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REDLOCK-660
A Red-Light-Gated Cyanoacrylate Adhesive 

Architecture
Critical redesign, triple-falsification screen, chemistry, formulation, manufacturing, cost-down, 

validation, safety, and IP roadmap

Figure 1. Proposed product architecture. The red trigger is kept physically separate from the cyanoacrylate until use, eliminating the 
most serious dark-storage incompatibility.

Status and scope
This is a research-development paper, not a report of new laboratory measurements. "PASS" means an 
improvement survived three desk-level falsification attempts using chemistry, literature, prior art, and 
manufacturing logic. Every quantitative performance target remains a hypothesis until bench testing, accelerated 
aging, mechanical testing, and safety qualification are completed. The working name RedLock-660 has not been 
trademark-cleared.

Prepared September 4, 2026

Based on critical review of the EquationFarm / Grok "IndaRed-5" concept and peer-reviewed / patent prior art
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Executive conclusion
The linked IndaRed-5 manuscript contains a useful product idea - spatially controlled adhesive curing with red 
light - but its chemical implementation is not ready to be treated as a validated superglue. It describes 
traditional superglue correctly as cyanoacrylate, then formulates the proposed product primarily from 
triethylene glycol dimethacrylate (TEGDMA), which makes the product a red-light radical-cured methacrylate 
resin rather than a true cyanoacrylate instant adhesive [1]. The manuscript also contains a structural 
accounting error: the stated benzaldehyde precursor plus 5-nitro-1,3-indanedione would give a C28H26N2O4 
Knoevenagel product after loss of water, not the claimed C30H28N2O4 compound. The claimed formula is 
consistent with a cinnamaldehyde-type precursor containing two additional carbons, while the listed 
manufacturing route names a benzaldehyde. No raw spectroscopy, conversion curves, mechanical datasets, 
aging data, or toxicology data are supplied to reconcile these claims.

A materially stronger design is therefore not a minor modification of IndaRed-5. The redesign should restore 
true alpha-cyanoacrylate chemistry and separate the red-light initiating species from the highly anion-sensitive 
adhesive until the moment of use. The recommended architecture is a two-component kit: Part A is a stabilized 
BCA/OCA/ECA cyanoacrylate blend optimized for toughness, viscosity, and low blooming; Part B is a microdose 
red-light photobase primer based initially on a methylene-blue-derived photocage capable of releasing 
tetramethylguanidine (TMG) around 660 nm [3,12]. The primer is applied and dried on one surface, the CA is 
applied to the other, the parts are assembled, and red light liberates a strong base at the interface to start 
anionic CA polymerization. Conventional moisture-initiated CA chemistry remains available as a shadow-cure 
mechanism.

This separated architecture is intentionally chosen because the obvious one-bottle solutions fail important 
falsification tests. Electron-rich polymethylferrocenes are experimentally capable of photopolymerizing 
commercial cyanoacrylates under visible and near-infrared light [2], but highly activated photo-CA systems can 
sacrifice dark shelf life. Likewise, 2026 work on photobase-triggered anionic polymerization found that a 
purified TMG photocage could remain sufficiently basic to initiate a very sensitive monomer even without light 
[11]. Separation converts that failure mode from catastrophic bottle polymerization into a manageable primer-
storage problem.

Recommended commercialization sequence
1) industrial/electronics fixture-grade product first; 2) validate consumer repair grade; 3) only then investigate 
medical or tissue-contact variants. The original paper's medical positioning should be removed until photoproduct 
toxicology, residual monomer, irritation/sensitization, cytotoxicity, extractables/leachables, sterilization effects, and 
applicable regulatory pathways have been demonstrated.

What is genuinely improved
Dimension Original concept RedLock-660 redesign Why it matters

Adhesive backbone ~TEGDMA radical resin True alpha-cyanoacrylate blend
Preserves the defining 
chemistry and fast fixture 
behavior of superglue.

Red trigger
Unverified custom IndaRed-5 + 
iodonium

Literature-grounded red 
photobase primer; backup 
metallocene route

Uses a documented 660 nm 
base-release mechanism and 
separates it from storage-
sensitive CA.

Shelf stability
Claimed >12 months without 
supporting aging data

CA and photobase stored 
separately; each optimized 
independently

Removes direct dark-reactivity 
incompatibility.

Shadow cure
Radical resin depends on 
photon access

Normal moisture CA cure 
remains active

Opaque substrates and 
unilluminated regions can still 
cure.

Cost path
Custom dye synthesis + 
chromatography

Commodity CA + microgram-
scale trigger; no column in 

Specialty photochemistry is 
concentrated into a tiny primer 
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routine production dose.

Safety "safe red laser" claim
LED preferred; laser is a 
controlled accessory, not 
intrinsically safe

FDA notes visible pointers up to 
5 mW can still be hazardous 
when misused [8,9].

Claims discipline
Unverified >25 MPa / medical / 
toxicity claims

Only measured claims; explicit 
validation gates

Prevents engineering decisions 
from being built on synthetic 
data.
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1. Source concept audit and reconstruction
1.1 What the source actually proposes
The EquationFarm page reproduces a short 2025 manuscript titled "Discovery and Characterization of 
IndaRed-5". It claims a donor-acceptor indanedione dye, named 2-(4-(N-hexyl-N-phenylamino)styryl)-5-nitro-1,3-
indanedione, absorbs strongly enough near 650 nm to sensitize diphenyliodonium and generate phenyl 
radicals. The manuscript then proposes a TEGDMA-rich adhesive and claims seconds-scale cure, >20-25 MPa 
strength, >2 mm cure depth, >12-month shelf life, and low toxicity [1]. Those are development targets, not 
established facts, because the paper gives no experimental methods sufficient to reproduce the photophysics, no 
spectra, no chromatograms, no raw mechanical data, no aging curves, and no toxicology reports.

1.2 Structural/formula inconsistency
The strongest internal inconsistency can be established by elemental bookkeeping. The listed aldehyde, 4-(N-
hexyl-N-phenylamino)benzaldehyde, has the elemental composition C19H23NO. 5-nitro-1,3-indanedione is 
C9H5NO4. A Knoevenagel condensation loses one molecule of water. Therefore:

C19H23NO + C9H5NO4 - H2O -> C28H26N2O4    calculated M = 454.52 g/mol

The source instead states C30H28N2O4 and 480.55 g/mol [1]. The extra C2H2 is exactly the increment expected if 
the intended donor precursor were a cinnamaldehyde derivative rather than the benzaldehyde that is actually 
named in the manufacturing section. Thus the stated name/formula and stated synthesis cannot all be 
simultaneously correct. This alone requires structural re-verification by 1H/13C NMR, HRMS, elemental analysis, 
and ideally single-crystal or high-confidence 2D NMR before IndaRed-5 could be considered a real characterized 
development material.

1.3 Product-category inconsistency
The source correctly states that conventional superglues are cyanoacrylates cured by moisture-triggered 
anionic polymerization, but its proposed adhesive is primarily TEGDMA and is described as radical 
photopolymerization [1]. TEGDMA is a difunctional methacrylate crosslinker. A TEGDMA/photoinitiator system 
can be a useful light-curable adhesive, but it is not chemically equivalent to a cyanoacrylate instant adhesive. 
This distinction affects cure kinetics, oxygen sensitivity, shrinkage, modulus, gap filling, surface wetting, storage 
chemistry, toxicology, and failure mode.

1.4 Claims that must be downgraded to hypotheses
Claim in source Why it is not yet supportable Required evidence

Absorption tail at 650 nm, epsilon ~10,000 
M^-1 cm^-1

No spectrum or instrument/method 
supplied

UV-vis spectrum in multiple formulations; 
extinction coefficient calibration; 
photobleaching curve.

