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ABSTRACT: Gyroid-to-cylinder transition in a diblock copolymer melt under an electric field is studied by
real-space dynamical self-consistent-field theory. Starting from an equilibrium gyroid structure, we apply an
electric field along [111], [1Q], and [112 directions of the conventional unit cell of the gyroid structure. Under
sufficiently high value of the electric field, an epitaxial transition to cylinders occurs. Contrary to the case of a
similar transition under the shear flow, we observe 5-fold connections as intermediates in the transition. We
found a critical behavior of the lifetime of the initial gyroid structure, which can be accounted for using the
mean-field argument. Numerically obtained scattering function explains the unclarified intermediates experimentally
observed in the thermal relaxation of a sheared gyroid.

1. Introduction cylinders, and spheres. To answer the questions associated with
the stability of the intermediate phases, one needs to have a
detailed knowledge on how, for instance, gyroid structure would
respond to different types of external influences, like temperature
ghange and various possible external fields. Matsen has studied
the transition from gyroid to cylinders under temperature change
with self-consistent-field calculatiol.Recently, shear instability

of the gyroid phase of a diblock copolymer was studied by the

Diblock copolymers are composed of chemically different
homopolymers covalently connected to one macromolecule.
They can microphase-separate into various nanostructures. Thes
nanostructures can be lamellar, cylindrical, gyroid, and spherical
ones, which depends on the volume fraction of individual blocks
andyN, wherey is the Flory-Huggins segmental interaction
parameter that is inversely proportional to the temperature and

. L " . small-angle neutron scattering technigue.
N is the degree of polymerizatidit. Transition between different Th g bl h g di dq:? ‘5 h icall
structures can be induced either by changing the temperature | "€ Same problem that was studied in ref 5 was theoretically

or by applying external fields. Among those are shear #idw investigateq by .Honda and KavyakaﬁsUnder a shear ﬂ.OW in
and electric field®1® For instance, Xu et df investigated the [111] direction of the gyroid unit cell, a nucleation and
experimentally and theoretically the sphere-to-cylinder transition 9r0Wth of the cylinder domains was observed. The gyroid arms
in a diblock copolymer under an applied electric field. When a perpendlcularly oriented to_the_ﬂow dwecyon (_jo not contrlbgte
sufficiently strong electric field is applied, the spherical Ejo the f(r)]rmatlon. pf thg cy;:ndrlﬁal %omglnz, |.e.,hthey vanlshl
morphology transforms into hexagonally arranged cylinders. ¢4N"9 the transition. On the other hand, those that are nearly
Transition to cylindrical morphology was also found under the parallel to the [11.1] dlre(_:tlon are elongated by the shear flow
influence of an applied shear flotv. and tra_nsf_ormed into cylinders. _ ) ] )
There are many open questions as to the existence and the Application of another type of field (e.g., electrical field) will
stability of the so-called intermediate phases between the change the nature of the transition. The difference in transition

classical phases like lamellae and cylinders. Among these behavior was studied earlier using the sphere-to-cylinder transi-

intermediate phases are the perforated lamellar phase (or mesfjO" @S an exgmplél. lr_‘ the present paper we mvestlg_ate_the
phase), the gyroid phase, éfcwhy are their regions in the ep!taX|aI gyrmd-tp-cylmder tra.nsmon.under an electric f|elq
phase diagram so different between the block copolymer and using the dynamlcgl self-consistent-field thgory (SCFT)' This
the short surfactant systems? How can these structures béype of transformation has not yet been studied experimentally.
stabilized?” Gyroid morphology is of great interest due to its
bicontinuous nature of two mutually interpenetrating labyrinth
networks, which can have many potential applications in  In the present work we use SCFT to study bicontinuous
chemical engineering such as catalytic membranes, photonicgyroid structure under an applied electric field. SCFT is well
crystals, and so ot:!® These interpenetrating networks will  documented in textbookd:22 SCFT is also described in detail
lead to nontrivial rheological properties due to very complex in our recent paper on gyroid under shear ffowhich is closely
possible topological transformations under external fields. related to the present work. Therefore, we will not repeat
However, the fundamental understanding of the gyroid structure standard details and only mention necessary elements for the
is still limited compared to the classical phases like lamellae, present work. We study an-AB diblock copolymer melt, with
each polymer chain consisting dbfy segments of A type and

 University of Central Lancashire. !\IB segments of B type. The glegree of polymerization, therefore,

