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ABSTRACT

Electrospinning is a versatile and widely used technique for producing nanofibers with controlled morphology and
high surface area, essential for applications in filtration, biomedical engineering, and sensors. The choice of solvent
plays a crucial role in determining the efficiency of the electrospinning process and the properties of the resulting fibers.
In this study, poly(methyl methacrylate) (PMMA) nanofibers were fabricated via electrospinning using four different
solvents: tetrahydrofuran (THF), dimethylformamide (DMF), chloroform (CHCls), and acetone at a 20% (w/w) polymer
concentration. Surface tension tests revealed that DMF exhibited the highest surface tension, at 40.11 mN/m, which
influenced fiber formation. Electrospinning parameters were optimized, and the nanofibers were characterized using
Field Emission Scanning Electron Microscopy (FESEM) and Atomic Force Microscopy (AFM). FESEM confirmed nanofiber
diameters ranging from 100 nm to 700 nm, with DMF-based fibers showing the smallest average diameter (~150 nm).
AFM analysis revealed that DMF-PMMA nanofibers exhibited the highest surface roughness, which can be attributed to
the solvent properties. These results demonstrate that DMF is the most effective solvent among those tested for producing
fine PMMA nanofibers with superior morphology and enhanced surface characteristics, underscoring the critical impact
of solvent selection in electrospinning nanofiber fabrication.

Keywords: Electrospinning, Nanofiber, Poly(methyl methacrylate), Solvents, Surface tension

Introduction

Nanotechnology is an emerging field and is recog-
nized as a crucial scientific and commercial enterprise
with significant worldwide economic advantages.
Due to the growing understanding of nanomaterial
fabrication techniques, research organizations world-
wide increasingly prioritise developing nanomateri-
als for diverse applications. The methods include
drawing-processing, template-assisted synthesis, self-

assembly, solvent casting, phase separation, and
electrospinning. '~ The method of electrospinning
enables the production of polymeric and inor-
ganic fibres of sizes ranging from micrometers to
nanometers.

The electrospinning process begins with the elec-
trification of the droplet, which is extruded from the
syringe needle. > The droplet is expected to undergo
deformation, resulting in a conical shape known as
a Taylor cone. When the electrostatic forces exceed
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the surface tension of the droplet, a liquid jet is
ejected and extends in a linear fashion, resulting in
the formation of a droplet at the needle. A static
Direct Current (DC) high voltage is typically applied
between the needle (syringe) and the conductive
collector to create the electric field.” The solvent
facilitates the evaporation of the polymeric solution,
resulting in the stretching of the jet into finer di-
ameters. This process leads to rapid solidification,
culminating in the deposition of long, thin threads
onto the grounded collector.®° The solvent in the
polymer solution evaporates during the jet’s travel,
resulting in the formation of long, thin nanofibers that
are collected on a grounded collector. The properties
of the solvent, such as surface tension, viscosity, and
evaporation rate, play a pivotal role in determining
the success of the electrospinning process. '’ For in-
stance, solvents with high surface tension may inhibit
the formation of a stable Taylor cone, leading to un-
stable fiber formation. On the other hand, solvents
with low viscosity can result in fibers that are too
thin, potentially leading to fiber breakage.?''~'3 Ad-
ditionally, the evaporation rate of the solvent affects
the rate of solidification of the fibers, which in turn
influences their morphology. Thus, careful selection
of the solvent is critical for achieving uniform and
high-quality electrospun fibers.

Polymethyl methacrylate (PMMA) has been widely
used in electrospinning due to its desirable properties
such as optical transparency, mechanical strength,
and biocompatibility. '“'> PMMA is particularly val-
ued in applications where optical clarity and strength
are crucial, such as in tissue scaffolding and drug
delivery systems.'®!” Despite its widespread use,
the electrospinning of PMMA presents challenges in
achieving uniform fiber morphology and desirable
mechanical properties, making the choice of solvent
an important factor in optimizing the electrospin-
ning process. Research has shown that the solvent
used during electrospinning can significantly influ-
ence the diameter, alignment, and porosity of PMMA
nanofibers, directly affecting their performance in
specific applications. %618

A number of studies have explored the impact of
different solvents on the electrospinning of PMMA.
For example, Li et al. (2014)!° investigated the
use of solvents such as dichloromethane (DCM),
acetone, chloroform, and tetrahydrofuran (THF) in
electrospinning PMMA and demonstrated that sol-
vent properties such as volatility and viscosity influ-
enced the formation of uniform fibers with different
cross-sectional shapes. However, despite the exten-
sive body of research, a gap remains in understanding
how specific solvent properties (e.g., surface tension,
viscosity, evaporation rate) influence the electro-

spinning of PMMA nanofibers in a comprehensive
manner. Moreover, while previous studies have ex-
plored a variety of solvents, there has been limited
focus on optimizing solvent selection to achieve the
smallest possible fiber diameter and best mechanical
properties.

