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Abstract: Poly(ethylene oxide) (PEO) nanocomposites containing pristine or functionalized graphene nanoplatelets (FGnP)
prepared via solution blending and thermal and mechanical properties of nanocomposites were investigated. Chemical
functionalization of graphene nanoplatelets was conducted through an amidation reaction between carboxylic acid groups of
acidified graphene and hydroxyl groups of polyethylene glycol (PEG). An interfacial linkage and a good dispersion of FGnP
was observed via scanning electron microscope (SEM). Differential scanning calorimetry (DSC) analysis revealed that the
degree of crystallinity of samples decreased by addition of graphene nanoplatelets, while the size of spherulites increased as
indicated by polarized optical microscope (POM). A lower degree of crystallinity and larger spherulites were detected in the
case of FGnP. Filler/matrix interfacial adhesion was also remarkably influenced the mechanical properties of PEO as an
effective reinforcement of matrix obtained upon the addition of FGnP nanosheets compared to untreated graphene. 
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Introduction

Graphene nanoplatelets (GnP) are a new class of carbon-

aceous nanoparticles which have attracted great research

interest, especially in polymer nanocomposites, since their

discovery in 2004 [1-3]. These nanoplatelets which consists

of a two-dimensional lattice of carbon atoms arranged in a

honeycomb structure, are found to be the strongest material

ever measured with Young’s modulus of 1 TPa and strength

of 130 GPa [4,5]. The enhancement in different properties of

polymer can be obtained by addition of very low loadings of

graphene just when a well-dispersed morphology of graphene

inside the nanocomposite is achieved. It is recognized that

exfoliation of graphene into thin or even single layer nano-

sheets needs a high interfacial adhesion between graphene

and polymer chains. Pristine graphene establishes weak

interfacial interaction with polar polymers, due to its hydro-

phobic nature. Hence, chemical functionalization of graphene,

either through covalent [6,7] or non-covalent [8,9] methods

is required. Non-covalent modification methods are usually

used when high electrical conductivity is needed. However,

in the case of enhanced mechanical properties, covalent

methods are preferred [10]. This can be done by grafting of

matrix-compatible groups onto graphene surface [11]. For

example, Ren et al. [12] prepared dodecyl amine functionalized

graphene by using amidation reaction and chemical reduction

as a nanofiller for high-density polyethylene. Similarly,

silane modification of exfoliated graphite was performed in

order to increase the thermal conductivity and mechanical

properties of epoxy matrix [13]. 

Poly(ethylene oxide) (PEO) is a hydrophilic semi-crystalline

polymer with a wide range of applications such as host polymer

in solid polymer electrolytes (SPEs) and biomedical uses

[14-16]. In the last decade, many researches focused on PEO

nanocomposites showed that they have higher ionic

conductivity and better mechanical properties in comparison

to neat PEO [17-20]. As explained above, a good dispersion

state of graphene provides the advantage of large surface

area per unit volume of these nanoplatelets, therefore, it

could highly affect the thermal and mechanical properties of

the matrix [21]. The effect of organically modified clay on

the thermomechanical properties of PEO was evaluated by

Ratna et. al. The highest mechanical properties was obtained

at the clay content of 12.5 wt.% and the crystallinity of

nanocomposites showed a reduction [22]. Yang et al.

incorporated phenoxy-grafted multiwalled carbon nanotubes

into PEO and studied the mechanical properties of

nanocomposites [6]. By addition of 1.5 wt.% of nanotubes a

remarkable increase in Young’s modulus, tensile strength,

ultimate strain and toughness of PEO was obtained, while

no significant effect on the crystallization properties was

detected. Mahmoud [23] compared melt blending and solvent

mixing preparation methods of PEO/thermally reduced

graphene nanocomposites and showed that the solvent

blended sample indicates higher mechanical performance

compared to melt compounded. However, the elongation at

break of samples decreased upon the increasing in graphene

concentration. 

Since modifying the interfacial interactions at the nano-

particles surface considered as a route to change the different

properties of materials, this has motivated us to study the

effect of graphene functionalization on thermo-mechanical

properties of PEO. In this work, two different kinds of

graphene were used including pure graphene and chemically

modified graphene with polyethylene glycol (PEG). This

was accomplished by the esterification reaction of carboxylic

acid groups of oxidized graphene with hydroxyl groups of

PEG. Polymer nanocomposites were prepared using solvent*Corresponding author: i.ghasemi@ippi.ac.ir
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blending method and morphological, thermal and mechanical

properties were fully characterized. The interrelationship

between nanocomposite morphology and properties will be

emphasized. 

