Thermometric Titration of R-Cyclodextrin 1
Microcal Isothermal Titration Calorimeter

Purpose:Determine the stoichiometry, equilibrium constamtg enthalpy of binding of 13-
cyclodextrin and the sodium salt of 2-naphthalemésic acid. This reaction is a good example
of a guest-host complex.

Introduction

Titrations can be done in a solution calorim®&t&he temperature of the vessel or heat flow to
the vessel is monitored as a function of addeanitrSuch titrations are called thermometric
titrations. Thermometric titrations have becomemmonly used method for analytiéaind
reaction enthalpy determinatiGhd hermometric titrations have become especiallydrtant in
studies of protein and nucleic acid binding. Faaraple, the enthalpy of binding of an inhibitor
to an enzyme is a common determination. In thisttalwill study the binding of a cyclic-
polysaccharide to the sodium salt of 2-naphthaerntnic acid.

The polysaccharide is 3-cyclodextrin, 3-CD. Ggleixtrins are often used as active site analogs
for enzymes. Cyclodextrins are used to aid thergtisn of drugs in the body. Other uses for
cyclodextrins include the petroleum industry fopaeating aromatic hydrocarbons and in
agriculture to reduce volatility of insecticidesyabdextrins are natural products produced by
bacteria from starch. 3-CD is made from seven Q(#gopyranose units linked through(1-
>4) glycosidic bond} Figurel.
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Figure 1. B3-cyclodextrin (cycloheptaamylose).
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In aqueous solution the CH bonds on the rings powwmard producing a hydrophobic cavity
inside a cylinder of diameter 15.4 A. The OH groagtend from the top and bottom of the
cylinder, providing sites for strong hydrogen bdadnation. On average about 11 water
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molecules fit inside the cylinder. The cavity voleims 0.14 mL/g. e} -
Cyclo-dextrins bind with a wide variety of substascSuch '« O

complexes are examples of guest-host complexesewhe S.O
cyclodextrin is the host.

At pH 7.2, 2-naphthalene-sulfonic acid is pradwately in its
deprotonated form, Figure 2 (gK0.6). 2-Naphthalene sulfonat&igure 2. 2-Naphthalene
is expected to bind tc-CD because it has a hydrophobic ¢ sulfonate ion.
chain that will fit into the cyclodextrin cavity,hile the -S@- group can patrticipate in hydrogen
bonds with the sugar OH groups. The reaction siomshtry is not known, however, the binding

is probably 1:1 based on the size of the cavity:
3-CD + naphthaleneSO - [R-CD--naphthaleneS§) 1

Also remember that some water molecules originallppe cavity will be excluded in the
complex. This change in the number of water mok=cul the cavity has an important effect on
the binding enthalpy and entrdpy

The analytical sensitivity of thermometric tticas is linearly related to concentration, in
contrast to the logarithmic relation to concentnatihat exists for many other analytical methods,
e.g., potentiometric methods. A linear relatioamsadvantage when very dilute solutions or
solutions with high concentrations of interferimg$é are being analyzed. For example, pH
titrations of pyridine at concentrations below ONdgjive poorly defined end points, while the
end point of a thermometric titration is well defth

An isothermal titration calorimeter directly meassiheat evolved or absorbed in liquid
samples as a result of mixing precise amountsamftaats. A spinning syringe is utilized for
injecting and subsequent mixing of reactants
Sample and reference cells are accessible
filling and cleaning through the top of the
unit. The sample cell is on the right as one
faces the front of the unit.

A pair of identical coin shaped cells is
enclosed in an adiabatic Outer Shield (Jack Sensor
to shield the system from fluctuations in the|
temperature of the room. Access stems tra
from the top exterior of the instrument to thg
cells. Both the coin shaped cells and the Bl
access stems are totally filled with liquid = =
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during operation. This requires approximats s

1.8 ml. per cell even though the working .

volume of the cell is only 1.4 ml . | Syrings
Temperature differences between the

reference cell and the sample cell are S N | O b st

measured, calibrated to power units and

displayed. In this respect, the instrument Reterence Gell 4= ) (=}~ Sample Cal

operates in a similar fashion to differential
scanning calorimeters, DSC. The data
channel is referred to as the BiBnal, or the
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differentialpower between the reference cell and the samgdleGadibration of this signal is
obtained electrically by administering a known ditgrof power through a resistive heater
element located on the cell. This calibration cgpmnds to determining the heat capacity of the
calorimeter in other forms of calorimetry.

