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Abstract Single Wavelength Analysis Isothermal Titration Calorimetry

There are increasing reports of pharmaceuticals detected in aquatic environments; as CHC Flow Profiles 16 Uv-Vis Absorbance Isotermal titration calorimetry (ITC) is being used to === i
such, the fate of these compounds is of concern to many parties. The transport of In an univariate approach to 14 /\ independently determine the magnitude of the binding
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pharmaceuticals through the aquatic environment is governed by various physical \ . determining caffeine-LRD association 2]\ " Caffeine interactions between LDR and caffeine. The change in heat
properties including solubility and interactions with dissolved organic matter, constants it is critical there is not a |
suspended sediments, and colloids. In this study, caffeine is used as a model change in the molar absorptivity of the
compound to study the interactions between a dissolved pharmaceutical and a . . complex compared to the free eluting
nanoparticle and/or colloid. Traditional fate models, that employ octanol-water \ caffeine. The Uv-Vis spectra of caffeine - assumptions and approximations are made. The heat being
partition values based on bulk properties of the adsorbents, have not adequately and LRD ensures there is not a change .. \_/ evolved during the titration of caffeine into a LRD solution is a
described the observed transport behavior of aquatic solutes between submicron ' \ in molar absorptivity at 272 nm. 0 function of multiple interactions; such as caffeine-LRD, LRD-
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particles and colloids. We present a solution-based approach capable of making these | | " Time (min) | | Wavetength () LRD and LRD-water interactions. A preliminary titration is
determinations. The technique, which based on capillary hydrodynamic : :

. q e .. X 4 -y : Y Two exponentially modified Gaussians (EMG) are used to fit the Univariate Caffeine-LRD Binding Isotherm? shown- on the ,”ght' Both solutions wer.e buftered t(? a pH of
chromatography principles, exploits diffusion coefficient and flow profile differences , , o 10 with sodium carbonate to avoid protonation and
b ) . . . deconvoluted flow profiles using Origin Pro 8.0 software. -vater . _ = -

etween dissolved caffeine and the clay nanoparticles. A diode array detector captures An inttial fraint s o ‘o th vt Fle ch _ 0T o7 e deprotonation of water. Fitting the slope to a binding
a matrix of data as the flow profiles pass through the detector. The different flow ninitalime constraint 1s given to the pure analyte profiie shown in D &
. : L : - blue dots.
profiles are modeled using multivariate curve resolution methods in Eigenvector Solo, , ,
o : L. The summed EMG (orange) are in good agreement with the actual flow
and compared to a univariate approach and data collected from isothermal titration

calorimetry. Using Laponite-RD (LRD) as a model nanoparticle, a binding isotherm of profile (blue dashes).

caffeine between a nanoparticle system is determined, thus facilitating a effective Multl.ple trails were run by \{arymg the analy.te concel.wtratlon and
. e keeping the LRD concentration constant while detecting at 272nm.
association constant (K.¢) determination.

An association isotherm plot is created through mass balance
calculations from the EMG areas and a concentration calibration curve
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from nanoparticle-solute interactions are plotted against
injection volume and the curve is fitted to the binding
isotherm equation in the Nano Analyze ITC program. With ITC
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isotherm equation is suspect at this stage due to the | »

uncertainty of binding locations and byproduct interactions,
/ therefore the K value obtained cannot be relied upon.
These limitations are a due to ITC assumptions and results in a
difficulty in determining binding constants of nanomaterials;
further highlighting the power of our apparatus.
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Materials, Theory and Proof of Concept Discussion and Future Work
M u It'Va rl ate An a Iys I S We present a novel method for determining association constants between nanoparticles and solutes.

