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METHODS

Modeling of One-Opening Chambers with the HV

The bridging channel between the main channel and a collection chamber includes a short
microchannel (length of =80 pm and width of 5=500 um) and two transition channels with a
radius of =300 um (Figure S6). The centers of the top and bottom transition channels are located
atPoint A(x=0,y=L)and B(x=0,y=L +h). The geometry of the fluid front in the bridging

channel is illustrated in Figure S7a-c, where @ is the apparent angle between the tangent to the
channel wall and the straight line of the air-liquid interface, 04 is the constant contact angle at the

channel wall, and b, is the effective channel width. Because |CD| and |EC| are expressed as

x-rsinf, and L =rcos 96, respectively, the effective channel width is solved as

2, .2 2 .
b, =4/|CD|2+|EC| =\/(L +7°) +x —2r(xsm96+Lcosee)' Consideringﬁ:a_ez‘l,the

following relationship is obtained:

EC CcD
sinf = lb—lcos 0,- %Sil’l 0,= [(L - rcos 6,)cos 0, — (x - rsin 8,)sin BA]/b .

. . .(S1)

The perpendicular components of the surface tension to the liquid surface (Figure S7d) can be

expressed as

F,=Fpysin f = 2chsin 8
F, =Fgpcos0,=20b cosb, (S2)

where O is the surface tension of the liquid and / is the channel height. The pressure across the air-

liquid interface in the channel (P i) is then expressed as

Fy+F,

P = 20
b_h

+
. b, h

sing €os 9,4}
; (S3)
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where 04 remains as a constant.  As the capillary pressure difference (AP) that drives the liquid

advancing front into the chamber is mainly contributed by P; and the second term in Eq. S3 is

independent of the position, the first term (i.e., *) in Eq. S3 is then systematically

investigated.

Considering the position of advancing front (/ and x in Figure 5a), the normalized variables

L=1l/r=96, and x = x/T also denote the location of the air-fluid interface. When the air-liquid

interface advances to the 1% segment (i.c., the bottom transition channel, 0 < l<m/2in Figure

Pyr/(20)

S7a), the normalized driving pressure can be written as

P, L cos 6, - cos (l' + HA) — x'sin 0,

4
0l <-
2

_r_ )
20 14 L%+ x?-2Lcosl - 2xsinl , (S4a)

where L is definedas L =L/, As the air-liquid interface advances the 2" segment (i.e., the short
microchannel, 7/2 <1 <7m/2 + 1/4 in Figure S7b) and the 3™ segment (i.e., the top transition

channel, 7/2 +1/4 < [<m+1/4in Figure S7d), the normalized driving pressures are obtained

as:

P, (L'+1-0.5m)cos8,+(1-x)sin, r . o7 1

= B —o<l<s+42

20 (L*+1%)+025n°-L(m-20)-nl + (1-x)* 2 2 4 (S4b)
P, (4+ L')cos 6, - cos (0.25 = GA) - xsinf, = 1 1
—r= —— - - : , ——+-<Il<m+-
200 17+4+8L +L*+x*-(8+2L)cos (0.25-1) + 2xsin (0.25-1) 2 4 % (s40)

Considering the equal intrinsic contact angle on both sides of the air-fluid interface (Figure S7(e)),

X s related to ! through the following equation at the 1% segment:
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L-rcosl

x=rsinl + -
m-1

tan

. . [ ol l )
x =sinl + 2tan—-cosltan—=3tan—, 0<1[ < —
2 2 2 2

The air-liquid interface appears in a motion of translation at the 2" segment:

' A (| SR [ A |
x=3+l--=<I<=-+-
22 2 4

The 3 segment is similar to the 1% segment:

J 1
m-( _Z)

2

a=

(S5¢-1)

L+l -3
— —=7CO0S -—
2 2

=rsin(l ->) +
x =rsin ( 4) (l' 1)
" 4

2

tan

(S5¢-2)

l' 1 l, 1
Gy PR Gl
- cos (1 —Z)tan

X = sin (l' - Z) + 2tan
2 4

. I \m 1 . 1
x =3.25tan|[——-—|, -+ —-<I<m+ -
2 8 4
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Figure S1. Fabrication procedures of microfluidic devices with one-opening chambers and
hydrophobic valves (HVs), with fabrication procedures of (a) a microfluidic device, (b) a

hydrophobic valve in a hydrophilic channel, and (c) a microfluidic channel.

S-5



700 -

Uncollapsed state

/ Collapsed state

600 -

5004

4004

300

Thickness(um)

2004

]00 L] L] L] L] L Ll L]
100 150 200 250 300 350 400
Spin(rmp)

Figure S2. The dependence of the collapsed state on the thickness of the PDMS capping layer.
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Figure S3. The surface roughness of the microchannel measured by the 3D optical profilometer.

S-7



(a) Hydrophobic micro-channel  (b) Hydrophilic micro-channel
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Figure S4. Sequences of photographs showing the liquid flow in (a) hydrophobic and (b)

hydrophilic microfluidic channel.
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Figure S5. ATR-FTIR spectra of pristine PDMS (black), APT-treated PDMS (blue), APT-treated

and PVP-modified PDMS (red).



(a) Hydrophilic micro-channel

e

(b) Hydrophobic micro-channel

Figure S6. Optical images of the air-liquid interface in (a) hydrophilic and (b) hydrophobic

microfluidic channel.
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Three walls with same contact angle
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Figure S7. The impeditive function as a function of the contact angle experienced by the HV. The

blue or red curve corresponds to the HV with four or three hydrophobic walls, where the

hydrophilic top wall has a constant contact angle of 42°.
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Three walls with same contact angle
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Figure S8. The bursting pressure as a function of the contact angle experienced by the HV. The
blue or red curve corresponds to the HV with four or three hydrophobic walls, where the
hydrophilic top wall has a constant contact angle of 42°.
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Figure S9. Design of (a) the bridging channel and (b) the hydrophobic valve. (¢) Numerical
simulation of the hydrodynamic flow process to the one-opening chamber with a hydrophobic valve
and a longer neck microchannel (i.e., length of 200 um). (d) Optical image highlighting the
significant diffusion between two different fluids in the chamber with a wider neck microchannel
(i.e., width of 2 mm).
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Figure S10. Optical images of two different fluids in three chambers: 1% fluid in the 15t chamber

and the 2" fluid in the 3™ chamber with 5% mixing in the total volume of each chamber.
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Figure S11. The change of R index as a function of time in two different chamber designs (i.e.,

with and without the 0.45 mm outlet).



(@) 1stsegment (b) 2" segment (c) 3 segment

Figure S12. Schematic of the fluid front in the one-opening chambers with the HV, with the
advancing front of the air-fluid interface located in the (a) bottom transition channel, (b) short
microchannel, and (c) the top transition channel. (d) The two perpendicular components of the
surface tension to the liquid surface. (e) The equal intrinsic contact angle on both sides of the air-

fluid interface.
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Figure S13. The hydrodynamic flow process of a unit cell with a hydrophobic valve at different

xc =2.7

positions: (a) experimental and (b) simulated results for x = 0.82 mm ( ); (c) experimental

and (d-e) simulated results with a (d) rounded and (e) straight main microfluidic channel for x =

1.1 mm (¥ =36

).



