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I. TENSORIAL CONSERVATION LAW

A linear polymer is modeled as a continuous WLC presented by the microscopic density field of the polymer length

e =3 [ b8 1)

[e3%

i.e., the total length of the polymer per unit volume, where x*(s) is the contour of the chain « in natural parametriza-
tion. For brevity we will be omitting the superscript * and the sum ) over the chains. The continuity of x(s)
stands for the unbroken connectivity of the polymer chains. A microscopic traceless polymer nematic tensor field can
be defined as

J;;-lic(x) = /( )ds d(x — x(s)) % [ti(s)tj (s) — %5”-] = jz-‘;-lic(x) - %&-jpmic(x), (2)

where t(s) = dx(s)/ds is the unit tangent on the chain.
Taking a divergence of Equation (2),
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using dm(iis) —aij (x —x(s)) = —dmjis) ax?(s)(S(x —x(s)) = ——(fs d(x — x(s)) and integrating by parts, we get

dzl‘i(S)
ds?

0; (T35 + 0i;p™) = 5 [t:(0)d(x — x(0)) — t:(L)d(x — x(L))] + 3 /( )dS 5(x —x(s)), (4)
where s = 0 and s = L corresponds to the beginning and ending of a chain, respectively. In the absence of polar order,
this identification is arbitrary and the beginning and ending tangents can be unified into a single type of tangents t"
always pointing inwards, such that ¢;(0)0(x — x(0)) — #;(L)d(x — x(L)) = }(0)d(x — x(0)) + t}(L)d(x — x(L)).
Writing a microscopic field F™¢(x), i.e., Equations (1) to (2) and also the last term of Equation (4), in the form

Fmie (x) = / s 0k x(9) £6x(5), (5)

1
coarse-graining it to the mesoscopic volume V' centered at x (denoted by ) gives the corresponding mesoscopic
field [1]
— 1 . 1 L(x) 1
F(x) = F"(x) = — 3z’ Fmic(x)) = —/ ds f(x(s)) = ——/ ds f(x(s)), (6)
V v V' Jx(s)ev(x) L(x) Jx(s)ev (x)
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where L(x) = fx(s)ev(x) ds = N(x)lp is the total length of the chain within the volume V', which can be expressed

in terms of an arbitrary segment length [y and the number N of these segments within the volume. Hence, the
mesoscopic field can be written as

F(x) = p(x)lo f(x), (7)
where p(x) = N(x)/V is the mesoscopic volume number density of the segments and
= 1
f(x) = 7/ ds f(x(s)) (8)
L(x) Jx(s)ev(x)

is the mesoscopic average of f(x(s)).
| —| | — |

Applying this coarse-graining procedure to Equation (4), where in particular p™ = plo, Jj’;‘ic = Jij = ploQ4j, and
bearing in mind that the coarse-graining and V commute, we get an equation for continuum mesoscopic fields — the
tensorial conservation law

9; [p(Qij + 36:5)] = %%gz + 3k, (9)

where Q is the nematic order tensor,

1
(%) = —— d
Qs (x) L(x) /x(s)EV(x) °

g(x) = t"(0)d(x — x(0)) + t"(L)d(x — x(L)) is the mesoscopic density of chain-end tangents and

<) = 1 . d?x(s)
lx) = L(x) /X(S)EV(X) & g (1

is the mesoscopic average chain curvature vector.
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[ti(s)t;(s) — 1045] (10)

