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Supplementary

e Input parameters for the computational simulations.

The diffusion coefficient is that for FITC-Dextran (MW 10KD) in water [25°C]. The
inlet velocity is obtained from the flow rates of the passive pump.

Outlet

Inlet Diffusion  Density Dynamic Simulation
. Normal N ; . .
Velocity Coefficient Viscosity Time
Stress
Forward flow 0.0008 0 1.70x10-10 1000 1.00x10-3 1
Backward flow 1.01x10° 0 1.70x10-10 1000 1.00x10-3 50
unit [m/s] [Pa] [m%/s] [kg/m’] [Pas] [min]

Table 1: Input parameters for computational simulations.

e Calculate the volumetric flow rate of the forward flow driven by the passive-
pump:

We have developed a Matlab program to calculate the volumetric flow rate of the forward

flow in the microchannel based on the analytical equations developed by Walker ef al*:

We found the solution to the following differential equation:
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where the radius of the drop R was determined by

R[]
T 3h

and the height % of the drop rising above the port is given by

W | =

1

1
h:g{108b+12(12a3+81b2)2} - 2a

W | =

1
{108b+12(12a3+81b2)2}

where a=3r>and b=6V /7
To calculate the average flow rate in the channel, we first calculated the average
volumetric flow rate, and then divided by the cross-sectional area of the channel. The

average flow rate in channel was calculated as 0.08 cm/s.

Matlab program:

function yprime = volume(t,y)

r=.04;

w=.01;

%w is the height of the channel

g=.16;

%g is the width of the channel
u=(8.90¥10"(-4));

%u is the viscosity of water

1=6;

%I is the length of the channel

z = (12*u*10*D)/((W"3)*(g));

%z is the resistance of the channel
a=3*"2;

b = 6*y/pi;

h = (1/6)*(108*b+12*(12*a"3+81*b "2)"(.5))"(1/3)-(2*a)/((108*b+12*(12*a"3+8 1 *b 2)(.5))(1/3));
R = (3*y/pi+h"3)*(1/3)*(1/h"2);

yprime = 1000*(1/z)*((-1)*98-145.6/R);
end
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e Calculate the volumetric flow rate of the backward flow induced by evaporation:
The evaporation rate of water is calculated as the diffusion rate of water molecules
coming out of water through the water/air interface (the boundary layer covering the

water surface). The thickness of the boundary layer d is given by the following formula *:

2vr

d= |==
Vair (1)

4

The backward flow velocity can be expressed by

M D 9 » M D P.(1-H)
4.7 Py P .
p_ P _ P RT+27315) o 70 T p RT+273.15)  d
Where:

d: the thickness of the boundary layer [cm];
v: kinetic viscosity of air [em® s™'];

4

L . 19,
i - air flow velocity [em s™];

V: velocity in the microfluidic channel [cm s'l];
P, : pump rate [cm’ s7'];

A ¢ - area of the water/air interface [cmz];

M, p,, D: molecular weight [g mol '], density of the water [g cm™], diffusion constant of water vapor in
air [cm? s'];

Py, P vapor pressure of water [Pa], saturation vapor pressure of water [Pa];

R, T: ideal gas constant [cm® Pa K'mol "] and temperature [°C] (It is assumed that temperature is constant
at the water/air interface);

h, w: height and width of the microfluidic channel [cm];

r: radius of the port in the inlet [cm];

H: Relative humidity of the air
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The temperature dependence of D is known to be”:

D o T"? €)

The temperature dependence of v is known to be”:

v o T8 4)
Clausius-Clapeyron equation is used to describe dependence of saturated water vapor
pressure on temperatures.

P —6112exp 15T

T+243.5 )
According to equations (1)-(5), the velocity of backward flow can be expressed as:

7704 17.67T
exp( Y1-H)
(T +273.5) T +243.5 (6)

Where C is a constant that combines the diffusion coefficient of water vapor in air, air
flow velocity and proportional constants of Equations. (3), (4).

The backward flow rate at current operational condition (T=22°C, H=30%) was 10.1um
s”. We also estimated the backward flow rate under other operational conditions (at other

temperatures and relative humilities) based on equations (6), which were summarized in

the table:
Temperature Humidity Velocity
(°C) (100%) (ums™)
22 0.3 10.1
27 0.3 12.3
32 0.3 15.1
17 0.3 8.3
12 0.3 7.1
22 0.2 11.5
22 0.1 12.9
22 0.4 8.6
22 0.5 7.2

e Assess the effects of backward flow on the resulting gradient
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To study the effects of the backward flow on the resulting concentration gradient, we
compared the length of the gradient produced by either backward flow or pure diffusion.
All simulations started with the same initial concentration profile, produced by the
forward flow, and were run with both low and high molecular diffusivities. In the first
simulation, we measured the extent of the gradients produced at different times by the
backward flow (Table 2), with effects from both convection and diffusion. In the second
simulation, the extent of the gradient was measured after the same amounts of time of
pure diffusion. The main difference between the two types of simulation is the location of
the gradient: the backward flow moves the gradient back toward the inlet, while pure
diffusion leaves it in place. This indicates the main role of the backward flow is to place
the gradient. In both cases, diffusion acts to smooth the gradient. The results summarized
in Table 2 also demonstrate that the backward flow slightly elongates the gradient by 1%-
10%, especially for cases with the low molecular diffusivity. This elongation may be due

the flow-induced reversal of the parabolic shape of the concentration profiles.

