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Supplementary Information

Post-Synthesis Solvent Volume Normalization:

In the post-synthesis cases, various amounts of EG or DMSO were added after the final
solution was prepared. Amounts were normalized to the amount of polymer present for direct
comparison to pre-synthesis cases and the body of literature on PEDOT:PSS. In detail, the
PEDOT:PSS (Clevios ™ PH1000) solution contained 0.65 wt% solid post-filtering (or 99.35

wit% water) as determined by
thermogravimetric analysis (TGA). This is in 100eE==S
agreement with the vendor’s claim that the Polymer decomposition
dissolved solids are between 0.45 and 1.5 805
wit%. -
In the pre-synthesis case, 5 mL of DMSO § 60%"
was added to 100 mL of PH1000 solution @
yielding a 5 vol% DMSO addition. Given — § gy Tenanowire decomposition
that the specific density of the PH1000 2
solution is nearly 1 g/cm?®, this is 5 mL of 20%"
DMSO to every 0.65 g of PEDOT:PSS. In
the post-synthesis case, the amount of 0%
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Fig. S1 Example TGA of the TeNW hybrid material.
The material was dried thoroughly before the TGA so
there was no appreciable mass loss before 100C.
Boiling point of Te is ~980°C which exceeds the
temperature range of the TGA. A slow temperature
ramp rate (~1 °C/min) was used to facilitate evaporation
of Te.

PEDOT:PSS in the resulting dry hybrid
material was determined again by TGA where
the amount of PEDOT:PSS was taken as the
amount that decomposes at low temperature
(100 'C < T < 350 C) and the amount of Te
was taken as the amount that decomposes at
high temperatures (T > 350 °C). See sample
TGA in Fig. S1. So for normalization, an

equivalent amount of DMSO was used to match the pre-synthesis cases. For example, if the

resulting dry hybrid material contained 0.01 g of PEDOT:PSS in 3 mL of product, then
(0.01/0.65)*(5 mL) = 76.9 pL of DMSO would be added to the 3 mL of product yielding the
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equivalent of 5 vol% DMSO addition of the pre-synthesis case.

. L =430 + 56 nm
1500

§._..Q...{....{...,§..._§....§._.,§...§..__§ ]

L=440+55nm '+ _
300 —
200

L =453 +45 nm

Histogram
Tip Boradening Correction

— Gal

(a.u.)

0.5

Length

Distribution

.__-".'."‘.-"-"“_‘-”.'_"_’____,_...i----; 00 w0 40 S0 e 70 s w0
. A . L L , Length (nm)

20 30 40 50 60 70 80

Temperature (°C)

Fig. S2 Temperature dependence on thermopower and
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Fig. S3 Example length measurement. Example AFM
and SEM images of nanowire films used to measure

electrical conductivity for Te nanowires coated in
ascorbic acid.

the size of the nanowires and an example histogram
distribution showing a Gaussian fit and the minor shift
in distribution when correcting for AFM tip
broadening.
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Nanowire Length and Diameter Measurements:

AFM and SEM images were used to determine the nanowire length and diameter. For the
AFM image analysis, three dimensional coordinates (x,y,z) of the ends of nanowires (for length
measurements) and the edges (for diameter measurements) can be obtained directly. For the
SEM images, only the lateral dimensions can be obtained (x,y). Since both ends of the nanowire
must be visible for this measurement, it does bias toward nanowires that are laying parallel to the
substrate’s surface. However, grazing incident x-ray scattering previously performed on these
films indicate a negligible amount of nanowire alignment to the substrate." So even with this
selection bias, the horizontal nanowires should be a good representation of all nanowires in the
sample. This allows for good agreement between the SEM with only (x,y) and the AFM with
(x,y,z) coordinates. Also to verify this approach, a dilute solution of nanowires was spun cast,
allowing for the nanowires to separate and lie parallel to the substrate. Upon analyzing several
(> 30) nanowires, it is evident that the variation in length between separate nanowires is much

greater than any length measurement uncertainty (Al =J2Ax where the coordinate uncertainty,
AX, is primarily due to AFM tip broadening of <10 nm) as shown in Fig. S3. The distribution of
nanowire lengths and diameters has a Gaussian profile and therefore the standard deviation is an
appropriate metric to represent the variation in nanowire length and diameter.

Two Component Parallel Connected Composite Model:

A two-component, effective medium model for a parallel connected composite has
previously been developed in literature.? In this model, the effective parallel thermopower is
expressed as:

S,0.% + 5,0, (1-x,)
S ) — 111 272 1 Sl
effective, parallel O_lxl +O'2 (1_ Xl) ( )

and the effective parallel electrical conductivity can be expressed as:
O effective, parallel — X101 + (1_ Xl) o, (52)
where S; is the thermopower, o; is the electrical conductivity, and x; is the volume fraction of

component i = 1, 2. Note that a similar expression can be obtained for a series connected
composite that is weighted by the thermal conductivity and is also derived in this reference.
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