II. CORRELATION FUNCTIONS OF COLLECTIVE FLUCTUATIONS

We present the results for fluctuations of the isotropic linear polymer system in the continuum description. A mi-
nimal free-energy density of the isotropic phase taking into account density variations, nematic fluctuations satisfying
0Qkr = 0 by definition, and the constraint is

sp\> 1, (8:p\° 1 1 1 sp\1°
<p) + =B ( p) + §A(5Qij)2 + 55(3@@”)2 +36 (2p0lo)” [81'5Qij +30; <p§)] ; (12)
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where B is the bulk modulus, pg is the volume number density of monomers, A is the “nematic order stiffness” and B’
and L (the nematic elastic constant) are penalizing p and Q gradients. The density and nematic correlation lengths

are £, ~ /B'/B and £ ~ \/L/A, respectively. The constraint due to the tensorial conservation law is taken into

account by a quadratic potential penalizing its sources, where G (% p0l0)2 = @ is the strength of the constraint. A
minimal model for G with the final result is developed in Section IV.
In Fourier space, u(q) = [d3ru(r)e™'9™, and with 6p/py = p, the free-energy density (Equation (12)) is

1~ 1 1~ 12
fla) = §B|5P|2 + §(A + Lg*)[6Qi;|° + §G 4;6Qi; + 34:6p| ", (13)

where B = B + B'q®. The free energy is F = Jd&3rf = (1)V) Zq f(q), where V is the volume of the system. By
equipartition, the energy corresponding to an individual quadratic contribution f;(q) to Equation (13) is (f;(q))/V =
kgT /2, with kg the Boltzmann constant and 7" the temperature.

To determine the fluctuation amplitudes, the quadratic form in Equation (13) is diagonalized. Since the system
is isotropic, without loss of generality we may assume q = ¢é,, where z is an arbitrarily chosen direction defining
the z axis of the coordinate system. Axes z and y are then fixed arbitrarily and all results at a given ¢ must be
invariant to rotations of the tensors in the xy plane. Since Q is traceless by definition, only two of §Q4., 0Qyy, and
0Q.. are independent. Conforming to the symmetry of the problem, we put 6Q.., = —(0Qzz + 0Qyy) and take 6Q .,



0Qyy as the variables. Moreover, for the remaining three variables we take 0Q.y, 6Quz, 0Qy-, Which represent also
their transposes and will thus give twofold free-energy contributions. With that, the diagonalized free-energy form of
Equation (13) is
1 2 2 2
F(@) = 5(A+ La?) (210Quy 2 +10Quz — Q)
+ [A +(L+3G)q 2} (|5sz\2 +16Qy21?) (14)
AT
JF 5 |a+5p + 5sz| + |a op+ 5sz| )

where we reverted to Q). in the last two terms. The expressions v3 = 2 + a3,

~ ~ ~ 2 ~
4y = {43 — 124 — ¢*(7G + 12L) + \/[43 124 - @2(1G + 12L)} + 32Gq4}, (15)

4Gq?

1 . ~ - . 2 -
AT = 16{43 +12A + 3¢*(3G + 4L) + \/{43 — 124 — ¢2(7G + 12L)} + 32Gq4} (16)

are real and the stability condition requires A* > 0.

The autocorrelations of the variables that appear quadratically in Equation (14) follow immediately from equipar-
tition, Equations (20) and (21). The fluctuation 6Q., — dQyy leaves 6Q),, unaltered and its free-energy cost is the
same as that of 6Q,, (note the twofold contribution of this latter off-diagonal term) — as it must be to recover the
isotropy in the xy plane. As such, it does not bring anything new.

The last two terms in Equation (14) represent the contributions of two coupled fluctuation modes, i.e., it is just the
component 6().. (and thus also the sum 0Q,, + dQ,,) that is coupled to density. Alternatively, one can write those
terms as

ATA (ay —a_)? N
o )\7@2 16p12 +...0Q.. +...5p) (17)
or
ATAT
(a; —a) 16Q-° +1...0p...6Q.| (18)

/\*'vza2 —|—/\— 2q2

and therefrom calculate (|6Q..|?) and (|§5|%).
Finally, using (|6Q..|?) and (|§5|?) together with the average of one of the last terms of Equation (14), e.g.,

kgT . v3
(lawdp+0Qua*) = 22V 5 (19)

which we are not giving explicitly, one arrives at the cross-correlation.
Whence, the complete set of Fourier-component thermodynamic correlation functions in space is

