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An investigation of the pH effect on the particle size and zeta potentials of poly
(ethylene glycol) and poly ehtylene-block-poly (ethylene glycol) with various
molecular weights
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The aim of this study is to investigate the effect of the polyethylene (PE) segments on the charge and particle size of
poly(ethylene glycol). For this purpose, in this current work, to compare the charge and particle size of poly(ethylene
glycol) and PEG co-polymerized with PE segments polyethylene-block-poly(ethylene glycol) (PE-b-PEG) which is
surfactant, emulsifier for coatings, ceramics, mold release agent and thickening with different molecular weights have
been examined by Zeta Potential Analyzer. Zeta potential, mobility, and particle size of PEG and PE-b-PEG systems
were determined by using the Zeta Potential Analyzer in water as a function of pHs.
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INTRODUCTION

Poly(ethylene glycol) is a polyether having
strongly hydrogen bonds with water and is one of
the most studied polymers in current materials
science and biotechnology because of not only its
unique behaviors in solution but also its wide
applications.  Poly(ethylene  glycol) (PEG),
otherwise  known as poly(oxyethylene) or
poly(ethylene oxide) (PEO), is a synthetic polyether
that is readily available in a range of molecular
weights. These polymers are amphiphilic and
soluble in water as well as in many organic solvents
(e.g., methylene chloride, ethanol, toluene, acetone,
and chloroform). Low molecular  weight
(My <1,000) PEGs are viscous and colorless
liquids, while higher molecular weight PEGs are
waxy, white solids with melting points proportional
to their molecular weights to an upper limit of
about 67 °C. [1]

PEG has been found to be nontoxic and is
approved by the FDA for use as excipients or as a
carrier in different pharmaceutical formulations,
foods, and cosmetics. Most PEGs with My, <1,000
are rapidly removed from the body unaltered with
clearance rates inversely proportional to polymer
molecular weight. This property, combined with the
availability of PEGs with a wide range of end-
functions, contributes to the wide use of PEGs in
biomedical research: drug delivery, tissue
engineering scaffolds, surface fucntionalization,
and many other applications. [2-5]

PEG was used as a nontoxic, water-soluble
dispersant/stabilizer. Also known as Carboxwax®,
it is present in health and beauty aids, including
laxatives, toothpastes and eye drops, and is an
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excipient in tablet formulations. [6] PEG stabilizes
organ and blood donations. Several studies have
shown that PEG molecular weight and loading have
a significant effect on extending circulatory life.
[7-11]

Polyethylene (PE) based materials are widely
used in many fields due to the combination of
excellent physical and chemical properties along
with low cost. However, the lack of chemical
functionality and structural diversity is the common
barrier for broadening their applications. Hence, it
is urgent to develop the PE-based materials
functionalized by polar groups such as glycols or
polymer segments with some improved or modified
properties. [12]

Zetasizer ~measurements which are zeta
potential, particle size and mobility provide
valuable properties of particles or molecules in
liquid medium. These characteristics directly affect
bioavailability, stability, dissolution and
immunotoxicity of the molecules. [13-19]

In this work, to investigate the charge and
particle size of PEG and PE-b-PEG with various
molecular weights were measured by the zetasizer
measurements such as the particle size, mobility
and zeta potential as a function of pH.

EXPERIMENTAL
Instrument and materials

The particle size of PEG and PE-b-PEG
solutions in water were measured via Brookhaven
90 Plus/BI-MAS (Multi Angle Particle Sizing, 15
mW solid state laser) and electrophoretic mobility
and zeta potential measurements of all solutions
were also determined by Brookhaven Zeta Potential

5



D. Sakar Dasdan et al.: An investigation of the pH effect on the particle size and zeta potentials of poly (ethylene glycol)...

Analyzer (35 mW solid state laser in red at 660 nm
wavelength) in water as a function of pH. The
polymers PEG and PE-b-PEG were purchased from

Sigma Aldrich. The properties of PEG and PE-b-
PEG are given in Tables 1 and 2, respectively.

Table 1. Properties of PEG

PEG
fort.
H ~OH

Property (My) PEG1:100.000g/mol PEG2:400.000g/mol PEG3:900.000g/mol
Ty(°C) -67 - -
Tm(°C) 65 65 65
d(g/ml) 1.13 1.18 1.21
Viscosity(cP) 12-50 2.25-4.5 8.8-17.6
Table 2. Properties of PE-b-PEG
PE-b-PEG
H OH
fTto~t
Property (M) PE-b-PEG1:575 g/mol PE-B-PEG2:920g/mol PE-b-PEG3:2250g/mol
Composition (EO, wt %) 20 50 80
Tm (°C) (DSC) 101 105 90
d (g/ml) 1.05 1.05 1.1
OH value (mg/KOH @) 85 55 -
Zetasizer measurements It is related to the zeta potential. The

Particle size. Particle size determination via
dynamic light scattering (DLS) is a capable tool to
determine the size of particles based on scattering
of light [20]. DLS measures the (hydrodynamic)
radius of a hypothetical solid particle scattering
light with the same intensity as the particles under
investigation while diffusing in the dispersion. DLS
measures the (hydrodynamic) radius of a
hypothetical solid particle scattering light with
same intensity as the particles under investigation
while diffusing in the dispersion.