The syringe containing the guest is titratege@ted) into the cell containing a solution of the
host. An injection which results in the evolutionheat (exothermic) within the sample cell
causes a negative change in the DP power sindeettesvolved chemically provides heat that
the calorimeter is no longer required to providee Dpposite is true for endothermic reactions.
Since the DP has units of power, the time integféthe peak yields a measurement of thermal
energyAH (just as in DSC). This heat is released or alesbrb direct proportion to the amount
of binding that occurs. When the host in the cettdimes saturated with added guest, the heat
signal diminishes until only the background heatlibition is observed.

... The titration curve is then analyzed using nordinfitting models to calculate the reaction
stoichiometry (N), binding constant (K), enthalgyH{) and entropy4;S). Since the calorimeter
is at constant pressure, the molar reaction enthgalp

where Ry is the number of moles of the limiting reactansatution.

Theory

A typical titration curve obtained for a thermeimc titration is shown in Figure 4 (left). In our
experiment, 2-naphthalene sulfonate ion is thetquas$ is added as the titrant. Cyclodextrin is
the host and starts in the reaction vessel. Watased for the reference cell. The titration isedon
in discrete steps. A small volume of titrant is ed@nd then system transfers heat to or from the
sample cell until the temperature of the samplerafetence cell are equalized. The integral of
the DP signal then equals the total heat transfenr¢his step. Then the process is repeated with
a second addition of titrant, and so on until itration is complete. After the titration is
complete, the system will automatically plot the @ata, generate a baseline for the raw data,
integrate all peaks, and display the integratiaults in the Delta H window. As the titration
proceeds, the titrant that is added increasesthevolume of the solution, which pushes some
of the solution up into the stem of the reactioasat. Once the solution is pushed into the stem
any unreacted host will no longer be availableréaiction with the guest. This dilution effect is
calculated and the Delta H is calculated usingelobsnges. The effects of dilution and
exclusion of solution from the sample cell are dnmathis experiment. Please see the Microcal
documentation for a careful treatment of thesecedfd=or our calculations, we will ignore these
effects. Therefore, this Delta H plot can be tréate though no dilution occurs for the host in the
sample cell. In other words, we approximate thal tedlume of the solution as constant and as
equal to the cell volume, M. The total concentration of the host, {H$ therefore also assumed
to be constant.

The titrant must be standardized so that theeatnation, Myest,is well known. We wish to
know the number of guest molecules that bind tdhtet to verify the stoichiometry in Eq. 1.

The horizontal axis of the Delta H plot is giventlas Molar Ratio:
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[G]: _moles guest  MguestVguest
TH]: ~ moles host = MhpostVeell

Molar Ratio =r

where the M's are molar concentrations aggs\s the volume of added guest angNis the
volume of the sample cell, which holds the host. Mily have a rough estimate of the,d
because the extent of hydration of 3-CD is variableerefore, the equivalence point of the
titration won't occur exactly at a Molar Ratio 0bd 2. However, once we have an approximate
value for N, we will round to the nearest integer.
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Figure 4. A typical thermogram for a simple titaati(left). An exothermic reaction is illustrated.

The shape of the titration curve can be caledlatsing the guest-host equilibrium expression:

. _[HGL
G+HI HG K =TH][G] 4

Assume that you have a solution with a total cotre¢ion of guest, [G] and host, [H] with
[Glt = MguestVguestV ce 5

then the mole balance equations are:
[C]: = [C] + [HC]
[H]e = [H] + [HG]

From Egs. 4, 6, and 7, the concentration of guest-tomplex is given by:

[HG] = (L+K([H]HG]Y) - (1+§ }E[H]t"'[G]t))z - 4KTH]{G]: 8

~N o
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Using the mole ratio of the added guest to host f&ggpendix for the derivations):

[HG] = [H]; ((1+K[H]t (1+1)) -x/(l;;ﬁ[:]t]t (1+n)) - 4KH] rj 9

The change in number of moles of guest-host comgifiex an addition of titrant can then be
determined by the change in number of moles oftguest complex for the current step minus
the moles present during the previous step:

MNHG,n = [HG]n Vel — [HG]n-1 Ve 10

where n is the current step number. The heat eaesf to the system after an addition of titrant
is then given by the change in number of molefiefreaction

Oh = NHe,n ArHm 11

whereAHy, is the enthalpy change for the reaction. The e&rtixis of the Delta H plot is scaled
to give a convenient range in units of kcal/moinpécted titrant:

_ On _1kcal
%.m=n,4q 1000cal

12

where Rgqis the number of moles of added titrant at eaep.dEqns 8-12 are then used in non-
linear curve fitting to calculate K afH,,. Since none of the reactants and products aregass
we can assum&Hpy = Aer.
Once the equilibrium constant and reaction dpyhare known, it is straightforward to
calculateA, Gy, andA, Sy, from:
AGR=-RTInK 13
NG =AHR - TASR 14

Procedure

Prepare the solutions: Place about 2 mL of 25.0 mM 2-naphthalene-sulfomapH 6.9 buffer
and about 2 mL of 2.5 mM 3-cyclodextrin in pH 618fbr in plastic degassing tubes.

Power Up the System
Power up the Computer Controller and VP-ITC, ddimgfollowing steps in order.
1. Turn on the computer controller. The VP-ITC powsitsh must be off.

2. Once the computer controller is on and Windowsiiming, turn on the power switch at the rear
of the VP-ITC.

3. Launch the VPViewer application by double clickiitg icon on the
Windows desktop or from the Windows taskbar by célg Start : a'
Programs : MicroCal's VPITC : VPViewer ITC. i
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Degas Samples

Begin by degassing (with stirring) ca. 2 ml of tipgest and host solutions for ca. 5 minutes usieg th
ThermoVac. The degassed cyclodextrin will be tHetsm that will go into the sample cell and the 2-
naphthalene-sulfonate will be placed in the syringe

To degas solutions before placing into the cellmjaction syringe, please do the following.

e Turn on the Power Main Switch.
» Set the temperature at 18

» Place your solution to be degassed into a plastie,tadd a small stir bar and place the tube in& o
of the open cylinders of the Tube Holder insert.

e Turn the stirring on.

e Turn on the vacuum. Push the switch to the lefntmually control the time for the vacuum. Start
with the bleeder valve open. Slowly close the bégedlve. If excessive bubbling occurs that could
boil over your sample you may adjust the bleedérevaTurning the adjusting knob clockwise will
increase the vacuum while a counterclockwise tutndecrease the vacuum strength.

» Place the Vacuum cap on top of the sealing o'rifige sound of the vacuum pump will change pitch
to indicate the vacuum has sealed the Cap to ttirego’ Once the vacuum has sealed, the Vacuum
Cap will be held firmly in place, till the vacuunump shuts off.

For the first 30 seconds after the vacuum pumpuised off, the vacuum in the sample degassing
chamber may remain fairly tight making the remoofithe Vacuum Cap difficult. During this period,
the easiest way to release the vacuum is to opehbléeder valve by turning the adjusting knob cernt
clockwise.

Fill the Sample Cell

Load the 2.5ml glass filling syringe with the cydéxtrin solution, and while holding the syringe
vertically, tap the syringe bottom after loadingabbubbles float to the top surface. Enter thedhe
into the sample cell entry tube (this is the cehtde located to the right of the reference entilehand
carefully slide the needle down the tube untiligtjtouches the bottom of the cell. Lift the syarap that
the needle end is just off bottom (about 1 mm)ntblewly depress the plunger so that the cell fills from
the bottom up. After ca. 1.8 ml of the solution bagn entered, you will be able to see the solumne
to the top of the small entry tube. Once you seelitiuid level rise above the top of the accesetub
depress the plunger very quickly 1-3 times to @gli@brupt bursts of ca. 0.25 ml. The purpose dafehe
last bursts is to dislodge any bubbles, which mightlinging where the entry tube joins the cen@®y
but rapidly wiggle the syringe around the cell, hiot touching the bottom of the cell, to dislocgye/
further bubbles.

