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Abstract 

Thermosensitive poly(N-vinylamide) derivatives bearing an oligo ethylene glycol (OEG) 

chain at the N-position were designed for development of a kinetic hydrate inhibitor 

(KHI). Novel N-vinylamide monomers bearing an OEG chain at the N-position were 

synthesized and copolymerized with N-vinylformamide (NVF) or methyl N-

vinylacetamide (MNVA) by free radical polymerization. Then, thermosensitive behaviors, 

such as lower critical solution temperature (LCST), of the synthesized poly(N-

vinylamide) derivatives were investigated by light transmittance and DSC measurement. 

The LCST values were observed over a wide temperature range from 45ºC to 90ºC, due 

to the ethoxy OEG chain at the N-position. Their phase transition properties were 

surmised to be coil-globule transition by DSC measurement. Furthermore, KHI values of 

the synthesized polymers were evaluated by the THF hydrate crystal growth method. On 

the basis of these results, it is expected that the polymers of synthesized poly(N-

vinylamide) derivatives will gain a prominent position in the oil industry. 

Keywords: Thermosensitive, Poly(N-vinylamide) derivatives, Kinetic hydrate inhibitor, 

LCST, amphiphilic polymers 



 

 

Introduction 

In gas pipelines at the bottom of the sea, the elevated pressure and low temperature 

environment cause natural gas to form gas hydrate by trapping low-molecular weight 

natural gas molecules in water.1 It is well known that typical guest molecules are small 

gas molecules, such as methane, ethane and propane.2  

 Kinetic hydrate inhibitors (KHIs) are one of a class of low dosage hydrate inhibitors 

(LDHI), which have been used by the oil and gas industry in transportation operations for 

about 20 years.3 KHIs are water soluble polymers and are sometimes used with additional 

synergists to improve their performance. KHIs generally delay the hydrate nucleation at 

the first step of hydrate formation.4 They induce hydrate nuclei (clusters of water and gas) 

to generate under hydrate-stable temperature and pressure conditions. Hydrate nuclei then 

grow to the critical size for hydrate crystal growth.2, 5 KHI mechanisms have yet to be 

elucidated but some theories have been put forward.6-9 Above all, KHI polymers with 

amide groups show good KHI properties.10,11 Furthermore, KHI polymers usually have 

thermosensitive behaviors such as lower critical solution temperature (LCST).12-14 The 

LCST is a property of thermosensitive polymers in aqueous media that has been 

intensively investigated.15-22  



The thermosensitive behaviors of poly(N-vinylamide) derivatives have also been studied, 

such as poly(N-vinylpyrrolidone) (PNVP),23-25 poly(N-vinylcaprolactam) (PNVC),26-33 

poly(N-vinylacetamide) (PNVA),34-38 and others.39-42 Among them, N-vinylacetamide 

(NVA)43 is a non-ring structure unlike N-vinylpyrrolidone (NVP) or N-vinylcaprolactam 

(NVC), into which any functional substituent can be freely introduced. N-vinylformamide 

(NVF) is also a non-ring structure and is more hydrophilic than NVA.38,41 In addition, it 

is known from other applications that poly(N-vinylformamide) (PNVF) and PNVA can 

change to cationic polyvinylamine by hydrolysis under acidic or alkali conditions.41 The 

stimuli-responsive amphiphilic polymers using PNVF and PNVA were originally 

investigated for use as biocompatible materials.44-46 Recently, PNVA and PNVF 

derivatives which were derived from amphiphilic polymers including amide groups have 

been reported to be good candidates for KHIs.10,11 

In addition, polyethylene glycols (PEGs) and other polyalkylene glycols have been 

investigated for their properties as anti-agglomerants. By themselves PEGs are poor 

KHIs.47 PEG is also a weak synergist for PNVC.48 Graft polymer of N-vinyllactams onto 

a PEG backbone has been carried out.49,50 As mentioned in the previous section tyrosine 

was also investigated in blends with polyethyleneoxide (PEO) and polypropylene oxide 



 

 

(PPO) in a mini-loop apparatus.51 Polyesteramides wherein the functionalized dendrimer 

comprises at least one polyalkylene glycol end group, have also been reported.52 

 

