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Abstract: The molecular weight of a polymer determines key optoelectronic device 
characteristics, such as internal morphology and charge transport. Therefore, it is important 
to ensure that polymer deposition techniques do not significantly alter the native polymer 
molecular weight. This work addresses polymers deposited by resonant infrared  
matrix-assisted pulsed laser evaporation (RIR-MAPLE). By using a novel emulsion-based 
target technique, the deposition of smooth, contiguous films with no evidence of chemical 
degradation have been enabled. However, structural degradation via a reduction in 
molecular weight remains an open question. The common polymer standard, PMMA, and 
the optoelectronic polymers, P3HT and MEH-PPV, have been characterized before and 
after emulsion-based RIR-MAPLE deposition via gel permeation chromatography to 
determine if RIR-MAPLE affects the deposited polymer molecular weight. Proton nuclear 
magnetic resonance spectroscopy and Fourier transform infrared spectroscopy 
measurements have also been conducted to verify the absence of chemical degradation. 
These measurements verify that there is no chemical degradation of the polymers, and that 
PMMA and P3HT show no structural degradation, but MEH-PPV exhibits a halving of the 
weight-averaged molecular weight after RIR-MAPLE deposition. Compared with competing 
laser deposition techniques, RIR-MAPLE is shown to have the least effect on the 
molecular weight of the resulting thin films.  
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1. Introduction 

The molecular weight of a conjugated polymer plays a central role in the optoelectronic properties 
of conjugated polymer thin films. Properties such as absorption, carrier mobilities, charge transport, 
and device efficiency are sensitive to chromophore length and polymer chain-packing morphology, 
which in turn depend on the preparation conditions and the molecular weight of the polymer [1].  
For example, it has been demonstrated that larger molecular weight poly(3-hexylthiophene) (P3HT) 
films lead to larger carrier mobilities and red-shifted absorption spectra in organic field-effect 
transistors [2,3] and organic photovoltaic solar cells [4] compared with lower molecular weight 
samples. Organic light-emitting diodes have shown increased electroluminescence intensities and 
better spectral stability at higher molecular weights [5]. The larger molecular weight improves charge 
transport by packing the chains more closely, which increases π-π orbital interactions, and by linking 
otherwise isolated crystalline domains for better hopping transport. Therefore, it is important that the 
use of a given deposition technique does not structurally degrade the polymer.  

Various polymer deposition techniques, such as spin-casting, drop-casting, ink-jet printing, and 
pulsed laser deposition (PLD) suffer from a lack of morphology control. However, emulsion-based 
resonant infrared matrix-assisted pulsed laser evaporation (RIR-MAPLE) is a promising deposition 
technology for the fabrication of polymer-based optoelectronic devices for two primary reasons: (i) the 
ability to control film morphology; and (ii) the ability to deposit multi-layered heterostructures [6–10]. 
The novelty of the emulsion-based RIR-MAPLE approach, compared to alternative MAPLE 
implementations [11–18], is that the ideal growth regime, i.e., strong laser absorption by the host 
matrix and little to no laser absorption by the guest material, can be achieved for almost any polymer, 
even though most polymers of interest and many compatible solvents do not resonantly absorb the 
Er:YAG laser energy at 2.94 μm. This challenge is overcome due to the target emulsion in which a 
secondary solvent and deionized water, both rich in O-H bonds that are resonant with the Er:YAG 
laser energy, are added to the polymer solution. However, it is important to determine whether the 
emulsion-based RIR-MAPLE structurally degrades the deposited polymers. A variety of pulsed laser 
deposition and MAPLE techniques have yielded polymer films for which the chemical integrity 
remains intact, as characterized by proton nuclear magnetic resonance (1H NMR) and Fourier 
transform infrared (FTIR) spectroscopies. However, gel permeation chromatography (GPC) 
measurement of the structural integrity of the polymers often finds a reduction in molecular weight 
after deposition [12,13,19–21].  