>90% conversion / seconds cure No real-time FTIR or DSC kinetics
Photo-DSC and RT-FTIR vs wavelength, 
irradiance, oxygen, thickness, and 
temperature.

>25 MPa shear strength
No substrate prep, specimen geometry, 
standard, sample count, or failure mode

ISO 4587 / ASTM D1002 with n>=5, controls, 
confidence intervals, and failure mode.

>2 mm cure depth No optical attenuation data
Depth-resolved conversion, Beer-Lambert 
modeling, and sectioned hardness/FTIR.

>12 months shelf life No aging protocol
Real-time aging plus elevated-temperature 
aging with viscosity, monomer conversion, 
cure time, and spectroscopy.

Low toxicity / non-irritant Described as predicted without reports
SDS review, irritation/sensitization, 
cytotoxicity and application-specific 
biological evaluation.
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2. Design requirements and evidence hierarchy
2.1 Product requirements
The redesign was constrained to preserve the commercially valuable part of the original idea - red-light spatial 
control - while adding the behaviors expected from a high-performance instant adhesive. The requirements 
below are deliberately separated into release targets and stretch targets.

Attribute Release target Stretch target How measured

Light wavelength
635-660 nm response; nominal 
660 nm optimized

Useful response from 625-680 
nm

Action spectrum at fixed photon 
dose.

Fixture time after light
<=20 s on transparent test 
coupons

<=5 s
Defined handling load, not 
subjective tack.

Dark working time after 
assembly

>=30 s before intentional trigger 
on low-moisture test coupons

>=2 min Torque/shear creep before light.

Final lap shear
Substrate-dependent; must 
equal or exceed matched 
commercial CA control

>10 MPa on selected rigid 
plastics/metals where substrate 
permits

ISO 4587 / ASTM D1002.

Peel / impact toughness
No worse than toughened CA 
control

20-50% improvement vs brittle 
ECA control

T-peel, impact wedge, fracture 
energy.

Shelf stability
12 months real-time target for 
each separated component

24 months
Viscosity, cure response, 
HPLC/GC, water content, color.

Shadow cure
Full conventional CA cure 
where light is blocked

Near-control speed Opaque joint test.

Blooming Visually lower than ECA control
Near-zero visible fogging in 
cosmetic joints

Standardized humidity 
chamber imaging.

Consumer light source Prefer shielded red LED tool
Class-1-enclosed laser fixture for 
industrial use

Radiometry and laser-product 
classification.

2.2 Evidence labels used in this paper
 VALIDATED PRIOR ART: demonstrated in a peer-reviewed publication or patent example, but not 

necessarily in the proposed RedLock formulation.
 INFERENCE: follows from established chemistry or engineering behavior but has not been directly tested in 

this architecture.
 DEVELOPMENT HYPOTHESIS: plausible and testable; should not appear on a product datasheet until 

measured.
 REJECTED: failed at least one of the three desk-level falsification attempts and was replaced or materially 

amended.

3. Triple-falsification improvement program
Each major improvement was attacked three different ways. The three attacks intentionally target different 
dimensions: chemistry/physics, performance/use, and manufacturing/cost/safety. A "desk-screen PASS" means 
the amended concept survives all three attacks well enough to justify bench work; it is not a substitute for data.

3.1 Replace TEGDMA as the primary adhesive with true cyanoacrylate
Use a blended alpha-cyanoacrylate backbone rather than calling a TEGDMA network "superglue".

Falsification attempt Result / concern

1 Attack A - Loss of on-demand control: CA can polymerize from 
ambient surface moisture before the light is used.

2 Attack B - Brittleness and exotherm: short-chain CA can be stiff, 
brittle, and highly exothermic.

3 Attack C - Long-chain trade-off: BCA/OCA improve flexibility but 
can reduce fixture speed and modulus.
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Resolution
AMENDMENT: Use BCA/OCA as the majority for toughness and lower volatility, retain a controlled ECA fraction only 
where speed/stiffness are needed, and tune acidity so dry reference coupons retain a useful alignment window. The 
laser-trigger is not expected to be the sole cure path; it is the deliberate acceleration path. Desk-screen PASS.

3.2 Replace the unverified custom red dye with a literature-grounded red trigger
Use a methylene-blue-derived red photobase that releases TMG near 660 nm as the primary research trigger 
[3,12].

Falsification attempt Result / concern

1 Attack A - Compatibility: strong bases are exactly what 
destabilize cyanoacrylate.

2
Attack B - Spectral/dose risk: the published photobase was 
demonstrated at 660 nm in other nucleophilic polymerizations, 
not in CA.

3 Attack C - Cost/IP: a specialty photocage can be expensive and 
may be patented.

Resolution
AMENDMENT: Do not dissolve the photobase into the CA. Put it in a separate primer at microgram-scale areal 
loading. This decouples CA shelf life from photocage dark activity and makes the specialty chemical a tiny cost 
fraction. A full 635/650/660 nm action-spectrum screen is mandatory. Desk-screen PASS as architecture, not as 
validated kinetics.

3.3 Reject a one-bottle photobase/CA mixture
The simplest consumer experience would put photocaged TMG directly in the CA bottle.

Falsification attempt Result / concern

1 Attack A - Dark leakage: even trace liberated base could 
polymerize the bottle.

2
Attack B - Intrinsic basicity: a 2026 study found a purified TMG 
photobase could initiate a highly sensitive N-carboxyanhydride 
monomer in the dark [11].

3 Attack C - Quality-control burden: small lot-to-lot differences in 
free base or water could cause catastrophic shelf-life variance.

Resolution
REPLACEMENT: Physically separate photobase and CA. The two-part dry-primer architecture converts all three 
failure modes into controllable incoming-QC and packaging variables. Desk-screen PASS.

3.4 Keep polymethylferrocene as a backup, not the primary 650 nm solution
Me8-Fc and Me10-Fc are strong prior art because they have actually photocured commercial CA under visible 
and NIR light [2].

Falsification attempt Result / concern

1
Attack A - Absorption: neutral polymethylferrocenes have weak 
visible absorption and are not specifically optimized for 650 
nm.

2 Attack B - Dark stability: increasing donor strength also 
increases risk of electron-transfer initiation in storage.
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3 Attack C - Patent crowding: multiple visible-light CA patents use 
metallocenes [6,7].

Resolution
AMENDMENT: Retain Me10-Fc as a benchmark control in the DOE, especially at 420 nm and NIR, but do not make it 
the lead 650 nm consumer chemistry. Desk-screen PASS as a control/backup route, not lead formula.

3.5 Add toughness without optically blocking the trigger
Use long-chain CA monomer selection, soluble polymer thickening, and limited plasticization rather than heavy 
particulate/rubber loading.

Falsification attempt Result / concern
1 Attack A - Tougheners can scatter or absorb red light.

2 Attack B - Plasticizers can lower Tg, cohesive strength, and heat 
resistance.

3 Attack C - High polymer thickener loading can slow wetting and 
fixture.

Resolution
AMENDMENT: Make monomer architecture do most of the toughening (BCA/OCA), use a soluble compatible 
polymer at the minimum viscosity-correcting level, and screen plasticizer at 0-6 wt%. Create separate low-viscosity 
and gel grades rather than forcing one rheology to serve every use. Desk-screen PASS.

3.6 Improve gap filling and solvent resistance
Consider a small independently photocurable crosslinking fraction only where gap/solvent performance 
requires it.

Falsification attempt Result / concern

1 Attack A - Acrylate dilutes the CA and can create two 
incompatible cure networks.

2 Attack B - Radical acrylate cure is oxygen-inhibited.

3 Attack C - Multifunctional acrylates can increase shrinkage and 
irritation risk.

Resolution
AMENDMENT: Do not put a large TEGDMA fraction in the bulk. If a crosslinked interphase is needed, confine it to 
the primer or an optional industrial edge-tack formulation; use patent literature only as a benchmark, not a copy 
[6]. Desk-screen PASS for optional industrial variant; rejected for base consumer grade.

