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Figure S1: Estimated effective surface charge for silica-PEI dispersion as a function of PEI 

concentration.

The effective surface charge can be written as: 

                                                                                    (1)
𝜎𝑒 =  8𝑁𝐴𝜖𝑟𝜖0𝑘𝐵𝑇sinh ( 𝑒𝜁

2𝑘𝐵𝑇) 
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Here,  is the Avogadro’s constant,  is the relative dielectric 𝑁𝐴(6.022 × 1023 𝑚𝑜𝑙 ‒ 1) 𝜖𝑟 (78.2)

constant for water at 25 ˚C,  is the permittivity of free space, 𝜖0(8.85 × 10 ‒ 12𝐶/𝑁𝑚2) 

 is the Boltzmann’s constant and T (Kelvin) is the temperature. 𝑘𝐵 (1.38 × 10 ‒ 23 𝐽/𝐾)
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Figure. S2:  Variation in the viscosity of silica-PEI dispersion as function of PEI 
concentration

10 100
0

5

10

15

N
um

be
r D

is
tr

ib
ut

io
n 

(%
)

Particle Size (nm)

 C=0.0
 C=0.02
 C=0.03
 C=0.04
 C=0.05

1 wt% HS40 + C wt% PEI (a)

10 100
0

5

10

15

20

N
um

be
r 

D
is

tr
ib

ut
io

n 
(%

)

Particle Size (nm)

 C=0.0
 C=5.0
 C=10.0
 C=12.0
 C=15.0
 C=20.0

1 wt% HS40 + C wt% PEI (b)

(a)
Figure S3: Nanoparticle Size distribution using Dynamic Light Scattering for 1 wt% HS40 

with varying concentration of PEI (a) low concentration regime, (b) high concentration 

regime. 
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Figure S4: Silica contrast matched SANS profile for 1 wt% HS40 with different concentrations 

of PEI.

Dynamic Light Scattering and electrophoretic measurements 

In Dynamic Light Scattering (DLS), the characteristic time fluctuations in intensity are 

measured using monochromatic radiation. The quantitative information for the time scales of 

the fluctuating intensity of diffusing particles is given by autocorrelation and the 

autocorrelation function can be defined as 1:

 g2( )                                                                                                              (2)𝜏
=

〈𝐼(𝑡)𝐼(𝑡 + 𝜏〉

〈𝐼(𝑡)〉2

Here, I(t) is the scattered intensity at time t, I(t+  is the scattered intensity after the delay time 𝜏)

 and g2( ) is the normalized autocorrelation function.𝜏 𝜏

The normalised intensity auto-correlation function, g2( ) is related to the normalised field auto-𝜏

correlation function g1( )  as:𝜏

 g1( )  [g2( ) ]0.5    (3)𝜏 = 𝜏 ‒ 1
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For a polydisperse population of particles, the normalised field autocorrelation function is 

given as:

 g1( ) (4)𝜏
=

∞

∫
0

𝐺(Γ𝑑)exp ( ‒ Γ𝑑𝜏)𝑑Γ𝑑

Here, , is the decay constant depending upon the translational diffusion Coefficient, Γ𝑑 = 𝐷𝑄2

D. G( ) represents the weighted distribution of the relative intensity of the scattered intensity.Γ𝑑

However, for the narrow distribution of size the mean value of the diffusion coefficient, Dc 

with the polydispersity index is yielded by the cumulant analysis, is given as2:

 g1( )                                                                                           (5)𝜏
= exp ( ‒ 𝐷𝑐𝑄2𝜏 +

𝜇2𝜏2

2 )
Here  is the variance of the distribution G( ). The ratio of variance ( ) to the square of the 𝜇2 Γ𝑑 𝜇2

mean decay constant ( ) is the polydispersity index. Thus, the hydrodynamic radius Γ𝑚 = 𝐷𝑐𝑄2

(Rh) is correlated with the mean diffusion coefficient (Dc) by the Stokes-Einstein relation, given 

as:

                                                                                                                           (6)
𝑅ℎ =

𝑘𝐵𝑇

6𝜋𝜂𝐷𝑐

Here,  is the Boltzmann’s constant,  is the viscosity, and T is the absolute temperature of 𝑘𝐵 𝜂

the solvent. Depending upon the hydration and interaction between the particles hydrodynamic 

radius can be different from the actual size. 

