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1.	Experimental	Methods	

1.1.	ZTC	Synthesis:	The	zeolite	NaY	template	ሺ2	g,	HSZ	320NAA,	Tosoh	Corp.ሻ	was	de‐

gassed	in	a	2‐neck	round‐bottom	flask	at	300	°C	for	24	h	under	oil‐free	vacuum	ሺ൏2	ൈ	

10‐3	mbarሻ.	The	dried	zeolite	was	then	combined	with	20	mL	of	furfuryl	alcohol	ሺFA,	

99%,	Aldrichሻ	via	syringe	and	the	mixture	was	stirred	at	room	temperature	for	24	h.	The	

impregnated	solid	was	then	collected	by	vacuum	filtration	in	air,	washed	three	times	

with	10	mL	aliquots	of	mesitylene	ሺ97%,	Aldrichሻ,	and	dried	under	suction	on	the	filter	

frit	for	15	min.	The	impregnated	and	rinsed	zeolite	was	then	placed	in	an	alumina	boat	

ሺ10	ൈ	30	ൈ	107	mmሻ	which	was	inserted	into	a	quartz	tube	ሺø	45	mmሻ	installed	in	a	hor‐

izontal	tube	furnace	ሺHST	12/600,	Carbolite	Geroሻ.	The	tube	was	purged	under	dry	ar‐

gon	flow	ሺ200	sccmሻ	at	ambient	pressure.	The	FA	within	the	zeolite	pores	was	first	pol‐

ymerized	by	heating	up	to	80	°C	via	a	10	min	ramp	and	held	for	24	h.	The	poly‐FA	was	

then	carbonized	by	heating	up	to	700	°C	via	a	2	h	ramp	and	held	for	30	min.	Further	car‐

bon	impregnation	was	accomplished	via	propylene	CVD	at	700	°C;	the	gas	flow	was	

switched	to	7	mol%	propylene	in	argon	ሺ99.99%	propylene	in	99.999%	argonሻ	at	200	

sccm.	After	ambient‐pressure	CVD	for	5	h,	the	gas	flow	was	returned	to	dry	argon	at	200	

sccm.	An	annealing	step	was	performed	by	heating	the	zeolite‐carbon	composite	up	to	

900	°C	via	a	1	h	ramp,	and	held	for	an	additional	1	h.	The	system	was	then	cooled	over‐

night,	the	gas	flow	was	stopped,	and	the	annealed	zeolite‐carbon	composite	was	col‐

lected.	Removal	of	the	zeolite	template	was	accomplished	by	three	sequential	dissolu‐

tions	in	35	mL	of	aqueous	hydrofluoric	acid	ሺHF,	40%,	Sigma‐Aldrichሻ.	The	final	ZTC	

product	was	collected	by	centrifugation,	washed	three	times	with	35	mL	aliquots	of	dis‐

tilled	water,	and	then	dried	in	air	at	40	°C	to	obtain	“archetypical	FAU‐ZTC.”	

	

1.2.	Powder	X‐Ray	Diffraction:	Powder	X‐ray	diffraction	ሺXRDሻ	measurements	were	

performed	on	a	Rigaku	Ultima	IV	diffractometer	using	Cu	Kα	radiation	ሺλ	ൌ	1.54	Åሻ,	gen‐

erated	at	40	kV	and	40	mA,	in	Bragg‐Brentano	geometry.	The	powder	was	thinly	dis‐

persed	on	a	“zero‐background”	sample	holder	comprised	of	oriented	crystalline	silicon.	

The	data	were	analyzed	by	direct	subtraction	of	the	contribution	from	the	sample	holder	

determined	by	performing	an	identical	experiment	without	any	sample.	The	XRD	pat‐

tern	of	archetypical	FAU‐ZTC	is	shown	in	Figure	S1.	
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Figure	S1.	XRD	pattern	of	archetypical	FAU‐ZTC.	