In this paper, the effects of the emulsion-based RIR-MAPLE thin film deposition technique  
on polymer molecular weight are presented. Poly(methyl methacrylate) (PMMA) is included  
in the study as a standard reference due to the availability of sharply peaked size distributions  
over a wide range of molecular weights. A unique aspect of this work is that the molecular  
weight for polymers that are important for optoelectronic devices are characterized by GPC 
measurement: P3HT, which is widely used in organic photovoltaics and organic transistors; and, 



Polymers 2012, 4              
 

 

343

poly[2-methoxy-5-(2′-ethyl-hexyloxy)-p-phenylene-vinylene] (MEH-PPV), which has been an important 
polymer in the development of organic light-emitting diodes and organic photovoltaics. The molecular 
weight of each polymer is determined by GPC both before and after deposition by emulsion-based 
RIR-MAPLE. A survey of the literature yielded several published values of the molecular weight of 
laser-deposited polymer films. These results are compiled for comparison with the present work. 
Complementary characterizations by 1H NMR spectroscopy and FTIR spectroscopy provide information 
on the chemistry of the polymers. 

2. Results and Discussion 

2.1. GPC Measurement of Polymer Molecular Weight  

GPC measurements provide information on the size distribution of observed particles, and are 
sensitive to a number of parameters. The use of light scattering to determine molecular weight is best 
suited to spherical particles. As the particle shape deviates from a sphere, as it does with linear 
polymers, there will be an error introduced into the measurement [22]. It is well-known that molecular 
weight measurements of rigid backbone polymers, taken on a GPC system that has been calibrated 
with polystyrene standards, tend to overestimate the true weight-averaged molecular weight (Mw) 
values. However, relative measurements, such as those reported here, minimize such biases due to the 
identical offset introduced throughout a data set. Similarly, reported values of the refractive index 
increment dn/dc of a given polymer tend to be inconsistent. Because the increment affects different 
samples of the same material equally, any systematic error present is eliminated with a relative 
comparison. Thus, the change in molecular weight, denoted “Mw % Change”, from the RIR-MAPLE 
deposited polymer relative to the native polymer is reported. A positive value indicates an increase in 
Mw after deposition, while a negative value indicates a decrease. The measured molecular weight 
values, both from existing literature and the current work, are presented in Table 1.  

Bubb et al., used RIR-PLD to deposit the copolymer poly(lactide-co-glycolide) (PLGA) for a drug 
delivery coating application [13]. GPC measurements indicated the molecular weight of the polymer 
was less than half that of the native polymer. Mercado et al., explicitly compared thin films of PLGA 
deposited by UV-PLD and UV-MAPLE [19]. A molecular weight distribution analysis via GPC 
revealed significant differences between the native and deposited polymers for both deposition 
techniques. Bubb et al. also used UV-MAPLE depositions of polyethylene glycol (PEG) to establish 
that the solvent plays an important role in determining the level of structural degradation, with DI 
water yielding less structural degradation of the polymer compared to chloroform [12]. It was 
concluded that chloroform yielded chemically reactive chloride species during deposition that were 
responsible for structural degradation of the polymer, while water did not photodissociate into reactive 
species and did not generate structural changes in the polymer to the same extent. Fitz-Gerald et al., 
reported on the UV-MAPLE deposition of a Ruthenium-based PMMA polymeric metal complex [20]. 
A low-MW peak in the size distribution indicated partial cleavage of the PMMA chains.  
Sellinger et al., looked at a nanocomposite of carbon nanotubes embedded within a PMMA  
matrix [21]. GPC analysis revealed a molecular weight reduction of the PMMA, most likely due to the 
polymer absorption of UV light.  
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Table 1. Molecular weight of polymers deposited by PLD, UV-MAPLE and RIR-MAPLE. 
Values from this work are averages of multiple samples. Mw % Change indicates the 
change in Mw after deposition relative to the native polymer. (* Mn—number-averaged 
molecular weight). 

