Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2023

Supplementary Information

Table of figures

Figure 51: Photodissociation mass spectrum over the full mass range of G; measured at 401.6 eV
(BESSY Il). Here, the mass window was set to see the fragment from m/z 25 to m/z 70. The dashed
blue line represents the position of the PreCcUrSOr iON..........ccviii it e e 3
Figure S2: Photodissociation mass spectrum over the full mass range of Gs measured at 401.6 eV
(BESSY 1l). Here, the mass window was set to see the fragments from m/z 25 to m/z 70. The dashed
blue line represents the position of the precursor ioN...........ccvveiier e 3
Figure S3: Subtracted photodissociation mass spectrum over the full mass range of PG, measured at
401.6 eV (PETRA Ill). The negative peaks come from the background subtraction. The dashed blue
line represents the position of the PrecurSOr ioN. ... e 3
Figure S4: Subtracted photodissociation mass spectrum over the full mass range of G,H measured at
401.6 eV (PETRA lll). The negative peaks come from the background subtraction. The dashed blue
line represents the position of the Precursor ioN. ... e 4
Figure S5: Subtracted photodissociation mass spectrum over the full mass range of G,R measured at
401.6 eV (PETRA Ill). The negative peaks come from the background subtraction. The dashed blue
line represents the position of the PrecurSOr ioN. .......c.viii i 4
Figure S6: Photodissociation mass spectrum over the full mass range of G,K measured at 401.6 eV
(BESSY Il). Here, the mass window was set to see the fragment from m/z 50 to m/z 160. The dashed

blue line represents the position of the PreCcurSOr ioN..........ccviii i 4
Figure S7: Experimental nitrogen K-edge partial ion yield spectra of Gs. .....cccvvvvvveeeeiiicicciiieeeeee e, 6
Figure S8: Experimental nitrogen K-edge partial ion yield spectra of PGy. ....ccovcvveeiivciieeeiiciieeeeciieeen, 6
Figure S9: Experimental nitrogen K-edge partial ion yield spectra of G4H. .....coccoveeiiiiiiiiiiiiiiieeceeee 7
Figure S10: Experimental nitrogen K-edge partial ion yield spectra of G4R. .....cccceveeeeiiiiiccciiiiieeeeeeeeee, 7
Figure S11: Experimental nitrogen K-edge partial ion yield spectra of G4K. ......ccovvveiviiieiiiiciiieeciiiee, 8
Figure S12: Experimental nitrogen K-edge partial ion yield spectra of Gs. .....ccccoveeeeiciieieicciiiee e, 8
Figure S13: DFT-optimized geometry of conformer 1 of G5 (B3LYP/ZORA-TZVP).....ccccevvvevreerrreereenreennns 9
Figure S14: Calculated spectrum of conformer 1 of G5 with the respective LUMOs responsible for the
MAIN EFANSITIONS. ...ttt e et e e e ettt e e e e e e e ae bt e eeeeeeeeee e annnbeeeaeaeeeseaaannnrnreeeeeeas 9
Figure S15: DFT-optimized geometry of conformer 2 of G5 (B3LYP/ZORA-TZVP)....cccceeevevvercreesreennenns 10
Figure S16: Calculated spectrum of conformer 2 of G5 with the respective LUMOs responsible for the
MAIN EFANSITIONS. ...ttt e e e e e e bttt e e e e e e s s s aebbbtteeeeeesesaanssbbeaaeeeeessasannnssnaeeeeeens 10
Figure S17: DFT-optimized geometry of PG4 (B3LYP/ZORA-TZVP)......coveveeeirieireeeeeeireesteeeiveesreeseveeveens 11
Figure S18: Calculated spectrum of PG, with the respective LUMOs responsible for the main

L0 10K 1 o] 1S PP PP OP PP PPPPPPPPPPP 11
Figure S19: DFT-optimized geometry of G4H (B3LYP/ZORA-TZVP). ...oooiuereecriieereeecteeeereeecvee et e evveens 12
Figure S20: Calculated spectrum of G,H with the respective LUMOs responsible for the main

