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Abstract: Understanding and enhancing thermal transport in polymers is of great importance, and 

is necessary to enable next-generation flexible electronics, heat exchangers, and energy storage 

devices.  Over the past several decades, significant enhancement of the thermal conductivity of 

polymeric materials has been achieved, but several key questions related to the effects of molecular 

structure on thermal transport still remain.  By studying a series of electrospun vinyl polymer 

nanofibers, we investigate the relationship between thermal conductivity and both molecular chain 

length and side group composition.  For polyethylene nanofibers with different molecular weights, 

the measured thermal conductivity increases monotonically with molecular chain length, as energy 

transport along molecular chains is more efficient than between chains.  The observed trend is also 

consistent with structural characterization by Raman spectroscopy, which shows enhanced 

crystallinity as molecular weight increases.  Further, by comparing the measured thermal 

conductivity of vinyl polymer nanofibers with different side groups, we found that phonons travel 

along polymer chains more effectively when the side groups are either lighter or more symmetric.  

These experimental results help reveal the underlying correlation between the molecular structure 

and thermal conductivity of polymer nanofibers, providing valuable insights into the design of 

polymeric materials with enhanced thermal conductivity.

Keywords: Vinyl polymer nanofibers, electrospinning, thermal conductivity, molecular weight, 

side groups
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Introduction

Polymers are an important class of materials due to their desirable and tunable properties, 

abundance, and low cost.  A long-standing issue for polymeric materials that limits their 

applications in many fields is their extremely low thermal conductivities (on the order of 0.1 W 

m-1 K-1), which is due to the random network formed by the carbon backbone and the weak inter-

chain interactions mediated by weak van der Waals forces.  This leads to poor heat dissipation that 

largely restricts polymer usage and imposes severe limitations in various applications such as light-

emitting devices,1,2 photovoltaic cells,3,4 and flexible thin-film transistors.5,6  To address this issue, 

a significant amount of efforts have recently been dedicated to enhancing the thermal conductivity 

() of polymeric materials.7–13 

It is well-known that the low thermal conductivity of most polymeric materials is a result of 

their molecular structure generally consisting of coiled-up chains entangled together.  The thermal 

conductivity along individual molecular chains, however, can actually be quite good because of 

the strong intra-chain covalent bonding between atoms.  In fact, a recent molecular dynamics (MD) 

simulation7 has suggested that an isolated single polyethylene (PE) molecule may possess very 

high thermal conductivity, up to ~350 W m-1 K-1.  Inspired by this prediction, several experimental 

efforts have focused on enhancing the thermal transport properties of polymer nanofibers with 

aligned molecular chains.8,12,14–16  The highest experimentally measured thermal conductivity of a 

polymeric material was reported by Shen et al.,8 who reported on single ultra-drawn PE nanofibers 

with thermal conductivity values as high as ~104 W m-1 K-1.  This dramatic enhancement of 

thermal conductivity is due to the fact that small crystallites, split from the crystalline lamellas and 

connected by microfibrils, are aligned along the fiber axis during the drawing process, yielding a 

high degree of molecular orientation.8
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Electrospinning has become a popular approach to prepare nanofibers for various applications, 

with polymers being the most common type of materials used for electrospun fiber production.  

During electrospinning, a strong electric field forces a liquid jet from a droplet of dissolved 

polymer chains, and a continuous nanofiber is formed as the solvent evaporates in flight.  The 

strong elongational flow in this jet often results in fibers with substantial molecular orientation, 

which may lead to significantly enhanced thermal conductivity along the fiber direction.  For 

example, it has been shown that the thermal conductivity of single Nylon-11 electrospun fibers 

may be as high as 1.6 W/m-K, nearly one order of magnitude higher than the typical bulk value of 