3.7 Reduce blooming and odor
Shift away from an ECA-dominant formulation, control application mass, and improve humidity/process 
guidance.

Falsification attempt Result / concern
1 Attack A - Lower-volatility monomers can cure more slowly.

2 Attack B - Blooming can still occur from vapor transport and 
surface polymerization.

3 Attack C - Additives used to suppress blooming may weaken the 
joint.
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Resolution
AMENDMENT: Use BCA/OCA majority, keep bondlines thin, minimize exposed squeeze-out, and validate against a 
commercial low-bloom CA control. Avoid unproven bloom suppressants until adhesion data exist. Desk-screen 
PASS.

3.8 Control heat release
Manage exotherm through monomer choice, thin application, inhibitor tuning, and dose control rather than 
adding optically blocking fillers.

Falsification attempt Result / concern
1 Attack A - Slowing cure reduces the central instant-bond value.

2 Attack B - Filled systems may scatter red light and make dose 
unpredictable.

3 Attack C - Cellulose/cotton can trigger dangerous rapid CA 
polymerization regardless of light.

Resolution
AMENDMENT: Keep consumer dose small, prohibit use on cotton/wool/fibrous cellulose, include clear burn 
warnings, and use lower-reactivity BCA/OCA majority. Literature documents severe cotton-associated exotherms, 
including temperatures capable of full-thickness burns [10]. Desk-screen PASS with explicit use restrictions.

3.9 Replace the "safe laser pointer" claim with engineered light delivery
Chemistry should respond to 650-660 nm light, but the product should not require an unguarded pointer as the 
preferred tool.

Falsification attempt Result / concern

1 Attack A - A 5 mW pointer can still present direct-viewing eye 
risk.

2 Attack B - Spot size, distance, beam divergence, and user 
scanning produce wildly different dose.

3 Attack C - Reflections from shiny metal can redirect a coherent 
beam.

Resolution
AMENDMENT: Prefer a red LED curing wand with fixed standoff and timer for consumers and a Class-1-enclosed or 
interlocked laser fixture for industry. Preserve compatibility with compliant low-power red sources only as an 
auxiliary mode after validation. FDA limits pointer-class visible products to 5 mW and still treats Class 3R as 
potentially hazardous [8,9]. Desk-screen PASS.

3.10 Improve shelf life through packaging and component separation
Use dry, opaque, low-moisture packaging; isolate Part B from Part A until use.

Falsification attempt Result / concern

1 Attack A - CA is moisture-sensitive even without 
photochemistry.

2 Attack B - Red photocage can be light-sensitive during 
distribution and retail.

3 Attack C - Dual packaging adds cost and user steps.

Resolution
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AMENDMENT: Use standard CA-compatible bottle/tube technology for Part A; amber/opaque foil-laminate pen or 
ampoule for Part B; make primer application a simple swipe built into the cap or dual-ended applicator. Packaging 
cost is accepted because it removes the dominant chemical shelf-life risk. Desk-screen PASS.

3.11 Reduce cost by moving specialty chemistry into a primer
Concentrate expensive photochemistry into microgram-scale surface dose while keeping 99+% of dispensed 
mass commodity-like adhesive/solvent.

Falsification attempt Result / concern
1 Attack A - Two components increase packaging and filling cost.

2 Attack B - Custom photobase synthesis may require expensive 
purification.

3 Attack C - Primer waste could dominate at small package sizes.

Resolution
AMENDMENT: Eliminate routine column chromatography, outsource high-purity PBG as a concentrate, meter the 
primer with a felt tip/microvalve, and use common 660 nm LED hardware. Cost modeling shows packaging, not PBG 
mass, is likely the main incremental COGS driver once the active is microdosed. Desk-screen PASS pending supplier 
quotes.

3.12 Replace speculative product claims with a release-gate system
Only promote wavelength, fixture time, bond strength, shelf life, and safety claims after corresponding 
validated tests.

Falsification attempt Result / concern

1 Attack A - Conservative claims can weaken marketing 
differentiation.

2 Attack B - Substrate-dependent CA strength makes one headline 
MPa value misleading.

3 Attack C - Medical claims could expand market but radically 
increase verification burden.

Resolution
AMENDMENT: Market precision, controllability, and dual-path cure first. Report strength by substrate and 
standard. Exclude medical/tissue-contact claims from Generation 1. Desk-screen PASS.

4. Recommended chemistry and reaction mechanism
4.1 Cyanoacrylate backbone

Figure 2. Representative cyanoacrylate monomers considered in the redesign. Exact monomer ratios are development variables, not 
validated optimums.
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All alpha-cyanoacrylates share the strongly electron-poor vinyl group CH2=C(CN)CO2R. The nitrile and ester 
substituents stabilize the propagating carbanion, so even weak bases or nucleophiles can initiate 
polymerization. The alkyl group R strongly changes vapor pressure, flexibility, cure speed, odor, and biological 
tolerance. ECA is fast and stiff; longer-chain BCA/OCA generally reduce volatility and increase flexibility at the 
cost of some speed and modulus.

General monomer:        CH2=C(CN)CO2R

Initiation (simplified): Nu(-) + CH2=C(CN)CO2R -> Nu-CH2-C(-)(CN)(CO2R)

Propagation:             P_n(-) + CH2=C(CN)CO2R -> P_(n+1)(-)

The actual initiation chemistry on real substrates is more complex because surface water, alcohols, oxides, salts, 
and adsorbed bases all contribute. The design goal is not to suppress ordinary CA chemistry entirely; it is to add 
an optically gated source of base that dominates the local initiation rate when red light is applied.

4.2 Red photobase trigger
Koay and co-workers reported a methylene-blue-derived photocage that releases the strong base 
tetramethylguanidine under 660 nm irradiation [3]. A 2025 review reports gelation of a thiol/acrylate system 
containing 2 mol% of the catalyst within roughly 2-3 minutes at 54 mW/cm2 [12]. That kinetic result cannot be 
transferred numerically to CA, because CA has a different propagation mechanism and extreme base sensitivity. 
It does establish that a chemically generated strong base can be released by red light in the correct wavelength 
regime.

Figure 3. Proposed mechanism. Step 2 is a development hypothesis for CA and must be verified by kinetic and spectroscopic work; the 
red-light base release itself has literature precedent.

The primer route should initially be evaluated in two configurations: (A) a dry molecular deposit of PBG with 
essentially no binder, and (B) a very low-solids inert polymer deposit if a binder is required for dose uniformity. 
The primer should be fully dry before it contacts the CA. This is important: a wet alcohol or water-containing 
primer could itself initiate CA prematurely and would destroy temporal control.

4.3 Why the primer is separated
The separation is a chemical safety valve. Cyanoacrylate requires acid stabilization precisely because basic 
contaminants initiate polymerization. A photobase can therefore never be assumed "inert" merely because the 
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active base is formally caged. In 2026, a purified TMG photobase triggered dark polymerization of an N-
carboxyanhydride system, showing that intrinsic basicity of a photocage can matter in extremely sensitive 
anionic monomers [11]. Because CA is also extremely sensitive, direct one-part compatibility would have to be 
proven rather than assumed. The separated primer avoids betting the product shelf life on that unknown.

4.4 Backup electron-transfer mechanism
Polymethylferrocene photoinitiation is the most important experimental backup because it has already been 
demonstrated with commercial cyanoacrylates. Faggi et al. showed that electron-rich polymethylferrocenes can 
transfer an electron to cyanoacrylate, form a monomer radical anion, and initiate polymerization under visible 
and even near-infrared illumination [2]. This mechanism is useful as a positive control and as a possible 
industrial variant if the 660 nm photobase program underperforms.