LT 016 Te T LT PP POPPPPPPPP 12
Figure S21: DFT-optimized geometry of conformer 1 of G4R (B3LYP/ZORA-TZVP). ..ccvvveecvveeeireeeereens 13
Figure S22: Calculated spectrum of conformer 1 of G4R with the respective LUMOs responsible for
The MAIN TrANSITIONS. .eiiieiii it sb et e st e e s ate e sabe e ssbbeesabaeesabaeesabeessbaesnaseean 13
Figure S23: DFT-optimized geometry of conformer 2 of G4R (B3LYP/ZORA-TZVP). ..cccvveecvveeicreeeereens 14
Figure S24: Calculated spectrum of conformer 2 of G4R with the respective LUMOs responsible for
ThE MAIN TrANSITIONS. .eiiieiiii it e st e s s be e e sate e sate e ssbaeesabeeesnbaeesasessnsseesnsseean 14
Figure S25: DFT-optimized geometry of conformer 1 G4K (B3LYP/ZORA-TZVP)....ccoveeeereeeeieeeereeeeveeens 15



Figure S26: Calculated spectrum of conformer 1 of G,K with the respective LUMOs responsible for

The MaiN TrANSITIONS. ..eeiiiii e e e e e et e e e e s b te e e e s sbtee e s sanbeeeeesnnbaeeeessseeas 15
Figure S27: DFT-optimized geometry of conformer 2 G4K (B3LYP/ZORA-TZVP)....c.eeeverereecrreeireeecreeens 16
Figure S28: Calculated spectrum of conformer 2 of G,K with the respective LUMOs responsible for

The MAIN TrANSITIONS. ..eiiiiii ettt et e e st e e st e e ssbbeesbeeesabaeesabeesnsbaessareenn 16
Figure S29: Calculated spectrum of GGGH1 at the N K-edge with the respective LUMOs responsible

fOr the MaiN traNSItIONS. ..eii i e e e s e e e e st e e s e sbeee e e enbaeeeeenaseeas 17
Figure S30: Calculated spectrum of GGGH1 at the O K-edge with the respective LUMOs responsible

fOr the Main TraNSITIONS. ..eiiiiieee e e bee e s s st te e e s s sbee e e s ssabeeeeesnareeas 17
Figure S31: Calculated spectrum of GGGH2 at the N K-edge with the respective LUMOSs responsible

fOr the MaiN tranSItIONS. ...viiiie e e e st e e e sb e e e bee e sbeeesbeessnbeeesaseeen 18
Figure S32: Calculated spectrum of GGGH2 at the O K-edge with the respective LUMOs responsible

fOr the Main tranSItIONS. ....ii ittt sibe e s ba e sbt e e sbeessabaeesaree s 18
Figure S33: Experimental carbon K-edge total ion yield spectra of G5 in black, and in red G;.............. 19
Figure S34: Experimental carbon K-edge partial ion yield spectra for Ga......cccoecvveeevicieeeeeccieee e, 19
Figure S35: Experimental carbon K-edge partial ion yield spectra for Gs.........cccovveeeviciveeeecciiee e, 20
Figure S36: Experimental oxygen K-edge partial ion yield spectra of Gs.....ccccceeeveieiiiiiccciiiieeeeee e, 20
Figure S37: Experimental oxygen K-edge partial ion yield spectra of Gs.......cccoecvvveeviiiieeinccieee e, 21



Mass spectra
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Figure S1: Photodissociation mass spectrum over the full mass range of G; measured at 401.6 eV (BESSY
Il). Here, the mass window was set to see the fragment from m/z 25 to m/z 70. The dashed blue line
represents the position of the precursor ion.
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Figure S2: Photodissociation mass spectrum over the full mass range of Gs measured at 401.6 eV (BESSY
Il). Here, the mass window was set to see the fragments from m/z 25 to m/z 70. The dashed blue line
represents the position of the precursor ion.