DLS instrument calculates the particle size from
the translational diffusion coefficient (D). The
relationship is called Stokes-Einstein equation and
is given by:

D = ke T/6nnRx 1)

where T is absolute temperature in degrees Kelvin,
n is the liquid’s viscosity, Ry is hydrodynamic
radius, dy is particle hydrodynamic diameter,
dw=2Rn and kg is Boltzmann’s constant.

Mobility and zeta-potential: The wvelocity (in
m/sec) for a unit field strength (1 Volt/m) is called
electrophoretic mobility, and is given the symbol
pe. The electrophoretic mobility of a charged
particle is defined as the ratio between its stationary
velocity, v and the applied electric field, E:

He= Vo/E @)

electrostatic potential on that surface is called zeta
potential and it is that potential which is measured,
when one measures the velocity of the particles in a
d.c. electric field. Zeta potential values provide an
indirect measurement of the net charge on the
particle surface. It is also an aid in predicting long-
term stability. It is calculated from Marian
Smoluchowski equation as follows:

p=eC/m (3)

u, is electrophoretic mobility, €, is electric

permittivity of the liquid, n is viscosity of liquid.
[21]

RESULTS AND DISCUSSION

The particle size, mobility and zeta potential of
PEG and PE-b-PEG solutions with different
molecular weights in water were measured as a
function of pH.

The pH effect on particle size, mobility and zeta
Potential of PEG1, PEG2 and PEG3 solutions were
given in Table 3, Table 4 and Table 5, respectively.

The pH effect on the particle size of PEGL,
PEG2 and PEG3 solutions is given in Figure 1.

The particle size of PEGs is increasing up to pH
5, after pH 5, it sharply decreases up to pH 6 and
after pH 6 it increases up to pH 8, after pH 8, it
decreases with increasing pH. The particle size of
PEGs is not stable between pH 5 and 8. The particle
size of PEGs decreases with increasing molecular
weight.
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The pH effect on the zeta potential of PEG1, potential values of PEG1 and PEG2 are not
PEG2 and PEG3 solutions is shown in Figure 2. chanching with increasing pH except for PEG3.

The zeta potential of PEGs is slightly negative, The pH effects on particle size, mobility and zeta
i.e., -3 mV, at pH 2 for PEG1 and is gradually potential of PE-b-PEG1, PE-b-PEG2 and PE-b-
decreasing with increasing pH, reaching a PEG3 solutions are given in Tables 6, 7 and 8,
minimum value of —1 mV for PEG1, -1,96 mV for respectively.
PEG2 and -2.35 mV for PEG3 at pH 6. Zeta

Table 3. Effect of pH on particle size, mobility and zeta potential of PEG1 in water.

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 2800 -0.17 -1.5
3 3050 -0.15 -1.57
4 3480 -0.13 -1.6
5 3700 -0.1 -1.25
6 3560 -0.09 -0.99
7 4750 -0.32 -4.5
8 5600 -0.35 -4.93
9 4690 -0.45 -5.21
10 3950 -0.43 -5.04
11 3690 -0.4 -5.02
12 | 3390 -0.4 -5.01
Table 4. Effect of pH on particle size, mobility and zeta potential of PEG2 in water
pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 1570 -0.18 -2.33
3 1830 -0.21 -2.34
4 1970 -0.32 -2.14
5 2180 -0.38 -2.06
6 1900 -0.23 -1.96
7 2360 -0.29 -3.7
8 3820 -0.59 -5.85
9 3590 -0.48 -5.68
10 3290 -0.52 -5.55
11 3220 -0.44 -5.35
12 3000 -0.45 -5.48
Table 5. Effect of pH on particle size, mobility and zeta potential of PEG3 in water
pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 1200 -0.25 -3.23
3 1630 -0.20 -3.11
4 1730 -0.18 -3.01
5 1970 -0.15 -2.65
6 1300 -0.11 -2.35
7 1460 -0.49 -5.44
8 1920 -0.51 -6.24
9 1670 -0.55 -7.56
10 1230 -0.81 -8.21
11 1200 -0.85 -8.51
12 1140 -0.88 -8.45
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Fig.1. Effect of pH on the particle size of PEG1, PEG2 and PEG3 solutions

The pH effect on particle size of PE-b-PEG1,
PE-b-PEG2 and PE-b-PEG3 solutions is shown in
Figure 3.

