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1.

Introduction

The study of Langmuir and preparation of Lanmguir-Blodgett films can be a
tricky task for beginners and researchers not really acquainted with the
techniques. There are many steps involved in order to get proper results for
such measurements. However, overall there is no magic involved and already
by performing a few measurements with the LB technique it will give a good
overview of the capabilities of the instrument. Although the instrument gives a
feeling of a really macroscopic instrument it will open a whole new world to a
technique studying interactions at a molecular level.

The purpose of this manual is to introduce the user to the technique itself and
give the capabilities of running the instrument for further studies. This manual
will describe step-by-step how to successfully perform an isotherm, a dipping
experiment, and short description of relaxation/stability/kinetics and hysteresis
measurements. This manual includes a lot of the same things that are
described in the LB instrument manual but in a more compact form. If more
detailed information is needed about the software itself or the function of the
instrument then please read the LB instrument manual.

This manual will not include any extensive discussions about the properties and
behaviour of the monolayers at the air-water interface and the effect of
subphase temperature or composition, as there is a vast amount of literature
available for such information. More detailed information about this can be
found in the literature listed at the end of this manual.

KSV Instruments welcomes any suggestions for further development or
improvement of the LB products or this manual. All suggestions and enquiries
should be addressed to:

KSV Instruments Ltd
Hoylaamaotie 7
00380 Helsinki

Finland

Tel: +358-9-54973300

Fax: +358-9-54973333

e-mail: info@ksvltd.fi

Website: http://www.ksvltd.com
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2. Content of Monolayer Kit

The monolayer kit delivered for every KSV LB system is a plastic box with small
compartments containing the following components:

Polyethene powder-free gloves
Surfactant and lint-free tissues

One soft paintbrush for cleaning the trough, and one 50 mm glass

beaker to keep the cleaning solution in

4. Aspirator that can be attached to a tap, equipped with rubber tubing and

disposable polypropylene tips for cleaning the suphase surface
5. Spatula for preparing monolayer sample and subphase solutions
6. 3 pcs of 5 ml glass tubes for sample and cleaning solutions
7. Microliter syringe (50 pl) for use for spreading monolayer material
8. 100 pcs of glass slides for LB deposition purposes, 20 mm x 20 mm
9. Tweezers for glass slides
10. Wilhelmy plate of Platinum
11. 100 pcs of Wilhelmy plates made of paper + hook
12. Calibration weight for calibration of the balance

13. Leveling tool for leveling the instrument

14. Tool set
3. Other laboratory equipments and components required

1. Atleast 1.5 m x 1.5 m free bench space in a sufficiently clean, draught and
dust free environment

2. Running water and a sink (max. 2.5 m from the instrument) to connect the
aspirator pump. Alternatively, a vacuum pump and flask could be used

3. A supply of pure de-ionized and organic free water for cleaning the trough
and preparing the subphase. Recommended suppliers are Elga, Millipore,
Barnstead...
Laboratory balance with minimum accuracy of 0.1 mg
Monolayer material (for example Stearic acid or DPPC)
Some metal salt to dissolve in the subphase (preferably CdCl,, MnClI, or
TbCl3).

7. Volatile solvents for preparing the spreading solution of the monolayer

material (for example Hexane, Chloroform, or Methane)
Pure ethanol for cleaning purposes

Computer running Windows 2000/XP equipped with the KSV Win LB
software for controlling the instrument
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4.

Checking critical definitions and parameters

Please, install your instrument and calibrate the balance as is described in the
corresponding LB instrument manual and start the KSV Win LB software, and
further from the Main Menu start the KSV LB control software by pressing the

i button. The following window will then appear:

EJKSY LB Control Software i —|of x|
Eile Edit View Controls Help

: B [mM/m] B2 [mMdm]  Brl [mm]  Bu2[mm] D7 [mm] D2 [mm] 7T [E] 7pH SP IV] AD [VL
ﬁlﬂlﬂl pealieey § F B B 8 8 §
Sample Interval [s]: __I Mz Graph Buffer Size [points] : TUU |5tatus tatus ; [Select anew Experiment !Brrl : ild\e |Err2 ; |None o1 |Id|e F [Mone

Hereafter, make sure that the Instrument Parameters have been set correctly
by choosing Edit — Device Parameters in the LB Control Software window.
The Instrument Parameters screen should appear as follows:

Instrument Parameters

i~ Balancel Probe

Name Iw'llhe\my =

[
Perimeter |39 240 mm Dipper Type
— Balance2 Probe —————————————— ’7 Standard model I
Mame IW’lIha\my -

Altemate head parameters
Perimeter |38 240 mm | TumSpdUp TumSDdDDwn

Barrier Type

dh:| 1370 d.d:| 1660

I 360 dlml 15

d urnir : 35 0

— Usage of balances
i+ Ball > Trl and Bal2 -» Ti2
" Ball and BalZ -» Trl
" Ball and Bal2 -T2

=

[~ Brewster angle microscopy

Suiface potential meter |

[~ Enable KSY BAM Cantral ™ Sound card Spm cﬂnna:led

[~ Enable DataSacket transmit
LCancel

Barrier and Dipper Type should be defined according to what LB instrument
model you have. All other default settings are OK pre-supposed you are using
the standard Pt Wilhelmy plate delivered with the instrument, and you do not
have an alternate deposition system. If using a custom Wilhelmy plate then the
dimensions of this has to be defined into the KSV Win LB Software database,
and then choose that newly defined Wilhelmy plate as the Balance Probe in
the Instrument Parameters window above. Having the exact and correct
dimensions for the Wilhelmy plate that is used is really crucial in order to be
able to measure the surface pressure accurately. Furthermore, if you have an
alternate deposition system then also define the correct parameters delivered
with the instrument for it in this window.

Once the parameters have been set you do not have to make the changes
every time unless you change your configuration, the software will remember
the parameters in the future.

Then it is recommended to check that the value for the trough area has been
correctly defined in the software. This is very important especially when using
custom made troughs, but is also recommended for standard troughs delivered
with the instrument. Start this by placing the trough and barriers to their
positions and open the barriers so much that there is only a space of about 0.5-
1 mm between the back of the barrier and the trough edge. This can be done

5
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by pressing the Open button in the Barrier page of the software Manual

Control Unit.

i
— Troughl — Tiough. — Temperature
IT [rakAm] I [mkdm) Ttrough [C]
ooz ||| |
Barrier Poz [rm] B arrier Paz [rm] Teontral [C]
Tooo || |
Barrier Spd [mmdmin] Barrier 5pd [mm mirn] Thath [C]
Co00 |
— Dipper — Accesszofes

Dipperl Pasg [mm]

Dipper? Pos [mm]

Surface patential [V]

Dipper! Spd [mrm/min]

Dipper2 Spd [mm./min]

pH

Balance(s) Barierl |

Barrier! Contrals

Cloze |

I Stop Open |

10%  Speed 100

If the Manual Control Unit is not activated, then activate it by pressing the
Control Panel on top of the Main Menu.

Now measure in mm the distance between the barriers and the width of the
trough as accurately as possible (normally a normal ruler is sufficient to
determine these to a accuracy of 0.5 mm), and then calculate the area of the
trough in mm? Hereafter, go to the KSV WIN LB software database by
choosing Edit — Database in the LB Control Software window and further
choose the Troughs in order to check if the dimensions of the trough are the
same that you have measured. If not, change the values or define a new trough
in the database. After changing values or making a new definition in the

database, please remember to press the post button (Ll) to verify changes.
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5. Isotherm measurements

We will in this section perform 3 isotherm measurements; 2 measurements with
Stearic acid (SA) and 1 measurement with Dipalmitoylphosphatidylcholine
DPPC. The idea of these measurements is to first measure the SA isotherm on
pure water with a pH of about 5.5 as this isotherm is so well known with clearly
distinctive points that can be used as check points to confirm that the
measurement is OK, and secondly demonstrate the effect on the SA monolayer
caused by adding a small amount (5x10° M MnCl,) of salt in the subphase. SA
has a molecular weight of 284.5 g/mole, and due to its well known properties it
can be regarded as a standard material for Langmuir films.

DPPC is used to demonstrate the appearance of a special phase called Liquid
Expanded — Liquid Condensed (LE-LC) where a liquid and solid phase co-exist.

Normally it is recommended that the concentration of the monolayer material in
the spreading solution is around 0.5 - 1 mg/ml. However, this is just a rule of
thumb and one can use any other concentration if needed as long as the
EXACT concentration is known. In the examples below we will use a
concentration of about 1 mg/ml for SA and DPPC monolayer material in the
spreading solutions. The most common spreading solvents used are Hexane
and Chloroform. However, sometimes the monolayer material can not be
dissolved in these and a mixture of solvents need to be used. In such a case it
is important to remember that the solvent used should be as volatile and as
water insoluble as possible in order to achieve good and reproducible results.