In our previous research, PNVA derivatives bearing an alkyl chain at the N-position and 

some amphiphilic polymers were studied for their potential use as KHIs.53-56 These 

poly(N-alkyl-N-vinylamide) derivatives exhibited a good KHI value which was almost 

the same as Luvicap 55W, a commercially available KHI supplied by BASF which is 

poly(NVP-co-NVC) (NVP:NVC=1:1) with a low molecular weight in water. On the other 

hand, their values were less than another commercially available KHI, Luvicap EG, which 

is also by BASF and is a PNVC with a low molecular weight in monoethylene glycol. In 

order to develop a high performance KHI, we were motivated to design modifications of 

the substituents of poly(N-vinylamide) derivatives at the N-position and to investigate 

their possible application as biocompatible materials. It was therefore necessary to design 

the functional groups at the N-position of poly(N-vinylamide) and to control their 

thermosensitive behavior for the development of poly(N-vinylamide) derivatives 

materials.  



 

 

In this study, we synthesized poly(N-vinylamide) derivatives bearing an oligo ethylene 

glycol (OEG) chain at the N-position. The thermosensitive behavior and KHI properties 

of the synthesized polymers were investigated and evaluated for their performance as 

tetrahydrofuran hydrate crystal growth inhibitors.  

EXPERIMENTAL  

Copolymerization  

Twelve polymers were synthesized according to the reference elsewhere. The typical 

procedure is selected for the radical copolymerization of NVF and MOENVF. Into a 20 

mL glass tank, NVF (0.14 g, 2 mmol), MOENVF (1.0 g, 8 mmol), toluene (5 ml) and 

AIBN (0.044 g 0.25 mmol) were combined. The reactor was capped with septa, then N2 

bubbling was carried out for 2 min. The reaction mixture was heat up to 60 ºC to start 

polymerization. After 24 hours, it was cooled down to room temperature, and the reaction 

mixture was poured into 10 mL of methanol. The polymer was twice washed by poor 

solvent of 500 ml diethyl ether and recovered by centrifugation. The obtained polymer 

was dried under vacuum at 30 ºC over 12 hr. Other methods were written in Supporting 

Information. 



 

 

THF hydrate crystal growth test 

NaCl (26.28 g), THF (99.9%, 170 g), and distilled water were mixed to give a final 

volume of 900 mL. This ratio is a stoichiometrically correct molar composition for 

making structure II THF hydrate, 3THF 17H2O. The test procedure is as follows: (1) 80 

mL of the mixture solution is added in a 100 mL glass beaker. (2) The polymer sample is 

dissolved in this solution as each concentration, such as, 0.32 g of polymer in 80 mL of 

solution gives a 0.4 wt% (4000 ppm) solution of the polymer. (3) The beaker is placed in 

a cooling bath preset to a temperature of -0.5ºC. (4) The solution is stirred manually with 

a spatula every 5 min, without touching the glass beaker, while being cooled for 20 min. 

(5) A hollow glass tube with inner diameter 7 mm was filled at the end with ice crystals 

kept at -10ºC. The ice crystals are used to initiate THF hydrate formation. (6) The glass 

tube was placed almost halfway down in the cooled polymer mixture solution after the 

solution had been cooled for 20 min. (7) THF hydrate crystals could be grown at the end 

of the glass tube for 60min. (8) After this time, the tube was picked up, the THF hydrate 

crystals weighed, and the crystal growth rate in grams per 1 hour determined. The shape 

and morphology of the crystals both in the beaker (if any) and on the end of the glass tube 

were visually analyzed. 



 

 

Results and Discussion 

N-Vinylamide monomers bearing an OEG chain at the N-position (N-vinyl-N-

methoxyethylformamide: MOENVF, N-vinyl-N-ethoxyethylformamide: EOENVF, N- 

vinyl-N-methoxyethoxyethylformamide: 2MOENVF, and N-vinyl-N-

ethoxyethoxyethylformamide: 2EOENVF) were designed, which consisted of a 

commercial KHI53 (Luvicap EG) and the products of our previous research53-56 of poly(N-

vinylamide) derivatives bearing an alkyl chain at the N-position. Then, synthesized 

monomers and NVF or methyl N-vinylacetamide (MNVA) were copolymerized by free 

radical polymerization and 12 polymers were obtained (Figure 1). Further, the 

thermosensitive behaviors of the 12 polymers were investigated by light transmittance in 

0.2 wt% aqueous solution and differential scanning calorimetry (DSC) measurement of 

the hydrate polymers. Finally, the KHI properties of the 12 polymers were evaluated by 

the THF hydrate crystal growth method.44 

 

 

 



 

 

 

 

 

 

 

 

 
Figure 1. Chemical structures of poly(N-vinylamide) derivatives bearing an OEG chain 
at the N-position. 