Author Polymer Solvent Method 
Laser 
λ 

(nm) 

Native 
Mw 

(kDa) 

Deposited 
Mw 

(kDa) 

Mw % 
Change 

Bubb [13] PLGA - RIR-PLD 2940 8.495 3.125 −63.2 
Bubb [13] PLGA - RIR-PLD 3400 8.495 3.470 −59.2 
Mercado [19] PLGA - UV-PLD 248 99 8 −91.9 
Mercado [19] PLGA Chloroform UV-MAPLE 248 99 26 −73.7 
Bubb [12] PEG DI Water UV-MAPLE 193 1.397 1.325 −5.2 
Bubb [12] PEG Chloroform UV-MAPLE 193 1.397 1.077 −22.9 

Fitz-Gerald [20] 
[Ru(bpyPMMA2)3]
-(PF6)2 

Dimethoxyethane UV-MAPLE 248 *33.0 *9–12 −68.2 

Sellinger [21] PMMA Toluene UV-MAPLE 248 13.9 12.8 −7.9 
McCormick PMMA TCE/BnOH/H2O RIR-MAPLE 2940 9.57 11.2 3.3 
McCormick PMMA TCE/BnOH/H2O RIR-MAPLE 2940 109.4 117.0 6.9 
McCormick PMMA TCE/BnOH/H2O RIR-MAPLE 2940 367.2 354.2 −3.5 
McCormick P3HT TCE/Phenol/H2O RIR-MAPLE 2940 42.5 45.3 6.6 
McCormick MEH-PPV Toluene/Phenol/H2O RIR-MAPLE 2940 266.9 133.7 −49.9 

From this existing work, a few trends can be observed. The PLD films all exhibited significant Mw 
degradation regardless of laser wavelength, which is to be expected because the target consists of solid 
polymer, which must absorb the laser energy to desorb material for deposition. The UV-MAPLE films 
also exhibited degradation compared with the native polymer. Total degradation of the UV-MAPLE 
process may be due both to direct light absorption by the polymer and to chemical degradation of the 
polymer from highly reactive species created via photodissociation of the solvent [12]. Overall, it is 
clear that RIR- and UV-PLD techniques cause significant structural degradation of the deposited 
polymer. Likewise, UV-MAPLE results in a global reduction of molecular weight, although the extent 
of the molecular weight degradation can be minimized. 

In contrast, the emulsion-based RIR-MAPLE depositions shown in Table 1 show the least amount 
of structural degradation because the solvent emulsion is responsible for the majority of the IR laser 
light absorption at the hydroxyl bond stretch; the polymer absorbs very poorly in this wavelength 
regime. The PMMA polymer provides a good example of this fundamental difference as it can be 
compared directly to other laser deposition techniques represented in Table 1. Three different PMMA 
molecular weights, Mw = 10 kDa, 100 kDa, and 350 kDa, were chosen to span a range representative 
of polymers. Wyatt Technology reports a 5% system error for the molecular weight measurement, 
which encompasses the light scattering and refractive index measurements. The weight-averaged 
molecular weight, Mw, of the 10 kDa and 100 kDa PMMA samples demonstrate an increase in the 
molecular weight that deviates from the native values by less than or slightly more than, respectively, 
the reported system error. The 350 kDa PMMA sample demonstrated a molecular weight reduction of 
3.5%, which is within the system error. Therefore, the GPC distributions of the PMMA standards 
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reflect a negligible change of the RIR-MAPLE-deposited material from the native polymer. These 
results also demonstrate that emulsion-based RIR-MAPLE does not have an inherent molecular weight 
limit, within the 10–350 kDa range, to prevent a polymer from being deposited intact. It is important to 
note that the PEG sample in Table 1 that was deposited by UV-MAPLE and had a 5.2% decrease in 
Mw [12], used DI water as the target solvent. The RIR-MAPLE emulsion technique features DI water 
as a major portion of the target matrix.  

In the case of P3HT, the RIR-MAPLE deposited sample increased in molecular weight compared 
with the native sample. Sigma-Aldrich reported the native polymer molecular weight as Mw = 42.5 kDa, 
which corresponds to a 6.6% increase for the RIR-MAPLE-deposited samples, as shown in Table 1. 
While it is well-known that P3HT cross-linking is the preferred mechanism (as opposed to chain 
scission) in the presence of air and UV or visible light [23], it is unlikely that cross-linking would 
occur to such a degree given that the polymer samples were kept in light-shielded cases under vacuum. 
Such significant cross-linking would lead to a loss of solubility, which was not observed.  

Figure 1. GPC measurements of the native MEH-PPV polymer and the resulting 
distributions after RIR-MAPLE deposition. The log-scale plot emphasizes the reduction in 
the largest molecular weights after MAPLE deposition. The inset shows the peak values on 
a linear scale. These distributions are representative of repeated GPC measurements.  