Conventional methods for determining particle-solute interactions fail with nanomaterials because of
LRD is a synthetic clay Single Laponite crystal their small size and physical properties. Our apparatus can probe nanoparticle surface interactions
rapidly, on the orders of minutes, and with the use of multivariate software such as MCR in Eigenvector
Solo, pure elution profiles of solutes associated with nanoparticle surfaces are found in a complex matrix
of data. MCR is a powerful data analysis technique because assumptions of the system are minimal and
limited to constraining the number of independent species present in solution. Analysis using a single
o of the caffeine-LRD complex from the pure caffeine spectra is not wavelength assumes there is not a change in the molar absorptivity of the solute associated with the

: : : . . . . nanoparticle compared to the free solute. In addition, deconvolution of the flow profiles with single
* The large size difference between caffeine 00000 made as it was with the single wavelength method. A diode array P P P 5

Capillary Hydrodynamic Separation (0.7nm) and the nanoparticles (25nm) allows oo detector (DAD) captures an entire matrix of data as the solutes wav§length detection uses algorlth.ms where aSSl.Jmptlons of the pe.ak shape and.elutlon time of the two
species are needed. In ITC analysis of nanoparticle-solute interactions assumptions are also made that

for a hydrodynamic separation when a laminar 100000 | | pass through the detector capturing the absorbance from v 1ot be valid and o
r lecul lu for ller lecu u heirr ivel . - .
e amosim oo na . flow is produced from HPLC pumps. . — 200-500nm. 7Y NOL DE VAT anE SRR

theirlarger cross sectionalare2- o LRD weakly scatters at 272nm where caffeine BT 300 _ o . _ .
350 A summary of caffeine-LRD association constants from single wavelength and MCR analysis are displayed

- v“: '{‘: Capillary tubing 250um | Q has a high extinction coefficient. Using capillary S Wavelength (1) e p | . f o 0 o |
g v hydrodynamic separation (CHC) a peak with Loadings on PC 1 & PC 2 - Scores on PC 1 & PC 2 :Ona:ﬁ;etabyebutlekoi;/\(/)tahse\r/vne] e)z:\;eziircnoemnfsarlson OT carteine bound to sodium montmorilionite, a macro-clay
) :

distinct shoulder is seen when the analyte | 3500000

bound to the nanoparticle surface elutes before 1000000
the bulk analyte. With the MCR algorithm in Eigenvector Solo, e tcsdings on P 19.63% —Scores on P 11270% Kes (L/Kg) * (Standard Deviation of Linear Regression)

the software was constrained to 2 principle —teadngsonpe2oozek e MCR 430 + 50
* The peak with a distinct shoulder on the CHC Flow Profiles components (PC). The scores and loadings - Single Wavelength? 140 + 10
blue plot is from caffeine bound to the from each respective PC are used to obtain a 1500000 Sodium Montmorillonite3 290 2
surface of the nanoparticles eluting o pure elution profile of each component in 1000000
before the bulk caffeine. Cafeine solution as shown below. - 500000 Future work will apply MCR to more complex solute-LRD systems and we are presently expanding the
Overlay of a pure caffeine | " O system to other nanoparticles and proteins where association or binding constants are known for further
chromatograph in red eluting above the 0w e 0 e Time fsconds] verification of our method and apparatus. The use of other multivariate analysis techniques, including
shoulder of the bulk caffeine in the . .. multi-way analysis, will also be used to deconvolute the flow profiles. The K_4 values reported here are
mixture. 20000 Pure Elution Profile of PC 1 & PC 2 Multivariate Caffeine-LRD Binding Isotherm preliminary, and we anticipate the use of multi-way analysis techniques will provide further insight into

* The green LRD flow profile has a small ¢ these complex systems and give better predictions of values.
scattering absorbance. )¢ . 250000 Integrating the peak area of the V= 04309 +4.1469

T P oure elution profiles of PC 1,
200000 caffeine bound to LRD, and PC 2,

free eluting caffeine, and after a
—— Mixture e Benzoate and the nanoparticle, subtraction from LRD scattering

(RO used as a control, have no . a caffeine LRD association
interaction due to charge isotherm is created. The slope of
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O .nanopartl.cle 2onm “.1 - Using the multicurve resolution (MCR) algorithm in Eigenvector
\]/ diameter with a negative Pt 1000000
N

¢ ) 4 o 500000 Solo, pure concentration flow profiles are found with minimal
>ur ahcec arse ?qn Zosmve ,.. n #0000 | assumptions of the experimental conditions. In multivariate
charges on the edge. - analysis the assumption there is not a change in molar absorptivity
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shoulder is missing from the association constant of caffeine
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