Experimental

Materials

Graphene nanoplatelets of grade C750 supplied from XG

Sciences (USA) with a thickness of 1-5 nm. PEO with a

molecular weight of 900,000 g/mol was obtained from

Scientific Polymer Products, Inc. (Ontario, NY). PEG (400

g/mol) received from Sigma-Aldrich. Acetonitrile solvent,

nitric acid and sulfuric acid as oxidizing agents and N,N-

dicyclohexylcarbodiimide (DCC) as the condensing agent

were purchased from Merck (Germany).

Chemical Functionalization of GnP

GnP was mixed with a 1:1 v/v mixture of H2SO4 (8 M)

and HNO3 (8 M) by vigorous stirring for 15 min and then

bath sonicated at 60 oC for 2 hr to prepare carboxylic acid

functionalized graphene (GnP-COOH). The obtained mixture

was diluted with deionized water and the solid residue was

repeatedly washed with deionized water by decantation and

centrifugation. Finally, the product was dried under vacuum

at 60 
oC for 24 hr. 

In order to graft PEG to the graphene surface, a procedure

reported in the literature with slight modifications was used

[24]. 0.5 gr of GnP-COOH nanoplatelets was mixed with

2 gr PEG400 and 0.05 gr dried DCC in 40 ml of anhydrous

tetrahydrofuran (THF) under N2 atmosphere. The mixture

was reacted for 48 hr at 60 
oC while vigorously stirring

under reflux and N2 atmosphere. After reaction completion,

the suspension was filtered and washed several times with

absolute ethanol and deionized water to remove the unreacted

PEG. PEG grafted graphene (FGnP) was acquired after

drying the solid residue at 60 
oC under vacuum for 24 hr. 

Preparation of Nanocomposite Samples 

A certain amount of dried GnP (or FGnP) was dispersed in

acetonitrile (1 mg/ml) by magnetic stirring overnight and

then by bath sonicating for 3 hr. FGnP dispersion was

gradually added to a clear solution of PEO/acetonitrile and

stirred for 24 hr at 50 
oC. Afterwards, the mixture was poured

into glass petri dishes and dried firstly at room temperature

and secondly at 40 
oC under vacuum to eliminate any traces

of solvent. The prepared nanocomposites labeled as PEO/

GnP and PEO/FGnP, containing 0.1 and 1 wt.% of GnP or

FGnP, respectively. 

Characterization

Fourier transform infrared spectra were obtained with a

Bruker EQUINOX 55 FT-IR spectrometer. Morphology of

nanocomposites was investigated using a scanning electron

microscopy (SEM) on a Tescan VEGA-II SEM, equipped

with energy dispersive X-ray analysis (EDX). Thermo-

gravimetric analysis was carried out on a TGA/DSC1 Mettler

Toledo (Switzerland) from room temperature to 700 oC

under nitrogen atmosphere at a heating rate of 10
oC/min.

X-ray diffraction (XRD) patterns was obtained on Siemens

D5000, Germany, using Cu Kα radiation source (λ=0.154

nm) at 40 kV and 40 mA. The degree of crystallinity was

determined using the following equation [25]:

%X
c

= × 100 (1)

Differential scanning calorimetry analysis was conducted

using a DSC1 Mettler Toledo (Switzerland) differential

scanning calorimeter. The heating/cooling experiments were

performed under N2 atmosphere with a rate of 10 oC/min. In

order to erase the thermal history, each sample was heated to

100 oC and kept for 10 minutes. The crystalline morphology

and spherulitic structure of samples were observed by means

of a Carl Zeiss Jena JENAPOL polarized optical microscope

(POM). All samples were melted at 120 oC for 10 min to

remove thermal history and then naturally cooled to room

temperature before testing. The stress-strain behavior of the

nanocomposites was measured according to ASTM D882 on

a universal testing machine (STM-20, SANTAM, Iran) with

a strain rate of 40 mm/min. The sample dimensions were

5 mm×25 mm with a thickness of 100-200 μm. 

