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Figure S1- Electrochemical impedance spectroscopy over frequency range (0.05 Hz-1MHz) on 

both primary and branch cathode on the same axis.
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Figure S2- Raman spectroscopy characterization of hierarchical CNTs before and after branch 

CNTs are isothermal vapor infiltrated with sulfur.

Porosity Calculation

In order to assess the porosity of the sulfur infiltrated material, and determine the capability of 

the material in accommodating the large volume expansion on discharge, we consider the case 

where we target filling of the small diameter population of CNTs with sulfur, where our images 

indicates the filling of CNT interiors with sulfur.  Based on an average inner diameter of 4.7 nm 

of the secondary CNTs derived from ImageJ analysis of over 30 CNTs (representative TEM 
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Figure S3- TEM images showing the pore sizes of branch CNTs (small diameter CNTs).  Based 

on TEM analysis, branch CNTs were observed to exhibit average inner diameter of 4.7 nm.  

images provided in Figure S3), and information obtained from the growth conditions, we are able 

to assess the filling fraction of sulfur on the interior versus exterior portion of the branch CNTs.  

Portion of Sulfur interior filling (preferential over coating):

𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 =  
𝜌𝑠𝜋𝑟2

𝑖𝐿

𝜌𝑐𝜋(𝑟2
𝑜 ‒ 𝑟2

𝑖)𝐿 + 𝜌𝑠𝜋𝑟2
𝑖𝐿

= 34%

Where  is density of sulfur, 2.07 g/cm2,  is density of CNTs, 2.1 g/cm2, ri is CNT average 𝜌𝑠 𝜌𝑐

inner CNT radius, which is half the inner diameter, 4.7 nm, as assessed using imageJ from >30 

CNTs as seen in the included TEM image, Figure S3, rO is average outer radius, half the OD 

reported in Figure 3d, 8 nm. Finally L is CNT length which does not require explicit assessment 

as it cancels away.  Therefore, since a mass loading of 60% is observed, 26% is thus required to 
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be situated on the CNT exterior. To take this into account on how this coating influences the 

porosity, we prescribed an effective radius for branched CNTs, or rs, where this is the radius with 

the additional 26% of sulfur distributed across the CNT surface. 

0.26 =
𝜌𝑠(𝑟2

𝑠 ‒ 𝑟2
𝑜)

𝜌𝑠(𝑟2
𝑠 ‒ 𝑟2

𝑜) + 𝜌𝑐(𝑟2
𝑜 ‒ 𝑟2

𝑖)

The resultant radius is 4.4 Angstroms, meaning CNT diameter is only enhanced by 0.8 nm from 

8nm to 8.8nm with sulfur loading. Further by calculating the scaffold volume and loading 

material volumes, the ability of the material to accommodate discharge is verified. 

Scaffold volume= (surface area)*(primary growth height)=(1 cm2)*(0.015 cm)= 0.015 cm3

Volume of carbon deposited= (mass of deposition)/(density of CNTs)= (0.004 g)/(2 g/cm3)= 

0.002 cm3

Volume of sulfur deposited= (mass of sulfur)/density of sulfur= (0.006 g)/(2.07 g/cm3)= 0.0029

Volume of sulfur after expansion (if complete conversion to Li2S is observed)= volume of sulfur 

deposited*1.8 = 0.0052

With these material volumes, porosity can be assessed.

Porosity of scaffold= 1-(volume of carbon)/(scaffold volume)= 1- (0.002/0.015)= 86.67%

Porosity after sulfur loading=1-(volume of carbon+ volume of sulfur)/(entire volume)= 1-

(0.002+0.0029)/0.015= 67.3%

Porosity after discharge=1-(volume of carbon+ volume of sulfur)/(entire volume) 1-

(0.002+0.0052)/0.015=  52%
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This final discharge porosity assures not only accommodation of the product but also electrolyte 

accessibility to enable subsequent charge-discharge behavior.
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