	

1.3.	Nitrogen	Adsorption:	Nitrogen	adsorption/desorption	isotherms	were	measured	

at	77	K	between	10‐4	and	100	kPa	using	an	automated	volumetric	instrument	ሺ3Flex,	Mi‐

cromeritics	Instrument	Corp.ሻ.	Specific	surface	areas	were	calculated	by	the	Brunauer‐

Emmett‐Teller	ሺBETሻ	method	between	P/P0	ൌ	0.000004‐0.11.	Pore‐size	distributions	

were	determined	by	nonlocal	density	functional	theory	ሺNLDFTሻ	calculations	using	a	

dedicated	software	package	ሺMicroActive	Share,	Micromeritics	Instrument	Corp.ሻ	using	

a	carbon	slit‐pore	model.	The	nitrogen	adsorption/desorption	isotherm	on	archetypical	

FAU‐ZTC	is	shown	in	Figure	S2.	

	

	

Figure	S2.	Equilibrium	N2	adsorption/desorption	isotherm	of	archetypical	FAU‐ZTC	at	
77	K	ሺfilled/unfilled,	respectivelyሻ.	
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1.4.	Thermal	Gravimetric	Analysis:	Thermal	gravimetry	was	performed	using	a	micro‐

balance	ሺDiscovery	TGA,	TA	Instrumentsሻ	under	flowing	dry	air	ሺGrade	D	breathing	air	

with	moisture	trapሻ.	Zeolite‐carbon	composite	collected	prior	to	HF	treatment	was	sus‐

pended	in	the	sample	enclosure,	and	the	typical	starting	sample	weight	was	~5	mg.	The	

balance	flow	rate	was	1.0	mL	min‐1	and	the	temperature	program	was	specified	as	fol‐

lows:	the	sample	was	first	held	at	50	°C	for	15	min	under	dry	air	to	purge,	water	removal	

was	performed	by	heating	up	to	300	°C	via	a	20	°C	min‐1	ramp.	The	weight	at	the	end	of	

this	dehydration	step	was	taken	to	be	the	initial	mass,	mi.	The	carbon	was	then	oxidized	

by	heating	up	to	800	°C	via	a	5	°C	min‐1	ramp	and	held	for	120	min,	and	finally	the	re‐

maining	sample	was	cooled	to	300	°C	to	determine	the	final	weight	difference.	The	

weight	change	corresponding	to	the	oxidation/removal	of	archetypical	FAU‐ZTC	ሺwithin	

its	native	zeolite	NaY	templateሻ	is	shown	in	Figure	S3.	

	

Figure	S3.	Thermal	gravimetric	analysis	of	archetypical	FAU‐ZTC.	Three	regions	of	

weight	loss	are	observed:	water	loss	at	50	°C	during	purge	ሺ0‐12	minሻ,	water	loss	be‐

tween	50‐300	°C	ሺ12‐42	minሻ,	and	oxidation	of	ZTC	above	300	°C	ሺ87‐158	minሻ.	

	

2.	Experimental	Structural	Packing	Density	ሺSPDሻ	

Equations	1‐3	in	the	main	text	define	three	metrics	of	evaluation	for	the	comparison	

of	ZTC	structure	density	ሺincluding	carbon	along	with	hydrogen	and	oxygenሻ	packing	

within	the	zeolite	template,	a	key	indicator	of	both	the	template	fidelity	and	structure	of	

the	final	ZTC	product	after	removal	of	the	template.	Analysis	of	the	raw	thermal	gravim‐

etry	measured	for	archetypical	FAU‐ZTC	is	shown	in	Figure	S3.	The	weight	loss	corre‐

sponding	to	the	weight	of	the	carbonaceous	ZTC	occurs	above	300	°C,	after	a	clear	plat‐

eau	is	achieved	following	the	low‐temperature	weight	loss	associated	with	adsorbed	

water.	
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The	calculations	of	SPDୣ୶୮,	SPDୡୣ୪୪,	and	SPDୡୣ୪୪,୴୭୪	for	archetypical	FAU‐ZTC	ሺcorre‐

sponding	to	the	measurement	in	Figure	S3ሻ	are	as	follows:	