Me_n-Fc* + CA -> Me_n-Fc(+.) + CA(-.)

CA(-.) + CA -> growing anionic / radical-anion-derived chain

The advantage is direct precedent in CA. The disadvantages are weak red absorption, dark stability, possible 
color, and an already crowded patent landscape. Accordingly it remains a benchmark rather than the lead 
consumer path.

5. Formulation architecture and starting compositions
5.1 Part A - development starting blend
Important
The following is a bench-development starting composition, not a commercially validated recipe. Commercial CA 
monomers should be purchased already stabilized. The active acid level must be optimized analytically; do not 
infer that an arbitrary ppm value is safe merely because it appears here.

Component Illustrative wt% Function Screening range / note
n-Butyl 2-cyanoacrylate (BCA) 65.0 Primary fast/tough CA monomer 55-75 wt%

2-Octyl 2-cyanoacrylate (OCA) 18.0
Flexibility, lower volatility, 
lower blooming tendency

10-30 wt%

Ethyl 2-cyanoacrylate (ECA) 7.0
Speed and rigid-substrate 
strength

0-15 wt%; remove for low-odor 
grade

Triacetin or validated CA-
compatible plasticizer

4.5 Toughness / stress relief 0-6 wt%

Soluble VA/VC or other 
validated polymer thickener

5.0 Viscosity / gap control 0-8 wt% depending grade

BHA 0.25
Radical inhibitor / storage 
support

0.05-0.4 wt% screen

BHT or hindered phenol 0.15 Radical inhibitor / antioxidant 0-0.3 wt% screen

Acid stabilizer masterbatch 0.10 nominal carrier addition
Suppresses anionic 
polymerization in package

Adjust active acidity by 
cure/stability DOE; supplier-
derived chemistry preferred

The illustrative numbers sum to 100 wt% if the acid stabilizer is introduced as a dilute masterbatch whose 
carrier is itself CA-compatible. This composition intentionally contains no TPO/BAPO and no ferrocene; the 
photochemistry is separated into Part B. That separation also creates a potential freedom-to-operate distinction 
from certain active European claims requiring both ferrocene and benzoyl phosphine oxide within one 
photocurable CA composition [6], although a patent attorney must perform a full jurisdiction-specific analysis.

5.2 Part B - red-light photobase primer development window
Variable Initial screen Reason

MB-TMG-type red photobase
0.05, 0.10, 0.25, 0.50, 1.0 wt% of primer 
solution

Find minimum areal dose; reduce color/cost 
and dark activity.
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Volatile solvent system
Select by solubility and substrate 
compatibility; target >90 wt% volatile 
fraction

Primer should leave a very thin dry active 
deposit.

Optional inert binder 0, 0.05, 0.10, 0.25 wt%
Only if needed to prevent 
crystallization/migration. Too much binder 
can weaken adhesion.

Water content
As low as practical; set release spec after 
DOE

Wet primer can initiate CA before light.

Applied wet mass 2-20 mg per 1 cm2 coupon in screening
Converts solution concentration into areal 
photobase dose.

Drying time
10-120 s until constant mass / no solvent 
odor

Joint should be assembled only after primer 
is dry.

Because the exact MB-TMG solubility in consumer-friendly volatile solvents is not established by the sources 
reviewed here, solvent identity is a gating experiment rather than something to invent. The winning solvent 
must dissolve the active, evaporate rapidly, remain low in water, avoid stress cracking of PMMA/polycarbonate, 
avoid residue that plasticizes the CA, and meet flammability/VOC requirements for the intended market. If no 
acceptable volatile solvent exists, the architecture should move to a pre-coated dry film, not to an unstable wet 
CA mixture.

5.3 Product grades
Grade Part A viscosity strategy Monomer emphasis Use case

Wicking
No/low thickener; ~5-30 cP 
target

BCA/ECA with some OCA
Preassembled close-fitting parts, 
electronics.

General
Moderate soluble polymer; 
~100-500 cP

BCA-majority + OCA
Consumer repair, plastics, 
metal.

Gel
Higher soluble polymer and 
minimal thixotrope if optically 
acceptable

BCA/OCA
Vertical surfaces, 0.1-0.5 mm 
gaps.

Low-odor / cosmetic Minimize or eliminate ECA OCA/BCA majority
Display plastics, trim, odor-
sensitive assembly.

Industrial edge-tack
Optional second photocurable 
fillet chemistry

CA core + red-curable edge 
feature

Fast fixture when light cannot 
penetrate entire bondline.

6. Photophysics, optical dose, and cure geometry
6.1 Irradiance is not laser power
The chemical reaction responds to local photon flux and absorbed dose, not to the marketing label "laser 
pointer". A 5 mW source concentrated into a small circular spot can provide tens to hundreds of mW/cm2 
locally. For an ideal uniform 5 mW spot, irradiance is P/A with A = pi(d/2)^2. Real beams are Gaussian, diverge, 
and are partially reflected, so these numbers are only order-of-magnitude design calculations.
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Figure 4. Nominal irradiance from a 5 mW red source as a function of circular spot diameter. The dashed line is the 54 mW/cm2 red-
photobase benchmark reported in a different polymer system [12]; it is not a proven CA threshold.

Spot diameter Nominal irradiance from 5 mW Time to deliver 1 J/cm2 (ideal)
1 mm ~637 mW/cm2 ~1.6 s
2 mm ~159 mW/cm2 ~6.3 s
3 mm ~70.7 mW/cm2 ~14 s
4 mm ~39.8 mW/cm2 ~25 s

This calculation supports physical plausibility, not product performance. A 650 nm source may be off the 
optimum wavelength of a 660 nm photocage; substrate absorption, primer concentration, beam angle, and 
temperature can change the effective dose. The development program must therefore report cure as a function 
of wavelength and radiant exposure (J/cm2), not merely exposure time.

6.2 Action-spectrum experiment
1. Prepare identical transparent PMMA lap joints with fixed primer areal loading and fixed CA mass.
2. Irradiate with narrow-band 625, 635, 650, 660, 670, and 680 nm sources at equal irradiance, then repeat at 

equal photon dose.
3. Measure induction time, fixture time, peak exotherm, and final lap shear after 24 h.
4. Normalize the cure-rate metric to absorbed photons using the primer absorbance spectrum.
5. Repeat through 0, 1, 2, and 3 mm optical path thickness to quantify attenuation and photobleaching.

6.3 Shadow cure and opaque substrates
The most commercially useful advantage of retaining CA chemistry is that the illuminated region does not need 
to carry the entire cure. If the red-light primer initiates a cure front only near an exposed edge or through one 
transparent adherend, ordinary moisture and surface nucleophiles can continue polymerization through the 
rest of the bondline. This is fundamentally more forgiving than a radical resin that cannot polymerize where 
sufficient photons never arrive. The shadow-cure claim, however, must be demonstrated by masking 
experiments that distinguish light-triggered fixture from later conventional cure.
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6.4 Optical color and photobleaching
A methylene-blue-derived photocage will initially be colored. The lowest practical areal loading should be used, 
especially for transparent assemblies. The program should measure L*a*b* color before and after irradiation, 
residual absorbance after cure, and any migration into adjacent polymer. If color remains objectionable, the 
next-generation R&D target is a red-shifted photocage with efficient photobleaching or a primer applied only at 
an edge outside the visible optical aperture.

