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Appendix A
Mass conservation and equation of motion

Momentum balance equation for layer 1:

p(30) =V CmD+7 7 (A1)

where,

7=, (Vu+ (Vu)")
After applying the scaling rules the x and z direction momentum balance equations are
respectively modified to,

0P, 0%u,
ax M52 (A2)
daP;
5" (A3
NLC description: The couple balance or the angular momentum balance equation for NLC
=25y (%5 e g=o0
" on avn 9= (A4)

As there is no external field, therefore G =0 and g = —A;N — A,(e - n) where, N is the
rotation vector and can be expressed as, N = n — w - n, whereas, w is the spin tensor, w =

0.5(Vu — Vu™") and e is the strain tensor, which is e = 0.5(Vu + VuT).
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After expanding the x and z direction components and applying scaling laws the final angular

momentum balance equation reads as follows,

0%6
—Krl5,z) =0 (A5)
Momentum balance equation for NLC-layer 2:
Dv v .
p2(p) =V (PD + V-V 4V 7 (A6)

The term tV in Eq. (6) is associated with the viscous stress tensor for the NLC film,

¥ = aq;e:nnnn + a,nN + aznN + a,e + asnn- e + aze - nn

_ 1 6ui auj _ Dn; _ 1 aui auj .
where, e;; = > (ax, + 6xi)’ N; = o~ Wik and wy; = 2\ox, " om) respectively.

Tx X TXZ

The viscous stress tensor is expressed as v = ] where the matrix components are

TZ X TZ Z

u u ow ow Do

rxx=a1a+a2£+a3a+a4g+a5l)—t (A?)

_ b 6u+b 6u+b 6W+b 6W+b D6
Txz = D1 G T 02 G T s g TP, T sy (A8)

du du ow ow D6
sz:C1a+C2£+C3a+C4E+C5D_t (Ag)

_d 6u+d 6u+d 6W+d 6W+d D6
Tz = 1 T Gag, Ty T35, T %Dy (A10)

The variables a;, b;, ¢; and d; utilized in Eq’s. (A7—A10) are given below:

a, = [a;sin*0 + a, + (ag + ag)sin?0], (A11)
a, = sinfcosb [alsiné?cose + % (as + ag —a; — a3)], (A12)
a; = sinfcosf [alsinecose + % (as +ag + a, + a3)], (A13)
a, = [a;sin?Acos?6], (A14)
as = [051 + a3]sin9C059, (A15)
b, = sinfcosf[a;sin?6 + as], (A16)
b, = [alsinzecosze + % + COZZB (a5 —ay) + Sir:g (ag + ag)], (A17)
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cos26

by = [alsinzecoszﬁ + % + (a5 + ay) + 2 9 g — ag)], (A18)

b, = sianosH[a1c0529 + aﬁ], (A19)

bs = [aycos%6 — a3sin?0], (A20)

¢; = sinfcosO[a;sin?0 + ), (A21)

cy = [alsin29c0520 + a24 cos™ (ag — az) + 2 i (ay + a5)] (A22)
c3 = [alsinzecoszﬁ + % 4 o520 (a3 + ag) - az)], (A23)
Cy = sianosH[alcos 0 + as], (A24)

cs = [a3cos20 — a,sin?6], (A25)

d, = [a;sin*Ocos?0], (A26)

d, = sinfcosf [a1c0529 + E (a5 +ag +a, + dg)], (A27)

d3 = sinfcosf [a1c0529 + % (as+ag—a; — a3)], (A28)

dy = [ayc08*0 + ay+(as + ag)cos?6], (A29)

ds = [a,c0s%6 — assin?0]. (A30)

Similarly, the elastic (Ericksen) stress tensor for the NLC film =& describes as,
0Ef
v (av ) () (A31)

where, E; = % [(V-n)?+ (nxVxn)?]= % [(Vn): (Vn)T], therefore on simplification,

[ /06\° EENVGLEN
o = —K,[(V) - (Vn)T] = _Kfi a(ga)ag 5 G)
7))

After considering the scaling parameters, and performing all the simplifications, final forms of

Eq. (11) takes the form as follows,

(A32)

S ——

momentum balance equations for the x and z directions take the following forms,

0 p +Kf(69) B 6( auz)
ax\'2"2\8z) ) T a2\ (A33)

d Ky (06)°
(Pt 7 (5) )=0 (A34)
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Appendix B
Boundary conditions and thin film evolution equations:

The integration of the momentum Eq. (A2) gives,

ou, apP;
-1 B35
( 0z ) ox - +G (B35)
P,
e + Gz + (G (B36)

where, C;, C, are integration constants.
Boundary condition at z = 0, u; = w; = 0 (no slip and impermeable boundary conditions)

lead to C, = 0. Utilizing the boundary condition at z = h,, (tangential stress balance) lead to

Ju, ouq
C2 (E) =t (B37)
where,
_ a, cos?@ sin?
¢, = aysin®fcos?6 + > + > (ag — az) + (az + as)
Applying tangential boundary condition, which leads to,
aP aP
(= e (h1 h,) — _xl 1 (B38)
where,
2LC= 2 2 0z
On inserting the obtained integration constants, we obtain the velocity u, as,
GPZLC 6P1 Z2
(up, = _l (hy —hy)z + e\~ h,z (B39)
where, (u)p,is the u, solved at h; height.
Differentiating Eq. (19) with respect to z leads to,
(52), =l -m + 20— ) (B40)

The momentum balance equation for Iayer-2 for the x and z directions, respectively

( Pye) = (Cz Bau2> (B41)

0
a_Z(PZLC) =0 (B42)
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The integration of these momentum equations gives,

C2 (E> = z+ (3 (B43)

0x
with p,; ¢ is constant in the z-direction.