* Japan Chemical Innovation Institute. is N = Na + Ng. Our goal is to study how the morphology

8 Tohoku University. transforms in time under the applied electric field. For this

2. Method
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purpose we use a dynamic version of SCFT, which was first wheree is the dielectric constant of vacuuig, is the amplitude
proposed by Fraaije in 1993.It describes time evolution of  of the applied electric field, and is the volume of a single
densities of various block copolymer components using a polymer chain. The dielectric constant of a melt depends on
simplest possible dynamic modsdiffusion type of dynamics. the local volume fraction of blockg(r ,t). We usex(r) ~ € +
Polymer dynamics is a very complex phenomenon with various e1(¢a — f) with € = €|g,—r ande; = (de/dPa)|p=t.18 Assuming
dynamical modes and time scales involved. The dynamical €(r) = eapa + espps (Whereek is the dielectric constant of
version of SCFT has no aim to describe the polymer dynamics K-block), we can introduce a dimensionless paraméter:

in its full complexity, but rather to describe situations where

the simple diffusion plays the major role. Examples of the ~ a €ql€n — eB)2 Eozu

characteristic _time_ scales involve_d in_polymer dynamics are the o= KTL m KT (4)
Rouse relaxation time, the reptation time (on a molecular level),

and the time scale determined by the domain size in block \\nerek is the Boltzmann constant arfilis the temperature.
copolymer system divided by the typical velocity of the bleck o freatment of the electrostatic contribution is valid provided
block interface (on a mesoscopic level). If the molecular times (s, — f) < 1, which is the case in weak segregation regime
are shorter than the mesoscale one, the use of the dynamic SCF} i intermediate segregation regime but with a weak depen-
based on the diffusion dynamics |s_just|f|ed. If not,_the effects gence of the dielectric constant on the local composition. We
of entanglements should be taken into account using extendedefer readers to ref 16, section II, which contains a compre-
dynamic SCFT proposed by Kawakatsu et%The diffusive pensjve discussion of this parameter with respect to experimental
dynamics is sufficient to study the phase transformations in melts copolymer systems and electric field values.

or concentrated block copolymer systems. It was recently T eliminate frustration on the block copolymer structure due
confirmed that, although be|r_lg very simple, this dynamics not periodic boundary conditions, we apply the system size
only reproduces the experimentally observed sequence ofgptimization (SSO) method which minimizes the free energy
phase® but also quantitatively describes the experimentally density of the system by optimizing the side lengths of the

observed phase transition kinetics in block copolymer phéses. simylation box® We use the dynamical version of SSO:
An extensive discussion and estimates of the time scales

described by dynamic SCFT can be found in refs 16 and 27. a7 a(F/

In the case of applied electric field, the dynamics has the ot bay ®)
form of anisotropic diffusion typé®

where /' (i = X, V, 2) are the side lengths of the simulation box,
9 ) 52 V is the system volume, ari] are positive coefficients, which
2P0 = LV (r) + (13—22¢K(f,t) 1) should be determined so that the change in the size of the
simulation box does not affect the dynamics of the domains.
We chose the same value gffor all sides.
For the purpose of this paper, the OCTA ca8ahich we
use to perform SCFT simulations, was modified to account for
the dynamics described by eq 1 with an anisotropic diffusion
term.

wheregx is the local volume fraction of blocks &f-type K =

A or B), and the effect of the imposed electric field is expressed
by the second term on the right-hand side (rhs) of the equation
(the electric field is imposed in thedirection). The mobility

Lk (it has dimension of fhs/kg in Sl) is taken the same for all
components, i.eLx = L for all K. The chemical potential (with 3. Results and Discussion
the dimension of J/A) of blocks ofK-type is defined agx =
OF/0¢k, whereF is the free energy of the system without an
electrostatic contribution:

3.1. Preparation of Initial G Structure. Following our
previous work (Appendix D in ref 9), we start from generating
a perfect gyroid (G) structure. The main idea is to start from an
initial density distribution (from numerical reasons it is easier

1 . .
F=—-MkKTInZ+ EZ Zfdr P D) d(r t) — to start from SCF potential), which has G symmetry