~0.2 W/m-K.14  In addition, Canetta et al. measured the thermal conductivity of individual 

electrospun polystyrene nanofibers, obtaining values ranging from 6.6 to 14.4 W/m-K, a 

significant increase from typical bulk values.16  Ma et al. recently showed that the thermal 

conductivity of electrospun PE nanofibers may be as high as 9.3 W m-1 K-1 at 300 K, over 20 times 

higher than the bulk value, an increase that was attributed to ordered molecular chain alignment 

and enhanced crystallinity as indicated by Raman spectroscopy.12

In addition to chain alignment and crystallinity, polymer topology and morphology has also 

been demonstrated to affect the thermal conductivity of polymeric materials.17,18  For example, a 

recent MD simulation has shown that longer side chain of bottlebrush polymers will increase 

interchain phonon scattering and decrease the thermal conductivity;17 and for π-conjugated 2D 

polymers, the calculated lower thermal conductivity with increasing porosity is attributed to the 

increased chain disorder and segmental rotation.18  While notable progress has been made, several 

key questions related to the effects of molecular structure on thermal transport in electrospun 

polymer nanofibers still remain to be answered.  For example, no experimental study has been 

done to investigate the effects of molecular weight (i.e. chain length) and side groups on thermal 
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transport in individual electrospun polymer nanofibers.  In this paper, we show how these two 

factors influence the thermal conductivity of electrospun vinyl nanofibers, which share the same 

planar-zigzag carbon backbone.  Given that electrospinning has become a widely-adopted 

approach to produce large amount of polymer nanofibers, this study could provide knowledge to 

fine tune the electrospinning process to obtain high thermal conductivity electrospun polymer 

nanofibers.

Sample Description

To investigate the effects of molecular weight (Mw) and side groups, we prepared four 

different kinds of electrospun vinyl nanofibers: PE, polyvinylidene fluoride (PVDF), polyvinyl 

alcohol (PVA) and polyvinyl chloride (PVC).  Based on the PE powders that were commercially 

available, we fabricated PE nanofibers with four different Mw (chain lengths), namely 35,000, 

125,000, 420,000, and 3,000,000 (Supporting Information).  For the other three materials used, we 

tried to keep the chain length as similar as possible (as listed in Table 1).  These vinyl polymers 

have similar chain structures (Fig. 1a), with identical carbon backbones but different side group 

atoms.  Since it has been shown that the electric field strength in the electrospinning process plays 

a critical role in the thermal conductivity of resulting PE nanofibers,12 in this study we adopt fixed 

values for both the applied voltage (30 kV) and the distance (15 cm) between the syringe tip and 

the collector to keep the electric field constant, as shown in Fig. 1b.  Fig. 1c shows a high 

magnification scanning electron microscopy (SEM) micrograph of an individual electrospun 

PVDF nanofiber.  During the electrospinning process, the nanofibers can be collected on silicon 

chips that have pre-patterned trenches (Fig. 1d) for micro-Raman studies and Young’s modulus 

characterization.  For thermal conductivity characterization, the fibers were collected with a piece 
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of polydimethylsiloxane (PDMS) to facilitate subsequent sample transfer to the measurement 

device (Fig. 1e), which was then measured following a well-established approach.19–23  As it has 

been shown that storage in a vacuum chamber can help to remove solvent residues,12 all fibers 

were kept in a vacuum chamber overnight prior to any measurements.

Results and discussion

Fig. 2a shows the measured thermal conductivity for PE nanofibers composed of molecular 

chains with four different values of Mw.  For each Mw, we tested three samples, and it can be seen 

that even though some variations exist for samples within each group, there is a clear trend of 

higher thermal conductivity for fibers with larger Mw.  Specifically, the room-temperature thermal 

conductivity increases from 1.2 to 4.8 W/m-K as Mw increases from 35,000 to 3,000,000.  The 

relationship between the thermal conductivity and Mw for bulk PE was studied back in the 1960s 

but without much follow-up work since then.  For molten PE at 140°C, it was shown that the 

thermal conductivity increases with Mw (roughly proportional to ) and saturates as Mw 𝑀𝑤

approaches ~140,000.24,25  As Umklapp scattering becomes important at room temperature, we 

plot the measured thermal conductivity of the PE nanofibers at 200 K as shown in Fig. 2b, which 

displays a thermal conductivity escalation at a rate that is approximately proportional to .  𝑀𝑤

However, a notable difference is that for nanofibers, the increasing trend does not saturate until a 

much higher molecular weight, at Mw > 1,000,000 as projected from the plot.  It is not surprising 

that the saturation regime depends on the phase of the sample (solid vs molten), as the anisotropy 

in the electrospun nanofiber (unlike in the stationary molten sample) allows for a greater degree 

of molecular orientation and thus more potential for thermal conductivity enhancement at higher 
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Mw.  In other words, in a static molten sample, the advantages provided by high Mw are only 

manifested to a relatively low level due to lack of molecular orientation.