(60 = B~ (20)
NLOWSQ{MW}P) = k];TploAHLi La)g (21)
-1
w@4> @T43A+GL+[§f¥>f1 (22)
<w5@fwmmg——@Tl il (24)
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III. MESOSCOPIC WLC MODEL AND NUMERICAL SIMULATION DETAILS

In the MC simulations, we use a recently developed mesoscopic model of discrete WLCs [2, 3]. The modeled system
contains N, WLCs comprised of Vg linearly connected segments of fixed length ly. Consecutive segments are subjected
to a standard angular potential

Up = —eu™* - u*t1, (25)
where u®® is the unit vector along the s-th segment of the i-th chain and e controls the WLC bending stiffness.
Non-bonded interactions between segments are introduced via the potential Uy, = U (rfjt), where k is the strength
st

S

of the isotropic repulsion between the segments and U(rjf) = Co© (20 — rf]t) [40 + rfjt] [20 — rij]Q represents the
overlap of two spherical clouds centered on the s-th and t-th segments of the i-th and j-th chain, respectively; rfjt is
the distance between the segments and o controls the interaction range as indicated by the Heaviside function ©. To
verify the predictions of the macroscopic theory it is sufficient to employ a generic model with a single “microscopic”
length scale. Hence, we set o = lg, although other choices are possible [4, 5] when modeling actual materials. The
normalization constant of U(r;}) is set to Cp = 313/(6470%). We empirically set k = 7.58 kgT [2]. Several molecular
flexibilities ranging from € = 0 to € = 13.136 kgT are addressed, corresponding to decreasing flexibility of the chains.
The MC algorithm utilizes a combination of standard random monomer displacement and slithering snake moves
[6]. In addition, every Ny = N.Ng random displacement and slithering snake moves, a volume fluctuation move at
pressure PI3/(kgT) = 2.87 is employed [7].

The fluctuations of any variables da(q) = >, ase™' 9" and §b(q) = Y, bse '™ are extracted via their correlation
functions,

1

NG [(6a(q)db(—q)) + (ba(—q)db(q))] =

]\lfo<[2a coS(Q-I‘S)} [ZS:bSCOS(Q'rS)] + [Zsjassin(qrs)] [Zsjbssin(qrs)D, (26)

where s = 1... Ny runs over the segments of all chains and r® are their positions. For segment density fluctuations
0p we have a; = 1, and for the nematic fluctuations .J;; we have a, = (3ufu; —di;)/2. Note that the coarse graining
does not affect the q — 0 Fourier components, or in other words, the q — 0 components of the extracted discrete
variables are automatically coarse-grained. Hence, the long-wavelength correlations (Equation (26)) computed from
the simulation data can be directly compared to the predictions of the continuum theory.

The ensemble volume is free to fluctuate and the set of q vectors is determined by the current box size. Since the
system is isotropic, all quantities depend only on the magnitude |q| = g. We average them over spherical shells with
thickness Aq ~ 27/(L), taking care that also the smallest shells (¢ — 0) are adequately populated. In an isotropic
system, the isotropic symmetry of non-scalar quantities is broken only by the direction q, which is exploited in the
averaging procedure as follows. For every q, we set the coordinate system such that q = gé,, while

~ ér’ - (éx’ . éz)éz
€, = — - =
¢ |e:r’ — (e -ez)ez|

and &, = €, x €,, where &, is aligned with the simulation box. With that, for the component §J,, we have
as = [3(u® - é.)? — 1]/2 and for the components 0.J, ,y. we have a; = 3(u® - ég, ,y)(u® - &.)/2.

The computed correlations are then averaged over collected configurations. When calculating averages, we use
block-averaging with block size 7, where 7 is the number of MC steps needed to decorrelate the end-to-end vector of
the WLC [8§].