IR T (TR R T T S TR R (TR S (TR T R M T T L S T
—_ I PG, |
_..é i | =
= |
o | ! u
G 1
o ] : |
he] |
=] I
2 ' y
< lll "LJ\ ‘\‘ e . ; L%
A ! r
R I A N L B EY I B S L L Y PO B LR St W B B
50 100 150 200 250 300 350 400

m/z

Figure S3: Subtracted photodissociation mass spectrum over the full mass range of PG, measured at
401.6 eV (PETRA Ill). The negative peaks come from the background subtraction. The dashed blue line
represents the position of the precursor ion.
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Figure S4: Subtracted photodissociation mass spectrum over the full mass range of G,H measured at
401.6 eV (PETRA Ill). The negative peaks come from the background subtraction. The dashed blue line
represents the position of the precursor ion.
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Figure S5: Subtracted photodissociation mass spectrum over the full mass range of G,R measured at
401.6 eV (PETRA Ill). The negative peaks come from the background subtraction. The dashed blue line
represents the position of the precursor ion.
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Figure S6: Photodissociation mass spectrum over the full mass range of G,K measured at 401.6 eV
(BESSY Il). Here, the mass window was set to see the fragment from m/z 50 to m/z 160. The dashed
blue line represents the position of the precursor ion.



Mass

Gs/Gs

PG,

G,H

G4,R

G,K

28

C,Ha*/ CH,N"

29

CHO*

30

G

31

CH,0*

42

CoH N

43

CHNO*

45

COOH*

55

C,NOH*

C,NOH*

56

C,NOH,*

C,NOH,*

67

CsHs*

68

[P-2H]*

70

p

C,HgN*

71

[P+H]*

C,H,0*

72

C4HioN*

81

C4HsNy*

82

C4HgN,*

83

C4H7Ny*

84

CsHioN*

85

C3H3;NO,?

87

a;

C4H9NO+/az

a

88

C4H1oNO*

93

CsHsN,*

110

C5H8N3+

112

CsHioNs*

115

GG/b,

GG/b,

GG/b,

131

y1-NH;

147

Y1

Table S1: Attribution of the fragments observed during our study for each peptide.




Experimental nitrogen K-edge partial ion yield spectra

ion yield (arb. unit)

——m/z 56
m/z 45
—+—m/z 44
: m/z 43
m/z 42
m/z 31
m/z 30
4——m/z 29

P",
> -
.
4 >y »)
»'r"
»
> »
" W
(A
» Lo
¥
b ¥
Y
v,
W ol
\
9
S
.
L -
bt ot -
W
S e,
ury ety P
.
! o
- "
-
| o
LR ]
s . : -
N W SN
‘ 5 o o ooes =
" . +* e evee,, retetes,
] o’ Ky 0 g#*+ o
- », o
Bl 2w ol v
. &, KN -~ YT """‘wﬂ'wm |
P oot i, 5002 ;.mp;::_mv;m
Py il At M e tage o o
R T ey e ettt riptoitig I
[ : aed i e, asgaakyistanassssanstianis

——
400

T T T T T T T LT e
402 404 406 408 410

Photon energy (eV)

Figure S7: Experimental nitrogen K-edge partial ion yield spectra of Gs.
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Figure S8: Experimental nitrogen K-edge partial ion yield spectra of PG,.
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Figure S9: Experimental nitrogen K-edge partial ion yield spectra of G,H.
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Figure S10: Experimental nitrogen K-edge partial ion yield spectra of G,R.
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Figure S11: Experimental nitrogen K-edge partial ion yield spectra of G,K.