The amount of monolayer material sample solution depends first of all of the
concentration of the spreading solution, but also on what type (size) of trough is
used. If the concentration is around 1 mg/ml, the amount of the monolayer
sample solution spread on the subphase is 20-25 ul for a KSV Minitrough, and
60-80 ul for a KSV Standard and Alternate trough. Often, the exact amount
needed to be spread is found out simply by experience by performing a few
measurements.

5.1. Preliminaries

Every time you are preparing a measurement with your KSV L or LB instrument
there will be a series of procedures that are recommended to do in order to
achieve the best outcome of your studies. These includes:

e Wash your trough and barriers thoroughly. For most cases using a soft
brush to “paint” the trough and barriers with pure ethanol (or other
organic solvent), and then rinsing with pure ion exchanged water has
shown to be a sufficient way to clean the trough and barriers.

NOTE! The barriers do not tolerate Chloroform as a cleaning
solution, but this does not restrict the use of Chloroform as a
spreading solvent for the monolayer material.

During cleaning it is advisable to use rubber gloves, because touching
your trough or barriers with your bare hands can later contaminate your
subphase surface, which further affects the outcome of your

7
KSV Monolayer Kit Rev. 2.0




Instruments

Monolayer Kit

measurements and results. If you have not used the trough for a long
time it is good to rinse it thoroughly with detergent (Decon, Helmanex,
Fairy) and hot water, and after that use the cleaning procedure
described above. Note that with the KSV trough, it is easy (and
advisable) to move the trough to a sink where it can easily and
thoroughly be cleaned.

Place the cleaned trough and barriers on their positions on the
instrument and move the balance(s) to the center of the trough and the
optional Dipper so that it is not disturbing the surface pressure
measurement. The position of the Dipper at this point is not crucial as
long as it is not in the way of the balance.

Move the barriers with the software Manual Control Unit (or the
optional physical Manual Control Unit if the instrument is equipped with
it) so that there is not left a space more than about 0.5-1 mm between
the back of the barrier and the trough edge. See picture below. At this
point also move the barrier safety switches to these positions, if not
already done.

Now we are all set for making the actual isotherm measurement.

el
— Troughl — Trough2—— 1 [ Temperatue
I [t fm] I [rt.fm] Ttrough [C]
[ 002 ||| |
B arrier Poz [rnm] Barrier Faz [mim)] Teontral [C]
T |
B arrier Spd [mm/min] Barrier Spd [mm/min] Thath [C]
T |
— Dipper — Accessonies
Dipperl Posz [mm] Dipper2 Pog [mm)] Surface potential []
Dipperl Spd [mm/min) Dipper2 Spd [mm/min] pH

Balance(s) Barrierl I

Barrier] Contrals

10% Speed 100%

Effective area
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5.2. Isotherm of Stearic acid on water subphase

1. Now find some pure water (preferably ion exchanged water with a resistivity
of 18 MQcm™) and fill the trough with this so that the surface of the water
subphase is a couple of mm above the edges of the trough. Pure ion
exchange water should have a pH in the range 5.4-5.8 and using this water
as such is sufficient. No adjustment of the pH is necessary.

2. Wait until the temperature of your subphase has stabilized to the
temperature you have chosen before continuing.

3. Use the software Manual Control Unit (or the optional physical Manual
Control Unit if the instrument is equipped with it) to close the barriers to the
center and simultaneously clean the liquid surface between the barriers by
using the aspirator (or a suction pipette) until the barriers are as close
together as possible. Hereafter, open the barriers to the zero position and
repeat the above procedure. This procedure should be repeated 2-3 times.

I
— Trought — Trough2———— 1 Temperature
II [mM/m] I [mM/m] Ttrough [C]
Coos || |
Barrier Pos [mm] B armier Pos [mm] Tontrol [C]
- 1147 | |
Barrier Spd [rm/min] Barrier Spd [rarndmit] Thath [C]
120560 | |
— Dipper — Accessafies
Dipper! Pos [mm] Dipper2 Pos [mm] Surface potenhial [+
Dipperl Spd [mm.min] Dipper2 Spd [mim/min] pH

Balance(s] Bamierl |

Barrier! Cantrals 10% Speed  100%

T I R — .J

The last time keep on cleaning the liquid surface between the barriers until
the water level equals or is just a little bit higher than the trough edge level.
Then move the barriers back to zero position (see figure below).

Effective area
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4. Rinse the Wilhelmy plate with pure ethanol and ion-exchanged water. Hang
the plate on the surface balance and lower the plate into the subphase so
that about two thirds of the plate is above the surface.

Every now and then it is advisable to flame clean your probe, especially if it
does not seem to be wetted completely when immersed in the subphase.

If you use your Wilhelmy plate for the first time you should clean it with
solvent and flame it prior to use. Then store it in some water-soluble organic
solvent (for example ethanol). To flame clean your probe, make sure you
have a strong flame source comparable to a bunsen burner. Low heat
flames will leave residues on your plate, which can lead to significant error.
Hold the probe in the hottest part of the flame until the entire plate glows
brightly for a few seconds. It is advisable to flame the Wilhelmy plate every
now and then but it is not necessary to do it every time you use the plate.
Rinsing with ethanol and water should be sufficient for most cases.

5. After hanging the Wilhlemy plate on the balance zero the balance and
barrier positions from the software Manual Control Unit and check the
cleanliness of the subphase by compressing the barriers together and
looking on the balance value on the display. If the surface pressure value
stays below 0.2-0.3 mN/m during this compression then the subphase
surface can be regarded as clean and you can proceed to the next step.
However, if the surface pressure value increases above 0.3 mN/m, then it is
recommended to clean the surface once more as was described in point 3
above.

The barrier position should always and ONLY be zeroed when the barriers
are at the zero level as shown in the image under point 3 above. This is very
important in order to determine the molecular area as accurately as
possible.

The balance should always and ONLY be zeroed BEFORE spreading any
of the monolayer material to the air-water interface. This is very important in
order to determine the correct surface pressure values as a function of the
molecular area.

6. Clean the syringe by placing the needle in a bottle containing pure Hexane
or Chloroform and fill and empty the syringe about 5-6 times. Then heavily
shake the SA bottle, open the cap of the SA bottle, place the needle in the
bottle and take about 20 ul (for KSV Minitrough) or about 60 ul (for KSV
Standard trough) of the ~ 1 mg/ml SA solution into the syringe.

7. Just before spreading the SA solution on the subphase surface it is very
important that you ZERO the balance and barrier positions from the
software Manual Control Unit. When zeroing the barrier position, make
sure that they are a zero position as shown in the image under point 3
above.

10
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{54
— Trough — Trough2——— [ Temperature
I [mM/m] I [mM./m] Ttrough [C]
Too0 ||| |
Barrier Pos [mm] B arrier Pos [mm] Teontral [C]
Too | |
Barrier Spd [mm/min] B arrier 5pd [mmdmin] Thath [C]
Too | |
— Dipper — Accessones
Dipper! Pos [mm] Dipper2 Pos [mm] Surface potential []
Dipper! Spd [mm./mirn] DipperZ Spd [mm/min] pH

Balance(s] I Banrier] |

Balance Controls

i ZemoBalancel

Zero Balance? |

Show az : o i

& mMim

8. Spread all of the SA solution carefully on the surface by first forming a small

drop of the solution on the tip of the syringe needle and carefully make the
drop touch the subphase surface. Repeat this until you have spread all the
SA solution in the syringe. Do NOT let the drop FALL on the surface
because this can cause some loss of your surfactant to the bulk and/or
uneven spreading of your substance. While spreading follow the surface
pressure reading on the Interface Unit display and make sure that you
spread the substance slowly enough so that the surface pressure value
does not exceed 0.5 mN/m at any point. This ensures that the monolayer
material is able to spread properly over the surface. Let the solvent
evaporate for at least 10 minutes.

After spreading the monolayer material do NOT zero the balance value
anymore.

During the waiting time for the evaporation of the solvent start the isotherm
measurement by pressing the ISO button in the KSV LB Control Software
window.

Ea KS¥ LB Control Software

File Edit Wew Controls Help

Dipl f-‘-.ltl
Sample [nterval [z] : I ﬁ

tdaw Graph Buffer Size [points] ; I 'IEIEIE

This will bring up the Experimental Setup window where all necessary
parameters for the isotherm measurements are defined (see the instrument
LB manual for more precise definitions of the fields in the Experimental
Setup window).
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x
Name - [Stearic Acid User: |Jaakka | Date: | 16.1.2006 150811
i Probe for Balance] Probe for Balance
Mame : IWiIheImy Perim. : |39,240 mm ’7 Marme : IWiIheIm_l,l Perim. : |39,240 mm
— Trough
Mame ; IMini 'l it ; I 7.0 mm  Aea: I 243000 mré [ Symmetric B ariers
— Subphaze
M arne : IW’ater j Pied with : I Z|
T: I OC pH: I Conc I Lt Iumoles#ml 'l
 Substancel — Substance?
Marne : IStealic acid j Mame : I Zl
Cone : 1 Lrit : Img,-'ml YI Cone I Lt IUnkann VI
bl - I 2845 Volume I 2300 pl |Hres M I Yalurme : I ul .-’-‘«real
— Substrate — Comments
Mame : I j
Shape : IHectangIe 'I Height : I i
Width : I mm  Thickness : i
I Start | Cancel | Edit Data Base |

Fill in the fields as above and change the fields to fit your own information
accordingly. The most important parameters in the Exeperimental Setup
window to be defined for correct results are:

e The exact concentration of the monolayer material in the spreading
solution

e The exact volume of the solution spread on the subphase
o The molecular weight of the monolayer material.

