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Table S1: MS-Parameters
	
	DIP-EI
	TGA-EI

	Source temperature [°C]
	250
	250

	Electron energy [eV]
	70
	70

	Emission current [mA]
	1
	1

	Transferline temp. (GC) [°C]
	-
	300

	Transferline temp. (TGA) [°C]
	-
	250

	Acquisition rate [Hz]
	0.5
	1

	Mass resolution (m/z 413.9775)
	64 reflections*: 52k
32 reflections:
34k
	32 reflections:
29k



*average value for 18 measurements from the comparative investigation of six bitumen samples

Table S2: Needle penetration values according to DIN EN 1426
	Sample
	Penetration [mm]
	Provenience

	VR_CPC
	>20.0 (max. Value)
	refinery 3

	SRB_5070
	6.55 ± 0.14
	refinery 1

	SRB_70100
	6.51 ± 0.18
	refinery 1

	VR_MP
	<0.10 (min. Value)
	refinery 4

	MB_OXID
	4.44 ± 0.08
	refinery 2

	MB_PMB
	4.90 ± 0.03
	refinery 2
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Figure S1: Histograms of relative mass errors for all measurement
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Figure S2: Distribution of relative mass errors for one exemplary run (SRB_5070)
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[bookmark: _GoBack]Figure S3: Binned (0.1 mDa bins) m/z signals of three independent runs of VR_CPC (A) and MB_OXID (B). For these summed spectra the detected peak maxima positions of the 520 indivdual spectra within one run were used. The blue box highlights the critical mass split C3/SH4 (3.4 mDa) and shows raw spectrum (top) and assigned mass spectrum (bottom). Averaged processed mass spectrum for the three replicates VR_CPC (C) and MB_OXID (D) shows the variance of assignment by errorbars.
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Figure S4: DIP-HRMS measurement of a PAH standard mixture and a comparison of their literature boiling points under atmospheric conditions and their DIP-release-temperature.
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Figure S5. #C vs DBE plots of CH, CHN, CHO and CHS-class of all found features for six different bitumen samples. Colorcode represents counts of each feature on a log10 scale.
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Figure S6. #C vs DBE plots of CH, CHN, CHO and CHS-class of features with integer DBE values for six different bitumen samples. Colorcode represents counts of each feature on a log10 scale.
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Figure S7. #C vs DBE plots of CH, CHN, CHO and CHS-class of features with non-integer DBE values for six different bitumen samples. Colorcode represents counts of each feature on a log10 scale.
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Figure S8: Bonferroni-corrected p-values from ANOVA vs m/z with significance level of 5 % (red solid line). Impossible p-values above 1 (i.e. –log10 p below 0) are caused by the conservative character of the Bonferroni method, leading to of overcorrection of type I error. Thus, those m/z with p-values >1  should be regarded like other p-values > 0.05 as insignificant (A). Histograms with 20 bins each illustrate the origin of significant m/z on an absolute scale (B).
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Figure S9: Influence diagram depicting Hotelling’s T2 , representing the influence of a sample on the PCA result, vs the residue Q from the data reconstruction by the first two PCs, showing the goodness-of-fit of between original data and PCA result. A sample is regarded as outlier if it has a high influence on the PCA result, but is concurrently poorly described. Therefore, the data is appropriately modelled by PCA despite larger number of variables than samples.
image2.emf
200 300 400 500 600 700 800 900

m/z

-6

-4

-2

0

2

4

6

r

e

l

a

t

i

v

e

 

e

r

r

o

r

 

[

p

p

m

]


image3.jpg
VR_CPC

g «10* lstreplicate — raw data

B

MB_Oxid
= x10* 1st replicate — raw data

|

b = |
& & |
< S |
2 2 i
n ! & nt & :
E 3 32418 324185 3p4.19 324195 3242 : 3 2418 324185 32419 32419 3242
3 o ] 3 o
o 2 a 92 s
o @ ! @
o H o
1 o | 1 g
S | ‘ l a
0 L o L L al ‘32415 324185 32419 324195 3242) 0 Al L \324” bl Sl
324,05 3241 324.15 4.2 32425 3243 32405 3241 32415 3742 32425 3243
s «10* VR_CPC. (% % \ . <10 MB_Ox@ (% i \
2nd replicate — raw data S i 2nd replicate — raw data <
4 3 | 4 3 ‘
o i o
u 3 24 2sies fate et w2 ‘2 3 St it 18 ST 20
g 2 E 3, g
9 8 S 8 3
= o 1 S i
o B |
5 e a N o, 5 ) o L oo s i =i
32405 3241 324.15 4.2 32425 3243 32405 3241 32415 5742 32425 3243
5 x10° VR_CPC / \ ; x10* MB_Oxid (. ; N
3 ]
3rd replicate — raw data 3rd replicate — raw data £
4 4 z i
5
© 4] e
- 3 -E % 3 2410 24185 3419 324195 242
c o |
=] =1 = i
32 0?2 g 3
o o o |
! 1 8 i
a H
0 WL LJ i ol d l \ 2018 me185 Sare watss 3242
324.05 324.1 324.15 4.2 324.25 324,05 324.1 32415 3742 32425 3243
C 4 x10° VR_CPC (Averaged — processed data) D " x10° MB_Oxid (Averaged — processed data
C25H24
3 3 Cy,H56S
4] CyaHyN CysHas o Cy3Hy6S 227728
e CyeHip 3 b= o Cy3Hi6S; ¥
E) 2 3 2| Cy,H
o Cy3Hy6S 4] o 26112
- ke [ o
o 8 o
1 2 1 L |
o
Sats s Ra s @i
0 = i i E ! ol== = f - w 418 w2ass Sjets a1 242
324.05 3241 324.15 324 32425 324.05 3241 324.15 2 32425
m/z m/z





image4.png
Fluoranthene
Release DIP:
Bp atm. (lit):

°

) Chrysene

|
@ (7 Relesse
A2 Bpatm.(iit):

/=§—<;‘; Perylene
® {75 Release DIP:
- Bp atm. (lit.):

Coronene
1) Release DI

NN
Bp atm. (iit.