 

Only MEH-PPV exhibited structural degradation after RIR-MAPLE deposition, with a consistent 
halving of the weight-averaged molecular weight. Figure 1 shows the GPC traces of single representative 
MEH-PPV samples before and after deposition by emulsion-based RIR-MAPLE. Because the 
distribution is skewed, the data are plotted on a log-scale plot to emphasize the higher molecular 
weight tails. The inset clearly shows a shift of the peak value from 70 kDa to 40 kDa in the  
RIR-MAPLE deposited sample. Furthermore, it is evident from the high molecular weight tails that 
there is a reduction of the highest molecular weights present in the two samples: the native sample has 
molecular weights up to 1 MDa, while the sample after RIR-MAPLE deposition has maximum 
molecular weight values of 600 kDa. Analysis of PMMA with nominal Mw = 350 kDa, which is 
roughly 100 kDa larger than the MEH-PPV native polymer, showed that there was no change in the 
PMMA molecular weight after RIR-MAPLE deposition. Therefore, even if an upper limit to the 
deposition capabilities of RIR-MAPLE does exist with respect to the molecular weight, MEH-PPV 
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should be well below that limit. In fact, Figure 1 shows that the MEH-PPV sample after deposition by 
RIR-MAPLE has molecular weight values as high as 600 kDa.  

At this point, it is also helpful to consider the polydispersity index (PDI) for the polymers described 
in Table 1. The PDI is defined as the ratio of the weight-averaged to the number-averaged molecular 
weights (Mw/Mn), and it provides an indication of how uniformly the molecular weight is distributed in 
a polymer sample, with a value of unity marking a monodisperse, narrow, highly-peaked size 
distribution. As the PDI increases past unity, the size distribution becomes less uniform, broader, and 
less peaked. Table 2 reports the PDI of the polymers described in Table 1. The RIR- and UV-PLD 
samples showed an increase of 57–150 % of the native PDI, signifying a large increase in the number 
of different molecular weight values after deposition. In contrast, both UV-MAPLE and RIR-MAPLE 
have much smaller changes in PDI. The UV-MAPLE technique had PDI changes after deposition 
ranging from an 11% decrease to a 16% increase compared to the native PDI. The PDI of  
RIR-MAPLE-deposited polymers ranged from a 7% decrease to a 10% increase compared to the 
native PDI. Therefore, even if the GPC size distribution shifts to a different Mw value after deposition 
using MAPLE techniques, the distribution of the molecular weight values remains relatively constant. 

Table 2. Polydispersity index (PDI) of polymers deposited by PLD, UV-MAPLE and  
RIR-MAPLE (* PDI not reported). 

Author Polymer Solvent Method 
Laser λ 

(nm) 
Native 

PDI 
Deposited 

PDI 
Bubb [13] PLGA - RIR-PLD 2940 1.22 3.05 
Bubb [13] PLGA - RIR-PLD 3400 1.22 2.63 
Mercado [19] PLGA - UV-PLD 248 1.73 2.70 
Mercado [19] PLGA Chloroform UV-MAPLE 248 1.73 2.00 
Bubb [12] PEG DI Water UV-MAPLE 193 1.02 1.06 
Bubb [12] PEG Chloroform UV-MAPLE 193 1.02 1.07 
Fitz-Gerald [20] [Ru(bpyPMMA2)3]-(PF6)2 Dimethoxyethane UV-MAPLE 248 * * 
Sellinger [21] PMMA Toluene UV-MAPLE 248 1.71 1.53 
McCormick PMMA TCE/BnOH /H2O RIR-MAPLE 2940 1.12 1.04 
McCormick PMMA TCE/BnOH/H2O RIR-MAPLE 2940 1.15 1.19 
McCormick PMMA TCE/BnOH/H2O RIR-MAPLE 2940 1.45 1.59 
McCormick P3HT TCE/Phenol /H2O RIR-MAPLE 2940 2.20 2.04 
McCormick MEH-PPV Toluene/Phenol/H2O RIR-MAPLE 2940 2.29 2.18 

2.1. 1H NMR Spectroscopy and FTIR Spectroscopy of Polymers Deposited by RIR-MAPLE  

