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Chain transfer to solvent in conventional radical polymerizations of N-tert-butylacrylamide (TBAM) and 

N-(2-morpholin-4-ylethyl) acrylamide (MEA) in a range of alcohol solvents is investigated. Mayo 

analysis of polymerization of TBAM in linear alcohols (C3-C9) resulted in an approximately linear 

increase in chain transfer to solvent constant (Ctr,S) with the number of methylene (CH2) units in the 

solvent. The branched alcohol 3-methyl-3-pentanol gave the smallest Ctr,S (using Mayo analysis), and 

thus allowed attainment of higher molecular weights (MWs) in the nitroxide-mediated polymerizations 

(NMP) of TBAM. Overall, the data show that MEA is more prone to chain transfer to solvent than 

TBAM (higher Ctr,S), and further analysis of the conventional radical polymerization of MEA in 3-

methyl-3-pentanol indicate chain transfer to monomer may also be occurring. The first controlled/living 

polymerizations of MEA are detailed with chain transfer having a greater impact on maximum 

achievable MWs in NMP in comparison to TBAM. 

 

INTRODUCTION 
 

Chain transfer to solvent or monomer is the abstraction of an atom 

by a propagating radical to give a dead polymer chain and a small 

radical capable of initiating a new chain. For a given set of 

conditions, chain transfer results in an upper limit in accessible 

molecular weight for both a conventional[1] and controlled/living 

radical polymerization (CLRP). In a recent report,[2] chain transfer 

to solvent was shown to be a significant end-forming reaction in the 

conventional and nitroxide-mediated polymerization (NMP)[3] of N-

isopropylacrylamide (NIPAM) in DMF at 120 °C.  
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The same chain transfer to solvent constant (Ctr,S =ktr,S/kp, the ratio 

between the rate coefficients for chain transfer to solvent and 

propagation), within experimental error, was shown to account for 

experimental molecular weight (MW) data for both conventional 

radical polymerization and NMP. In the case of CLRP, chain 

transfer can compromise both control and livingness by generation 

of dead chains (loss of propagating radicals) and accumulation of 

short chains (due to reinitiation) that give low MW tailing or 

broadening in the MW distribution (MWD) with increasing 

conversion.[4-8]  
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In the case of chain transfer to solvent, it has been shown that as a 

consequence of the total number of chains increasing, the number 

average molecular weight (Mn) deviates downwards from the 

theoretical value (Mn,th) and may even decrease with increasing 

conversion, which is distinctly different from chain transfer to 

monomer where theory dictates that Mn never goes through a 

maximum.[2, 9] The value of Mn going through a maximum with 

increasing conversion has also been observed in the NMP of acrylic 

acid using 1,4-dioxane as solvent at 120 °C.[10] Chain transfer to 

solvent has been detected in other CLRPs, for example causing a 

limiting Mn in the reversible addition-fragmentation chain transfer 

(RAFT)[11] polymerization of acrylic acid at 80 °C in ethanol, 2-

propanol and 1,4-dioxane [12] and RAFT of hydrophobic acrylamide 

monomers at 90 °C in DMF and 1,4-dioxane.[13]  

Chain transfer to solvent should be a fundamental consideration 

when polymerizing monomers that are solids, and thus are not 

polymerized in bulk, but rather in solutions of organic solvents. 

NIPAM is such a monomer (a solid with m.p. 60-63 °C), which is 

commonly polymerized in solution. The inverse suspension NMP of 

NIPAM in supercritical carbon dioxide has been reported,[14] in 

which case Mn did not deviate significantly from Mn,th consistent 

with chain transfer to CO2 (as well as chain transfer to monomer) 

being negligible. 

 

 

Scheme 1. Acrylamide monomers used: N-tert-butylacrylamide 

(TBAM) and N-(2-morpholin-4-ylethyl) acrylamide (MEA). 

 

We now report on chain transfer to solvent in the conventional 

radical polymerization of two alternative solid acrylamide 

monomers (Scheme 1) using various straight chain and branched 

alcohol solvents. N-(2-morpholin-4-ylethyl)acrylamide (MEA; m.p. 