The aim of this study is to investigate the influence
of various solvents, namely THF, dimethylformamide,
chloroform, and acetone, on the electrospinning of
PMMA nanofibers. This study aims to fill the gap
in the existing literature by providing a detailed
analysis of how these solvent properties specifically
impact the electrospinning process, the resulting
fiber morphology, and their potential applications.
Furthermore, this research will critically assess the
importance of selecting the most effective solvent to
produce uniform, high-quality PMMA nanofibers for
advanced applications, such as in filtration, tissue
engineering, and drug delivery systems.

Materials and methodology

PMMA with distinct molecular weights, M,
= 120,000 gmol™!, and several solvents—
Acetone (Ac) C3HgO, Chloroform (CHCl3), N,
N-dimethylformamide (DMF), and tetrahydrofuran
(THF)—were acquired from Sigma Aldrich, Dorsen,
UK. The polymer concentration of PMMA utilised
throughout this study was 20 wt% relative to the
solvents. The polymer solutions were stirred for 4
hours at 60°C, utilising a heating plate (IKA RCT
basic, Staufen, Germany), to obtain a transparent
solution that demonstrated the complete dissolution
of the polymer powder.

Electrospinning setup (ES)
A typical electrospinning system, as shown in Fig. 1,

consists of three fundamental components: a high
voltage power supply, a capillary tube with a needle,

Syringe Polymer solution  Electrospun Fibers

)G
s T

.”""""""’- /

Metallic
collector

. High voltage Power
= L

Fig. 1. Electrospinning diagram.*
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and a collecting screen. '° In this study, the parameter
was meticulously defined as follows: the voltage sup-
ply is maintained at a constant value of 15 kilovolts,
and the flow rate is determined at 0.5 ml/hr. The
syringe had a volume of 3 cc with an 18G needle
diameter. The tip-to-collector distance was fixed at 10
cm. All experiments were performed at a controlled
room temperature of 25 + 2°C and relative humidity
of 45 4+ 5%, as these conditions influence fiber mor-
phology. The PMMA concentration was constant at
20% w/w.

Surface tension

The KRUSS DSA100HP optical measurement sys-
tem includes the KRUSS DSA100 Droplet Shape
Analyser and the EuroTechnica PD-E1700 high-
temperature high-pressure (HTHP) gas/liquid supply
device. This system is utilised for MMP measurements
of the CO,/0il system and the CO,/oil/water system. >
The chamber temperature is monitored using a ther-
mocouple (Thermoexpert), which has an uncertainty
of 0.2°C at an ambient temperature of 80°C. The sys-
tem pressure is assessed with a built-in pressure gauge
(Armaturenbau GmbH), calibrated to an accuracy of
0.1% within the range of 0-100 MPa.

Apparent viscosity

The measurements for all the solvents were con-
ducted utilising a Brookfield rotational viscometer
model DV-1, which is presently produced by AMTEK.
The device achieves measurements with a precision
of +1% of the range by utilising a spindle of type
2 and measuring speeds of 30 rpm and 60 rpm.
The Brookfield DV-1 viscometer provides viscosity
measurements in centipoise or millipascal-seconds
(mPa-s). All viscosity tests were performed at room
temperature (approximately 25°C) to ensure consis-
tent and comparable results.

Gel permeation chromatography (GPC)

A polymer electrospun fibre solution was created by
dissolving it in THF and then passing it through a 0.45
um PTFE membrane filter. The rubber’s number aver-
age molecular weight (M, ), weight average molecular
weight (My,), and polydispersity (My,/M,) were deter-
mined using GPC (TOSOH HLC-8320GPC) equipped
with two TSKgel SuperMultipore HZ-M columns, a RI
detector, and a UV detector (UV-8320). The experi-
ment was conducted at a temperature of 30 degrees
Celsius, using a flow rate of 0.5 millilitres per minute

for THF. The molecular weight was determined by
comparing it to the polystyrene calibration curve.

