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Abstract

Mechanochemistry couples macroscopic load to selective molecular reactions through force-sensitive bonds or mechanophores. In
printed photopolymer networks this can provide damage reporting, trigger chemistry near a crack or potentially contribute to repair, but
activation alone is not healing. This review distinguishes force transmission, mechanophore activation, product chemistry and
restoration of mechanical function, and defines the measurements required to show causality from stress to local chemistry.
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1. Significance and scope

Mechanochemical activation and repair are significant when mechanical force can selectively activate bonds or reactions inside a printed
network instead of merely causing damage. The engineering question is whether the force-responsive motif actually lies on a load-
bearing pathway and whether local chemistry can be verified independently from macroscopic stress relaxation. Proprietary formulations
and machine-specific tuning rules are outside scope.

1.1 Corpus boundary

ER-309 owns force-activated chemical events in printed photopolymer networks and their use for damage sensing or repair. It excludes
passive fracture mechanics and generic self-healing networks activated only by heat or light. ER-312 owns non-cyclic disulfide
exchange as a dynamic-network mechanism, while ER-310 owns electrochemically gated polymerisation. ER-309 is limited to force-
responsive chemical activation and its verification.

2. Mechanistic basis

Mechanical force is distributed through network strands and becomes chemically productive only when a force-sensitive motif
lies on a load-bearing path with a favourable pulling geometry. Mechanophore activation therefore depends on network
architecture, strand length, crosslink density and local stress concentration as well as bond chemistry [1,2].

3. State variables and process control

A mechanophore concentration increase does not guarantee greater useful activation if the motif is not mechanically coupled.
Printing can introduce anisotropy, residual stress and defects that alter load paths. Qualification should therefore compare
activation with a mechanically matched control network and account for build orientation. [1,2]

4. Principal failure modes

False positives arise when optical signals respond to temperature, solvent or light rather than force. Another failure is productive
bond scission that weakens the network without triggering repair. In self-healing claims, recovery of appearance is insufficient if
strength, toughness or fatigue resistance remain degraded. [2]
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5. Measurement architecture

Mechanophore signal should be calibrated against force or strain where possible, spatially mapped near notches or cracks, and
linked to a chemical product by spectroscopy. Repair requires a before-damage/after-damage/after-repair mechanical cycle with
an appropriate virgin control and repeated-cycle testing. [1,2]

6. Evidence hierarchy and transfer

Mechanochemistry reviews establish the molecular principles of force activation and quantify how network architecture
influences mechanophore response [1-3]. Additive-manufacturing applications are emerging, so printed-network repair must be
verified directly rather than inferred from solution or elastomer demonstrations. [1-3]

7. Qualification architecture

A mechanochemical qualification package should record mechanophore identity and placement, loading mode, local strain or force
proxy, chemical activation signal, mechanical recovery and appropriate non-mechanophore controls. Repeated loading should separate
reversible activation from irreversible fracture or viscoelastic relaxation. Transfer is justified only when the force path and chemical
response remain comparable in the new geometry.

8. Interpretation and decision logic

Decision logic should separate true force-activated chemistry from optical, thermal or solvent artefacts. A mechanochemical
interpretation is credible when the chemical signal localises with the mechanical field, follows a calibrated force or strain dependence
and is linked to an identified reaction product.

Table 1. Qualification matrix for mechanochemical activation and repair of printed photopolymer networks.

State variable Minimum evidence Qualification purpose
Mechanophore placement Network architecture Establishes force coupling
Activation signal Optical/chemical readout Maps mechanochemistry
Damage state Crack/notch metrics Defines mechanical challenge
Repair performance Mechanical recovery cycle Tests functional restoration

9. Diagnostic interpretation matrix

The diagnostic matrix should distinguish true mechanochemical activation, ordinary bond scission, viscoelastic dissipation, diffusion-
limited repair and apparent recovery caused by thermal or solvent effects. Chemical evidence at the activated region is needed before
assigning a repair mechanism to force-responsive chemistry.

Table 2. Diagnostic interpretation matrix for mechanochemical activation and repair.

Observed deviation

Competing mechanism

Discriminating check

Signal without damage

Nonmechanical stimulus

Thermal/light controls

Damage without signal

Poor force coupling

Architecture comparison

Signal but no recovery

Reporter-only chemistry

Mechanical retest

Recovery fades

Consumptive mechanism

Repeated cycles

10. Limitations and evidence gaps

Mechanophore activation thresholds are highly motif- and architecture-dependent. Stress fields in printed parts are also affected
by voxel or layer structure. This review therefore avoids universal force thresholds and emphasises calibration in the actual

network.

11. Conclusions

Mechanochemical repair is demonstrated only when mechanical loading produces a verified chemical event that contributes to
measurable functional recovery. Stress reporting, bond scission and healing are distinct outcomes and should be qualified

separately.
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