114 °C) and  N-tert-butylacrylamide (TBAM; m.p. 126-129 °C) 

have important biotechnological applications. TBAM is a 

hydrophobic monomer often used as a comonomer to reduce the 

lower critical solution temperature (LCST) of poly(NIPAM).[15-17] 

MEA is less exploited, but has an ionisable heterocyclic substituent, 

which as a polymer can be used to complex with biomolecules such 

as DNA in potential non-viral gene vectors.[18, 19] The first CLRP of 

MEA is disclosed, and we examine the significance of chain transfer 

in limiting the controlled/living character in the NMP of this 

monomer. Alcohols were chosen as solvents since there are no 

systematic studies reported comparing CtrS with incremental 

differences in solvent chemical structure. The relationship between 

the extent of chain transfer to solvent for these two diverse 

acrylamides and the chemical structure of the alcohol solvent is 

detailed with the magnitude of the Ctr,S related to solvent suitability 

for NMP. All molecular weight measurements were conducted 

relative to linear polystyrene standards, and as such the Ctr,s values 

reported in this work are not absolute should be treated with caution.  

 

 

EXPERIMENTAL 
 

Materials 

tert-Butyl acrylate (t-BA, Aldrich, 98%) was purified by distillation 

under reduced pressure to remove inhibitors. N-tert-butylacrylamide 

(TBAM, TCI, 98%) was recrystallized from 1:1 benzene/acetone 

before use. 2,2’-Azobisisobutyronitrile and 1,1'-

azobis(cyclohexanecarbonitrile) (AIBN and ACN, DuPont Chemical 

Solution Enterprise) were recrystallized from MeOH before use, and 

tert-butyl peroxide (TBP, Aldrich, 98%) was used as received. 1-

Propanol (Aldrich, 99%), 1-butanol (TCI, 99%), 1-pentanol 

(Aldrich, 99%), 1-hexanol (Aldrich, 98%), 1-heptanol (Aldrich, 

99%), 1-octanol (Aldrich, 99%), 1-nonanol (Aldrich, 99%), 2-

ethylbutanol (Aldrich, 98%) and 3-methyl-3-pentanol (TCI, 98%) 

were used as received. N-tert-butyl-N-[1-diethylphosphono(2,2-

dimethylpropyl)]oxy (SG1)[20] and N-(2-morpholin-4-ylethyl) 

acrylamide (MEA)[21] were prepared according to the literature, and 

SG1 was purified by column chromatography with purity (95%) 

determined using 1H NMR spectroscopy from reaction of SG1 

radical with pentafluorophenylhydrazine (Aldrich, 97%).  

 

Measurements 

Number-average molecular weight (Mn) and polydispersity (Mw/Mn) 

were determined using a gel permeation chromatography (GPC) 

system consisting of a Viscotek DM 400 data manager, a Viscotek 

VE 3580 refractive-index detector and two Viscotek Viscogel 

GMHHR-M columns. Measurements were carried out at 60 °C at a 

flow rate of 1.0 mL min-1 using HPLC-grade DMF containing 0.01 

M LiBr as the eluent. The columns were calibrated using twelve 



 

 

poly(styrene) standards (Mn = 580-6,035,000 g mol-1). Mn is given in 

g mol-1 throughout. The use of poly(styrene) standards inevitably 

leads to an error in molecular weights – as such the Ctr,S data 

reported also contains a comparable error. 1H NMR spectra were 

recorded using a Joel GXFT 400 MHz instrument equipped with a 

DEC AXP 300 computer workstation. For conversion measurement 

each spectrum received a total of 16 scans with relaxation delay of 

1s and repetition time of 3.18 s. The signal to noise is higher than 

1000:1 with integration errors of less than 1%. Using TBAM in 1-

propanol or 1-hexanol as solvent, conversions were measured by GC 

using a Shimadzu GC-8A Gas Chromatograph. For all other 

polymerizations of TBAM, conversions were measured by 

gravimetry by removal of solvent under reduced pressure, dissolving 

the residue in a minimum amount of DMF, and precipitating the 

polymer from distilled water. Polymers were dried under vacuum 

for several days at room temperature prior to conversion 

measurement. Conversions for both conventional radical 

polymerization and NMP of MEA were measured using 1H NMR by 

comparing the integral of the peak at 3.20-3.90 ppm (OCH2, 1-CH2, 

6H), which contains both poly(MEA) and MEA monomer 

contributions with the vinyl peak of the monomer at 5.65 ppm 

(=CH-, 1H). 