7. Adhesion mechanics, toughness, rheology, and substrate strategy
7.1 Why one headline shear-strength number is misleading
Cyanoacrylate lap-shear data depend strongly on adherend modulus, surface energy, roughness, bondline 
thickness, overlap, cure state, humidity, and whether the substrate fails before the adhesive. Patent examples of 
light-curable CA report roughly 6.9 MPa on PMMA and about 9.7 MPa on PC after 405 nm exposure, with 
substrate failure in some cases [6]. The proper target is therefore "equal to or better than a matched commercial 
CA on each defined substrate," not an unsupported universal >25 MPa claim.

7.2 Monomer blend logic
 ECA: fast, low viscosity, high volatility relative to longer-chain CAs, useful in rigid close-fitting joints, but 

more odor/blooming and brittle behavior.
 BCA: strong middle ground for speed and flexibility; demonstrated in visible-light CA literature and 

controlled-exotherm patents [2,6].
 OCA: longer side chain gives more compliant polymer and lower volatility; useful for tough/low-odor 

variants but generally slower.
 MECA/HCA: optional screening monomers if specific flexibility, odor, or substrate response justifies added 

sourcing complexity.

7.3 Bondline thickness
Conventional CA performs best in thin bondlines because capillary wetting, rapid anionic propagation, and 
limited shrinkage are favorable. Thick gaps reduce surface-initiated cure uniformity and magnify 
exotherm/void risk. The base product should therefore target 20-150 micrometers nominal bondline for rigid 
close-fitting parts. A gel variant can tolerate larger gaps, but its performance should be specified separately. The 
red primer should be treated as a molecular-scale catalyst layer, not as a millimeter-scale adhesive layer.

7.4 Substrate-specific strategy
Substrate Primary risk Development tactic

PMMA / acrylic
Stress cracking from solvent; substrate 
failure

Use stress-crack screening for primer 
solvent; low-clamp force; short exposure.

Polycarbonate Solvent sensitivity; residual stress
Avoid aggressive primer solvents; test 
molded and annealed coupons.

ABS Variable surface chemistry
Light abrasion/cleaning protocol; verify 
primer does not craze.

Aluminum / steel Oxides, oils, specular laser reflections
Defined degrease; optional nonbasic 
adhesion promoter; prefer LED or enclosed 
fixture.

Glass
Hydroxylated surface can cure CA rapidly 
even before light

Use dry controlled-humidity tests to 
quantify working-time window.

Low-surface-energy plastics Poor wetting
May require separate surface treatment; do 
not assume primer also solves wetting.

Rubber / elastomer Blooming, flexible peel stress
Use OCA-rich / tough grade and peel testing 
rather than lap shear alone.
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8. Manufacturing process and scale-up
8.1 Manufacturing philosophy
The lowest-risk commercial path is to formulate from purchased, already stabilized CA monomers rather than 
synthesize alpha-cyanoacrylate monomer in-house. Industrial CA monomer manufacture involves reactive 
intermediates, depolymerization/distillation, strict moisture control, and specialized stabilization. Unless annual 
volume is enormous, vertical integration into monomer synthesis adds EHS, capital, and quality risk without 
creating the key red-light differentiation. The specialty value should reside in formulation, primer, applicator, 
and validated light dose.

8.2 Part A pilot manufacturing - 10 kg development batch
6. Receive stabilized BCA, OCA, and ECA with certificates for purity, inhibitor/stabilizer level, water, acidity, 

and color. Quarantine lots until incoming QC passes.
7. Use a dry, CA-compatible mixing system. Wetted surfaces should be validated for basic contamination; 

fluoropolymer/appropriate polymer-lined transfer components are preferred for small development scale. 
Keep water ingress extremely low.

8. Charge the majority monomers at low shear. Add plasticizer while maintaining a cool, controlled 
temperature. Avoid unnecessary heating because thermal exposure accelerates side reactions and changes 
inhibitor balance.

9. Add soluble polymer thickener slowly. Use the lowest shear that achieves full dissolution; a pre-dissolved 
masterbatch in CA-compatible carrier may reduce local gel formation.

10. Add radical inhibitor/antioxidant masterbatches and then adjust acid stabilization only through a validated 
dilute masterbatch. Direct handling of gaseous SO2 or BF3 etherate is not recommended for routine small-
scale development when commercially stabilized monomer can be sourced.

11. Mix until viscosity, refractive uniformity, and analytical samples are homogeneous. Use vacuum only if the 
vessel and process are validated against monomer loss and foaming; otherwise allow controlled low-
moisture deaeration.

12. Filter only through materials demonstrated not to initiate CA. Fill immediately into dry CA-compatible 
opaque or UV-blocking containers under low-humidity conditions.

13. Retain samples from beginning/middle/end of fill for viscosity, water, cure time, GC/HPLC, and accelerated 
aging.

8.3 Part B primer manufacturing
14. Acquire or contract-manufacture the red photobase at defined chemical purity, free-base impurity limit, 

absorption maximum, molar absorptivity, and photolysis yield. Analytical release should include 
HPLC/UPLC, water, and UV-vis.

15. Screen solvent compatibility in small closed systems before scale-up. The solvent must dissolve the PBG, 
evaporate rapidly, and not attack target plastics. If a co-solvent is needed, select the lowest-residue 
combination.

16. Prepare a concentrated PBG master solution under low ambient red-light exposure using amber equipment 
or wavelength-filtered task lighting. Filter for particulates if compatible with the active.

17. Dilute to the application concentration; add optional trace inert binder only if deposit uniformity otherwise 
fails. Do not add amines, alcohol accelerators, or water that could defeat the intended optical gating after 
residual primer remains.

18. Fill into opaque foil laminate ampoules, felt-tip pens, or a dual-ended applicator. Verify delivered mass per 
stroke and evaporation time.

19. Package with Part A only after compatibility testing confirms no vapor-phase migration from Part B into 
Part A during storage.
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8.4 Scale-up controls
Critical parameter Why critical Control method

Water in CA Premature polymerization / viscosity drift
Karl Fischer or validated low-level water 
method.

Acid stabilization
Too low = poor shelf life; too high = slow 
cure

Titration or validated surrogate + functional 
cure test.

Part A viscosity Application and gap control Brookfield/cone-plate at fixed temperature.
PBG purity / free base Dark reactivity HPLC plus base-specific impurity method.
Primer delivered mass Controls active areal dose Gravimetric applicator study.
Primer absorbance Controls photon capture UV-vis at release concentration.

Ambient light exposure Premature photolysis
Lux/spectral exposure limits and opaque 
handling.

Fill-container moisture transmission Shelf life Package MVTR study + accelerated aging.

8.5 Why the original custom-dye process is cost-inefficient
The source proposes recrystallization followed by silica column chromatography for the red dye [1]. Column 
chromatography is a poor routine unit operation for kilogram-to-ton specialty additive production because 
solvent consumption, silica waste, labor, batch variability, and throughput become expensive. A commercial 
process should either purchase the active, license a supplier process, or redesign purification around 
crystallization/precipitation and solvent recycle. This is one of the largest direct cost improvements over the 
source concept.

9. Packaging, storage, and quality control
9.1 Packaging architecture

Component Preferred package Key barrier need

Part A CA
Small dry HDPE/compatible CA bottle or 
laminate tube with precision nozzle

Moisture exclusion, low basic extractables, 
no metal contamination.

Part B primer
Opaque/amber foil-laminate pen, ampoule, 
or sealed swab

Light barrier, solvent retention, metered 
delivery.

Consumer kit
Dual-ended pen or bottle + primer marker + 
red LED tool

Prevents component confusion and controls 
dose.

Industrial kit
Bulk CA cartridge + automated primer 
microdispenser + interlocked red fixture

Traceability and process control.

9.2 Shelf-life protocol
Shelf life should be assigned from real-time data, with elevated-temperature aging used only as an acceleration 
screen. Patent prior art demonstrates that certain photocurable CA compositions remained stable through three 
weeks at 60 C with little change in cure time or viscosity [6], but this does not prove the same acceleration factor 
for RedLock-660. Arrhenius extrapolation is particularly risky when failure is controlled by moisture ingress, 
light leakage, or impurity-triggered autocatalysis rather than a single homogeneous reaction.