Boundary condition at z = h,, (tangential stress balance) suggests that % = 0, which gives

—a’;";“ h, and on simplification it turns out to be,

(auZ) _ aPZLC (Z - hz)
0z /p, o ox Cy (B44)

The thin film equation for layer 1 is described as,

C3=

oh, N 0 fhl (0u1> h Yaz = 0

ot " ox), \az /), T T (B45)
After inserting, solving and on simplification Eq. (A25) leads to following form,
oh, 0%Pyc <h%h2 - hi”) %P, ( h3 ) opP; <h§ ah1>

- 20y 0x? \2u, - ox Eax

ot d0x?
n aPZLC ahl Sh% - 2h1h2 ahz h% B 0 (846)
0x \ Ox 21 ox \2u; )| =
Similarly, the thin film equation for layer 2 reads as follows,

d(hy —hy) @
ot Tox

h, 0

hq

At z=nh;: (uz) hy = (ul) hy

On integrating the Eq. (A27), it takes the form as follows,

ot 0x? 214 31,

02P, ¢ <h§h2 —hd N h3 — 2h2h, + h3h, N (hl — h2>3 11>
dx? 2 H 01— 63/ U

0Py c 0 (h1 ~ h2)3 I, h3—2h%h, + h3h, (B48)
Ox 0x 01 =0,/ W H1

h? P, @ [—h%h, +h3 R}

+—1(h1—h2) L1 12 1_"1)\_p
2, dx 0x 2, 3u,
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(62 (0-65)? . _ as—az+as, _ 2aitaztastaz—ae, _ 2ay,
where, I, = f91 (K1+K5sin20+K3sin%0) do; Ky = a, K, = ay , K3 = _a_4'
6,— . - . .
and 6 = 0, + hz h1 (z — hy). The NLC bulk viscosity is defined by p, = 0.5a,, where, a, is
271t

the fourth Leslie coefficient.
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Appendix C

Micro-thin film linear stability analysis

The total pressure at NW interface is P, = p; — I1; and I1; is the disjoining pressure at the
liquid-NLC interface. Similarly, the total pressure at NI surface is P, = p, — I1, and I, is the

disjoining pressure at the NI surface. The disjoining pressure is defined in terms of Gibbs free

LW
energy (17 =— %) as follows,
—Ap tAs—Ays + A, —Axp +Ag Azs—A1; Kfe2
AGLW — 11 S + + +
E 12mh? 12mh? 12m(hy + h3)?  2hg (C49)
Here,

P1 = Po — Y2hoxx — V12h1xx and

Ay Az (C50)
- st 3
6mh, 6mh,

I, =

2
where, hy ., = %. Similarly, p, reads as follows and terms A; = Ay, — A1, , 4, = A1 +
Ag, — Agy — A1, and A3 = Ag, — A4, respectively.

202
p2 = po — K (g) — Y2hoxx — I and

A, s As s K62 K:C.c (C51)
6m(hy, —hy)®  6mh3  2(hy, —hy)?  (hy — hy)

HZZ

where, C;c = 2—9 is a constant and obtained from the angular momentum balance equation. The
3

binary Hamaker constants are calculated using the surface tensions. As mentioned in the main
manuscript, A, = 12mdy* (¥, + ¥m — Yim), Where, dy(~0.157 nm) is the van der Waals cut-
off distance between the two surfaces and ¥, = ¥ + ¥m — 2y/¥1¥m-

Thus, the double differentiation of Eq’s. (C50, C51) lead to following forms,

3 _n
2h,? 2 (C52)

A,
4 "Y1xx

Piyx = —V2h — Y12k -
1xx Y2N25xxx Y12M1xxxx 27Th1

A A
PZLCxx = _]/Zthxxx - m (thx - hlxx) + —27'[; 2 h2xx
2
C53
K ((A6)2 — (6)) (C53)

(hZ - h1)3

Inserting above equations in kinematic conditions for the respective layer results in the

(thx - hlxx)

following equations.
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hih, — b3 hi\_
hie = Parcxx 2—u1 — Pryx 2_.‘11 =0 (C54)

h?h, —h3 h3
th_Plxx< 2L +3’u1>
p <h§h2 —h3 .\ h3 — 2hZh, + hZh, . (hl — h2>3 I ) (C55)
214 H1 01— 6/ p
=0
The introduction of normal modes in the above equations give,

hiw+h,A'+h B =0 (C56)
hy w+hy,C'+hyD'=0 (C57)

Algebraic operation on Eq’s (36, 37) gives the dispersion relation in the form given below.

—(B'+C)+ (B —C)2+4A'D’
(U =
2
where, A',B’, C', D' are coefficients and given in Section B(ii) of the main manuscript.

(C58)
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