X . . z
Zfdr B (1 ) V(D) (2) ¢ d|cos 2t D—Gsm ZEDLG + cos ZrDiGsm 2t D_G +
z . X 12
COoS 2t —sin 2r /| (6)
whereM is total number of polymer chains in the systefris Ds Dg
the single chain partition functiorky is the strength of pair
interaction betweeK- andK'-type segments, ar is the self-
consistent potential. We consider that the system is incompress
ible; thusga + ¢g = 1. In the case of segments of the same
volume the space-averaged volume fraction of A-block4s
[Pk (r,t)O= Na/N. It is independent of time. We keep only the
leading term in the electrostatic contribution to the chemical
potential, expanded in a seriesg@. This leads to the last term
on rhs of eq 1, which makes the diffusion anisotropic in the
direction of the applied electric field-direction in our case).
The parameter, which controls this anisotropy? is

whereDg is the side length of the unit cell of the G structure
‘which can be calculated via its relation with the equilibrium
spacing of the lamellar structui® formed by the same block
copolymer of valueyN. We take the same system and
parameters as beforéda = 7, Ng = 13, andyN = 202 After
| sufficient equilibration by means of the static SCFT simulation
with SSO, we obtain a perfect G system with the side length of
the optimized G unit ceIDg = 17.2 (in units of segment size
that is taken to be unity), which is presented in Figure 1. To
investigate the G system under an applied electric field, we
choose another orientation of the G phase, which allows for
2 investigation of the transition along the [111] direction, similar
€01 EOZUL 3) to the situation with G under shear flow studied in our previous

o=— . .
€ work 2 The threeX-, Y-, andZ-axes of the new simulation box
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Figure 1. Two views of the perfect G structure obtained after
equilibration of the structure given by eq 6. Here and in all figures
below the isosurface level isa = 0.75.
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(a) j@}'(bl) - .((f) Figure 3. Kinetics of G-to-C transition under electric field applied
alongZ-axis with@ = 0.2. Time: t = (a) at 10, (b) 20, (c) 35, (d) 40,

(e) 50, and (f) 100.

Figure 2. Different views on the perfect gyroid structure in the new

f ; ; f 0 0 0
simulation box with the side lengthg2Dg, +/8Dg, and ¢/3/2)D in governing time-dependent equations. In the case of the

are parallel to the [10], [117], and [111] directions of the  transition under shear flow itis a diffusion-convection equation
conventional unit cell of the G structure given by eq 6, With two different directions: the direction of the flow and the
respectively. The box sides along, Y-, and Z-axes are  direction of the velocity gradieritin the case of applied electric

\/QD%, \/éDg, and (\/§/2)Dg, respectively’. Such a box pro- field it is anisotropic diffusion equation with only one preferred

vides the least distortion to the gyroid structure. To simulate a direction—direction of the electric field> Additionally, there
bulk system, we employ periodic boundary conditions in all 1S a@n important difference between these two external fields. In
directions. 'Ilhe new box is illustrated in Figure 2. It has the case of the shear, the deformation includes rotation, while

dimensions 36< 64 x 28 (X x Y x Z) grid units, which results the electric field _case_does not. This means the sheared G
in the mesh sizé\x = 0.68,Ax = 0.66,Ax = 0.53 (in units of structure .bre.aks ina dlfferent way from the G structure gnder
the segment size). In the following, we do not use SSO except &" _electrlc field. The difference comes from the rotational
for the very last subsection, where we discuss the effect of SSO.MotON of the domain arms that are perpendicular to the shear
3.2. Domain Dynamics during the Transition. After we direction.
have generated the initial gyroid structure, we apply an electric ~ Figure 4c shows that initial cylinders are undulated. The
field along a chosen direction. The simulation parameters, which modulations seen in Figure 4c are peristaltic modulations. The
are not mentioned above, are the time step= 0.005, the modulations are suppressed by the electric field after some time
mobility Lx = 1, the mesh size along the chals = 0.2, and (Figure 4d). Additional details of the transition are seen from
the effective bond length is unity. Figure 3 shows results of the the side view in Figure 5. The first three images;ca show
simulation where the electric field was applied along [111] how the intermediate 5-arm connections form and disappear.
direction, and as a result, the epitaxial transitiof2Gl} — The next two images, d and e, show that there are two types of
C{10} takes place. Th¥X-view on the structure demonstrates cylinder modulations: peristaltic and undulation (zigzag type);
that arms of 3-fold G structure become thinner as time it can be seen from Figure 5g,h. Both types form a regular
progresses while a hexagonal cylindrical structure grows from sequence in space one after another. Finally, perfect cylinders
the centers of 3-folds. At a certain moment the arms are brokenare shown in Figure 5f. A characteristic feature of this transition,
(Figure 3d), and the structure consists of two types of undulated Figures 3-5, is that the transition proceeds in all space with
cylinders, with larger and smaller degree of modulation (Figure the same speed everywhere, which is different from the situation
3e). At the end all cylinders are perfect (Figure 3f). The initiation under shear flow, where coexistence of G and C phases was
of the cylinder phase is not seenXtY-view but well visible in observed.
other side views (Figure 4). In Figure 4b we see, that prior to  We calculate the scattering intensities using the domain
breaking 3-fold arms, the neighboring G tripods form necks in patterns obtained in the simulations. We assume that the sample
direction on the electric field. Therefore, the intermediate consists of many gyroid crystal regions with their [111]
structure in this transition is 5-fold connections. This process directions (which is th&-direction in our figures) being parallel
is illustrated by the five arrows in Figure 4e, which is rotated to each other but with arbitrary orientation of the other crystal
from Figure 4b a different angle. This stage is similar to the axes. Such an alignment is a common situation, which can be
epitaxial G-to-C transition under temperature chatfgehis is achieved, for instance, by applying a shear flow to the sample.
very different from the G-to-C transition under shear flow, where The scattering intensities were calculated by the Fourier
no 5-fold connections form and 3-fold tripods are simply broken transformation of the density fields with a proper averaging
by the flow? This difference lies in a fundamental difference taking into account the polycrystallinity. The incoming beam
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Figure 5. The same as in Figure 3 but viewedXZ-plane. Time:t
= (a) at 10, (b) 25, (c) 35, (d) 40, (e) 50, and (f) 100; (g) undulation
type and (h) peristaltic typ&.