There is an Area button in the Substance field that can be used for
checking the initial area per molecule before deciding how much of the
monolayer containing solution should be spread. This feature is especially
useful when using monolayer materials with known properties. For a Stearic
acid monolayer this area should be at least > 35 A?molecule to make a
proper isotherm measurement. In the case above the area is as shown in
the window below:

Start bma-: |49.91 Eefmalec

After completing the Experimental Setup window press the Start button.
This will not start the actual measurement or any compression yet, but it will
open the Trough Controls and Trough Isotherm Data windows as shown
below.

12
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Fi EdiE il Cortlols: fiip
Bl /] B2lmhim] Brifrm] Br2fan] D1l D2fmwl T[T pH SPN] DD
L _JD"’ _JA” [Tom [ [N | [ [
Somple Interval [s): [T 3| MawBraph Buffe Size [points] - | 100 3| Seatue : [Waitina for Scart o1+ 1de oz : Twone pv i b2t uone
: [ - 1r0ugh1 1sotherm Data =lojx|
-G Method ——————————
Sligiesson METo e | [ = vt | = veduis:] [None |
Constant rate compression ol
— Recording Options r
& From Go ta Target _—— m
" From Ga to Step/Dip = C
" From Target o Stop B
© Manual Hee Uit il
~ Taiget Options  Norof Cyoles r
& Suface Pressuie 1= S
€ Hean Molecular Ares | L i
€ TroughAre TAEIE R, 2
 Barter Posiion 103 F
- Compression Parameters — a0
Target [mh/m] 700 4] E
Rate [mm/nin] 50 3] E
30
204
Hhor= E
— Alter Target Parameters — r
Max. Rate: Fwd [mm/min] 303 10
Mas, Fate Bwe [rm/min] 304 [
T | 0 : : : :
] 10 15 20 25 30 35 40 45

ZeroBal Stop Go Go/Hold
ZeroPos| IitBarier| Compress| Espand

Set the parameters in the Trough Controls window as shown above. For a
more precise description of options and fields in the Trough Controls
window please see the LB instrument manual. The Target surface pressure
in the Compression Parameters box is set so high that we make sure that
the collapse of the monolayer is reached.

In practice a surface pressure higher than 72.8 mN/m can not be reached as
this is the surface tension of pure water that is used as the subphase. The
compression Rate should be sufficiently low to give the monolayer time to
reorganize during the compression process. The most common rates lies

between 5-20 mm/min.

10. After at least 10 minutes has passed from the spreading of the monolayer
material on the subphase surface, press the GO button in the Trough
Controls window. This will inactivate all the other buttons in the Trough
Controls window except the STOP and GO buttons, and start the
compression of the barriers. The surface pressure as a function of the area
will be plotted on-line in the Trough Isotherm Data window as the
compression proceeds. The Status: line in the KSV LB Control Software
window will also change from Waiting for Start to Running... The
Compression Parameters in the Trough Controls window can be
changed while the measurement
immediately after the change has been done.
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[EJKS¥ LB Control Software ol =10 %]
Fle Edt View Controls Help
B1[mH/m| B2fn/m] Brllmm] Buzfmm| D1fwm] DZ[mm] T[] oH SEM DIV
feo] D] |k Ercae— ¥ N § N § §F § |
Sample Interval [s] 2| MaxGraph Buffer Siee [points] - | 100 2] status « [Running.. et : Icompressing... [Brr2 : [Mone ,Elld\e ]E\mme
[Troughi Controls FI- “1rought IsothermbData =10l x|

~ Compression Method

Constant rate compression -

Retvis | [Mma [42] =l s [sPhm) =] vesss | [None =l

T Surface pressure versus Mean molecular area
& From Go to Target A = Stearic Acid
© Fram o to Stap/Dip = E
" From Target to Stop 704
P ik HEC F
- Target Options i Noof Cydles | o
& Suface Pressure [ = &0
" Mean Molecular Area 5 E
i - Bain Contral F
© Barter Posiion | s0L
- Campressian Parameters —————— L. E
Target [mHAm] 00 %] gan F
Hele Imim/min] 5.0 E [
ol &
oo
a0
e 204
[~ After Target Parameters ————————— E
Mas. Rate Fud [mmémin] 30 10
Ma, Rate Bid frm/min] B | F
FERE | [ins - - t——+ +
22| owl|| = | e i 5 10 15 m, [Az]za 0 35 40 45

ZeoPoz| ImtBarier] Compress| - Expand.

11. When the monolayer has reached the collapse press the STOP button in
the Trough Controls window. The collapse can either be seen as a sudden
decrease in the surface pressure or as a leveling out at high surface
pressure.

=10l x]

40.909, §.462 Surtace pressure versus Mean molecular area
Stearic Aeid

60

55

a0

43

[
[a]

!
—

!
i
]
]
!
i

SF [mMim]
(5]
o

19 20 23 30 39 40 43 20
W ma [A3

ZeroDriginl QndoZooml §howMenu| Frrint | LinFeg | LClear | LClose |

Pressing the STOP button will open a small window asking if the data is to
be stored.
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Experiment terminated k

Do wou want to keep the data 7

Yes Mo

X

Pressing the YES button in this window will stop the software of controlling
the barriers and the experiment is finished. Alternatively, the barriers can be
let to hit the safety switch, which will stop the measurement automatically. In
the latter case, please make sure before the measurements that the barriers
do not hit and break anything especially the dipper, balance or Wilhlemy

plate.

The data collected is stored in the software database and can be retrieved
later for analysis through the Browse LB Experiment software, which can

be activated by pressing the icon % in the Main Menu.

[ Browse LB Experiments

File View Help

=101

By = | & Show Al ¢ Show lsothem Exp.  ( Show Dipping Exp
1~ Find Experiment
Name User Substance Subphase
 Experiments
Name | User | Date | Substance | Subphase |;|
|| Stearic acid Tapani 20.1.20051351:11 | Stearic acid ! aber
|_|5tearic acid Mn Tapani 20.1.2005 15:09:08 | Stearic acid W ater + G x 10E-3 M MnCI2
|_|Stearic acid H20 Tapani 20.1.2005 16:14:03 | Stearic acid i aber
|| Stearic Acid Dip Tapani 20.1.200517:50:26  Stearic acid WWater + 5% 10E-3 M MnCI2

Tapani

20.1.2005 18:0%00 | Stearic acid
2 5 11:00:16 | Stearic acid

Yitater + 5 x 10E-3 M MnCI2 j

lzotherm Diata |

o [ T[s] [Bpos [mm] [Eispd [mmémin]] 4rea [om?] [Mma [#/molec]| 5P [mbi/m] [SF2 [mhiAm]]«
CEIE [ 50 24525 421 0.05 000
IR 00 50 24520 421 0.05 000 S
a2 01 50 24507 421 0.05 000
i EE 02 50 24494 421 0.05 0.00 E|
Il s 42 03 50/ 24481 420 0.05 000 - Y2-axis
;I_I 3 Nane =
-~ = » i ‘ % Showdll ¢ Show Before Target  Show After Target

12. The isotherm can then be re-plotted by highlighting the measurement of
interest, right-click on the mouse and then choose Graph. It is advisable to
change the X-axis value to Mma [A?] before plotting the isotherm in order to

get the molecular area.
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| | 336 gr24) 1165 72 818 14.0 .22 0.00 e =
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The distinctive points that should be seen in the measured SA istoherm are;
a) the surface pressure start to increase at a Mean Molecular Area (MMA,
A?) around 25 A*¥molecule, and b) There is a clear change in the slope of
the surface pressure vs. area curve at a surface pressure of about 25-26
mN/m.

One can clearly see that the isotherm of SA on pure water can be divided
into 3 distinctive regions i.e.
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The region where the molecular area is > 30 A? and the distance between
the individual SA molecules is large i.e. the area available per SA molecule
is sufficiently large not to induce any interaction with neighboring molecules.
This region can in simple definitions be called the gaseous state of the
monolayer.

In the intermediate region where the surface pressure rises slowly with the
molecular area between 20-30 A? the molecules starts to feel each other
and interacts leading to the formation of a liquid like state.

When the monolayer is still compressed to lower areas i.e. around and
below 20 A?, the molecules in the monolayer is packed very closely to each
other an reaches a so called solid state, which is seen as a very steep and
fast increase in the surface pressure. By extrapolating a linear line through
this solid state to zero surface pressure one then obtains the extrapolated
mean molecular area for the SA molecule on a pure water subphase, which
should be in the range of 20 + 1 A%/molecule.