The reference cell is kept filled with water. Wavon't need to touch the reference cell. Theneois
need to refill the reference cell with each expenin A water reference may be good for a week or tw
with no attention, if the water was thoroughly deggd before filling. To prevent sample overflownoint
the reference cell, a reference plug is used tdtvapeference cell access tube after filling.

Now that the cells are filled, it is a good titeecheck the VP-ITC thermostat temperature andemak
sure it is set to the desired run temperature ad&fees. If the current thermostat temperatunetiset
to 25 degrees, set it now.

Precautions with Pipettes

The long needle and stir paddle on the pipette infion syringe must not be bent even slightlpr
baseline stability will be compromised. Exerciseecat all times in the handling of the pipettarayes.
When removing the pipette from the instrument atter experiment ends ensure that the needle is
concentric with the access tube until the end efdtiir paddle is clear of the hole.
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The Pipette Stand is used to hold the pipette ddilling, or merely for safekeeping. Users shohkl
aware that damage to the pipette injection syrimgedles might be incurred when placing them inéo th
Pipette Stand. It is good practice pay close &ttenio the bottom tip of the syringe needle paddfen
inserting the injection syringes into the Pipettard. Do not place the pipette assembly intcstésd
until you are sure that there is clearance betvbettom tip of the syringe paddle and the fillingpéu

Load the Pipette

Please refer to the diagrams below.

» Place the guest-titrant degassing vial into thédnobf the pipette stand.
» Carefully, insert the auto-pipette into the pipetiznd.

Caution: Be careful not to hit the long needle of the injg¢®mn syringe against any object, as this
could cause the needle to bend and expel some smntfrom the syringe and result in a poor first
injection for the experiment. If the long needle $ bent far enough it may cause a permanent
deformation in the needle making the syringe unusde for future experiments.

« Select the ITC Controls window. In thi Fieady

lower right corner you will find the
Pipette Controls button.

DOpen Fill Port

* Click on theOpen Fill Port button. [M: e up |
The auto-pipette will move the plunge
of the injection syringe till the Teflon
tip is just above the filling port of the
syringe. You should hear a beep when the movemaamplete.

Close Fill Port Distance G 80|

» Attach the tube of thplastic filling syringe to thefilling port of the injection syringe.

Plunger Tip is raised
above Fill Port

Plastic Loading
/ .S}ringe
- 1| ]
“
_J: J Fill Port of Syringe is

] plumbed to Loading
I B Syringe

=

VP-ITC g
MicraCalorimter

]

Pipette tip is submersed in
Guesttitrant degassing via

—
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» Slowly withdraw the plunger of the plastic fillimyringe to draw up the titrant solution till youese
the solution exit through the top filling port.

» Click on theClose Fill Port button as soon as you see the liquid exit thdiliapg port.
The pipette will lower the plunger of the injectisgringe till the white Teflon tip is completely
below the filling port (ca. 4mm). You should heréeep when the movement is complete.

» Remove the hose of the plastic filling syringe frima filling port of the injection syringe.

e Click on thePurge->ReFill button.

The auto-pipette will depress the plunger of théng§ syringe to inject the sample back into the
filling test tube, then raise the plunger to refitle injection syringe. When the movement is
complete the tip of the injection syringe will besftioned to its original position, just below the
filling port. A beep will indicate the completiamf the movement.

» Click on thePurge->ReFill button again to repeat the purge/refill action.

The purpose of both purge/refill procedures isigdodige any air bubbles from inside walls of the
injection syringe (which may have occurred durihg first filling) and expel them back into the
titrant solution.

» Carefully remove the pipette from its stand by pigkit straight up till the glass barrel of the
injection syringe is above the top part of the figpstand.

« Carefully move the pipette so that it is directhome the center positioned sample cell access tube
(this is the hole on the right).

» Carefully insert the pipette into the sample cetless tube.

Watch the end paddle of the long needle to indugeinserted directly into the access hole, hbokl t
pipette vertical and slowly lower the pipette. Whka pipette is almost completely inserted you may
have to push down slightly to compensate for tiséestance of the rubber o’ring to seat the pipette.

Enter the Run Parameters into VPViewer

* Select thdeoad Run File button from the main window buttons.