Results and Discussion

Characterization of FGnP Nanosheets

Pristine graphene sheets are hydrophobic and tend to form

aggregations through van der Waals interactions especially

in hydrophilic solvents and polymers. The formation of

aggregates can be prevented by chemical modification and

attachment of some molecules or polymers onto the sheets.

Since PEG has the same structure as PEO, it is expected to

establish good interactions between PEG grafted graphene

and PEO. Different methods were employed for the

identification and assessment of functionalization reactions,

including FT-IR spectroscopy, EDX analysis and TGA. The

FT-IR spectra of pristine GnP, GnP-COOH, FGnP and pure

PEG400 are presented in Figure 1. GnP-COOH exhibited a

new peak at 1712 cm
-1 related to the stretching vibration of

carbonyl groups (C=O). In addition, OH hydroxyl groups

showed a strong band at around 3443 cm
-1. These two peaks

suggesting the presence of carboxylic acid groups on the

graphene sheets which have also been reported in the

literature [26,27]. In the FT-IR spectrum of FGnP sample a

new peak appeared at 1102 cm
-1, attributed to C-O-C ether

groups of PEG. The formation of ester linkages has been

confirmed through the blue shift of carbonyl band to

1746 cm
-1 [28]. Furthermore, the intensity of hydroxyl

absorption band of PEG end groups (at 3443 cm-1) and C-H

Area of the crystalline peaks

Total area (crystalline and amorphous)
---------------------------------------------------------------------------------------------
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stretching of alkyl groups of PEG (at 2856 and 2932 cm-1)

has been enhanced. Together, these observations demonstrate

the successful chemical grafting of PEG onto graphene

nanosheets.

In order to specify the main elements concentration, EDX

analysis was conducted on GnP, GnP-COOH and FGnP

samples and the results were reported in Table 1. Acid

treatment on GnP has raised the amount of oxygen atom

from 2.1 to 10.6 wt.% for GnP-COOH sample. After

functionalization with PEG, the oxygen concentration reached

14.3 wt.% value for FGnP. Therefore, the increment of

oxygen atom content and its ratio to carbon element verify

that the oxidation reaction and grafting of PEG has proceeded

effectively.

TGA was used to evaluate the content of oxidized groups

on GnP-COOH and PEG molecules grafted onto FGnP. As

seen in Figure 2, all samples show a weight loss around

100 oC which is related to the removal of physically

adsorbed water. The gradual weight loss of GnP could be

attributed to the degradation of some organic groups present

on the surface. For the GnP-COOH, a second weight loss of

6.5 % was detected around 246 oC ascribed to the pyrolysis

of the carboxylic functional groups [27,29]. In the FGnP

curve, a weight loss of 13 % with a maximum weight loss

rate at 354 oC was found due to PEG molecules decomposition

[24,30]. This implies that the content of PEG chains grafted

on FGnP can be estimated as 13 wt.% which is higher than

oxygenated groups’ content in GnP-COOH as it is expected

because of higher molecular weight of PEG (400 g/mol).

Morphology of Nanocomposites 

SEM micrographs of fractured surface of PEO nano-

composites containing pristine and functionalized graphene

are illustrated in Figure 3. From Figures 3(a) and 3(b), some

aggregation of graphene nanoplatelets can be observed in

PEO/GnP nanocomposites, especially in higher contents of

Figure 1. FT-IR spectra of (a) GnP, (b) GnP-COOH, (c) FGnP and

(d) PEG400.

Figure 2. TGA curves of GnP, GnP-COOH and FGnP at a heating

rate of 10 oC/min.

Table 1. EDX chemical composition of pristine and functionalized

graphene nanoplatelets

GnP GnP-COOH FGnP

Carbon (wt.%) 97.9 89.4 85.7

Oxygen (wt.%) 02.1 10.6 14.3

O/C ratio 00.021 00.118 00.167

Figure 3. SEM micrographs of (a) PEO/GnP0.1, (b) PEO/GnP1,

(c) PEO/FGnP0.1, and (d) PEO/FGnP1.  
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Gnp (1 wt.%). In addition, no substantial adhesion between

graphene surface and PEO matrix could be detected. This is

an indication of weak interactions between PEO and pristine

graphene. In contrast, no visible agglomerations were found

in PEO/FGnP nanocomposites in Figures 3(c) and 3(d).