@ ® L L
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Figure 4. Different side views of the transition from Figure 3. Time:
(a) at 10, (b) 20, (c) 40, and (d) 100. (e) Isovolume and isosurface at o ®
20. ® ®

is directed perpendicularly to the [111] direction. A typical 10-
spot pattern, which is characteristic of the gyroid strucbuee,
observed (Figure 6a). At the end of the G-to-C transition,
characteristic 2-spots of the cylindrical phase are seen in Figure
6d. The same situation is found experimentéllfhe most
interesting result is illustrated by Figure 6b,c, which shows a ) °

disappearance of the four gyroid off-equatorial peaks and a o (C) L (d)
gradual decay of the four other gyroid peaks, which are located Figure 6. Intensity of scattering by the structures shown in Figures 3

next to the equatorial peaks. (Using the terminology of ref 5, and 4 in the case of the incoming beam in ¥eY plane. The sample
we call those peaks equatorial which correspond to the final is assumed to be a polycrystal with all possible domain orientations

cylindrical structure.) This is the situation shown in the inset 6 around theZ ([111]) axis. The area of each spot is proportional to the

of Figure 4 in ref 5. The experimental situation describes a 'Nensity. Time:t= (a) 0, (b) 10, (c) 20, and (d) 100.

relaxation of the shear-induced cylindrical structure back to the temperature. As we see the same transition state under an applied
original gyroid structure after the secession of the shear flow electric field (Figure 6b), the effect of the electric field is
because the gyroid structure is the equilibrium structure at that supposingly similar to a change in the temperature. We elaborate
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Figure 7. Intensity of scattering by the structures shown in Figures 3
and 4 in the case of the incoming beam is in the [111] direction. The
sample is a monocrystal as shown in Figure 3. Tirhes (a) 0, (b) 20,
and (c) 100.
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Figure 8. (a) Free energy in arbitrary units (au) as a function of time
for different values of applied fiel@. (b) Total time of the transition
as a function of electric field; solid line is fitting by functiofiz =
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Figure 9. Kinetics of G-to-C transition under electric field applied
along X-axis withd = 0.2. Time: t = (a) at 60, (b) 130, (c) 180, (d)
on that issue in the following subsection. Moreover, nonsimul- 365, (e) 430, and (f) 480.

