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Figure S1- Comparison of Raman spectra between blank Cu and graphene on Cu substrate grown at
1000°C for 10 min using CH4:0,:H,=0.8:0.1:0.1.

The Raman spectroscopy machine used consistently observed a very large peak at 2330 cm™! even
when no graphene was produced as can be seen from the blank Cu spectra in Figure S1. Its cause
could not be identified. However, graphitic peaks could still be detected despite its presence and thus
it is removed in consequent spectra for ease of analysis. Apart from that, many additional peaks were



observed for samples with graphene deposits but due to it being very small in contrast to graphitic
peaks (D, G and 2D bands), it was assumed to be noise related and ignored during characterization.

Calculations for the yield and selectivity of BIN20J has been performed. As an initiation step,
methane was assumed to first decompose into its activated state, CH; radicals before undergoing any
reactions'. Thus, methane conversion rate is the amount of CHj; species against the initial CH,
concentration (Eq. S1). Selectivity is the ratio of BIN20J that forms from this CHj; species (Eq. S2)
and its yield is its ratio against the initial methane concentration (Eq. S3).

Conversion = [CH3/[CH ) nitia (S1)
Selectivity = [BINZO]]/[CH3] (S2)
Yield = [BIN20]]/[cH,] (S3)

initial

In relation to the graphene growth to BIN20J species, studies on the reaction order of graphene has
been performed as shown in Figure S2. Growth rate was determined to be likely 1% order reaction
meaning that a single species is mostly responsible for the growth rate, v. Here, we believe that
BIN201J is the species that is responsible for graphene growth as its predicted changes in concentration
has good correlation to graphene growth. This holds true for when CH,4 or O, partial pressure was
tested as was discussed in the main article shown again here in Figure S3 (a-f). Thus, growth rate, v
could be represented as Eq. S4.

Graphene growth rate, v < k[BIN20]] (S4)
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Figure S2- Fitting of sheet resistance (graphene growth rate) to a 1% order reaction rate and 2™ order
reaction rate. Two sets of reactions were performed. For the red circle (®), gas composition was
CH4:0,:H,=20:20:30 sccm and temperature was 1000°C and blue square (m) was
CH,4:0,:H,=30:50:20 sccm and 750°C.

Figure S3 (b, e, and h) shows that calculations of yield and selectivity shows that only BIN20J yield
during O, partial pressure studies matches growth rate. Changes in CH4 and H, partial pressure

display a poor correlation between predicted yield to experimentally determined growth rate (Figure
S3). For the case of H,, as per the discussion in the main article, it is believed to have a minimal role



in graphene growth in flame deposition conditions. For the case of CHy, a large increase in initial CH,4
concentration only leads to additional hydrocarbon by-products with only reduces the yield and
selectivity of BIN20J. Figure 7 (a) & (b) shows that a large amount of hydrocarbons being produced
and these species has been determined to have no direct correlation to changes in deposit thickness
(i.e. graphene growth) at all. Presumably, O, gas role in the elimination of all hydrocarbons when in
excess leads to a yield trend that is close to the changes in deposit thickness. Despite so, Figure S3 (h)
shows that BIN20J was selectively produced at higher O, partial pressure. This might be that since,
BIN20J is a supramolecule that is similar to graphene and thus possesses a certain resistance to
chemical attacks compared to simpler hydrocarbon by-products.

a) b) o)
- _+ 40] -
10" - ~. — ¢ s 20
< . » < TS < -4
1) i o 1.0/ / 1) | -
@ 7/ 7] i » -
2 10° ] / o s
£z = 1 z 1.0 7
3] / 3] i 3] ’
= = 0.3 F = 7
F107] F ; F
’
0.5
02 04 06 08 10 0.0 0.2 0.4 0.0 0.2 0.4 06
d-%’ CH, partial pressure (atm) e) O, partial pressure (atm) f) H, partial pressure (atm)
& an A . 5
£ _auu=nt 3 IS Ty K3
o -~ c - A c L
. ; & L
K] [ 2 Q,;f’ = kel & [ §
R [ 4 S e o' ~
®© f T S '8 ©
=¥ o = @ & M ~
o [ ] v " o.¥ LN
o - o N (<} -
= $] J‘ L = ,’§p_ n = é;@i -
qg;@ - .1}& N o =
i N =
5
T T T T T T T "‘vé, T T T T
02 04 08 08 10 & 0.0 02 0.4 0.0 02 0.4 08
CH, partial pressure (atm) O, partial pressure (atm) . H, partial pressure (atm)
g) : : ‘ ‘ 10° h)e 10 i) . . r ,
12 = y = ome—a—s 12 4—| . S
£ 7 < I S 4x10° 2
g g sl gz 3
10 0% 38 ’ 105 & 101 | =
8 s by &x10° =,
2, ze z2 3
ke} 2 T 7 2T g z 810° T
2 108 2 10 g2 Z 3
> 5 © >~ R 107 @
@ l @ 1.2x10"
10
b T 6 , , , 10 : . . —f14x10
00 02 04 06 08 10 0.0 0.2 0.4 0.0 02 0.4 06
CH, partial pressure (atm) O, partial pressure (atm) H, partial pressure (atm)

Figure S3- (a-c) Experimentally measured deposit thickness of graphene grown at 1000°C for 10 min.
For each graph the remaining reactants are at 1:1 ratio. (d-f) Predicted molar fraction of BIN20J and
(g-1) its calculated selectivity and yield for the same partial pressure range.
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