The relation between thermal conductivity and Mw for bulk isotropic polymers has been 

explained by a theoretical model developed by Hansen and Ho,24,25 and it is shown that the 

conductivity increase depends strongly on a parameter α, which is related to the ratio of inter-chain 

to intra-chain interaction strength.  When this ratio goes to zero, a linear relationship between the 

thermal conductivity and  can be obtained.  We note that Hansen and Ho indicated that, for 𝑀𝑤

bulk isotropic polymers, while the ratio of inter-chain to intra-chain interaction strength is quite 

small with α ~ 0.001, the dependence of thermal conductivity on Mw for bulk polymers can still 

deviate significantly from the theoretical  dependence.  For the electrospun PE nanofibers 𝑀𝑤

tested in this work, we applied the same theoretical model,24,25 and the best fit to the experimental 

data yielded an α value of 4×10-7 (Fig. 2b).  This suggests that the improved chain alignment in 

these polymer nanofibers may enhance thermal energy transfer along the chain (relative to cross 

chain transfer), which leads to saturation at a higher Mw, as well as an enhanced thermal 

conductivity at saturation (compared to bulk amorphous PE).  It is worth noting that the model 

was developed for bulk isotropic polymers, so the above fitting results should only be viewed as a 

qualitative understanding of the trend.

The temperature dependence of the thermal conductivity of electrospun PE nanofibers for 

different Mw also presents interesting trends.  In Fig. 2a, the PE nanofibers with lower Mw (35,000 

and 125,000) exhibit monotonically increasing thermal conductivity versus temperature, typical 

for amorphous materials.  However, for higher Mw (420,000 and 3,000,000), a peak thermal 

conductivity appears as temperature increases, which is a signature of phonon Umklapp scattering 

occurring in crystalline solids.  For fibers with a molecular weight of 420,000, the thermal 
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conductivity data demonstrate a T-0.45 temperature dependence in the high temperature regime.  As 

Mw further increases to 3,000,000, the drop rate escalates to a T-0.65 temperature dependence, 

indicating increased crystallinity.  Interestingly, this trend is different from what has been observed 

in other PE systems which have crystallized from a molten state and show decreased crystallinity 

at higher Mw.26–30  

To further understand this, we measured the crystallinity of PE nanofibers with different Mw 

using Raman spectroscopy.12  Fig. 2c shows the Raman spectra of PE nanofibers with Mw of 

125,000, 420,000 and 3,000,000.  For low Mw  PE (which is expected to contain numerous small 

and imperfect lamellar crystallites) the crystalline units have been shown to melt at relatively low 

temperature.31  Notably, Samuel et al.32 observed that small temperature increases could cause the 

crystalline degree of PE with Mw = 35,000 to drop even at temperatures slightly above room 

temperature.  Thus, the Raman spectra of PE nanofibers with Mw = 35,000 are unlikely to reflect 

their as-fabricated crystallinity due to heating from the laser (Fig. S1); these fibers were therefore 

not included in this comparison.  However, when the Mw is increased to 52,000, previous research 

indicates that PE crystallinity is insensitive to temperature until it reaches close to the melting 

point.32  It is well established that the Raman band at 1416 cm-1 is due to the orthorhombic 

crystalline phase of polyethylene.30,32–34  The CH2 twisting vibration modes around 1300 cm−1 are 

generally used for normalization.34  According to Naylor’s model,34 the orthorhombic crystallinity 

can be calculated using:

, (2)   1416 1300 group% orthorhombic crystallinity / 100 / 0.45I I K  

where I1416 refers to the area of the Raman band at 1416 cm−1, I1300 group is the area underneath the 

1300 cm-1 band group (internal standard), and K is a constant correction factor.  As shown in Fig. 

2d, the I1416/I1300 group ratio increases with Mw, suggesting that the electrospun PE nanofibers with 
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higher Mw have a larger volume fraction of orthorhombic crystalline phase, consistent with both 

the observed molecular weight dependence and temperature dependence of the measured thermal 

conductivity in Fig. 2a.

In addition to the molecular chain length, it has been predicted that the side groups in vinyl 

polymers may alter the vibrational properties of thermal phonons and have important effects on 

the thermal conductivity.13,35  However, to date, no systematic experimental studies have been 

conducted to compare the effects of side groups.  As such, we also measured three other types of 

vinyl polymer nanofibers (PVA, PVC, and PVDF), and compared their thermal conductivities with 

that of PE.  The four groups of vinyl polymers all have the same carbon backbone with different 

side groups, as described in Table 1.  In considering the side group effects, we carefully select the 

molecular weight to ensure that the molecular chain length is similar for different vinyl nanofibers.

