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Table S1. Mass concentrations of the asphaltene samples.
	Sample number
	γ/g L−1 

	1
	0.007 

	2
	0.030 

	3
	0.060 

	4
	0.120

	5
	0.150

	6
	0.240

	7
	2.000

	8
	10.000

	9
	20.000

	10
	40.000



Table S2. Characteristics of the Middle East crude oil sample.
	Sample
	API
	Asphaltenes
% w/w
	C
% w/w
	H
% w/w
	N
% w/w
	S
% w/w
	Ni
mg/kg
	Fe
mg/kg
	V
mg/kg

	Crude oil
	24.53
	6.60
	82.64
	11.22
	0.28
	4.00
	18.90
	1.38
	71.60





Table S3. The characteristic functional groups of asphaltene samples, the spectral regions in which their proton resonate and relative percentage of different hydrogens.
	Functional group
	δ/ppm
	Relative percentage/% 

	
	
	Sample C
	Sample AR
	Sample VR

	Polyaromatic hydrogens (Hpar)
	7.20–9.00
	7.41
	6.84
	6.00

	Monoaromatic hydrogens (Hmar)
	6.60–7.20
	1.77
	1.52
	1.78

	Hydrogens α to aromatic ring (Hα)
	2.10–3.80
	19.47
	18.53
	18.47

	β,γ-CH2 and CH to aromatic ring and paraffinic CH, CH2 (Hβ)
	1.00–2.10
	57.38
	58.85
	59.83

	β,γ-CH3 to aromatic ring and paraffinic CH3 (Hγ)
	0.50–1.00
	13.97
	14.26
	13.92



