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Supplementary figure 1. Comparison of different FV values and their effect on MS spectra 
of compound 3.2. a) FV = 10 V; b) FV = 50 V; c) FV = 100 V; d) FV = 150 V. Data acquisition 
was performed on Agilent 6420 Triple Quad MS in methanol at concentration of 1 mg/mL.  



3

4x10

0

2

4

6

+ Scan (0,289-0,925 min, 87 scans) YODAB1_TIC_f10.d

242,10001

306,10098

738,99845575,23527 657,09994

2x10

0

0.5

1
+ Scan:1 (0,301-0,933 min, 41 scans) YODAB1_TIC_f50.d

242,12928

306,10001

5x10

0

0.5

1

1.5

+ Scan:1 (0,285-0,949 min, 43 scans) YODAB1_TIC_f100.d

242,10001

306,10001

142,92333

4x10

0

1

2

+ Scan:1 (0,301-0,917 min, 40 scans) YODAB1_TIC_f150.d

315,10001154,93055 442,97762
274,00000

214,11239
358,11784 738,99366611,12327529,17343

4x10

0

1

2

3

+ Scan:1 (0,317-0,917 min, 39 scans) YODAB1_TIC_f200.d

442,95074

258,97333
155,02347

611,13156361,10001 739,10322

Counts (%) vs. Mass-to-Charge (m/z)
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

a)

b)

c)

d)

e)

Supplementary figure 2. Comparison of different FV values and their effect on MS spectra 
of compound 3.1. Increasing FV spectra show more rich MS spectra. a) FV = 10 V; b) FV = 
50 V; C) FV = 100 V; d) FV = 150 V, e) FV = 200 V. Data acquisition was performed on 
Agilent 6420 Triple Quad MS in methanol at concentration of 1 mg/mL.
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Supplementary figure 3. a) TIC mass spectra of compound 1; b) MS2 spectra of m/z 382, CID 
at 20 eV; c) MS4 spectra of m/z 382 at CID 35 eV→291 at CID 35 eV→258 CID 40 eV; d) 
MS4 spectra of m/z 382 at CID 35 eV→291 at CID 35 eV→275 at CID 40 eV. Data acquisition 
was performed on Orbitrap XL in water:methanol (1:1) at concentration of 1 mg/mL.  
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Supplementary figure 4. Product ion spectra for m/z 382 of compound 1 at CID 30 eV. a) FV 
= 50 V; b) FV = 100 V. Data acquisition was performed on Agilent 6420 Triple Quad MS in 
methanol at concentration of 1 mg/mL.
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Supplementary figure 5. a) TIC mass spectra of compound 4; b) MS2 spectra of m/z 903 at 
CID 20 eV; c) MS4 spectra of m/z 412 at CID20 eV→ 555 at CID 30 eV→443 at CID20; d) 
MS4 spectra of m/z 412 at CID20 eV→555 at CID 30 eV→281 at CID30. Data acquisition 
was performed on Orbitrap XL in water: methanol (1:1) at concentration of 1 mg/mL.
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Supplementary figure 6. Product ion spectra of the detected anion- complex of compound 
2.5 (m/z 680.0) having I– as counter ions. The fragmentation of the anion- complex cyanine 
dye iodide. The CID experiments at the cone voltage 135V were performed for 2.5 dissolved 
in water:MeOH (1:1) at concentration of 10-5 mol/L. Data acquisition was performed on 
Agilent 6420 Triple Quad MS.
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Supplementary figure 7. Product ion spectra of the detected anion- complex of compound 
2.4 having I- (m/z 654.0) as counter ions. The fragmentation of the anion- complex cyanine 
dye iodide. The CID experiments at the cone voltage 135V were performed for compound 2.4 
dissolved in water:MeOH (1:1) at concentration of 10-5 mol/L. Data acquisition was performed 
on Agilent 6420 Triple Quad MS. 
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Supplementary figure 8. Iodide-driven self-assembly of cyanine dye 2.1 into higher-order 
gas-phase clusters (1:1 water:methanol used a solvent). Up to six compounds were detected in 
the cluster due to noncovalent interactions in ESI+; a) MS ESI– spectra of monomer at m/z 905; 
b) MS ESI– spectra of dimer at m/z 1684; c) MS ESI+ spectra of monomer at m/z 652; d) MS 
ESI+ spectra dimer overlapped with tetramer; e) MS ESI+ spectra of pentamer at m/z 1821; c) 
MS ESI+ spectra of trimer overlapped with hexamer.
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Supplementary figure 9. Halide-dependent MS/MS fragmentation energetics for iodide- (a, 
at m/z 652) and chloride-bound (b, at m/z 560) cyanine dye 2.1. Iodide-containing complexes 
fragment at lower collision energies and retain the halide in key product ions, consistent with 
enhanced gas-phase stabilization. Data acquisition on Agilent 6420 Triple Quad MS was 
performed at CID of 0, 5, 10 and 20 eV to annotate molecular structures given as insets. 
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Supplementary figure 10.  Representative Ms and MS/MS spectra of a tricationic cyanine dye 
3.1 acquired on Agilent 6420 Triple Quad MS in methanol (c = 1 mg mL–1). Fragmentation 
pathways closely mirror those of compound 4, confirming the generality of halide-dependent 
behavior across charge states. a) Annotated molecular structures and fragmentation scheme of 
parent ion (m/z 739) assigned as [M–I–]+; b) TIC mass spectra and annotated structures of 
molecular ions (m/z 161, 306, and 739) assigned as [M–3I–]3+, [M–2I–]2+ and [M–I–]+, 
respectively; c) MS2 spectra of m/z 739 at  CID 40 eV.
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Supplementary figure 11. Relevant conformations of system 2.1 in the aqueous solution and 
their relative stabilities (in kcal mol–1) as obtained at the (SMD)/M06–2X/LANL2DZdp level 
of theory following the CREST analysis. Hydrogen atoms are omitted for clarity. 
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Supplementary figure 12. Relevant aqueous-phase conformations of complexes involving 
system 2.1 with halogenide anions, Cl– (top), Br– (middle) or I– (bottom) and their relative 
stabilities (in kcal mol–1) as obtained by the (SMD)/M06–2X/LANL2DZdp model following 
the CREST analysis. Hydrogen atoms are omitted for clarity.