In a previous study, we used Raman spectroscopy to characterize the molecular chain 

orientation in electrospun PE nanofibers.12  However, unlike PE, for which comprehensive Raman 

studies have been reported and specific parameters corresponding to different vibration modes are 

known and can be used to characterize the molecular chain alignment, the Raman information for 

the other three vinyl fibers is not as extensive.  Nonetheless, we were still able to obtain some 

information about molecular chain alignment with polarized Raman spectroscopy on PVA, PVC, 

and PVDF nanofibers.

During these Raman studies, we first confirmed that laser irradiation of individual polymer 

nanofibers did not cause structural damage by performing the Raman spectroscopy at the same 

position five times in a row (Fig. S2).  For PVA, PVC, and PVDF nanofibers, the intensities of the 

C-H stretching vibration modes at 2900 to 3000 cm-1 strongly depend on the angle between the 

incident laser polarization and the fiber axis, and the intensity reaches its maximum and minimum 
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at the angle of 90° and 0°, respectively.  Therefore, these bands can be used to semi-quantitatively 

evaluate the degree of chain orientation in the nanofibers.  Following the same approach as in a 

previous study,36 we examine the parameter, P  I / I /// / , as an index of the molecular orientation 

in the nanofibers.  Here I  and I // //  refer to the intensities of the C-H stretching vibration modes 

when the polarizations of the incident and scattered laser light are perpendicular and parallel to 

fiber axis, respectively.  As shown in Fig. 3a-c, for all PVA, PVC, and PVDF, I  is stronger than 

I // //  and the derived P  values (Fig. 3d) are all around 1.5, indicating that the molecular chains are 

aligned along the nanofiber axis direction as a result of the strong elongational force during the 

electrospinning process.  We note that for bulk polymers with randomly oriented molecular chains, 

the P value is approximately unity, as shown in Fig. S3.

The measured thermal conductivities in the temperature range of 100 K to 320 K for all four 

kinds of vinyl polymer nanofibers are shown in Fig. 4a.  For PE, we used nanofibers with Mw ~ 

125,000 for comparison, as this molecular weight gives a molecular chain length similar to the 

other three types of fibers.  This way, the difference in thermal conductivity between different 

varieties of nanofiber is most likely due to the variation in side groups, instead of other factors.  

Compared to the thermal conductivities for bulk polymers (Table 1), Fig. 4a indicates that all the 

electrospun polymer nanofibers have enhanced thermal conductivities that are approximately 4-7 

times higher than the corresponding bulk value at room temperature, again suggesting more 

aligned molecular chains in the electrospun nanofibers.

Fig. 4a also indicates that even though the thermal conductivity for each type of vinyl polymer 

fibers varies from fiber to fiber, the difference between different types of fibers is large enough to 

draw the conclusion that PE > PVA > PVDF > PVC.  This represents a general trend that the thermal 

conductivity decreases as the side groups becomes heavier.  It has been shown theoretically that 
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thermal phonons preferentially transport along the covalently-bonded carbon-carbon backbones in 

PE, and with the light hydrogen atoms as the side group, acoustic phonons in the range of 0~15 

THz are the dominant heat carriers due to their high group velocities and long mean free paths.7,13,37  

As one hydrogen atom is replaced by a heavier group (OH, Cl or F), the unit cell becomes heavier 

and new optical phonon mode branches with lower frequencies appear.  It is generally accepted 

that heavier unit cells correspond to lower phonon group velocities and hence lower thermal 

conductivity.38–40  In addition, the reduced energy gap between acoustic and optical phonons may 

facilitate phonon Umklapp scattering to pose more resistance to thermal transport.  Indeed, our 

experimental data are consistent with numerical modeling results showing that as the side group 

atomic mass increases, the acoustic phonons in the same frequency range contribute much less to 

thermal transport due to mismatch between the vibration modes of neighboring carbon atoms along 

the molecular chain.13  In fact, it is shown that the acoustic phonon contribution becomes very low 

as the side group atomic weight increases to 127 g/mol.13

One more observation is that, while the atomic masses of the side groups for PVDF and PVC 

