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Lross-linking Background

e Common products containing cross-linked polymers:

Table 1. Analytical Techniques Applied to Cross-linked Materials for Structural Information

* Importance

Technique Information Pros Cons
<Improved mechanical/physical properties Cross-link bonds may be
) P . FT-IR Bonding | Not specific and bulk suppression
< Theoretically infinite molecular weight detectable
< Difficult/impossible to analyze intact NMR Bonding Cross-linking density Bulk suppression, lacks structural

identification

Detects monomeric and small
Py-MS lon fragments Sensitive and specific molecular species, lacks structural
identification




Lross-linking Background

* Location of polymer cross-linking
< End group (EG)
< Backbone (BB)
< Side chain (SC)

* Types of cross-linking chemistries
< Click (azide-alkyne, thiol-ene, etc)

< Small molecule “bridge” (Sulfur bridge, borax,
etc)

< Radical (alkene, H-abstraction, etc)

* Hypothesis: If we can “softly” break these
complex cross-linked matrices down, then we
can determine their structures and reverse
engineer their synthesis.

Inter ————— £6-£6 @—@ EGsc @—@
sc-sc @—@ scBB @—@
Intra =---- 88-88 @—@ B8-E6 @—@



Instrumentation - Atmaospheric solids analysis probe (ASAP) MS

into the instrument

¢ Solid samples

W,

I
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G Vaporization by hot nitrogen
gas stream

ll

G lonization of vapors by corona

discharge chemical ionization MS Inlet

* Experiment:

¢ Temp. Ramp: 50 ° C/min from
100 - 500 °C

G Isothermic: 450 ° C
¢ Waters Synapt G1 Q-ToF

Heated Heated

Figure courtesy of Waters Corp Brochure
McEwen, C.N.; McKay, R.J.; Larsen, B.S. Anal. Chem. 2005, 77, 7826-7831.




PEG-based network with end group oxime bond connectivity
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PELG-based hydrogel with oxime connectivity
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PELG-based hydrogel with oxime connectivity
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Pyrolyzate compaositions confirmed by mass measurement

Series Structure Chemical Cross-linking and precursor information:
a = = . .
origin 6 The details are in the end groups
HO X . Network
A \é/\o)f” i backbone
Molecular Theoretical m/z Experimental
Label Formula? (Da) m/z (Da) Error (ppm)°

o} Precursor
B W&H/\/OM&X b end group A, CyHs, 045" 547.3330 547.3373 7.91
© " Dy, "W CpaHugN,0 " 556.3207 556.3271 115
2 Buo CysHsoNO,* 556.3333 556.3325 1.45

o ”
C xof “}u Y | op Cross-link Ey, CyuHeNO 5" 560.3282 560.3393 19.8
o of” +H
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D OWH VO%X - :;30;1:3; Dy CysHsN,O4 5 575.3391 575.3542 26.2
NH, O n = B,-2W CyHe,NO,,* 582.3490 582.3457 5.59
C, CysHsoN30 4, 584.3395 584.3578 31.3
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MS/MS far end group verification
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Product C (with oxime bond,
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CAD results:

G Precursor ion selected): m/z 584.4 (shown above)

¢ Fragment ion series observed (x,,

z,, b, and c,) confirm
proposed end groups.
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Lharacterization of PEG-based network
with end group L-C bond connectivity
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PELG-based hydrogel with end group £-C bond connectivity
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Mass measurement for compasition verification

220 260 270

MS/MS:

280
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Molecular Theoretical m/z Experimental
Label Error (ppm)P
Formula?2 (Da) m/z (Da)
A, Cy,Hg5 045" 547.3330 547.3180 273
C CysHy5045* 553.2860 553.3147 51.8
C CoHas015" 565.2860 565.2925 11.5
C CyHag015" 569.3173 569.3311 24.2
By, CyHs; 045" 571.3330 571.3427 17.0
C Cy7Hyg045* 581.3173 581.3028 24.9
Al CoeHecO, " 591.3592 591.3490 17.2

G Fragment ions provide corroborating evidence for the proposed PMA-PEG comb

structures.



MS/MS far primary structure verification
of crasslinking chemistry

CAD results:

G Precursor ion selected: m/z 581.4 (shown above)

OH

G Fragment ion series observed corroborate the presence
of a poly(methacrylate) chain with PEG ester pendants
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MS/MS far primary structure verification

of not-crossilinked PEGOMA
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Summary

A
vAg L . . .
<(_J2> The results presented in this study conceptualized and demonstrated the practical ability

V«
of mild pyrolysis (ASAP) MS (with MS/MS and IM-MS) to identify the nature of covalent
cross-linking and precursor chemistries in PEG hydrogels.

A . . : N :
<:z Z.> In addition to ascertaining the effectiveness of crosslinking, such experiments would be

v : . : : : : —

particularly valuable in unknown analysis (such as in reverse engineering applications).
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