These definitions of phases are very rough and there are examples in the
scientific literature for a more precise definition of the different phases
appearing in the isotherm.

13. After the experiment is finished clean the water surface with a suction
pipette (aspiration). Take off the Wilhelmy plate, rinse it with water and pure
ethanol and store it in a beaker with a water-soluble solvent. Remove the
barriers after removing the subphase from the trough. Clean the trough and
barriers as described in section 5.1.

14.1f performing a second experiment repeat the above procedure from the
beginning.

15. After making more measurements, you still have the possibility to use other
functions in the data reduction capabilities of the LB software by clicking the

Browse LB Experiments icon, @J Please, see the LB instrument
manual for details.

16. After making all the experiments and data reduction for the day shut down
the LB software and the computer. It is also advisable to clean the Wilhelmy
plate, trough and barriers after the last measurement for the day and store
the parts in a dust free environment.
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5.3. Isotherm of Stearic acid on MnCl, subphase

Prepare the trough for a new measurement by going through the steps
described in the Preliminaries in section 5.1. Then proceed with the isotherm
measurement exactly as you did with SA on pure water above with the following
exceptions:

1.

Marne : IStearic Acid Mn

x|

r— Probe for Balancel
Mame IWiIheIm_l.J

Perim. : |39,24IJ mm

Date: I 16.1.2006 15:08:11
Probe for B alance:
’7 Mame : IWiIheIm_l,l Perim. : |39,24D mm

— Trough
Mame: [Mini =] widh: [ 750 mm Aea: | 243000 mnE [ Symmetric Bariers
— Subphaze
Marne : IW’atel j I imed with : IMnCIE ZI
Te I °C pH :I Conhc: : |5 Urit : Iumoles.-"ml VI
I Substancel  Substance2
Marne : IStearic acid j Marme : I zl
Conc : I 1 Uit : Imgfml 'I Cone : I Uit : IUnknown 'I
s I 2845 Waolume I 22,00 Areal [ I Walume : I pl Areal
— Substrate — Comments
Marne : I ﬂ
Shape : IHectangIe ’l Height : I mm
width ; I mm  Thickness : T
I Start | LCancel | Edit Data Baze

Instead of using pure water as a subphase, prepare a solution where you
dissolve a small amount of salt for example 5 x 10° M (0.1979 g in 200 ml
of water) of (MnCl, x 4 H,0) —salt, and pour this liquid in the trough.

Then proceed as described in the points 2. — 9. for the SA monolayer on
pure water subphase above.

When you reach point 9. fill in the Experimental Setup as shown below
and press the Start button.

Experimental Setup
User: IJaakko 'l

The starting area in this case will then be the following:

Start bma |52.1? B2 /molec

3. Hereafter, proceed as described in the points 10. — 17. for the SA

4. The SA isotherm on a MnCl; subphase should look like the following.
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The distinctive features of the SA isotherm on a MnCl, subphase are; a) that
the surface pressure starts to rise at around 25 A’/molecule, and b) the
surface pressure start to increase with a steeper slope almost immediately
after the initial rise of the surface pressure has happened and no clear
region with smaller slope is visible as was the case with the SA isotherm
measured on pure water. The dissaopearance of the clear liquid-solid
transition compared to the SA monolayer on pure water subphase is due to
the interaction of the Mn®" ions with the hydrophilic and dissociated
carboxylic (-COOH) headgroup of the SA monolayer. The slightly larger
extrapolated mean molecular area (~24 A%/molecule) for the SA isotherm on
a MnCl,-subphase compared to pure water subphase is due to the fact that
the tilt angle of the hydrocarbon chains on a MnCl; is different than on a
pure water subphase

There are a few interpretations how the ions in the subphase interact with
the monolayer. One is that the ions in the subphase just screen the charges
of the polar head groups of the monolayer material. The second is that the
interaction of SA and Mn?* ions leads to a so called “soap” formation, which
means that on average each free Mn?* ion in principle binds 2 SA molecules
and each Mn(OH)" complex binds in principle 1 SA molecule.
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6.

Isotherm of Dipalmitoylphosphatidylcholine (DPPC) on pure water subphase

Prepare the trough for a new measurement by going through the steps
described in the Preliminaries in section 5.1. Then proceed with the isotherm
measurement exactly as you did with SA on pure water above with the following
exceptions:

1. Clean the syringe by placing the needle in a bottle containing pure Hexane

or Chloroform and fill and empty the syringe about 5-6 times. Then heavily
shake the DPPC bottle, open the cap of the DPPC bottle, place the needle
in the bottle and take 20 pl (for KSV Minitrough) or about 60 pl (for KSV
Standard trough) of the DPPC solution into the syringe.

Just before starting to spread the DPPC solution on the subphase surface it
is very important that you zero the balance and barrier positions once
more from the software Manual Control Unit.

IEEY
— Trough — Trough2—— [ Temperature
I [mk./m] I [mism] Ttrough [C]
Coo0 |
B arrier Pas [mm] Barrier Pos [mm] Teontral [C]
Tooo |
Barrier Spd [mm/min] Barrier Spd [mm/min] Thath [C]
Coo0 |
— Dipper — Acceszonies
Dipper! Pos [mm] Dipper2 Pos [mm] Surface potential [+]
Dipperl Spd [mm/min] Dipper2 Spd [mm./min] pH
Balancels) | Bariert |
EBalance Controls
- - - & mNdm
i ZemBalancel Zero Balance? | 0SS~ mg

3. Spread all the DPPC solution carefully on the surface by first forming a

small drop of the solution on the tip of the syringe needle and carefully
make the drop touch the subphase surface. Repeat this until you have
spread all the SA solution in the syringe. Do NOT let the drop FALL on the
surface because this can cause some loss of your surfactant to the bulk
and/or uneven spreading of your substance. While spreading follow the
surface pressure reading on the Interface Unit display and make sure that
you spread the substance slowly enough so that the surface pressure value
does not exceed 0.5 mN/m at any point. This ensures that the monolayer
material is able to spread properly to the surface. Let the solvent evaporate
for at least 10 minutes.
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4. During the waiting time for the evaporation of the solvent start the isotherm
measurement by pressing the ISO button in the KSV LB Control Software
window.

E;KE#‘ LB Control Software

File Edit Wiew Controls Help

Dipl Ak |
Sample Interval [z] : I E M aw Graph Buffer Size [points] : I 100 E

This will bring up the Experimental Setup window where all necessary
parameters for the isotherm measurements are defined (see the instrument
LB manual for more precise definitions of the fields in the Experimental
Setup window).

NOTE ! We will now in this case spread 22 ul of a DPPC solution onto
the pure water subphase.

zl
Marne : IDF'F'E User: IJaakko vl Date : I 16.1.2006 15:08:11
r— Probe for Balancel Probe for Balance
Marme : IW’iIheIm_l,l Perim. : |39,24D i ’7 I arne : IWiIheIm_l,l Perim. : |39,24D m
— Trough
Mame : IMini vl Width : I 78,0 mm Area: I 243000 mnf v Symmetric B amiers
— Subphaze
Marne : IW’ater zl Iived with : I Z|
T: I 9C pH: Conc: I Urit : Iumoles;"ml 'l
— Substancel — Substance2
Marne : IDF'F'E ﬂ Mame : I zl
Caonc : I 1.08 Urit = Img.u’ml j Canc: I Uit : ILInknown 'I
Pl - I Yolume : I pl Areal
I Substrate r— Comments
Marne : I ZI
Shape IHectangIe j Height : I mm
Width : I mm  Thickness T
I Start | LCancel | Edit Data Baze |

Fill in the fields as above and change the fields to fit your own information
accordingly. The most important parameters in the Exeperimental Setup
window to be defined for correct results are:

e The exact concentration of the monolayer material in the spreading
solution

e The exact volume of the solution spread on the subphase

e The molecular weight of the monolayer material
21
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There is an Area button in the Substance field that can be used for
checking the initial area per molecule before deciding how much of the
monolayer containing solution should be spread. This feature is especially
useful when using monolayer materials with known properties. For a DPPC
monolayer this area should be at least > 110 A%’molecule to make a proper
isotherm measurement. In the case above the area is as shown in the
window below:

Mma Calculation

Start bma; |127.00 B2 /molec

Hereafter, proceed as described in the points 10. — 17. for the SA
monolayer on pure water subphase above.