Low diffusivity (1.7x10™"" m%s) High diffusivity (1.7x10™" m?%s)
Backward flow Diffusion Backward flow Diffusion
Time (min) Length of the gradient (cm)
4 1.01 0.91 1.06 1
1.01 0.96 1.06 1.06
16 1.01 0.96 1.11 1.1
32 1.06 0.96 1.16 1.16

Table 2: Comparison of the effects of backward flow and pure diffusion on the

length of the gradient for high and low molecular diffusivity
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¢ Quantify the effect of diffusion on the change of the gradient profile

Following the slow backward flow stage, the flow is stopped and the concentration obeys
the 3D diffusion equation subject to the boundary conditions of no-flux of chemical
through the walls and ends of the channel. Exact solutions in terms of Fourier series are
well known for any initial concentration. The chemical spreads and its concentration

exponentially approaches a constant equilibrium value along the channel over a timescale
T*=1"/ (ﬂ'ZD), where L =1 cm is the characteristic axial length and D is the molecular
diffusivity. For example, for D=10" and 10~ cm?s, the gradient will decay over
T* =281 and 28 hours, respectively. To be more precise, note that the concentration ¢
approaches its equilibrium constant value as exp(-z’>Dt/L*). Thus, to maintain the
concentration gradient to within 10% of its initial state, we must
have exp(—z>Dt/L*)>0.9 . Rearranging yields ¢ <In(1/0.9)T*=0.1T* . So, with
D =107 and 107 cm?/s, the gradients remain within 10% of their initial states over time

intervals of approximately 28 and 2.8 hours, respectively, in agreement with the

numerical calculations.

e Cytotoxicity testing of Alpha-cypermethrin on HL-1 cells cultured in 96-well

microplate

HL-1 cells were seeded into the 96-well microplate pre-coated with a mixture of
extracellular matrices (0.02% gelatin (w/w) and 5 pg/mL fibronectin) at a density of

6.6x10" cell/well and cultured in 100 pL Claycomb medium. The cells were exposed to
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medium containing various concentrations of Alpha-cypermethrin (from 12.5 mM to 0
mM) for 5 min and 4 h respectively. For the 5 min cytotoxicity testing, the medium
containing toxins was removed from the wells after 5 min and replaced with normal
medium. After 4 h, the morphology and cell viability were tested. As shown in Fig. S1,
after 4 h of exposure of HL-1 cells to Alpha-cypermethrin, drastic changes of cell
morphology were observed corresponding to the toxin concentration. We quantified cell
viability after 4 h toxin exposure using image-based live/dead staining. In contrast, short-
term exposure of HL-1 cells to Alpha-cypermethrin for 5 min did not induce observable

changes of morphology or cell death (data not shown).

Supplementary Videos:

Video 1: Video of experimental results of the time-lapse fluorescence images to show the

dynamic concentration gradient generation during the backflow driven by evaporation.

Video 2: Video of simulation results to show the dynamic concentration gradient
generation during forward flow when 3 drops of solution containing interested molecules

were introduced into the channel.

Video 3: Video of simulation results to show the dynamic concentration gradient

generation during the backward flow with a molecular diffusivity of 10”cm’s™.
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Video 4: Video of simulation results to show the dynamic changes of concentration
gradient driven by pure diffusion after the forward flow was stopped (with molecular

diffusivity of 107cm’s™).
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Supplementary figures:
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Figure. S1: Cytotoxicity testing of Alpha-cypermethrin on HL-1 cells cultured in 96-
well microplate: A) HL-1 cell morphology; B) live/dead assay of HL-1 cell after
exposure to various concentrations of Alpha-cypermethrin for 4h (scale bar: 400pum).
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T=0min T

Figure. S2: Top-down view of the simulation results of the dynamic changes of
concentration gradient driven by pure diffusion after the forward flow was stopped (with
a molecular diffusivity of 1.7x10 cm?s).

References:

—

B. G. Chung, F. Lin and N. L. Jeon, Lab on a chip, 2006, 6, 764-768.

G. M. Walker and D. J. Beebe, Lab on a chip, 2002, 2, 131-134.

H. Kazuo, T. Satoko and A. Youko, Journal of Applied Physics, 1993, 73, 7395-

7401.

4, F. Heuck, T. Hug, T. Akiyama, P. L. T. M. Frederix, A. Engel, A. Meister, H.
Heinzelmann, N. F. d. Rooij and U. Staufer, Microelectron. Eng., 2008, 85, 1302-
1305.

5. D. Bolton, Monthly weather review, 1980, 108, 1046-1053.

Rl




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