B VPViewer2000 - Default User [ 2= =]
Syt 4 Help
~ ' e
= - ‘ = % ‘ B
o] B
|.oad Fun File SaveRunFile. | [ atar I Ed st i Start Compact Mode |

i,
» Select the CH341CD.inj run parameters file anckabpen.
The ITC Controls window will show run parameterstioe water experiment (see below).

» Enter a filenameUse no spaces or punctuation in the file name

» Click on the Setup/Maintenance tab and set thefdatpath to
“C:\\VPITC\data\twshattu\ITC Data”

» Check that the Reference power is set to 120 u&al/s

» Enter the concentrations for the cyclodextrin ia @ell Concentration dialog box. This
concentration will be about 2.5 mM. Enter the caniation for the guest in the Syringe
Concentrations box. The titrant concentration tlabout 25. mM.
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» Select thexart button, to start the experiment.
B VPViewer2000 - Default User = B

Syatern ITC Help
i . — _ |
- = 3 (2 @ &
o] . : v
Load Fun File Save Pun File ispl sy G Raram adete Bt e Start SHaf Compact Mode

Observe the Baseline while Equilibrating

At the start of the experiment the instrument mapidly bypass certain stages of operation. If the
instrument’s temperature is at the selected stattamperature the instrument will skip the seeking
temperature and pre run thermostatting phase and monediately on to the final baseline equilibati
phase. If your instrument is not at the enteredistatemperature you may have to wait an extended
period of time prior to the final baseline equiliion state. The states of operation are displayed
VPViewer and Origin at the top, right in red. Diapéd below is data from an instrument that staateal
temperature lower than the desired experimentgbéeature and is showing the temperature risingto 3
degrees and stabilizing at the starting temperature

Displayed above are three different Y-axis scalik four different data sets being plotted in thep.
Each Y-axis is plotted in its own layer (see Origdaer's Manual for more information about layers).
You can see the layer button located in the upgféicbrner of the graph. The black number on tiag g
button indicates the active layer while the inaetimyers have white numbers. You may set a layer a
active by clicking on the layer button or on theresponding Y-axis.
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The Y-axis on the left is colored blue and the dahplotted in this layer (also colored blue)his DP
data (DP data is the differential power between ridference and sample cell). When Pre-stirring
equilibration is first started the data may notisgble on the graph. One can click on thato-View 2
button to center the current data point with a ¥sdll scale of 1. When the cell has equilibraiedhe
Pre-stirring mode you may want a closer look atdag, so click on thAuto-View 1 button. This will
put the current data point at the center of thelymsith a Y-axis full scale of 0.1.

You may notice that when the graph first appea@rigin, the DP data display box in VPViewer's main
window has the values displayed in red. Once VR¥redetermines that the cell has equilibrated & th
Pre-stirring mode, the data display will turn teegn. This means that the cell is ready to enter th
stirring mode of equilibration. Singsuto Start in thelTC Equilibration Options group was enabled
in the ITC Controls window, VPViewer will automatically start the stitg and apply power to the
reference cell, moving on to the next state ofdfeilibration process. If this option was not stde the
DP value that turned green becomes a button tHhtneive the instrument to the next state when it is
selected.

When VPViewer starts thEinal Baseline Equilibration it starts the stirring and applies power to the
reference cell. The amount of power applied tortference cell is determined by what you entenéal i
the Baseline Position (uCal/seciext box located ihTC Controls window. For this tutorial we entered

5 for the Baseline Position, you may see that theag be an initial decrease in the DP power (dubdo
added frictional energy in stirring), but then B values will increase because of the power agéie
the reference which forces the feedback systenppdygpower to the sample cell to compensate and
maintain a temperature balance. The effect of hiest disturbance will take a few minutes for a new
equilibration level with the final DP values beidigse to 5.



ITC-cyclodextrin -11-

i Microcal Origin - C:\DRIGINSO\WPITCPLOT_OPJ - [Plot1] -[&]x]
-] x|

|| Fle Edi iew Giaph Data Andysis Iools Fomat Window Help
9|

BlelrRE ===Rel ws Bl 2l el s s
Current Status : Final Baseline Equilibration...