SPDୣ୶୮ ൌ
ହ.ଷ଺ଷ	୫୥ିଷ.ଽହ଼	୫୥

ଷ.ଽହ଼	୫୥
ൌ 0.355	gେ	g୸ୣ୭୪୧୲ୣ

ିଵ 																						Equation	S1	

SPDୡୣ୪୪ ൌ 0.355	gେ	g୸ୣ୭୪୧୲ୣ
ିଵ 	ൈ ସଽସ.ଷ଼	୥౰౛౥ౢ౟౪౛

ସହ଴.଺	୥౏౟ోమ
ൌ 0.39	gେ	gୗ୧୓మ

ିଵ 											Equation	S2	

SPDୡୣ୪୪,୴୭୪ ൌ 0.389	gେ	gୗ୧୓మ
ିଵ ൈ 1.327	g	SiOଶ	cmିଷ ൌ 0.52	gେ	cmିଷ				Equation	S3	

	

3.	Theoretical	X‐Ray	Diffraction	Pattern	Simulation	

Powder	XRD	patterns	were	simulated	for	each	of	the	periodic	atomistic	models	of	

FAU‐ZTC	using	openly	accessible	software	ሺMercury,	v4.1.3,	Cambridge	Crystallographic	

Data	Centreሻ	using	a	simulated	wavelength	of	1.54056	Å,	a	step	size	of	2θ	ൌ	0.02°,	and	a	

full‐width	half‐maximum	ሺFWHMሻ	of	2θ	ൌ	0.1°.S1	The	results	are	shown	in	Figure	12	in	

the	main	text.	The	angles	corresponding	to	the	ሺ111ሻ	and	ሺ220ሻ	reflections	are	tabulated	

in	Table	S1.	

	

Table	S1.	Experimental	and	Theoretical	XRD	Reflections	of	FAU‐ZTC.	

	

Model/Material	 ሺ111ሻ	 ሺ220ሻ	

	 	 	

Roussel	Model	2006	 6.16	 10.06	

Nishihara	Model	0a	2009	 6.31	 10.32	

Nishihara	Model	0b	2009	 5.80	 9.48	

Nishihara	Model	I	2009	 6.36	 8.99	

Kim	Model	2016	 6.11	 9.98	

Nishihara	Model	II	2018	 6.36	 10.39	

Braun	Model	NR	2018	 6.11	 9.98	

Braun	Model	R	2018	 5.98‐6.09	 11.42‐11.68	

Tanaka	Model	IV	2018	 6.36	 10.39	

Archetypical	FAU‐ZTC	 6.32	 10.40	

Tosoh	Zeolite	NaY	 6.28	 10.26	
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4.	Theoretical	Surface	Area	and	Pore	Size	Distribution	

Nitrogen	accessible	surface	area	calculations	were	performed	using	openly	accessible	

software	ሺZeo൅൅,	v.0.3,	http://www.zeoplusplus.org/ሻ	assuming	a	channel	radius	and	

probe	radius	of	2.27	Å	ሺcorresponding	to	N2ሻ	with	2000	Monte	Carlo	samples	per	

atom.S2	The	results	are	shown	in	Table	2	in	the	main	text.	Likewise,	pore‐size	distribu‐

tions	were	simulated	using	the	same	assumptions	except	with	50000	Monte	Carlo	sam‐

ples	per	atom.	The	pore‐size	distributions	for	each	model	compared	to	archetypical	

FAU‐ZTC	ሺdetermined	using	NLDFT	analysis	of	N2	adsorption	measurements	at	77	Kሻ	

are	shown	in	Figure	S4.	