are similar (40 g/mol versus 38.5 g/mol), the thermal conductivities of these two groups of 

nanofibers can still be quite different.  In fact, the measured room-temperature thermal 

conductivity of PVDF nanofibers is roughly 80% higher than that of PVC nanofibers, which 

suggests that, in addition to the side group weight, the atomic structure or arrangement may also 

play a role.  It is worth noting that while both α and β phases may exist in electrospun PVDF 

nanofibers, our Raman data indicate that the intensity of the Raman peak at 839 cm-1 is much 

stronger than that at 794 cm-1 (Fig. S4), suggesting that the β phase is the predominant crystal form 

in the fiber.41  β phase PVDF shares the same planar-zigzag carbon backbone structure as PE, 

PVA, and PVC, ensuring a fair comparison between these different polymer nanofibers.
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When comparing the molecular structure of PVC to that of PE, one can see that, in a PVC 

molecule, each monomer unit has one side H atom substituted with a Cl atom.  In a PVDF molecule, 

however, both H atoms (attached to the same C atom) are replaced by F atoms, as shown in Fig. 

1a.  While the details behind the reason for why the PVDF nanofibers exhibit higher thermal 

conductivity than the PVC nanofibers will have to be determined by future in-depth molecular 

modeling, we believe that the increased symmetry found in the arrangement of the F atoms in 

PVDF might play a role.  In an earlier report, a molecular dynamics simulation on a single PE 

molecule indicated that the thermal conductivity drops significantly when 25% of the side H atoms 

are replaced by heavier F atoms (drop of 64%) or Cl atoms (drop of 66%).13  However, when 50% 

of the H atoms are replaced in a uniformly spaced arrangement, the thermal conductivity is 60% 

(F substitute) and 32% (Cl substitute) higher than the 25% replacement situation, respectively, 

indicating that symmetry plays an important role.13  These modeling predictions suggest that 

phonons travel along polymer chains more effectively when side groups are either lighter or more 

symmetric. 

It has been shown that the Young’s modulus of ultra-drawn PE fibers is much higher than 

bulk values, and this enhancement may correlate with significantly enhanced thermal 

conductivity.42  As such, we also examined the Young’s moduli of electrospun PVA, PVC, and 

PVDF nanofibers and compared the results with the relative magnitude of their thermal 

conductivities.  As we did previously for Si nanoribbons43,44 and polymer nanofibers,45 the 

Young’s modulus was characterized by performing three-point bending tests on individual 

suspended nanofibers using an atomic force microscope (AFM, Bruker Dimension Icon) (Fig. S5).  

It can be seen from Fig. 4b that different types of polymer nanofibers all demonstrate a higher 

Young’s modulus value for smaller diameter samples, with a stronger size dependence for PVA 
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and PVC than that for PVDF nanofibers.  In fact, similar behavior has also been observed in other 

polymer nanofibers,46–48 and the size-dependent Young’s modulus could be attributed to the 

confinement of polymer chains near surfaces and in amorphous regions, the reduction of polymer 

chain entanglement, and the increase of the chain alignment for smaller sized nanofibers.46–49

Moreover, as shown in Fig. 4b, the Young’s moduli of the PVA nanofibers are much higher 

than those of the PVDF and PVC nanofibers (comparing nanofibers with similar diameters).  

Because the three different groups of polymer nanofibers are of the same backbone structure 

(planar zigzag) and similar in molecular chain length, the variations in the measured Young’s 

modulus along the axial direction are likely due to differences in side group structure.  It is known 

that Young’s modulus is inherently related to atomic bond stiffness, and the stiffer bonds (higher 

modulus) observed in PVA (as compared to PVC) correlate well with the observed higher thermal 

conductivity.  The Young’s moduli of the PVDF nanofibers are, however, slightly lower than those 

of the PVC nanofibers, which is the opposite of the trend we observed for thermal conductivity.  