In order to determine if the observed change in molecular weight for MEH-PPV results from  
RIR-MAPLE deposition alone, or from a separate mechanism, such as chain scission, 1H NMR and 
FTIR spectra were measured for PMMA, P3HT, and MEH-PPV before and after deposition by 
emulsion-based RIR-MAPLE. The 1H NMR spectra of PMMA confirm the GPC results by reporting 
no change before and after RIR-MAPLE deposition, as shown in Figure 2. FTIR spectra are not 
reported for the PMMA samples due to the definitive and uneventful results of the other 
characterizations. The PMMA results represent a baseline for the other polymers applicable to 
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optoelectronic devices by demonstrating that the RIR-MAPLE technique is capable of thin film 
deposition with little to no change in the native polymer within the wide range of 10–350 kDa. 

Figure 2. Proton NMR spectra of PMMA of molecular weight (a) 10 kDa, and (b) 100 kDa. 
The solvent peak at δ = 7.26 ppm is denoted by *. The water peak at δ = 1.56 ppm is 
denoted by #. 

 

 

The P3HT 1H NMR spectra, shown in Figure 3, were slightly more complex. There was a small 
reduction in the thiophene proton peak near δ = 7 ppm and changes in the amplitude, but not position, 
of the alkyl side group peaks. Integration of the α-carbon proton peaks in the region δ = 3.0–2.5 ppm 
yielded a regioregularity of ~92% [24], which agrees with the manufacturer specification of >90% 
regioregularity. The primary difference before and after RIR-MAPLE deposition is the sharp increase 
in the CH2 peak at δ = 1.26 ppm, which could indicate that the side chain has been shortened from six 
to five alkyl units. This shortening is not great enough to lead to an appreciable difference in solubility; 
moreover, a solubility difference was not observed. The P3HT FTIR spectra in Figure 4 contain the 
requisite peaks both before and after RIR-MAPLE with no significant differences. Following  
Chen et al., the observed peaks are assigned as [25]: the aromatic C-H stretch near 3,057 cm−1; the 
aliphatic C–H stretches at 2,954, 2,925 and 2,856 cm−1; the ring stretches at 1,510 and 1,454 cm−1; the 
methyl deformation at 1,377 cm−1; the out-of-plain aromatic stretches at 820 cm−1; and, the methyl 
rocking stretch at 725 cm−1.  
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Figure 3. Proton NMR spectra of native P3HT polymer and RIR-MAPLE deposited 
samples. The solvent peak at δ = 7.26 ppm is denoted by *. The water peak at δ = 1.56 ppm 
is denoted by #. 

 

Figure 4. FTIR spectra of P3HT before and after RIR-MAPLE deposition. 

 

The MEH-PPV 1H NMR spectra, shown in Figure 5, contain marked differences before and after 
RIR-MAPLE deposition. The aliphatic solvent chloroform-d (CDCl3), which tends to dissolve the 
alkyl side chains better than the aromatic backbone, was used for sample preparation [26]. MEH-PPV 
is a well-studied polymer with a 1H NMR spectrum that has been extensively catalogued [27–29]. 
There are three regions of interest in the MEH-PPV spectrum: the downfield aromatic groups  
(δ = 7.55–7.45 ppm, ArH) and vinyl double bonds of the backbone (δ = 7.23–7.12 ppm, vinyl 
HC=CH); the midfield alkoxy groups (δ = 3.95, 3.92 ppm, OCH2, OCH3); and finally, the upfield alkyl 
side chains (δ = 1.81, 1.65, 1.60, 1.55, 1.35, 1.24 ppm, CH, CH2), (1.02, 0.99, 0.97; 0.92, 0.90,  
0.88 ppm, CH3). The aromatic peaks remained constant in both location and magnitude, indicating that 
the benzene ring in the polymer backbone remained intact. The vinyl double bond peaks decreased 
after RIR-MAPLE, indicating a decrease in the number of these bonds, which supports the chain 
scission seen in the molecular weight distributions. The side chain peaks were dramatically different 
before and after RIR-MAPLE. The peaks corresponding to the CH and CH2 groups in the  
δ = 1.88–1.40 ppm region broadened significantly, and resulted in a complete loss of structure. If 
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chemical degradation had occurred, the broad peak would be an indicator of a multitude of different 
alkyl products [30]. However, as demonstrated by the FTIR spectra to follow, such chemical 
degradation does not occur. The CH2 peak at δ = 1.35 ppm remained constant, while there was an 
increase in the CH2 peak at δ = 1.24 ppm. The methyl groups in the δ = 1.02–0.88 ppm region were 
intact, but the grouping at δ = 0.92–0.88 ppm exhibited a broadening to δ = 0.92–0.81 ppm. All of 
these changes in the 1H NMR spectra demonstrate substantial modification of the side chains after 
deposition by emulsion-based RIR-MAPLE. The solubility of the polymer would be impacted if the 
side chain modification is severe or leads to complete removal. Yet, the MEH-PPV solubility was not 
significantly changed after RIR-MAPLE because dissolution of the polymers for 1H NMR & GPC 
analysis was still possible. However, substantial modification of the side chains could potentially lead 
to changes in the morphology of the deposited film due to altered interchain interactions and chain 
stacking, which would affect device properties such as carrier mobility and efficient exciton dissociation.  