Field emission scanning electron microscopy
(FESEM)

The test portion of the electrospun fibre samples
was sectioned and affixed onto the specimen stub
using carbon double-sided tape. The specimen was
subsequently prepared for inspection. Through the
process of evaporative coating, a remarkably thin
layer of platinum is applied under conditions of high
vacuum. This layer allows for SEM studies by provid-
ing conductivity. The specimen underwent analysis
with the JEOL JSM-7601F Plus, a field emission scan-
ning electron microscope (FESEM). The FESEM was
utilised at an accelerating voltage of 1kV, featuring
a working distance of 10 mm and maintaining a tilt
angle of 0 degrees. The lower image detector (LEI)
was employed for imaging purposes.

Atomic force microscopy (AFM)

The sample obtained from the electrospinning tech-
nique was analysed after using the different solvents.
The specimen was distributed in isopropyl alcohol
(IPA) and thereafter subjected to sonication for ap-
proximately 5 minutes. Subsequently, the sample was
evenly distributed over the glass slab and allowed
to dry at ambient temperature until it reached an
adequate state prior to AFM testing. The surface to-
pography of both 2D and 3D was analysed using AFM
with a Park System NX-10 (Maxtrom MX-6000EP)
instrument. An aluminium-coated cantilever (PPP-
NCHR) with a spring constant of 42 N/m was utilised
for this purpose. The morphological pictures were
obtained using the non-contact mode at a scanning
speed of 0.4 Hz over a scan area of 1 x 1 um?. The
average and mean surface roughness (R, and Ry) were
calculated based on three separate regions of interest
on the surface of the sample.

Results and discussion

Surface tension

The results of surface tension between solvents are
depicted in Figs. 2 and 3. DMF exhibits the highest
surface tension among the solvents examined, with a
value of 40.11 mN/m. This elevated surface tension
promotes the formation of stable polymer jets during
electrospinning, leading to the production of well-
defined nanofibers with smooth surfaces. Conversely,
acetone displays the lowest surface tension at 21.97
mN/m, which may result in the formation of finer
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Fig. 2. Surface tension results for analyzed solvents.
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(a) Tetrahydrofuran (b) Dimethylformamide

(c) Chloroform (d) Acetone

Fig. 3. Surface tension pendant drop images using the Kuss easy drop for various solvents; (a) THF (b) DMF (c) Chloroform and (d) Acetone.

nanofibers due to enhanced stretching and elongation A direct correlation is observed between the solvent
of the polymer solution during electrospinning. THF,  surface tension and the resulting fiber morphol-
with a surface tension of 25.35 mN/m, and chlo-  ogy: higher surface tension solvents tend to produce

roform, with a surface tension of 27.59 mN/m, fall thicker fibers due to increased cohesive forces that
within the intermediate range. resist jet thinning, whereas lower surface tension
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Table 1. Apparent viscosity of polymer solution (20%) using different solvent.

Speed (rpm)

Solvent 30 Unit 60 Unit
Tetrahydrofuran-PMMA 17.8 £ 0.4 cP 229+ 0.2 cP
Dimethylformamide-PMMA 56.8 £ 0.4 cP 61.8+0.3 cP
Chloroform-PMMA 19.8 + 0.4 cP 28.1 £ 0.5 cP
Acetone-PMMA 32.8+1.8 cP 426 £1.1 cP

solvents facilitate greater jet elongation, resulting in
finer fibers.!! However, excessively low surface ten-
sion can also destabilize the jet, potentially leading
to bead formation or irregular fiber morphology.2°
This highlights the importance of selecting solvents
with optimal surface tension to achieve a stable jet
and uniform fiber formation. Furthermore, the inter-
play between surface tension and solvent volatility
(linked to vapor pressure) critically influences fiber
solidification and final morphology solvents with
appropriate surface tension and evaporation rates en-
able controlled fiber formation without defects. '