taneous evolution of the above-mentioned eight peaks (peaks
C and D in the notation of ref 5) was found surprising and the electrostatic contribution. This partial free energy provides
attributed to a possible “dependence of the growth rate on thea measure of the change in the strength of the microphase
rotational position of the morphology with respect to the shear separation. It reflects the changes in shapes and connectivity
geometry”™ We can confirm that this is not the case, and the of domains, just like the case in our previous work on cylindrical
6-spot patterns from Figure 6b,c correspond to the developmentdomains under external electric fieltl.The electric field is
of the intermediate structures in the G-to-C transition, which applied at the tim¢= 0. It serves as a disturbance to the system,
includes a formation of the 5-fold connections and various which manifests itself by a sharp increase in the free energy
undulations of the network arms. shortly aftert = 0. At this initial stage the system reduces the
Figure 7 shows scattering in a different direction, namely strength of its phase separation to some extent (i.e., the interfaces
along theZ ([111]) direction. In this case the sample should be become more diffuse and the contrast between the two domains
a monocrystal to observe separate peaks and not circles. Thébecomes smaller), as the application of an electric field is similar
initial gyroid structure is seen as superposition of two hexagons to a shift in the temperaturg.If the electric field is weak (see,
in reciprocal space, rotated by/3 with respect to each other for instance, the line foé. = 0.05), the free energy reaches a
and having slightly different wave vectors (Figure 7a). In the plateau and the system remains in the gyroid phase but with a
course of time, one hexagon dies out (Figure 7b), and only oneslightly increased free energy. We call this state an “excited
remains, which corresponds to the hexagonally packed cylindersgyroid”. If the field is above a certain threshold value (the lines
(Figure 7c). Scattering in this direction was not done experi- with & = 0.078 and above), such an “excited gyroid” has a
mentally but can be performed, if a sufficiently large gyroid finite lifetime. When this time elapses, the free energy drops to
monocrystal can be obtained (possibly by a temperature changeanother plateau, which corresponds to a cylindrical phase. For
from the initial state of hexagonally packed perpendicular all values of the electric field the height of the second plateau
cylinders in a thin film). is the same, which reflects the fact that the final cylindrical
3.3. Lifetime of the Initial G Phase. The simulations have  phase is the same for all fields as long as the transition occurs.
been carried out for various values of the electric field. Figure The details of this transition have been discussed in Figures
8a shows the free energy as a function of time for several values9—11. The time duration of the transition, which is defined as
of the applied field. Following our previous wotRwe have the time span of the free energy drop (from the start of the drop
chosen to illustrate the transition by the free energy without until the second plateau in Figure 8), is approximately the same



Macromolecules, Vol. 40, No. 8, 2007 Gyroid-to-Cylinder Transition in Diblock Copolymer Melt2933

[m
(d

Figure 10. Kinetics of G-to-C transition under electric field applied
along theY-axis withé = 0.2. Time: (a) at 10, (b) 20, (c) 30, (d) 40,
(e) 60, and (f) 100.

for all values of the electric field, while the lifetime of the
“excited gyroid” in the applied electric field until its transforma-
tion to cylinders is distinctly different for different values of
the electric field.

The situation of the “excited” structure is similar to the one
observed in the reorientation of cylinders in an electric field
(see ref 16, Figure 7). We evaluate the lifetime of an
“excited” structure from the graphs in Figure 8a as the time
span fromt = 0 (when the electric field was applied) until the
moment of the half-height of the drop in the free energy. The
result is shown in Figure 8b. The values of the lifetime diverges
as the strength of the electric field decreases. This suggests that
we can discuss this transition in terms of critical phenomena
and fit the data using the argument of critical exponents. The
result is shown in Figure 8b. The threshold value of the electric
field is found to bedy = 0.062 with critical exponent = 1.49.
Intuitively, this can be explained by the following arguments.
In the Landau theory of the phase transition of the second order,
the correlation length behaves as- T.)~%2in the vicinity of
the critical temperaturd.. On the other hand, the Lifshitz
Slyozov theory on the time evolution of the characteristic length
of a conserved order parameter follow&.32 Combining these Figure 11. The same as in Figure 10 but viewed in tf&plane.
two relations gives = (T — To)~32 This can be understood as  Time: t = (&) at 10, (b) 20, (c) 30, (d) 40, (e) 60, and (f) 100. (g)
follows. The electrostatic contribution to the free energy Close-up 5-fold connection from (c).

renormalizes the coefficient of the term in the free energs? the topology of the domain structure (compare Figures 2b and
This renormalization leads to a shift of the critical temperature. 9a). This is due to the effective change in the temperature
Such a change causes a critical phenomenon. difference T — T¢), as described in the previous subsection. In