Condition Pull points Measurements

23 C dark 0, 1, 3, 6, 9, 12, 18, 24 months
Viscosity, color, water, monomer purity, 
fixture time, final strength.

40 C dark 0, 2, 4, 8, 12, 16 weeks Same; package mass loss for primer.

50-60 C screening 1, 2, 3, 4 weeks
Early warning only; do not convert directly 
to labeled shelf life without model 
validation.

Retail-light abuse
Defined fluorescent/LED exposure outside 
package

Primer photolysis / color / activity.

Opened-container Repeated open-close cycles at controlled RH
Nozzle polymerization, viscosity drift, 
primer solvent loss.
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9.3 Release testing
 Part A: appearance, viscosity, density, water, monomer profile, acid-functional cure response, fixture time 

on reference substrate, inhibitor profile if practical.
 Part B: active concentration, UV-vis absorbance/action ratio, free-base impurity, water, solvent profile, 

delivered dose per applicator stroke, dark storage response.
 Kit-level: red-light fixture time, masked shadow-cure completion, lap shear on two reference substrates, 

package seal integrity, and correct tool irradiance.

10. Cost model and cost-reduction program
10.1 Cost equation

COGS = raw materials + packaging + filling/conversion + QA + yield loss + 
depreciation/amortization + licensing/royalty (if any)

The source paper gives absolute dollar figures without supplier basis [1]. A better model treats input prices as 
variables. For a 10 g adhesive plus a 0.25 mL primer, the photobase mass can be kept extremely small. If the 
primer contains 0.25 wt% active and 0.25 mL has approximately 0.22 g mass, only about 0.55 mg active is 
consumed. Even if the specialty PBG were expensive per gram, its cost per kit could remain far below the cost of 
a custom dual package. This is why moving the specialty chemistry from the entire glue mass into a surface 
primer is such a strong cost lever.

10.2 Primary cost-down levers
Lever Mechanism Risk / guardrail

Buy stabilized CA monomer
Avoid monomer-synthesis plant and 
purification

Dual-source vendors; incoming QC.

Microdose PBG in primer Specialty chemistry is <<1% of kit mass Applicator must meter uniformly.
Eliminate column chromatography Use crystallization/contract supply for PBG Purity/free-base impurity must not worsen.
Use 660 nm LED, not specialty laser Commodity LED die, optics, timer Validate dose uniformity and cure time.
Common package platforms Share bottle/pen hardware across grades Ensure CA/solvent compatibility.
Concentrated masterbatches Reduce weighing error and labor Masterbatch shelf life must be validated.

Two product viscosities first Avoid SKU proliferation
Do not launch every substrate-specific 
variant initially.

Automated primer application in B2B
Lower primer consumption and cycle 
variability

Capex justified only at volume.

10.3 Illustrative sensitivity model (not supplier quotes)
Let X be bulk Part A material cost in dollars per kilogram, Y the PBG cost in dollars per gram, P the 
packaging/tool allocation per kit, and C the conversion/QA allocation. An illustrative 10 g + 0.55 mg active kit has 
material contribution approximately:

Raw material cost ~= 0.010*X + 0.00055*Y + primer-solvent/additive cost

For example, every $10/kg reduction in Part A saves $0.10 per 10 g kit, while every $1/g reduction in PBG saves 
only about $0.00055 at a 0.55 mg active dose. That asymmetry means negotiating monomer, packaging, and 
filling costs matters more than aggressively cheapening the photocage once the active is microdosed. This 
conclusion is robust even if the actual PBG dose differs by several-fold.
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11. Validation plan and design of experiments
11.1 Minimum viable proof experiment
20. Prepare dry PMMA or glass coupons with a defined primer deposit; include solvent-only and no-primer 

controls.
21. Apply a fixed mass of stabilized BCA-rich CA to the opposing coupon, assemble with a fixed bondline spacer, 

and clamp at controlled force.
22. Expose through the transparent coupon at 660 nm across a dose ladder. Record time to fixture under a 

defined load.
23. Repeat in the dark and at 650 nm. A real optical gate requires a statistically significant dose-dependent 

acceleration relative to all controls.
24. After 24 h, measure lap shear and failure mode. The light-triggered condition must not sacrifice final 

strength relative to the dark-cured control.
25. Repeat after 1-4 weeks of separate-component accelerated aging to ensure the effect is not dependent on 

freshly prepared primer.

11.2 Factorial screening DOE
Factor Levels
PBG concentration in primer 0.05 / 0.10 / 0.25 / 0.50 / 1.0 wt%
Primer wet deposit 2 / 5 / 10 / 20 mg per cm2
Drying time 15 / 30 / 60 / 120 s
Wavelength 635 / 650 / 660 / 670 nm
Irradiance 25 / 50 / 100 / 200 mW/cm2
Radiant exposure 0.1 / 0.25 / 0.5 / 1 / 2 / 5 / 10 J/cm2
BCA:OCA ratio 80:10 / 65:25 / 50:40 with ECA/additives held constant as appropriate
Active acidity low / medium / high supplier-compatible settings
Humidity 10 / 30 / 50 / 70% RH
Bondline thickness 25 / 75 / 150 / 300 micrometers

A fractional-factorial design should identify the dominant interactions before response-surface optimization. 
The most important expected interaction is primer dose x radiant exposure: high PBG concentration may need 
less light but may increase residual color and dark activity. The second likely interaction is active acidity x PBG 
dose: stronger stabilization may improve shelf life while requiring more generated base to overcome inhibition.

11.3 Required analytical methods
Question Method Decision criterion

Did red light release the base?
UV-vis + HPLC/LC-MS of primer before/after; 
acid-base titration or base-responsive probe

Dose-dependent photolysis with low dark 
conversion.

Did CA conversion accelerate?
ATR-FTIR / Raman time series of C=C / CN 
environment; photo-DSC

Significant kinetic acceleration vs 
dark/solvent controls.

What is the cure-front geometry?
Micro-FTIR/Raman mapping of sectioned 
joints

No weak uncured core at specified 
bondline.

Is final polymer compromised?
GPC of soluble fractions where feasible; 
DSC/TGA; mechanical testing

No unacceptable loss vs commercial control.

Is primer residue migrating?
LC-MS extractables / color migration / 
microscopy

Below application-specific limit.

Is bottle stable?
Viscosity, GC/HPLC monomer, water, cure 
response during aging

Within release control limits.

11.4 Mechanical test matrix
 ISO 4587 or ASTM D1002 lap shear on aluminum, steel, PMMA, PC, ABS, and glass where appropriate; n>=5 

per condition.
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 T-peel for flexible adherends; report N/25 mm and cohesive/adhesive/substrate failure mode.
 Impact/wedge or fracture-energy test for toughened grades; brittle lap shear alone can hide poor impact 

performance.
 Thermal cycling (-20 to 80 C initial industrial screen), damp heat, water immersion, oils, IPA, and selected 

solvents based on target market.
 Creep under sustained load at 23 C and elevated temperature; CA can have excellent short-term shear yet 

limited high-temperature creep.
 Optical appearance: haze, blooming/frosting, color delta, squeeze-out whitening.

12. Failure-mode and effects analysis
Failure mode Effect Likely cause Detection / mitigation

CA thickens in bottle No dispense / reduced strength
Moisture, basic contamination, 
low acid stabilization

Water/acidity QC, dry fill, barrier 
package.

Primer loses activity Slow/no red trigger
Photobleaching in storage, solvent 
loss, PBG degradation

Opaque package, UV-vis/HPLC 
release, aged fixture test.