Figure 5. Proton NMR spectra of native MEH-PPV and of MEH-PPV after RIR-MAPLE 
deposition. The solvent peak is denoted by *. 

 

Figure 6 shows the FTIR spectra for MEH-PPV. The peak assignments follow Ram et al. [27]: 
3,058 cm−1 is the CH vinyl bond stretch; 2,958 cm−1 is the CH3 alkyl stretch; 2,928 cm−1 is the CH 
alkyl stretch; 2858 and 2872 are the CH2 alkyl stretch; 1,600, 1,506, 1,464 and 1,413 cm−1 are various 
phenyl stretches; 1,351 cm−1 is the CH2 alkyl deformation; 1,259 and 1,205 cm−1 are the phenyl 
oxygen stretches; 1,041 cm−1 is the alkyl oxygen stretch; and 969 cm−1 is the vinyl CH wag. From 
these FTIR spectra, there appears to be no change in the chemical bonds of MEH-PPV due to  
RIR-MAPLE. The FTIR and 1H NMR results are not contradictory. Because 1H NMR probes chemical 
bonds and their local magnetic environment, it is possible to demonstrate no change in the specific 
bonds present via FTIR and also to find differences in the 1H NMR spectra due to structural changes in 
the polymer.  
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Figure 6. FTIR spectra of MEH-PPV. There is no difference between the native polymer 
and the RIR-MAPLE deposited polymer. 

 