 

Synthesis of Macroinitiators 

Macroinitiators were prepared by precipitation NMP in supercritical 

carbon dioxide.[22] Two batches of poly(t-BA)-SG1 (Mn = 3,700, 

Mw/Mn = 1.20; Mn = 5,000, Mw/Mn = 1.18) were used as 

macroinitiator for NMP of TBAM in various alcohols, and poly(t-

BA)-SG1 with Mn = 8,300 and Mw/Mn = 1.25 was used for NMP of 

MEA in 3-methyl-3-pentanol. The Mn and Mw/Mn were measured 

using the above GPC conditions. 

 

General Polymerization Procedure 

All polymerization mixtures were added to Pyrex ampoules and 

subjected to several freeze-degas-thaw cycles to remove oxygen 

before sealing under vacuum. The ampoules were heated at a 

specific temperature in an aluminium heating block for various 

times. Polymerizations were stopped by placing ampoules in an ice-

water bath. 

 

 

 

Conventional Radical Polymerizations at low Initiator 

Concentrations  

A typical procedure is as follows: Stock solutions containing, 0.41, 

1.4, 2.5 and 4.1 mM of TBP were made up in 1-propanol. Stock 

solution (1 mL) was added to MEA (0.3685 g, 2.00 mmol) in a 

Pyrex ampoule. Evacuated ampoules were heated at 120 C for 

various times.  

 

Estimating Chain Transfer Constants using Mayo Plots 

A typical procedure is as follows: Stock solution of TBP (0.41 mM) 

in 1-hexanol (1 mL, 7.96 mmol) was added to MEA (0.293 g, 1.59 

mmol; 0.147 g, 0.8 mmol; 0.098 g, 0.53 mmol and 0.073 g, 0.40 

mmol to give [Solvent]0/[Monomer]0 = 5, 10, 15 and 20). Evacuated 

ampoules were heated at 120 °C for various times. Conversions 

were less than 10% in all cases.   

 

Nitroxide-Mediated Polymerization (NMP) of TBAM using 

Macroinitiators  

A typical procedure is as follows: The following NMPs were carried 

out using stock solutions of 1-hexanol and 3-methyl-3-pentanol 

containing SG1 (1.67 x 10-3 mM). Stock solutions (1 mL) were 

added to TBAM (0.2544 g, 2.00 mmol) and poly(t-BA)-SG1 (0.033 

g, 6.67 x 10-3 mmol) to give [TBAM]0/[poly(tBA)-SG1]0 = 300, and 

heated at 120 °C for various times. 

 

NMP of MEA using SG1/AIBN and Macroinitiator Initiation 

Systems 

NMP was carried out using a stock solution containing AIBN (9.03 

x 10-3 mM) and SG1 (2.26 x 10-2 mM) in 1-propanol or 1-hexanol. 

Stock solution (1 mL) was added to MEA (0.3685 g, 2.00 mmol) to 

give [MEA]0/[AIBN]0 = 222, and heated at 120 C for various 

times. For macroinitiator-initiated NMP, stock solution containing 

SG1 (2.25 x 10-3 mM) in 3-methyl-3-pentanol was prepared. Stock 

solution (1 mL) was added to MEA (0.3685 g, 2.00 mmol) and 

poly(t-BA)-SG1 (55.4 mg, 6.67 x 10-3 mmol) to give 

[MEA]0/[poly(t-BA)-SG1]0 = 300, and heated at 120 °C for various 

times. 

 

Spontaneous Initiation of MEA in the Absence of Initiator or 

Nitroxide 

Evacuated ampoules containing MEA (0.3685 g, 2.00 mmol) in 1-

propanol (1 mL) were heated at 120 °C for various times. 
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RESULTS AND DISCUSSION 
 

Conventional Radical Polymerizations 

Conventional radical polymerizations of TBAM were carried out 

using very low rates of initiation in 1-propanol at 120 °C. When the 

propagating radical concentration is sufficiently low, the rate of 

bimolecular termination is minimized to the extent that chain 

transfer to monomer or solvent becomes the main end-forming 

event.[1] Figure 1a shows that the MWDs obtained for the three 

different initiator concentrations are essentially superimposed with 

Mn = 36,900 and Mw/Mn = 1.69 ([TBP]0 = 4.1 mM), Mn = 39,950 

and Mw/Mn = 1.60 ([TBP] = 1.4 mM), and Mn = 41,400 and Mw/Mn 

= 1.68 ([TBP] = 0.41 mM), consistent with chain transfer dictating 

the maximum attainable molecular weight. If chain transfer to a 

small molecule is the main end-forming event, theory dictates that 

Mw/Mn = 2, and as such it is surprising that Mw/Mn < 2 in these 

cases. However, it has been reported that GPC calibration error (i.e. 