65°C
375°C

112°C
445°C

139°C
467°C (predicted)

188°C
525°C

normalized abundance

Temperature [°C]

12

0.8

0.6

0.4

0.2

900
800
700
600
500

CIC(202.0764+0.0005)

CiC(228.0930£0.0005)

CiC(252.0932+0.0005)

CIC(300.09280.0005)
0 400

200
Time [s]

Atmospheric equivalentboiling point

DIP temperature.

200 400
Time [s]




image5.jpg
J2dD dA

0£0S 9YS

00TO0Z 9YS

60

40

20

60

#C

60

40

20

60

#C

20
0

adiNd 9N

60

40

20

60

#C

5 5.5

log(counts)

4.5

3.5




image6.jpg
CHS

CHO

CHN

CH

J2dD dA

60

40

20

O
+*

O
H*

#C

o
N

39d

.,a

o
N

39d

&

o
N

o
34ad

o
N

39d

0£0S 9YS

60

#C

{

20

o

3ad

!

o
N
o (=]
N

60
60

#C

40
40

20
20

o

3ad

A

60
60

#C

40
40

20
20

o o o
N

3ad

60

40

20

o
o o o
N

38d

00TO0Z 9YS

#C

#C

#C

o
N

38d

dIN HA

aixo an

adiNd 9N

5 5.5

log(counts)

4.5

3.5




image7.jpg
CHS

CHO

CHN

60

40

20

o o
N

39d

60

40

%

o
N

39d

20

R
33
Co
£,
o

60

40

20

o o
N

34ad

o o
N

39d

J2dD dA

#C

#C

#C

5.5

5

log(counts)

60
4.5

#C

)
20

3.5

0

(=)
N

349d 39d 39d

0£0S 9YS 00TO0Z 9YS gaNd 9N




image8.jpg
abundance

15 -

-5
200

300 400 500 600 700 800 900
m/z

150

100

50

200

300 400 500 600 700 800 900
m/z




image9.jpg
Quality of data approximation

8000

¥ VR CPC
2000 - < SRB_5070
#* 4 SRB_70100
i *  VR_MP
6000 =  MB_OXID
o *  MB_PMB
5000 - oor
@
]
_g
2 4000
o
S o
3000 -
2000 | v
1000 |
O 1 1 1
0 2 3 4 5
Hotelling T?2

v

Influence on pca coefficients




image1.png
Replicate 2 Replicate 3

Replicate 1

© © © © © ©
£ £ £ £ £ £
s s s s s s
=) =) =) =) =) =)
s s s s s s
o t o t o t o t o t o t
1 1 1 1 1 1
o o o o o o
2 2 2 2 2 2
k! k! k! k! k! k!
[ [ [ [ [ [
© © © © © ©
8 8 ° 8 8 ° 8 8 ° 8 8 ° 8 8 8 ° 8 8 8 °
3 5 3 5 3 B 3 B ® ¥ & ® ¥ «
. - - . sjuawubisse Jo Jlaquinu sjuswubisse Jo laquinu
sjusLILBISSE JO JaquINU SJUBLILBISSE JO Jaquinu sjuaLIUBISSE Jo Jaquinu. SJuBLILBISSE Jo Jaguwnu i i
© © © © © ©
£ £ £ £ £ £
s s s s s s
=) =) =) =) =) =)
s s s s s s
E E E E E E
° e ° e ° e ° e ° e ° e
o o o o o o
2 2 2 2 2 2
k! k! k! k! k! k!
[ [ [ [ [ [
© © © © © ©
o g o o g o o =) ) S g g o g g g o
3 =1 3 =1 3 =1 S 8 © s 8 g8
3 5 3 B 3 B ® ¥ & ® ¥ &
o Jaquinu b b syuswubisse jo Jequinu syuswubisse jo Jequinu
q sjuBWIUBISSE JO Joquinu SJUBILBISSE JO JaquINU SjUBWILBISSE Jo Jaquinu 1ss40 489 i 1ss40 489
© © © © © ©
£ £ £ £ £ £
s s s s s s
=) =) =) =) =) =)
s s s s s s
E E E E E E
° e ° e ° e ° e ° e ° e
o o o o o o
2 2 2 2 2 2
k! k! k! k! k! k!
[ [ [ [ [ [
© © © © © ©
g g o o =) ) o =) ) S g o g g g o S g g o
S 8 3 =1 3 =1 S 8 S & g8 S 8 8
¥ 3 5 3 B ¥ S ® I & ® ¥ «
sjuawubisse jo Joquinu . sjuawubisse Jo Jequinu sjuswubisse Jo Jaquinu sjuswubisse Jo Jaquinu
i sjuswUBISSE Jo Jaquinu sjusLILBISSE Jo Jaquinu i i i