However, the electrophoretic mobilities obtained were used to calculate the zeta potential using 

Henry’s equation3,
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                                                                                                                         (7)
𝜇 =

2𝜖𝑟𝜁𝐹(𝜅𝑎)

3𝜂

Here,  is electrophoretic mobility,  is zeta potential,  (78.2) is the dielectric constant of 𝜇 𝜁 𝜖𝑟

water at 25 ˚C,  is the viscosity and F( ) is Henry’s function.  The value of Henry’s constant 𝜂 𝜅𝑎

varies from 1 (Hückel Approximation4) for non-polar solvents to 3/2 (Smoluchowski 

approximation 4) for polar solvents.
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Figure. S5:  SAXS profile for 10 wt% HS40 with at different PEI concentrations (zoomed view).

Table S1: Fitting parameters of SAXS profiles using two-Yukawa model along with the 

spherical form factor.

      Sample    ( )𝐾1 𝑘𝐵𝑇 𝛼1    ( )𝐾2 𝑘𝐵𝑇 𝛼2

HS40 102 5 0.01 30

HS40-PEI(0.05) 0.003 50 1 2

HS40-PEI(0.07) 0.002 50 1.5 3

HS40-PEI(3) 0.01 40 1.8 4
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HS40-PEI(5) 0.01 46 0.4 2

HS40-PEI(10) 1.83 1.4 0.01 20

   

Debye length is given as:

                                                                                    (8)
𝜅 ‒ 1 = ( 𝑒2

𝜖0𝜖𝑟𝑘𝐵𝑇)
1
2 𝑍𝜌 + 2𝐼𝑠𝑁𝐴

Here,  is the elementary charge,  is the particle number density,  is the ionic strength of the 𝑒 𝜌 𝐼𝑠

solution,  is the Avogadro’s constant.  is the total charge of a particle with 𝑁𝐴 [𝑍 = 4𝜋(𝑑
2)2𝜎𝑒]

surface charge density .   𝜎𝑒

As the Millipore water is used for the preparation of silica-PEI dispersions, the ionic strength 

of the Millipore water is very small (10-4-10-5 mol/L), therefore Debye length is estimated to 

be ~50 nm 5. Also, the addition of a weak cationic polymer will not affect the Debye length 

significantly (eq. 8), therefore Debye length is kept constant for the silica-PEI dispersion during 

the modelling of the effective potential. 
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Figure S6:  Zeta potential for 1 wt% HS40 with the varying concentration of PEI. Dotted lines 

represent the interpolation of the data set. 

Schematic S1: Schematic indicating position of slipping plane for the silica nanoparticle and 

PEI adsorbed silica nanoparticle.

References:



8

1. P. A. Hassan, S. Rana and G. Verma, Langmuir, 2014, 31, 3-12.
2. D. E. Koppel, J.  Chem. Phys., 1972, 57, 4814-4820.
3. D. Henry, Proc. R. Soc. London Ser, 1931, 133, 106-129.
4. G. V. Lowry, R. J. Hill, S. Harper, A. F. Rawle, C. O. Hendren, F. Klaessig, U. Nobbmann, P. Sayre 

and J. Rumble, Environ. Sci. Nano, 2016, 3, 953-965.
5. Y. Zeng, S. Grandner, C. L. Oliveira, A. F. Thunemann, O. Paris, J. S. Pedersen, S. H. Klapp and R. 

von Klitzing, Soft Matter, 2011, 7, 10899-10909.