These solvents provide a balance between jet stabil-
ity and polymer elongation, yielding nanofibers with
moderate diameters and structural integrity. Grasp-
ing the surface tension characteristics of solvents is
crucial for refining electrospinning parameters and
managing nanofiber properties for diverse applica-
tions, such as tissue engineering, filtration, and drug
delivery. The pace at which the solvent evaporates
is greatly affected by the vapor pressure of the sol-
vent. The results validate that the physical properties
of the polymer are contingent upon the choice of
solvent. 2%~

Apparent viscosity

Apparent viscosity of 20% PMMA polymer solu-
tions was measured using a Brookfield viscometer,
and the results are presented in Table 1, provid-
ing insights into their rheological behavior. Among
these solvents, DMF-PMMA exhibited the highest
viscosity due to strong solvent-polymer interactions
that enhance chain entanglement critical for con-
tinuous fiber formation. According to entanglement
theory, a critical entanglement concentration must
be surpassed to form defect-free fibers. > Chloroform-
PMMA follows DMF-PMMA in apparent viscosity due
to its lower molecular weight and weaker inter-
molecular forces. Tetrahydrofuran-PMMA exhibits a
moderate apparent viscosity, reflecting its interme-
diate molecular weight and moderate intermolecular
interactions. Lastly, Acetone-PMMA displays the low-
est apparent viscosity among the solvents tested,
owing to its lower molecular weight and weaker in-
termolecular forces, resulting in easier flow.

Solutions with viscosity below this threshold
(e.g., acetone-PMMA) often yield beaded or non-
uniform fibers due to insufficient chain entangle-
ments, while higher viscosity solutions facilitate
spindle-like, smooth fibers, as observed with DMF.
Increasing polymer solution viscosity promotes align-
ment and shape transition of electrospun nanofibers
from spherical to spindle-like, resulting in smooth
fibers with increased diameter. Ultimately, this re-
sults in the formation of smooth fibres, although
their diameter does increase.?*-?® Two essential fac-
tors involved are the solubility of the polymer in the
solvent and the boiling point of the solvent, both of
which are vital for ensuring efficient processing. The
boiling point is significantly affected by the solvent’s
volatility.

Other important factors encompass the dipole mo-
ment and conductivity of the solvent, which can
influence both the electrospinnability of polymer
solutions and the morphology of fibres. Jarusuwan-
napoom et al. > investigated the impact of 18 solvents
on the capacity of polystyrene (PS) solutions to be
transformed into fibres. The findings indicated that
only five solvents; DMF, THF, ethyl acetate, methyl
ethyl ketone, and 1,2-dichloroethane—were suitable
for electrospinning. The choice of solvent was de-
termined by the outstanding conductivity and dipole
moment of the solvents. 2%-*0

Gel permeation chromatography

Table 2 displays the molecular weight of the fi-
bre produced during the electrospinning process,
with variations in solvents and PMMA concentrations
at 20% (w/w). The outcome unequivocally demon-
strates that the use of DMF as a solvent results in a
significantly lower molecular weight of the generated
fibre compared to other solvents. This result further
corroborated our findings, as the presence of the
nanofiber was distinctly observed in the FESEM mi-
crograph. Regarding other solvents, the PMMA 20%
solution exhibited a nearly identical average molecu-
lar weight distribution. However, it resulted in the
production of larger fibre sizes, as observed using
FESEM.
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Table 2. Molecular weight of electrospun fiber using variation of solvents with 20% PMMA

concentration.

Solvent M, x 10* (g/mol) My, x 10* (g/mol) M, x 10* (g/mol)
Tetrahydrofuran 2.77 £+ 0.032 6.47 + 0.031 12.15 + 0.022
Dimethylformamide 2.38 £+ 0.039 5.94 + 0.083 10.84 + 0.180
Chloroform 2.73 £+ 0.020 6.26 + 0.042 11.54 + 0.203
Acetone 2.39 £ 0.045 6.24 £ 0.110 12.29 + 0.541

In contrast, solvents like Acetone, which showed
broader molecular weight distributions, tended to
produce nanofibers with larger and more variable
diameters. This can be attributed to the presence of
higher molecular weight polymer chains within the
solution, leading to greater heterogeneity in polymer
chain entanglement and solution viscosity. Such vari-
ability often results in less uniform fiber formation,
as evidenced by the FESEM micrographs.