Main Display

DP YourstRuna.itc
Temp (" C) 300 10 —
DP{uCallsec.} 4.408
DT Q) 0.000 1
5
s 0
[t
Display Mode g )
w
Q
Rescale To Show All 3 5
o
[a]
DP Scale Controls 1
Auto Miew 1 -10
Auto-Miew 2 4
Saved View 1 =15 H
Saved View 2 —T— T ———T— —— T —
0 200 400 600 800 1000 1200 1400
DD ‘"‘ Time [sec.)

| S AR At A T

|Data1_DP  [Ploti* | NUM |

Select theRescale to Show All button and you will see a graph similar to thewaho

You may want a closer look at the final baselinfol®proceeding. Click on th&uto-View 1 button.
You should see a view similar to that below.
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When VPViewer determines that the Final Baseline déruilibrated properly, the display in the DP box
will turn from red to green. SincAuto was checked in théTC Equilibration Options group,
VPViewer will automatically start the experimen(f the automatic mode was disabled you would now
need to double-click anywhere in tB® display box, to start the experiment).

The experiment will begin, thBP display box will turn from green to black and thispday title will
read Pre-Titration delay and then print the voluofiesolution that is left in the syringe. The Pre-
Titration Delay is required for an initial baselif@r the first injection of the experiment. Thend
period for this initial baseline was entered in thidal Delay text box located in thErC Equilibration
Options group of thdTC Controls window.

Observing the Experiment

After a few injections you may want to view thedajfion peaks.

Please note: While running VPViewer and switching between apgiion you may sometimes see gaps
in your data or no data being plotted, selWwahdow:Refresh to see all the plotted data.

» SelectAuto View 2 and you should see a plot similar to Figure 4. ¥y also want to get an even
closer look at the baseline.

» Click onAuto View 1 button to see an expanded view.

» Allow all 29 injections to be completed.

Analyzing the Data

» Minimize the VPViewer application by clicking oneMinimize button in the upper right corner of
the window.

e Open Origin for data analysis, by
selectingStart, from the Taskbar,
then selecPrograms:MicroCal
Origin:MicroCal Inc. ITC . You
should see the ITC raw data
template.

Hcalisec

T T T T T T T T T
0.00 10.00 2000 3000 4000 5000 60.00 70.00 80.00

Time (min})
EREREEESy .

T |
iR Start| [ Miciosot Word - VPman dod] [JMicroCals VPYiener [ Micr DEO za5ru

» Click on theRead Databutton, to import your VP-ITC data into the ploindow. Find your way to
the data folder and select the file containing yaata, and clickOpen.

Origin will automatically plot the raw data, genera baseline for the raw data, integrate all peakd
display the integration results in the Delta H vangd as in Figure 4. Origin automatically plots
concentration-normalized areas (kcal per mole jeciant).
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» Click anywhere on thBeltaH plot window to make it thactive window. Or selecDeltaH
from theWindow menu.

* Click on theOne Set of Sitedutton.
A new command menu display bar appears.
TheFitting Function Parameters dialog box opens, showing initial values for theee
fitting parameters for this modeN, K, andH.
Origin initializes the fitting parameters, and glain initial fit curve (as a straight line, in
red) in theDeltaH window.
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* Click 1 Iter. or 10 Iter. button in the Fitting Session dialog box to control ttexation of
the fitting cycles.
Click 1 Iter. to perform a single iteratiod Iter. to perform 10 iterations. It is usually
necessary that tH Iter. command be used more than once before a goad fit i
achieved. Repeat this step until you are satisfigl the fit, and Chi*2 is no longer
decreasing. Note that the fitting parameters endialog box update to reflect the current
fit.

To hold a parameter constant:
TheVary? column in theFitting Sessiondialog box contains three checkboxes, one
associated with each fitting parameter. If a lmogheck marked, Origin will vary that
parameter during the fitting process in order toiee a better fit. To hold a parameter
constant during iterations, click in the box to tama the checkmark from the checkbox.

To copy and paste the fitting parameters to theabelvindow:
Once you have a good fit, click on tBhene..button and the fitting parameters will be
automatically pasted into a text window named Resrid to the DeltaH window in a
text label. Position this label just as you waret fitting parameters to appear. Print the
plot.

To make your spreadsheet calculations easiaill ibe best to have the stoichiometric ratio, N,
be one. The reason that N may not be one is thatdhcentration of the beta-cyclodextrin
solution is not accurately known. We can use tkelte of your titration to calculate the
concentration of the cyclodextrin solution. Cliak the Concentrations button in the main
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window. Using your value of N, adjust the Cell Centration value. For example, if N=0.983,
the cyclodextrin concentration is off by a facté0®83.