IV. THEORETICAL MODEL OF THE SOURCES

In this additional step, we build a theoretical model to predict the coupling strength G on the basis of length and
flexibility of the chains. Similar to what has been done in Ref. [3], we resort to a minimal model of the sources of
the tensorial continuity equation in the sense that i) we treat both macroscopic sources as composed of independent
microscopic contributions to chain-end tangent density g (Section IV A) and average chain curvature k (Section IV B),
respectively, and ii) we combine both sources into a single unified source h = g+ pglok with a properly weighted relative
composition (Section IV C). Only this latter case allows the tensorial constraint to be taken into account simply by a



penalty potential term in the free-energy density (Equation (12)), which means that no additional variables for the
sources are required.

Thus, we shall construct the nonequilibrium free energy cost of the sources in the simplest possible way and in
lowest, quadratic order of the sources. Since g = 0 in equilibrium, the variation dg of the density of end tangents
involves only the variation of their average orientation, and does not involve the variation of their density. (This is
true also in the nematic phase.) Similarly, the equilibrium average chain curvature k is zero, so the variation of pk
does not involve the variation of the density. (This is true also in the nematic phase, provided it is not bent.)

A. End tangents

We construct a purely entropic nonequilibrium orientational free energy of orientationally independent end tangents,
taking into account their dipolar ordering that results in nonzero g. The orientational part of the entropic free energy
is then

F(p1) = —TS(p1) = kpT / A9 p(2) Inp(€2), (27)

where p(2) = po + p1+1/3/2Pi(cosf) is the orientational distribution function of end tangents with respect to the
solid angle Q, Pj(cosf) = cosf is the first Legendre polynomial and py = 1/2 is fixed by the normalization

fil d(cosf)p(2) = 1. In the isotropic system, the orientation of the z axis of the spherical coordinate system is
arbitrary. Moreover, p; = 4/3/2(cosf) is the dipole moment of end tangent orientations (a nonzero p; means a
nonzero g), which is the only parameter of the orientational distribution.

One can verify that the first derivative % ’plzo = 0, so that the free energy is indeed minimum for the isotropic
orientational distribution of end tangents. Hence, for a single chain end, we have

1d%F

1
AF(p) = =—| _ pi = =2kgTpi. (28)
2 dp? — 2 !

For many independent chain ends with density p(ﬂf, the free-energy density is thus

13ksT
13ksT (29)
2 pr

1
Af = 3 2pa—LkBTp% =

where we took into account that with respect to a given direction g = poi<cos 0) = p§\/2/3p1. This is thus the
entropic free energy cost of the density g = |g| of independent tangents of chain ends with number density poi. Not
unexpectedly, it has the same 1/ p(j)[ dependence as the entropic free-energy density of the source of the vectorial
constraint [3].

B. Chain curvature

We shall construct a nonequilibrium free-energy density of nonzero local average curvature of the chains. The
bending free energy of a single WLC with nearest-neighbour bending interactions (which also corresponds to the
angular potential used in the microscopic simulation) is AF =Y. AF;, with

1 )
AF; = Eel%\k’|2 =e(1—cosbii1), (30)

where k! = (u'*! — u?)/ly, u’ is the unit vector along the i-th segment of the chain, and cosf;;1; = u’ - u'tl.
Thus, considering only the bending free energy of Equation (30), the individual microscopic curvature elements,
corresponding to individual monomer joints, are independent. The relevance of this independent joint assumption in
the actual system including also non-bonded interactions is demonstrated in Section V. If the chain segments are bent
only slightly, i.e., when kgT < ¢, then the two components of k? can be as usual considered ranging from —oo to oo,
such that equipartition holds and

(%) = 2 (31)
0



where ki is one of the components. In the continuum limit, k(s) = dt/ds is the local chain curvature vector and the
free energy is AF = %K [ds k(s)?, where s is the arclength along the chain and K = el is the bending rigidity of the
continuous WLC, if one disregards the rather small influence of the non-bonded interactions on the flexibility of the
discrete WLC.