3.4. Electric Field in Other Directions. We have also carried  the next stage the system splits into a set of disconnected wavy
out two simulations where the applied electric field is directed laces (Figure 9b), which become again interconnected after a
along the other two directions, i.e., aloKd[110]) or Y ([112]) short while (Figure 9c). In the later stage a transition to cylinders
directions. The results are shown in Figureslq. In all cases aligned along the&-axis occurs. The transition does not happen
we obtain the cylindrical phase at the end, but kinetics of the homogeneously in the whole system (Figure 9d,e), contrary to
transition is different from what we discussed above. The most the situation when the field was along tBeaxis (Figure 3).
significant difference is seen in the transition illustrated in The final hexagonal structure is a bit distorted (Figure 9f), which
Figure 9. In the initial stage G structure starts to change the can be attributed to the effect of the smalside of the
strength of its microphase separation (the structure is becomingsimulation box. The situation in the case of the field applied
thinner due to partial melting) without observable change in along theY-axis is different, as is shown in Figures 10 and 11:
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for different directionsX, Y, Z with & = 0.2.
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the transition proceeds homogeneously in the whole simulation
box, similar to the case illustrated in Figure 5. The system also
forms an intermediate structure with nodes having more
connections compared to 3-fold connections of gyroid
(Figures 10c and 11c). A typical 5-fold connection is shown in
Figure 11g. Formation of an intermediate with more than 3-fold
connections is similar to the situation of the applied electric
field along Z-axis, but the orientation of the new structure is
different. Simply due to the geometry of the G phase, new
connections are forming not parallel to the electric field but in
a tilted direction (Figure 1Xae). As a result, newly formed
cylinders are tilted as well (Figure 11f). Under the periodic
boundary condition, a cylindrical domain that crosses the
boundary and tilted to the side of the simulation box cannot
reorient to the parallel direction of the simulation box unless it
breaks. Therefore, the structure is trapped in this state, similar
to the situation discussed for lamellar case in ref 28. The free Figure 13. Kinetics of G-to-C transition under electric field applied
energy as a function of time is shown in Figure 12 for different i"é’gg(i(;ixésé’ Osz 202% ‘(’g;hzigoar']r&v(of')vgng'meI = (a) at 60, (b)
directions of the applied electric field (solid lines). It demon- ' ’ ' ’ '

strates that the speed of the transition is the fastest if the electricfollowed by the formation of cylinders. The final cylinders

field is applied along ([111]) direction and is the slowest if it (Figure 13f) are still slightly distorted in théZplane even with
is along X ([110]) direction. Therefore, the instability modes 55O, Therefore, we can conclude that in the absence of

shown in Figure 4 are the fastest growing modes and will be stryctural defects the transition will be always homogeneous in
the ones realized in experiments, where the initial gyroid sample space.

is a polycrystal with different orientations of domains.

3.5. Effects of SSOThe results we showed above are for 4. Conclusion
calculations without SSO. To elaborate on the issue of possible By using the real-space dynamical SCF method, we have
structural frustration due to a small simulation box, we carry calculated the epitaxial transition gyroid cylinder under an
out calculations with SSO as well. We use the value of electric field. A threshold value of the applied electric field is
parametet; in eq 5 equal to 1. Figure 12 shows free energy as required to induce the transition. The time of the transition
a function of time for both types of simulations: with SSO and diverges at this value with the critical exponent 3/2, which can
without SSO. In the cases of an electric field appliedriror be understood using mean-field theory of the second-order phase
Z-directions, the results are not much different between simula- transition. We show details of the kinetics of the transition,
tions with SSO and without SSO. However, with SSO involved, which includes intermediate structures with increased connectiv-
we obtain the cylindrical structure with a lower free energy. ity compared to the gyroid phase. The transition under the
Therefore, the final structure is more perfect. The situation is electric field proceeds homogeneously in space, contrary to the
quite different in the case of the field in thedirection. A similar transition under a shear flow. We have found that the
simulation with SSO shows a drastically different kinetics. The fastest growing instability modes are realized, if the field is along
transition occurs almost twice as early as in the case without [111] of gyroid conventional unit cell. We also have used SSO
SSO (Figures 9e and 13e; see also Figure 12, dashed “X” curve) method, which helps us to conclude that structural defects serve
Contrary to the situation described in Figure 9, the transition as nuclei for the transition, and in their absence the transition
calculated with SSO (Figure 13) proceeds homogeneously inwill be homogeneous in space.
the whole simulation box. There is no intermediate state with
disconnected waves like one in Figure 9b, which is followed  Acknowledgment. This work is partially supported by the
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