The DPPC isotherm on a pure water subphase should look like the
following

®lcraph o ] 4
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The distinctive features of the DPPC isotherm on a pure water subphase
are; a) that the surface pressure starts to rise at an area of about 100
A?/molecule on a pure water subphase at room temperature, b) that there
appears a plateau region below 10 mN/m (depending on the level of
contamination of the used DPPC material). For the most pure DPPC the
plateau should be at 8 mN/m and almost horizontal. This plateau is a phase
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transition where the monolayer goes from a liquid expanded (LE) to a liquid
condensed (LC) phase, and during this plateau these two different phases
co-exist, and c) the extrapolated area from the condensed region is around
47 + 1 A*molecule.
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7. Deposition (Dipping) measurement

We will in this section perform one dipping experiment by transferring 9 layers
of the SA monolayer from a 5 x 10° M MnCl, x (4 H,O) subphase onto a glass
slide. The Mn* ions have been added to the subphase for stabilizing the
monolayer and enabling the deposition of multiple layers. Without the salt in the
subphase only one monolayer of SA would be transferred to the glass slide,
and this would also probably be peeled off when trying to deposit the next layer
on top of it.

7.1. Preliminaries

Every time you are preparing a measurement with your KSV L or LB instrument
there will be a series of procedures that are recommended to do in order to
achieve the best outcome of your studies. These includes:

Wash your trough and barriers thoroughly. For most cases using a soft
brush to “paint” the trough and barriers with pure ethanol (or other
organic solvent), and then rinsing with pure ion exchanged water has
shown to be a sufficient way to clean the trough and barriers.

NOTE! The barriers do not tolerate Chloroform as a cleaning
solution, but this does not restrict the use of Chloroform as a
spreading solvent for the monolayer material.

During cleaning it is advisable to use rubber gloves, because touching
your trough or barriers with your bare hands can later contaminate your
subphase surface, which further affects the outcome of your
measurements and results. If you have not used the trough for a long
time it is good to rinse it thoroughly with detergent (Decon, Helmanex,
Fairy) and hot water, and after that use the cleaning procedure
described above. Note that with the KSV trough, it is easy (and
advisable) to move the trough to a sink where it can easily and
thoroughly be cleaned.

Place the cleaned trough and barriers on their positions on the
instrument and move the balance(s) to the center of the trough. Place
Dipper so that it enables the dipper to immerse and withdraw the solid
sample into the subphase at the point where the dipping well is located,
but not disturbing (touching) the Wilhelmy plate.

Move the barriers with the software Manual Control Unit (or the
optional physical Manual Control Unit if the instrument is equipped with
it) so that there is not left a space more than about 0.5-1 mm between
the back of the barrier and the trough edge. See picture below. At this
point also move the barrier safety switches to these positions.
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JSlell
— Troughl — Traugh. — Temperature
I [mM<m] I [mM/m] Ttraugh [C]
(oo ||| |
Barrier Poz [mm) Barrier Fos [mm] Tcontral [C]
Coo | |
Barrier Spd [mm/min] Barrier 5pd [mm./min] Thath [C]
T |
— Dipper — Accessories
Dipperl Poz [mm] Dipper2 Pos [mm] Surface potential [+]
Dipper1 Spd [mmdmin] Dipper2 Spd [mm/min) pH
Balance(z) Barier] |
Barrier] Contrals 102 Sosed  100%
Cloge | I Stop Open | !

Effective area

Now we are all set for making the actual deposition measurement.

7.2. Deposition of Stearic acid from a MnCl, subphase onto glass

1. Now freshly prepare a solution containing some salt, for example 5 x 102 M
MnCl, x 4 H,O and fill the trough with this so that the surface of the
subphase is a couple of mm above the edges of the trough.

2. Wait until the temperature of your subphase has stabilized to the
temperature you have chosen before continuing.

3. Use the software Manual Control Unit (or the optional physical Manual
Control Unit if the instrument is equipped with it) to close the barriers to the
center and simultaneously clean the liquid surface between the barriers by
using the aspirator (or a suction pipette) until the barriers are as close
together as possible. Hereafter, open the barriers to the zero position and
repeat the above procedure. This procedure should be repeated 2-3 times.
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JRIETE
— Troughl — Trough2———— [ Temperature
II [mM/m] II [mM/m] Ttrough [C]
Coos || |
Barrier Pos [mm] B arrier Poz [mm] Tzontral [C]
- 147 | |
Barrier Spd [rnnmin] Barrier Spd [rmdin] Thath [C]
120560 | |
— Dipper — Accessaofies
Dipperl Pos [mm] Dipper2 Poz [mm] Surface potential [+]
Dipper1 Spd [mm.min] Dipper2 Spd [rmm.mit] pH

Balancels) Barrier‘ll

Barrier! Contrals

10% Speed 100%

The last time keep on cleaning the liquid surface between the barriers until
the water level equals or is just a little bit higher than the trough edge level.
Then move the barriers back to zero position (see figure below).

Effective area

4. Rinse the Wilhelmy plate with pure ethanol and ion-exchanged water. Hang
the plate on the surface balance and lower the plate into the subphase so
that about two thirds of the plate is above the surface.

Every now and then it is advisable to flame clean your probe, especially if it
does not seem to be wetted completely when immersed in the subphase.

If you use your Wilhelmy plate for the first time you should clean it with
solvent and flame it prior to use. Then store it in some water-soluble organic
solvent (methanol, ethanol). To flame clean your probe, make sure you
have a strong flame source comparable to a bunsen burner. Low heat
flames will leave residues on your plate, which can lead to significant error.
Hold the probe in the hottest part of the flame until the entire plate glows
brightly for a few seconds. It is advisable to flame the Wilhelmy plate every
now and then but it is not necessary to do it every time you use the plate.
Rinsing with ethanol and water should be sufficient for most cases.

5. After hanging the Wilhlemy plate on the balance zero the balance and
barrier positions from the software Manual Control Unit and check the
cleanliness of the subphase by compressing the barriers together and
looking on the balance value on the display. If the surface pressure value
stays below 0.2-0.3 mN/m during this compression then the subphase
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surface can be regarded as clean and you can proceed to the next step.
However, if the surface pressure value increases above 0.3 mN/m, then it is
recommended to clean the surface once more as was described in point 3
above.

Clean the glass slide by immersing it in for example in chromic acid or
piranha solution for a few minutes. Hereafter, rinse it thoroughly with ion
exchanged water and dry the glass by sucking with the aspirator. Other
cleaning procedures can also be used.

NOTE! Chromic acid and Piranha solutions are very toxic and corrosive,
therefore utmost care and proper safety cautions should be kept in mind
while using these liquids.

When the glass is dry place it in the dipper sample clip holder, and attach
this holder to the dipper arm by using an Allen wrench. Make sure that you
place the sample clip holder so that the glass slide is parallel with the
barriers. The quality of the deposited film can be largely affected by the
orientation of the solid substrate relative to the barriers. A parallel orientation
has been shown to give the best quality LB layers.

Hereafter, lower with the help of the software Manual Control Unit the
glass slide so that it JUST touches the subphase surface and stop the
dipper movement.

This will be your Dipper zero point. Now at this point IT IS VERY
IMPORTANT that you zero the dipper position from the software Manual
Control Unit.

il
—Troughl —— [ Trough2 7 [ Temperature
IT [mMAm] IT [mMm] Ttrough [C]
R |
B arrier Pog [mim] Barrier Poz [mim] Teontral [C]
Coo | |
Barrier Spd [mmmirn] Bamier Spd [mm/min] Thath [C]
T |
— Dipper — Accessolies
Dipperl Poz [mm] Dipper2 Poz [rmm] Surface potential []
T |
Dipper! Spd [mmdmin] Dipper2 Spd [mnmdmin] pH
T |
Ealance[s]l Bamierl  Dipperl |
Dipperl Cantrols 10% Speed  100%
| [ oom| [ )

9. After the zero position of the dipper has been defined, lower the glass slide

with the help of the software Manual Control Unit down to the depth
(height) you want the slide to be coated (10 mm in this example). Hereafter,
it is very important NOT to zero the dipper position anymore in order to be
able to calculate the quality of transfer (Transfer Ratio, T.R.) during the
measurement.
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=IClx e
- Troughl Traugh [~ Temperatuie ¢ Troughl Trough2 | | Temperature
I [miN4m] I [N 4m] Thraugh [C] T [mM/m] T [mM/m] Ttrough [C]
001 | | 001 | |
Earrier Pos [mm] Earrier Pos [mm] Teantral [C] Bariier Poz [mm] Bariier Poz [mm] Teontrol [C]
000 | | | 0.0 | |
Barrier Spd [mm/min] Barier Spd [mm/min] Thath [C] Barrier Spd [mrmmin] Barrier Spd [mmm/min] Thath [C]
Tow | Coo | |
r~ Dipper - Accessories r Dippes  Accessories
Dipper] Pos [mm] Dipper2 Pos [rm] Surface potential [V] Dipper] Pos [mm] Dipper2 Pos [mm] Surface potential []
Tam | T |
Dipper! Spd [mmmin] Dipper2 Spd [mmmin] pH Dipperl Spd [mmdmin] Dipper2 Spd [mm/min] pH
| -85.67 | | [ ooo | |
Balance[s]l Barier]  Dipperl |E|evalurs| Ealance[s]' Barierl  Dipperl |Elevators|
Dipper! Contrals 10% Speed 100% Dipper] Contrals 10
Up Stop Down Zerm Up Stop Davn

Lowering the solid substrate into the subphase Solid substrate in its starting position for deposition

Clean the syringe by placing the needle in a bottle containing pure Hexane
or Chloroform and fill and empty the syringe about 5-6 times. Then heavily
shake the SA bottle, open the cap of the SA bottle, place the needle in the
bottle and take about 25 pl (for a KSV Mini trough) or about 80 ul (for a KSV
Standard trough) of the SA solution into the syringe.