The particle size of PE-b-PEGs increases up to
pH 5, after pH 5, the particle size of PE-b-PEGs
sharply decreases at pH 6. After this point, the

particle size of PE-b-PEGs
increasing pH, however, it
increasing molecular weight.

The pH effect on the zeta potential of PE-b-
PEG1, PE-b-PEG2 and PE-b-PEG3 solutions is
shown in Figure 4.
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Fig.2. Effect of pH on zeta potential of PEG1, PEG2 and PEG3 solutions
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Table 6. The pH effect on particle size, mobility and zeta potential of PE-b-PEGL1 in water

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 2200 -1.64 -12,51
3 2300 -1.32 -11.44
4 2400 -1.27 -11.28
5 2600 -1.21 -11.02
6 2350 -1.79 -15.12
7 2700 -1.88 -16.56
8 3030 -1.78 -15.07
9 3080 -1.73 -13.79
10 3140 -1.68 -12.84
11 3090 -1.58 -12.05
12 3120 -1.19 -10.86

Table 7. Effect of pH on particle size, mobility and zeta potential of PE-b-PEG2 in water

pH Particle size Mobility Zeta potential
(nm) (mV)
2 1150 -0.24 -5.56
3 1180 -0.2 -4.51
4 1190 -0.27 -3.46
5 1290 -0.26 -3.30
6 960 -0.34 -4.37
7 1090 -0.55 -6.56
8 1070 -0.44 -5.57
9 1050 -0.26 -5.48
10 1150 -0.32 -4.65
11 1220 -0.29 -3.63
12 1240 -0.26 -3.33

Table 8. Effect of pH on particle size, mobility and zeta potential of PE-b-PEG3 in water

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 550 -0.38 -3.54
3 590 -0.28 -2.77
4 600 -0.25 -2.52
5 580 -0.1 -1.34
6 200 -0.31 -3.28
7 390 -0.34 -4.47
8 350 -0.44 -3.96
9 370 -0.44 -3.85
10 320 -0.26 -2.94
11 300 -0.18 -1.98
12 290 -0.15 -1.83

The zeta potential of PE-b-PEGs is negative,
i.e., -12.51 mV, at pH 2 for PE-b-PEG1 and is
gradually increasing with increasing pH up to pH 5,
after this point, the zeta potential values of PE-b-
PEGs are decreasing sharply up to pH7. After pH 7,
the zeta potential of PE-b-PEGs is increasing with
increasing pH. The zeta potential values are
decreasing with increasing molecular weight. PE
segments reduce the the particle size of PEG and
increase the zeta potential of PEG.

CONCLUSIONS

According to the results, pH changes affect the
particle size and zeta potential values of PEGs and
PE-b-PEGs with increasing molecular weight. It
means that It has to be considered that the charge
and particle size of PEGs and PE-b-PEGs in
different pHs when they are using as supporting
material. PE segments reduce the particle size of
PEG and increase the zeta potential of PEG.
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Fig. 3. Effect of pH on the particle size of PE-b-PEG1, PE-b-PEG2 and PE-b-PEG3 solutions
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N3CJIEABAHE BJIMAHUETO HA pH BbPXY PASMEPA HA YACTULIUTE U 3ETA
I[TOTEHLIMAJIA HA ITOJIMETHUJIEHTJIMKOJI U ITOJIMETUJIEH-BJIOK-
[OJIMETUJIEHIJIMKOJI C PA3JIMYHO MOJIEKYJIHO TEIJTIO
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(Pe3tome)

Monuernnen-6mok-nomuetrneHraukol (PE-b-PEG) — mOBEPXHOCTHO aKTHBHO BEIIECTBO, EMYIITATOP 3a MOKPUTHUS H
KEepaMHKH, areHT, CrioMaraiil 3a ocBo0o/1aBaHe OT JiesipHaTa (hopMa M CTbCTSIBAIL areHT, ¢ MaTepHal Ha OCHOBATa Ha
nomeruieH. Toil e moaudunupan ¢ PEG cermeHTH 3a pasmmpsiBaHe Ha oOnacTuTe Ha npuioxenue. Llenta Ha
Hacrosiata pabora e ja ce usciensa Bnusuuero Ha PEG cermenture BbpxXy cradbunnoctta Ha PE-b-PEG BBB Boma.3a
CpaBHsBaHE Ha TOBapa M pa3Mepa Ha YACTHLHUTE HA MOJHMETUIICHIJMKON M IOJMETHJICH-OJOK-TIOIUETUIICHIJIMKOI C
pa3IMYHO MOJICKYJIHO TErJI0 € W3IOJ3BaH aHAJIM3aTop Ha 3eTa MOTeHIHana. 3eTa MOTCHIHAIBT, MOOWIHOCTTA M
pa3mepsT Ha yactunute Ha PEG u PE-b-PEG chcremure ca onperenienn BB BOJia B 3aBUCUMOCT OT pH.
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