	

	

Figure	S4.	Experimental	and	theoretical	N2‐accessible	pore‐size	distributions	for	all	peri‐
odic	FAU‐ZTC	models	and	archetypical	FAU‐ZTC.	
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5.	Theoretical	Structural	Packing	Density	

Structural	packing	densities	were	calculated	for	all	of	the	periodic	atomistic	models	of	

FAU‐ZTC	by	determining	the	number	ሺand	massሻ	of	all	atoms	within	the	unit	cell	per	

unit	cell	volume	using	the	reported	crystallographic	information	file	ሺCIFሻ	or	molecular	

coordinate	file	for	each	structure.	Then,	based	on	the	density	of	ideal	SiO2	faujasite	

ሺframework	type	FAU,	International	Zeolite	Associationሻ	of	1.327	g	mL‐1,	the	volumetric	

SPDcell,vol	was	converted	to	a	gravimetric	quantity,	SPDcell,	in	units	of	gେ	gୗ୧୓మ
ିଵ .	As	noted	in	

the	main	text,	these	units	nominally	imply	that	the	mass	of	FAU‐ZTC	is	comprised	solely	

of	“carbon”	despite	that	some	of	the	models	as	well	as	the	real	ZTC	materials	are	actually	

comprised	of	C,	H,	and	O.	We	emphasize	that	in	the	case	of	the	models,	values	for	SPDcell	

and	SPDcell,vol	include	contributions	from	all	atoms	in	the	unit	cell	of	that	model.	

	

Table	S2.	Theoretical	Structural	Packing	Densities.	

	

	 per	Unit	Cell	 	 	

Model	
Carbon		

Atoms	

Mass							

ሺDaሻ	

Volume	

ሺnm3ሻ	

SPDcell,vol					

ሺ۱܏	ିܕ܋૜ሻ	

SPDcell							

ሺ۱܏	۽ܑ܁܏૛
ି૚ ሻ	

	 	 	 	 	 	

Roussel	Model	2006	 630	 7569	 15.34	 0.82	 0.62	

Nishihara	Model	0a	2009	 728	 8746	 14.23	 1.02	 0.77	

Nishihara	Model	0b	2009	 272	 3268	 9.16	 0.59	 0.45	

Nishihara	Model	I	2009***	 288	 3460	 13.95	 0.41	 0.32	

Nueangnoraj	Model	2013	 970	 11654		 27.00	 0.54	 0.72	

Kim	Model	2016*	 217	 2535	 15.71	 0.28	 0.21	

Kim	Model	2016**	 1202	 14008	 15.71	 1.53	 1.15	

Nishihara	Model	II	2018***	 2351	 28245	 111.56	 0.94	 0.33	

Braun	Model	NR	2018	 186	 2235	 3.93	 0.91	 0.71	

Braun	Model	R	2018	 186	 2235	 4.09	 0.83	 0.68	

Tanaka	Model	IV	2018	 8937	 107369	 376.40	 0.47	 0.36	

Boonyoung	Model	2019	 200	 2403	 25.60	 1.60	 1.21	

	

*partial	occupation	of	lattice	sites	
**full	occupation	of	lattice	sites	
***hydrogen	included	
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A	representative	calculation	of	SPDୡୣ୪୪	and	SPDୡୣ୪୪,୴୭୪	for	a	carbon‐only	model	ሺin	this	

case,	the	Roussel	Modelሻ	is	shown	below:	

SPDୡୣ୪୪,୴୭୪ ൌ
ଵ.ଶହ଻ൈଵ଴షమబ	୥	େ

ଵ.ହଷସൈଵ଴షమబ	ୡ୫య ൌ 0.82	gେ	cmିଷ																									Equation	S4	

SPDୡୣ୪୪ ൌ 0.82	gେ	cmିଷ ൈ 0.753	cmଷ	gୗ୧୓మ
ିଵ ൌ 0.62	gେ	gୗ୧୓మ

ିଵ 				Equation	S5	

Likewise,	a	representative	calculation	of	SPDୡୣ୪୪	and	SPDୡୣ୪୪,୴୭୪	for	a	carbon‐	and	hy‐

drogen‐bearing	model	ሺin	this	case,	Nishihara	Model	IIሻ	is	shown	below:	