ion yield (arb. unit)

m/z 57
~— m/z 46 I
m/'z 45 Pt B
» W
— i i
m/z 44 1659 & W I
- m/iz43 | !
[ r ; [y -~
-m/z 42 ’ 4 ; N =
| . A
-~ miz 31 lal  n L 1
5 )| [ i *, A r
—_—— m/Z 30 l‘," .‘-‘ \ i’,,-‘ 3 .s e
(| + Iy y "
———m/z 29 T j | % g (I
| o g File?s
| i J
i ’»»» eey ,‘" i
PP aat at WO " L
4 '0‘“‘ by -
4
.”o ‘.n
"‘”’"‘M S ) e, g ™ -"" L
...,“ s, ".nn.m.
J::w s, .‘w::"""«-mﬁ':w gttt
< w_":e.- -
e
N i
= T pE

I
404

I
406

I
408

410

400

4c|)2
Photon energy (eV)

Figure S12: Experimental nitrogen K-edge partial ion yield spectra of Gs.



Molecular orbitals and structures

G5

Conformer 1

Figure S13: DFT-optimized geometry of conformer 1 of Gs (B3LYP/ZORA-TZVP).
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Figure $14: Calculated spectrum of conformer 1 of Gs with the respective LUMOs responsible for the
main transitions.



Conformer 2

Figure S15: DFT-optimized geometry of conformer 2 of Gs (B3LYP/ZORA-TZVP).
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Figure S16: Calculated spectrum of conformer 2 of G with the respective LUMOs responsible for the
main transitions.
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PG,

Figure S17: DFT-optimized geometry of PG, (B3LYP/ZORA-TZVP).
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Figure S18: Calculated spectrum of PG, with the respective LUMOs responsible for the main transitions.
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Figure S19: DFT-optimized geometry of G,H (B3LYP/ZORA-TZVP).
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Figure S20: Calculated spectrum of G,H with the respective LUMOs responsible for the main transitions.
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Conformer 1

Figure S21: DFT-optimized geometry of conformer 1 of G,R (B3LYP/ZORA-TZVP).
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Figure S22: Calculated spectrum of conformer 1 of G,R with the respective LUMOs responsible for the
main transitions.
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Conformer 2

Figure S23: DFT-optimized geometry of conformer 2 of G,R (B3LYP/ZORA-TZVP).
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Figure S24: Calculated spectrum of conformer 2 of G,4R with the respective LUMOs responsible for the
main transitions.

14



G4K

Conformer 1

LUMO+3

LUMO+1
LUMO+8

LUMO+5

A

Ly ‘l‘ I ‘\ mMM i i

398 400 402 404 406 408 410 412
Photon energy (eV)

Figure S26: Calculated spectrum of conformer 1 of G,K with the respective LUMOs responsible for the
main transitions.
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Conformer 2

Figure S27: DFT-optimized geometry of conformer 2 G,K (B3LYP/ZORA-TZVP).
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Figure S28: Calculated spectrum of conformer 2 of G,K with the respective LUMOs responsible for the
main transitions.
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Figure S29: Calculated spectrum of GGGH1 at the N K-edge with the respective LUMOs responsible for
the main transitions.
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Figure S30: Calculated spectrum of GGGH1 at the O K-edge with the respective LUMOs responsible for
the main transitions.
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Figure S31: Calculated spectrum of GGGH2 at the N K-edge with the respective LUMOs responsible for
the main transitions.
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Figure S32: Calculated spectrum of GGGH2 at the O K-edge with the respective LUMOs responsible for
the main transitions.
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NEXAMS spectra of Gs and G5 at the C K-edge
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Figure S33: Experimental carbon K-edge total ion yield spectra of Gs in black, and in red G;.
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Figure 534: Experimental carbon K-edge partial ion yield spectra for Gs.
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Figure S35: Experimental carbon K-edge partial ion yield spectra for Gs.
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Figure S36: Experimental oxygen K-edge partial ion yield spectra of G;.
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Figure S37: Experimental oxygen K-edge partial ion yield spectra of Gs.
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