This is likely due to the different room temperature states for the different polymers.  For semi-

crystalline materials with amorphous regions, the Young’s moduli will drop dramatically when the 

temperature increases from below to above the glass transition temperature, Tg.46  In our 

experiments, the Young’s moduli were all measured at room temperature, which is higher than the 

Tg of PVDF (-35°C)50,51 but lower than the Tg of PVC and PVA.50,52  In this case, some secondary 

bonds of PVDF are broken, and molecules start sliding against each other.53  Thus, during the 

measurements, the amorphous regions in the PVDF nanofibers were in a rubbery state (whereas 

the PVC and PVA were in a glassy state) which is likely the reason for the relatively low Young’s 

moduli that were measured for the PVDF nanofibers.  It is worth noting that for nanofibers, Tg 

could be slightly different from that of the bulk; however, the shift of Tg is usually not very 
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significant.  For example, for electrospun PVDF nanofibers with diameter from 50 nm-700 nm, Tg 

only increases up to -29.2°C,51 still much lower than the room temperature at which we conducted 

the Young’s modulus measurements.

Conclusions

In summary, we measured the thermal conductivity of individual nanofibers composed of 

various vinyl polymers with different molecular weights and side group atoms.  Due to the fact 

that vibrational energy can propagate along the molecular chain more efficiently than between 

chains, the measured thermal conductivity increases monotonically with molecular chain length.  

By comparing the measured thermal conductivity of vinyl polymer nanofibers with different side 

groups, we found that phonons travel along polymer chains more effectively when side groups are 

either lighter or more symmetric.  This knowledge describing the relationship between molecular 

structure and enhanced thermal properties in electrospun polymer nanofibers will help to better 

design future high-performance polymeric materials.
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Table 1.  Properties of four vinyl polymer materials, including: formula, molecular weight (Mw), 

monomer weight, molecular chain length, room temperature thermal conductivity ( ), calculated 𝑘

single chain Young’s modulus (Esingle chain), and glass transition temperature (Tg).

PVC PVDF PVA PE

Formula

Mw ~233,000 ~180,000 146,000

-186,000

~125,000

Monomer Weight 62.50 64.03 44.05 28

Chain Length ~3728 ~2811 3314 - 4222 ~4464

Bulk  (W m-1 K-1) 0.1354 0.1354 0.3155 0.3-0.4250

Fiber  (W m-1 K-1) 0.5±0.033 0.91±0.094 1.58±0.071 1.91±0.12

Density (kg/m3)
Esingle chain (GPa)

1380

16056

1780

77(α) / 237(β)57 

1190

28757

910-940

37442

Tg (°C) 8052 -3550,51 8550 -7858
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Figure 1.  (a) Molecular structure of PE, PVC, PVDF (α & β phase) and PVA. (b) Schematic of 
electrospinning setup. (c) An SEM micrograph of a PVDF nanofiber. (d) An SEM micrograph of 
a PVDF nanofiber suspended over a Si trench. (e) An SEM micrograph of a PVDF nanofiber 
suspended on thermal measurement device. (f) Optical image showing the laser focused on 
individual nanofiber for Raman measurement.
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Figure 2. (a) Measured thermal conductivity of PE nanofibers with different molecular weights in 
the temperature range of 70-320 K.  (b) Measured thermal conductivity of PE nanofibers at 200 K 
as a function of the square root of the molecular weight.  The green curve is a fit from a model that 
considers the anisotropic heat flux along and across the molecular chains,24,25 and the red as well 
as blue lines are the calculated results when α = 0 or 0.001 (bulk PE), respectively.  (c) Raman 
spectra acquired for PE nanofibers with Mw of 3,000,000, 420,000, and 125,000, respectively.  (d) 
The calculated intensity ratio of I1416/I1300 group, indicating the fraction of orthorhombic crystalline 
phase of PE nanofibers, increases with molecular weight.  The error bars indicate the standard 
deviation of the intensity ratio of I1416/I1300 group measured from several nanofibers.

Page 21 of 24 Soft Matter



22

Figure 3.  Polarized Raman spectra of (a) PVA, (b) PVDF, and (c) PVC nanofibers with the laser 
beam polarized parallel (the red curve) and perpendicular (the blue curve) to the fiber axis . (d) 
Values for P  I / I /// / , a ratio that semi-quantitatively characterizes the molecular orientation in 
PVA, PVDF, and PVC nanofibers.
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Figure 4.  (a) Comparison of measured thermal conductivity of electrospun PE, PVA, PVDF, and 
PVC nanofibers.  (b) Measured Young’s moduli of PVA, PVDF and PVC nanofibers of different 
diameters.
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TOC:

Thermal conductivity increases with molecular chain length for PE nanofibers, and is higher for 
vinyl polymer nanofibers with lighter and more symmetric side groups.
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