ricrs of the backbone but it depends on medium viscosity. This conclusion is valid for
the segmental motions within a time range 0 = 107 — 10% 5. We assumc a similar
mechanism of relaxation behaviour in copolymers V and V1. This quasi-continuous mo-
tion of the polymer backbone is probably causcd by the suppression of the rotational
isomerism owing to the interaction of side chain methylene groups and polymer back-
bone units.

On the other hand, we must admit that, duc to the limited accuracy of the used
method, we cannot evaluate AU, less than 10 kJ mol~" using the described experimental
arrangement.

Rotational Diffusion of Dansyl Fluorophore

The mobility of 5-dimethylamino-1-naphthalenesulfonamide (dansyl) fluorophore in
the side chains of copolymer VII was investigated. From the dependence of 1/P on T/y
we were able to confirm the known value of 1/P;= 2.8 for the dansyl fluorophore. The
angle between absorption and emission transition moments for completely retarded flu-
orescent group was calculated: 8 = 28°. The average characteristics of the rotational
relaxation spectrum (the two-time approximation) at 20 °C can be scen in Table V. The
average values 0, g, and Yy were determined in a similar way as above. The ex-
perimental curves Y = Y(T/n) at 20 °C are drawn in Fig. 4. The dependences are linear
in the range of T/1 80 — 300 (400) K mPa~" s71; the lincar region of the curves increases
with decreasing number of mcthylene groups in the side chain of copolymer VII.

The rotational relaxation time of diffusion of macromolecule as a whole (0,,), calcu-
lated from Eq. (5), is approximately 860 ns. In view of the fact that the time o, is large
compared with the measured o,, the latter approximately cquals o,. Side chains of dif-
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ferent length carrying the tryptophan and dansyl fluorophores were bound to the same
polymer backbone having the same molar mass. At a given temperature the polymer
backbone affects the mobility of the fluorophore by a constant contribution, inde-
pendent of the number of methylene groups in the side chain, since the side chains lie
sufficiently far apart and the measured solution is dilute (the copolymer concentration
is 1 —2 g I"!). Hence, the differences in the o, values given in Table V really reflect
the mobility of different side chains.

TABLE V
Average characteristics of the rotational relaxation spectra of the dansyl fluorophores® in copolymers
VII at 293.1 K (in the two-time approximation)

Th = 7.51 KmPa™' s~ Thy = 300 K mPa™' s~
n
Y oy, S Yo Y f a,, NS

2 1.26 162 1.3 2.8 0.23 36
3 1.32 131 1.5 3.1 0.33 39
4 1.38 111 1.5 3.1 0.33 39
S 1.42 100 1.5 3.1 0.33 39
6 1.48 88 1.7 3.6 0.41 38
7 1.74 57 2.3 4.7 0.57 40
8 2.42 30 5.6 8.5 0.82 81
10 4.18 13 6.8 8.5 0.85 168
12 5.56 9 6.9 8.0 0.86 263

‘1 =14 ns.

FiG. 4
The dependence Y = Y(T/n) for the dansyl fluoro-
phore in the side chain of copolymer VII (T =

293.1 K). The number of methylene groups in side 0

chain, n: 112,210, 38, 47,56, 63,4,5,72 100 Tin, K mPa's™ 300

Collect. Czech. Chem. Commun. (Vol. 58) (1993)
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Similarly? to poly(N-ethylacrylamide) and poly[N-(2-hydroxypropyl)methacrylamide]
the values of o, in VII did not change significantly for n = 2 — 7. On the other hand, in
VII with n = 8, 10, and 12 the mobility of the fluorophore was considerably limited.
With increasing number of methylene groups in the side chain its hydrophobic charac-
ter increascs and the essentially aqucous medium in the low-viscosity range is a ther-
modynamically poor solvent for the mcthylenc chain. The drop in the rate of
conformational changes is probably duc to intramolccular association of long hydro-
phobic mcthylene chains in the polar medium!2. In the high-viscosity range it is as-
sumed that thc motion of segments of the polymer backbone can be neglected during
the lifetime of the fluorophore excited state, while in side chains only torsional vibra-
tions of single bonds within the rotational isomeric states arc opcrative. As a result, the
value f of the fraction of “fast” processcs of the two-time approximation increases and
the value o decreases with increasing length of the side chain (Table V).

The total mobility of the side chains due to both torsional vibrations and conforma-
tional changes of the side chain increases with increasing number of methylene groups
in the side chain. At 30 °C and particularly at 50 °C precipitation of polymer takes
place in a similar way as in the casc of other polymers with lower critical solution
temperaturce such as poly(N-isopropylacrylamide). Owing to the polymer precipitation
we could not obtain rcliable experimental data for the calculation of average charac-
teristics of the rotational rclaxation spectrum and, conscquently, of the values AU,
AH™ and AS”".

CONCLUSIONS

1. The dctermination of the actual cxcited-state lifctime of fluorophores made it
possible to use the dependence Y = Y(T/m)) for analysis of experimental data.

2. In the low-viscosity range the molecule of modcel I behaves like a spherical par-
ticle with dominant influence of the indole moiety.

3. The mobility of tryptophan fluorophore in copolymers V and VI significantly de-
creases in comparison with that in low-molecular-weight model /. The decrease is ob-
viously caused by the attachment of tryptophan to polymer backbone.

4. The tryptophan fluorophore in side chain of copolymer V exhibits a higher mo-
bility than that in side chain of copolymer VI which can be explained by different steric
hindrance of the polymer backbones.

5. The height of potential barricr of rotation of tryptophan fluorophore in model / and
copolymers V and VI could not be evaluated. This problem will be studicd in future by
means of time-resolved fluorescence anisotropy measurements.

6. The mobility of dansyl fluorophore in copolymers VII in the low-viscosity range is
approximatcly the same for short side chains but significantly decreases for long side
chains. The drop in the mobility is probably caused by intramolecular association of
long hydrophobic mecthylene chains in the polar medium. In the high-viscosity range,
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the fraction of “fast” processes in the two-time approximation incrcases with increasing
length of the side chain.
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