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Protocol

120s at 100W O, Plasma

Wetted with degassed/warm ethanol in
vacuum (5 min)

Perfused DI water
Perfused 10mM KCl pH 8
Perfused 1M KCl pH 10 OR 3.6M LiCl pH 8

6 membranes tested (2 shown here -
results were consistent)




|-V curves and PSD (noise) in High salt (1M KCl)
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Note that voltage range was limited to -10mV to +10mV because of the saturation
of the Axoptach 200B current amplifier (max 200nA). The various colors of the
PSDs are for different voltages.

Spikes in the >30kHz range is extra noise due to the external command being on
(computer controlled amplifier), and is not related to the chip or the pore.



|-V curves and PSD
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but are for the most part ohmic (linear for a large voltage window).
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Note that I-V range is now -1000mV to +1000mV. Pores show slight rectification,

PSD on the right, the signal was low-pass filtered at 10kHz. Other data sets are
LPF at 100kHz.



Noise Discussion

>1kHz or 100Hz, power spectral density achieves a minimal
amplitude dictated by thermal noise of the device (s [paz/Hz] =
Sqrt(4kT/R), where KT is the thermal energy and R is the pore resistance). For the
ore conductance (in 1M KCl) here, this is ~0.1 pAAZ/Hz At
igh salt, there is no sign of capac1t1ve/d1electr1c noise.
Devices are dominated by thermal noise.

<1kHz, 1/f-type noise dominates (as expected). Devices have
remarkably low 1/f noise amplitude considering there is
multiple pores. It is at the level of a single nanopore device.
This is possibly due to mutual cancellation between 1/f noise
sources from individual pores. This is intriguing but a very
good feature for Nanopore Force Spectroscopy).

For more detail on noise sources, see: http://
www.sciencedirect.com/science/article/pii/
B9781437734737000030



http://www.sciencedirect.com/science/article/pii/B9781437734737000030
http://www.sciencedirect.com/science/article/pii/B9781437734737000030

Size Discussion

Given a pore conductance value G, membrane thickness L, and conductivity
(sigma) it is possible to extract an effective diameter d for the combination
of N pores via

4L, 1\ "
G = No QF + 52
For N=900, at 1M KCl, 15-nm pores should have ~50,000-nS. For the 3.6M
LiCl we expect 80,000-nS. However, we measure 10,000-nS and 22,500-nS
respectively.

This means that: (1) either the model is inadeguate due to overlapping
access resistance due to proximate pores, or (2) not all the nanopores are
wetted, or (3) there is a wide distribution of nanopore size. Because of the
nonlinearity of the above equation, the details of the distribution of pore
size are important. At the moment if we assume a fix pore size the pores
appear to be 6-nm in size.

The difference in effective diameter extracted at low salt concentration
indicates surface effects become dominant in this regime.



ons (pA)

\
| | [ isplay An
=1

Current [pA]

Other pores (S1-K

& C:\Data\S1\Characterization-SL - day 2 - pH8.01 10mM KCI G 1.336mScm-T2165.bin

24/10/2013  2:02:46 PM 212282266 ‘

— -140000- 0 0 " 0 ) 0 0 ‘ 0 N
‘ -500 -400 -300 -200 -100 0 100 200 300 400 500
Voltage [mV] (ol s
| (E= o
1E+3-
% 1/f noise
— 1E+2-|
=
1E+1-|

ey Al

Ll »/.wu .\;Wu

PSD [pA~2.s]
i
=
it
S
:

1E1-[\

% 1E-2-

— 1E3-

Thermal noise

G [Conductivity]

2111336 mS/em

L [pore length] | ~1|20 nm
V-[mV] | |71 [-500 mV
V+ [mV] | 5]|500 mV

Size (Diameter)  Conductance
(v-v+1|[1894720m || [265278 n5
Iv-0] |[185321nm || |[239.835 n5
10.v+1|[172108 nm |||[222.508 ns
Ratio |[1.07677 107787
Sampling Rate Steps
250000 2
Seconds Signindex
310

30

averaging mode

g RMS averaging

weighting mode

10mM KCL

-151

-121

-9.05
-6.05

-3.04

-0.0304

296

596
899

12

15

Average (pA) pvi: )
| 174000 | |1110
-135000 | {1090
[-o7600 | |1120
[61000 | (1130
27500 | 1140
[so60 | |1150
38600 | |1150
[71700 | 1150
105000 | 1140
139000 | 1120
[172000 | 1120 |

(@ 15mv [N
v 2my [
v 9mv [
vl 6mv [
vl amv [T
vl omv [
v13mv [~
v 6mv [~
vomv [
vl 2mV [N/
vj15mv [N/

% C:\Data\S1\Characterization-S1 - pH 10.01 1M KCI G 107.8mScm-T2167.bin =

=) [ Display Al

Current [pA]

PSD [pA*2.s]

[212200541

24/10/2013  4:20:41 PM

200000
175000

150000 -]
125000
100000
75000~
50000
25000
0-]
25000
-50000-]
-75000-]
-100000-|
-125000-|
-150000-|
-175000-]

'ZOOOOO—I [ 1 [ I [ [ 1 [ O 1 O
20 175 15 125 10 75 5 25 0 25 5 15
Voltage [mV]

O — |
10 125 15 175 20

1E+4-

1E+1-
1E+0-
1E-1-|
1E-2-, e ey o o . e '
1 10 100 1k 10k 100k 200k
Frequency (Hz)