use of inappropriate polymer standards) can cause artificial 

narrowing of the MWD.[23, 24] Comparative polymerizations of MEA 

in 1-propanol at 120 °C were carried out, once again resulting in 

very similar MWDs (Figure 1b) with Mn = 12,900 and Mw/Mn = 2.02 

([TBP]0 = 4.1 mM), Mn = 13,900 and Mw/Mn = 2.03 ([TBP]0 = 2.5 

mM), Mn = 15,000 and Mw/Mn = 1.93 ([TBP] = 1.4 mM), and Mn = 

14,700 and Mw/Mn = 2.04 ([TBP] = 0.41 mM). The maximum DPn 

(< 82) reached is considerably less than for the analogous TBAM (< 

326) polymerizations, indicating the poly(MEA) propagating radical 

is more susceptible to chain transfer (assuming similar kp values).  

The value of Ctr,S in the conventional radical polymerization of 

TBAM at 120 °C using a variety of alcohols as solvents was 

estimated based on the classical Mayo equation: 

 

1

𝐷𝑃n
=

1

𝐷𝑃n,0
+ 𝐶tr,S

[Solvent]

[Monomer]
                        (1) 

 

where DPn denotes the number-average degree of polymerization 

and the subscript 0 denotes DPn in the absence of chain transfer 

agent (solvent). The value of Ctr,S is obtained as the slope of a plot 

of 1/DPn versus [Solvent]/[Monomer] (Figure 2, Table 1). 

 

 

 

 

 

Figure 1. MWDs for the conventional radical polymerizations of 2 

M TBAM and MEA at 120 °C using the shown initiator (TBP) 

concentrations; (a) TBAM polymerizations in 1-propanol, 8 (0.41 

mM), 21 (1.4 mM) and 32% (4.1 mM) conversion. (b) MEA 

polymerizations in 1-propanol, 5 (0.41 mM), 16 (1.4 mM), 14 (2.5 

mM) and 10% (4.1 mM) conversion. (c) MEA polymerizations in 3-

methyl-3-pentanol, 10 (0.41 mM), 6 (1.4 mM) and 20% (4.1 mM) 

conversion.  
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The Ctr,S values for TBAM from Figure 2a obtained for straight 

chain (linear) alcohols 1-propanol to 1-nonanol were then plotted 

versus the number of carbons (n) in the alcohol (Figure 3). An 

approximately linear increase in Ctr,S is observed with the number of 

carbons in the linear alcohols C3 – C9. Since each alcohol differs 

from the next by a methylene unit (CH2), the extent of chain transfer 

to solvent for TBAM is dictated by the relative number of CH2 units 

in the alcohol solvent (assuming kp is not significantly influenced by 

the solvent). The Ctr,S for TBAM increases approximately 3-fold 

from 1-propanol to 1-nonanol.  

Ctr,S in conventional radical polymerizations of MEA in various 

alcohol solvents at 120 °C were also estimated by Mayo analysis 

(Figure 2c), resulting in Ctr,S values a factor of two or greater than 

for TBAM (Figure 3). The incremental increase in Ctr,S for the 

straight chain alcohols is somewhat less pronounced for MEA than 

TBAM. Ctr,S for MEA in straight chain alcohols was 1.4 x 10-3, 1.5 x 

10-3 and 1.8 x 10-3 compared to Ctr,S for TBAM of 3.6 x 10-4, 6.5 x 

10-4 and 9.3 x 10-4 in 1-propanol, 1-hexanol and 1-octanol, 

respectively (Table 1). 