SPDୡୣ୪୪,୴୭୪ ൌ
ହ.଻ସ଺	ൈଵ଴షమభ	୥	େ	ାଵ.ଶ଴଼ൈଵ଴షమమ	୥	ୌ

ଵ.ଷଽହൈଵ଴షమబ	ୡ୫య ൌ 0.42	g୞୘େ	cmିଷ																									Equation	S6	

SPDୡୣ୪୪ ൌ 0.42	g୞୘େ	cmିଷ ൈ 0.753	cmଷ	gୗ୧୓మ
ିଵ ൌ 0.32	gେ	gୗ୧୓మ

ିଵ 				Equation	S7	

	

6.	Manipulation	of	the	Atomistic	Models	

For	comparison	of	the	atomistic	models	reported	by	several	different	research	groups	

over	the	time	period	between	2007‐2019,	it	was	necessary	to	obtain	or	create	a	crystal‐

lographic	information	file	ሺCIFሻ	for	each	model	that	could	be	used	for	XRD	pattern	simu‐

lation	and	surface	area	and	pore‐size	distribution	calculations.	Of	the	ten	models	re‐

viewed	herein,	one	molecular	coordinate	file	ሺXYZ	fileሻ	and	three	CIFs	were	obtained	

directly	from	the	published	literature	ሺthe	Boonyoung,	Kim,	and	Braun	Models,	respec‐

tivelyሻ,	and	three	molecular	coordinate	files	ሺXYZ	and	PBD	filesሻ	and	five	CIFs	were	ob‐

tained	directly	from	their	authors	and	used	with	the	authors’	permission	ሺthe	

Nueangnoraj,	Roussel,	Nishihara,	and	Tanaka	Modelsሻ.	Since	the	Roussel,	Nueangnoraj,	

and	Boonyoung	models	only	existed	as	molecular	coordinate	files,	an	effort	was	made	

herein	to	generate	CIFs	from	the	original	files.	A	CIF	was	generated	from	the	molecular	

coordinate	file	provided	for	the	Roussel	model.	However,	it	was	determined	that	the	

Nueangnoraj	Model	and	Boonyoung	Model	were	too	distorted	and	too	small,	respec‐

tively,	to	generate	a	CIF	that	would	accurately	replicate	the	reported	model’s	structure.	

All	of	the	models	reviewed	in	this	work	are	shown	in	detail	in	Figures	S5‐S20.	Several	

of	the	models	have	multiple	variants,	as	explained	in	the	main	text.	The	figures	depict	

ሺaሻ	a	݁ݒ݅ݐܽݐ݊݁ݏ݁ݎ݌݁ݎ	section	of	connectivity	between	two	“nodes”	of	the	FAU‐ZTC	struc‐

ture,	formed	within	and	between	two	supercages	of	the	original	FAU	zeolite	framework,	

and	ሺbሻ	an	extended	multi‐cell	depiction	of	the	FAU‐ZTC	structure	showing	pore‐to‐pore	

regularity	with	a	repeat	distance	of	~1.4	nm	ሺcorresponding	to	the	dominant	ሺ111ሻ	re‐

flection	given	in	Table	S1ሻ.	Structural	files	of	all	models	are	available	as	additional	sup‐

porting	information	in	this	work.	



 s9	

	

Figure	S5.	Roussel	Model	ሺ2006ሻ:	ሺaሻ	a	two‐cell	closed‐strut	subunit	and	ሺbሻ	an	extended	
multi‐cell	structure.	

	

	

Figure	S6.	Nishihara	Model	0a	ሺ2009ሻ:	ሺaሻ	a	two‐cell	closed‐strut	subunit	and	ሺbሻ	an	ex‐
tended	multi‐cell	structure.	
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Figure	S7.	Nishihara	Model	0b	ሺ2009ሻ:	ሺaሻ	a	two‐cell	closed‐strut	subunit	and	ሺbሻ	an	ex‐
tended	multi‐cell	structure.	

