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ABSTRACT

Polyolefin synthesis is an ever-growing field due to the low cost of monomer feed stocks and the wide range of applications of the resulting polymeric material. Polyolefins are most commonly polymerized through coordination-insertion polymerization. One area this field of research has progressed is the development of complex ligand scaffolds to achieve various levels of control over polymerization. For example, researchers have been able to control molecular weight, branching density, and tacticity of various olefin polymerizations. As a result of complex ligand scaffolds, the catalytic systems become more expensive and less industrially applicable. On the other hand, little research efforts have been made to activate current olefin polymerization precatalysts with the use of external stimuli. 
Several methods of polymerization have harnessed the energy of light to initiate and control polymerizations. However, little progress has been made in the field of light mediated olefin polymerization. Therefore, several fundamental questions have emerged from this shortcoming: 1) can current light activated polymerization techniques be modified to activate olefin polymerization precatalysts? 2) If so, can the polymerization of both liquid and gaseous monomers be achieved through this method? and 3) Can light be used to gain spatial and temporal control over olefin polymerizations?
This dissertation seeks to address the current limitations in light mediated olefin polymerization through answering the presented fundamental questions. Specifically, we have developed methods in which UV light and visible light can be used to polymerize 1-hexene and ethylene in solution and facilitate the heterogeneous polymerization of ethylene. To do this we used a photoacid generator (PAG) or PAG/photosensitizer system in tandem with an olefin polymerization precatalyst. In addition, we showed that both temporal and spatial resolution can be achieved through this polymerization method. Following the developments in PIOP, I have provided my contributions to the synthesis and characterization of poly(cycloallenes) in Appendix C. 
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A version of this chapter was originally published by Alicia Doerr, Justin Burroughs, Sean Gitter, and Xuejin Yang:

	Alicia M. Doerr, Justin M. Burroughs, Sean R. Gitter, Xuejin Yang, Andrew J. Boydston,* and Brian K. Long*. “Advances in Polymerizations Modulated by External Stimuli.” ACS Catal. 2020, 10, 14457−14515.

I oversaw gathering all the information on light initiated and controlled polymerizations for controlled radical polymerizations and cationic polymerizations. I provided the section of the introduction that specifically mentions light as a stimulus. I also helped edit the review article for any scientific or grammatical errors. Alicia wrote the introduction, the redox section, and the light modulated olefin polymerizations. Sean and Xuejin from the University of Wisconsin were in charge of the electrochemistry, mechanochemistry, and all sections containing ROMP in this review article. In this work, I have modified sections written by others and myself to provide sufficient background for this dissertation. Professors Dr. Brian Long and Dr. Andrew Boydston advised this work and aided in the preparation of the manuscript.

[bookmark: _Toc96081347][bookmark: _Hlk96095968][bookmark: _Toc96416925]1.1 Introduction 
 
Interest in the design and synthesis of tailored polymeric materials has grown over the last few decades due to the well documented correlation between structure, property, and function.1-5 In order to obtain polymers with desired microstructures, well controlled synthetic methods are crucial. Inspiration for these methods is often drawn from nature and the complexity seen within biological systems where protein sequences and structures are carefully controlled.6 Emulating the control and sophistication that is exhibited by biological systems to obtain highly defined polymer structures is one of the major goals within the synthetic polymer community.5-6 Introducing sophistication into synthetic polymeric materials is closely tied to the use of tailorable and tunable catalysts and initiator systems.7 
Towards this goal, many advances and new developments have been made in the realm of controlled and living polymerization techniques.5, 8-9 Early methods of controlled polymerization include the development of controlled free radical polymerization (CRP) methods,2-3, 6, 10 such as atom transfer radical polymerization (ATRP)4, 11 and reversible addition-fragmentation chain-transfer polymerization (RAFT),12 as well as advances in polymerization methods like ionic polymerization,13 ring-opening polymerization (ROP),6, 14 chain walking coordination polymerization,6, 15 and ring-opening metathesis polymerization (ROMP).6, 16 These methods each provide a means by which the incorporation of functionalized monomers, monomer placement, and polymer architecture can be controlled to produce well-defined polymers.6 Furthermore, control over the formation of unique polymeric materials has been achieved via post polymerization modification using methods such as click chemistry,17 cross coupling reactions,18 or active esters; just to name a few.18 Despite the developments in functional group compatibility, molecular weight control, and stereocontrol, most polymerization techniques are unable to achieve the spatial or temporal control exhibited by many biological systems.
Endowing polymerizations with spatiotemporal control is highly intriguing and may open numerous avenues for the synthesis of bespoke polymeric materials. One method by which this control may be achieved is through the use of external stimuli to modulate the initiation and/or propagation steps of polymerization.7 These external stimuli can be used to elicit discrete, site-specific transformations that enable a system to toggle between distinct states.5, 19-23 When applied to various systems, external stimuli may be used to alter reactivity and selectivity in situ, as well as enable modulation of polymer molecular weight, rate of monomer conversion, monomer sequence, dispersity, tacticity, and overall architecture, as well as many physical and mechanical properties.6-7 
Among the external stimuli available, light poses several advantages: it is inexpensive, non-invasive, and environmentally benign.6 Additionally, light offers the ability to conduct reactions at room temperature, enables temporal and spatial control, and in some cases, can act as an on/off switch for propagation during a polymerization.5-6 Harnessing the energy of light to induce chemical reactions has been a popular topic that has led to a variety of photo-initiated24 and photo-controlled processes.25-28 In an effort to emulate natural process, such as photosynthesis, scientists have used the energy of light to initiate and control polymerizations.6, 29 Applications for these processes include but are not limited to coatings, inks, adhesives, photolithography, laser imaging, and biomaterials.30 
Light-induced polymerizations can be separated into two categories: photo-initiated and photo-controlled. In a photo-initiated polymerization, the propagating species is generated upon excitement of a photoinitiator. The polymerization then proceeds in the same manner as if it had been chemically or thermally initiated. On the other hand, a photo-controlled polymerization mediates both initiation and propagation via photoactivation of the polymer chain end, monomer, or catalyst upon exposure to light.6 Both of these methods offer the potential to impart both spatial and temporal control of polymerization activity, as well as control over molecular weight, architecture, and tacticity, among others. This chapter aims to highlight recent advances in photo-initiated and photocontrolled polymerizations.
[bookmark: _Toc96416926]  1.2 Controlled Free Radical Polymerization (CRP)
		 
Among all polymerization techniques, radical polymerization has gained the interest of academia and industry due to the large variety of monomers that can be polymerized under mild polymerization conditions, the tolerance of water in the reaction, and the ability to copolymerize monomers to achieve an array of properties.31 As research progressed in radical polymerization, researchers developed several techniques to gain control over free radical polymerization such as: atom transfer radical polymerization (ATRP), reverse addition fragmentation chain transfer (RAFT) polymerization, nitroxide mediated polymerizations (NMP), among a few others.  These methods allowed for the synthesis of polymers with a more narrow dispersity, greater molecular weight control, and the ability to access advanced polymeric architectures. While a great deal of polymerization control was achieved through the developments in CRP, interested in the field was directed toward accessing spatial and temporal control through each of the CRP methods.
[bookmark: _Hlk96098440][bookmark: _Toc96416927]1.2.1 Developments in Photo-ATRP

ATRP is one of the most studied CRP methods today. Early investigations into photomediated ATRP involved the generation of a radical upon irradiation of a photoinitiator, followed by degenerative transfer of the propagating radical to a Cu species (Figure 1). Preliminary work in this field highlighted four unimolecular photoinitiators: 2,2-dimethoxy- 2-phenylacetophenone (DMPA), (2,4,6-trimethylbenzoyl)- diphenylphosphene (TPO), bis(2,4,6-trimethylbenzoyl)- phenylphosphine oxide (BPO), and 2-hydroxy-4′-(2-hydroxyethoxy)- 2-methylpropiophenone (Irgacure 2959).32-35 Each of these studies showed  that not only could light be used to initiate polymerization of methyl methacrylate (MMA) or oligo(ethylene oxide) methyl ether methacrylate (OEOMA) at different wavelengths (350 – 500 nm), but also retained good control over molecular weight and dispersity. Dimanganese decacarbonyl (Mn2(CO)10) is another well-known complex that can be used as a unimolecular metal photoinitiator of radical polymerizations. Researchers have shown that Mn2(CO)10 may 



[bookmark: _Toc96329550]Figure 1.1. General Mechanism for Cu-based Photomediated ATRP in the Presence of a Photoinitiator. L = ligand, PI = photoinitiator, PS = photosensitizer, R-H = hydrogen donor, M = monomer, and P = polymer.37 
























homolytically decompose to manganese pentacarbonyl (Mn(CO)5) under visible-light (400−500 nm) or sunlight irradiation and initiate the polymerization of MMA.36
In addition to the unimolecular initiators, several bimolecular initiators have been developed that employ photosensitizers. Photosensitizers undergo excitation upon light exposure but often require a co-initiator such as a tertiary amine, thiol, or alcohol to produce a radical species required for polymerization. Benzophenone/benzyl alcohol and camphorquinone/ benzhydrol are common photosensitizer/co-initiator systems that have been shown to initiate the polymerization of MMA when irradiated with UV (350 nm) and visible (400− 500 nm) light, respectively.32, 38 However, it was noted that the benzophenone system proceeded at a lower rate than previous unimolecular initiators and did not maintain control of the polymerization. In contrast, the camphorquinone/benhydrol system resulted in a well-controlled radical polymerization. 
A variety of nanoparticle photoinitiators have also been investigated as unimolecular photoinitiators in surface-initiated polymerizations such as, zinc oxide, titanium dioxide, and mesoporous carbon nitride nanoparticles under long-wave UV irradiation (∼350 nm).39-41 NbCl5 nanoparticles have also been used to initiate the photomediated ATRP of N-isopropylacrylamide (NIPAAm) under visible-light irradiation (400−700 nm).42 Similar to the nanoparticles used for unimolecular initiation, Zhou and co-workers reported a bimolecular dye-sensitized TiO2 or deuterated TiO2 system to grow polymer brushes under sunlight irradiation.43 Each of these systems exhibited both spatial and temporal control over polymerization.
A shift toward green chemistry techniques resulted in the use of metal-free photoinitiators to initiate Cu-based photomediated ATRP. The organodyes erythrosine B and eosin Y have been reported to initiate the polymerization of MMA under visible-light irradiation (400−500 nm), showing good control over the Mn and dispersity.34 Similar to the unimolecular initiators, there has also been a move toward green chemistry techniques for bimolecular systems. Various polymethines have been used as photosensitizers to initiate the ATRP of MMA in the presence of CuBr2 and tris(2-pyridylmethyl)amine (TMPA) under far-red/near-IR (NIR) irradiation (693−800 nm).44 The field photoATRP has since advanced to initiate polymerization and control propagation with presence/absence of light without requiring a photoinitiator. A comprehensive review of photoATRP without a photoinitiator can be found in the literature.45
[bookmark: _Hlk96095762][bookmark: _Toc289175825][bookmark: _Toc96416928]1.2.2 Developments in light mediated RAFT polymerizations

Prior to the introduction of RAFT polymerizations, Otsu and coworkers developed several disulfide-containing compounds that initiateand control the polymerization of various monomers, such as MMA and St, upon exposure of the polymerization to UV radiation.46-47 Upon irradiation with UV light, the S−R bond of the disulfide is cleaved, generating a sulfur radical and an alkyl radical, which can react with monomer to generate a propagating chain (Figure 2). The disulfide compounds can then undergo radical combination with a propagating species to form a dormant polymer chain. Upon re-exposure to UV radiation, the dormant species can reinitiate, allowing propagation of the growing polymer chain to resume. The ability of the disulfide compounds to act as an initiator, transfer agent, and terminator46-47 with light exposure gave rise to a class of RAFT agents coined photoiniferters.48-49 Photoiniferters are unique in that both initiation and propagation of a polymerization can be controlled with the presence/absence of light as long as the photoiniferter does not degrade. 
Following the development of disulfide photoiniferters, a variety of dithiocarbamate RAFT agents were studied, laying the foundation for short-wave-UV-activated photoiniferters. In these studies, p-xylenebis(N,N-diethyldithiocarbamate) (XDT),50-51 2-(N,N- 


[bookmark: _Hlk96273499][bookmark: _Toc96329551]Figure 1.2. General Mechanism of Photoiniferter Polymerization. M = monomer and P = polymer.25 














diethyldithiocarbamyl)isobutryic acid (DTCA),52-55 (4-cyano-4-diethyldithiocarbamyl)- pentanoic acid, 52-55 and dibenzyl trithiocarbonate (DBTTC)56 were developed from the homo- and block copolymerization of acrylates/methyacrylates such as, n-butyl acrylate (nBA), 2-hydroxyethyl methacrylate (HEMA), methyl acrylate (MA), methyl acrylic acid (MAA), and styrene (St). When XDT was tested for the polymerization of nBA, Lambrinos and co-workers found that the polymerization exhibited living character only in the early stages because of photodegradation of the photoiniferter.50 Mechanistic studies also revealed that at low monomer conversion, the primary mode of termination was carbon−carbon radical combination because of the low viscosity of the solution. However, as the monomer conversion and viscosity increased, the mode of termination was found to switch to carbon−dithiocarbamyl radical combination because of its lower activation energy as opposed to carbon−carbon radical combination. To expand the monomers available to this polymerization method, the Ishizu group synthesized the sodium salt of DTCA, resulting in the photocontrolled polymerization of NIPAAm in aqueous media.53 Additionally, Barner-Kowollik and co-workers reported the use of S,S′- bis(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (BDMAT) to facilitate the photocontrolled polymerization of acrylic acid (AA) at ambient temperature under aqueous conditions.57
Although all of the photoiniferters previously mentioned facilitate the living polymerization of several monomers at low conversion, they are all subject to irreversible photoiniferter degradation with extended exposure to short-wave (254 nm) UV radiation. In an attempt to alleviate this degradation, researchers sought out systems that could be activated with long-wave (310−392 nm) UV radiation. This was demonstrated with the development of 1-(ethoxycarbonyl)prop-1-yl dithiobenzoate (EPDTB),58 phenacyl morpholine-4-dithiocarbamate (PMDC),59 1-phenylethyl phenyldithioacetate,60 and BDMAT57, 61-62 for the controlled (co)polymerization of a variety of monomers including St, maleic anhydride, MA, vinyl acetate (VAc), AA, and nBA. 
In order to gain a better understanding of these photoiniferter systems and optimize their reaction conditions, the intensity and wavelength of the light used, the photoiniferter concentration, and the incorporation of a Lewis acid have all been probed. With the development of S-2-cyano-2-propyl Oethyl xanthate63 and S-dodecyl S′-(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (DDMAT),64 it was found that increasing the photoiniferter concentration used during the polymerization counteracted the instability commonly exhibited by photoiniferters upon UV irradiation. This allowed the systems to maintain linear relationships between Mn and conversion of monomer (VAc or MA) up to higher monomer conversions, which could be retained over several different irradiation intensities. Additionally, studies with a bis- (norbornene) trithiocarbonate photoiniferter for the polymerization of NIPAAm confirmed that lowering the intensity of the UV radiation source (sample distance from lamp was increased from 0.7 cm to 3 cm) resulted in a linear relationship between Mn and monomer conversion up to 86% NIPAAm consumption.65 In addition to controlling the initiation and propagation of a polymerization, controlling the tacticity of the obtained polymer is highly desired. Li and co-workers showed that by adding a Lewis acid, yittrium triflate (Y(OTf)3), during the polymerization of acrylamide (AAm) with DBTTC, the tacticity of the resulting polymer can be varied.66 
Further attempts to reduce degradation of the photoiniferter during irradiation have required modification of the photoiniferter scaffold to enable these systems to be activated upon exposure to visible light. The Boyer group was one of the first to develop visible-light-controlled photoiniferter systems by testing the activity of 4-cyano-4-[(dodecylsulfanylthiocarbonyl) sulfanyl]pentanoic acid (CDTPA), DDMAT, 4-cyano-4-(phenylcarbonothioylthio)pentanoic acid (CPADB), and 2-(n-butyltrithiocarbonate)propionic acid (BTPA) upon exposure to blue (λmax = 461 nm), green (λmax = 530 nm), and red (λmax = 635 nm) light for the polymerization of MA and MMA.67 Although neither CPADB nor BTPA exhibited any polymerization activity upon exposure to blue, green, or red light, both CDTPA and DDMAT were polymerization-active under blue- and green-light irradiation.
More recently, CDTPA was used for the photocontrolled polymerization of benzyl methacrylate (BnMA),68 oligo-EGMA (OEGMA),68 butyl methacrylate (BuMA),69 and N-(2-hydroxypropyl)- methacrylamide (HPMA)70 under irradiation with blue light (460 nm) and green light (530 nm). The previous examples of photoiniferter systems have been limited to blue and green light irradiation. Therefore, additional photoiniferter systems have been developed for activation using alternative light sources. The development of ethyl 2-((phenoxycarbonothioyl)thio)propanoate (PXEP) by Li and co-workers led to the polymerization of VAc, St, nBA, tBA, and NIPAAm under violet-light (405 nm) irradiation.71 The PXEP system also displayed a slight oxygen tolerance, allowing polymerizations to be conducted under ambient conditions. A shift toward a more sustainable light source was carried out by Wang and co-workers with the report of the polymerization of MMA, MA, VAc, and NIPAAm in the presence of 2- cyanopropan-2-yl naphthalene-1-carbodithioate (CPDN), CPADB, ethyl 2-((ethoxycarbonothioyl)thio)propanoate, or 3-azidopropyl 3-((((2-methoxy-2-oxo-1-phenylethyl)thio)-carbonothioyl)thio)propanoate initiated via irradiation with sunlight.72 McKenzie and co-workers performed mechanistic studies on BTPA, 2-(((dodecylthio)carbonothiolyl)thio)propanoic acid (DDTPA), DDMAT, 4-cyano-4-[(dodecylsulfanylthiocarbonyl) sulfanyl]pentanoic acid (DDCTPA), 2-cyano-2-propyl dodecyl trithiocarbonate (DDCTC), S-benzyl S′-dodecyl trithiocarbonate (DDTB), and CPADB under bluelight irradiation in order to better understand the activation of these visible-light systems and their photolytic stability.73-75 This study revealed that photoiniferters that generate tertiary radicals (DDMAT, DDCTPA, DDCTC, CPADB) are subject to irreversible degradation upon extended light exposure, whereas photoiniferters that generate secondary (BTPA) or primary (DDTB) radicals experience minimal irreversible degradation.
Additionally, advanced architectures such as hyperbranched polymers can be accessed through a new class of compounds that can serve as both the photoiniferter and monomer: 2- (N,N-diethyldithiocarbamyl)ethyl methacrylate,76-78 ethyl 2-(N,N-diethyldithiocarbamyl)isobutyrate, 76-78 2-(N,Ndiethyldithiocarbamyl) ethyl acetate, 76-78 and S-methacryloyl O-ethyl xanthate (MAX).79-81 Each of these photoiniferters bears both an acrylate and a dithiocarbamate moiety, making it ideal for the synthesis of hyperbranched polymers when incorporated with various monomers such as EMA, St, and maleimide (Figure 3) under UV irradiation. Kinetic studies revealed a linear relationship between Mn and monomer conversion, demonstrating the control exerted by these systems. Ajayaghosh and Francis also observed that the architecture of the polymer obtained with MAX can be tailored through variation from an electron-deficient vinyl monomer to an electron-rich vinyl monomer. When polymerizing an electron-deficient monomer, MAX serves primarily as a photoiniferter, resulting in a linear polymer chain. Conversely, when polymerizing an electron-rich monomer, MAX serves not only as a photoiniferter but also as a monomer that becomes incorporated into the polymer chain, resulting in a branched polymer. 
Visible-light photoiniferters have also been used to access advanced polymer architectures such as hydrogels74 and star polymers.82 The Qiao research group used DDCTC under blue-light irradiation (460 nm) to produce hydrogels via copolymerization of 2-hydroxyehyl acrylate (HEA) and ethylene glycol diacrylate (EGDA).74 Later, Qiao and coworkers accessed star polymers through polymerization of MA with BTPA under blue-light irradiation (460 nm) followed by the addition of a small amount of EGDA as a cross-linker.82 Because of the “living” core of the generated star polymer, a pseudo-miktoarm star polymer could also be obtained via the subsequent addition of more monomer. 
[image: A picture containing text, blur

Description automatically generated]
[bookmark: _Toc96329552]Figure 1.3. Utilizing Dual Photoiniferter/Monomer Systems to form Hyperbranched Polymers.26 































While the photoiniferter systems previously mentioned laid the foundation for photocontrolled RAFT polymerizations, these systems often require the use of UV irradiation to both initiate and control the polymerization propagation. However, a method known as photo-RAFT polymerization can achieve initiation and propagation control through the use of a photoinitiator in tandem with a photoiniferter, even in cases where such control may not be achieved using strictly a photoiniferter. The photoexcitation of the photoinitiator serves as the radical source to initiate polymerization, while the photoexcitation of the photoiniferter enables control over the propagation via photolysis of the dormant polymer chain (Figure 4). In 2005, Cai and colleagues reported one of the first photo- RAFT polymerizations, in which TPO was used as the photoinitiator with DDMAT as the photoiniferter under UV irradiation.83-84 Under these conditions, the polymerization of St derivatives afforded homo- and block copolymers with good molecular weight control (Đ < 1.17). 
Following this seminal work, a variety of homo-, random, and block copolymers (St, α-vinylbenzyl alcohol, NIPAAm, MA, nBA, glycidyl methacrylate (GMA), n-BuMA, (N-2-acryloyloxyethyl)pyrrolidone, (ethylene glycol) acrylate, N-(2-aminoethyl)acrylamide hydrochloride, 2-(4-imidazolyl)ethyl acrylamide, and primary-aminefunctionalized monomers) have been accessed through photoactivation of different combinations of TPO and photoiniferters under UV irradiation (BDMAT83, 85-86 and 2-cyanoprop-2-yl (4-fluoro)dithiobenzoate (CPFDB)87) or visible-light irradiation (S-ethyl S′-(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (EDMAT)88-89 and CPADB90). Additionally, Cai and coworkers showed that the CPFDB/ TPO system exhibited no irreversible degradation within the time scale of the polymerization, as is commonly seen for photoiniferters.87 In addition to TPO, Irgacure 2959 has been investigated for the initiation of photo-RAFT. 


[bookmark: _Toc96329553]Figure 1.4. General Mechanism for Photo-RAFT Polymerization. PI = photoinitiator, M = monomer, and P = polymer.25  
















NIPAAm was polymerized in the presence of BDMAT with Irgacure 2959 and phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide as the photoinitiator.86, 91-92
Photo-induced Electron/energy Transfer-Reversible Additon-Fragmentation Chain Transfer (PET-RAFT) polymerization is an extension of photo-RAFT polymerization that uses a photoredox catalyst to initiate polymerization instead of a photoinitiator and allows the polymerization to be controlled by the presence or absence of light.93 When the photoredox catalyst has a lower reduction potential than the RAFT chain-transfer agent (CTA), the photoredox catalyst reduces the photoiniferter, yielding a propagating radical and an oxidized photoredox catalyst. The propagating radical can react with the CTA to form a dormant species and regenerate the photoredox catalyst. Upon further irradiation, the photoredox catalyst reduces the CTA, thus continuing propagation (Figure 5). One of the first reported examples of PET-RAFT polymerization used fac-Ir(ppy)3 as the photoredox catalyst paired with a variety of photoiniferters, including CPADB, BTPA, 3- (benzylsulfanylthiocarbonylsulfanyl)propionic acid (BSTP), and methyl 2-[(ethoxycarbonothioyl)sulfanyl]propanoate (MECSP).93-98 The trithiocarbonate photoiniferters were used for the polymerization of MMA, MA, tert-butyl acrylate (tBuA), St, N,N-dimethylacrylamide (DMA), NIPAAm, OEGMA, and isoprene under irradiation with violet light (405 nm) or blue light (460 nm), whereas MECSP was used for the polymerization of VAc, vinyl pivalate, N-vinyl-2-pyrrolidone (NVP) and dimethyl vinylphosphonate under blue-light irradiation (460 nm). 93-98 
Polymerization studies revealed that an increase in light intensity resulted in an increase in the rate of polymerization..99 A major advantage of these systems is the ability 
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to carry out polymerizations in atmosphere because of the propensity of the oxidized photoredox catalyst to act as an oxygen scavenger.95 Upon irradiation, fac-Ir(ppy)3 is oxidized from an IrIII species to an IrIV, species which can react with any oxygen present in the polymerization solution to produce IrIII and O2•− which will not react with propagating radicals. 95 In 2015, Boyer and coworkers used this tolerance to perform a miniemulsion polymerization of St under blue-light irradiation (460 nm) using BSTP.96 The fac-Ir(ppy)3 system has also been used in conjunction with the Lewis acid Y(OTf)3 during the polymerization of DMA to control the polymer’s tacticity.100 In addition to the fac-Ir(ppy)3 system, a Ru(bpy)3Cl2 photoredox catalyst system has been developed for the polymerization of MMA, MA, ethyl acrylate (EA), tBA, nBA, HEA, DMA, NIPAAm, di(ethylene glycol)ethyl ether acrylate, OEGMA, phenyl acrylate, N-acryoylmorpholine (NAM), and N,N′- diethylacrylamide using CPADB, BTPA, or 2-(pyridin-2-yldisulfanyl)ethyl 2-(((butylthio)carbonothioyl)thio)- propanoate as the photoiniferter under blue-light irradiation (435−470 nm).98, 101-104 Similar to the fac-Ir(ppy)3 system, the Ru(bpy)3Cl2 system exhibited oxygen tolerance.101 The photoredox catalysts Nb(OH)5105 and Mn2(CO)10106 have also been studied using 4-cyano-4-(ethylthiocarbonothioylthio) pentanoic acid (CETP) and CPDN, respectively, as the photoiniferter to yield photocontrollable polymerizations. The Nb(OH)5/CETP system and the Mn2(CO)10/CPDN system initiated the polymerization upon irradiation with a 300 W Xe arc lamp (>420 nm) and green light (565 nm) respectively. 
While the previous systems were able to expand the scope of PET-RAFT polymerization to include visible-light sources, all of the previously mentioned systems are limited to blue- and green-light irradiation. Therefore, a push toward NIR irradiation became attractive. Boyer and co-workers used aluminum phthalocyanine (AlPc) and aluminum naphthalocyanine (AlNc) in the presence of a photoiniferter (DDTPA or DDCTPA) to achieve the PET-RAFT polymerization of MA under far-red and NIR irradiation (680, 780, 850 nm).107 AlPc enabled good molecular weight and temporal control at 680 nm, while AlNc enabled good molecular weight and temporal control at 780 and 850 nm. One attempt to reduce the toxicity of the photoredox catalyst was through the use of the metallic porphyrin-based photoredox catalyst ZnTPP in the presence of CPADB, CDTPA, DDMAT, BTPA, or BSTP. A variety of monomers, including MA, MMA, DMA, NIPAAm, dimethylaminoethyl acrylate, St, and HPMA have been polymerizaed by the ZnTPP system upon irradiation with either blue, green, yellow, orange, or red light.108 It was also shown that polymerizations using the ZnTPP/CDTPA system can be performed under atomospheric conditions because of the oxygen tolerance of the system.109 In order to apply the ZnTPP systems to an industrial setting, continuous flow experiments have been developed.110-112 Recent advances in the ZnTPP system have also led to dual-stimuli-induced PET-RAFT polymerizations by pairing light control with magnetic113 and pH control.114
To move away from toxic rare-metal-based photoredox catalysts, the use of chlorophyll a (Chl a)115 and bacteriochlorophyll a (BChl a)116 as the photoredox catalyst has been probed. Chl a is a magnesium-based complex with a porphyrinlike ligand that is known to release an electron when irradiated with blue (460 nm) or red (635 nm) light. A wide variety of monomers, including MMA, MA, tBuMA, DMA, HPMA, NIPAAm, OEGMA, GMA, HEMA, pentafluoropropionic anhydride, MAA, and DMAEMA, can be polymerized using Chl a in the presence of CPADB, BTPA, 2-phenyl-2-propyl benzodithioate, 2-cyano-2-propyl benzodithioate, CDTPA, or BSTP as the photoiniferter. 115 Boyer and co-workers also demonstrated that Chl a degrades in the presence of air, eliminating the need for catalyst removal from the polymer produced.117 On the other hand, BChl a, another magnesium-based complex with a porphyrin-like ligand, enables the photoinitiated polymerization of MMA, GMA, OEGMA, DMAEMA, and tBuMA using CPADB as the photoiniferter via far-red (780 nm) or NIR (850 nm) irradiation. 116 
Following the development of PET-RAFT polymerizations utilizing metal-based photoredox catalysts, researchers investigated a variety of organo-photoredox catalysts in an attempt to move away from expensive rare-earth metals. First, tetraphenylporphyrin (TPP) with the photoiniferter CPADB was shown to polymerize MMA when irradiated with blue (460 nm) or red light (635 nm).108 However, the TPP system was not very efficient, as it resulted only in low monomer conversion (55% in 24 h). In 2015, the Boyer group further investigated this system to improve the electron transfer efficiency of TPP by attaching the porphyrin to the photoiniferter. This donor−acceptor system initiated the polymerization of MA under irradiation with green (530nm) or red light (635 nm), maintained well-controlled polymerization behavior and exhibited increased efficiency (63% conversion in 6 h) compared with the free porphyrin system (TPP).118 In addition, Zhang and coworkers used reduced TPP with CDTPA for the photocontrolled polymerization of MMA, GMA, and BuMA under far-red-light irradiation (740 nm).119 Alternative organic photoredox catalysts that have been reported for photoswitchable PET-RAFT polymerizations include pheophorbide (PheoA),120 10-phenylphenothiazine (PTH),121-143 2,4,5,6-tetrakis(diphenylamino)benzene-1,3-dinitrile,125 adenine dinucleotide,126 and azobenzenes,127 and advances in metal-free PET-RAFT polymerizations have been applied to upscaled polymer production.128-129  As a move toward more common light sources, PTH with a trithiocarbonate photoiniferter was used to polymerize NIPAAm under irradiation with a 14 W compact fluorescent lamp.120-121 When paired with a photoiniferter, phenothiazines initiate and control the polymerization of semi-fluorinated monomers122-123 and can be used for dual stimuli- induced polymerization where light is paired with temperature.124
A variety of organodyes have also been used as photoredox catalysts for PET-RAFT polymerization, among which eosin Y (461 nm), 130 fluorescein (461 nm), 93, 130 methylene blue (461 and 635 nm), 130 nile red (461 and 530 nm), 130 and rhodamine 6G (461 nm) 130 have all been successfully used with CPADB.130 A more recent development involving organic dyes as photoredox catalysts is the use of halogenated xanthene dyes.136 DFT calculations have shown that the incorporation of heavy atoms and more electron-donating substituents yield a higher polymerization rate and a better oxygen tolerance than smaller and more electron-withdrawing substituents.136 Recent developments in PET-RAFT polymerizations have been directed toward heterogeneous photocatalysts such as graphitic carbon nitride,137 bismuth oxides,138 silver orthophosphate particles,139 heteroatom-doped carbon dots,140 and inorganic semiconductor CdSe quantum dots.141 Each of these systems displays good molecular weight and temporal control as well as ease of catalyst removal.
[bookmark: _Toc96416929]1.2.3 Developments in Photo-NMP
Nitroxide-mediated radical polymerization (NMP) is a heavily researched technique. The majority of NMP research involves thermal cleavage of the oxygen−carbon bond of 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO)-containing derivatives. Inspired by thermally initiated systems, Scaiano and co-workers reported the formation of TEMPO radicals using xanthone derivatives as photosensitizers.142 Polymerization activity was not studied in that article; however, it was indicated that this system could work well for photo-CRP. Building on the photosensitizer/TEMPO system, Neckers and co-workers synthesized a variety of alkoxyamines bearing a chromophore moiety.143 1-Phenyl-1-[4′-(4″-benzoyl)- benzyloxy-TEMPO, 1-phenyl-1-(4′-benzoylformyl)-TEMPO, and 1-phenyl-1-[4′-(2″-xanthon-3‴-yloxyacetoxy)-TEMPO were synthesized and used for the polymerization of MMA under irradiation with long-wave UV light (350 nm). Similarly, 1-(phenylethoxy)-2,2,6,6-tetramethylpiperidin-4-yl 2-methyl-3- hydroxyquinoline-4-carboxylate (PE-QTEMPO) was synthesized by Goto and Scaiano to initiate the polymerization of St upon long-wave UV radiation (300−400 nm).144 However, the polymerization with PE-QTEMPO proceeded to only 10% monomer conversion with a relatively broad molecular weight distribution (Mn = 2700 g/mol, Đ = 1.60). To further expand the chromophore−TEMPO library, Guillaneuf, Gimes, and Lalevée developed several additional derivatives bearing a benzophenone moiety.145-147 While these systems did initiate polymerization, they exhibited limited control on the basis of their broad dispersities (Đ > 2) and deviation from theoretical molecular weights. In addition, Liu and co-workers developed a library of TEMPO derivatives bearing benzophenone, naphthalene, and quinoline moieties that exhibited a linear relationship between Mn and MMA conversion with narrow dispersitites (Đ = 1.3−1.4 upon irradiation with long-wave UV light (300−400 nm).148
Until 2008, examples of photo-NMP had shown control only over initiation and not over propagation. The incorporation of photoredox additives (e.g., iodonium salts, sulfonium salts, and Fe−arene complexes) with TEMPO derivatives gave rise to photoswitchable NMP under irradiation with a 500 W high-pressure mercury lamp.149-155 These photoredox/TEMPO systems exhibit living polymerization activity and have been shown to control the propagation through the performance of one in situ on/off cycle. It is hypothesized that the photoredox additive enables polymerization control by reversibly oxidizing the nitroxide to an oxoaminium salt.156-158
[bookmark: _Toc96416930]1.3 Cationic Polymerizations 
The discovery of photoacid generators (PAGs) by Crivello and others paved the way for photoinitiated cationic polymerizations.159 These photoinitiated cationic polymerizations were found to be rapid, tolerant of atmospheric oxygen and water, and able to polymerize a variety of monomers including alkenes, epoxides, lactones, and oxazolines. 159-163 Some of the most common PAGs for cationic polymerization are iodonium salts, sulfonium salts, phosphonium salts, ammonium salts and several others (Figure 6). As an example of acid generation, Iodonium salts undergo either homo- or heterolytic cleavage to generate a radical cation/aryl radical pair or an aryl cation, respectively, under UV irradiation. In the presence of a hydrogen donor such as the solvent, monomer, or impurities, photolysis of the onium salt generates a Brønsted acid, in turn 


[bookmark: _Toc96329555]Figure 1.6. General structures of PAGs.













initiating polymerization.160 The structure of the PAG can affect the rate of initiation and propagation of cationic polymerization. PAGs with large coordinating anions may allow for a cationic polymerization to proceed much faster than a PAG with a much smaller coordinating anion. The initiation process is determined by how many protons are generated as a function of light exposure, otherwise known as photoacid generation quantum yield (φPAG).164 Knowing a PAG’s φPAG is essential for determining the amount of initiated chains and in turn the control over molecular weight.
To reduce the energy consumption required for UV irradiation, a push toward visible-light sources was necessary.165 One method used to shift toward efficient light sources was the addition of a photosensitizer to the onium salt system. Upon photoexitation, a photosensitizer undergoes energy transfer to the PAG166-169 to induce a fragment cascade and cationic polymerization.165, 170 Another method of shifting toward visible-light-initiated cationic polymerizations is the use of radical photoinitiators in conjunction with onium salts to generate a propagating cation.166-169, 171-177 Alternatively, photoredox catalysts in the presence of photosensitizers have been used to initiate cationic polymerizations under visiblelight irradiation.166, 174, 178-185 
 The next step toward photocontrolled polymerizations was the development of living photoinitiated cationic polymerizations. One strategy reported to provide good molecular weight control is the use of Lewis acids such as boron186 or zinc187 halides that stabilize propagating cations.188-190 Mn2(CO)10 in the presence of an onium salt has also been reported for the living cationic photopolymerization of vinyl ethers and exhibited potential toward temporal control.191 Since the majority of photoinitiators previously discuss undergo irreversible reduction, Neicewicz and co-workers developed a system using pyrylium in the presence of methanol for the polymerization of p-OMeSt under blue-light irradiation (450 nm).192 The presence of methanol facilitated the degenerative transfer of the propagating cation to a dormant species, thus enabling control over the polymerization. 
As mentioned earlier, the work of Crivello and Lam laid the groundwork for the photoinitiated polymerization of vinyl ethers.159-160 Unlike many vinyl monomers, vinyl ethers have not been reported to undergo living radical polymerizations.193 Since early examples of photocontrolled polymerizations were based on radical mechanisms,26, 194-195 it has become a challenge to develop a photocontrolled system for the cationic polymerization of vinyl ethers. In 2015, the Kamigaito196-197 and Sugihara198 groups independently reported the cationic RAFT polymerization of vinyl ethers in the presence of a CTA and a strong acid initiator. Similar photolytic cleavages have been reported previously in small molecules.199-200 These works paved the way for possible photocontrolled cationic polymerizations. 
One of the first examples of photocontrolled vinyl ether polymerization used 2,4,6-tris(4-methoxyphenyl)pyrylium tetrafluoroborate in the presence of a CTA under blue-light irradiation.201 The pyrylium/CTA system gave good molecular weight control for the polymerization of EVE and IBVE, as shown by the linear relationship between Mn and monomer conversion as well as the narrow dispersities (Đ = 1.19−1.37). Fors and co-workers investigated the mechanism of this photocontrolled living cationic polymerization (Figure 7a).202 Photoexcitation of the pyrylium catalyst results in oxidation of the RAFT agent, which initiates the propagating radical cations. The absence of light can result in a dormant cationic species. However, chain growth may not be avoided during an extended dark period. To gain optimal temporal control, the Fors and Kamigaito groups used fac-Ir(ppy)2bpy derivatives in the presence of various trithiocarbonates203 and alkoxyamines,204 respectively, for the polymerization of vinyl ether and St derivatives under blue-light irradiation (460 nm). This system became completely dormant in the absence of light. fac-Ir(ppy)2bpy has also been used in the presence of pyrylium for the one-pot polymerization of vinyl ethers and acrylates.205



[bookmark: _Toc96329556]Figure 1.7. General Mechanism for Photo-controlled Living Cationic Polymerization. PC = photoredox catalyst, M = monomer, and P = polymer.211














This system can also switch from cationic polymerization of vinyl ethers (green light) to radical polymerization of acrylates (blue light) upon switching of light sources to enable sequence control. The first reports of photoinitiated cationic ring opening polymerization (CROP) of lactones (Figure 7b) required the use of a sulfonium salt under UV irradiation.206 Following this preliminary research, Boyer and Xu developed an alternative photocontrolled CROP207 inspired by the photochromic properties of merocyanines.207-210 This merocyaninebased photoacid is considered a strong acid upon irradiation and was used for the photocontrolled polymerization of valerolactone (VL) and caprolactone (CL) under blue-light irradiation. Good molecular weight control was displayed by the linear relationship between Mn and monomer conversion, and temporal control was demonstrated. In this system, acid dissociation (100% dissociation in 1 min) is much faster than recombination (65% recombination after 8 h in propylene carbonate). Therefore, the rate of polymerization was significantly reduced, but not completely inactive, in the absence of light. To further illustrate the control of the merocyanine-based photoacid system, CROP and PET-RAFT were coupled for the copolymerization of VL and MA. Bluelight irradiation led to CROP of VL while red-light irradiaton led to controlled radical polymerization of MA, resulting in the formation of well-defined block and graft copolymers.207
[bookmark: _Toc96416931][bookmark: _Hlk96096682]1.4 Ring Opening Metathesis Polymerization 
Ring Opening Metathesis Polymerization has emerged as a powerful tool in synthesizing a wide range of polymeric materials.16 ROMP is traditionally carried out with a Ruthenium or Molybdenum based catalyst wherein catalyst development has conducted to polymerize a wide range of cyclic monomer baring various functionalities. The polymerization is driven by the release of ring strain of the monomer and the electronics of the monomer. Additionally, this method retains the olefin within each repeat unit, allowing for post polymerization modification. Many developments have progressed the field of ROMP to be externally regulated with light in the fields of metal-mediated photo-induced ROMP and photoredox-mediated metal-free ROMP.45 However, this discussion will focus on metal-mediated photo-induced ROMP in the presence of Lewis or Brønsted acids.
Lewis and Brønsted acids have been shown to greatly affect the ROMP performance of Ru complexes bearing basic ligands. The working hypotheses are that acids may either intervene in the ligand’s dissociation or tune the electron-donation properties of the coordinated ligands upon protonation.212-214 Therefore, new photoresponsive ROMP systems combining PAGs215-216 and acid-labile Ru complexes were developed. In 2009, Grubbs and co-workers reported the latent Ru−benzylidene complex which showed activity for the ROMP of cis-COE, functionalized NB, and DCPD in the presence of a triphenylsulfonium PAG under UV irradiation (sub-300 nm).217 The metathesis-active system was produced by protonation and subsequent displacement of the labile acac ligands. However, low initiation efficiency was observed for each monomer, indicating incomplete activation of the precatalyst. Piers and co-workers also reported that addition of a PAG promoted ROMP under UV irradiation (254 nm); however, acid was not a requisite in this system, as the carbide precatalyst could yield polymers, albeit with lower efficiency.218 A more comprehensive review on light-activated ROMP can be found in the literature.45
[bookmark: _Toc96416932]1.5 Olefin Polymerization 
Polyolefins are among the most abundantly produced polymers in the world today. They have gained industrial significance as they are synthesized from readily available and low cost monomer feedstocks as well as their tailorable thermal and mechanical properties. Olefin polymerization is primarily accomplished through the coordination-insertion polymerization of activated, transition metal precatalysts. Pioneering work in olefin polymerization was conducted by Hogan and Banks, and Zeigler and Natta in the 1950’s for the heterogeneous polymerization of gaseous monomers with solid Cr, Ti, and V catalysts.219-220 While heterogeneous catalysis remained the primary method of olefin polymerization for many years, researchers sought to develop homogeneous olefin polymerization methods to overcome limitations in heterogeneous catalysis such as limited monomer availability and high dispersity.221 The discovery of methylaluminoxane (MAO) led to the activation of homogenous, single-site olefin polymerization precatalysts.222 Following this discovery, tremendous progress in precatalyst development led to several classes of precatalysts including: metallocenes, constrained geometry catalysts (CGCs), as well as diamine bis(phenolate)s, pyridylamido, phenoxyamine, diamide, monocyclopentadienyl amidinate, and α-diamine ligated precatalysts.223-227
Within the development of the mentioned precatalysts, research has been conducted on the method of precatalyst activation as it plays a critical role in the polymerization process. A majority of olefin polymerization precatalysts are inherently inactive toward polymerization and require an additional chemical reagent referred to as an “activator” or “cocatalyst.”37, 228-233 A variety of precatalyst activation methods have been successfully developed for olefin polymerization as shown in Figure 8. These methods include: abstraction of metal-alkyl bonds by charged reagents, one electron redox, halide/alkyl exchange, alkyl/hydride abstraction by neutral Lewis acids, and protonolysis of metal-alkyl bonds via a Brønsted acids.234 However, none of these activation methods have harnessed the energy of light to gain spatial and/or temporal control over the polymerization process.
Early work on the development of photoswitchable olefin polymerizations was conducted by Akita and Inagaki in 2010−2013, who attempted to use bichromophoric Ru−Pd complexes for the polymerization of St.235-236 Following this work, Inagaki and colleagues developed the bichromophoric Ir−Pd complex for the polymerization homopolymers and block 
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copolymers of St and either 2,2,2-trifluoroethyl vinyl ether (TFEVE) or 2,3,4,5,6-pentafluorobenzyl vinyl ether (PFBnVE), where polymerization was achieved in the presence of light and propagation was halted in the absence of light. Investigations into bichromophoric Ru−Pd complexes also revealed that the presence of a naphthyl substituent on the ligand scaffold played a key role in extending the lifetime of the metal-to-ligand charge transfer of the catalyst excited states under irradiation. 235-236 When a wide range of monomers were tested, only electron-rich α-olefins, such as ethyl vinyl ether (EVE) and MA, were polymerized. On the basis of these results, the authors hypothesized that the mechanism of polymerization may vary from coordination−insertion to either a radical or cationic mechanism depending on the monomer type.
Early work on the development of photoswitchable olefin polymerizations was conducted by Akita and Inagaki in 2010−2013, who attempted to use bichromophoric Ru−Pd complexes for the polymerization of St.235-236 Following this work, Inagaki and colleagues developed the bichromophoric Ir−Pd complex for the polymerization homopolymers and block copolymers of St and either 2,2,2-trifluoroethyl vinyl ether (TFEVE) or 2,3,4,5,6-pentafluorobenzyl vinyl ether (PFBnVE), where polymerization was achieved in the presence of light and propagation was halted in the absence of light. Investigations into bichromophoric Ru−Pd complexes also revealed that the presence of a naphthyl substituent on the ligand scaffold played a key role in extending the lifetime of the metal-to-ligand charge transfer of the catalyst excited states under irradiation. 235-236 When a wide range of monomers were tested, only electron-rich α-olefins, such as ethyl vinyl ether (EVE) and MA, were polymerized. On the basis of these results, the authors hypothesized that the mechanism of polymerization may vary from coordination−insertion to either a radical or cationic mechanism depending on the monomer type. Concurrently, in 2010 an azobenzene-containing α-diimine catalyst with a Pd metal center was reported by Aida, Kinbara, and colleagues for the photocontrolled cyclopolymerization of isopropylidene diallylmalonate and its derivates.237-238 The change from cis to trans ligand resulted in differences in both activity and tacticty control.237 On the basis of this study, it was hypothesized that even though the azobenzene moiety is embedded far from the Pd center, its geometry (cis vs trans) significantly influences the catalytic activity and stereochemical control.
In 2018, B. Long and coworkers expanded their previous work228 to develop a system in which light could be used to manipulate the microstructure of PE.239 Therein, the photoreductant, fac-tris[2-phenylpyridinato-C2,N]iridium(III) (fac-Ir(ppy)3), was irradiated using a 3 W blue LED light source to reduce a nickel based olefin polymerization catalyst. The reduction of this complex is hypothesized to increase the electron density at the active Ni center, which increases the catalyst’s propensity for propagation via coordination and insertion of subsequent ethylene monomers relative to chain walking, resulting in an observed decrease in PE branching density.240 While light has been used to gain temporal control over the polymerization of several olefinic monomers and control over branching density, light has not been used to modulate the industrially relevant polymerization of ethylene or other α-olefins.
[bookmark: _Toc96416933]1.6 Conclusions and Outlook 
Significant efforts have focused on using light to control various aspects of polymerization for a number of polymerization techniques. Light is an attractive stimulus as it is noninvasive and environmentally benign. Specifically, light has been used to modulate the initiation, propagation, sequence, and tacticity in the fields of CRP, cationic polymerizations, ROMP, and olefin polymerizations. Within these light-activated polymerization methods, researchers have been able to access a wide variety of polymers bearing vastly different properties. In most cases, seminal work involved the use of UV irradiation (254 – 400 nm) to initiate/control polymerization. However, to avoid unwanted reactions and to move toward a less energy intensive light source (400 – 700 nm) was achieved through new developments in the polymerization method and/or the incorporation of an additional chemical such as a photosensitizer or photo-redox catalyst.
	Of all the light-activated polymerization techniques discussed herein, light-activated olefin polymerization poses a great challenge. While some olefinic monomers such as St and isoprene derivatives have been synthesized through a light activated olefin polymerization method, the polymerization of ethylene and α-olefins has yet to be achieved. Developments in controlled radical polymerizations, cationic polymerizations, and ROMP may provide insight in the growth of the field of light-activated olefin polymerization.  The ability to generate a Brønsted acid from the irradiation of a PAG or photosensitizer/PAG combination parallels to traditional activation methods using Brønsted acids for in the activation of olefin polymerization catalysts, therefore enabling the potential for the light-activated polymerization of ethylene and α-olefins.
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[bookmark: _Hlk96322614][bookmark: _Toc96329558]Figure 2.1. Polymerization of olefinic monomers using precatalysts 1 - 3 activated by an iodonium PAG (I-PAG) or sulfonium PAG (S-PAG) in the presence of UV light.







[bookmark: _Toc96322915]Table 2.1. Polymerization of 1-hexene using precatalyst 1 varying activator equivalence and UV exposure time.a

	entry
	Precatalyst
	activator
	equivalence of activatorb
	exposure time (min)c
	% conv.
	Mwd (kg/mol)
	Đd

	1
	1
	I-PAG
	1
	30
	60 ± 1.6
	25.3
	1.57

	2
	---
	I-PAG
	1
	30
	0
	---
	---

	3
	1
	I-PAG
	1
	0
	0
	---
	---

	4
	1
	S-PAG
	1
	30
	33 ± 7.0
	20.5
	1.73

	5
	---
	S-PAG
	1
	30
	0
	---
	---

	6
	1
	S-PAG
	1
	0
	0
	---
	---

	7
	1
	---
	1
	30
	0
	---
	---

	8
	1
	AB
	1
	0
	61 ± 1.7
	25.3
	1.82

	9
	1
	I-PAG
	0.5
	30
	38 ± 1.3
	17.2
	1.76

	10
	1
	I-PAG
	1
	30
	60 ± 1.6
	25.3
	1.57

	11
	1
	I-PAG
	1.5
	30
	50 ± 1.9
	25
	2.23

	12
	1
	S-PAG
	0.5
	30
	15 ± 2.1
	17.7
	1.54

	13
	1
	S-PAG
	1
	30
	33 ± 7.0
	20.5
	1.73

	14
	1
	S-PAG
	1.5
	30
	21 ± 3.1
	17.9
	2.1

	15
	1
	I-PAG
	1
	1
	6 ± 1.7
	18.6
	1.53

	16
	1
	I-PAG
	1
	5
	48 ± 3.8
	26
	1.63

	17
	1
	I-PAG
	1
	15
	64 ± 2.3
	19.7
	2.6

	18
	1
	I-PAG
	1
	30
	60 ± 1.6
	25.3
	1.57

	19
	1
	S-PAG
	1
	1
	0
	trace
	trace

	20
	1
	S-PAG
	1
	5
	15 ± 6.8
	28.8
	1.72

	21
	1
	S-PAG
	1
	15
	40 ± 6.1
	20.4
	1.78

	22
	1
	S-PAG
	1
	30
	33 ± 7.0
	20.5
	1.73

	23
	2
	AB
	1
	0
	17 ± 0.1
	4.1
	2.77

	24
	2
	I-PAG
	1
	15
	43 ± 3.1
	1.6
	2.73

	25
	3
	AB
	1
	0
	41 ± 0.9
	47.9
	2.12

	26
	3
	I-PAG
	1
	5
	28 ± 2.0
	46.1
	2.09

	aPolymerization conditions: Polymerization time = 3 h, precatalyst = 10.0 μmol, 3 mL of 1-hexene, and 1 mL of DCM at 20 °C. bEquivalence relevant to precatalyst.  cIrradiated using a handheld 4 W compact UV lamp operating at 254 nm. dDetermined using triple detection GPC at 150 °C in 1,2,4-trichlorobenzene. 





[bookmark: _Hlk96322700][bookmark: _Toc96322916]Table 2.2. Polymerization of ethylene using precatalysts 1-3 activated by I-PAG and UV exposure.
	aentry
	precatalyst
	activator
	exposure time (min)b
	yield (mg)
	Mwc (kg/mol)
	Đc

	1
	1
	I-PAG
	15
	335 ± 11.4
	183.5
	3.54

	2
	2
	I-PAG
	15
	189 ± 10.2
	74.7
	2.23

	3
	3
	I-PAG
	5
	17.9 ± 7.7
	25.6
	2.48

	4
	1
	AB
	0
	120 ± 12.1
	228.3
	4.83

	5
	2
	AB
	0
	87 ± 14.3
	89.1
	2.77

	6
	3
	AB
	0
	46 ±8.5
	44.3
	3.03

	7
	1
	I-PAG
	0
	0
	---
	---

	8
	2
	I-PAG
	0
	0
	---
	---

	9
	3
	I-PAG
	0
	0
	---
	---

	aPolymerization conditions: precatalyst = 10.0 μmol, activator = 10.0 μmol, ethylene = 15 psi, 1 mL of DCM, 19 mL of toluene, 20 °C, and polymerization time = 30 min. bIrradiated using a handheld 4 W compact UV lamp operating at 254 nm. cDetermined using triple detection GPC at 150 °C in 1,2,4-trichlorobenzene. dCatalyst and monomer were not exposed to UV light.










a)
b)
c)


[bookmark: _Toc96329559]Figure 2.2. Producing conformal polyethylene films using precatalyst 2 and light-activated olefin polymerization. The pictures shown are of a U.S. quarter a) after deposition and evaporation of the precatalyst 2/I-PAG solution, b) after UV exposure, and c) after the film is lifted from the support via submerging in methanol.  

[bookmark: _Toc96322917]Table 2.3. Polymerization of ethylene from a substrate using precatalysts 1-3 activated by I-PAG and UV exposure.a
	entry
	precatalyst
	Mwb (g/mol)
	Đb

	1
	1
	3.8 x 106
	2.01

	2
	2
	0.7 x 106
	5.42

	3c
	3
	n/a
	n/a

	aPolymerization conditions: precatalyst = 50.0 μmol, I-PAG = 50.0 μmol, ethylene = 30 psi, 20 °C, irradiated using a handheld 4 W compact UV lamp operating at 254 nm for 15 min., and polymerization time = 30 min. bDetermined using triple detection GPC at 150 °C in 1,2,4-trichlorobenzene. cPrecatalyst prepped substrate was irradiated for 5 min. 
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[bookmark: _Toc96329560]Figure 2.3. a) Images of the photomask used and b) the resultant spatially controlled, patterned polyolefin films after UV exposure.
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chapter IV: Conclusions and outlook

[bookmark: _Toc96416952]4.1 Conclusions
Chapter I highlights some of the most recent literature on light activated and light controlled polymerizations. Among the different polymerization methods, CRP has progressed the most in both photo-initiated and photocontrolled polymerizations. In addition, there is a trend when comparing photoinitiation across all polymerization methods. Several of the methods require a chemical to degrade into a radical or a Brønsted acid upon irradiation. Additionally, photosensitizers have been used to progress several polymerization methods to facilitate photolysis and achieve photolysis at lower energy wavelengths.
While there have been numerous developments in the field of olefin polymerization, little research efforts have focused on gaining both spatial and temporal control over this polymerization method. To address this, we have chosen to leverage the use of a PAG as seen in cationic polymerizations, and ROMP to gain both spatial and temporal control over solution polymerizations of 1-hexene and ethylene and the heterogeneous polymerization of ethylene (Chapter II). The photodegradation of a PAG results a Brønsted acid, which are known to activate dialkyl olefin polymerization precatalysts. Speciffically, we have chosen to investigate an iodonium salt (I-PAG) and a sulfonium salt (S-PAG) for the photoinitiation of olefin polymerizations. Overall, both I-PAG and S-PAG were both capable of inducing polymerization in tandem with a dialkyl olefin polymerization precatalyst. Although the photoacid generation quantum yield was higher for S-PAG in acetonitrile, we found that I-PAG was much more efficient in the photoinitiation of 1. We hypothesize this is due to a decrease in solubility or the potential sulfur biproducts inhibiting polymerization. Once conditions were optimized with precatalyst 1, we expanded our studies to show that olefin polymerization precatalysts bearing different metal centers (2) and different ligand scaffolds (3), were also applicable to this photopolymerization technique. Additionally, we showed that heterogeneous ethylene polymerizations could be conducted using the PIOP method, moving the field closer to 3D printing of gaseous monomers through the synthesis multi-layered and conformal films.
	Our work in using a PAG for photoinitiation of a dialkyl olefin polymerization precatalyst required the use of UV irradiation which could be leading to degradation of the active catalyst at longer irradiation time, thus resulting in a lower polymer yield. Gaining inspiration from PAG/photosensitizer systems from cationic polymerizations and ROMP, we sought to shift the wavelength necessary for photolysis to a lower energy wavelength and possibly reduce the irradiation time, ultimate reducing catalyst degradation and improving polymer yield. We chose the class of polyaromatic hydrocarbon photosensizers as they have been extensively studied. In Chapter III, we have shown that DBA, RUB, and BPET perform as effective photosensitizers for PIOP with the I-PAG/precatalyst 1 system at their λmax above 365nm (405 nm, 460 nm, and 530 nm respectively). In addition, we have shown that RUB and BPET are also effective photosensitzers at all three wavelengths we have tested, while DBA is only effective at 405 nm. For each system, we have effective reduced the irradiation time required for full initiation to 1 min compared to 15 min required for I-PAG at 254 nm (see Chapter II). Similar to Chapter II, the photosensizter/PAG system has proved to be effective with olefin polymerization precatalysts bearing alternative metal centers (2) and ligand scaffolds (3). Additionally, we have extended this system to the heterogeneous polymerization of ethylene, thus providing a foundation for the development of heterogeneous 3D printing of gaseous monomers at lower energy wavelengths.


[bookmark: _Toc96416953]4.2 Future Outlook
Our findings from chapters II and III have led us to ask ourselves a few fundamental questions: 1) can the photoinitiation mechanism be further invesitgated? 2) can we employ photoredox catalysts commonly used in CRP and cationic polymerizations as photosensitizers for PIOP? and 3) can we control other aspects of polymerization such as dispersity and tacticity? These fundamental questions will help guide future work in the field of PIOP.  In order to fully understand the mechanism of activation, we can analyze the cationic metal generated upon protonolysis from a PAG. To do this, a combination of NMR experiments (1H, 13C, and solid-state 13C) and X-ray crystallography can be used. We have previously shown that the loss of a methyl group in precatalyst 1 can be monitored by 1H NMR. While we know that the methyl integration decreases as a function of irradiation time, we are not able to confirm the formation of methane as it is a gas. Performing a similar experiment on a prectalyst bearing a benzyl ligand (precatalyst 3) will aid in the conformation of protonolysis as toluene is easily identified via 1H NMR. Additionally, we could induce protonolysis using a PAG and isolate the activated species to analyze via X-ray crystallography. This will help us confirm our active catalytic species.
	In addition to our previously studied PIOP systems, future work will be done to investigate if a variety of photoredox catalyst will serve as photosensitizers for PAG photolysis. A range of metal and metal free photoredox catalysts have been used in tandem with PAGs for cationic polymerizations. For example, fac-Ir(ppy)31-6 is a commonly used metal-based photoredox catalyst and eosin Y7-9 is a organodye that serves as a photoredox catalyst in CRP and cationic polymerizations. Researchers have also investigated green photoredox catalysts such as chlorophyll a10 and bacteriochlorophyll a,11 which are also know to degrade in the presence of air, reducing the need for catalyst removal from the polymer produced. While all of these pose as potential candidates for PIOP, investigations must be conducted to determine their viability for PIOP.
	Having gained both spatial and temporal control through PIOP for the previously discussed systems, future work will aim to gain further control over polymerization. Inspiration from the works of Fors and Coates has led us to investigate controlling the shape of molecular weight distribution through specifically timed initiation.12-13 The showed that through this process, they could synthesize polymers with varying thermal and mechanical properties. We plan to reproduce this idea using various combinations of timed irradiation to achieve a variety of molecular weight profiles for ethylene and 1-hexene polymerizations. Additionally, we have gained inspiration from the work of Sita and coworkers wherein the tacticity of α-olefin polymerizations was controlled as a function of activated precatalyst.14-17 Similarly to the studies on controlling the shape of molecular weight distribution, future studies aim to used timed irradiation to achieve various amounts of activated precatalyst, in turn potentially controlling the tacticity of polymerization as a function of irradiation time. Each of these studies will be performed with both the PAG and PAG/photosensitizer methods to investigate any differences between them when looking to control molecular weight distribution and tacticity.
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[bookmark: _Toc96329561]Figure A1. a) 1- hexene polymerization set-up.  b) Polymerization set-up with aluminum foil shield. 
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[bookmark: _Hlk96278141][bookmark: _Toc96329562]Figure A2.  a) Ethylene polymerization set-up. b) Polymerization set-up with aluminum foil shield.


[bookmark: _Toc96329563]Figure A3. Monitoring the Zr-CH3 peak integration of a solution of 1 and I-PAG as a function of UV exposure time using 1H NMR spectroscopy.

[bookmark: _Toc96329564]Figure A4. Polymerization of 1-hexene using 3 and I-PAG varying UV exposure time.





[bookmark: _Toc96329565]Figure A5. Calibration curve of Fe(II)/phenathroline complex for actinometry.

[bookmark: _Toc96329566]Figure A6. Determination of photon flux through ferrioxalate actinometry.






[bookmark: _Toc96329567]Figure A7.  Calibration curve of protonated rhodamine B base in acetonitrile for photoacid generation quantum yield.

[bookmark: _Toc96329568]Figure A8.  Determination of photo acid generation quantum yield for I-PAG (●) and S-PAG (▲).
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[bookmark: _Toc96329569]Figure A9.  a) Gas phase film polymerization set-up. b) Polymerization set-up with aluminum foil shield.
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[bookmark: _Toc96329570]Figure A10. UV-Vis spectrum of precatalyst 1. 






[bookmark: _Toc96329571]Figure A11. UV-Vis spectrum of precatalyst 2. 
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[bookmark: _Toc96329572]Figure A12. UV-Vis spectrum of precatalyst 3.
 



[bookmark: _Toc96329573]Figure A13.  UV-Vis spectrum of I-PAG.



































[bookmark: _Toc96329574]Figure A14. UV-Vis spectrum of S-PAG
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[bookmark: _Toc3021906][bookmark: _Toc96329575]Figure A15.  Raw GPC data for the polymerization of 1- hexene with 1 and 0.5 equivalence of I-PAG (30 minutes irradiation) (Table 1, entry 9).
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[bookmark: _Toc96329576]Figure A16. Raw GPC data for the polymerization of 1- hexene with 1 and 1.0 equivalence of I-PAG (30 minutes irradiation) (Table 1, entries 1 and 10).
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[bookmark: _Toc96329577]Figure A17. Raw GPC data for the polymerization of 1- hexene with 1 and 1.5 equivalence of I-PAG (30 minutes irradiation) (Table 1, entry 11).
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[bookmark: _Toc96329578]Figure A18.  Raw GPC data for the polymerization of 1- hexene with 1 and 0.5 equivalence of S-PAG (30 minutes irradiation) (Table 1, entry 12).
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[bookmark: _Toc96329579]Figure A19.  Raw GPC data for the polymerization of 1- hexene with 1 and 1.0 equivalence of S-PAG (30 minutes irradiation) (Table 1, entries 4 and 13).
[image: ]
[bookmark: _Toc96329580]Figure A20.  Raw GPC data for the polymerization of 1- hexene with 1 and 1.5 equivalence of S-PAG (30 minutes irradiation) (Table 1, entry 6).
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[bookmark: _Toc96329581]Figure A21. Raw GPC data for the polymerization of 1- hexene with 1 and AB (Table 1 , entry 8).
[image: Graphical user interface, chart

Description automatically generated]
[bookmark: _Toc96329582]Figure A22. Raw GPC data for the polymerization of 1- hexene with 1 and I-PAG (1 minute irradiation) (Table 1, entry 15).
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[bookmark: _Toc96329583]Figure A23. Raw GPC data for the polymerization of 1- hexene with 1 and I-PAG (5 minutes irradiation) (Table 1, entry 16).
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[bookmark: _Toc96329584]Figure A24. Raw GPC data for the polymerization of 1- hexene with 1 and I-PAG (15 minutes irradiation) (Table 1, entry 17).
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[bookmark: _Toc96329585]Figure A25. Raw GPC data for the polymerization of 1- hexene with 1 and S-PAG (5 minutes irradiation) (Table 1, entry 20).
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[bookmark: _Toc96329586]Figure A26. Raw GPC data for the polymerization of 1- hexene with 1 and S-PAG (15 minutes irradiation) (Table 1, entry 21).
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[bookmark: _Toc96329587]Figure A27. Raw GPC data for the polymerization of 1- hexene with 2 and I-PAG (15 minutes irradiation) (Table 1, entry 24).
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[bookmark: _Toc96329588][bookmark: _Toc3021913]Figure A28.  Raw GPC data for the polymerization of 1- hexene with 2 and AB (Table 1 , entry 23).
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[bookmark: _Toc96329589]Figure A29. Raw GPC data for the polymerization of 1- hexene with 3 and I-PAG (5 minutes irradiation) (Table 1, entry 26).
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[bookmark: _Toc96329590]Figure A30. Raw GPC data for the polymerization of 1- hexene with 3 and AB (Table 1 , entry 25).
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[bookmark: _Toc96329591]Figure A31. Raw GPC data for the homogeneous polymerization of ethylene with 1 and I-PAG (15 minutes irradiation) (Table 2, entry 1).
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[bookmark: _Toc96329592][bookmark: _Toc3021921]Figure A32.  Raw GPC data for the homogeneous polymerization of ethylene with 2 and I-PAG (15 minutes irradiation) (Table 2, entry 2).
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[bookmark: _Toc96329593]Figure A33.  Raw GPC data for the homogeneous polymerization of ethylene with 3 and I-PAG (5 minutes irradiation) (Table 2, entry 3).
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[bookmark: _Toc3021917][bookmark: _Toc96329594]Figure A34. Raw GPC data for the homogeneous polymerization of ethylene with 1 and AB (Table 2, entry 4).
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[bookmark: _Toc96329595][bookmark: _Toc3021918]Figure A35.  Raw GPC data for the homogeneous polymerization of ethylene with 2 and AB (Table 2, entry 5).
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[bookmark: _Toc96329596]Figure A36.  Raw GPC data for the homogeneous polymerization of ethylene with 3 and AB (Table 2, entry 6).
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[bookmark: _Toc96329597][bookmark: _Toc3021924]Figure A37. Raw GPC data for the heterogeneous polymerization of ethylene with 1 and I-PAG (15 minutes irradiation) (Table 3, entry 1).
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[bookmark: _Toc96329598]Figure A38. Raw GPC data for the heterogeneous polymerization of ethylene with 2 and I-PAG (15 minutes irradiation) (Table 3, entry 2).
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[bookmark: _Toc96416958]Appendix C: Vinyl-Addition Polymerizations of Cycloallenes: Synthetic Access to Congeners of Cyclic-Olefin Polymers 

A version of this chapter was originally published by Nicholas J. Galan, Justin M. Burroughs, and Christopher R. Maroon:
	Nicholas J. Galan†, Justin M. Burroughs†, Christopher R. Maroon, Brian K. Long*, and Johnathan N. Brantley*. “Vinyl-Addition Polymerizations of Cycloallenes: Synthetic Access to Congeners of Cyclic-Olefin Polymers.” Polym. Chem., 2020, 11, 5578–5581. 
† - indicates equal contributions, * - corresponding author


In this article, I was responsible for synthesizing 1,2-nonadiene and any polymers associated with this monomer as well as helping with kinetic studies for both homopolymers. I also put together the supplement information document for the publication and helped edit the manusricpt. Nicholas completed the synthesis of cycolnonadiene and homopolymerization associated with this monomer with initial help from Chris. Nick also aided me in the kinetic studies and oversaw the characterization of polymers synthesized. Professors Brian Long and Johnathan Brantley organized this body of work and aided in the production of the manuscript.
[bookmark: _Toc96416959]C.1 Abstract
[bookmark: _Toc96081362]Expanding the scope of cycloolefin monomers that polymerize via coordination-insertion mechanisms is an enduring synthetic challenge. Vinyl-addition polymerizations of cyclic olefins are almost exclusively limited to norbornene scaffolds and/or copolymerizations with ethylene. To circumvent these synthetic limitations, we report the vinyl-addition polymerization of cycloallenes using a [{(𝜋-allyl)NiOCOCF3}2] catalyst. The polycyclic materials could be accessed in excellent yields (up to 97%), and the polymerization exhibited living character (which was leveraged for copolymerizations with acyclic monomers). Importantly, we found that multiple ring sizes could be incorporated into polymer architectures, and material properties could be tailored by controlling the cycloallene feed ratios.
[bookmark: _Toc96416960]C.2 Introduction
[bookmark: _Toc96081364]Relative to their acyclic congeners, cycloolefin polymers are enticing synthetic targets that frequently exhibit unique physical properties. Indeed, the incorporation of small carbocyclic motifs into soft materials can impact optical transparency,1-2 modify viscosity,3 increase Tg,4 and enhance modulus.5 In principle, cyclic motifs can be introduced into polymer matrices through a variety of polymerization manifolds; however, practical considerations often narrow the scope of applicable methods. For example, radical and ionic polymerizations can undergo deleterious chain termination events or undesired rearrangements (resulting in low yields and oligomeric products).6-7 Furthermore, ring-opening polymerizations typically require highly strained monomers (e.g. norbornene), which intrinsically limits monomer scope. 
[bookmark: _Toc96081365]	In contrast, vinyl-addition polymerizations of cyclic olefins typically exhibit improved performance, but such polymerizations are not without synthetic obstacles. For example, vinyl-addition homopolymerizations of cyclic olefins other than norbornene and cyclopentene are virtually unknown.8 Although many cyclic olefins can be copolymerized with ethylene, this strategy usually requires highly reactive catalysts (which can exhibit poor functional group tolerance) and harsh co-catalysts or activators (Figure C1). Given these limitations, exploring new monomer and catalyst space is imperative for overcoming these obstacles. 
Much like their olefin congeners, allenes polymerize under a variety of conditions9 (e.g. radical,10 cationic,11 anionic,12 and coordination-insertion13-16). We were particularly inspired by the work of Endo and colleagues, who have shown that [(𝜋-allyl)NiOCOCF3]2 (6; Figure C1) catalyses the living polymerization of allenes bearing an array of functional groups (e.g. alcohols,17 esters,18 or amides,19). One brief report by Endo and colleagues revealed that catalyst 6 can facilitate the polymerization of cycloallenes (although, this succinct note lacked detailed analyses such as chain-extension, polymerization kinetics, and investigation of bulk material properties.20 We envisioned this method could be leveraged to access novel derivatives of cycloolefin (co)polymers, and that this work could elucidate more information on the polymerization process and properties of the final material. Cycloolefins can be efficiently transformed into cycloallenes using the two-step Skattebøl rearrangement.21 This operationally simple strategy, combined with the functional group tolerance of 6, could significantly expand the scope of potential monomers for vinyl-addition polymerizations.22 Given these considerations, we envisioned that vinyl-addition polymerizations of cyclic allenes would afford access to novel derivatives of cycloolefin (co)polymers.
[bookmark: _Hlk96268043][bookmark: _Toc96416961]C.3 Results and Discussion
We selected 1,2-cyclononadiene (4) as our model substrate, given that (i) it is easily synthesized from cyclooctene on a multi-gram scale, and (ii) the resultant polymer would contain rings that are difficult to incorporate using traditional monomers.23 Our initial studies commenced with the homopolymerization of 4 using catalyst 6 (Figure C1). Gratifyingly, the polymerization proceeded rapidly (vide infra) to afford the desired polymer, 5, as a white powder in excellent yield (94%, Table C1). Analysis by gel-permeation chromatography (GPC) revealed that polymer 5 exhibited low dispersity (Đ = 1.11) and a number-average molecular weight (Mn = 36 kDa) similar to the targeted value. We note that we consistently observed a high molecular weight impurity that we were unable to avoid.24 Thermogravimetric analysis of 5 revealed a relatively high decomposition temperature (Td = 350 °C), which is comparable to cycloolefin polymers,25 however no transitions were observed through differential scanning calorimetry. 
The predicted26 ring strain of 4 is typical for other 9-membered rings (~12 kcal/mol); 
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[bookmark: _Toc96329599][bookmark: _Hlk93909871]Figure C1. Routes to cycloolefin polymers.

[bookmark: _Hlk95896124][bookmark: _Toc96322918]Table C1. Initial Catalyst Screen and Polymerization Optimization.

	entry
	Catalyst*
	[4]0
	Time (h)
	Temperature (°C)
	Mntheo (Da)
	Mnexpt (Da)c
	Ðd
	Yield (%)

	1
	3
	0.1
	1
	23
	24,400a
	35,600
	1.11
	94

	2
	3
	0.1
	1
	35
	24,400a
	50,500
	1.11
	93

	3
	3
	0.1
	1
	50
	24,400a
	48,900
	1.13
	97

	4
	3
	0.1
	1
	65
	24,400a
	73,300
	1.12
	53

	5
	4
	1.5
	1
	23
	24,400b
	133,00
	1.62
	57

	6
	5f
	1.5
	24
	23
	24,400a
	32,000
	1.37
	63

	7e
	6f
	1.5
	1
	23
	24,400a
	--
	--
	59

	8
	3f
	1.5
	24
	23
	24,400a
	8,100
	2.73
	99


aCalculated using [1]0:[Metal]0 X 122.12. bCalculated using [4]0:[Catalyst]0 X 122.12. c Measured by GPC (triple detection). d Calculated using Mw/Mn. e Insoluble material. f activated with AgSbF6. * See  Figure A
thus, the rapid polymerization we observed suggested that unusually high strain may not be required to access our target materials. To benchmark this, we monitored homopolymerizations of 4 and an acyclic analogue [1,2-nonadiene (10)] via 1H NMR spectroscopy (see SI).  We observed >95% conversion of 4 within 20 min, compared to approximately 60 min for >95% consumption of 10. Furthermore, 4 exhibited a 6-fold increase in polymerization rate relative to 10 (c.f. kobs = 0.296 for 4 versus kobs = 0.052 for 10; Figure C2). These studies demonstrate that modestly-strained cycloallenes possess enhanced reactivity relative to acyclic allenes. This behaviour starkly contrasts cyclic olefin polymerization tendencies, and these promising results suggest that our strategy could accommodate large of ring sizes (vide infra). Having identified 6 as a highly active  catalyst, we sought to further optimize the polymerization.  We began our studies by examining other vinyl-addition polymerization catalysts27 (7 – 9; Figure C1). Although 4 polymerized in the presence of catalyst 7, GPC analysis revealed that the Mn of the isolated material was significantly higher than the theoretical value (Table C1). Polymerizations in the presence of catalyst 8 (activated with AgSbF6) required lengthy reaction times (24 h), whereas catalyst 9 (also activated with AgSbF6) afforded low yields of highly insoluble materials (Table C1). The addition of AgSbF6 to 6 (which is known to enhance the activity of Ni based catalysts27) resulted in materials with low Mn and broad Đ. 
Finally, polymerizations at elevated temperatures (35, 50, and 65 °C) afforded materials with (i) Mn values that exceeded the theoretical values (Mn = 50, 49, and 73 kDa, respectively); (ii) slightly higher dispersities (Đ = 1.13, 1.12); and (iii) reduced yields, which we hypothesize may be due to catalyst decomposition (Table A1). With our selected 
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[bookmark: _Toc96329600]Figure C2.  Kinetic polots for polymerization of 4 (red) and 10 (blue).














[bookmark: _Toc96081369]polymerization conditions in hand, we next evaluated the living character of these polymerizations. 
Briefly, aliquots were periodically removed during the polymerization of 4 and quenched by exposure to air. Monomer conversion was determined via 1H NMR spectroscopy, and Mn and Đ values were determined by GPC. As shown in Figure C3, a linear correlation between Mn and monomer conversion was observed while maintaining relatively narrow dispersities (Ð ≤ 1.2).  Moreover, chain extension via sequential addition of 4 was successful (see SI for more details), further supporting the living nature of this polymerization (Figure C3). Importantly, these data suggest that cycloallenes may be readily integrated into an array of soft materials through copolymerizations.
Given that polymers containing cyclic motifs often exhibit unique thermomechanical properties, we sought to investigate the effect of cycloallene moieties on mechanical properties (i.e. Young’s modulus). In a preliminary study, we synthesized a series of high Mn (> 100 kDa) statistical copolymers by varying the feed ratio of 4:10 (70:30, 50:50, and 30:70; Table C2). These materials were then cast into films from CHCl3 and used for subsequent tensile testing. We surmised that increased cycloallene content would result in an increased Young’s modulus (in direct analogy to reports of more traditional cycloolefin copolymers).28 Conversely, we expected increased acyclic allene content would lower the modulus [in direct analogy to poly(α-olefins)]. Tension tests were conducted for materials containing 70 and 50 mol% 4. The homopolymer of 4 proved too brittle for analysis, whereas both the homopolymer of 10 and the 30 mol% material proved too tacky for mechanical analysis. We measured a Young’s modulus of 1367 ± 15 MPa 
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[bookmark: _Toc96329601]Figure C3. A) GPC plot showing chain extension of 4. B) Mn vs. Conversion plot of 4.

[bookmark: _Toc96322919]Table C2.Polymerization results for (co)polymers of 4 and 10.
	Entry
	(4:10)
	Yield (%)
	Mn (Da)a
	Ðb

	1
	100:0
	76
	61,356
	1.32

	2
	0:100
	74
	67,570
	1.15

	3
	70:30
	97
	129,100
	1.38

	4
	50:50
	92
	98,360
	1.85

	5
	30:70
	78
	99,270
	1.75


aMeasured by GPC. b Calculated using Mw/Mn. 








[strain at break = 2.5% (± 0.6%)] for the 70 mol% polymer (Figure C4). Conversely, tensile testing of the 50 mol% material revealed a Young’s modulus of 263 ± 30 MPa [strain at break = 5.2% (± 2.4%)]. These data are consistent with observations from cyclic olefin polymers,28 and they demonstrate that relatively modest changes in cycloallene feed ratios can dramatically impact the mechanical properties of the resultant materials. Slouf reported similar trends in copolymers with varied norbornene content (15 – 30% norbornene),29 which further illustrates the apparent similarity between cycloolefin and cycloallene polymers. Although preliminary, these results suggest that our approach could be amenable to synthesizing a spate of soft materials with highly tunable physical properties. 	
 In addition to statistical copolymers, we sought out to synthesize block copolymers of 4 and 10 to further show control over the polymerization and to investigate the properties of block copolymers where each block has various thermal and mechanical properties. Initially, we attempted to synthesize a diblock copolymer through the sequential addition of 4 and 10. However, the homopolymer of 4 had limited solubility in toluene, thus inhibiting every chain to be extended. This is likely due achieving higher molecular weights than those represented in the previously mentioned chain extensions. Therefore, we synthesized diblock copolymers through the sequential addition of 10 and 4 with varying compositions (70:30, 50:50, 30:70, mole percent incorporation 10:4). GPC confirmed that we successfully synthesized a diblock copolymer of 10 and 4 (Figures S31-33). Having achieved this, we sought to investigate how this change in architecture would change the mechanical properties. Unfortunately, the synthesized diblock copolymers did not make robust films fit for tensile testing.
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[bookmark: _Toc96329602]Figure C4. Stress vs. strain plots for copolymers of 4 and 10. Results for 70:30 (4:10, blue) and 50:50 (red) copolymer films are shown.













Finally, we sought to demonstrate the compatibility of our polymerization strategy with other cycloallene ring sizes.  Synthesizing materials with large ring sizes is inherently difficult,30 with cycloolefin scaffolds being limited primarily to fused polycycles (e.g. tetracyclododecene). However, increased ring sizes could further modify bulk material properties, such as Td31 or modulus.28 We prepared 1,2-cyclotridecadiene (11) and subjected it to our optimized polymerization conditions (SI). Interestingly, the polymerization of 11 required longer reaction times (72 h) to achieve modest conversions (67%), which is likely due to the steric hindrance of incorporating 13-membered rings into the growing polymer chain.  The resultant material exhibited poor solubility in common solvents (CHCl3, DCM, THF, PhMe, etc.); however, some portions could be dissolved in CDCl3, and subsequent 1H NMR spectroscopic analysis was consistent with the proposed polymer (SI). Molecular weight data could only be determined using high-temperature GPC, which revealed that we could access relatively high Mn polymers despite the sluggish nature of the polymerization (Mn = 47,289; Ð = 1.99). Although further work is needed, these preliminary studies demonstrate that low strain cyclic motifs of large size can successfully be incorporated into polymer matrices. 
[bookmark: _Hlk96269756][bookmark: _Toc96416962]C.4 Conclusion
In conclusion, we have demonstrated that vinyl-addition polymerization of cycloallenes is a potentially valuable strategy for preparing analogues of cycloolefin polymers that obviate current limitations. Importantly, cycloallenes can be polymerized in a well-controlled manner at room temperature using a simple Ni catalyst. Moreover, this route does not require high strain monomers (e.g. norbornene) to achieve cyclic motif incorporation. Lastly, copolymerization with acyclic monomers is possible, but not required to achieve good conversion. Taken together, these results suggest that vinyl-addition polymerizations of cyclic allenes could provide a reliable synthetic route toward heretofore inaccessible materials.
[bookmark: _Toc96416963]C.5 Experimental
Materials and Methods
The following compounds were prepared according to literature procedures: 9,9-dibromobicyclo[6.1.0]nonane,32 1,2-cyclononadiene,33 1,1-dibromo-2-hexylcyclopropane,34 1,2-nonadiene,35  [{(𝜋-allyl)NiOCOCF3}2]33, 36 and trans-[Ni(C6F5)2(SbPh3)2].27 All other reagents and solvents were obtained from commercial sources and used without further purification. Unless otherwise noted, solvents were dried on an MBraun solvent purification system or Pure Solve solvent purification system with 3Å molecular sieves and degassed with three freeze-pump-thaw cycles. Oxygen and water sensitive manipulations were performed in a N2-filled MBraun glovebox or using standard Schlenk techniques. All polymerizations were performed in a N2-filled glovebox. 1H and 13C NMR spectroscopic data were collected on a Bruker 400 MHz NMR, Varian 300 MHz NMR, a Varian 500 MHz NMR, or a Varian 600 MHz spectrometer. Chemical shifts (δ) are reported in ppm using the residual solvent as reference. Thermogravimetric analysis (TGA) was performed on a TA Instruments TGA Q500. Dynamic mechanical analysis (DMA) was performed on a TA Instruments DMA Q800 with a film tension clamp. Gel permeation chromatography (GPC) data, unless otherwise stated, were collected on an Omnisec Resolve and Omnisec Reveal system using triple detection with detectors in series: UV, light scattering, viscometer, and refractive index and three Viscotek styrene divinylbenzene copolymer columns (in series T3000, T4000, and T5000) at a flow rate of 1 mL/min and thermostatted to 30 °C using either tetrahydrofuran (THF) or chloroform (CHCl3) as the eluent. Molecular weight and dispersity data reported are from triple detection. Poly(1,2-cyclotridecadiene) was analyzed via GPC using 1,2,4-trichlorobenezene (TCB) as the eluent using a Malvern High Temperature OMNISEC system equipped with one TSK gel column thermostatted to 150 °C. Molecular weight and polydispersity data are reported using triple detection: refractive index, viscometer, low angle light scattering and right angle light scattering.
Monomer Synthesis
Synthesis of 9,9-Dibromobicyclo[6.1.0]nonane: 
9,9-Dibromobicyclo[6.1.0]nonane was synthesized following a modified procedure.32 A 250 mL 2-neck flask was charged with a Teflon stir bar, cyclooctene (11 g; 99.81 mmol), bromoform (CHBr3, 50.4 g; 199.62 mmol), DCM (30 mL), EtOH (2 mL), and cetyltrimethylammonium bromide (CTMA+ Br-, 250 mg; 0.686 mmol). The mixture was cooled to 0 °C and NaOH (15.96 g; 399 mmol; 50% w/w in water) was added dropwise via cannula over the course of 10 minutes. The resulting mixture was left to stir for 48 hours while warming to room temperature (23 °C). The reaction mixture was neutralized with 2 M HCl and diluted with water (50 mL). The organic phase was separated, and the aqueous phase was extracted with DCM (2 x 30 mL). The combined organic layers were washed with water (1 x 100 mL), brine (1 x 100 mL), dried over anhydrous sodium sulfate, and filtered. The solvent was removed under vacuum, after which the crude product was dissolved in hexanes and filtered through a plug of silica gel. Residual bromoform and cyclooctene were removed under vacuum (5 torr) with gentle heating (55 °C) for 16 h to afford 9,9-Dibromobicyclo[6.1.0]nonane (17 g; 60% yield) as a colorless oil. Spectral data are consistent with known reports.32 1H NMR (CDCl3 7.26), δ = 1.07 - 1.25 (m, 2 H), 1.30 - 1.70 (m, 10 H), 2.00 - 2.10 (m, 2 H); 13C (CDCl3) δ = 25.3, 26.3, 27.8, 33.2, 37. Spectral data are shown in Figures D6 and D7. 
Synthesis of 4:
1,2-Cyclononadiene was synthesized following a modified procedure.33 A flame dried 250 mL round bottom flask was charged with a Teflon stir bar, 9,9-Dibromobicyclo[6.1.0]nonane (14.3 g; 50.7 mmol), and diethyl ether (Et2O, 25 mL) before cooling the solution to -50 °C (5 minute isotherm). Methyllithium (1.6 M in Et2O; 36 mL; 57.6 mmol) was added slowly and the reaction was stirred at -50 °C for 30 minutes. The reaction mixture was warmed to 0 °C and quenched with water (6 mL). The mixture was then warmed to room temperature (23 °C) and further diluted with water (20 mL). The organic phase was separated, and the aqueous layer was extracted with Et2O (2 x 20 mL). The combined organic layers were washed with water (1 x 40 mL), brine (1 x 40 mL) dried over anhydrous sodium sulfate and filtered. Solvent was removed under vacuum to yield a pale-yellow oil. Vacuum distillation (2 Torr) at 45 °C afforded 4 as a colorless oil (5.5 g; 89% yield). Spectral data are consistent with literature reports.33 1H NMR (CDCl3 7.26), δ = 1.38-1.40 (m, 2H), 1.54-1.67 (m, 6H), 1.74-1.82 (m, 2H), 2.18-2.27 (m, 2H), 5.26 (m, 2H); 13C (CDCl3) δ = 25.5, 27.5, 28.2, 92.6, 205.8. Spectral data are shown in Figures D8 and D9. 
Synthesis of 1,1-dibromo-2-hexylcyclopropane: 
 	1,1-dibromo-2-hexylcyclopropane was synthesized following a modified procedure.34 A 250 mL 2-neck flask was charged with a Teflon stir bar, 1-octene (10 g; 89.1 mmol), bromoform (CHBr3, 33.6 g; 133 mmol), DCM (100 mL), and cetyltrimethylammonium bromide (CTMA+ Br-, 3.27 g, 8.91 mmol). The mixture was cooled to 0 °C, and KOH (25.00 g; 445 mmol; 50% w/w in water) was added dropwise via cannula over the course of 30 minutes. The resulting mixture was left to stir for 24 hours while warming to room temperature (23 °C), after which time the reaction mixture was neutralized using 6 M HCl. The organic phase was separated, and the aqueous layer was extracted with DCM (3 x 50 mL). The combined organic layers were washed with water (2 x 50 mL), brine (1 x 50 mL), dried over anhydrous magnesium sulfate, and filtered. Solvent was removed under vacuum, after which the crude product was dissolved in hexanes and filtered through a plug of silica gel. Vacuum distillation (2 Torr) at 85 °C afforded 1,1-dibromo-2-hexylcyclopropane as a colorless oil (20.0 g, 79% yield). Spectral data are consistent with literature reports.34 1H NMR (CDCl3 7.26), δ = 0.92 (t, 3H),1.22 (t, 1H), 1.28–1.42 (m, 6H),1.43-1.65 (m, 5H), 1.76 (dd, 1H); 13C (CDCl3) δ = 14.1, 22.6, 28.3, 28.6, 29.0, 29.7, 31.5, 31.7, 32.6. Spectral data are shown in Figures D10 and D11.
Synthesis of 10:
1,2-nonadiene (10) was synthesized following a modified procedure.35 A 100 mL Schlenk flask was charged with a Teflon stir bar, 1,1-dibromo-2-hexylcyclopropane (10 g, 35.2 mmol), and diethyl ether (Et2O, 25 mL) before cooling the solution to -78 °C (x minutes isotherm). Methyllithium (1.56 M in Et2O; 27 mL; 42.2 mmol) was added dropwise over the course of 15 minutes and the reaction was stirred at -78 °C for 20 minutes. The reaction mixture was warmed to room temperature (23 °C) and allowed to stir for 1 hour. The mixture was quenched with water (25 mL) the organic phase separated, and the aqueous layer was extracted with Et2O (2 x 50 mL). The combined organic layers were washed with water (2 x 50 mL), brine (1 x 50 mL), dried over magnesium sulfate, and filtered. Solvent was removed under vacuum, and vacuum distillation (60 torr) at 70 – 80 °C, afforded 10 as a colorless oil (4.0g, 93% yield). Spectral data are consistent with literature reports.35 1H NMR (CDCl3 7.26), δ = 5.10 (quint, 1H), 4.66 (dt, 2H), 2.03-1.98 (m, 2H), 1.43-1.26 (m, 8H), 0.90 (t, 3H); 13C NMR (CDCl3): δ = 208.7, 90.1, 74.5, 31.6, 29.1, 28.7, 28.2, 22.6, 14.0. Spectral data are shown in Figures D12 and D13.
Separation of cis-cyclododecene:
Cis-cyclododecene was isolated following a previously reported procedure.37 Commercially available cyclododecene (7 g; 42.09 mmol; 65% cis via 1H NMR spectroscopy) was added to a boiling (65 °C) MeOH solution of silver nitrate (AgNO3, 4.28 g; 25.18 mmol, 0.92 equivalent relative to trans cyclododecene). The boiling solution was stirred for 5 minutes at 65 °C. The solution was cooled to room temperature and subsequently stored at -20 °C for 16 hours, after which time white needles crystallized within the flask. The white needles were collected on a medium porosity fritted funnel and transferred to a 150 mL beaker equipped with a stir bar. A mixture of water (30 mL) and Et2O (30 mL) was added followed by vigorous stirring for 5 minutes at 23 °C. The organic layer was separated, and the aqueous layer was washed with Et2O (2 x 30 mL). The combined organic layers were washed with water (1 x 100 mL), brine (1 x 100 mL), dried over anhydrous sodium sulfate, and filtered. Solvent was removed under vacuum to afford cis-cyclodocene (94% cis via 1H NMR spectroscopy) as a colorless oil (3.16 g; 64% yield). Spectral data are consistent with literature reports.38 1H NMR (CDCl3 7.26), δ = 5.32 (quint, 2H), 2.16-2.07 (m, 4H), 1.48-1.41 (quint, 4H), 1.37-1.31 (s, 10H), 1.30-1.22 (m, 6H); 13C NMR (CDCl3): δ = 130.43, 27.00, 24.68, 24.41, 23.99, 22.11. Spectral data are shown in Figures d14 and D15. 
Synthesis of 13,13-dibromobicyclo[10.1.10]decane:
 	13,13-dibromobicyclo[10.1.10]decane was synthesized following a modified procedure.39 A 250 mL round bottom flask was charged with a Teflon stir bar, cis-cyclododecene (3.16 g; 19.06 mmol), bromoform (CHBr3, 5 mL; 57.18 mmol), cetyltrimethylammonium bromide (CTMA+ Br-, 228 mg; 0.625 mmol) and EtOH (1 mL). The mixture was cooled to 0 °C and KOH (9.6 g; 171.5 mmol; 50% w/w in water) was added dropwise via syringe over the course of 6 minutes. The resulting mixture was left to stir for 48 hours while warming to room temperature (23 °C).  The reaction mixture was diluted with water (50 mL) and hexanes (30 mL). The organic phase was separated, and the aqueous layer was extracted with hexanes (2 x 30 mL). The combined organic layers were washed with water (1 x 60 mL), brine (1 x 90 mL), dried over anhydrous sodium sulfate and filtered. Solvent was removed under vacuum. Unreacted cyclododecene was removed via vacuum distillation (5 torr) at 90 °C. The product was taken up in hexanes, filtered through a plug of silica gel, and removal of solvent under vacuum afforded 13,13-dibromobicyclo[10.1.10]decane as colorless crystals (4.3 g; 67% yield). 1H NMR (CDCl3 7.26), δ = 1.73-1.65 (m, 2H), 1.65-1.49 (m, 4H), 1.49-1.31 (m, 10H), 1.29-1.15 (m, 4H); 13C NMR (CDCl3): δ = 34.29, 26.88, 26.72, 26.06, 24.06, 22.64. Spectral data are shown in Figures D16 and D17.
Synthesis of 11:
 	1,2-cyclotridecadiene (11) was synthesized following a modified procedure.39 A flame dried 50 mL round bottom flask was charged with a Teflon stir bar, 13,13-dibromobicyclo[10.1.10]decane (4 g; 11.83 mmol), and diethyl either (Et2O, 15 mL) before cooling to solution to -40 °C (5 minute isotherm). Methyllithium (1.6 M in Et2O; 8.13 mL; 13.01 mmol) was slowly added and the reaction was stirred at -40 °C for 1 hour. The reaction mixture was warmed to 0 °C and slowly quenched with water (5 mL). The mixture was then warmed to room temperature (23 °C) and further diluted with water (10 mL). The organic phase was separated, and the aqueous layer was extracted with Et2O (3 x 15 mL). The combined organic layers were washed with water (1 x 60 mL), brine (1 x 60 mL brine), dried over anhydrous sodium sulfate. Solvent was removed under vacuum and the crude product was purified via vacuum distillation (15 torr) at 95 °C to afford 11 as a colorless oil (1.5 g; 71% yield). Spectral data are consistent with literature reports.39 1H NMR (CDCl3 7.26), δ = 5.08 (quint, 2H), 2.15-1.95 (m, 4H), 1.62-1.50 (m, 4H), 1.50-1.37 (m, 8H), 1.37-1.23 (m, 8H); 13C NMR (CDCl3): δ = 204.31, 91.34, 27.47, 27.19, 27.12, 26.76, 26.52. Spectral data shown in figures D18 and D19.
Polymer Synthesis
General Procedure for Vinyl-Addition Polymerization of 4 and 10 with 6: 
In an N2 filled glovebox, bis(1,5-cyclooctadiene)nickel(0) (12.4 mg; 0.045 mmol) was dissolved in toluene (1.75 mL). Allyltrifluoroacetate (5.8 μL, 0.045mmol) was added with stirring at 23 °C for 20 minutes, which generated [{(𝜋-allyl)NiOCOCF3}2] in-situ ([Ni] = 0.026 M). An aliquot (0.15 mL, 0.004 mmol Ni) of this freshly prepared catalyst solution was added to a solution of 4 (100 mg; 0.818 mmol) in toluene (8.0 mL) and stirred for 1 hour at 23 °C. The polymerization was quenched via exposure to air and solvent was removed in vacuo. Polymeric material was then dissolved in minimal CHCl3 and precipitated from MeOH. The white powder was collected on a medium porosity fritted funnel and dried for 16 hours in vacuo. Representative spectral data are shown in Figures D20 and D21. Representative GPC data shown in Figure D35. 
10 was polymerized following the procedure outlined earlier with the following modifications: 6, (0.26 mL; 0.0068 mmol Ni), 7 (3.3 mmol), and toluene (20 mL) were used. The polymerization was conducted for 16 hours, quenched via exposure to air, concentrated to a minimal volume, and precipitated from MeOH. Representative spectral data shown in Figures D22 and D23. GPC data shown in Figure D36.
General Procedure for the Vinyl-Addition Polymerization of 4 with 6 – 9:
In an N2 filled glovebox, a 7 mL vial was charged with a Teflon stir bar and a solution of catalyst 6, 8, or 9 (0.004 mmol Ni/Pd in 0.5 mL toluene) activated with AgSbF6 (1 equiv. with respect to Ni) or a solution of catalyst 7 (0.004 mmol Ni in 0.5 mL toluene). 4 (100 mg, 0.818 mmol) was added to the catalyst solution and stirred at 23 °C for 1 hour (catalysts 7 and 9) or 24 hours (catalyst 8 and 6). The polymerization was sparged with air and solvent was removed in vacuo. GPC data are shown in Figures D37 – D40. Results are tabulated in Table C1. 
General Procedure for Quenching the Polymerization of 4 with 6:
In an N2 filled glovebox, bis(1,5-cyclooctadiene)nickel(0) (12.4 mg; 0.045 mmol) was dissolved in toluene (2.0 mL). Allyltrifluoroacetate (5.8 μL, 0.045mmol) was added with stirring at 23 °C for 20 minutes, which generated [{(𝜋-allyl)NiOCOCF3}2] in-situ ([Ni] = 0.023 M). An aliquot (0.11 mL, 0.0025 mmol Ni) of this freshly prepared catalyst solution was added to a solution of 4 (25 mg; 0.205 mmol) in toluene (2.0 mL) and stirred for 1 hour at 23 °C. A quenching agent was added, and the mixture was stirred for 30 min. Polymeric material was then precipitated from MeOH and dried in vacuo for 16 hours as described above. GPC analyses were conducted to determine if high Mn impurities were present; the findings from this study are summarized in Table D1.
Additional Catalyst Study to Avoid the High Mn Impurity:
In an N2 filled glovebox, bis(1,5-cyclooctadiene)nickel(0) (12.4 mg; 0.045 mmol) was dissolved in toluene (1.75 mL). Allyltrifluoroacetate (5.8 μL, 0.045 mmol) was added with stirring at 23 °C for 10 minutes, which generated [{(𝜋-allyl)NiOCOCF3}2] in-situ ([Ni] = 0.026 M). PPh3 (11.8 mg; 0.045 mmol) or SbPh3 (15.0 mg; 0.045 mmol) was added with stirring at 23 °C for 10 minutes. An aliquot (0.38 mL, 0.010 mmol Ni) of this freshly prepared catalyst solution was added to a solution of 4 (100 mg; 0. 818 mmol) in toluene (8.0 mL) and stirred for 1 hour at 23 °C. The polymerization was quenched with 0.1 mL of dried and degassed MeOH and stirred for 30 min at 23 °C. The solution was then added to MeOH to precipitate any polymeric material. The white powder was collected on a medium porosity fritted funnel and dried for 16 hours in vacuo. The results are shown in Table D2
In an N2 filled glovebox, 6 (3.0 mg; 0.010 mmol) and silver trifluoroacetate (4.4 mg; 0.021 mmol) were dissolved in toluene (1.0 mL) and stirred at 23 °C for 5 minutes. The resulting solution was filtered through a 0.2 μm syringe filter into a solution of 4 (100 mg; 0. 818 mmol) in toluene (8.0 mL) and stirred for 1 hour at 23 °C. The polymerization was quenched with 0.1 mL of dried and degassed MeOH and stirred for 30 min at 23 °C. The solution was then added to excess MeOH to precipitate any polymeric material. The white powder was collected on a medium porosity fritted funnel and dried for 16 hours in vacuo. The result of this polymerization can be found in Table D2. 
General procedure for Statistical Copolymerizations of 4 and 10:
Statistical copolymers were synthesized following the same procedure outlined earlier. Note: both monomers were combined in a single vessel prior to addition of 6. The solution was then stirred at 23 °C for 16 hours. The polymerization was quenched via exposure to air, concentrated to a minimal volume, precipitated from MeOH, collected on a medium porosity fritted funnel, and dried in a vacuum oven (65 °C) for 16 hours. Representative spectral data shown in Figures D28– D31. Representative GPC data shown in Figures D41 – D43.  
General procedure for Block Copolymerization of 4 and 10:
A stock solution of 6 ([Ni] = 0.026 M) was prepared as previously described earlier, and an aliquot (0.26 mL; 0.0068 mmol Ni) was added to a 20 mL vial charged with 10 (204.6 mg; 1.65 mmol), toluene (10 mL), and a Teflon stir bar. The polymerization was stirred at 23 °C for 2 hours, after which an aliquot (0.25 mL; 0.040 mmol) was removed for GPC analysis (Mn = 28,440 kDa; Ð = 1.20). A solution of 4 (201.5 mg; 1.65 mmol) in toluene (10 mL) was added to the poly(1,2-nonadiene) solution, and the reaction was stirred at 23 °C for 16 hours. The reaction was quenched via exposure to air, precipitated from MeOH, collected on a medium porosity fritted funnel, and dried in a vacuum oven at 65 °C for 16 hours. Representative GPC data shown in Figures D32 – D34 (Mn = 57,780 kDa; Ð = 1.19). The remaining block polymers were synthesized using the same procedure but with differing amounts of 10 and 1 (2.3 mmol:1.0 mmol, and 1.0 mmol:2.3 mmol).
Polymerization Kinetics
General Procedure for the kinetic experiment for 4 and 10:
In an N2 filled glovebox, a 3 mL vial was charged with 4 or 10 (30 mg; 0.25 mmol), d8-toluene (0.5 mL) and trimethoxybenzene (4.8 mg; 0.026 mmol; used with 10) or mesitylene (2.5 μL; 0.018 mmol; used with 4) as an internal standard. The solution was transferred to a septa-capped NMR tube and an initial (T0) 1H NMR spectrum was collected. A separate 1 mL vial was charged with bis(1,5-cyclooctadiene)nickel(0) (12 mg; 0.044 mmol), a Teflon stir bar, d8-toluene (1 mL), and allyltrifluoroacetate (5.7 μL; 0.044 mmol). Stirring at 23 °C for 20 minutes generated 6 in situ ([Ni] = 0.044 M). An aliquot (0.14 mL; 0.0062 mmol Ni) was drawn up by an air-tight syringe and the needle tip inserted into a rubber septum. The solution of 6 was quickly injected into the NMR tube (followed by mixing via inversion). 1H NMR spectra were collected every two minutes over the course of 30 minutes (for 4) or one hour (for 10). Monomer consumption was determined via integration of the allene vinyl protons (δ = 5.1 – 5.3 for 4; δ = 4.5 – 4.8 for 10) versus the internal standard (δ = 6.1 – 6.3 for trimethoxybenzene; δ = 6.6 – 6.8 for mesitylene). The kinetics experiments were completed in triplicate for 4 and 10, and error was determined by the standard deviation of the three trials. Kinetics plot comparing the rates of polymerization of 4 and 10 are shown in Figure C2. 
Determination of Living Character for the Polymerization of 4 and 10 with 6
Molecular Weight as a Function of Monomer Conversion Procedure:
In an N2 filled glovebox, a 7 mL vial was charged with a Teflon stir bar, 4 (150 mg; 1.23 mmol), mesitylene (170 μL; 1.23 mmol; used as an internal standard) and an aliquot was removed via capillary action and diluted with CDCl3 for 1H NMR spectroscopic analysis (T0). After which toluene (3 mL) was added. In a separate 7 mL vial, a stock solution of 6 ([Ni] = 0.026 M) was prepared as previously described earlier. An aliquot (0.2 mL; 0.0052 mmol Ni) of this freshly prepared stock solution was added to the vial containing 4 and stirred at 23 °C. Aliquots (0.2 mL) were removed every ~4 minutes, quenched via exposure to air, diluted with CDCl3 (0.5 mL) and analyzed by 1H NMR spectroscopy. The NMR samples were transferred to 3 mL vials, concentrated to a residue, and dried in vacuo for 16 hours. The aliquots were dissolved in HPLC-THF (2 mL) and analyzed by GPC to determine the number average molecular weight (Mn) of any polymeric species (Table D3). The calculated Mn data were plotted as a function of monomer conversion, which revealed a linear correlation (Figure A3). 
This procedure was also conducted for 10 with the following amount/time modifications: 6 (0.13 mL; 0.0034 mmol Ni); aliquots removed every 5 to 10 minutes. The aliquots were analyzed as previously described earlier. The calculated Mn data were plotted as a function of monomer conversion, which revealed a linear conversion Figure D1.  
General Procedure for Chain Extension:
In an N2 filled glovebox, a stock solution of 6 ([Ni] = 0.0133 M) was prepared as described earlier.  A separate 20 mL vial was charged with a Teflon stir bar, 4 (100 mg; 0.8188 mmol), and toluene (1 mL). An aliquot (0.6 mL; 0.00799 mmol Ni) of the stock solution of 6 was added to the solution of 4, and stirred at 23 °C. After 20 minutes, an aliquot (0.15 mL) was removed, quenched via exposure to air, diluted with CDCl3 (0.55 mL) and analyzed by 1H NMR spectroscopy (which confirmed full conversion of 4). At this point, another portion of 4 (100 mg; 0.8188 mmol) in toluene (1.6 mL) was added to the polymerization mixture and allowed to stir. After 20 minutes another aliquot (0.15 mL) was removed from the turbid solution, and 1H NMR spectroscopic analysis confirmed quantitative conversion of 4. The NMR aliquots were concentrated to a residue under vacuum and analyzed by GPC to determine the number average molecular weight (Mn) of any polymeric species (Table D4). The observed data were consistent with successful chain extension (Figure C3).
General Procedure for Stress Strain Experiments:
A rectangular film of the respective polymer was cast from CHCl3 (5 w% polymer) and analyzed using DMA (film tension clamp at 0.1% strain/min). Representative Stress v. Strain plots are shown in Figure C4. 
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[bookmark: _Toc96322920][bookmark: _Hlk95896557]Table D1.Quenching agent study for polymerization of 1 with 3.

	Entry
	[4]0
	Time (h)
	Quenching Agent
	High Mn Shoulder
	Mnexpt (Da)
	Ð
	Yield (%)

	1
	0.1
	1
	 HCl (degassed)
	present
	20,600
	1.18
	90

	2
	0.1
	1
	 Trifluoroacetic acid (degassed)
	present
	21,000
	1.23
	98

	3
	0.1
	1
	MeOH (dry, degassed)
	present
	20,700
	1.2
	78

	4
	0.1
	1
	Air Sparge
	present
	23,000
	1.21
	89

	5
	0.1
	1
	MeOH (dry, O2)
	present
	23,400
	1.24
	98

	6
	0.1
	1
	MeCN (dry, degassed)
	present
	23,900
	1.16
	99 



















[bookmark: _Hlk95896638][bookmark: _Toc96322921]Table D2. The polymerization of 1 with various catalytic species.

	Entry
	
	
	Catalyst
	[4]0
	Time (h)
	Additive
	High Mn Shoulder
	Mnexpt (Da)
	Ð
	Yield (%)

	1
	
	
	3
	0.1
	1
	PPh3
	N/A
	N/A
	N/A
	N/A

	2
	
	
	3
	0.1
	1
	SbPh3
	present
	27,400
	1.16
	96

	3
	
	
	6
	0.1
	1
	AgTFA
	present
	10,800
	1.14
	81 





[bookmark: _Hlk95896732][bookmark: _Toc96322922]Table D3. Living Plot Molecular Weight and Conversion Data for 4.

	Entry
	Monomer
	Reaction Time (min)
	Conversion (%)
	Mn (Da)
	Ɖ

	0
	1
	  0
	  0
	-
	-

	1
	1
	  4
	40
	16000
	1.18

	2
	1
	  8
	65
	26000
	1.19

	3
	1
	13
	87
	36000
	1.19

	4
	1
	18
	94
	40470
	1.16
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[bookmark: _Toc96329603]Figure D1. Number average molecular weight (Mn) as a function of monomer conversion (blue) and Dispersity (Ð; red) for polymerization of 10. 






	Entry
	Monomer
	Reaction Time (min)
	Conversion (%)
	Mn (Da)
	Ɖ

	0
	10
	    0
	  0
	-
	-

	1
	10
	    9
	27
	  9000
	1.23

	2
	10
	  15
	41
	15000
	1.21

	3
	10
	  35
	63
	27000
	1.25

	4
	10
	  45
	69
	32000
	1.19

	5
	10
	  65
	75
	32000
	1.24

	6
	10
	  85
	80
	35000
	1.26

	7
	10
	115
	99
	39000
	1.21


[bookmark: _Toc96322923]Table D4.  Living Plot Molecular Weight and Conversion Data for 10. 





[bookmark: _Hlk95896947][bookmark: _Toc96322924]Table D5. Molecular Weight Data for Chain Extension of 4.
	Entry
	Extensions
	Mn (Da)
	Target Mn (Da)
	Ɖ

	1
	0
	18,910
	12,000
	1.16

	2
	1
	33,800
	24,000
	1.14
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[bookmark: _Hlk96278805][bookmark: _Toc96329604][bookmark: _Hlk95897181]Figure D2. Representative 5 TGA thermogram (Heating Rate: 10 °C/min in N2). 
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[bookmark: _Toc96329605]Figure D3. Representative poly(1,2-nonadiene) TGA thermogram (Heating Rate: 10 °C/min in N2). 
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[bookmark: _Toc96329606]Figure D4. Representative poly(1,2-cyclotridecadiene) TGA thermogram (Heating Rate: 10 °C/min in N2). 
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[bookmark: _Toc96329607]Figure D5. Representative DSC thermogram of poly(1,2-nonadiene). Second heating cycle (Heating Rate: 10 °C/min).
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[bookmark: _Toc96329608]Figure D6. 1H NMR spectrum of 9,9-Dibromobicyclo[6.1.0]nonane in CDCl3.
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[bookmark: _Toc96329609]Figure D7. 13C NMR spectrum of 9,9-Dibromobicyclo[6.1.0]nonane in CDCl3. 
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[bookmark: _Toc96329610]Figure D8. 1H NMR spectrum of Cyclononadiene (4) in CDCl3.
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[bookmark: _Hlk95897606][bookmark: _Toc96329611]Figure D9. 13C NMR spectrum of Cyclononadiene (4) in CDCl3.
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[bookmark: _Toc96329612][bookmark: _Hlk95897652]Figure D10. 1H NMR spectrum of 1,1-dibromo-2-hexylcyclopropane in CDCl3. Residual solvent (DCM: δ = 5.30) denoted with *.
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[bookmark: _Toc96329613]Figure D11.   13C NMR spectrum of 1,1-dibromo-2-hexylcyclopropane in CDCl3.
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[bookmark: _Toc96329614]Figure D12. 1H NMR spectrum of 1,2-nonadiene (10) in CDCl3. Residual solvent (H2O: δ = 1.56) denoted by *. 
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[bookmark: _Toc96329615]Figure D13. 13C NMR spectrum of 1,2-nonadiene (10) in CDCl3. 
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[bookmark: _Hlk95899961][bookmark: _Toc96329616]Figure D14. 1H NMR spectrum of cis-cyclododecene in CDCl3. Residual solvent (H2O: δ = 1.56) denoted by *. Cis:trans ratio determined by relative integration of cis (δ = 5.32) and trans (δ = 5.37) resonances.
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[bookmark: _Toc96329617]Figure D15. 13C NMR spectrum of cis-cyclododecene in CDCl3. 
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[bookmark: _Toc96329618]Figure D16. 1H NMR spectrum of 13,13-dibromobicyclo[10.1.10]decane in CDCl3. Residual solvent (H2O: δ = 1.56) and cis-cyclododecene (δ = 5.32, 2.10) denoted by *.
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[bookmark: _Toc96329619]Figure D17. 13C NMR spectrum of 13,13-dibromobicyclo[10.1.10]decane in CDCl3. 




[image: ]
[bookmark: _Hlk95900265][bookmark: _Toc96329620]Figure D18. 1H NMR spectrum of 1,2-cyclotridecadiene (11) in CDCl3. Residual cis-cyclododecene (δ = 5.32) denoted by *.
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[bookmark: _Toc96329621]Figure D19. 13C NMR spectrum of 1,2-cyclotridecadiene (11) in CDCl3. 
[image: ]
[bookmark: _Toc96329622]Figure D20. 1H NMR spectrum of poly(cyclonondiene) (5) in CDCl3. 
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[bookmark: _Toc96329623]Figure D21. 13C NMR spectrum of poly(cyclononadiene) (5) in CDCl3. 
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[bookmark: _Toc96329624]Figure D22. 1H NMR spectrum of poly(1,2-nonadiene) in CDCl3.
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[bookmark: _Toc96329625]Figure D23. 13C NMR spectrum of poly(1,2-nonadiene) in CDCl3. 
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[bookmark: _Toc96329626]Figure D24.  1H NMR spectrum of poly(1,2-cyclotridecadiene) in CDCl3. Residual Solvent (THF: δ = 3.74, 1.85) denoted by *.
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[bookmark: _Toc96329627]Figure D25. 13C NMR spectrum of poly(1,2-cyclotridecadiene) in CDCl3. 
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[bookmark: _Toc96329628]Figure D26. 1H NMR spectrum of 70:30 (4:10) statistical copolymer in CDCl3. 
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[bookmark: _Toc96329629]Figure D27. 13C NMR spectrum of 70:30 (4:10) statistical copolymer in CDCl3.
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[bookmark: _Toc96329630]Figure D28.  1H NMR spectrum of 50:50 (4:10) statistical copolymer in CDCl3. 
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[bookmark: _Toc96329631]Figure D29.  13C NMR spectrum of 50:50 (4:10) statistical copolymer in CDCl3. 
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[bookmark: _Toc96329632]Figure D30. 1H NMR spectrum of 30:70 (4:10) statistical copolymer in CDCl3. 
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[bookmark: _Toc96329633]Figure D31.  13C NMR spectrum of 30:70 (4:10) statistical copolymer in CDCl3. 
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[bookmark: _Toc96329634]Figure D32.  GPC trace for poly(Cycononadiene-b-1,2-nonadiene) (70:30) (Mn = 15,050 g/mol, 57,830 g/mol, ᴆ = 1.21, 1.30).
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[bookmark: _Toc96329635]Figure D33. GPC trace for poly(Cycononadiene-b-1,2-nonadiene) (50:50) (Mn = 28,440 g/mol, 57,780 g/mol, and ᴆ = 1.20, 1.19).
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[bookmark: _Hlk95909859][bookmark: _Toc96329636]Figure D34. GPC trace for poly(Cycononadiene-b-1,2-nonadiene) (30:70) (Mn = 37,550 g/mol, 53,180 g/mol, and ᴆ = 1.20, and 1.23).
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Description automatically generated]RV (mL) 		23.73
Mn (g/mol)		73,840
Mw (g/mol)		85,440
Mz (g/mol)		107,100
Mw/Mn		1.157
IVw (dL/g)		0.2392
Rh(η)w (nm)		6.768
Rgw (nm)		N/C
M-H a			0.6672
M-H log K (dL/g)	-3.892
RI peak (mV∙mL)	366.7
RALS peak (mV∙mL)	66.25
LALS peak (mV∙mL)	50.91
DP peak (mV∙mL)	75.9
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.1105
Recovery (%)		N/C

[bookmark: _Toc96329637]Figure D35.  GPC trace of the polymerization of 4 with 6 in CHCl3 (1 h).


[image: Chart

Description automatically generated]RV (mL) 		23.33
Mn (g/mol)		67,570
Mw (g/mol)		77,440
Mz (g/mol)		87,890
Mw/Mn		1.146
IVw (dL/g)		0.3004
Rh(η)w (nm)		7.093
Rgw (nm)		N/C
M-H a		0.7217
M-H log K (dL/g)	-4.046
RI peak (mV∙mL)	299.5
RALS peak (mV∙mL)	47.79
LALS peak (mV∙mL)	35.07
DP peak (mV∙mL)	71.84
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.09483
Recovery (%)	N/C

[bookmark: _Toc96329638]Figure D36. GPC trace of the polymerization of 10 with 6 (2 h).
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Description automatically generated with low confidence]RV (mL) 		21.79
Mn (g/mol)		128,200
Mw (g/mol)		211,000
Mz (g/mol)		369,200
Mw/Mn		1.646
IVw (dL/g)		0.4547
Rh(η)w (nm)		11.01
Rgw (nm)		6.66
M-H a		0.5896
M-H log K (dL/g)	-3.452
RI peak (mV∙mL)	263.3
RALS peak (mV∙mL)	118.3
LALS peak (mV∙mL)	93.04
DP peak (mV∙mL)	99.63
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.1126
Recovery (%)	N/C

[bookmark: _Toc96329639]Figure D37. GPC trace of the polymerization of 4 with 7 (1 h).
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Description automatically generated]RV (mL) 		33.25
Mn (g/mol)		33,650
Mw (g/mol)		45,040
Mz (g/mol)		187,600
Mw/Mn		1.338
IVw (dL/g)		0.02087
Rh(η)w (nm)		2.189
Rgw (nm)		N/C
M-H a		0.6906
M-H log K (dL/g)	-4.805
RI peak (mV∙mL)	305.8
RALS peak (mV∙mL)	29.97
LALS peak (mV∙mL)	23.29
DP peak (mV∙mL)	5.596
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.109
Recovery (%)	N/C

[bookmark: _Toc96329640]Figure D38.  GPC trace of the polymerization of 4 with activated 8 (24 h).
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Description automatically generated]RV (mL) 		30.94
Mn (g/mol)		6,691
Mw (g/mol)		12,040
Mz (g/mol)		29,520
Mw/Mn		1.799
IVw (dL/g)		0.09599
Rh(η)w (nm)		2.394
Rgw (nm)		N/C
M-H a		 	0.6738
M-H log K (dL/g)	-4.055
RI peak (mV∙mL)	253.9
RALS peak (mV∙mL)	5.593
LALS peak (mV∙mL)	5.207
DP peak (mV∙mL)	10.23
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.1086
Recovery (%)		N/C

[bookmark: _Toc96329641]Figure D39.  GPC trace of the polymerization of 4 with activated 9 (1 h).
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Description automatically generated]RV (mL) 		28.63
Mn (g/mol)		8,071
Mw (g/mol)		22,040
Mz (g/mol)		50,520
Mw/Mn		2.731
IVw (dL/g)		0.08297
Rh(η)w (nm)		2.819
Rgw (nm)		N/C
M-H a		 	0.7349
M-H log K (dL/g)	-4.241
RI peak (mV∙mL)	406.7
RALS peak (mV∙mL)	23.41
LALS peak (mV∙mL)	18.95
DP peak (mV∙mL)	25.15
MALS peak (mV∙mL)	N/C
Calc. dn/dc		0.1242
Recovery (%)		N/C

[bookmark: _Toc96329642]Figure D40. GPC trace of the polymerization of 4 with activated 6 (24 h).
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[bookmark: _Toc96329643]Figure D41. Raw GPC data for 70:30 (4:10) statistical copolymer.
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[bookmark: _Toc96329644][bookmark: _Hlk95910045]Figure D42.  Raw GPC data for 50:50 (4:10) statistical copolymer.
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[bookmark: _Toc96329645]Figure D43. Raw GPC data for 30:70 (4:10) statistical copolymer.
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[bookmark: _Toc96329646][bookmark: _Hlk96271664]Figure D44. High temperature GPC trace of poly(1,2-cyclotridecadiene). 
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Abs	800	799	798	797	796	795	794	793	792	791	790	789	788	787	786	785	784	783	782	781	780	779	778	777	776	775	774	773	772	771	770	769	768	767	766	765	764	763	762	761	760	759	758	757	756	755	754	753	752	751	750	749	748	747	746	745	744	743	742	741	740	739	738	737	736	735	734	733	732	731	730	729	728	727	726	725	724	723	722	721	720	719	718	717	716	715	714	713	712	711	710	709	708	707	706	705	704	703	702	701	700	699	698	697	696	695	694	693	692	691	690	689	688	687	686	685	684	683	682	681	680	679	678	677	676	675	674	673	672	671	670	669	668	667	666	665	664	663	662	661	660	659	658	657	656	655	654	653	652	651	650	649	648	647	646	645	644	643	642	641	640	639	638	637	636	635	634	633	632	631	630	629	628	627	626	625	624	623	622	621	620	619	618	617	616	615	614	613	612	611	610	609	608	607	606	605	604	603	602	601	600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	240	239	238	237	236	235	234	233	232	231	230	229	228	227	226	225	224	223	222	221	220	219	218	217	216	215	214	213	212	211	210	209	208	207	206	205	204	203	202	201	200	5.0148420000000003E-3	5.0248460000000003E-3	4.7655379999999997E-3	4.8062110000000003E-3	4.9806700000000004E-3	4.9718460000000003E-3	5.0506409999999998E-3	4.8765730000000004E-3	4.8900020000000001E-3	4.7937789999999997E-3	4.8265490000000003E-3	4.6591640000000004E-3	4.6998789999999997E-3	4.5494940000000003E-3	4.9325200000000001E-3	4.8572800000000003E-3	4.8805519999999998E-3	4.9940510000000002E-3	4.896521E-3	5.0335919999999999E-3	4.993684E-3	4.9390650000000003E-3	5.1054050000000004E-3	5.3285399999999997E-3	5.0667469999999999E-3	5.0807589999999998E-3	5.0405060000000002E-3	4.9899130000000003E-3	5.1124769999999998E-3	4.9154749999999999E-3	4.9675780000000003E-3	5.1181079999999997E-3	5.0662759999999998E-3	5.2019329999999997E-3	5.1512429999999998E-3	5.0526570000000003E-3	5.0242960000000001E-3	5.0889569999999999E-3	5.1417090000000004E-3	5.2117049999999996E-3	5.267407E-3	5.1145990000000001E-3	5.1817879999999997E-3	5.1735360000000003E-3	5.1351599999999997E-3	5.076438E-3	5.053391E-3	5.1310219999999998E-3	5.0314189999999996E-3	5.0358440000000003E-3	5.104122E-3	5.2944480000000002E-3	5.3441850000000004E-3	5.3986980000000004E-3	5.5119909999999999E-3	5.7080050000000004E-3	6.0635979999999999E-3	6.0806870000000004E-3	6.5290749999999996E-3	6.7512600000000002E-3	6.8946779999999996E-3	7.2745140000000002E-3	7.4729039999999998E-3	7.5616889999999999E-3	7.9771219999999997E-3	8.0870019999999994E-3	8.0921450000000002E-3	8.2463740000000008E-3	8.1314160000000007E-3	8.0282740000000002E-3	8.119388E-3	8.1506700000000005E-3	8.1980969999999997E-3	8.1318910000000005E-3	8.2331569999999996E-3	8.0644270000000007E-3	8.0760309999999991E-3	7.8113389999999996E-3	7.5527340000000002E-3	7.309472E-3	6.9287120000000001E-3	6.5094189999999998E-3	4.7623980000000002E-3	4.7035690000000003E-3	4.8365999999999999E-3	4.7487629999999996E-3	4.7437119999999998E-3	4.6057650000000004E-3	4.5913760000000003E-3	4.5904860000000004E-3	4.5015480000000002E-3	4.5356559999999999E-3	4.3338439999999999E-3	4.3596240000000003E-3	4.4435639999999997E-3	4.3329550000000003E-3	4.4141179999999999E-3	4.3897729999999996E-3	4.3391250000000001E-3	4.4393540000000004E-3	4.5261090000000004E-3	4.4763870000000001E-3	4.6782129999999996E-3	4.5780070000000003E-3	4.3297650000000002E-3	4.5840509999999996E-3	4.7148210000000001E-3	4.7766880000000003E-3	4.5175290000000002E-3	4.5627039999999999E-3	4.4713390000000004E-3	4.3486419999999998E-3	4.3184440000000003E-3	4.3632580000000001E-3	4.3092419999999996E-3	4.2342400000000002E-3	4.2581329999999999E-3	4.2388670000000003E-3	4.1387630000000002E-3	4.2833860000000001E-3	4.3501069999999998E-3	4.239573E-3	4.5167710000000002E-3	4.4418119999999998E-3	4.3435699999999997E-3	4.5003969999999997E-3	4.5607160000000002E-3	4.6485939999999998E-3	4.5511680000000004E-3	4.6506869999999997E-3	4.6414250000000002E-3	4.6843099999999997E-3	4.7608019999999997E-3	4.7907430000000001E-3	4.6419219999999997E-3	4.6769569999999998E-3	4.6747589999999997E-3	4.6214359999999996E-3	4.6115990000000001E-3	4.6324510000000001E-3	4.7112880000000001E-3	4.779279E-3	4.8025209999999997E-3	4.9270210000000002E-3	4.9129619999999999E-3	4.9748839999999997E-3	4.9397460000000001E-3	5.0048389999999996E-3	5.0290619999999999E-3	5.1662269999999998E-3	5.3180060000000001E-3	5.2201410000000002E-3	5.1780159999999997E-3	5.0628970000000002E-3	5.0681090000000003E-3	4.9858280000000003E-3	5.1748979999999998E-3	5.0354780000000003E-3	5.105615E-3	4.9376769999999997E-3	5.0784810000000001E-3	5.0114640000000002E-3	4.9379649999999999E-3	4.7464339999999999E-3	4.5994069999999998E-3	4.8631960000000002E-3	4.7738349999999997E-3	4.7945899999999996E-3	4.8997149999999998E-3	5.0083480000000001E-3	5.0104169999999996E-3	5.0745779999999997E-3	5.2998719999999997E-3	5.1417609999999999E-3	5.0605399999999997E-3	5.100874E-3	5.1651010000000001E-3	5.1540989999999997E-3	5.054752E-3	4.9706409999999996E-3	5.1254430000000004E-3	5.0278570000000002E-3	4.841443E-3	4.9159210000000002E-3	4.8727509999999998E-3	4.8989819999999996E-3	5.0397200000000001E-3	5.1078929999999996E-3	5.0660139999999998E-3	5.047681E-3	5.0284329999999997E-3	5.0525259999999999E-3	5.1412109999999997E-3	5.2017499999999998E-3	5.2675120000000002E-3	5.0913140000000004E-3	5.0533640000000003E-3	5.1688209999999997E-3	5.1668299999999999E-3	5.216264E-3	5.2477820000000003E-3	5.2905959999999998E-3	5.4063770000000004E-3	5.4148959999999998E-3	5.2766560000000002E-3	5.3824220000000004E-3	5.5734469999999996E-3	5.6520889999999999E-3	5.539965E-3	5.4296789999999998E-3	5.4737689999999999E-3	5.5006400000000002E-3	5.367195E-3	5.4419459999999996E-3	5.3871659999999997E-3	5.398646E-3	5.4114360000000004E-3	5.592667E-3	5.4556029999999998E-3	5.4148699999999996E-3	5.45846E-3	5.4460089999999999E-3	5.4551840000000001E-3	5.517208E-3	5.3408309999999999E-3	5.3957359999999999E-3	5.4829969999999999E-3	5.4045949999999999E-3	5.5234739999999996E-3	5.4932999999999996E-3	5.5638770000000001E-3	5.5102609999999998E-3	5.3674309999999998E-3	5.4231779999999999E-3	5.4365469999999999E-3	5.347592E-3	5.396156E-3	5.390756E-3	5.3576550000000002E-3	5.4607670000000001E-3	5.399432E-3	5.4765999999999999E-3	5.5133810000000004E-3	5.6646769999999999E-3	5.5812869999999999E-3	5.5122269999999998E-3	5.5693050000000001E-3	5.4235719999999998E-3	5.5956039999999997E-3	5.4508059999999999E-3	5.5616219999999996E-3	5.4640699999999997E-3	5.5118600000000004E-3	5.5442649999999996E-3	5.5325979999999997E-3	5.5291899999999998E-3	5.6026579999999999E-3	5.5991970000000002E-3	5.6327879999999997E-3	5.6217999999999997E-3	5.6455330000000003E-3	5.6569410000000004E-3	5.799289E-3	5.6913240000000002E-3	5.6907989999999999E-3	5.7554549999999996E-3	5.9023490000000003E-3	5.7569500000000003E-3	5.8083930000000002E-3	5.8239240000000003E-3	5.7942260000000004E-3	5.8347590000000001E-3	5.8712549999999997E-3	5.9041850000000002E-3	5.7924949999999999E-3	5.9439410000000003E-3	5.803618E-3	5.8493989999999999E-3	5.9536770000000001E-3	5.9342309999999999E-3	5.8139539999999997E-3	5.9719170000000002E-3	5.8904090000000001E-3	5.9218710000000004E-3	5.9708410000000002E-3	5.9732550000000002E-3	5.9573250000000003E-3	5.8943980000000003E-3	6.0633359999999999E-3	5.9397160000000003E-3	6.0442259999999998E-3	5.9925450000000002E-3	6.0643069999999997E-3	6.1773540000000004E-3	6.1225070000000001E-3	6.1909290000000004E-3	6.2809229999999999E-3	6.2251959999999997E-3	6.303431E-3	6.3966270000000002E-3	6.4899220000000004E-3	6.4926810000000001E-3	6.397888E-3	6.4104189999999997E-3	6.0822879999999999E-3	5.9115060000000004E-3	5.8448340000000001E-3	5.9366189999999998E-3	5.9941200000000004E-3	5.7643210000000002E-3	5.5667090000000004E-3	5.383077E-3	5.2728050000000002E-3	5.2507689999999997E-3	5.2714939999999998E-3	5.2910149999999996E-3	5.3765250000000001E-3	5.5698809999999996E-3	5.6942609999999999E-3	6.0160359999999998E-3	6.1496800000000003E-3	6.5302829999999996E-3	6.6900839999999998E-3	6.7512340000000001E-3	6.9651679999999999E-3	6.9183480000000004E-3	7.1269970000000004E-3	7.2130529999999997E-3	7.2301869999999999E-3	7.2594570000000004E-3	7.1553379999999998E-3	7.3670489999999996E-3	7.3379309999999998E-3	7.3597039999999999E-3	7.5525230000000002E-3	7.496422E-3	7.5873720000000002E-3	7.5692490000000001E-3	7.557317E-3	7.6793429999999999E-3	7.7538609999999999E-3	7.6507559999999999E-3	7.6682499999999997E-3	7.7704360000000004E-3	7.9652830000000001E-3	7.5519430000000002E-3	7.8219329999999997E-3	7.9760400000000002E-3	8.0763999999999992E-3	7.8402790000000003E-3	7.846815E-3	7.9123449999999994E-3	8.0896920000000008E-3	8.0091840000000008E-3	8.0233430000000005E-3	8.0385579999999995E-3	8.0729979999999996E-3	8.2144000000000002E-3	8.3460300000000008E-3	8.1523050000000003E-3	7.9191209999999995E-3	8.4606500000000001E-3	8.4510430000000001E-3	8.4229600000000002E-3	8.5256140000000008E-3	8.5640790000000005E-3	8.7096810000000004E-3	8.6257309999999993E-3	8.7092320000000008E-3	8.6505260000000004E-3	8.5421920000000005E-3	8.7534980000000002E-3	8.5840910000000003E-3	8.6662909999999996E-3	8.8593209999999999E-3	8.8711840000000007E-3	8.9533849999999995E-3	9.0160169999999994E-3	8.9900910000000004E-3	9.1267150000000005E-3	9.0837599999999998E-3	9.1624059999999997E-3	9.1436350000000007E-3	9.2573280000000004E-3	9.2087539999999996E-3	9.2104720000000008E-3	9.4337169999999995E-3	9.5088269999999992E-3	9.3694109999999994E-3	9.6691989999999998E-3	9.6146229999999992E-3	9.9517909999999998E-3	9.9642399999999992E-3	1.0154827999999999E-2	1.0319016E-2	1.0306795000000001E-2	1.0391177999999999E-2	1.0634050000000001E-2	1.0587071999999999E-2	1.0492787E-2	1.0781488000000001E-2	1.0831990999999999E-2	1.0879553E-2	1.1133693E-2	1.1304974000000001E-2	1.1216004E-2	1.1462422E-2	1.1513907E-2	1.1873569E-2	1.1987368E-2	1.208424E-2	1.2252594E-2	1.2501919E-2	1.2531039000000001E-2	1.2658468000000001E-2	1.2935867E-2	1.2977792E-2	1.3574355E-2	1.2905279E-2	1.3647968999999999E-2	1.386768E-2	1.4004163E-2	1.418998E-2	1.4229726E-2	1.4479143999999999E-2	1.4644923000000001E-2	1.5274507999999999E-2	1.5320334E-2	1.5471491E-2	1.5854182000000001E-2	1.6115226E-2	1.5999267000000001E-2	1.6568263999999999E-2	1.6508082E-2	1.6953482999999998E-2	1.6890771999999998E-2	1.7388051000000002E-2	1.7297018000000001E-2	1.6743371E-2	1.7712652999999998E-2	1.9596658999999999E-2	1.7786214000000002E-2	1.8115809E-2	1.6196229999999999E-2	1.8634787E-2	2.1034478999999998E-2	1.8709370999999999E-2	1.6726932999999999E-2	2.0774643999999998E-2	1.9470507000000001E-2	1.8932116999999998E-2	1.7004844000000002E-2	1.8456809000000001E-2	1.8876744000000001E-2	1.9159280000000001E-2	1.9001721999999999E-2	1.9451287000000001E-2	1.9824956000000001E-2	1.9753348E-2	2.0552523E-2	2.0608952E-2	2.1154969999999999E-2	2.0810353E-2	2.0843105000000001E-2	2.1097899999999999E-2	2.1048581E-2	2.155965E-2	2.1762474E-2	2.1767235999999999E-2	2.2142140000000001E-2	2.1840563E-2	2.2420676E-2	2.256004E-2	2.2569883999999998E-2	2.2900154999999998E-2	2.3668405E-2	2.3678246999999999E-2	2.3848258000000001E-2	2.4386399999999999E-2	2.4704602999999999E-2	2.4811891999999999E-2	2.5068066999999999E-2	2.5336167E-2	2.5891516E-2	2.6846123999999999E-2	2.6970994000000002E-2	2.7669009000000001E-2	2.7839018E-2	2.8592672E-2	2.8963141000000001E-2	2.9273944E-2	2.9936180999999999E-2	3.0904149999999998E-2	3.1790495000000002E-2	3.2457672E-2	3.3141240000000002E-2	3.3973042000000002E-2	3.4693177999999998E-2	3.5273802E-2	3.5751077999999999E-2	3.6558922000000001E-2	3.6885552000000002E-2	3.7752519999999998E-2	3.7661944000000003E-2	3.8109213000000003E-2	3.8165230000000001E-2	3.8674500000000001E-2	3.9255060000000001E-2	3.9927880999999998E-2	4.0877077999999997E-2	4.1290261000000002E-2	4.2120579999999998E-2	4.3330871E-2	4.4616020999999999E-2	4.5662912999999999E-2	4.6287625999999998E-2	4.7578424000000001E-2	4.8668738000000003E-2	5.0643886999999999E-2	5.2632030000000003E-2	5.3969785999999999E-2	5.4134987000000002E-2	5.4306819999999999E-2	5.5373512E-2	5.7187092000000002E-2	5.9056855999999998E-2	6.1832339E-2	6.4964495999999997E-2	6.9207354999999998E-2	7.4366904999999997E-2	7.9516374000000001E-2	8.5752271000000005E-2	9.3315258999999998E-2	0.10472396	0.11989565200000001	0.13713629499999999	0.15371438900000001	0.16716694800000001	0.17814545300000001	0.188543767	0.200286239	0.212731212	0.22383852300000001	0.23347938100000001	0.242281362	0.25181198100000002	0.26047432399999998	0.26654839499999999	0.27017200000000002	0.27224037099999998	0.273115993	0.273796231	0.27246835800000002	0.26982161399999999	0.26698654900000002	0.26290679	0.25806999200000003	0.25251182900000002	0.24569112100000001	0.23893561999999999	0.23219297799999999	0.22502444699999999	0.21864022299999999	0.21221143000000001	0.20449543000000001	0.20062071100000001	0.19625324	0.19317853500000001	0.183284536	0.18267618099999999	0.17679368000000001	0.15055216900000001	0.124834999	1.4637426E-2	-0.14229196299999999	-0.343839318	-0.475682139	-0.54887556999999998	-0.57932120600000003	-0.60723900799999997	-0.62369698299999998	-0.64713227799999995	-0.66325843299999998	-0.68579298300000002	-0.70156884200000003	-0.72467422500000001	-0.72183757999999998	-0.73230052000000001	-0.74136668400000005	-0.75352829700000001	-0.76355028199999997	-0.76412916200000003	-0.76604974299999995	-0.77341878399999997	-0.75609791299999995	-0.78018087199999997	-0.75891882200000005	-0.74572289000000003	-0.75726896499999996	-0.73603296299999998	-0.73034602400000004	Wavelength


Absorbance



Abs	800	799	798	797	796	795	794	793	792	791	790	789	788	787	786	785	784	783	782	781	780	779	778	777	776	775	774	773	772	771	770	769	768	767	766	765	764	763	762	761	760	759	758	757	756	755	754	753	752	751	750	749	748	747	746	745	744	743	742	741	740	739	738	737	736	735	734	733	732	731	730	729	728	727	726	725	724	723	722	721	720	719	718	717	716	715	714	713	712	711	710	709	708	707	706	705	704	703	702	701	700	699	698	697	696	695	694	693	692	691	690	689	688	687	686	685	684	683	682	681	680	679	678	677	676	675	674	673	672	671	670	669	668	667	666	665	664	663	662	661	660	659	658	657	656	655	654	653	652	651	650	649	648	647	646	645	644	643	642	641	640	639	638	637	636	635	634	633	632	631	630	629	628	627	626	625	624	623	622	621	620	619	618	617	616	615	614	613	612	611	610	609	608	607	606	605	604	603	602	601	600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	240	239	238	237	236	235	234	233	232	231	230	229	228	227	226	225	224	223	222	221	220	219	218	217	216	215	214	213	212	211	210	209	208	207	206	205	204	203	202	201	200	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.32274E-3	4.1800040000000002E-3	8.1923459999999997E-3	1.1877294E-2	1.6910661E-2	2.146532E-2	2.7474634000000001E-2	3.2730538000000003E-2	3.9470854999999999E-2	4.6495475000000001E-2	5.4293795999999998E-2	6.1758474000000001E-2	7.2080769000000003E-2	8.2188338E-2	9.3477473000000005E-2	0.105904102	0.117857195	0.135245904	0.14756369599999999	0.16462834200000001	0.18148694900000001	0.200894877	0.220767662	0.24247829600000001	0.26480495900000001	0.28846249000000002	0.31223800800000001	0.33886095900000002	0.36635181300000003	0.39304053799999999	0.42034313099999998	0.45011189600000001	0.479281813	0.50808358200000003	0.53637194600000004	0.56418502299999995	0.59177851699999995	0.619900703	0.64529651399999999	0.67102474000000001	0.69513982500000004	0.71789503099999996	0.74035137900000003	0.76220566000000001	0.78222131699999997	0.80214661399999998	0.82159954300000004	0.84007978400000005	0.85797172799999999	0.87434852100000005	0.88955974599999998	0.90700805200000001	0.92253398900000005	0.93754243900000001	0.95160865800000005	0.96632546200000002	0.97931128700000003	0.99106669400000003	1.001716614	1.012284636	1.017802238	1.022378445	1.0261447429999999	1.027038932	1.0264327529999999	1.0209558009999999	1.0128823520000001	1.0016205309999999	0.98712617199999997	0.97044497699999999	0.95128220299999999	0.92946612799999995	0.90784680799999995	0.88554376400000001	0.86237955099999997	0.83991837499999999	0.81628489500000001	0.79423475300000002	0.77347564700000004	0.75605750100000002	0.74221116300000001	0.73179888699999995	0.72800856800000002	0.72940617799999996	0.73786473299999999	0.75642591699999995	0.78201204499999999	0.81727826599999998	0.86172842999999999	0.91565364599999999	0.97192484099999998	1.031039238	1.0851786139999999	1.1171494719999999	1.1132630109999999	1.028630495	0.86863595299999996	0.62898391499999995	0.31566372500000001	9.3400250000000001E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Wavelength (nm)


Absorbance



Abs	800	799	798	797	796	795	794	793	792	791	790	789	788	787	786	785	784	783	782	781	780	779	778	777	776	775	774	773	772	771	770	769	768	767	766	765	764	763	762	761	760	759	758	757	756	755	754	753	752	751	750	749	748	747	746	745	744	743	742	741	740	739	738	737	736	735	734	733	732	731	730	729	728	727	726	725	724	723	722	721	720	719	718	717	716	715	714	713	712	711	710	709	708	707	706	705	704	703	702	701	700	699	698	697	696	695	694	693	692	691	690	689	688	687	686	685	684	683	682	681	680	679	678	677	676	675	674	673	672	671	670	669	668	667	666	665	664	663	662	661	660	659	658	657	656	655	654	653	652	651	650	649	648	647	646	645	644	643	642	641	640	639	638	637	636	635	634	633	632	631	630	629	628	627	626	625	624	623	622	621	620	619	618	617	616	615	614	613	612	611	610	609	608	607	606	605	604	603	602	601	600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	3.6825491119999998E-3	3.5292794929999999E-3	3.5855746830000001E-3	3.5599970719999998E-3	3.3081099390000002E-3	3.4521953199999999E-3	3.4616929479999998E-3	3.3044060689999999E-3	3.4417060669999998E-3	3.3929171040000001E-3	3.1871497629999998E-3	3.318282776E-3	3.262804588E-3	3.033663612E-3	3.284843871E-3	3.2881039660000002E-3	3.2394104640000002E-3	3.3134832049999999E-3	3.1119252089999998E-3	3.065388883E-3	2.9208846389999999E-3	2.747407416E-3	2.421849174E-3	2.210010774E-3	1.901728567E-3	1.783316722E-3	1.647605095E-3	1.376283239E-3	1.430144534E-3	1.257884782E-3	1.1754402660000001E-3	1.4482729600000001E-3	1.561345649E-3	1.4779603809999999E-3	1.5477327400000001E-3	1.8035132670000001E-3	1.931239036E-3	2.022903413E-3	1.984233037E-3	2.128009684E-3	2.1456989930000001E-3	2.3936850479999998E-3	2.4908361959999998E-3	2.5813428220000001E-3	2.4757101199999998E-3	2.459621523E-3	2.5659531819999999E-3	2.4086257910000001E-3	2.5187465360000001E-3	2.2041567139999998E-3	2.3940494280000001E-3	2.3618265989999998E-3	2.5237195660000001E-3	2.2968156259999999E-3	2.5060407349999998E-3	2.460714895E-3	2.357219812E-3	2.2068887480000002E-3	2.263194881E-3	2.1721562370000001E-3	2.1852683280000002E-3	2.2355872209999998E-3	2.2075911980000001E-3	2.1546999919999999E-3	2.1456209939999999E-3	2.194998786E-3	2.1852424829999998E-3	1.9971574660000001E-3	2.26813904E-3	2.1852164059999999E-3	2.3177908730000001E-3	2.3938931989999999E-3	2.5084621740000001E-3	2.5657969530000001E-3	2.669133479E-3	2.5480124170000002E-3	2.6503028349999999E-3	2.8563630769999999E-3	2.70038913E-3	2.4642553179999999E-3	2.427654108E-3	2.304076217E-3	2.2166974380000001E-3	2.2483891810000001E-3	2.2740720310000001E-3	2.3323909850000001E-3	2.2003843909999998E-3	2.0581441930000001E-3	2.132171765E-3	1.9838169679999998E-3	1.9548749550000002E-3	2.1635191519999999E-3	1.915638568E-3	1.9006106299999999E-3	1.9738313280000001E-3	1.902508549E-3	1.718600281E-3	1.794103649E-3	1.8648107069999999E-3	1.668341109E-3	1.6733044760000001E-3	1.6952630829999999E-3	1.61972479E-3	1.648514648E-3	1.287948689E-3	1.4022262770000001E-3	1.606577775E-3	1.4596489489999999E-3	1.5480964209999999E-3	1.373712439E-3	1.5221188080000001E-3	1.23732409E-3	1.326297526E-3	1.42024958E-3	1.172662945E-3	1.1018868539999999E-3	9.8325172439999993E-4	9.5198955389999996E-4	6.5763888410000002E-4	6.2977016199999999E-4	4.2587760249999999E-4	4.6466864299999998E-4	4.1984030389999999E-4	4.7975068450000001E-4	4.138289951E-4	4.0584857920000002E-4	5.4705602820000004E-4	4.8705865629999998E-4	5.9785950000000002E-4	6.6863128449999999E-4	5.7818542699999997E-4	5.7326053499999995E-4	5.5060692830000005E-4	5.6030065749999999E-4	5.3902139189999996E-4	6.7983136979999997E-4	6.1061308950000005E-4	8.1939034860000002E-4	6.8558711789999996E-4	8.4143556889999999E-4	8.849586011E-4	9.7821850800000002E-4	9.6994230989999998E-4	8.5188791849999997E-4	8.3572964650000003E-4	8.5608969679999995E-4	8.7167817400000003E-4	9.9165784200000006E-4	7.3897384570000002E-4	9.3133962949999997E-4	8.4221363070000001E-4	7.3544733460000002E-4	8.5095420950000004E-4	8.5795717309999995E-4	7.1589666190000002E-4	9.9443399810000008E-4	8.6773559450000002E-4	8.1718590810000004E-4	9.0246764010000003E-4	9.3953718899999995E-4	1.000012271E-3	9.081225726E-4	9.6439040499999998E-4	8.2911603389999996E-4	8.9128769470000005E-4	7.0881820280000005E-4	5.8933132100000003E-4	6.5087241819999995E-4	6.0656922869999996E-4	6.0244760239999999E-4	6.1660120259999997E-4	6.5398344299999998E-4	7.1880070029999997E-4	7.5808470140000005E-4	8.5206952639999998E-4	8.827019483E-4	1.0899232000000001E-3	9.8109839020000004E-4	9.2288275480000004E-4	1.090208767E-3	1.0125183030000001E-3	9.7767368419999991E-4	9.7297778119999996E-4	1.0670609770000001E-3	1.0052792500000001E-3	1.08231965E-3	1.067502191E-3	1.0322380109999999E-3	1.160100452E-3	1.0990580780000001E-3	9.0202665889999999E-4	1.1513017820000001E-3	1.156414859E-3	1.1125272140000001E-3	1.087873126E-3	1.1104769070000001E-3	1.107674092E-3	8.9769472830000005E-4	9.8403007719999997E-4	1.108063385E-3	1.206926187E-3	9.4965472820000005E-4	9.442846058E-4	1.004864112E-3	8.905873401E-4	8.2914199449999997E-4	8.7471294679999998E-4	8.2473293879999998E-4	8.8086031610000004E-4	8.2094647220000005E-4	9.5995404989999999E-4	9.1281771889999998E-4	9.6288567869999998E-4	9.5842342130000001E-4	1.0349884399999999E-3	9.3909620770000004E-4	9.874547832000001E-4	8.1007985860000002E-4	7.6682359210000002E-4	7.8552076590000005E-4	7.4286333979999995E-4	6.5455376170000005E-4	5.9264927399999999E-4	3.971946717E-4	3.6255485609999998E-4	1.8631538840000001E-4	5.9748923380000003E-5	-7.0926976150000002E-6	-2.4703718370000001E-4	-2.9618976990000001E-4	-1.5259685459999999E-4	-1.638790272E-4	2.9046001149999999E-4	4.5730921560000002E-4	1.6640099060000001E-4	3.1527606190000001E-4	2.9128891769999998E-4	3.1341094290000002E-4	3.4141476499999999E-4	4.272768274E-4	4.2932384529999998E-4	4.0343895669999998E-4	4.752674722E-4	3.3817649820000001E-4	3.5929051230000001E-4	3.4258054800000002E-4	3.3706251999999999E-4	4.2551485240000002E-4	4.5088279879999999E-4	5.0727283810000001E-4	3.9714286689999999E-4	4.6681950329999997E-4	5.4319418269999998E-4	5.0491443839999998E-4	3.7641561359999997E-4	3.2745147469999999E-4	4.4868022090000003E-4	4.844671639E-4	4.4829151010000002E-4	6.2710006020000005E-4	5.5273226460000001E-4	3.825818712E-4	6.2588165749999998E-4	4.5606540519999998E-4	5.037741503E-4	6.1629014090000002E-4	5.2733247870000003E-4	4.4505242840000002E-4	4.5101236899999997E-4	4.0276529029999999E-4	3.2379882760000001E-4	3.6255485609999998E-4	3.357931273E-4	2.4453591319999998E-4	3.8475822660000001E-4	3.8297049469999999E-4	2.2860737229999999E-4	4.1626460730000001E-4	5.085686571E-4	3.4965306990000002E-4	4.5590990339999999E-4	4.5971915820000001E-4	4.4808420350000001E-4	5.4713379359999995E-4	4.4948351569999999E-4	5.1986827750000002E-4	5.3365633360000003E-4	3.9755742180000003E-4	5.1481451370000001E-4	4.8309366680000001E-4	3.9965609900000001E-4	4.5896766820000001E-4	4.5217844310000002E-4	3.3905729649999998E-4	5.0367048240000005E-4	5.4171687219999997E-4	3.0900715500000001E-4	5.6843942729999997E-4	4.8073544170000002E-4	4.8205707570000002E-4	5.9539690850000005E-4	6.2323751630000005E-4	5.7634507539999996E-4	6.3918053639999998E-4	3.7841059379999998E-4	3.8040554499999999E-4	5.7486759030000003E-4	4.2709545229999997E-4	6.3117005630000005E-4	6.2826660000000003E-4	6.1924534380000001E-4	7.7252858319999998E-4	6.7070533990000003E-4	6.3837686320000005E-4	8.3049060780000003E-4	8.2411052429999998E-4	8.8114565010000004E-4	9.7889301829999996E-4	1.034625107E-3	1.113383565E-3	9.5505081120000001E-4	8.905873401E-4	1.1267233639999999E-3	1.097501023E-3	9.8465278280000009E-4	1.0976048650000001E-3	1.045237877E-3	9.8252529279999989E-4	9.9599070380000003E-4	9.6029136330000005E-4	1.0989024299999999E-3	9.8073505799999993E-4	9.0085936240000004E-4	8.6547905810000002E-4	9.1945857279999998E-4	9.7022770210000004E-4	9.8109839020000004E-4	1.066334429E-3	8.6068059320000003E-4	9.3123584520000003E-4	1.0917917830000001E-3	1.0525553950000001E-3	1.0142567329999999E-3	1.067294506E-3	1.144423848E-3	1.2718001379999999E-3	1.253938652E-3	1.289142994E-3	1.3871120749999999E-3	1.4169513019999999E-3	1.2748116859999999E-3	1.4964804289999999E-3	1.39788934E-3	1.5163519419999999E-3	1.379685127E-3	1.426248811E-3	1.319546602E-3	1.325959922E-3	1.331075095E-3	1.4610774820000001E-3	1.5496551060000001E-3	1.372985309E-3	1.269359724E-3	1.3798408909999999E-3	1.5019353009999999E-3	1.6619747040000001E-3	1.734921359E-3	1.6812562240000001E-3	1.7641606969999999E-3	1.6227128220000001E-3	1.613514964E-3	1.8000301209999999E-3	1.8989465899999999E-3	2.2240607070000001E-3	2.0844659299999999E-3	2.1926311309999999E-3	2.2568719E-3	2.0357249299999998E-3	2.1088125650000002E-3	2.2852094840000001E-3	2.4604285139999999E-3	2.2622060499999999E-3	2.2171919699999999E-3	2.1765008570000001E-3	2.2404789920000001E-3	2.312351717E-3	2.4128686639999998E-3	2.2549983109999999E-3	2.3691921960000001E-3	2.3565951269999999E-3	2.3802281360000002E-3	2.5756140239999998E-3	2.5137213519999999E-3	2.5106230750000002E-3	2.5865507779999999E-3	2.7097142300000002E-3	2.7808572630000001E-3	2.8963882939999999E-3	2.758999821E-3	2.6353276329999999E-3	2.7082036249999998E-3	2.8022725600000001E-3	2.6856467589999999E-3	2.4914869569999999E-3	2.7359714730000001E-3	2.9574232179999998E-3	3.0387467700000001E-3	3.1309321059999999E-3	3.237897763E-3	3.1373982780000002E-3	3.3350815069999999E-3	3.4531084820000001E-3	3.4207287240000002E-3	3.4909965470000001E-3	3.6937489639999998E-3	3.7286556330000001E-3	3.9762933739999999E-3	3.9040662810000001E-3	4.1176998060000001E-3	3.9645899090000004E-3	4.182800651E-3	3.9544543249999996E-3	4.1907727720000001E-3	4.1884724050000001E-3	4.2637269940000002E-3	4.3689324519999998E-3	4.1132834740000004E-3	4.4112154279999996E-3	4.3215816840000004E-3	4.5147044580000004E-3	4.5943316069999999E-3	4.875944462E-3	4.9318126399999999E-3	4.593154415E-3	4.8661278559999997E-3	5.3957100030000002E-3	5.7623009200000004E-3	5.2821589630000004E-3	4.2687463570000002E-3	4.9441177400000001E-3	7.2237914429999998E-3	5.8625703680000004E-3	5.9976107440000001E-3	3.7343474109999999E-3	5.7010543530000004E-3	8.4518874059999992E-3	6.3414634209999999E-3	3.9446321320000003E-3	7.7483267520000003E-3	6.3147246839999997E-3	5.0624781290000004E-3	2.7348252480000001E-3	5.7332897560000004E-3	5.3766299969999999E-3	5.3667756730000002E-3	5.4771248249999996E-3	5.2910679949999999E-3	5.5716643109999997E-3	5.6708930059999997E-3	5.7280962360000002E-3	6.0339630579999996E-3	5.8137704620000001E-3	5.5044670590000001E-3	5.7812929149999998E-3	5.4124845189999996E-3	5.2373805080000004E-3	5.1476284860000002E-3	5.405355245E-3	5.6957560589999999E-3	5.4809781720000002E-3	5.2093476989999998E-3	4.9559264440000002E-3	5.3074187599999999E-3	5.2439304999999997E-3	4.9263667320000003E-3	5.0515574399999999E-3	5.1750028510000002E-3	6.1406744640000004E-3	6.7317523060000002E-3	7.4312174689999998E-3	7.7645070849999996E-3	8.1902099770000004E-3	8.3590401340000002E-3	8.857736364E-3	9.2195412139999995E-3	9.5689725130000004E-3	1.0065669189999999E-2	1.03285592E-2	1.15452474E-2	1.2257680300000001E-2	1.329206489E-2	1.432846487E-2	1.6445517539999999E-2	1.8239380789999999E-2	2.1299663930000001E-2	2.479289845E-2	2.8633924200000001E-2	3.3661182970000002E-2	3.7611048670000001E-2	4.2227666830000003E-2	4.661260918E-2	4.9870464949999999E-2	5.283259228E-2	5.494718254E-2	5.6775383649999997E-2	5.7827550919999998E-2	5.8819606900000002E-2	5.9827599670000002E-2	6.0346573590000001E-2	6.1475548890000002E-2	6.2335278840000001E-2	6.3312001529999995E-2	6.3540659839999999E-2	6.3435316089999999E-2	6.3304901120000007E-2	6.2749154870000004E-2	6.1874005939999997E-2	6.1431024219999998E-2	6.0825999829999998E-2	5.966111273E-2	5.9492610389999999E-2	5.9130795299999997E-2	5.9541504830000001E-2	6.0776274650000003E-2	6.3724711540000006E-2	6.7618593569999996E-2	7.3285564780000007E-2	7.934179157E-2	8.5695162419999998E-2	9.2578917740000002E-2	9.9238790569999999E-2	0.1053055972	0.1124343351	0.11922957000000001	0.1259409189	0.13289521630000001	0.1391472071	0.14598612490000001	0.1514511704	0.15629810089999999	0.1605251878	0.16330824790000001	0.1640556306	0.16382414100000001	0.16242618859999999	0.15974809230000001	0.15600703660000001	0.15125277640000001	0.14609946309999999	0.138284564	0.12944619360000001	0.1190425009	0.1071715057	9.3235261740000006E-2	7.7606104309999993E-2	6.152708456E-2	4.47374694E-2	2.8063239529999999E-2	1.179677248E-2	-2.5212089530000001E-3	Wavelength (nm)


Absorbance



0.0625 mM	400	399.5	399	398.5	398	397.5	397	396.5	396	395.5	395	394.5	394	393.5	393	392.5	392	391.5	391	390.5	390	389.5	389	388.5	388	387.5	387	386.5	386	385.5	385	384.5	384	383.5	383	382.5	382	381.5	381	380.5	380	379.5	379	378.5	378	377.5	377	376.5	376	375.5	375	374.5	374	373.5	373	372.5	372	371.5	371	370.5	370	369.5	369	368.5	368	367.5	367	366.5	366	365.5	365	364.5	364	363.5	363	362.5	362	361.5	361	360.5	360	359.5	359	358.5	358	357.5	357	356.5	356	355.5	355	354.5	354	353.5	353	352.5	352	351.5	351	350.5	350	349.5	349	348.5	348	347.5	347	346.5	346	345.5	345	344.5	344	343.5	343	342.5	342	341.5	341	340.5	340	339.5	339	338.5	338	337.5	337	336.5	336	335.5	335	334.5	334	333.5	333	332.5	332	331.5	331	330.5	330	329.5	329	328.5	328	327.5	327	326.5	326	325.5	325	324.5	324	323.5	323	322.5	322	321.5	321	320.5	320	319.5	319	318.5	318	317.5	317	316.5	316	315.5	315	314.5	314	313.5	313	312.5	312	311.5	311	310.5	310	309.5	309	308.5	308	307.5	307	306.5	306	305.5	305	304.5	304	303.5	303	302.5	302	301.5	301	300.5	300	299.5	299	298.5	298	297.5	297	296.5	296	295.5	295	294.5	294	293.5	293	292.5	292	291.5	291	290.5	290	289.5	289	288.5	288	287.5	287	286.5	286	285.5	285	284.5	284	283.5	283	282.5	282	281.5	281	280.5	280	279.5	279	278.5	278	277.5	277	276.5	276	275.5	275	274.5	274	273.5	273	272.5	272	271.5	271	270.5	270	269.5	269	268.5	268	267.5	267	266.5	266	265.5	265	264.5	264	263.5	263	262.5	262	261.5	261	260.5	260	259.5	259	258.5	258	257.5	257	256.5	256	255.5	255	254.5	254	253.5	253	252.5	252	251.5	251	250.5	250	249.5	249	248.5	248	247.5	247	246.5	246	245.5	245	244.5	244	243.5	243	242.5	242	241.5	241	240.5	240	239.5	239	238.5	238	237.5	237	236.5	236	235.5	235	234.5	234	233.5	233	232.5	232	231.5	231	230.5	230	229.5	229	228.5	228	227.5	227	226.5	226	225.5	225	224.5	224	223.5	223	222.5	222	221.5	221	220.5	220	219.5	219	218.5	218	217.5	217	216.5	216	215.5	215	214.5	214	213.5	213	212.5	212	211.5	211	210.5	210	209.5	209	208.5	208	207.5	207	206.5	206	205.5	205	204.5	204	203.5	203	202.5	202	201.5	201	200.5	200	-4.5550799999999998E-4	-4.5960599999999999E-4	-4.6192299999999999E-4	-4.6091300000000002E-4	-4.62161E-4	-4.6323000000000002E-4	-4.65487E-4	-4.6394200000000001E-4	-4.6091300000000002E-4	-4.5241999999999998E-4	-4.53726E-4	-4.4600500000000002E-4	-4.4523300000000001E-4	-4.4345099999999998E-4	-4.3804599999999999E-4	-4.3163099999999997E-4	-4.2854200000000002E-4	-4.2058299999999998E-4	-4.12624E-4	-4.0110100000000001E-4	-3.9807200000000002E-4	-3.8999400000000001E-4	-3.77699E-4	-3.64929E-4	-3.5566299999999999E-4	-3.5061499999999998E-4	-3.4212100000000003E-4	-3.3582499999999999E-4	-3.2917299999999999E-4	-3.1260100000000002E-4	-3.1444300000000003E-4	-3.0784999999999997E-4	-2.8516000000000001E-4	-2.7975500000000002E-4	-2.7310300000000002E-4	-2.6538100000000003E-4	-2.5967900000000002E-4	-2.4500900000000003E-4	-2.3651499999999999E-4	-2.2962500000000001E-4	-2.25467E-4	-2.26002E-4	-2.17211E-4	-2.1311299999999999E-4	-2.0925199999999999E-4	-1.9998600000000001E-4	-1.9404700000000001E-4	-1.8323699999999999E-4	-1.6803099999999999E-4	-1.56212E-4	-1.44926E-4	-1.3405700000000001E-4	-1.15822E-4	-1.00379E-4	-8.7015200000000007E-5	-7.2285000000000003E-5	-5.5060099999999998E-5	-3.78353E-5	-1.8828500000000001E-5	-1.30671E-6	1.73258E-4	2.0687599999999999E-4	2.2629900000000001E-4	2.5659100000000002E-4	2.7714200000000002E-4	3.0921600000000002E-4	3.43665E-4	3.7443300000000002E-4	4.0419000000000002E-4	4.3590700000000003E-4	4.7267400000000002E-4	4.8859200000000004E-4	5.02609E-4	5.3349500000000004E-4	5.8166499999999998E-4	6.2567799999999995E-4	6.4955500000000001E-4	6.9326999999999995E-4	7.3009599999999996E-4	7.8182999999999996E-4	8.2982200000000002E-4	8.8173400000000001E-4	9.2948800000000002E-4	9.7890600000000009E-4	1.03242E-3	1.07537E-3	1.12217E-3	1.1820999999999999E-3	1.2342500000000001E-3	1.30149E-3	1.36148E-3	1.42402E-3	1.4890599999999999E-3	1.5601600000000001E-3	1.63642E-3	1.7098300000000001E-3	1.78806E-3	1.8655099999999999E-3	1.9620900000000001E-3	2.0606299999999999E-3	2.1676600000000001E-3	2.27297E-3	2.3764400000000001E-3	2.4986100000000001E-3	2.6221E-3	2.7446900000000002E-3	2.8704300000000002E-3	3.0028300000000002E-3	3.1539900000000002E-3	3.2933300000000001E-3	3.4468699999999999E-3	3.60071E-3	3.7708799999999999E-3	3.93897E-3	4.1162600000000001E-3	4.3100100000000004E-3	4.5042399999999996E-3	4.7133100000000001E-3	4.9308199999999998E-3	5.1647799999999999E-3	5.5122499999999998E-3	5.7551800000000004E-3	6.0208600000000003E-3	6.2896799999999998E-3	6.5760300000000001E-3	6.85573E-3	7.1574000000000004E-3	7.4737400000000004E-3	7.7869999999999997E-3	8.1334500000000004E-3	8.4880500000000005E-3	8.8547000000000001E-3	9.2448700000000005E-3	9.6308299999999999E-3	1.0026200000000001E-2	1.04712E-2	1.09249E-2	1.1397600000000001E-2	1.191E-2	1.24236E-2	1.29487E-2	1.35008E-2	1.4088099999999999E-2	1.46871E-2	1.52946E-2	1.5961199999999998E-2	1.6636600000000001E-2	1.73238E-2	1.8049900000000001E-2	1.8808800000000001E-2	1.9597699999999999E-2	2.0408699999999998E-2	2.1242899999999999E-2	2.2138700000000001E-2	2.3048200000000001E-2	2.4012700000000001E-2	2.50008E-2	2.60343E-2	2.7101799999999999E-2	2.81999E-2	2.9356199999999999E-2	3.0550000000000001E-2	3.1792300000000003E-2	3.3096399999999998E-2	3.4443300000000003E-2	3.5849100000000002E-2	3.7315899999999999E-2	3.8823200000000002E-2	4.0387100000000002E-2	4.2007000000000003E-2	4.3693599999999999E-2	4.5445800000000001E-2	4.7258500000000002E-2	4.9127700000000003E-2	5.1077600000000001E-2	5.3094000000000002E-2	5.5194800000000002E-2	5.7351800000000001E-2	5.9606699999999999E-2	6.1945399999999998E-2	6.43701E-2	6.6877699999999998E-2	6.9462200000000002E-2	7.2129100000000002E-2	7.49031E-2	7.7745400000000006E-2	8.0698800000000001E-2	8.37175E-2	8.68337E-2	9.0066800000000002E-2	9.3384499999999995E-2	9.6799999999999997E-2	0.100304	0.103911	0.107616	0.11143	0.11536100000000001	0.11941	0.123552	0.12779499999999999	0.132161	0.136632	0.141184	0.145842	0.150613	0.15550900000000001	0.16051000000000001	0.16561000000000001	0.17082800000000001	0.17616200000000001	0.181616	0.187198	0.192881	0.19867299999999999	0.204569	0.21057999999999999	0.216673	0.222882	0.22920599999999999	0.235651	0.242206	0.248887	0.25565700000000002	0.26251200000000002	0.269455	0.27648699999999998	0.28359800000000002	0.29080299999999998	0.29810300000000001	0.305483	0.31296499999999999	0.32049800000000001	0.32808900000000002	0.335754	0.343497	0.35131499999999999	0.35920800000000003	0.36720700000000001	0.37532599999999999	0.38358100000000001	0.391955	0.40047899999999997	0.40916799999999998	0.41803000000000001	0.42707499999999998	0.43629699999999999	0.44568999999999998	0.45527499999999999	0.46506900000000001	0.475082	0.48529699999999998	0.49571599999999999	0.506355	0.51717999999999997	0.52823100000000001	0.53952500000000003	0.55107600000000001	0.56286700000000001	0.57492200000000004	0.58726199999999995	0.59988799999999998	0.61283200000000004	0.62610200000000005	0.63971900000000004	0.65368800000000005	0.66798800000000003	0.68261799999999995	0.697573	0.71286099999999997	0.72845899999999997	0.74431899999999995	0.76040600000000003	0.77674799999999999	0.79327599999999998	0.81000799999999995	0.82691700000000001	0.84394899999999995	0.86108200000000001	0.87829599999999997	0.89555899999999999	0.91284399999999999	0.93009900000000001	0.94732799999999995	0.96447300000000002	0.98146299999999997	0.99828700000000004	1.01488	1.03111	1.0469900000000001	1.0624	1.0773600000000001	1.09168	1.1054299999999999	1.11853	1.13096	1.1427	1.1537299999999999	1.1639900000000001	1.1735	1.1822299999999999	1.1902299999999999	1.19746	1.2038599999999999	1.2095199999999999	1.21434	1.2182599999999999	1.22115	1.2228600000000001	1.2230399999999999	1.2211099999999999	1.2163999999999999	1.2079599999999999	1.1953100000000001	1.1786000000000001	1.1571199999999999	1.1324700000000001	1.1052500000000001	1.07647	1.04653	1.0173399999999999	0.98655499999999996	0.956874	0.92798400000000003	0.90055300000000005	0.87338499999999997	0.84792400000000001	0.82330499999999995	0.80005700000000002	0.77814499999999998	0.75804300000000002	0.73887000000000003	0.72075100000000003	0.70533199999999996	0.69066399999999994	0.67634700000000003	0.66373899999999997	0.65163899999999997	0.64005100000000004	0.62968400000000002	0.61911899999999997	0.609352	0.60017500000000001	0.59109699999999998	0.58242700000000003	0.57419600000000004	0.56580299999999994	0.55868899999999999	0.55094699999999996	0.54397099999999998	0.53738300000000006	0.53120400000000001	0.52504300000000004	0.51958300000000002	0.51366100000000003	0.50841000000000003	0.50334699999999999	0.49914700000000001	0.49469800000000003	0.49052000000000001	0.48600100000000002	0.48191499999999998	0.478294	0.47508600000000001	0.471746	0.467918	0.46351999999999999	0.45913999999999999	0.45529500000000001	0.45162200000000002	0.44839299999999999	0.444517	0.441612	0.43884299999999998	0.435303	0.43245400000000001	0.43002299999999999	0.42661900000000003	0.42397000000000001	0.42032399999999998	0.41752400000000001	0.41508499999999998	0.412109	0.40917500000000001	0.40657500000000002	0.403665	0.40193800000000002	0.39954800000000001	0.39668100000000001	0.39338299999999998	0.39097500000000002	0.38874300000000001	0.38674799999999998	0.38438	0.38160899999999998	0.37864199999999998	0.37590299999999999	0.37290600000000002	0.37130299999999999	0.369589	0.36681599999999998	0.36472399999999999	Wavelength (nm)


Absorbance



0.03125 mM	400	399.5	399	398.5	398	397.5	397	396.5	396	395.5	395	394.5	394	393.5	393	392.5	392	391.5	391	390.5	390	389.5	389	388.5	388	387.5	387	386.5	386	385.5	385	384.5	384	383.5	383	382.5	382	381.5	381	380.5	380	379.5	379	378.5	378	377.5	377	376.5	376	375.5	375	374.5	374	373.5	373	372.5	372	371.5	371	370.5	370	369.5	369	368.5	368	367.5	367	366.5	366	365.5	365	364.5	364	363.5	363	362.5	362	361.5	361	360.5	360	359.5	359	358.5	358	357.5	357	356.5	356	355.5	355	354.5	354	353.5	353	352.5	352	351.5	351	350.5	350	349.5	349	348.5	348	347.5	347	346.5	346	345.5	345	344.5	344	343.5	343	342.5	342	341.5	341	340.5	340	339.5	339	338.5	338	337.5	337	336.5	336	335.5	335	334.5	334	333.5	333	332.5	332	331.5	331	330.5	330	329.5	329	328.5	328	327.5	327	326.5	326	325.5	325	324.5	324	323.5	323	322.5	322	321.5	321	320.5	320	319.5	319	318.5	318	317.5	317	316.5	316	315.5	315	314.5	314	313.5	313	312.5	312	311.5	311	310.5	310	309.5	309	308.5	308	307.5	307	306.5	306	305.5	305	304.5	304	303.5	303	302.5	302	301.5	301	300.5	300	299.5	299	298.5	298	297.5	297	296.5	296	295.5	295	294.5	294	293.5	293	292.5	292	291.5	291	290.5	290	289.5	289	288.5	288	287.5	287	286.5	286	285.5	285	284.5	284	283.5	283	282.5	282	281.5	281	280.5	280	279.5	279	278.5	278	277.5	277	276.5	276	275.5	275	274.5	274	273.5	273	272.5	272	271.5	271	270.5	270	269.5	269	268.5	268	267.5	267	266.5	266	265.5	265	264.5	264	263.5	263	262.5	262	261.5	261	260.5	260	259.5	259	258.5	258	257.5	257	256.5	256	255.5	255	254.5	254	253.5	253	252.5	252	251.5	251	250.5	250	249.5	249	248.5	248	247.5	247	246.5	246	245.5	245	244.5	244	243.5	243	242.5	242	241.5	241	240.5	240	239.5	239	238.5	238	237.5	237	236.5	236	235.5	235	234.5	234	233.5	233	232.5	232	231.5	231	230.5	230	229.5	229	228.5	228	227.5	227	226.5	226	225.5	225	224.5	224	223.5	223	222.5	222	221.5	221	220.5	220	219.5	219	218.5	218	217.5	217	216.5	216	215.5	215	214.5	214	213.5	213	212.5	212	211.5	211	210.5	210	209.5	209	208.5	208	207.5	207	206.5	206	205.5	205	204.5	204	203.5	203	202.5	202	201.5	201	200.5	200	6.2286199999999998E-3	6.2410399999999998E-3	6.25678E-3	6.2719799999999999E-3	6.2785799999999998E-3	6.2858200000000001E-3	6.3011500000000002E-3	6.3191999999999996E-3	6.3364900000000002E-3	6.3548399999999996E-3	6.3638699999999998E-3	6.3778300000000001E-3	6.3967700000000004E-3	6.4085899999999996E-3	6.4267100000000004E-3	6.4444100000000002E-3	6.4709600000000004E-3	6.4908600000000002E-3	6.5117100000000004E-3	6.5368300000000004E-3	6.5508500000000004E-3	6.5721699999999996E-3	6.5862500000000001E-3	6.61036E-3	6.6294300000000004E-3	6.6386300000000004E-3	6.6486699999999998E-3	6.66162E-3	6.6756999999999997E-3	6.68734E-3	6.6934000000000004E-3	6.7043299999999997E-3	6.7205399999999997E-3	6.7276699999999998E-3	6.7347400000000003E-3	6.7400200000000002E-3	6.7505400000000002E-3	6.7638400000000001E-3	6.7753600000000002E-3	6.7870700000000001E-3	6.7997800000000001E-3	6.80797E-3	6.82769E-3	6.84302E-3	6.85953E-3	6.8825099999999997E-3	6.9006299999999996E-3	6.9289599999999996E-3	6.9599700000000002E-3	6.9918000000000003E-3	7.0263699999999997E-3	7.0671199999999997E-3	7.1285899999999998E-3	7.1875100000000003E-3	7.2560000000000003E-3	7.3299999999999997E-3	7.4245600000000002E-3	7.5285700000000001E-3	7.65199E-3	7.7861700000000002E-3	6.6251499999999998E-3	6.8024499999999998E-3	6.98717E-3	7.2131699999999997E-3	7.4750499999999996E-3	7.7561100000000001E-3	8.0894999999999995E-3	8.4642299999999997E-3	8.88422E-3	9.3697199999999998E-3	9.9188399999999999E-3	1.0516899999999999E-2	1.1204799999999999E-2	1.19843E-2	1.2867699999999999E-2	1.38485E-2	1.4935500000000001E-2	1.6173099999999999E-2	1.7537899999999999E-2	1.9066400000000001E-2	2.07525E-2	2.2624399999999999E-2	2.4684299999999999E-2	2.6946000000000001E-2	2.9453199999999999E-2	3.2192900000000003E-2	3.5180200000000002E-2	3.8449499999999998E-2	4.1995499999999998E-2	4.58439E-2	5.0004199999999999E-2	5.4496799999999998E-2	5.9305400000000001E-2	6.4465700000000001E-2	6.9993299999999994E-2	7.58828E-2	8.2141400000000003E-2	8.8758299999999998E-2	9.5766299999999999E-2	0.103131	0.11088199999999999	0.118973	0.127418	0.13620599999999999	0.145318	0.15476100000000001	0.16451199999999999	0.174544	0.184863	0.195441	0.20627000000000001	0.21729999999999999	0.22852900000000001	0.2399	0.25142599999999998	0.26307399999999997	0.27481299999999997	0.28661199999999998	0.29840100000000003	0.31021599999999999	0.326845	0.33868900000000002	0.35044199999999998	0.36204900000000001	0.37346600000000002	0.38466299999999998	0.39563300000000001	0.40632299999999999	0.41673300000000002	0.42684499999999997	0.43662800000000002	0.44605499999999998	0.455119	0.46378999999999998	0.47202699999999997	0.47984700000000002	0.48721500000000001	0.49411899999999997	0.50057399999999996	0.506525	0.51197999999999999	0.51695999999999998	0.52144900000000005	0.52543499999999999	0.52893599999999996	0.53196100000000002	0.534524	0.536605	0.53824700000000003	0.53945500000000002	0.54022300000000001	0.54059100000000004	0.54057500000000003	0.54020699999999999	0.53948499999999999	0.53843799999999997	0.53709300000000004	0.535501	0.53365899999999999	0.53160300000000005	0.52937699999999999	0.52698699999999998	0.52446300000000001	0.52187600000000001	0.51922199999999996	0.51652399999999998	0.51383199999999996	0.51115100000000002	0.50851199999999996	0.50596399999999997	0.50351900000000005	0.50121000000000004	0.49904999999999999	0.49705300000000002	0.49526599999999998	0.49369099999999999	0.49234299999999998	0.49123899999999998	0.49036800000000003	0.48976399999999998	0.489427	0.48937000000000003	0.48958000000000002	0.49007299999999998	0.49085800000000002	0.49190699999999998	0.493257	0.49487399999999998	0.49677300000000002	0.49893100000000001	0.50133000000000005	0.50397400000000003	0.50683	0.50988199999999995	0.51310299999999998	0.51644199999999996	0.51988599999999996	0.52341099999999996	0.52694200000000002	0.53047	0.53398999999999996	0.53742500000000004	0.540767	0.54397300000000004	0.54705599999999999	0.54999699999999996	0.55277600000000005	0.55535100000000004	0.55774599999999996	0.55993099999999996	0.56191100000000005	0.56370299999999995	0.56529499999999999	0.566693	0.56795099999999998	0.56907700000000006	0.57006900000000005	0.570994	0.57186199999999998	0.57272500000000004	0.57360599999999995	0.57458299999999995	0.57567800000000002	0.57691199999999998	0.57829600000000003	0.57983099999999999	0.58148900000000003	0.58323400000000003	0.58501099999999995	0.58676499999999998	0.58848299999999998	0.59015899999999999	0.59181399999999995	0.59353999999999996	0.59540999999999999	0.59752700000000003	0.59997599999999995	0.60283200000000003	0.606132	0.60992000000000002	0.61418099999999998	0.61890599999999996	0.62408699999999995	0.629637	0.63554900000000003	0.64175599999999999	0.64819800000000005	0.65485099999999996	0.66167500000000001	0.66863399999999995	0.67572900000000002	0.68290899999999999	0.69015099999999996	0.69739899999999999	0.70464599999999999	0.71189000000000002	0.71912500000000001	0.72639699999999996	0.73377300000000001	0.74134199999999995	0.74918499999999999	0.757436	0.76612800000000003	0.77528799999999998	0.78491200000000005	0.79494399999999998	0.80528100000000002	0.81581099999999995	0.82639799999999997	0.83697100000000002	0.84749799999999997	0.85793600000000003	0.86830099999999999	0.87865300000000002	0.88905199999999995	0.89955200000000002	0.91021200000000002	0.92110700000000001	0.932365	0.94395300000000004	0.95596099999999995	0.96831900000000004	0.98101099999999997	0.99403600000000003	1.00735	1.0208999999999999	1.0346299999999999	1.0484800000000001	1.0624899999999999	1.0765499999999999	1.0906499999999999	1.1047400000000001	1.1189	1.1331	1.14734	1.1616200000000001	1.1760200000000001	1.19042	1.2048700000000001	1.2193499999999999	1.2338899999999999	1.24848	1.26301	1.2775000000000001	1.29192	1.30602	1.3197099999999999	1.3325800000000001	1.3440399999999999	1.3536699999999999	1.36032	1.3628499999999999	1.3594200000000001	1.3506899999999999	1.33657	1.3164800000000001	1.29257	1.2656400000000001	1.23678	1.20699	1.175	1.14357	1.1136999999999999	1.0838099999999999	1.0551600000000001	1.0268900000000001	1.00095	0.97570500000000004	0.95293700000000003	0.93076800000000004	0.91024000000000005	0.890872	0.87321599999999999	0.85670299999999999	0.84236200000000006	0.82817099999999999	0.81568200000000002	0.80396500000000004	0.79269199999999995	0.78215199999999996	0.77249900000000005	0.76241199999999998	0.75376399999999999	0.74546100000000004	0.73739699999999997	0.72952300000000003	0.72253699999999998	0.71571099999999999	0.70960299999999998	0.70349200000000001	0.69837099999999996	0.69305300000000003	0.68869400000000003	0.68364999999999998	0.67869100000000004	0.67415800000000004	0.66941300000000004	0.66523100000000002	0.66147599999999995	0.65812199999999998	0.654169	0.65106399999999998	0.64796799999999999	0.644845	0.64202199999999998	0.63854900000000003	0.63443700000000003	0.63114300000000001	0.62775800000000004	0.62496600000000002	0.62129400000000001	0.61815900000000001	0.614985	0.61208200000000001	0.60916199999999998	0.60620600000000002	0.60309500000000005	0.59986300000000004	0.59646600000000005	0.59329500000000002	0.58923599999999998	0.58654300000000004	0.58360599999999996	0.58048100000000002	0.57678399999999996	0.57359300000000002	0.570384	0.567048	0.56374500000000005	0.56097699999999995	0.55798700000000001	0.55476700000000001	0.55176700000000001	0.54889100000000002	0.54602099999999998	0.54285399999999995	0.53995599999999999	0.53810800000000003	0.53603800000000001	0.53289200000000003	0.53003100000000003	Wavelength (nm)


Absorbance
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