To arrive at the free energy of the collective (average) chain curvature k, one has to find the configuration of k?’s
that corresponds to the most complete equilibrium [9, pp. 335, 398] at a given k, e.g., for segment pairs that are on
average perpendicular to k this would simply mean k? = k. In the isotropic system, however, the segments point in
all directions. Let k = ké,. By symmetry, the segment pairs oriented along z, i.e., § = 0, are not bend on average
and therefore do not contribute either to k or to the free energy. The contributions of the segment pairs lying in
the zy plane (6 = 7/2) are on the other hand maximum (and equal). We shall assume that the magnitude of the
joint’s curvature vector kg = —ko€g goes as kg o sinf, such that its contribution to the macroscopic curvature is
ko-é, o sin® f. Requiring that its solid angle average is k, we get ko(6) = %k sin @. For a constant density of monomers
po, the corresponding effective curvature free-energy density is then obtained by averaging Equation (30) over the
solid angle, with the result

13

_ 13 2_13618
22

Af(k el? = " (pok)?, 32

f(k) 0P0 5 20 (pok) (32)
where k is the macroscopic (average) chain curvature in an arbitrary direction of the isotropic system and the quantity
pok enters the source of the tensorial continuity equation.

Considering in Equation (32) only one monomer, i.e., pg = 1/V, we get

(33)

where the superscript © stands for kgT'/e — 0. One can verify that the same result as in Equation (33) is obtained
directly by averaging the average square of the curvature in a given direction (Equation (31)) over all possible chain
orientations, which corroborates the reasoning leading to Equation (32). In Equation (33) we have added the general
connection between (k?) and the persistence length &, of the chain [9, p. 399].

The above developments are approximate and rely on the assumption of small collective curvatures, which is correct
for thermal fluctuations but cannot describe externally imposed arbitrary curvature conditions. In that case nonlinear
effects become non-negligible and a more general theory would be needed.

C. Combined sources

Finally, we establish a model that describes both sources of the tensorial continuity constraint on a unified basis,
with a single variable

h = g + polok, (34)

analogous to what has been done in Ref. [3] for the chain ends and chain backfolds as the sources of the vectorial
continuity constraint for the “recovered” polar order. This enables us to predict the strength G of the tensorial
constraint, which is enforced simply by the unified source penalty potential in Equation (12) rather than by introducing
additional system variables for the sources.

Following Equations (29) and (32), the total nonequilibrium free-energy density of the sources is

1[3kT o 3l )
= + 220 (pok)?| 35
2 F U T2, (pok) (35)

Af(g, k) =Af(g) +Af(k) =

Considering the combined source h, its free-energy density is obtained by averaging Equation (35) over all possible
realizations (Equation (34)) of h,

Af(h) = —(1/V1)d(In Z)/dB, (36)

where 8 = 1/(kgT) and the partition function is given as

2= [[ 5@k Pe)P()3(g + polok ~ b (37)



Here both P(g) and P(k) are thermal Boltzmann weights corresponding to energies V1A f(g) and V1 Af(k), where
V7 is a coarse-graining volume that does not appear in the final result. To calculate the average in Equation (36),
it is thus sufficient to calculate just the integral in Equation (37), which is carried out in spherical coordinates with
h =he, and g-h = ghcosf. The result is

- 3kgT (1 h?
AF(h) = L 38
1 (h) 2 (V1 + 0T +2kBTp0/6) 38)

where the first, constant term 3kgT'/(2V7) can be omitted — it arises due to the fact that the state h = 0 can be
realized by g = —polok # 0, which costs energy (i.e., the ground state energy), while the second term is actually the
free-energy density (Equation (35)) of the average source, in accord with the property of the Gaussian distribution
f(h) = Af(0) + Af(h).