The relatively narrow and lower molecular weight
distribution associated with DMF suggests a more
homogeneous polymer chain population, which fa-
cilitates consistent chain entanglement during elec-
trospinning. ! This promotes the formation of finer
and more uniform fibers with controlled diameter
and surface properties. Additionally, the low M, value
in DMF solutions indicates fewer large molecular
species that can disrupt the jet stability during elec-
trospinning, further contributing to uniform fiber
morphology.

Field emission scanning electron microscopy

The scanning electron microscope (SEM) micro-
graph in Fig. 4 demonstrates the clear morphological
and structural features of electrospun nanofibers with
a 20% concentration of PMMA, depending on the
solvent utilised. When viewed at magnifications be-
tween 5,000x and 40,000x, the nanofibers exhibit a
uniform and orderly arrangement, forming a dense
network on the substrate. In this study, the focus was
placed on the comparative morphological analysis of
PMMA nanofibers fabricated using different solvents,
rather than on quantitative diameter measurement.
While quantitative analysis, such as measuring fiber
diameters from a large number of samples and gen-
erating histograms, can provide detailed statistical
insights, the primary objective here was to qualita-
tively assess the influence of solvent choice on fiber
morphology and surface characteristics. Under a mag-
nification of 5000x, the diameters of the fibres in
THF, Chloroform, and Acetone vary between approxi-
mately 1um and 3um. The fibres primarily display an
elliptical shape and lack a bead-on-string structure.
When DMF is used as a solvent in the process of

electrospinning, the resulting fibre diameters gener-
ally range from 200 to 700 nanometers. Future work
may include detailed quantitative characterization to
complement the present findings.

Occasionally, these fibres may display bead-on-
string patterns while maintaining a spherical shape.
This implies that DMF demonstrates superior perfor-
mance compared to other solvents when used under
identical electrospinning settings. According to Mo
et al.,>? beadlike nanofibres can be produced using
electrospraying when the concentration is low. On the
other hand, the development of ultrafine nanofibres
is more likely to occur at high concentration. >3

These features hold significant implications for ap-
plications in tissue engineering and filtration, where
precise control over fiber morphology and surface
properties plays a crucial role in determining the
performance and functionality of the nanofiber-
based materials. According to a research report by
Jarusuwannapoom et al.,?’ the process of spinning
polymer in DMF solutions was remarkably effort-
less, perhaps because of the solvent’s relatively high
dipole moment and conductivity values. When using
a 20% concentration of PMMA, the lowest amount
of beaded fibres and the smallest diameter were
achieved compared to other solvents. These morpho-
logical characteristics have important implications
for applications such as tissue engineering and filtra-
tion, where fiber uniformity and surface properties
critically affect material performance.

Six types of force are to be considered, as explained
by Jarusuwannapoom et al.?°: (1) gravitational force
acting on the body, (2) electrostatic force facilitating
the movement of the charged jet from the spinneret
to the target, (3) Coulombic force that separates adja-
cent charged carriers within the jet segment, leading
to the stretching of the charged jet during its flight,
(4) viscoelastic force that restricts the stretching of
the charged jet, (5) surface tension that also counter-
acts the stretching of the charged jet’s surface, and
(6) drag force arising from the friction between the
charged jet and the surrounding air. Among these
forces, only the Coulombic, viscoelastic, and surface
tension forces play a role in the formation of beads
and the decrease in size of the charged jet as it moves
towards the grounded target.
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Fig. 4. Micrographs of fibre comparison with difference solvent at low (5000x) and high magnification (15 000- 40 000x). Depict as (a) and
(b) Tetrahydrofuran, (c) and (d) Dimethylformamide, (e) and (f) Chlorofom, (g) and (h) Acetone.
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Atomic force microscopy

A series of PMMA nanofibers in different solvents
were produced and characterized regarding their
surface roughness and topography. The roughness
average (R,) of the nanofiber surface is tabulated
in Table 3. Notably, the R, of each nanofiber is
acknowledged by the solvent used. The surface rough-
ness (R,) of electrospun PMMA nanofibers is a
crucial parameter that influences their performance
in various applications. A higher surface roughness
generally increases the effective surface area, which
can be beneficial for applications such as filtration
membranes and sensor interfaces by enhancing inter-
action sites. Conversely, in biomedical applications
like tissue engineering scaffolds, increased roughness
often correlates with higher hydrophobicity, poten-
tially reducing cell attachment and proliferation, as
supported by previous studies.®* Thus, controlling
surface roughness through solvent choice is vital for
tailoring nanofiber properties to specific end-uses.
It was observed that the DMF-PMMA nanofiber de-
picted the highest roughness value compared to the
other three. Followed by CHCl3-PMMA nanofiber.
THF-PMMA nanofiber and Ac-PMMA nanofiber are
arranged in descending order of roughness average.
A rougher surface results in a higher hydropho-
bicity, which subsequently leads to reduced cell
attachment. *°