Just before starting to spread the SA solution on the subphase surface it is
very important that you zero the balance and barrier positions, but NOT the
dipper position from the software Manual Control Unit.

Spread all of the SA solution carefully on the surface by first forming a small
drop of the solution on the tip of the needle and carefully make the drop
touch the subphase surface as was described in the isotherm measurement
section. Remember, while spreading follow the surface pressure reading on
the Interface Unit display and make sure that you spread the substance
slowly enough so that the surface pressure value does not exceed 0.5
mN/m at any point. This ensures that the monolayer material is able to
spread properly to the surface. Let the solvent evaporate for at least 10
minutes.

During the waiting time for the evaporation of the solvent start the isotherm
measurement by pressing the DIP button in the KSV LB Control Software

window.
E;KEH‘ LB Control Software

File Edit Wiew Controls Help

lzo | At |
Sample Interval [z] : I ﬁ

M ax Graph Buffer Size [points] : I 100 ﬁ [

This will bring up the Experimental Setup window where all necessary
parameters for the Dipping measurements are defined (see the instrument
LB manual for more precise definitions of the fields in the Experimental
Setup window).
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x
Marne : |54 MnCI2 Dip User: |Jaskko | Date: | 51.20061329:39
— Probe for Balancel Probe for Balance
Mame : |Wilhelmy Ferim, : |39,24D mim ’7 Mame ; |micm wilhelmy Ferim, : |20,DDD M
— Trough
Mame : IMini vl width : I 750 mm  Area: I 243000 mré [V Symmetric Bariers
— Subphaze
Mame : Iwater j Fixed with : IMnCIE j
T: I OC pH: Conc : I 5 Unit : Iumolesx’ml Yl
 Substancel — Substance?
Mame : |stearic acid j Mame : | j
Con | 1.04 Uit : Img.-"m| j Con I Uit : IUnknown 'l
Mui: | 2845 Velume: | 2400 B | Yalume : | mi
— Substrate r— Comments
MHame : |Iasilevy j
Shape : IHectangIe 'l Height : I 10,00 mm
‘wfidth : I 20,00 mm  Thickness : 0,20 mm
I Accept Edits | LCancel | Edit Data Base |

Fill in the fields as above and change the fields to fit your own information
accordingly. The most important parameters in the Exeperimental Setup
window to be defined for correct results for the dipping measurement are:

e The shape of the glass slide (solid substrate)
e The exact width of the glass slide (solid substrate)
e The thickness of the glass slide (solid substrate)

e The depth (Height) at which the glass slide (solid
substrate) was lowered above or is to be lowered to
during the dipping measurement.

Pressing the Area button in the Substancel box will show the starting area
of compression per molecule:

Mma Calculation

Start Mma: [45.99 A& fmolec

14. After completing the Experimental Setup window press the Start button.
This will not start the actual measurement or any compression yet, but it will
open the Trough Controls and Trough Isotherm Data windows as shown
below.
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EFKSV LB Control Software [ 1 ] |
File Edit Yiew Controls Help
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[ Traughi Contr | I 1rouah1 1sotherm Data =0 ]
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ompression Metho Reauis | | | vt | =] 2| [None - ‘

[Canstant rate compression =
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" From Goto Target Rec On
' From Go to Stop/Dip =
" From Target to Stop 0T
£~ Manual Al
i Target Opti ~ Noof Cycles
arget Dptions il 0,50
s

* Surface Pressuie
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" Tiough Area Al el

(" Barrer Position 102 0,2

-~ Compression Parameters ————————

Target [/ [300 =] -0,00
Flate [mm/imin] 502

-0,2

-0,50

Ware
 After Target Parameters————————

0.7
Max. Rate Fuud [rmmémin] - 302
Ma, Fiate Buwd [mm/imin] 302

Pause

ZeroBal ITDD o GorHold -1,00 -0,75 -0.50 -0.26 -0,00 025 050 0,75 1,00
ZeroPos | IritBarier] Compress| Expand

Set the parameters in the Trough Controls window as shown above. For a
more precise description of options and fields in the Trough Controls
window please see the LB instrument manual.

-1,00
| I T O O N T T O S O A

NOTE! This is the point where the surface pressure at which the
monolayer is deposited is defined. In this case we have chosen 30
mN/m as the target surface pressure at which the monolayer will be
transferred to the glass slide (solid substrate).

15. After at least 10 minutes has passed from the spreading of the monolayer
material on the subphase surface, press the GO/HOLD button in the
Trough Controls window. This will inactivate all the other buttons in the
Trough Controls window except the STOP button, and start the
compression of the barriers. The surface pressure as a function of the area
will be plotted on-line in the Trough Isotherm Data window as the
compression proceeds. The Status: line in the KSV LB Control Software
window will also change from Waiting for Start to Running... The
Compression Parameters in the Trough Controls window can be
changed while the measurement is running and will be activated
immediately after the change has been done.
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16. When the monolayer reaches the target pressure the Trough Controls
window will disappear and the Dipper Controls window will
automatically appear. The graph is also changed to show the surface
pressure and barrier position as a function of time.
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E;KSV LB Control Software
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17. Now wait for the monolayer to stabilize for at least 10 — 20 minutes. During
this waiting period define the parameters in the Dipper Controls window as

shown below.
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Note that defining the minimum depth (Height) can simply be done by
pressing the set button beside the field reserved for this parameter. This is
the case only when depositing on a hydrophilic (water loving) substrate.
When using a hydrophobic substrate (water repelling) you need to decide
the immersion depth in beforehand and define it here before starting the
deposition.

The upper limit has been put to 2 mm in order to make sure that the glass
slide (solid sample) will clearly be raised above the air-water interface
during the upper waiting (drying) period. This, because if the glass slide is in
contact with the interface the transferred layer it does not have any
possibility to completely dry before the next layer is deposited on the slide.
If complete drying is not allowed it might happen that the previously
deposited layer is peeled off during the next deposition cycle.

Normally the deposition speeds are kept around 5-10 mm/min to ensure
enough slowly and smooth transfer of the layer.

18. After the monolayer have been stabilised for at least 10 minutes then press
the Start button in the Dipper Controls window.

This will initiate the dipping process and the glass slide is started to be lifted
out from the subphase, while simultaneously the instrument keeps the
surface pressure constant. The graph also changes to show the surface
pressure and the transfer ratio as a function of time as the dipping
proceeds.

After the first layer has been deposited the graph show the calculated
transfer ration, and the glass slide is kept in air for a sufficiently long time
(normally 15-20 minutes) to enable complete drying before depositing the
next layer(s).
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Second layer under transfer (deposition).

If the surface pressure starts to suddenly decrease this might be due to that
the barriers can not keep the pressure that was defined for the deposition.
In this kind of case one could try to increase the barrier speeds from the
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Trough Controls window by first opening it again by choosing Controls —
Tough Controls.

Eqksv LB Control Software

Fle Edit -.-':nrhln
L s (F
Sample Intervalls]: [I 2]

This will open the Trough Controls window. In order to change the barrier
speed after the target pressure have been reached adjust the Max. Rate
Fwd and Max. Rate Bwd in the After Target Parameters box.

— Compression Methaod

|Cunslant rate compression

— Recording Options ———
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* From Go to Stop/Dip
£~ From Target to Stop
 Manual

RecOn

HEIN,

Rec Off

[ Target Options — | [ Moof Cycles
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= Barrier Position ’71,0 W

A

-

— Compression Parameters —————————————

Target [miAm] : 30,0 ﬂ
Rate [mm/min] : 80 3

flore .. I
P ——
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Mar Rate Fwd [rmmdmin] : 2088 )
Max. Rate Bwd [rmmdmin] : 20

Pauze |

ZBrDBa\l Stop | fGn | Go/Hold

ZeloF’osl \nitBamell Compressl Expandl

The parameters in the Dipper Controls window can also be changed during
the measurement and will be activated for the next deposited layer if
necessary.

19. After all layers (9 in this example) defined in the Dipper Controls window
have been deposited the software automatically stops and leaves the Main
Menu and the Dipping Data window with the T.R. values on the right hand
side visible on the desktop.
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You can also stop the deposition process before all the defined layers have
been deposited at any time by pressing the STOP button. The software will
in that case ask for confirmation before interrupting the measurement.

Experiment terminated b 5[

Do wou wank to keep the data 7

Yes Mo |

Pressing the Yes button will stop the instrument and store the data
recorded so far.