	

	

Figure	S8.	Nishihara	Model	I	ሺ2009ሻ:	ሺaሻ	a	two‐cell	open‐blade	"buckybowl"	subunit	and	
ሺbሻ	an	extended	multi‐cell	structure.	Hydrogen	is	excluded	for	clarity.	
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Figure	S9.	Nishihara	Model	I	ሺ2009ሻ:	ሺaሻ	a	two‐cell	open‐blade	"buckybowl"	subunit	and	
ሺbሻ	an	extended	multi‐cell	structure.	Hydrogen	is	shown	in	white.	

	

	

Figure	S10.	Nueangnoraj	Model	ሺ2013ሻ:	ሺaሻ	a	two‐cell	closed‐strut	fullerene‐like	subunit	
and	ሺbሻ	an	extended	multi‐cell	structure.	
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Figure	S11.	Nueangnoraj	Model	ሺ2013ሻ:	a	two‐cell	closed‐strut	fullerene‐like	subunit	
with	oxygen	shown	in	red	and	hydrogen	shown	in	white.	

	

	

Figure	S12.	Kim	Model	ሺ2016ሻ:	ሺaሻ	tetrahedrally‐coordinated	“closed‐strut”	subunit	with	
partial	occupancy	on	each	lattice	site	ሺprobability	of	occupation	indicated	by	shading	
from	dark	grey,	22%,	to	white,	10%ሻ	and	ሺbሻ	an	extended	multi‐cell	structure.	
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Figure	S13.	Kim	Model	ሺ2016ሻ:	ሺaሻ	a	representative	subunit	with	partial	occupancy	on	
each	lattice	site	and	ሺbሻ	an	extended	multi‐cell	structure.	

	

	

Figure	S14.	Nishihara	Model	II	ሺ2018ሻ:	ሺaሻ	a	representative	two‐cell	open‐blade	subunit	
ሺout	of	36	different	subunits	within	the	2ൈ2ൈ2	supercellሻ	and	ሺbሻ	an	extended	multi‐cell	
structure.	Hydrogen	is	excluded	for	clarity.	
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Figure	S15.	Nishihara	Model	II	ሺ2018ሻ:	ሺaሻ	a	representative	two‐cell	open‐blade	subunit	
ሺout	of	36	different	subunits	within	the	2ൈ2ൈ2	supercellሻ	and	ሺbሻ	an	extended	multi‐cell	
structure.	Hydrogen	is	shown	in	white.	

	

	

Figure	S16.	Nishihara	Model	II	ሺ2018ሻ:	ሺaሻ	a	representative	two‐cell	open‐blade	subunit	
ሺout	of	36	different	subunits	within	the	2ൈ2ൈ2	supercellሻ	and	ሺbሻ	an	extended	multi‐cell	
structure.	Oxygen	and	hydrogen	are	shown	in	red	and	white,	respectively.	
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Figure	S17.	Braun	Model	NR	ሺ2018ሻ:	ሺaሻ	tetrahedrally‐coordinated,	negatively	curved	
“closed‐strut”	subunit	and	ሺbሻ	an	extended	multi‐cell	structure.	

	

	

Figure	S18.	Braun	Model	R	ሺ2018ሻ:	ሺaሻ	tetrahedrally‐coordinated,	negatively	curved	
“closed‐strut”	subunit	and	ሺbሻ	an	extended	multi‐cell	structure,	after	structural	relaxa‐
tion.	
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Figure	S19.	Tanaka	Model	IV	ሺ2018ሻ:	ሺaሻ	a	representative	two‐cell	open‐blade	subunit	
ሺout	of	100	different	subunits	within	the	3ൈ3ൈ3	supercellሻ	and	ሺbሻ	an	extended	multi‐
cell	structure.	