The effect of branching in the alcohol solvent was next investigated 

by carrying out conventional radical polymerizations of TBAM in 

isomers of C6H13OH (Scheme 2). Ctr,S was estimated using the 

analogous Mayo conditions (Figure 2b), and again shown to 

increase with the number of methylene units; 3-methyl-3-pentanol 

(2.2 x 10-4), 2-ethyl-1-butanol (5.7 x 10-4) and 1-hexanol (6.5 x 10-4) 

(Table S1). The Ctr,S in 2-ethyl-1-butanol is perhaps larger than 

expected by considering only the relative number of methylene units 

– this is due to the readily abstractable methine (CH) hydrogen, 

which would result in a stable tertiary radical. Chain transfer to 

methyl isobutyrate, which also generates a tertiary radical, has 

previously been detected by mass spectrometry in the radical 

polymerization of methyl methacrylate.[25] 

 

 

Scheme 2 Structural isomers of C6H13OH used as solvents. 

 

 

 

 

Figure 2. Mayo plots for conventional radical polymerizations of 2 

M TBAM and MEA initiated by TBP (0.41 mM) at 120 °C in 

various alcohols; (a) TBAM in 1-propanol (♦, solid line), 1-butanol  

(♢, green line), 1-pentanol (Δ, brown line), 1-hexanol (■, short 

dashed line), 1-heptanol (□, red line), 1-octanol (▲, long dashed 

line) and 1-nonanol ( , purple line) as solvents (b) TBAM in 

isomers of C6H13OH; 1-hexanol (■, short dashed line), 2-ethyl-1-

butanol (○, dashed-dotted line), and 3-methyl-3-pentanol (●, dotted 

line) as solvents (c) MEA in various alcohols; 1-propanol (♦, solid 

line), 1-hexanol (■, short dashed line), 1-octanol (▲, long dashed 

line) and 3-methyl-3-pentanol (●, dotted line) as solvents. 
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Figure 3. Chain transfer to solvent constant (Ctr,S) (estimated from 

Mayo plots) plotted versus the number of carbons (n) in linear 

alcohols (CnH2n+1OH) used as solvent for conventional radical 

polymerizations of 2 M TBAM (●) and MEA (■) at 120 °C.  

 

Table 1. Ctr,S coefficients obtained from the slope of Mayo plots 

(Figure 2) for conventional radical polymerizations of TBAM and 

MEA in various alcohols as solvents at 120 °C (all Ctr,S values are 

based on linear polystyrene standards) 

Monomer Solvent Ctr,S from Mayo 

plot (conv. rad. 

polym.) 

TBAM 1-propanol   3.6 x 10-4 

TBAM 1-butanol   4.7 x 10-4 

TBAM 1-pentanol   6.1x 10-4 

TBAM 1-hexanol   6.5 x 10-4 

TBAM 1-heptanol   7.9 x 10-4 

TBAM 1-octanol   9.3 x 10-4 

TBAM 1-nonanol 11.0 x 10-4 

TBAM 2-ethyl-1-butanol   5.7 x 10-4 

TBAM 3-methyl-3-pentanol   2.2 x 10-4 

MEA 1-propanol 14.0 x 10-4 

MEA 1-hexanol 15.0 x 10-4 

MEA 1-octanol 18.0 x 10-4 

MEA 3-methyl-3-pentanol   4.0 x 10-4 

 

In order to investigate if significantly greater molecular weights 

could be achieved for the polymerization of MEA in 3-methyl-3-

pentanol, the solvent that had the lowest Ctr,S with TBAM, 

analogous conventional radical polymerizations at low radical 

concentrations were carried out (Figure 1c). The resulting 

overlapping MWDs are indicative of chain transfer being the main 

end-forming reaction, although higher Mn values are indeed 

achieved (than for 1-propanol) because of the lower anticipated Ctr,S 

with Mn = 16,130 and Mw/Mn = 2.10 ([TBP]0 = 4.1 mM), Mn = 

17,990 and Mw/Mn = 2.09 ([TBP] = 1.4 mM), and Mn = 17,260 and 

Mw/Mn = 2.05 ([TBP] = 0.41 mM).  

Assuming that chain transfer to solvent is the sole chain end forming 

event and that the solvent concentration remains constant at its 

initial value, DPn (cumulative value) can be expressed as a function 

of conversion according to eq 2:[2] 

 

𝐷𝑃n =
[M]0(2 − α)

2[S]0𝐶tr,S
                                    (2) 

 

where [M]0 and [S]0 represent initial monomer and solvent 

concentrations, and α denotes fractional monomer conversion. 