Another interesting point is that a strong adhesion at the

interface of FGnP and polymer matrix was discovered,

meaning that grafting of PEG molecules which have a good

miscibility with PEO, enhanced the compatibility between

graphene surface and PEO chains. Therefore, a homogeneous

dispersion of FGnP nanosheets was obtained in the PEO/

FGnP nanocomposites. 

Thermal Properties 

The crystallization behavior of PEO with and without

graphene nanoplatelets was studied using DSC analysis. The

nanocomposite samples with various contents of GnP or

FGnP were subjected to DSC analysis and the cooling/

heating traces are shown in Figure 4. Some useful data that

can be extracted from these curves such as the onset

crystallization temperature (Tonset), the peak crystallization

temperature (Tc), the degree of supercooling (∆T=Tonset−Tc),

full width at the half height maximum of the crystallization

peak (FWHM), enthalpy of crystallization (∆Hc), melting

temperature (Tm), enthalpy of melting (∆Hm) and degree of

crystallinity (Xc) are listed in Table 2. The incorporation of

graphene nanoplatelets into PEO matrix seems to have a

considerable effect on the crystallization exotherm peak

and melting behavior. As can be seen in Figure 4(a), the

crystallization temperature (Tc) reduced by addition of GnP

and FGnP into neat PEO. This means that these nanoplatelets

act as anti-nucleating agents to hinder the PEO crystallization.

Although nanoparticles generally act as heterogeneous

nucleating agents in a polymeric matrix [31,32], incorporation

of fillers into PEO leads to a different crystallization behavior

as reported by many researchers [33-35]. 

It is noticed from Table 2 that ∆Hc reduced with the

addition of graphene, especially the functionalized ones.

Strong interactions between PEG grafted graphene and PEO

chains provide a fine dispersion of graphene sheets, which in

turn disturbs the polymeric chains order to form crystalline

structures. Similar observations were reported by the addition

of modified carbon nanotube into PEO [36]. ∆T which

implies to the crystallization rate, has higher values in PEO/

GnP and PEO/FGnP nanocomposites in comparison to neat

Figure 4. DSC traces of neat PEO and nanocomposites containing

0.1 and 1 wt.% of pristine and functionalized graphene; (a) cooling

and (b) second heating. 

Table 2. DSC analysis data for PEO and PEO/graphene nanocomposites

Sample PEO PEO/GnP0.1 PEO/GnP1 PEO/FGnP0.1 PEO/FGnP1

Cooling

Tonset (
oC) 50.51 47.54 48.08 47.92 49.14

Tc (
oC) 46.97 43.55 45.22 44.02 45.10

∆T 3.54 4.99 3.86 3.90 4.04

∆Hc (J/g) 129.72 127.80 127.86 126.90 126.84

FWHM (oC) 5.88 8.42 8.24 6.55 7.20

Second heating

Tm (oC) 70.42 68.71 68.99 68.60 67.52

∆Hm (J/g) 144.90 136.44 138.60 129.00 128.64

Xc (%) 67.81 63.85 64.86 60.36 60.20
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sample. Therefore, it can be understood that it is more

difficult for PEO chains to crystallize in the presence of

graphene nanosheets. FWHM is considered as an indication

of the spherulites size distribution, so the smaller FWHM

values demonstrate narrower size distribution. In the PEO/

GnP and PEO/FGnP nanocomposites, FWHM was greater

than that of neat PEO. This means that GnP or FGnP

addition broadens the distribution of spherulites size. 

According to Figure 4(b) and Table 2, the values of Tm,

∆Hm and Xc reduced after addition of GnP and a further

reduction was observed by FGnP incorporation. Xc was

calculated using equation: Xc=∆Hm/∆Hm

o×100 %, where

∆Hm is the melting enthalpy of sample and ∆Hm

o is the

melting enthalpy of 100 % crystalline PEO which is equal to

213.7 J/g [37]. A higher reduction of PEO crystallinity in the

presence of FGnP can be ascribed to better dispersion of

these nanosheets and stronger interactions with polymer

chains which hinder chain folding and formation of crystallites.