	

	

Figure	S20.	Boonyoung	Model	ሺ2019ሻ:	tetrahedrally‐coordinated	“closed‐strut”	subunit.	
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7.	Examination	of	Claims	of	Braun	and	Coworkers	

In	recent	work,	Braun	and	coworkers	claimed	to	“establish”	that	currently	synthe‐

sized	ZTCs	can	be	modeled	and	understood	as	a	form	of	schwarzite.S3	Several	of	their	

key	claims	are	reproduced	below:	

“As	we	will	show,	the	similarity	between	ZTCs	and	schwarzites	is	

striking,	and	we	explore	this	similarity	to	establish	that	the	theory	of	

schwarzites/TPMSs	is	a	useful	concept	to	understand	ZTCs.”	ሺpage	

1ሻS3	

“In	this	work,	we	develop	an	improved	molecular	description	of	ZTCs,	

show	that	they	are	equivalent	to	schwartzites	ሾsicሿ,	and	thus	make	the	

experimental	discovery	of	schwarzites	ex	post	facto.”	ሺpage	1ሻ	S3	

“Although	schwarzites	have	been	a	purely	hypothetical	concept,	our	

work	suggests	that	ZTCs	are	schwarzites	incarnate.”	ሺpage	6ሻ	S3	

In	the	analysis	performed	in	this	review,	it	has	been	clearly	shown	that	none	of	the	

models	proposed	by	Braun	and	coworkers	represent	archetypical	FAU‐ZTC.	The	simu‐

lated	XRD	pattern	of	the	Braun	Model	exhibits	multiple	peaks	above	12°	which	have	not	

been	observed	for	archetypical	FAU‐ZTC	or	any	other	carbon	synthesized	inside	a	zeo‐

lite	template.	Furthermore,	the	simulated	surface	area	of	the	Braun	Model	is	1440‐1480	

m2	g‐1,	closer	to	that	of	a	one‐sided	graphene	sheet	than	that	of	archetypical	FAU‐ZTC.	

The	very	high	surface	area	of	well‐replicate	ZTCs	synthesized	in	the	laboratory	are	indic‐

ative	of	open‐blade	structures	as	opposed	to	closed‐tube	structures	like	the	Braun	

Model.	Lastly,	the	calculated	SPD	of	the	Braun	Model	is	roughly	twice	that	of	archetypi‐

cal	FAU‐ZTC	when	careful	consideration	of	the	nature	of	the	zeolite	template	is	taken.	It	

should	also	be	noted	that	the	Braun	Model	and	all	other	carbon‐only	models	are	highly	

misrepresentative	of	the	actual	chemical	composition	of	laboratory‐synthesized	ZTCs	

which	contain	a	very	high	content	of	hydrogen	ሺa	factor	that	distinguishes	ZTCs	from	ac‐

tivated	carbonsሻ	as	well	as	oxygen.	

Braun	and	coworkers	incorrectly	claim:	

“We	have	developed	a	theoretical	framework	to	generate	a	ZTC	model	

from	any	given	zeolite	structure,	which	we	show	can	successfully	pre‐

dict	the	structure	of	known	ZTCs.”	ሺabstractሻS3	

“Our	method	correctly	describes	the	structures	of	the	known	ZTCs…”	

ሺpage	6ሻ	



 s18	

“ሾTሿhis	library	should	serve	to	…	provide	computational	scientists	

with	realistic	atomistic	models.”	ሺpage	6ሻS3	

“Indeed,	the	experimental	properties	of	ZTCs	are	exactly	those	which	

have	been	predicted	for	schwarzites…”	ሺpage	1ሻS3	

We	emphasize	that	while	the	above	claims	are	factually	incorrect,	all	of	the	models	re‐

ported	in	their	work	are	interesting	purely	for	fundamental	reasons;	they	represent	hy‐

pothetical	schwarzite	materials	that	݈ܿ݀ݑ݋	be	synthesized	within	a	zeolite	template	un‐

der	the	correct	synthetic	conditions.	