3. Experimental Section  

All polymers were used as-received from the manufacturer. All molecular weights of the PMMA 
and the P3HT (>90% regioregularity) polymers were purchased from Sigma-Aldrich. The MEH-PPV 
was purchased from American Dye Source. All samples were deposited by emulsion-based  
RIR-MAPLE onto soda-lime glass slides, except for the FTIR samples, which were deposited onto 
undoped silicon. In the RIR-MAPLE deposition process, the prepared polymer emulsion is flash frozen 
in a target cup that has been cooled to 77 K by liquid nitrogen. The flash freezing process solidifies the 
emulsion before it is able to separate, which allows materials of disparate solubilities to be deposited. 
There are two primary advantages to having the target and substrate located in a vacuum chamber. 
First, in order to avoid liquid contamination of the deposited film, a lower environmental pressure 
allows the target material to sublimate so that the vaporous solvent can be pumped away by the 
vacuum system. Second, the plume of ablated target material forms more evenly under vacuum. In the 
vacuum chamber, a substrate is located facing the target and rotates during a deposition. A 2-Hz pulsed 
Er:YAG laser (2.94 µm) rasters across the rotating target in a pattern that ensures the target is ablated 
evenly. The absorption peaks of the polymers occur within the visible wavelength range; therefore, the 
majority of the laser absorption occurs in the solvent, leaving the polymer minimally affected.  
The RIR-MAPLE parameters were standardized across depositions to the following values: a  
target-to-substrate distance of 70 mm; an ambient chamber pressure of 1E-5–1E-4 Torr; and, a 
substrate temperature of 4 °C. The targets consisted of emulsions of multiple solvents, in contrast with 
traditional solution casting, which generally uses a single solvent. PMMA was prepared as a 1 wt% 
solution in trichloroethylene (TCE) as the primary solvent, to which benzyl alcohol (BnOH) was added 
as a secondary solvent. Deionized (DI) water was then added in a 2:1 water:solution weight ratio to 
complete the emulsion. The P3HT emulsion target was prepared using the same polymer/solvent/DI 
water ratios, with TCE as the primary solvent and phenol as the secondary solvent. Finally,  
MEH-PPV was prepared using the same ratios, with toluene as the primary solvent and phenol as the 
secondary solvent.  
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The polymer films deposited by RIR-MAPLE onto glass slides were prepared for GPC 
measurements by dissolution in tetrahydrofuran (THF) and then by isolating the polymer for molecular 
weight measurement using standard rotary evaporator techniques. Clean THF was mixed with the 
polymer in an amount to achieve 2 mg/mL for GPC analysis. Only 200 µL of the polymer solution was 
injected into the GPC system to reduce peak broadening. GPC analysis was carried out on the 
following equipment: Optilab DSP Interferometric Refractometer and Dawn EOS—Enhanced Optical 
System, both from Wyatt Technology. The polymer was separated in a PLgel, 5 µm, 104 Å column 
from Agilent Technologies, using inhibitor-free THF as the mobile phase. The system was able to 
measure an approximate range of the Mw between 104–106 g/mol (Da) with a light scattering 
wavelength of λ = 690 nm. ASTRA V software, version 5.3.4.16 (Wyatt Technology), was used  
for data analysis. The values of the refractive index increment, dn/dc, using THF as the mobile  
phase were determined after injecting a known amount of polymer: PMMA dn/dc = 0.088 [31], P3HT 
dn/dc = 0.285 [32], and MEH-PPV dn/dc = 0.293; when possible, these values have been confirmed 
from the literature. GPC samples were measured within one day after removal from vacuum.  

1H NMR spectra were taken on a Varian Inova 400 MHz spectrometer. Sample preparation took 
place in a chemical fume hood. Samples were dissolved in chloroform-d and injected into  
Wilmad-LabGlass Pyrex 5 nm tubes for testing. Final spectra were an average of 64 runs on samples 
that were exposed to atmosphere for less than one day. FTIR spectra were taken on a Thermo Electron 
Nicolet 8700 spectrometer with 1.9 cm−1 wavenumber resolution. The films had been deposited onto 
undoped silicon and were measured in transmission mode under a nitrogen atmosphere at room 
temperature. All RIR-MAPLE films were measured by FTIR within one hour of removal from the 
vacuum system. Until ready for measurement, samples were kept in plastic clamshell cases that were 
wrapped in aluminum foil to shield them from ambient light. The P3HT and MEH-PPV samples were 
characterized by FTIR within one hour of deposition in order to minimize contact both with the 
atmosphere and with light sources. 

4. Conclusions  

PMMA, P3HT and MEH-PPV were characterized by GPC, 1H NMR and FTIR both before and 
after RIR-MAPLE deposition to determine if RIR-MAPLE had an effect on the molecular weight. 
Three molecular weights of a PMMA standard spanned the range Mw = 10–350 kDa and showed no 
decrease in molecular weight after RIR-MAPLE deposition. If RIR-MAPLE has an inherent limit to 
the molecular weight that can be deposited without degradation, it is outside of the range defined by 
the PMMA depositions. P3HT showed no change in molecular weight. MEH-PPV experienced a 
halving of the molecular weight after RIR-MAPLE deposition. The 1H NMR results imply a reduction 
of the vinyl double bonds along the backbone, which corroborates the observed molecular weight 
reduction due to scission. In addition, the side chains are still present, although in altered form. All 
polymers maintained their solubility characteristics. There is no evidence for photo-oxidative 
degradation of MEH-PPV, indicating that the observed effects are due to the RIR-MAPLE deposition. 
However, PLD, which has a Mw degradation range of 50–90%, and UV-MAPLE, which has a 
degradation range of 5–74%, causes more damage to deposited polymers. Therefore, this work 
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establishes that, of the laser deposition techniques, emulsion-based RIR-MAPLE has the least effect on 
the molecular weight of the deposited polymers.  
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