AFM analysis (Table 3) shows that DMF-PMMA
nanofibers possess the highest average roughness (Ra
= 6.03 + 3.82 nm), followed by Chloroform (Ra
= 5.19 + 0.47 nm), THF (Ra = 4.51 + 0.32 nm),
and Acetone (Ra = 3.35 £+ 0.03 nm). These find-
ings are corroborated by the 3D surface topography
images (Fig. 5), where DMF-based fibers reveal a
distinct polymer particle arrangement compared to
fibers spun from other solvents. The differences in
roughness can be attributed to variations in solvent
evaporation rates, polymer-solvent interactions, and
phase separation dynamics during electrospinning.
For instance, slower evaporation of DMF allows more
polymer chain mobility, leading to pronounced sur-
face features and roughness. *°

The surface topography of all nanofibers is shown
in Fig. 5, where (A) 2D- THF-PMMA nanofiber, (B)
2D- DMF-PMMA nanofiber, (C) 2D- CHCl;-PMMA
nanofiber and (D) 2D-Ac- PMMA nanofiber im-
ages following (E) 3D- THF-PMMA nanofiber, (F)
3D-DMF-PMMA nanofiber, (G) 3D- CHCl3-PMMA
nanofiber (H) 3D-Ac-PMMA nanofiber images at
scan area 1x1lum. The 2D surface topography il-
lustrates that every solvent used contributes to
distinguishing surface topography. The (A) depicted

Table 3. Average roughness of the nanofiber in three different
regions.

Sample THF DMF

Chloroform  Acetone

4.51 £0.32 6.03 £3.82 5.19 £ 0.47
5.54+049 7.68+4.62 6.58+0.74

3.35+0.03
4.22 £0.11

Ra (nm)
Rq (nm)

Fig. 5. Atomic force microscopy images of randomly orientated
nanofibers with different surface nanoroughness: (A) 2D- THF,
(B) 2D-DMF, (C) 2D- CHCI3 (D) 2D-Acetone images following
(E) 3D- THF, (F) 3D-DMF, (G) 3D-CHCI3 (H) 3D-Acetone images
at scan area 1x1um.

the polymer particles in sphere shape in a homo-
geneous array identical to (C) and (D). Nonethe-
less, the (B) depicted a different array of polymer
particles.

The 3D surface topography confirmed the distinct
surface characteristics of each nanofiber. The array
of polymer particles influences the Ra value, where
the 3D surface topography supports the finding. Fur-
thermore, it is worth mentioning that in Fig. 6, the
roughness profile of each nanofiber is clearly dis-
tinguishable from the others. Although the array of
polymer particles is nearly identical for (A), (C),
and (D), the roughness of these nanofibers varies
significantly.
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Fig. 6. Roughness profile of A) THF, B) DMF, C) CHCI3 and D) Acetone.

Conclusion

This study demonstrates that the choice of solvent
significantly influences the morphological and sur-
face characteristics of electrospun PMMA nanofibers.
Among the solvents tested, DMF produced fibers
with the smallest average diameter and highest sur-
face roughness, attributed to its higher viscosity
and polymer-solvent interactions. These properties
suggest that DMF-PMMA nanofibers could offer
enhanced functional performance in applications re-
quiring high surface area and fine fiber networks,
such as filtration, sensors, or tissue engineering
scaffolds. However, the elevated surface roughness
and lower molecular weight average in DMF-based
fibers may also impact mechanical strength and cell
compatibility, indicating potential limitations that
warrant further investigation. Future research should
explore optimizing solvent mixtures and electro-
spinning parameters to balance fiber morphology,
mechanical properties, and biocompatibility for tar-
geted applications. Additionally, in-depth studies on
the relationship between solvent characteristics, fiber
molecular weight distribution, and long-term per-
formance are recommended to advance practical
deployment of PMMA nanofibers.
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