Premature cure on assembly No alignment window
Wet primer, free base impurity, 
humid substrate

Dry-time indicator, free-base spec, 
humidity guidance.

No cure under red light Product fails core promise
Wrong wavelength/dose, 
insufficient PBG, inaccessible joint

Dose-controlled tool, action-
spectrum QC, shadow-cure 
fallback.

Weak interface Low final strength
Too much primer residue/binder, 
solvent damage

Minimize solids; surface 
microscopy; lap shear/failure 
mode.

Deep joint remains uncured Delayed failure
No light access + insufficient 
moisture/nucleophile

Bondline limit, dual-path cure 
validation, edge exposure 
guidance.

Excess heat Burn / substrate damage
Too much CA, porous cellulose, 
high local initiation

Small-dose nozzle, cotton warning, 
exotherm testing.

Laser reflection Eye hazard Shiny metal / open beam
LED preference, shroud/interlock, 
warnings.

Blooming Cosmetic defect
Volatile 
monomer/squeeze-out/humidity

OCA/BCA blend, mass control, low-
bloom grade.

Stress cracking Plastic fracture
Primer solvent or CA stress on 
molded PC/PMMA

Solvent screen, annealed coupons, 
application limits.

Color stain Visible blue/red tint
Residual MB-derived 
chromophore

Lower areal dose, edge-only 
primer, bleaching R&D.

Applicator variability Variable cure time Primer delivery mass varies
Metered felt geometry, 
gravimetric SPC.

Primer vapor contaminates CA in 
kit

Shelf-life loss
Shared headspace / package 
permeation

Separate sealed blisters; 
compatibility aging.

Patent conflict Launch delay / legal cost
Overlapping photocurable-CA 
claims

Early FTO and design-around 
before scale.

13. Safety, light-source design, handling, and environmental 
considerations
13.1 Red light is not synonymous with safe
The source describes red laser activation as "safe" [1]. That should be removed. FDA guidance says laser 
pointers promoted for pointing/demonstration in the visible range are limited to 5 mW (Class IIIa / IEC Class 3R), 
and even Class 3R devices can be hazardous when directly viewed [8,9]. A curing product should therefore 
minimize reliance on a freely aimed coherent beam.

13.2 Preferred curing hardware
 Consumer: 650-660 nm LED array with a short nose cone/shroud, fixed standoff, timer, and optical diffuser. 

Coherence is chemically unnecessary.
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 Industrial: enclosed or interlocked 660 nm laser/LED fixture with radiometer-verified dose, part-present 
sensor, and reflective-surface risk assessment.

 R&D: calibrated narrow-band LED modules first; use laser sources only when beam geometry is itself under 
study.

13.3 Cyanoacrylate-specific hazards
Cyanoacrylates rapidly bond skin and eyes and can polymerize strongly on cellulose. Published burn literature 
documents intense exothermic reactions when cyanoacrylate contacts cotton clothing; experiments have 
measured temperatures high enough to cause severe burns [10]. The product instructions should explicitly say 
not to use on cotton, wool, tissue, paper towels, or other porous cellulose materials where bulk glue can soak in. 
The light-trigger does not remove this conventional CA hazard.

13.4 Primer hazards
The red photobase primer introduces a new hazard class: a photocaged strong base plus organic solvent. Its SDS 
cannot be inferred from methylene blue or TMG alone. The intact photocage and photoproducts require specific 
irritation, sensitization, and environmental assessment. Consumer products should minimize active mass and 
solvent toxicity, and should not make medical or skin-contact claims based on the clinical use of methylene 
blue; covalent derivatives can have entirely different toxicology.

13.5 Environmental / sustainability
 Keep the adhesive solvent-free; restrict solvent use to the tiny primer dose.
 Avoid chromatographic purification at production scale; it creates substantial solvent and solid waste.
 Use refillable/replaceable industrial primer cartridges where process volumes justify them.
 Design the LED tool for long service life and replaceable battery where economically sensible.
 Do not claim "eco-friendly" without a life-cycle basis; a two-component package can increase packaging 

mass even while reducing process energy.

14. Intellectual property and freedom-to-operate strategy
14.1 Relevant prior art
Visible-light-curable cyanoacrylate is not a blank patent field. Earlier patents describe cyanoacrylates combined 
with metallocenes and photoinitiators [7]. More recent European patent EP3960151B1, granted April 23, 2025 
and listed as active, claims defined one-part photocurable CA compositions containing cyanoacrylate, ferrocene, 
benzoyl phosphine oxide photoinitiator, and radical inhibitor within specified ranges [6]. The patent also 
reports controlled-exotherm formulations, accelerated aging, and substrate adhesion data.

14.2 Design-around rationale
The lead RedLock architecture intentionally places a red photobase in a physically separate primer and does not 
require ferrocene or a benzoyl phosphine oxide in Part A. That is technically and commercially motivated first, 
but it may also reduce direct overlap with specific claim combinations in EP3960151B1. This is not a legal 
opinion. Claims can read on systems in unexpected ways, national validation differs, and other patent families 
may cover primers, photobases, dual-component CA systems, applicators, or specific uses.

14.3 Potentially protectable new subject matter
 Specific combination of a 635-680 nm photobase primer with a separately stabilized alpha-cyanoacrylate 

adhesive for on-demand interfacial anionic initiation.
 Areal-dose windows that produce a defined dark working time and red-light fixture time while preserving 

final CA strength.
 Dual-ended applicator architecture that meters and dries primer before CA contact.
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 Process-control method using measured red radiant exposure plus primer dose to guarantee fixture 
performance.

 Edge-only primer pattern that minimizes visible dye while triggering a cure front into a larger shadowed CA 
bondline.

 Low-bloom BCA/OCA composition specifically tuned to the photobase primer response.
Patentability requires a professional prior-art search and experimental examples. Filing before public 
disclosure of enabling details is normally prudent in many jurisdictions, subject to counsel.

15. Product segmentation and claims roadmap
15.1 Generation 1 - industrial precision fixture adhesive
The first release should target electronics, optics housings, sensors, small mechanical assemblies, and fixture 
operations where a transparent or edge-accessible joint allows red illumination. Industrial users can tolerate a 
primer step and can control dose. They also provide better data collection than consumer launch. Avoid direct 
optical surfaces until residual color/haze is controlled.

15.2 Generation 2 - consumer repair kit
After dark shelf life and dose robustness are proven, package Part A and primer in a dual-ended pen with a 660 
nm LED cap. The consumer sequence should be: mark one surface with primer, allow the indicator/dry-time to 
complete, apply a very small CA bead to the opposite surface, assemble and align, press the shielded LED nose to 
the exposed edge/transparent face, and activate the fixed timer. The instructions should still state that normal 
CA cure continues and that the joint should not be heavily loaded until the full cure time has elapsed.

15.3 Generation 3 - one-step R&D
Only after the two-part product is validated should a true one-bottle red-light CA be revisited. Candidate paths 
include a more genuinely neutral photocage with lower dark basicity, covalent immobilization of the photobase 
within a carrier that releases base only after light, or protected microdomains that do not contact CA until 
triggered. Each adds complexity and must beat the two-part kit on shelf life, cost, and user value rather than 
merely reducing one application step.

15.4 Claims ladder
Claim When allowed
"Activated by 650-660 nm red light" After action spectrum and dose-response reproduce across lots.

"Fixtures in X seconds"
After standardized fixture-load test across defined substrates, 
temperature, RH, and tool.

"Low bloom"
After side-by-side controlled humidity imaging vs named internal 
reference.

"Stronger than conventional superglue"
Only for specific substrates/tests where statistical superiority is 
measured.

"Deep cure" Only with explicit bondline/optical path and conversion mapping.

