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QOutline

« Surface Modified Pigment Particles
 Motivation for Titration Studies
« Brief Review of Henderson-Hasselbalch Equation

« Titration of Carboxylic Acid Modified Carbon Black

— pKa of surface functional groups and correction with
diffusive layer model (DDL)

 Titration of PEI Attached Carbon Black
* Summary
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Surface Modification with Diazonium Chemistry
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Commercial Products and the Role of pKa

Cab-0-Jet® 200 Cab-0-Jet® 300 Frequency
Na 20

Print Performance 4 -
COOH SO.H 2 1

Optical Density 1.5 1.4 0 - ;
0723 Microns 3437
Waterfastness Yes No Particle Size
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Motivation and Objectives

« Titration of oxidized CB had been reported before
— Do not have well defined chemical groups

opportunity

Surface chemical modification provided a unigue

to study the interaction among well

defined surface groups

» Understanc
nigment be

Another method to determine treatment level

impact of pKa on surface modified
navior

» Understanc
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surface potential as a function of pH
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Henderson Hasselbalch Equation

HASH + A

. [HA]

HA]

[HA] =[H

Al+[A]

_ A1

o =
[HA],

To simplify this study and data interpretation

activity coefficients have
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Henderson Hasselbalch Equation, con't

oo [HIAT _[H]e
[HA] -[A] 1-«

94
1-a
)

Extended Henderson-Hasselbalch Equation

)

log(Ka) =log(H") + log(—)

l-
a

pH = pKa - log(

1-«

pH =pKa -n log(

a
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" Titration of CB with Surface Carboxylic Acid Groups
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Henderson-Hasselbalch Plot

pH = pKa—-n Iog(l_—a)
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Questions ?

* Why Is the pKa so much higher than
benzoic acid ?

— Effective pKa and pKa,?
— pKa benzoic acid ~ 4.2

* Why Is the slope n so different from unity ?
— For benzoic acid titration, n =1

« Could this all be explained by the diffuse

double layer ?

— Surface concentration Is different from bulk
concentration !

CABOT
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Double Layer: Surface vs Solution

—C¥y

¥, Electrostatic surface potential

+7(s) -
o [H1VIA]
[HA]
[H*]®) Surface dissociation constant

I

Y,
H = pKa -
’ ’ KT

log(e) —n Iog(l_Ta) C
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Calculation of y, from Surface Charge Density

From LOW table , when «a>0.5

Q _ gg,KT y

q:

2

47ra

X
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Estimation of y, and Correction for pKa

* A 100 nm particle with 2 umol/m? of attachment
— At a = 0.5, the surface charge density: ~0.1 C/m2

* Wheno =0.51na0.01 M 1-1 electrolyte
— o =140 mM
— -ey/kTlog,(e) =~ 2.4

* Apparent pKa related to pKa,
— pKa, - eyy/kTlogy,(€)
-42+24=6.6
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Polymer Attached Pigment Particles

« Cabot has extended its pigment surface
modification technology from attaching small
molecules to attaching polymers.

« What would be the dissociation behavior of the
polymers when they are attached to pigment

surface?
— We will exam the titration of poly-ethylene-imine
(PEI) attached carbon black particle.
* PEI-1200: mixture of primary, secondary, and
tertiary amines.
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Titration Curve of Pure PEI-1200
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HH Plot of Pure PEI-1200 Titration

« Two pKa: 8.8 and 5.6

Lo
L

y = 1.4208x + 8.8028

6 _
y = 0.8837x + 5.5794

A
L= 3

) -1 0 1 2
-log((1-a)/a)
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Titration Curve of PEI-1200 Modified CB

« Similar to Pure PEI-1200
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HH Plot of PEI-1200 Modified CB

« Two pKa similar to PEI1200

y = 1.5082x + 8.3502

y = 0.6628x + 5.5283
5 _|

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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Summary

l
* Relationship between the measured effective pKa

of surface modified pigments and the pKa on the
pigment surface has been established with DDL
model

* Titration Is an effective and simple method to
determine treatment levels

* Titration also give the number of surface charged

groups as a function of pH
— critical for understanding stability and impact on 1Q

« Titration behavior of poly-electrolyte attached CB
IS similar to free poly-electrolyte in the solution. C

CABOT
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Summary, con't

« Titration studies had been performed with other

surface modified pigments
— Color pigments
— Pigment with chemically attached polymers

 More work Is needed to understand the
physical meaning of the slope n and its relation
to fundamental surface properties

 Thank You!

WWWw.cabot-corp.com
Inkjet@cabot-corp.com
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