(E=e |

G [Conductivity] | =1|107.8 mS/cm
L [pore length] | =1|20 nm
V-[mV] | (5|15 mV

V+ [mV] | 5 [15mV

Size (Diameter)  Conductance
[v-v+]|[110064 nm || |[11389.7 nS
[V-,0] ||115278 nm [119412n5

[0,V+]|1069.87 nm 110641 nS

Ratio | [1.0775 107927
Sampling Rate Steps
250000 [12
Seconds Signndex

[20 =[5

averaging mode
4[RMS averaging
weighting mode

Linear

1M KCl

ET




SP0O01-H

Standard deviations (pA)| ]
Wm | h C:\Data\SP001\Characterization-Simpore Porous 10-10-10 Gain0.05 10MKCI pH8 G1.336 [New Solnl- | &= J J
|-239mV [475pA | | [Z][Display Al ||| [October2s, 2013 11a7:20PM || [212661144 \

=
@
S
;
=
=
[l
=
-
>

G [Conductivity] | [+ |1336 mS/cm

L [pore length] ( < [20 nm ‘

V-[mv] | 5] [300 mv

v mv] | [][300 mv |

Current [pA]

Size (Diameter)  Conductance
[V-,V+] | |4646.77 nm 606.216 nS
Iv-01 |[42939nm || |[586.266 ns
[0,V+] 442589 nm 577.246 nS

Rati
-160 (I) 160 | ! atio | 1.01537 | 1.01545 J

Voltage [mV] [

(@ -20mv [~/ ) 1E+3+ J
7] -
239mV Sampling Rate Steps
V| -180mV 1E+2-] [ 1 )|
N 250000
V| -120mv ¢ L Hl )
Seconds SignIndex
V| -60mV p N
1E+1- 0o
7| 0mv ‘10 J G 5
V| 60mV -
v - i d
v 120mvV [ o Uz !aRv;rSagmg n‘o e
3 ARMSaveraging |
V| 180mV S weighting mode
. 2 A
vl 280mV |/ & 1E-14 vilLinear
V| 299mV [
1E-2-|
10mM KCL
1E4-0 o a0 g

'
10 100 1k 10k 100k 200k
Frequency (Hz)



jations (pA)] ¢

SP002-H

SRR ERR R E S <

B g
=l el
= =

NENEEEEREN

PSD [pA*2.5]

-180mV

.
=
15
=

<

-60mV
OmV
60mV
120mV
180mV
240mV
299mV

N

N
P

Current [pA]

‘1 C:\Data\SP002\Characterization-Simpore Porous 10-10-10 Gain0.05 10MKCI pH8 G1.336 [New Soln]- | &

= [Display All October 28,2013 11:58:02 PM 212663582

35000 -4
30000 -
25000 |

20000 -1
15000
10000
5000-]
0]
-5000 -1
-10000 1
-15000 1
-20000 -1
-25000 -1
-30000-|
-35000 -1
-40000 -1

B e S S S S S w—
-400 -350 -300 -250 -200 -150 -100 -50 O 50 100 150 200 250 300 350 400
Voltage [mV]

1E+3+
1E+2-

1E+1-

-
m
+
o
1

H

1)

N
I

1E-2-

1E-3-

L —————
1 10

Frequency (Hz)

(ER e |

G [Conductivity] | (~1|1.336 mS/cm
L [pore length] f 20 nm
v-[mv] | (£][300mv |

V+ [mV] | (51300 mV

)

Size (Diameter)  Conductance

[V-,V+] | |954.955 nm 122058 nS

[V-,0] ||1092.36 nm 14007 nS
[0,V+]]]735.555 nm 933053 nS

Ratio |[148508 || |[15012 |
Sampling Rate Steps
250000 11
Seconds X SignIndex

rm 135

averaging mode

RMS averaging

weighting mode

finear

[EiaTTs

- 10mM KCl

100k 200k



ions (pA)

SP003-H

299 mv |473 pA

HHRHBAER
F e

Current [pA]

:

239 mV [433 pA
-180 mV [429 pA
120 mV |43.4 pA
-50.8 mV [433 pA
00867 m|42.6 pA
443 pA
120mV |44.5pA
180mV |44 pA
240mV |459 pA
479 pA

i

-299mv [~/ |
239mV [
180mv [
120mv [
-60mV ]_
OmV
60mV
120mv [~/
180mv [
240mV [/

29mV |

SRR ERRERR S

‘ "L C:\Data\SP003\ Characterization-Simpore Porous 10-10-10 Gain0.05 10MKCI pH8 G1.336 [New Soln]- | & |

PSD [pA*2.s]

Display All

October29,2013  1228:04 AM | || [212665384

20000 -

15000

10000-]

5000-]

G [Conductivity] | [~

L [pore length] 5

JEomv ||
ve v [ ]W\\

V- [mV]

0-]
-5000 -]
-10000-| Size (Diameter)  Conductance
[V-,V+] |583.143 nm 733417 nS
-15000-] ¢ J L
-20000-] [v-,0] |[636344 nm 80.3088 nS
-25000-] 10,v+]|[398615nm || |[49.1974 ns
-30000-F , . ' ' ! Ratio | I ‘
-300 -100 0 100 400 ato 19639 [} |[16328
Voltage [mV] [
1E+2-
Sampling Rate Steps
[250000 [} [
__Seconds ___ Signindex
o 1) EE

L}
N"EMI

1E1- il
XANR ‘w“w, N\’.J. LN
i K
A {#ﬂk“w it
1E-2- e
i
1E-3-|
13- - R, I C—— m—
1 10 100 1k 10k

Frequency (Hz)

averaging mode

RMS averaging

weighting mode

fnear

[EIC eIy

10mM KClL

100k 20|0k