Calculations
The curve fitting software automatically calculaties results for this experiment, which ruins all
our fun. However, to help you understand the ggsaflthe curve fitting, write an Excel
spreadsheet that uses your fit values for Kzaﬁt%’g) calculate fit curve for the Delta H plot.
Your spreadsheet results should match the curwefit the instrument. In addition to the
thermodynamic parameters, you will need to spédifyiest Mhosi Vcell, and the volume for
each injection. Generate a column for the volumii@int added for 35 steps or so. Based on the
volume of added guest generate a column for. [Be Eq 3 to generate the Molar Ratio, r, for
the horizontal axis of your plot. Use Eq 9 to cdtelithe host-guest complex concentration.
Then use Eq. 10 to generate a column for the nupfb@oles, pg . Eqns 11 and 12 can then be
used to calculate the vertical axis for your plot.

Hint: To help you check your spreadsheet, note thheihbst concentration is 2.50 mM, the
guest concentration is 25.0 mM, the cell volumg.4389 mL, the titrant addition volume is 10.0
pL, the equilibrium constant is 2000, and the changanthalpy for the reaction is -7500
kcal/mol, then after the first titrant additionethost-guest complex concentration is 1.4333x10
M, and the heat effect for the first addition isl®kcal/mol.

Discussion

Report the results and curve fit uncertaintiegoarr titration based on the instrument software.
If you did more than one run, give the uncertafotyeach value based on your replicate trials.
Calculate the uncertainty in the reaction entrépgw well do your results match the literature
values?

What do the stoichiometry algHp, AGp, andA,Sy, of the reaction tell you about the
complex? Why does the complex form? Please incductgpy of your experimental curve fit,
your spreadsheet, and a full paget from your spreadsheet. What do you thinkes t
predominant error for this experiment? To answis; tbok at the noise in the thermogram and
the quality of the curve fit. Discuss the chemgighificance of the experiment (see typical
guestions for the chemical significance in the Labary syllabus).
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Appendix

For guest-host binding:

G+H:-HG K :[Jl_%]— 15
The mole balance equations are:

[G]: = [G] + [HG] 16

[H]: = [H] + [HG] 17
or solving Eqgs. 16 and 17 for the free guest ared boncentrations gives:

[G] = [G] - [HG] 18

[H] = [H]: - [HG] 19
Substitution of the mole balance expressions imosiquilibrium constant expression:

_ [HG]

“ =1 - HG) (Gl - [HG)) 20
Cross-multiplying and rearranging gives a quadratigression:

K ([H]t - [HGD([C]: - [HG]) = [HG] 21

K[HG]® - (1 + K([H]: + [G]) [HG] + K[H]: [G]:= 0 22

Substitution into the quadratic formula gives:

) = (LHK(HLHOL) =LK (HLHGLY- AKTHI (G 2. @

Only the negative root gives meaningful concerdregi This equation can be used directly for
calculations. However, expressing [HG] as a fumcbbthe mole ratio during the titration is
useful. Multiplying and dividing the equilibrium ostant by [H] gives:

st = (KL (+GWIHL) - FKIH] (LK) - 4KTHIZ [GI/HIL
[HG] = 2K[H] /[H];

23



ITC-cyclodextrin -16-

The mole ratio of the added guest to host i Sﬁ

(HG] = [HI, ((1+K[H]t (141)) -x/(12+l-<+a[:]|t]t (1+1))’ - 4KH], rj 24, (9)

Eq. 24 is applicable to any chemical equilibriunthagimilar stoichiometry, e.g. 1:1 binding and
acid base reactions. Similarly, the free conceioimatof host and guest can also be calcufated

(] = [H], (—(1+K[H]t (1-n) ﬂl%ﬁr]t (1-)¥ + 4K[H]; rj -
[H] = [H]. (—(1+K[H]t (r-1)) +v2(é[+HK][tH]t (-L)f + 4K[H]tj o6

Or the mole balance equations, Egs. 18 and 1%eased with Eq. 24 to calculate the free
guest and host concentrations.