20. The data collected during the measurement is stored in the software
database and can be retrieved later for analysis through the Browse LB

Experiment software, which can be activated by pressing the icon % in
the Main Menu.
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21. The isotherm part or the deposition data can then be re-plotted by
highlighting the measurement of interest, activate the Isotherm Data page
and right-click on the mouse and then choose Graph.
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22. The dipping part of the deposition data can then be re-plotted by highlighting
the measurement of interest, activate the Dipping data page and right-click
on the mouse and then choose Graph. The transfer ratio window should
look something similar to what is shown below. A transfer ratio value of 1
means optimum deposition, while a lower value means not so good transfer
and a higher value indicates instability in film or multilayer deposition at the

same time.
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23. The Transfer Ratio (T.R.) values for each layer can be re-plotted by
highlighting the measurement of interest, activate the Dipping Results page
and right-click on the mouse and then choose Graph.
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24. After the experiment is finished clean the water surface with a suction
pipette (aspiration). Take off the Wilhelmy plate, rinse it with water and pure
ethanol and store it in a beaker with a water-soluble organic solvent.
Remove the barriers after removing the subphase from the trough. Clean
the trough and barriers as described in section 5.1.

25. If performing a second experiment repeat the above procedure from the
beginning.

26. After making the measurement, you still have the possibility to use other
functions in the data reduction capabilities of the LB software by clicking the

Browse LB Experiments icon, @J Please, see the LB instrument
manual for details.

27. After making all the experiments and data reduction for the day shut down
the LB software and the computer. It is also advisable to clean the Wilhelmy
plate, trough and barriers after the last measurement for the day and store
the parts in a dust free environment.
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8. Other interesting basic measurements — Relaxation/Stability/Kinetics and
Hysteresis

8.1. Relaxation/Stability/Kinetics measurements

The relaxation/stability/kinetics measurements in the KSV WinLB software is
made in the following way:

1. Prepare the measurement as you would prepare a normal Isotherm

measurement.
2. Start the Isotherm measurement (ISO button) and fill in the Experimental
setup.
o
File Edit View Controls Help
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3. After filling the Experimental setup and pressing the Start button the
Troughl Controls window will appear.
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tax. Rate Fuwd [mm./min] : I 5.0 ﬂ
tax. Rate Bwd [mm/min] : I 5.0 g

Pauze

ZeroBal | I Stop G

] | Go.-"HoIdl

ZeroF‘OSl InitBarrierl Compressl Expandl

4. From the Troughl Controls window choose as Compression Method:
Constant Rate Compression and as Recording Options: From Go to

Stop/Dip.

5. Next choose the appropriate Target Options. Note that the Compression
Parameters will change according to what Target Option is chosen. Define

the Target value in the Compression Parameters box.

If non-integer units are required, then double-click to highlight the Target
value and then just type in the required value. In this case we use 49.3

A%/molecule.
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Troughl Controls |

— Compression Method

IConstant rate compression ﬂ

— Recording Optionz
= From Go to Tanget Rec On |
* From Go to Stop/Dip -
= From Target to Stop
€ Manual I Rec Oif

— Target Options — 1~ Mo of Cycles

" Surface Pressure I 1 g

& Mean Molecular Srea -
 Trough Area r— Gain Contral

€ Barrier Position I 1.0 E

— Compression Parameters —————————

Target [A2/malec] : IWE
Rate [m/min]: | 200 3]

Hare... I

— After Target Parameters ——————————

taw. Fate Fuad [mmdmin] : I 5,D£
Max. Rate Bwd [mm min] : I 5,05

Fause |

ZeloBaIlI Stap Go |GD.-"HD|C||

ZeroF‘Dsl InitBarrierl Eompressl Expandl

a) If you want to keep the surface pressure constant and monitoring the
trough/molecular area select as the target option: Surface Pressure and set
the appropriate Compression Parameters.

b) If you want to keep the mean molecular area constant and monitoring the
surface pressure select as the target option: Mean Molecular Area and set
the appropriate Compression Parameters.

c) If you want to keep the trough area constant and monitoring the surface
pressure select as the target option: Trough Area and set the appropriate
Compression Parameters.

d) If you want to keep the barrier position constant and monitoring the surface
pressure select as the target option: Barrier Position and set the
appropriate Compression Parameters.

6. Here we will use option 5 a). After the appropriate Target Options have

been chosen and the Compression parameters are defined and you are
ready for starting the actual measurement, then press the GO/HOLD button.
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Troughl Controls x|

— Compreszion Method

|E0nstant rate compression j

— Recording Options
= From Go ta Target I Fec On
£+ From Go to StopDip o
= From Target ta Stop
= Manual 4|HEC ol

— Target Options —— 1 [~ Moof Cycles

= Surface Pressure |—1£

{+ Mean Molecular Area -
 Trough Area — Gain Cantral —

" Barrier Position I 1.0 g

— Compreszion Parameters ———————

Taiget[p2/molec]: | 43.3 3]
Rate [mmdminl- | 200 2]

Fare ... I
r— After Target P ters

Max. Rate Fuud [mmdmin] : I 5,D£
Max. Fate Bwd [mm/min] : I 5,05

Pauze

|
ZeroBall Stop | Ga | I Go/Hold

ZeroF'osl InitBanierl Eompressl Expandl

Now the measurement will continue until you press the STOP button.

| order to see the data recorded as a function of time after the Target is
reached you need to change the X- and Y-axis from the drop down menus in
the Troughl Isotherm Data graph according to your needs.

© N

F A Troughl Isotherm Data 1 O _xJ
Rt ¢ | [Mma 122 w|  rws:| [sPimN/m) ] [Y2Ass:| [None =
— =l Y
Bipos[on]  — fe pressure versus Mean molecular area
Brr_spd [mm/min] Test
____|Asea [cnF]
C Alaﬂ[\gﬂ*] ]
T Im
70T lkima vy
r SP [mN/m] X
60+
50+
B 40
E [
a [
30
20
C
10-f
0k +

478 50,0 52,5 575 60,0 625

o
.
[=1

550
Mma[Azl

It is also worthwhile to change the scaling to be Auto Scale by pressing the X-
axis and Y-axis buttons beside the drop down menus.
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r— M aximuny R
* Auto Scale o Auto Scale

" Manual |84,8?82258 & Manual |?5

" Manual |44,3? = Manual |-1

Ok, | Cancell ak. | Eancell

0 -0 x|
s - ITim il T ISP[mNJ'F"] ﬂ Y 2-Anis INDI’]E j ‘
Surface pressure versus Time
Test
0116
0,120+ (\\ f /
-0,126F A

LNV |

|
-unas? /\ ] }
N A
oot R LAVIN A P
-0,150 % U ]y i
0,185 E v H
-0,160 ; U

-0,165-F \(
= 1 S A A v |

SP [mi/m]

1] n 20 3a 40 a0 60 7a ao a0
Time [s]

9. After the measurement has continued the required time press the Stop
button. This will bring you up a screen asking to save the recorded data.

Experiment terminated b |

Do you wank ko keep the data 7

Yes Mo |

10. Now the measurement can be plotted in the Browse Experiment section by
choosing the appropriate X- and Y-axis for the graph.
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NOTE!

E-aBruwse LB Experiments

File View Help

=]

Ebl gl = Show Al ¢ ShowlsothermExp. € Show Dipping Exp.
i Find Experiment
Marne User Substance Subphaze
[ Experimerts
Mame | Usgar ‘ Date | Substance | Subphase |;|
| |myoglob_0.5_30 bdaria 19.9.2005 13:06:43 | mpoglobin wiaher
| | myoglob_0.5_E0 M aria 19.9.2005 14:54:35 | mpoglobin wister
|| myaglobin_30_2 Maria 20.9.2005 8:33:.00 | myoglobin water _I
|| myaglobin_30_11 b aria 20.9.2005 11:33:38 | mpoglobin wiater
ft Tapani
” 305
>

lzotherm1 D ata |

i | T[] [Bpos [mm] |Bispd [ommin]] Area (o] | Mma [22/mokec]] SP [mH/m] |SP2 [mirmi]« ] m
L[ 174 1724 273 00 20874 433 014 0.00 ime (5] v
| | 175 1735 273 00| 20874 493 015 0,00 s
[ | 178 1805 273 00 20874 493 015 0,00 m
|| 177 1315 273 00 20874 433 014 000 [/l
b 178) 1825 273 00 20874 493 015 000+ 2-as -
A 13
14 - | | | @+ Showsll ShowBefore Target  Show After Target
¥AGraph -0l
Surface pressure and Mean molecular area versus Time
Test2
Surface pressure Mean rolecular aresa
-39
_0,005 1%, i .
: \\ N A ; i
smot f h fe bl 1 A ﬂ N 57
Eono1sL h A i . I\ S
£-0,

L 3 =
IR RS EPRER:
% i L 1=
-0,020 - J+ L ¥ : 53

™

0,025 =
C Y T3

F ".,.‘l E

-0,830 111 |11 111 |11 L1 1 111 :—49

0 25 s0

ZErnDng\nl unannnml ghanenul

Frirt

75
Time [s]

100

| LirFeg |

150

If you do not want to record the compression part of the
measurement then choose as the Recording Option: From Target to Stop
in the Troughl Controls window.
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8.2. Hysteresis measurements

The Hysteresis measurements in the KSV WinLB software is made in the
following way:

1. Prepare the measurement as you would prepare a normal Isotherm
measurement.

2. Start the Isotherm measurement (ISO button) and fill in the Experimental
setup.

3. After filling the Experimental setup and pressing the Start button the
Troughl Controls window will appear.

4. From the Troughl Controls window choose as Compression Method:
Constant Rate Compression and as Recording Options: From Go to
Target.

