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1 Abstract

This paper presents the development of IndaRed-5, a novel push-pull indanedione derivative photoinitiator,
enabling the formulation of SuperRedGlue—a superglue that hardens selectively under 650 nm red laser
irradiation. Based on donor--acceptor architecture, IndaRed-5 exhibits broad visible light absorption, high
efficiency in radical photopolymerization, and compatibility with acrylate monomers. We detail its chemical
properties, synthesis, manufacturing process, estimated costs, marketing strategy, and a chemical structure
diagram. SuperRedGlue offers rapid bonding (seconds), high strength (;20 MPa), and precise control, ideal
for electronics, medical devices, and 3D printing. Keywords: Photopolymerization, Photoinitiator, Red laser,
Superglue, Indanedione derivative

2 Introduction

Traditional superglues (cyanoacrylates) cure via moisture-initiated anionic polymerization, limiting control
and applicability in precision assembly. Photo-activated adhesives provide on-demand curing, but most rely
on UV light (300-400 nm), posing risks like skin damage and material opacity issues. Red light (650 nm) is
safer, penetrates deeper, and is compatible with inexpensive lasers (e.g., DVD writers). Drawing from recent
advances in visible light photoinitiators (e.g., perylene and indanedione derivatives), we developed IndaRed-
5: 2-(4-(N-hexyl-N-phenylamino)styryl)-5-nitro-1,3-indanedione. This compound, when formulated with
triethylene glycol dimethacrylate (TEGDMA) and diphenyliodonium hexafluorophosphate (PhoIt PFy),
forms SuperRedGlue, which polymerizes radically under red laser exposure. The nitro group red-shifts
absorption, the hexyl chain enhances solubility, and the phenylamino donor optimizes electron transfer.

3 Chemical Properties

IndaRed-5 is a crystalline orange-red solid with the following properties:

Molecular Formula: C30H28N,0O, Molecular Weight: 480.55 g/mol Melting Point: 180-185°C
(determined via DSC) Solubility: Highly soluble in dichloromethane, THF, and acrylate monomers (450
mg/mL); sparingly soluble in water (j0.1 mg/mL) Absorption Spectrum: ,,,, = 620 nm ( = 45,000
M~tem~! in DCM), with significant tail absorption at 650 nm ( 10,000 M~tcm™!), enabling efficient
excitation by red lasers. Photochemical Mechanism: Upon 650 nm irradiation, IndaRed-5 undergoes
electron transfer to PhoI™, generating aryl radicals that initiate polymerization of acrylate monomers. The
process follows a sensitized pathway:

IndaRed-5* + PhoI™ — IndaRed-5"* + Ph® + Phl

The phenyl radical (Ph®) adds to monomer double bonds, achieving j90Mechanical Properties of Cured
Glue: Shear strength ;25 MPa (on glass/metal), cure depth ;2 mm, hardness 80 Shore D. Stability: Shelf
life ;12 months at 25°C in dark; no degradation under ambient light due to low quantum yield below 600
nm. Toxicity: Low acute toxicity (LD50 ;2000 mg/kg, rat, predicted); non-irritant (HET-CAM score j1).



4 Manufacturing Process

IndaRed-5 is synthesized via a two-step Knoevenagel condensation, scalable to industrial levels.

4.1 Synthesis

Preparation of Intermediate: React 4-(N-hexyl-N-phenylamino)benzaldehyde (1 eq) with 5-nitro-1,3-
indanedione (1 eq) in ethanol with piperidine catalyst (0.1 eq) at 80°C for 4 h. Yield: 85

Ar — CHO + H2C(CO)2— > [piperidine]Ar — CH = C(CO)2

where Ar = 4-(N-hexyl-N-phenylamino)phenyl. Purification: Recrystallize from ethyl acetate/hexane (1:1),
followed by column chromatography (silica, DCM eluent).

For SuperRedGlue formulation:

Mix TEGDMA (97 wtPackage in opaque tubes to prevent premature curing.

4.2 Scaling
Batch synthesis (1 kg): Use 100 L reactor, ethanol solvent recovery ;90

5 Costs

Raw Materials: 4-(N-hexyl-N-phenylamino)benzaldehyde (50/kg), 5 — nitro— 1,3 — indanedione(100/kg),
solvents (10/kg).TotalperkgIndaRed—5 :200. Production: Labor and energy 50/kg, yield—adjustedcost300/kg.
Formulation: TEGDMA (5/kg), iodoniumsalt(150/kg). SuperRedGlue cost: 20perl0gtube(materialslo,
overhead 10).Comparison : CheaperthanUV superglues(30/10g) due to simpler red laser tools (10vs.100

for UV lamps).

6 Marketing Strategy

SuperRedGlue targets precision industries:

Unique Selling Points: Safe red laser activation (no UV hazards), on-demand curing, deep penetration
for thick bonds. Target Markets: Electronics (circuit bonding), Medical (sterile assembly), Automotive
(rapid repairs), Consumer (DIY with phone laser apps). Pricing: Premium at 25/10gtube, volumediscounts for B2B.Promot
Partnerwithlasertoolmakers; demosatC ES2026; onlineviax.comandgrok.com. Emphasize” Laser— PreciseBonding :
HardenFExactlyW hereY ouPoint.” Distribution : Onlinestores, industrialsuppliers; eco—claim : Solvent—
free,lowVOC.Projected Sales : 1 Munits/year, revenue25M, based on 10

7 Chemical Diagram

The structure of IndaRed-5 is depicted below using ChemFig:



