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Abstract.  Two-photon printing is accomplished using a photobase generator, 2-(2-nitrophenyl)-

propyloxycarbony tetramethyl guanidine, to locally catalyze thiol-ene coupling between 

multifunctional monomers while mitigating chain-growth polymerization with free radical 

scavengers. Microstructures printed from base-catalyzed resins exhibit higher resolution 

(linewidths < 400 nm) and lower print error (< 3%) than analogous microstructures printed using 

a photosensitive, free radical initiator. Further, Raman spectroscopy reveals that resins 

polymerized using the photobase generator in the presence of free radical scavengers exhibit 

higher selectivity of thiol-ene coupling over radical polymerization, resulting in more uniform 

polymer networks. The base-catalyzed resins are capable of producing 3D microstructures 

printed with high accuracy and minimal post-processing defects. A direct comparison between 

free radical and base-initiated resins highlights the need for mindful consideration of how 

chemical reaction pathway influences printability and network end-properties when designing 

resins. 

 

 

1. Introduction 

 

Direct laser writing of high resolution, polymeric materials has proven valuable for 

applications including biomedical scaffolds [1], photonics [2], and inertial fusion targets. [3] 

Two-photon polymerization (2PP) is a form of direct laser writing whereby a pulsed, 

femtosecond (fs) laser is tightly focused onto three-dimensional (3D) volume element, i.e. a 

voxel, within a droplet of resin to locally initiate polymerization. [4] The pulsed beam is 

translated over a path to polymerize customized, 3D structures with feature sizes below a micron. 

Commercially available resins derived from acrylate precursors are now routinely employed to 

print optically smooth microstructures with sub-micron features. However, such resins are most 

often polymerized by uncontrolled, free radical polymerization characterized by rapid chain 

propagation and termination through radical combination and disproportionation, leading to 

unpredictable network topologies and dangling ends from unevenly reacted monomers. [5] 

Furthermore, radical polymerization and crosslinking can exacerbate printing errors such as 

shrinkage, over-polymerization,  and other structural instabilities. [6] 
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Thiol-ene “click” addition reactions are especially appealing for 2PP due to their 

inherently high reaction rates, chemical selectivity, and high atom economy. [7]  Specifically, the 

reaction of multifunctional thiols to multifunctional enes as depicted in Figure 1 allows for rapid 

formation of cross-linked molecular networks, resulting in high-resolution prints due to the 

dominance of reaction over molecular diffusion. Furthermore, thiol-ene networks are known to 

for their tunable glass transition temperatures, low thermal expansion coefficients, and 

measurable viscoelastic loss—even in the glassy state—potentially enabling printed glassy 

networks to be less brittle. [8] 

Mechanistically, 2PP of thiol-ene resins typically involves photogeneration of radicals 

from a two-photon initiator followed by abstraction of labile thiol protons to generate thiyl 

radicals and addition of thiyl radicals to vinyl groups. The resulting carbon radicals can easily 

abstract thiol protons, thereby regenerating thiyl radicals and propagating the reaction. However, 

the intermediate carbon radical may also undergo chain-growth polymerization by adding 

directly to electron deficient alkenes. Consequently, the molecular topology of the formed 

network remains uncertain, and thiol conversion may suffer, leading to dangling free thiol-ends 

and network inhomogeneities.   

Alternatively, thiol-ene reactions may proceed via a base-catalyzed process that first 

forms thiolate anions, followed by their nucleophilic Micheal addition to electron-deficient 

double bonds as outlined in Figure S1. [9] The reaction results in highly uniform molecular 

networks that exhibit excellent mechanical resiliency compared to free radical polymerized 

networks. [10] Although base-catalyzed, thiol-Michael addition chemistry has been applied in 

photochemical patterning and has been utilized in direct laser writing, [11] the precise role of the 

photobase generator remains unclear. Our motivation for utilizing thiol-Micheal addition 

chemistry for 2PP is to achieve improved resolution, reduced shrinkage, and more consistent 

print properties.  

In this manuscript, we disclose thiol-ene resins that contain a two-photon sensitive 

photobase generator, a photosensitizer, and different monomer pairs. By preparing analogous 

resins by free radical initiation, we make direct, side-by-side comparisons of print properties 

including chemical conversion, print resolution, shrinkage, and mechanical stiffness. Raman 

spectroscopy was employed to determine the chemical conversion of reactive groups and to 

assess the selectivity of thiol-ene coupling, and dynamic mechanical analysis and 
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nanoindentation were applied to evaluate polymer stiffness and network uniformity. Our 

investigation aims to clarify the importance of thiol-ene coupling reaction pathways on the 

printability and end-properties of two-photon polymerized networks.   

 

 

 

Figure 1. Two-photon printing of base-catalyzed, thiol-Micheal resins: (a) scheme showing the 

reaction of a multifunctional ene with a multifunctional thiol to form a polymer network; (b) 

scheme showing photodissociation of NPPoc-TMG to form tetramethyl guanidine base; (c) 

Raman spectra confirming two-photon photodissociation of NPE fragment upon irradiation of a 

droplet of DMSO containing NPPoc-TMG; and (d) high resolution, two-photon print of the 

Eiffel Tower using the base-catalyzed resin. The base dimensions of the Eiffel Tower are 50 m 

x 50 m, and its design height is 120 m. 

 

2. Results and Discussion 

 

As proof of principle, we identified the printability of resins containing thiol (T) 

functional groups that are stoichiometrically balanced with either acrylate (A) or allyl (L) 

functional groups. Multifunctional monomers di(trimethyloylpropane)tetraacrylate (DPTA), 

triallyl–1,3,5–triazine–2,4,6–(1H, 3H, 5H)–trione (TTT), and pentaerythritol tetrakis (3-

mercaptopropionate) (PETMP) are shown in Figure 1 and were selected because of their prior 
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use in 2PP resins with free radical initiator, 2-benzyl-2-(dimethylamino)-1-[4-(morpholinyl) 

phenyl)]-1-butanone (BDMP). [12] A light-sensitive, photobase generator, 2-(2-nitrophenyl)-

propyloxycarbony tetramethyl guanidine (NPPoc-TMG), was chosen based on its previous use to 

pattern thiol-ene and thiol-epoxy networks by light-initiated chemistry. [9c, 13] 

Photo-decomposition of NPPOC-TMG into an organic base, tetramethyl guanidine 

(TMG), and a nitro-propenyl-benzene (NPE) fragment was qualitatively confirmed using in situ 

Raman spectroscopy. Raman spectra of a small droplet of solvent (DMSO) containing 1 wt% 

NPPOC-TMG are shown in Figure 1c before and after irradiation of the droplet with a tightly 

focused fs laser beam with a wavelength of 780 nm. The Raman signals at 1640 and 3020 cm-1 

are attributed C=C and =(C-H) stretching of the NPE fragment, and these peak intensities 

increase upon irradiation, confirming photobase generation. To further evaluate photobase 

generation, a solution containing NPPOC-TMG and phenol-red was irradiated with UV light 

(Dymax EC-500, mercury halogen, 17 mW/cm2) and the observed rapid color change to fuchsia 

indicates an increase in the solution’s pH.  (see SI, Video S1) 

Although NPPOC-TMG has a measurable two-photon cross-section area (Figure S3), 

facile 2PP printing requires the use of a photosensitizer.  Isopropylthioxanthone (ITX) is a well-

known and efficient photosensitizer that can transfer energy to other molecules.   ITX was 

chosen because it is a common, widely available, and well-studied photosensitizer. Formulations 

containing monomers, the photobase generator, and 1 wt% ITX show excellent two-photon 

printability, and an example of a high-resolution print is shown in Figure 1d. Although 

photoexcited ITX species are able to extract hydrogens from thiols to create thiyl radicals,[10] 

control experiments performed on resins without photobase generator fail to print well. This 

observation suggests that ITX directly transfers energy to the photobase generator to initiate 

base-catalyzed polymerization, and it does not require a free radical source as previously 

suggested.[11d] Base-catalyzed formulations were successfully printed with 1 wt% of 

phenothiazine as a free radical scavenger. Control experiments performed on resins without the 

free radical scavenger showed poor printability, indicating that base generation is the primary 

mechanism for network formation. 

The printability of free radical and base-catalyzed formulations with either allyl or 

acrylate monomers were directly compared. Arrays of prints were made to determine optimal 

print speed and laser dose parameters, with and without the photobase generator (see Figure S4-



  

6 

 

S7). Table 1 shows a summary of 2PP print parameters, shrinkage, and resolution results for 

different resins.  The resin name indicates the type of multifunctional ene monomer (allyl L vs. 

acrylate A) and the type of photoinitiator (free radical F vs. photobase generator B). Generally, 

resins could be successfully printed using similar print parameters, although resin containing the 

tetraacrylate monomers require somewhat slower scan speeds of 1500 m/s for the base 

formulation (4T4A-B) compared to 5000 m/s for the free radical formulation (4T4A-F), 

suggesting the free radical resin has a lower power threshold.  

 

 

 

Table 1. Summary of typical two-photon printing parameters and print quality metrics.  

 

 

 

 

Resin composition a 

 

Scan 

speed 

(m/s) 

 

Laser 

power 

(mW) 

 

Minimum 

line width 

(m) 

 

Power 

threshold b 

(mW) 

 

Print-error, p 

Top-

view 

Side-

view 

SF 

        

4T3L-F 3000 22.5 0.81 14 4% 12% 0.91 

4T4A-F 5000 17.5 0.93 7 6% 15% 0.93 

        

4T3L-B 3000 17.5 0.28 16 2%  -1% 1.00 

4T4A-B 1500 17.5 0.48 13 2% 13% 0.98 

        

a) All resins contained 1 wt% of free radical or base photoinitiator; base-catalyzed resins 

contained 1 wt% of phenothiazine as a free radical scavenger. 

b) The power threshold was determined from minimum linewidth as described later in the 

text using Equation 2. 

 

Flat slabs of each resin were printed using similar laser powers of 15-45 mW, and 

resulting structures were characterized using Raman microscopy. Baseline-corrected spectra of 

resins before and after laser writing are shown in Figure 2 with spectra rescaled to match the 

integrated intensity of the carbonyl stretch between 1730-1760 cm-1. The chemical conversions 
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of thiol and ene reactive groups were estimated by comparing peaks’ integrated intensities.  For 

example, the thiol conversion was calculated as: 

 

𝑋𝑆𝐻 = [1 − (
𝐼𝑆𝐻 𝐼𝐶=𝑂⁄

𝐼𝑆𝐻
′ 𝐼𝐶=𝑂

′⁄
)],        (1) 

 

where ISH and ICO are the integrated intensities of the thiol and carbonyl groups, and the prime 

symbol refers to the unpolymerized resin.  The estimated chemical conversions are displayed as 

annotation in Figure 2.  

Two-photon prints from resins containing the free radical photoinitiator show high 

conversion of the allyl or acrylate groups (~80%) yet lower conversion of thiol groups. This 

result is consistent with the idea that photoinitiated radicals may polymerize and consume 

acrylate and allyl groups via uncontrolled free radical polymerization,[14] i.e., without a 

balanced consumption of thiol groups. Resins containing the photobase generator generally show 

higher conversion of the thiol groups, indicating a preference toward the desired thiol-ene 

coupling, presumably forming more uniform networks.  This is especially true for the 4T3L-B 

resin.  Although the resin contains a trifunctional allyl monomer (TTT), this monomer is not 

known to be electron deficient, and therefore one may not expect exclusive thiol-Micheal 

coupling.[15]  However, gratifyingly, the Raman spectra show evidence of more efficient thiol-

ene coupling for the 4T3L-B compared to the 4T3L-F resin, and this is consistent with favorable 

print properties that will be discussed next. 
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Figure 2. Raman spectra of two-photon polymerized resins containing photobase and free 

radical initiators: (a) 4T4A-F, 4T4A-B, and unpolymerized resin; (b) 4T3L-F, 4T3L-B, and 

unpolymerized resin. Each spectrum was baseline-corrected, and intensity was normalized by the 

integrated intensity of the carbonyl region, 1720-1790 cm-1.  

 

To assess the minimum voxel linewidth and resolution capabilities as a function of laser 

dose, the laser writer was programmed to print the smallest possible lines at various laser powers 

(17 – 22.5 mW).  SEM was used to image, measure, and determine if the programmed line 

pitch—i.e. the distance between adjacent line centers—could be resolved (0.5 – 2.5 μm).  Results 

are shown in Table 1 and in Figure 3, with as low as 280 nm linewidths able to be resolved of 

4T3L-B shown in Figure S8. With increasing laser dose, line-resolution capability decreases. 

Resins containing photobase generator consistently show smaller features and higher resolution. 

We hypothesize that avoiding uncontrolled, radical polymerization outside of targeted voxels is 
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crucial to achieving high resolution, and base-catalyzed photochemistry achieves this through 

more selective thiol-ene and thiol-acrylate coupling as previously discussed. Further, the power 

thresholds of formulations were estimated and are included in Table 1 by relating the minimum 

resolvable linewidth d to the corresponding laser power P by the scaling relationship,  

 

𝑑 ≈  𝑎√𝑙𝑛
𝑃

𝑃𝑡ℎ
         (2) 

 

where a is a constant and Pth is the laser power threshold. The constant a contains several 

physical parameters including, for example, voxel waist dimension, two-photon absorption 

cross-sections, quantum yields, and so forth.  While a cannot be rigorously estimated, it is simply 

taken to be 1 m to allow for comparison of different formulations in Table 1.  The power 

threshold represents the minimum required laser power to saturate the resin with initiator and 

crosslink it into a solid, self-standing polymer. [14]  Higher thresholds contribute to printing at 

higher resolutions below the diffraction limit.  

The ability to deterministically print high resolution structures was evaluated by printing 

arrays with varying laser powers of ‘lollipop’ structures: 30-m-diameter spheres fused onto 15-

m-diameter cylinders (Figure S9-12). This design aims to decouple any print error from the 

substrate. Print error may include: (i) unwanted resin polymerization outside the intended 

volume, (ii) material shrinkage upon network formation, and (iii) shape deformation due to 

solvent swelling and solvent removal during resin development. SEM imaging shown in Figure 3 

was used to determine the post-processing dimensions of lollipop spheres when viewed from 

oblique and top-down perspectives.  The oblique perspective highlights print error that may 

occur in the z-direction, and the top-down view captures any anisotropy that may arise from 

beam raster.  Measured dimensions were compared to design dimensions to determine the print-

error as 𝜀𝑝 =
(𝑑−𝑑0)

𝑑0
  where 𝑑 is the measured dimension and 𝑑0 is the design dimension.  A 

positive print-error indicates polymerization outside of the targeted volume, and a negative print 

error indicates shrinkage.  Further, a spherical factor (SF) was calculated as the ratio of the 

printed x-dimension, 𝑑𝑥, to the printed y-dimension, 𝑑𝑦. The pulsed laser beam was translated 

along the x-direction. 
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Figure 3. Selected SEM images comparing two-photon printed structures from resins 

polymerized with free radical initiation versus photobase initiation. Column A: SEM images of 

prints to determine the minimum linewidth resolution; the distance between line centers (pitch) 

was systematically varied and the finest line-width structures are shown. Over-polymerization of 

radical-initiated resins 4T3L-F and 4T4A-F resulted in material deposition between lines, 

whereas the substrate was observed between lines in the base-catalyzed resins.  Column B: SEM 

images of printed “lollipop” structures viewed from an oblique angle. Column C: SEM image of 

printed “lollipop” structures viewed from the top with example measurements of the sphere 

diameters dx and dy to determine top-down sphericity.  

 

With increasing laser power, polymer structures exhibit print error due to networks 

reaching higher crosslinking density as doses exceed laser power threshold, heat is produced, and 

radical polymerization occurs outside of the targeted voxels.  Resin 4T4A-F demonstrated the 
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highest print errors of +10% and this caused a SF of 0.92. The side-view of this resin’s printed 

structure following solvent development appears warped, whereas 4T4A-B shows significantly 

lower print error and better sphericity.  The 4T3L-F resin shows similarly high print error and 

poor sphericity, while 4T3L-B resins exhibit the lowest print error (~1%) and a nearly perfect SF 

within measurement error. The side-view of the samples reveals the greatest print error, and we 

believe that overpolymerization or anisotropic solvent swelling during the development process 

resulted in significant plastic deformation in the vertical direction. Resins containing the 

photobase generator initiator appear to be less susceptible to this asymmetric error, and this is 

likely due to the printed resin’s higher and more uniform crosslink density.  The top-view 

projections shown in Figure 3c highlight lateral shape anisotropy due to print error in the x and y 

directions.  The base-catalyzed resins all show spherical dimensions that are slightly beneath the 

targeted dimension of 30 m and there is little shape anisotropy, i.e. dx ≈ dy.  However, the free-

radical catalyzed resins all show dimensions above 30 m, indicating overpolymerization, and 

show greater shape anisotropy that may be due to the laser raster direction. 

To assess differences in bulk mechanical properties among the two-photon polymerized 

resins, printed rectangular bars (7 mm × 0.65 mm × 0.25 mm) were subjected to dynamic 

mechanical analysis. A side-by-side comparison of storage and loss modulus versus temperature 

for the two-photon polymerized 4T3L-B and 4T3L-F resins is shown in Figure 4.  Both 

networks exhibited relatively high values of viscoelastic loss at room temperature (tan  ~ 0.1), 

indicative of some molecular motion beneath the glass transition temperature, leading to less 

brittle prints. The base-catalyzed resin 4T3L-B exhibits a higher glass transition temperature 

than the free radical initiated resin by about 10 °C as determined by the maximum in the loss 

modulus. Further, and the base-catalyzed resin shows the higher rubbery storage modulus by 

about a factor of 10. These observations are consistent with the notion that the base-catalyzed 

resin polymerizes into a denser, more tightly crosslinked network. 
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Figure 4. Dynamic mechanical properties and nanoindentation results for photobase-initiated 

(4T3L-B) and photoradical-initiated resins (4T3L-F): (a) storage modulus versus temperature; 

(b) loss tangent versus temperature; and (c) average nanoindentation probe depth measurements 

upon application of 1 mN force for both resins.  Dynamic mechanical analysis experiments were 

performed in tension at a strain offset between 0.5 - 2 % and a fixed frequency of 1 Hz.  Dashed 

curves results for a resin 4T3L-F cured with UV light.  Error bars represent ±1 standard 

deviation of N=36 indents on slabs equivalently dosed using a laser power of 35 mW and a scan-

speed of 3000 m/s.  

 

 

To further evaluate how chemistry and selectivity of chemical pathways influences print 

uniformity, printed arrays of slabs (100 m × 100 m × 25 m) were subjected to 

nanoindentation (Figure S4-7). Each sample was pressed with a Berkovich tip with a force-

controlled system, where displacement of the probe was measured until a force of 1 mN was 

reached (Figure S13). Samples with identical laser doses were probed 4 times and were 

statistically evaluated using standard deviation (σ) between formulations. 4T3L-F slab 

stiffnesses showed a σ of >50 nm, while 4T3L-B samples demonstrated a σ of <35 nm.  

Figure 4c shows that samples printed with the photobase generator exhibit more uniform 

and consistent properties than those printed with the free radical initiator. This can be explained 

as follows: free radical polymerization of acrylate or allyl groups do not consume thiol groups 

evenly, resulting network inhomogeneities that are sensed by the nanoindentor. Although 

micron-scale slabs of 4T4A resins could be printed (Figure S6-7), they were, unfortunately, too 
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soft to be evaluated by nanoindentation. These soft 4T4A prints are attributed to the high 

susceptibility of the acrylate monomer to free radical polymerization, resulting in more unreacted 

thiol groups and a lower crosslink density.  We believe that even the base-catalyzed system with 

radical scavenger present has a low level of radicals that initiate acrylate polymerization. The 

strong tendency of acrylate groups to undergo free radical polymerization may also explain why 

the selectivity of thiol-ene coupling is lower for 4T4A resins, as discussed earlier (Figure 2).   

 

3. Conclusions 

 

In conclusion, we demonstrated that two-photon polymerization can be conducted using a 

photobase generator in the presence of a photosensitizer.  Raman spectra provide evidence that 

NPPoc-TMG releases base by photodecomposition upon two-photon dosing.  Direct laser writing 

of resins containing the photobase generator (e.g. 4T3A-B) is associated with increased 

selectivity of thiol-ene coupling, leading to prints with higher glass transition temperature, higher 

rubbery modulus, and high-resolution material deposition with linewidths beneath 400 nm. 

Furthermore, suppression of the competing free radical polymerization reaction by adding free 

radical scavengers allows for more uniform, 3D printed microstructures with high accuracy and 

minimal post-processing defects. The direct comparison reported here between free radical and 

base-initiated resins highlights the importance of chemical pathways on network end-properties 

and forms a basis for mindful engineering of two-photon polymerized networks for 

microdevices, cellular scaffolds, and complex fusion targets. We believe that a precise and 

quantitative understanding of spatial-temporal reaction and molecular transport during base-

catalyzed, two-photon polymerization will offer new strategies toward higher resolution 

microstructures with near-perfect print fidelity.  Resin design should consider not only the 

photogeneration and reaction of desired anions or basic compounds whose basicity and diffusion 

abilities contribute to voxel size and crosslink density, but also the inevitable generation and 

reaction of free radical species which also influence network formation. 
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4. Experimental Section 

 

Materials.  Monomers, initiators and solvents were used as received from Sigma Aldrich 

unless otherwise specified. Chemical reagents used include: di(trimethyloylpropane)tetraacrylate 

(DPTA, Sigma Aldrich), triallyl–1,3,5–triazine–2,4,6–(1H, 3H, 5H)–trione (TTT, Sigma 

Aldrich), pentaerythritol tetrakis (3-mercaptopropionate) (PETMP, Sigma Aldrich), 2-(2-

nitrophenyl)-propyloxycarbony tetramethyl guanidine (NPPoc-TMG, prepared), (2-Benzyl-2-

(dimethylamino)-1-[4-(morpholinyl) phenyl)]-1-butanone) (BDMP, Sigma Aldrich), 

isopropylthianxione (ITX, Sigma Aldrich), phenothiazine (Sigma Aldrich), dimethyl sulfoxide 

(DMSO, Sigma Aldrich), propylene glycol methyl ether acetate (PGMEA, Sigma Aldrich), 

isopropanol (IPA, Sigma Aldrich), and dichloromethane (DCM, Sigma Aldrich) 

Resin Preparation.  Resins were prepared by mixing stoichiometric PETMP with either 

DPTA or TTT by balancing reactive groups and 1 wt% of free radical BDMP or 1 wt% NPPoc-

TMG. Samples prepared with base were also mixed with 1 wt% ITX and 1 wt% phenothiazine. 

All resins were used within an hour of mixing.  Unpolymerized resin mixtures noticeably 

increase in viscosity within days.  Raman samples were mixed identically to Nanoscribe resins. 

In-situ Raman samples were comprised of 1 wt% NPPoc-TMG in DMSO solution. 

Printing and Development.  Droplets of mixed resin were placed onto borosilicate slides 

and printed with dip-in-lithography mode using a two-photon printer (Nanoscribe Professional 

GT) where samples are suspended and printed upside down with a 25x objective unto the surface 

of the glass slide. During post processing, samples are submerged into PGMEA for 20 min to 

remove unreacted material, and then rinsed with IPA to remove toxic solvent.  

Raman Analysis.  Droplets of premixed resins or printed polymers (from mixed resins) 

were measured using Raman spectroscopy (Renishaw inVia H18415).  All data were baseline-

corrected using a fitting utility available through Igor Pro (Wavemetrics), and data sets were 

manually shifted to align spectra based on the peak at 1780 cm-1. Data from different sets were 

normalized by matching the integrated peak intensity of the carbonyl stretch region between 

1720-1790 cm-1. The spectrum of the 4T4A mixture (Figure 2b, dashed curve) was simulated by 

adding together pure spectra of 4A and 4T, appropriately weighted.  In – situ analysis was done 

by first obtaining a Raman spectrum for NPPoc-TMG in DMSO solvent, then dosing the resin 
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with 800 nm nonlinear light for 1 second intervals at 50 mW and obtaining subsequent Raman 

spectrum.  

Dynamic Mechanical Analysis.  Rectangular bars 7 mm × 0.65 mm × 0.25 mm (length × 

width × thickness) were printed with 2PP and subjected to oscillatory tensile strain using an 

oscillatory solid-state rheometer (RSA-G2, TA Instruments).  Samples were subjected to 

temperature sweeps at 5 °C/min from 20 to 120 °C at a fixed strain offset of 0.5 – 2 % strain with 

an oscillatory amplitude of 1%.  Formulations of 4T4A were unfortunately too brittle and could 

not be characterized. 

UV-triggered Base Generation.  A 1.5×10-3 M solution of NPPoc-TMG in DCM solvent 

with 1.3 x 10-3 M solution of phenol red was mixed and formed a slightly neutral pH with yellow 

color.  The solution was irradiated with UV light (UV Dymax 5000 EC) at 17.5 mW/cm2 for 20 

sec, and a red color change is indicative of base release from photobase initiator.  

 

 

Supporting Information  

Supporting Information is available from the Wiley Online Library or from the author. 
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Two-photon polymerization is conducted using an o-nitrobenzyl photobase generator to 

selectively catalyze thiol-ene coupling. With free radical scavengers present in the resin, radical 

polymerization is suppressed, allowing for printing of more uniform, 3D printed microstructures 

with high resolution and accuracy. Such improvements in print fidelity may benefit engineering 

of biomedical scaffolds, photonic metamaterials, and fusion targets. 
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