Polarized optical microscopy was conducted with the

objective of giving an insight into spherulitic morphology of

PEO in the presence of pristine and modified graphene and

illustrated in Figure 5. A “Maltese-cross” extinction pattern

[38], with average spherulites diameter of ~230 μm was

observed for PEO in Figure 5(a). After addition of FGnP, a

reduction in nucleation sites and an increment in spherulites

diameter was distinguished, as the average spherulite diameter

of 400 and 590 μm was evaluated for PEO/FGnP0.1 (Figure

5(d)) and PEO/FGnP1 (Figure 5(e)), respectively. This

confirms the anti-nucleating effect of graphene nanosheets

to suppress the crystallization of PEO which was anticipated

from Tc measurements. Likewise, a gradual growth of

spherulites size was disclosed for PEO/GnP nanocomposites,

where spherulites with average diameter of 250 and 260 μm

was formed by addition of 0.1 wt% of GnP (Figure 5(b)) and

1 wt.% of GnP (Figure 5(c)), respectively. By comparison of

spherulites size and the number of nucleation sites in

Figure 5. POM images of (a) PEO, (b) PEO/GnP0.1, (c) PEO/GnP1, (d) PEO/FGnP0.1, and (e) PEO/FGnP1. 
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nanocomposites, it can be concluded that FGnP nanosheets

more significantly change the crystalline structure of PEO.

The increase of spherulites dimension upon the addition of

nanoparticles was also reported by other researchers [33,36].

Furthermore, POM images of PEO/GnP nanocomposites

evidently shows stacks of graphene sheets especially at

1 wt.% concentration, while a homogeneous dispersion of

FGnP confirm the existence of suitable interactions with

PEO chains. 

A typical X-ray diffraction (XRD) of neat PEO and

nanocomposite samples indicated in Figure 6 to elucidate the

effect of interfacial interactions and different compositions on

crystalline structure. All samples show two characteristic

peaks of crystalline PEO at 2θ=19.2
o and 23.4 o, which are

assigned to (120) and (112) planes, respectively [39].

However, the intensity of peaks decreases after addition of

graphene nanoplatelets and remarkably the functionalized

ones. The degree of crystallinity of samples based on the

XRD method was calculated according to equation (1) and

the results are reported in Table 3. Nanocomposite samples

indicated lower degree of crystallinity compared to neat

PEO. It is notable that PEO/FGnP samples showed lower

crystallinity as was also discovered by DSC analysis. These

findings suggest that the stronger interactions between FGnP

and PEO chains may be responsible for restricting the

polymer crystallization. It seems that at lower contents of

graphene nanoplatelets, a lower degree of crystallinity was

obtained. It could be related to a better dispersion of

graphene nanoplatelets at 0.1 wt.% which was confirmed

from SEM images. Generally, In the XRD patterns of

graphene nanoplatelets a peak appears at 2θ=26.3 o [3].

Nevertheless, no characteristic peak of graphene was observed

in the XRD patterns of PEO nanocomposites. It may be

related to the low concentration of graphene nanoplatelets

and probable overlapping with weak peaks of pure PEO

around 2θ=26.3 o and 27 o [17,40] in the samples.

Mechanical Properties

The tensile stress-elongation curves for PEO and its

nanocomposites are represented in Figure 7 and the results

are summarized in Table 4. The elongation at break of PEO

(639.7 %) was significantly increased by addition of just

0.1 wt.% of graphene in both PEO/GnP and PEO/FGnP

nanocomposites. Since at low content of graphene, there is

no large difference between the dispersion state of these

nanoplatelets and the extent of agglomerations in the case of

GnP is not very high, a considerable difference between

mechanical performance of PEO/GnP0.1 and PEO/FGnP0.1

cannot be observed in spite of the strong interfacial adhesion

between FGnP and PEO. As the FGnP content was increased

from 0.1 to 1 wt.%, a further increase in the elongation at

break was observed from 1010.3 % to 1720.8 %. However,

it was reduced from 1311.8 % to 1130.1 % as the GnP

content increased from 0.1 to 1 wt.%. This may arise from

the high degree of agglomerations for GnP nanosheets as

detected in SEM micrographs and POM images. These

agglomerations and weak interfacial interactions could act as

stress concentrators to facilitate the craze formation and

Figure 6. XRD patterns of PEO and PEO/graphene nanocom-

posites.