Fitting of eq 2 to a data set of DPn vs conversion for a system where 

chain transfer to solvent is not the sole end forming event leads to 

overestimation of Ctr,S. The Mn data for the conventional radical 

polymerization of TBAM in 1-propanol at the three different (low) 

initiator concentrations in Figure 1a have been plotted versus 

conversion in Figure 4. The data were subsequently fitted to eq 2 

resulting in Ctr,S = 4.3 x 10-4, which is close to the value of Ctr,S = 

3.6 x 10-4 derived from the Mayo plot (Figure 3 and Table 1). The 

MWDs of Figure 1a may be influenced by chain transfer to solvent 

or monomer or both; however, the fact that the Mayo treatment 

(which gives Ctr,S) results in a value close to that from eq. 2 is 

consistent with chain transfer to solvent being the main end-forming 

event under these conditions. 
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Figure 4. Mn versus conversion for conventional radical 

polymerizations of 2 M TBAM in 1-propanol (□), MEA in 1-

propanol (♢) and MEA in 3-methyl-3-pentanol (○) at 120 °C at 

different [TBP]0 corresponding to Figure 1 with full lines 

representing Mn calculated using eq 2 with Ctr,S = 4.3 x 10-4, 1.9 x 

10-3 and 2.5 x 10-3 respectively. 

 

 

The Mn data for the conventional radical polymerizations of MEA in 

1-propanol (Figure 1b) and 3-methyl-3-pentanol (Figure 1c) at 

different (low) initiator concentrations were plotted versus 

conversion in Figure 4. Fitting with eq 2 resulted in Ctr,S = 1.9 x 10-3 

in 1-propanol, in relatively good agreement with Ctr,S = 1.4 x 10-3 

from the Mayo plot. In the case of 3-methyl-3-pentanol, Ctr,S = 2.5 x 

10-3 is derived by fitting eq 2, which is more than six times greater 

than the Ctr,S = 4.0 x 10-4 obtained by Mayo analysis. This 

discrepancy may indicate that the conventional radical 

polymerization of MEA at low initiator concentrations (Figure 1c) is 

subject to chain transfer to monomer as well as to solvent (the Mayo 

plot is specifically designed to only “detect” chain transfer to 

solvent, whereas fitting of eq 2 “detects” chain transfer to all low 

MW species). The reason that chain transfer to monomer appears to 

be less significant for MEA in 1-propanol than 3-methyl-3-pentanol 

may be that Ctr,S(Mayo) is considerably higher (factor of 3.5) for 

MEA in 1-propanol than in 3-methyl-3-pentanol, thus reducing the 

relative impact of chain transfer to monomer (which impacts 

analysis using eq 2). 

 

 

 

Nitroxide-Mediated Radical Polymerizations 

NMP initiated by a macroinitiator of relatively high MW can be a 

useful tool for studying chain transfer processes because chain 

transfer to low MW species is readily detected in the MW 

distributions as low MW tailing. In the case of a sufficiently high 

level of chain transfer to solvent, Mn may go through a maximum 

with increasing conversion.[2] NMP of TBAM initiated by poly(t-

BA)-SG1 was carried out in the three different alcohol solvents: 3-

methyl-3-pentanol, 1-propanol, and 1-hexanol possessing a range of 

Ctr,S (Table 1). For all three alcohols, Mn initially increases with 

conversion indicative of a controlled/living system, but subsequently 

goes through a maximum at 60-75% conversion (depending on 

solvent), consistent with significant chain transfer to solvent (Figure 

5). It is clear that the maximum attainable MW is dependent upon 

the magnitude of the Ctr,S with the highest MW for the poly(TBAM) 

block achieved in 3-methyl-3-pentanol, which possesses the lowest 

Ctr,S. For all three solvents, the values of Mw/Mn increase gradually 

with conversion, consistent with chain transfer to solvent occurring 

continuously (Figure 5). 

Rather significant differences in polymerization rate (Rp) can be 

observed between the solvents in the corresponding conversion 

versus time data (Figure S1) with the highest Rp being obtained for 

3-methyl-3-pentanol. It is well-known that the nature of the solvent 

can influence rate coefficients in radical polymerization[26] - in the 

case of NMP the situation would be complex as solvent effects may 

be expected on both the fundamental rate coefficients of propagation 

and termination, as well as the rate coefficients associated with the 

NMP equilibrium[3] – such a discussion goes beyond the scope of 

the present work. Suffice it to say that there is no correlation 

between Rp and the Ctr,S values.  
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Figure 5. (a) Mw/Mn and (b) Mn versus conversion plots of poly(t-

BA)-SG1-initiated NMP  of  2 M TBAM at 120 °C with 25 mol% 

excess free SG1 and [TBAM]0/[poly(t-BA)-SG1]0 = 300 in 3-

methyl-3-pentanol (●), 1-propanol (♦) and 1-hexanol (□).  