It	is	important	to	note	that	Braun	and	coworkers	were	not	the	first	to	establish	a	hy‐

pothetical	link	between	ZTCs	and	schwarzites.	This	link	is	attributed	both	to	Kyotani	and	

coworkers	over	many	years	in	their	research,	as	well	as	Roussel	and	coworkers	who	

first	published	this	idea	in	2007.S4	Furthermore,	the	models	reported	by	Braun	and	

coworkers	should	be	more	accurately	defined	as	“non‐balanced”	schwarzites	since	they	

do	not	separate	space	into	two	identical	volumes.	Two	examples	of	false	claims	as	to	the	

novelty	of	the	link	between	ZTCs	and	schwarzites	as	presented	in	2019	are	reproduced	

below:	

“ሾOሿur	results	establish	the	relationship	between	ZTCs	and	

schwarzites—carbon	materials	with	negative	Gaussian	curvature	that	

resemble	TPMSs—linking	the	research	topics	and	demonstrating	that	

schwarzites	should	no	longer	be	thought	of	as	purely	hypothetical	ma‐

terials.”	ሺpage	1ሻS3	

“ሾWሿe	have	shown	how	ZTCs	can	be	associated	with	TPMSs,	linking	

the	research	topics	of	ZTCs	and	schwarzites.”	ሺpage	6ሻS3	

While	the	Braun	models	retain	importance	as	idealized	hypothetical	schwarzites	that	

may	eventually	be	synthesized	in	the	laboratory	under	conditions	still	unknown	to	the	

experimental	community,	the	above	false	claims	are	already	leading	to	very	important,	

erroneous	misrepresentations	of	ZTCs	in	recent	reports	by	other	researchers.	The	fol‐

lowing	are	several	examples	of	mistaken	depictions	of	the	Braun	models	as	accurate	rep‐

resentations	of	experimental	ZTCs,	or	of	the	general	conclusion	that	ZTCs	are	now	to	be	

classified	as	schwarzites.	

“UC	Berkeley	chemists	have	proved	that	three	carbon	structures	re‐

cently	created	by	scientists	in	South	Korea	and	Japan	are	in	fact	the	

long‐sought	schwarzites…”	ሺparagraph	2ሻS5	
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“...	ሺzeolite‐templated	carbonsሻ	were	being	investigated	for	possible	

interesting	properties,	though	the	creators	were	unaware	of	their	

identity	as	schwarzites,	which	theoretical	chemists	have	worked	on	

for	decades.”	ሺparagraph	3ሻS5	

“The	team	determined	that,	of	the	approximately	200	zeolites	created	

to	date,	only	15	can	be	used	as	a	template	to	make	schwarzites,	and	

only	three	of	them	have	been	used	to	date	to	produce	schwarzite	

ZTCs.”	ሺparagraph	17ሻS5	

“It	has	been	recently	reported	that	the	growth	of	carbon	inside	the	

hard	porous	materials,	so‐called	template	carbonization,	has	success‐

fully	synthesized	carbons	with	structures	that	fits	the	description	of	

schwarzites.”	ሺpage	1ሻS6	

“Recently,	Braun	et	al.	developed	a	theoretical	framework	to	generate	

a	ZTC	model	from	any	given	zeolite	structure,	predicting	the	structure	

of	known	ZTCs...”	ሺpage	93ሻS7	

“...	a	3D	graphene	that	maintains	the	unique	electronic	properties	of	

planar	graphene...	can	be	achieved	via	templating	strategies...	as	sug‐

gested	computationally	via	zeolite	templating.”	ሺpage	5ሻS8	

“ሾRሿecently,	Braun	et	al.	developed	an	efficient	computational	ap‐

proach	to	generate	an	accurate	ZTC	structure	at	atomic	levels	in	

agreement	with	experiment	data.”	ሺpage	2ሻS9	

	“In	ZTC	which	is	recognized	as	schwarzite,	sp2	carbon	surface	divides	

a	structure	into	two	disjoint	spaces	which	don't	exchange	molecules.”	

ሺpage	4ሻS9	
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