Table 3. Degree of crystallinity of samples based on XRD

Sample Degree of crystallinity (%)

PEO 80.5

PEO/GnP0.1 76.7

PEO/GnP1 77.4

PEO/FGnP0.1 73.9

PEO/FGnP1 74.6

Figure 7. Tensile stress-elongation curves of neat PEO and its

nanocomposites; (a) PEO, (b) PEO/GnP0.1, (c) PEO/GnP1, (d)

PEO/FGnP0.1, and (e) PEO/FGnP1.
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deteriorate the mechanical performance of nanocomposite.

From Table 4 it is obvious that Young’s modulus, tensile

strength and toughness of PEO were also improved by

incorporation of fillers. Interestingly, PEO/FGnP nano-

composites display markedly higher mechanical properties

in comparison to PEO/GnP. For instance, the Young’s

modulus of nanocomposites containing 1 wt.% of nano-

platelets increased by 65 % for FGnP against 48 % for GnP,

tensile strength increased by 148 % for FGnP versus 29 %

for GnP, and toughness increased by 466 % for FGnP versus

165 % for GnP. Tensile strength and toughness of PEO/

FGnP nanocomposites showed an increasing trend with the

addition of FGnP concentration. On the other hand, in PEO/

GnP nanocomposites these parameters were increased by

addition of 0.1 wt.% of GnP and then decreased at 1 wt.%. 

It has been acknowledged that the mechanical reinforcement

in polymer nanocomposites could be achieved if the following

conditions were obtained: (i) a well dispersion state of

nanoparticles in the polymeric matrix, and (ii) a strong

interfacial adhesion between nanoparticles and polymer

chains [41]. A good dispersion and exfoliation of graphene

into thin sheets or even single sheets ensures benefit from

large specific area of these nanoparticles in the polymer

matrix. Moreover, strong interfacial interactions provide an

efficient load transfer from surrounding matrix into graphene

nanoplatelets [42]. This can be used to explain the effect of

functionalization and interfacial interactions on the mechanical

properties of nanocomposites, particularly on tensile strength.

The hydroxyl end groups of PEG grafted onto graphene

nanosheets are supposed to establish strong hydrogen bonds

with ether oxygen atoms of PEO backbone [43]. As mentioned

previously, SEM images confirmed the existence of strong

adhesion between FGnP and PEO, while a poor interaction

between GnP and PEO was observed. Thus, a greater

enhancement in mechanical properties of nanocomposite is

expectable by addition of FGnP to PEO matrix compared to

unmodified GnP. 

It is notable that, another factor which affects the mechanical

properties in semi-crystalline polymers is the degree of

crystallization. Indeed, a higher degree of crystalline phases

could increase the stiffness and strength of sample due to the

reinforcing effect of crystallites [31,44,45]. DSC investigations

revealed that graphene incorporation does not have an

increasing effect on the degree of crystallization of PEO.

However, the degree of crystallization decreased by ~3 %

after GnP and ~7 % after FGnP and addition. Consequently,

the large aspect ratio of graphene and its high intrinsic

mechanical properties in combination with enhanced adhesion

interactions in the case of FGnP, contribute in the improvement

of mechanical performance of PEO nanocomposites.

Conclusion

Nanocomposites based on PEO and different concentrations

of graphene nanoplatelets (pristine and functionalized) were

prepared via solution blending method. Functionalization of

graphene with PEG provided an enhanced interfacial

adhesion and a homogenous dispersion of these nanosheets

through the matrix in comparison to pristine graphene. POM

images revealed the anti-nucleating effect of graphene as the

nucleation density reduced in PEO/GnP and PEO/FGnP

nanocomposites. A lower degree of crystallinity was deter-

mined for nanocomposites and especially PEO/FGnP

nanocomposites using DSC analysis and XRD patterns. The

compact molecular packing and crystallization of PEO was

significantly influenced and disturbed by FGnP loading due

to the existence of interactions between ether oxygen atoms

of PEO with PEG chains grafted onto graphene. A remark-

able enhancement in mechanical performance of PEO was

observed by incorporation of FGnP nanosheets and in higher

concentration. As a result, PEO/FGnP1 sample exhibited the

maximum elongation at break, Young’s modulus, tensile

strength and toughness increased by 186, 65, 148 and 466 %,

respectively, in comparison to neat PEO. Thus it can be

concluded that by enhancing the interfacial interactions

between graphene nanosheets and PEO matrix, it is possible

to concurrently increase the stiffness and toughness of PEO.
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