"Safe" / "eye-safe"
Avoid generic claim; use certified light-source classification and 
instructions.

"Medical" / "skin"
Only after full material/photoproduct biological and regulatory 
program.

16. Conclusions and decision gates
The original idea - point a red light at an adhesive and gain temporal/spatial control - is scientifically attractive. 
The linked implementation is weakened by a misidentified product class, an internally inconsistent dye 
synthesis/formula, and unsupported performance and safety claims. The most important improvement is 
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therefore architectural, not cosmetic: return to true cyanoacrylate and keep the red-light trigger separate until 
use.

The separated photobase-primer strategy survives all three core desk-level challenges better than the 
alternatives. It avoids storing a base-releasing species inside the CA; it uses a documented 660 nm photobase 
mechanism rather than an unverified custom chromophore; and it preserves ordinary CA shadow cure. Its 
principal unknowns are now sharply defined and experimentally tractable: whether red-generated base can 
trigger CA fast enough at practical primer dose, whether the primer can be deposited from a consumer-
compatible solvent without weakening the interface, and whether residual color/photoproducts are acceptable.

Go / no-go gates
Gate Pass criterion If failed

G1: Optical causality
660 nm exposure produces >=5x reduction 
in fixture time vs dark and solvent-only 
controls at equal humidity

Increase primer dose / evaluate alternate 
red PBG; if no effect, stop lead route.

G2: Final adhesion
24 h strength >=90% of matched unprimed 
commercial CA control with acceptable 
failure mode

Reduce primer residue/binder; alter 
solvent/deposit.

G3: Working time
Dry primer + CA joint retains >=30 s 
alignment window under defined 
low/medium RH

Lower PBG dose; increase CA stabilization; 
edge-only primer.

G4: Shelf stability
Part A and Part B each meet accelerated 
screening with no meaningful performance 
drift

Change packaging, impurity specs, or active 
chemistry.

G5: Consumer dose
Shielded 660 nm LED achieves target fixture 
time without open Class-3R beam 
requirement

Keep industrial-only or redesign active for 
higher sensitivity.

G6: Cost
Incremental primer+package cost fits target 
gross margin

Simplify applicator, lower active dose, 
contract active manufacture.

Bottom line
The strongest version of this product is not "IndaRed-5 dissolved in TEGDMA." It is a dual-component, red-
photobase-gated cyanoacrylate platform in which ordinary CA chemistry supplies final bond performance and 
shadow cure, while a separately stored 650-660 nm trigger supplies user-controlled fixture. That is the version 
worth spending laboratory money on.
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Appendix A. Quantitative calculations
A.1 Formula correction for the source dye route

4-(N-hexyl-N-phenylamino)benzaldehyde: C19H23NO

5-nitro-1,3-indanedione:                  C9H5NO4

Condensation: C19H23NO + C9H5NO4 - H2O = C28H26N2O4

M(C28H26N2O4) = 454.52 g/mol (using standard average atomic weights)

The claimed C30H28N2O4, 480.55 g/mol formula is two carbons and two hydrogens larger. A cinnamaldehyde-
type donor precursor would account for that difference. The original synthesis therefore needs correction 
before any cost, yield, or photophysics claim can be trusted.

A.2 Light-dose equations
Irradiance E = optical power P / illuminated area A

For circular spot: A = pi*(d/2)^2

Radiant exposure H = E*t

For a nominal 5 mW source and 2 mm diameter uniform spot, A = 0.0314 cm2 and E ~= 159 mW/cm2. A 1 J/cm2 
exposure would require ~6.3 s in the idealized model. At 3 mm, E ~= 70.7 mW/cm2 and 1 J/cm2 requires ~14 s. 
Real absorbed dose is lower due to beam profile, reflection, substrate absorption, and spectral mismatch.

A.3 Primer active-mass sensitivity
m_active = m_primer_solution * wt_fraction_active

A 0.22 g primer fill at 0.25 wt% active contains ~0.55 mg PBG. If one application uses only a fraction of the fill, 
the active chemical cost per joint can be extremely small even for a specialty molecule. This is the economic 
logic behind the separated-primer design.

Appendix B. Suggested laboratory SOPs (development level)
B.1 Red-light fixture-time test
26. Condition coupons for 24 h at target temperature/RH. Clean using the substrate-specific protocol.
27. Apply primer to 1.0 cm2 marked region and record wet mass by difference. Dry to the prescribed time.
28. Apply a fixed CA mass (e.g., a controlled microdispensed drop) to the opposing coupon. Assemble with 

calibrated spacers and clamp force.
29. After a fixed alignment delay, expose to red light at measured irradiance. Record radiant exposure, not 

merely nominal source power.
30. At predefined times, apply the fixture-load test. Fixture time is the earliest time the joint supports the 

specified load without displacement.
31. Keep matched dark, no-primer, and solvent-only controls. Randomize sample order.

B.2 Lap-shear protocol controls
 Use a recognized standard geometry and consistent overlap.
 Report adhesive mass and estimated bondline thickness.
 Report substrate lot, pretreatment, roughness where relevant, cure temperature/RH, and post-cure age.
 Report individual values, mean, standard deviation/confidence interval, and failure mode.
 Do not count substrate failure as an exact adhesive-strength measurement beyond the substrate limit.
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B.3 Dark-stability compatibility test
32. Prepare sealed Part A samples with no photobase as negative control and any proposed one-part 

experimental additives as test samples.
33. Age at 23, 40, and 50 C in opaque containers. Measure viscosity and monomer profile at frequent early 

points because runaway polymerization is nonlinear.
34. Any additive that produces rapid viscosity growth or gelation is rejected regardless of attractive light cure.
35. For the separated-primer architecture, perform vapor-contact studies to ensure primer solvent/amine traces 

do not migrate through shared packaging.

Appendix C. Reference benchmarks from literature and patents
Benchmark Reported observation Use in this program

Faggi et al., Macromolecules 2019 [2]
Electron-rich polymethylferrocenes enable 
visible/NIR photopolymerization of 
commercial long-chain cyanoacrylates.

Proves that CA can be photo-triggered 
through electron transfer; benchmark 
control.

Koay et al., Materials Today Chemistry 2024 
[3]

Methylene-blue-derived photocage releases 
TMG at 660 nm and catalyzes nucleophilic 
polymerizations.

Lead red-light trigger concept.

ACS Polymers Au review 2025 [12]
Summarizes red PBG behavior; reports 2 
mol% catalyst and 54 mW/cm2 giving 2-3 
min gelation in a thiol system.

Dose order-of-magnitude benchmark only.

He et al., Polymer Chemistry 2023 [5]
Cyanine/iodonium systems initiate radical 
polymerization at 630 nm and NIR.

Backup red radical system / optional edge-
tack domain, not direct CA proof.

EP3960151B1 [6]
Photocurable CA with ferrocene + 
phosphine oxide; controlled exotherm, 
aging, and adhesion examples.

Performance/process benchmark and FTO 
warning.

FDA laser guidance [8,9]
Visible laser pointers limited to 5 mW for 
pointing class; Class 3R can still be 
hazardous.

Reject generic "safe laser" marketing.

Cyanoacrylate cotton burn literature [10]
Cellulose contact can generate severe 
exotherm and thermal burns.

Mandatory labeling/use restriction.

Kočman et al., Angew. Chem. Int. Ed. 2026 
[11]

Purified PB-TMG still initiated a highly 
sensitive anionic monomer in the dark.

Direct reason to reject one-part 
photobase/CA storage without data.
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Scientific integrity note
No experimental measurements were performed by this report. Numerical properties attributed to prior art are 
cited as prior-art results; proposed RedLock-660 performance values are targets or calculations. The first laboratory 
objective is to falsify the central hypothesis quickly and cheaply, not to confirm it.
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