 

 

We began by carrying out the NMP of MEA using the bimolecular 

AIBN/SG1 system in 1-propanol with [MEA]0/[AIBN]0 = 222 and 

444 at 120 °C (Figure 6). Up to about 60% conversion, an increase 

in the initiator concentration by a factor of two (i.e. 

[MEA]0/[AIBN]0 = 222 vs 444 with constant [AIBN]0/[SG1]0) 

resulted in a decrease in Mn by close to a factor of two. The higher 

the targeted Mn,th, the higher is the probability that a given chain will 

undergo chain transfer during the polymerization, and thus Mn 

values begin to deviate from linearity at lower conversion (~60 vs 

~70% conversion) and Mw/Mn values are higher for the data set with 

the highest Mn,th. Replacing 1-propanol with 1-hexanol 

([MEA]0/[AIBN]0 = 444) resulted in higher Mw/Mn due to an 

increase in the size of the low MW tail (Figure S3), but Mn remained 

approximately linear with conversion up to ~60% with a similar 

maximum Mn as for 1-propanol (Figure 6). The similar maximum 

MW obtained in the two different linear alcohols supports the 

estimated similar Ctr,S values from the above conventional radical 

polymerization Mayo data for MEA (Figure 3 & Table 1). NMP of 

MEA was also conducted using poly(t-BA)-SG1 as macroinitiator in 

3-methyl-3-pentanol (Figure 6) using the same conditions as for the 

NMP of TBAM (including identical [monomer]/[macroinitiator] 

ratios, Figure 5). This resulted in significantly lower maximum Mn 

in comparison to the NMP of TBAM in 3-methyl-3-pentanol, 

consistent with the higher Ctr,S of MEA found using the above 

analysis of conventional radical polymerization data for this solvent. 

 

  

 

 

Figure 6. (a) Mw/Mn and (b) Mn versus conversion plots for NMP of 

2 M MEA at 120 °C: Bimolecular systems used [SG1]0/[AIBN]0 = 

2.5 and [MEA]0/[AIBN]0 = 222 (♦), 444 (▲) in 1-propanol, and 

[MEA]0/[AIBN]0 = 444 in 1-hexanol (□). Poly(t-BA)-SG1-initiated 

NMP (●) of MEA with 25 mol% excess free SG1 in 3-methyl-3-

pentanol and [MEA]0/[poly(t-BA)-SG1]0 = 300.  
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For both MEA and TBAM, there is an insignificant number of 

chains originating from spontaneous initiation in comparison to the 

number of chains from the macroinitiator or in situ generated 

alkoxyamine (previously reported for TBAM,[7] and as verified for 

MEA in this work by heating MEA alone at 120 °C for various 

times (Figure S5)). 

 

 

CONCLUSIONS 

 
Chain transfer to solvent is shown to strongly influence the 

maximum attainable molecular weight in the conventional radical 

polymerization and NMP of two structurally diverse acrylamide 

monomers in various alcohol solvents. For polymerizations of 

TBAM, the propensity for chain transfer to solvent is shown to 

increase with the number of methylene units (CH2) in the solvent 

with the highly branched alcohol, 3-methyl-3-pentanol (having 

fewer CH2s) giving the smallest Ctr,S values (using Mayo analysis). 

Among the solvents investigated, 3-methyl-3-pentanol is thus 

recommended for solution NMP, since it allows the attainment of 

higher molecular weights. Ctr,S values obtained from Mayo analysis 

(detecting only chain transfer to solvent) and analyses of 

conventional radical polymerizations at low initiator concentrations 

(that account for chain transfer to all small molecules), suggest that 

chain transfer to monomer may also be a significant end forming 

event for the polymerization of MEA in 3-methyl-3-pentanol. This 

is perhaps not surprising given the high number of CH2 units in this 

monomer (six saturated CH2s versus two CH2s in the alcohol 

solvent). Overall, the higher Ctr,S values for MEA are consistent with 

the lower maximum Mn values in NMP in comparison to TBAM. 
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