Thus, the nonequilibrium free-energy density of the total effective source h in arbitrary direction is Af(h) = %Ghz,
where the result of the combined sources model for the coupling strength G that enters Equation (12) is

3ksT

s 39
py +2kTpo/€ (39)

V. BEND OF MONOMER PAIRS

Here, we write down the general statistical result for the bending configuration of an independent monomer pair
with bending energy of Equation (30).

In the stiff limit (kgT/e < 1), the result in Equation (31) holds for the individual component of the curvature
vector perpendicular to the monomers, and Equation (33) holds for the curvature in any direction in the case of
isotropically averaged monomer orientation.

Conversely, in the ideally flexible limit (kgT'/e > 1) the chain undergoes a random walk. Putting u’ = &, and
u't! = u? + [oko = é&,, we have

(loko)? = 2(1 — cosh) (40)

and the solid angle average over all possible orientations of u’*! is l%k?) = 2. Hence, in the isotropically averaged
situation, the average square of the curvature in any direction is

L 1— 21
<k%> = gkg = gga (41)
where the superscript * stands for kgT'/e — co.
For general flexibility, the partition function corresponding to the energy in Equation (30) is
! 2
Z = / d(cos 0) e PAFO) — ¢=Fc —ginh fe, (42)
-1 Be
where 8 = 1/(kgT), and the average energy is
0 1
(AF>:—%IHZ:B—e(cothﬁe—l). (43)

With that, using Equations (30) and (40) and furthermore taking into account the isotropy as done in Equation (41),
the average square of the curvature in an arbitrary direction is (k?) = 2/(3€l3) (AF), such that
1 3 2 €

= — 0 .
() 2 kT — e (cothysy — 1)

(44)

One can verify that the result in Equation (44) includes both the stiff chain limit (Equation (33)) and the flexible
chain limit (Equation (41)).

Finally, the quantity (k?) can be determined from simulation data by measuring the average square of the curvature
in an arbitrarily chosen direction. Figure S1 reveals a remarkable agreement between Equation (44) and 1/(k?) from
the simulations. Thus, the exact statistical result for the isolated segment pair applies with great accuracy also to
pairs surrounded by neighbouring chains of the simulated melt.
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Figure S1. The values of 1/(k?) from the simulations (points) for all studied chain lengths Ns, and plot (no fitting) of the
model given by Equation (44). The extra circular point belongs to the simulation without the repulsive potential (x = 0) and
falls exactly onto the theoretical curve.

Moreover, the additional point in Figure S1 with the repulsive potential between all monomers switched off (k = 0)
indicates that the repulsion from other chains as well as the repulsion between the monomers forming the joint
(correction to the bending rigidity €) is small. Also small is apparently the influence of the continuity equation on the
magnitude |0k|? of its curvature source. Were this not the case, the large compressibility when x = 0 would result in
a significant change of (k?), as a result of the vanishing cost of density fluctuations that are coupled with fluctuations
0k through the continuity constraint.

VI. INDUCED ORIENTATIONAL ORDER

The equilibrium coupling of the nematic order tensor to a given fixed density or concentration variation dp(r) is
obtained by minimizing the part of the free energy belonging to dQ);; and the sources of the continuity constraint,

1 1 1
J' = 5A00Q0)° + 3L (9:0Qu)* + 3G [p9;6Qu; + (6Qu; + §5:)9;00] (45)

where G' = G (%lO)Q, with the result

6 /
5(522”) =0=A6Qij — LOZ6Qi; — G'pd; [pddQir + (6Qik + 10:1,)1dp] , (46)
of'
P aasa gl =0 LOkdQis|, v + G'p [p0kdQir + (0Qik + 30i)0k0p) |, 15 (47)

where, in case relevant, Equation (47) holds at the bounding surface with the normal p. For the reason of generality,
the non-linearized continuity constraint has been considered in Equation (45).

