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Abstract
Multistage photopolymerisation can decouple shape creation from a later chemical or property-changing step, but nominally different 
lamp wavelengths do not by themselves prove orthogonality. This review distinguishes spectral separation, kinetic separation and true 
chemical independence; defines crosstalk tests; and identifies the evidence needed to show that stage one does not prematurely consume 
the functionality required by stage two. Examples include visible/UV sequential polymerisations, orthogonal post-print modification and 
wavelength-programmed 3D/4D functionality.
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1. Significance and scope
Wavelength-orthogonal multistage photopolymerisation matters when one optical exposure must leave a second reaction genuinely 
latent for later property programming. The qualification problem is to distinguish true chemical independence from apparent selectivity 
caused by weak absorption or slow kinetics. Proprietary formulations and machine-specific tuning rules are outside scope.

1.1 Corpus boundary
ER-302 owns sequential programming of two or more reactions in one material system using spectrally distinct optical triggers. ER-197 
retains wavelength-addressed multimaterial patterning and selectivity matrices across different materials; ER-302 focuses on reaction 
independence within one network architecture. ER-301 owns frontal self-propagating photopolymerisation and is outside the sequential 
spectral-programming problem treated here.

2. Mechanistic basis
Orthogonality requires more than non-overlapping absorption maxima. Each photosystem must be considered as absorber, excited 
state, initiating species and downstream reaction. Long spectral tails, sensitisation, photobleaching and radical or ionic 
intermediates can couple nominally distinct stages [1,4].

3. State variables and process control
The practical state variables are dose at each wavelength, conversion of each functional group, dark reaction between stages and 
the time-dependent optical density of the partially cured network. Sequential programming is credible only when stage-specific 
analytical markers show that the intended functionality remains available until deliberately activated [1,2].

4. Principal failure modes
Crosstalk appears as premature colour change, secondary conversion, loss of latent functionality or altered mechanical response 
after the first exposure. Another failure is false independence caused by very different kinetics: the second reaction may seem 
inactive only because its rate is slow at the test dose. Dose-response matrices are therefore preferable to single on/off exposures. 
[2]
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5. Measurement architecture
A qualification package should include wavelength-resolved absorption, stage-specific FTIR or another chemical marker, 
mechanical or optical property after each stage, and controls exposed to each wavelength separately and in reversed order. Spatial 
programming should be imaged at the scale relevant to the final feature [2,3].

6. Evidence hierarchy and transfer
Evidence is strongest when each reaction can be activated while the other remains measurably unchanged over the intended dose 
window. Orthogonal photochemistry has been used for multistage networks, colour programming and post-print surface 
encoding, showing that independence can support both structural and functional sequencing [1-3].

7. Qualification architecture
A qualification package for sequential spectral programming should retain the absorption spectrum of each photosystem, dose-response 
data at every intended wavelength, stage-specific conversion markers and the property state after each exposure order. Controls should 
include each wavelength alone, reversed exposure sequence and deliberately excessive first-stage dose to reveal spectral or chemical 
crosstalk. Transfer is acceptable only when the latent functionality and programmed property sequence survive the new optical path and 
geometry.

8. Interpretation and decision logic
Decision logic should test orthogonality stage by stage rather than infer it from spectral separation alone. The first reaction is acceptable 
only when the second functionality remains measurably latent, and the programmed property sequence must survive reversal and single-
wavelength controls without hidden crosstalk.

Table 1. Qualification matrix for wavelength-orthogonal multistage photopolymerisation.

State variable Minimum evidence Qualification purpose

Spectral selectivity Absorption and dose-response at each 
wavelength

Defines optical addressability

Stage conversion Reaction-specific chemical marker Proves reaction independence

Dark interval Time between stages Detects latent coupling

Final property Mechanical/optical state after sequence Verifies programmed outcome

9. Diagnostic interpretation matrix
The diagnostic matrix should distinguish spectral overlap, photosensitisation, kinetic lag, premature consumption of latent functionality 
and true orthogonality. The decisive evidence is the measured chemical state after each stage, supported by wavelength-specific controls, 
rather than nominal source wavelength alone.

Table 2. Diagnostic interpretation matrix for wavelength crosstalk and stage sequencing.

Observed deviation Competing mechanism Discriminating check

Stage 2 starts early Spectral tail or sensitisation Single-wavelength controls

Stage 2 fails Functionality consumed in stage 1 Stage-specific spectroscopy

Order dependence Chemical coupling Reverse sequence test

Pattern blur Secondary photochemistry Spatially resolved marker

10. Limitations and evidence gaps
Many demonstrations are hydrogels, coatings or post-print modifications rather than load-bearing vat photopolymers. Their 
reaction logic is transferable, but their mechanical and dimensional performance is not. The review therefore separates chemistry-
level orthogonality from manufacturing-level qualification.

11. Conclusions
Wavelength-orthogonal manufacturing is qualified by a selectivity window, not by two lamp labels. Independent reaction 
markers, crosstalk controls and order-of-exposure tests are required before sequential property programming can be treated as 
deterministic.
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