5. Now define the number of compression cycles you want the instrument to
perform in the No. of cycles field. In the example below the number is set to
4. This means that the instrument performs 2 compressions and 2
expansions i.e. 2 complete compression-expansion cycles. As soon as you
increase the No of cycles to more than one the More...button in the
Compression parameters box will be activated. By pressing the More...
button additional parameter window needed for the expansion cycles will
appear.

6. Next choose the appropriate Target Options. Note that the Compression
Parameters as well as the parameters in the box activated by pressing the
More... button will change according to what Target Option is chosen.
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Troughl Controls x|

 Compreszzion Method

IEDnstant rate compression j

= F!ecnldmg O ptionz

: RecOn |
 From Go to Stoprlp
" From Target to Stop Ii
" Manual Rec OIf

— Target Optiohs — Mo of Cycles

f* Surface Pressure I 4 g

" Mean Molecular Area -
" Tiough Area — Gain Control —

" Barrier Position I 1.0 g

 Compression Parameters ——————————

Target [mMm] | 0, 03
Fate [mnndmmin] : I 5.05

Troughl Control Options x|

— Expanzion Parameters

MDLI Feturn Target [rfdAm] ; Im ﬁ

— After Target Parameters —————————
Max. Rate Fwd [mm/min] : I 5. Dﬂ R ate [mmmin] : I 5.0 g
tax. Rate Bwd [mmdmin] ; I 5.0 g

Pause Wit after Compression [s] : I Dﬁ
ZemBal” Stop Alwl Wit after Expanzion [z] ; I Dﬁ

ZemF‘osl InitBarrierl Enmpressl E:-tpandl

7. After the appropriate Target Options have been chosen and the
Compression and Expansion parameters are defined and you are ready
for starting the actual measurement, then press the GO button.

8. Now the measurement will do the amount of compressions+expansions
defined in the No of cycles field. In the example above the instrument will
make 2 compressions and 2 expansions.
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9.

9.1.

Using Wilhelmy Paper Plates for KSV Langmuir and Langmuir-Blodgett
film balances

In some cases, especially when performing compression-expansion hysteresis
measurements with the KSV Lanmguir and Langmuir-Blodgett film balances it
is preferable to use Wilhelmy plates made of paper instead of the standard
Wilhelmy plate of Platinum delivered with the instrument. Although the Platinum
plate is practical for its reusable property and easy cleaning procedure (burn it
in a Bunsen burner) there might be problems when using it for compression-
expansion cycles. This problem appears in such a way that the surface
pressure never reaches zero surface pressure during the expansion after a
comporession cycle. The reason for this is that there has been a slight
deposition of the monolayer material to the platinum plate surface, and this has
slightly modified the contact angle of the subphase against the platinum plate
(the contact angle should be zero, i.e. complete wetting, in order to be able to
measure correct values).

Despite of the problem that might appear in the compression-expansion cycle
experiments, the platinum Wilhelmy plate is still highly suitable for single
compression isotherm measurements and LB deposition experiments. Of
course, paper plates can as well be used for these standard experiments if
necessary.

However, for those interested in using paper plates this document will guide
how to use them in combination with a KSV Langmuir and Langmuir-Blodgett
film balance.

Shortly, the use of paper plates with a KSV film balance includes the following
steps:

1. Prepare a rectangular piece of paper (filter paper) with known dimensions
(width) and make a hole on top of the paper plate so that it can be hanged
on the balance hook.

Define this new Probe into the KSV LB Control Software Database.

Define in the KSV LB Control Software Instrument Parameters section
the newly defined paper plate as the default probe (Wilhelmy plate) for your
coming experiments.

4. Shut down and restart the KSV Win LB software in order to load the newly

defined paper plate as the default probe (Wilhelmy plate) for your
experiments.

Preparing the paper plate

The paper plate intended to be used for L- and LB film balance measurements
should be prepared and cut out of clean laboratory filter paper. It is very
important to be able to determine the dimensions (width, and hence the
perimeter = 2 x width) of the paper plate accurately, as the perimeter of the
plate is used to calculate the measured surface pressure values by dividing the
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measured force acting on the paper plate probe by the perimeter of the paper
plate.

Another thing that is important is that the paper plate can be placed on the LB
balance hook so that it is hanging vertically.

KSV provides ready cut paper plates with dimensions: width = 10.3 mm
(Perimeter = 2 x width = 20.6 mm)

NOTE! The paper plates should be soaked in a separate beaker containing
the subphase liquid at least for 30 minutes prior to use. This is a
precaution to dissolve any contaminations and remove any solid particles
from the filter paper.

9.2. Defining the probe into the KSV Win LB software
Start the KSV Win LB software, and further start the KSV LB control

Software from the Main Menu window by pressing the, % icon. This will
open the KSV LB Controls Software window:

EJKSY LB Control Software —[o|
Fle Edt Visw Controls Help
B1[mN/m] BZ[mN/m] Brl[mm] BuZ[mm] D1[mm] DZ[mm]  T[T] pH SFNV] AD V]
Iso| Dip| Al ’70.05 ’7 ’—EI i ,— ,— ’— ’—24 > ’— ,—U B ,_
Sample Interval [s]: [1 5 Skatus ¢ ‘Wa\tlng For Start ‘Brrl : |]dle |ErrZ: ‘Nnne ‘Dl : |Nuna |D2: ‘Nune

Choose Edit — Database in the KSV LB Control Software window to open the
Edit Database window.

x

Users  Probes I Troughsl Subphasesl Additionsl Substancesl Substratesl

Perimeter : I 39.240  mm

| <> [orf+| =] [ ]|

0k, I Cancel | Help |

Choose the Probe page and add a new probe by pressing the + - button, fill in
the name and perimeter of the probe and then press the 4 - button.
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Edit database x|
sers  Probes | Troughsl Subphasesl Additionsl Substancesl Substratesl
Fiafie I Perimeter: |20.6 mim
| *] Paper Plate
] wilhelmy
| <[ o] =] |v]x]
OF. I Cancel | Help |

Hereafter, press the OK button. Now the new paper plate probe is defined into
the KSV Win LB software database.

9.3. Defining the paper plate as the default probe for the experiments

The default probe used for L- and LB experiments is defined in the Instrument
Parameters section in the KSV Win LB software. To define the paper plate
inserted in the database as the default probe start the KSV LB Control

software from the Main Menu by pressing the, % icon. This will open the
KSV LB Controls software window:

EJKSV LB Control Software i (=]
File Edit View Controls Help

B1fmN/ml B2[wh/ml Brlfmml  Buzlmml DT[] D2[mml  T[C] pH PVl ADM]
Iso| [Dip| | Al [(oes [ oo [0 e e e [ foem

Sample Interval [s] lw_g Status ¢ ‘Wa\ting for Start ‘Errl : |1d\e |Err2‘ ‘Nune ‘m : |Nnne |D2‘ ‘Nune

Choose Edit —» Device Parameters in the KSV LB Control Software window
to open the Instrument Parameters window.
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lnstrument Parameters

[~ Balance1 Probe

Perimeter: |39.240 mm

Name : |wilhelmy 'I

Bamier Type
K 54 Mini Trough

Dipper Typs

[~ Balance? Probe

Perimeter: |39.240 mm

MName : [wilhelmy 'I

[ Usage of balances
" Ball -» Trl and Bal2 > Ti2
€ Ball and Bal2 > Trl
" Ball and Bal2 > T2

Standard mndel

Alternate head parameters
TumSdelp TumSpanwn

— Brewster angle microscopy
I~ Enable K5V BAM Contral
I~ Enable DataSacket trarsmit

(

Surface potential meter —
[~ Sound card Spm connected

Lancel |

Choose the newly defined paper plate as the probe in the drop down menu in
the Balancel Probe box in this window. Hereafter, press the OK button.

9.4.

Restarting the KSV Win LB software

In order to load the paper plate as the default probe for your experiments shut
down the KSV Win LB software completely and restart it again.

Now the paper plate has been defined as the default probe in the KSV Win LB
software and now the L- and LB experiments can be performed as usual. In
order to change the probe back to the standard platinum Wilhelmy plate, then
just change the probe for the Balancel Probe in the Instrument Parameters
window back to the Wilhelmy probe, and then restart the KSV Win LB

software.
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