We have already seen via the Fourier space that a density (acoustic) plane wave dp(r,t) = dp(r,t)/po with wave
vector q = g€, couples only to the component §Q),,. Taking V = &.9. in Equation (46) and linearizing it, we get

1 éqQ

0Q..(r,t) = —§m

dp(r,t). (48)

In polymer solutions, dp represents concentration variations rather than variations of the density. In the one-
dimensional case where the externally imposed concentration gradient is along z, Equation (46) leads to

(L +G'p*)026Q... + 2G'p(0.0p)0.0Q.. + G’ (0Q.. + 3)pd26p — ASQ.. = 0. (49)



If the relevant range is —d/2 < z < d/2 and we for simplicity assume that |0.dp|d/p < 1, the homogeneous solution
of Equation (49), i.e., the solution for constant d.dp, is of the simple form §Q..(z) = C1e*? + Coe??, with real

—G'pd.6p £ \/(G'pd.op)® + A(L + G'p?)
>\1,2 = L + Glp2

. (50)

The relevant regime is that of weak density-nematic coupling and small concentration gradient, such that (G’pd.dp)? <
A(L+ G'p?) holds and A1 o — ++/A/L = ££~1. Note that this limit is equivalent to linearizing Equations (46)
and (47) with respect to 6Q;; and dp. Hence, in a good approximation the solution is further simplified, and with the
choice §Q),,(z = 0) = 0 becomes

0Q..(z) =~ C;sinh A 2. (51)
The boundary condition at z = d/2 (or, equivalently, z = —d/2) follows from linearized Equation (47),

1 G'pd.dp

0:0Q..(d/2) = 1L+ G (52)

so that finally we have

B G'pd.op sinh A1 2
4\ (L + G'p?) cosh(\d/2)

0Q..(2) = (53)
That is, as a response to a constant concentration gradient, 6@, is modulated in the boundary layers with charac-
teristic thickness of the nematic correlation length &.

When the concentration gradient is not constant, 926p presents an inhomogeneity in Equation (49). If 9,p(z2) is a
slowly varying function (on the scale of £), we get from Equation (49) in the limit 6Q,, — 0

1 G'p 2

2 oY — —
azsz ~ 2L =+ G'p2 az

op, (54)

which thus represents the drive of the induced nematic ordering.
If the polymer concentration is spherically symmetric, one expects a uniaxial ordering of the chains in the radial
direction and can write, without loss of generality, in spherical coordinates (r, 8, ¢)

Q(r) = Qrr(1) [ér ® e, — % (6g ®€p+ €4 ® é¢)} = Qpr(r) T(r). (55)

With V = éT% + ég% + é¢ﬁ, the nonzero derivatives of the spherical base vectors and some algebra we find
the auxiliary expressions

V.Q= (a,.Q,.,. + i’Qm-> ér, (56)
sy 10 (,0Q,\ . 6

It is sufficient to take only the &,-part of the gradient (denoted 0;) in Equation (46),

3 . . 1
G/p ar (parer + ;PQM + (er + é)arp) €, ® €, — AQ’I‘TT + ﬁL [ar(rzarer) - GQ’I‘T} T = 07 (58)

and consider the component along é, ® €,, which one gets simply by dropping all tensors in Equation (58), since
6, -T-6& —1.

If the polymer concentration is of the specific form given by p(r) = pg — ®/(47Dr), we have §2p = —2® /(47w Dr3).
Using the same approximations as for Equation (54), which are p &~ po, {(G'po0rp)?, (G'p3/r)?} < A(L + G'p?) and
Qrr = 0Qr — 0, from Equation (58) we finally get

!
(L+G'p2)025Q,, + %

2
Po _ 6L _
a’r‘(sQr'r r2 5er =G £o An D3 .

Using a power-law ansatz, the solution is

_ G/p() P
6L+ G'pt AxDr’

5@7“7’ (’I‘) ~
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