Table 1 shows analytical data for the synthesis of poly(N-vinylamide) derivatives. Yields 

of 7, 8, and 12 were low compared with the other polymers, probably because of their 

high solubility in poor solvent. Their polymers were purified by precipitation, then diethyl 

ether was used as poor solvent in order to clarify the difference of the solubility. All of 

the polymers were synthesized by free radical polymerization and then distributions of 

molecular weight were estimated to be in the range between 1.7 and 3.6. It was important 

to keep the molecular weights of the polymers fairly similar since molecular weight 



 

 

 
 
Table 1. Analytical data of poly(N-vinylamide) derivatives. Characterization and 
compositiona. 

affects the performance as THF hydrate crystal growth inhibitors.3 Structural 

characterization and composition of polymers were determined by 1H NMR in D2O. The 

composition ratios in copolymers for almost all of the polymers were in good agreement 

with the feeding ratios of comonomers except for 10 and 11. This is probably because 

OEG at the N-position for 10 and 11 was too long and sterically bulky to incorporate to 

the polymer main chain with the same ratio as the comonomers. This is also supported by 

the low yield of 12 bearing the same group as the N-position. This speculation was 

Entry Polymer Concentration Yieldb Mn (× 10ଷ)c PDIc n:md 

1 1 2M 59% 6.6 2.8 22:78 

2 2 2M 71% 15.4 3.1 19:81 

3 3 5M 89% 12.6 2.8 0:100 

4 4 2M 75% 7.2 3.6 19:181 

5 5 2M 74% 10.2 2.4 18:82 

6 6 5M 85% 12.0 3.6 0:100 

7 7 2M 22% 8.0 1.7 22:78 

8 8 2M 16% 10.1 2.0 18:82 

9 9 5M 58% 17.7 2.4 0:100 

10 10 2M 53% 13.6 3.1 39:61 

11 11 2M 55% 13.5 2.3 26:74 

12 12 5M 19% 11.2 2.3 0:100 

a Solvent = toluene. Initiator = AIBN. Temp. = 60°C. Time = 24 hr. b Diethyl ether-
insoluble part. c Determined by SEC with polystyrene standard in DMF. d Determined by 
1H NMR (400MHz, D2O) 



 

 

supported by our previous research,42 in which the bulky side chain at the N-position 

influenced the polymerizability of N-vinylamide derivatives. All of the polymers were 

synthesized by free radical polymerization and should consist of the random copolymer 

sequences. The thermosensitive behaviors of these 12 polymers were investigated as 

shown in Table 2.  

 Table 2. Analytical data of poly(N-vinylamide) derivatives. Thermosensitive behavior.a 

 

a The polymers were analyzed with water. The weight ratio of polymer in water suspended 
samples are shown as wt % in the right column. b Determined by transmittance using UV-
vis spectrometer. c Determined by DSC measurement. 

Entry Polymer Tg (ºC) 

Phase 
Transition 

energy 
(W/g) 

LCST b 
(ºC) 

LCSTc 
(DSC) 
(ºC) 

Heat 
quantity  

c (J/g) 

Polymer 
weight in 

water 
a(wt%) 

1 1 -28.15 -0.06 N. D. N. D. N. D. 37.7 

2 2 -31.00 -0.19 N. D. N. D. N. D. 46.5 

3 3 -30.42 -0.12 N. D. N. D. N. D. 61.7 

4 4 -27.40 -0.04 59 56 -0.45 39.0 

5 5 -25.19 -0.14 68 65 -0.3 41.7 

6 6 -26.54 -0.14 48 53 -0.45 38.2 

7 7 -50.62 -0.06 N. D. N. D. N. D. 30.1 

8 8 -48.81 -0.1 N. D. N. D. N. D. 32.4 

9 9 -50.14 -0.1 N. D. N. D. N. D. 31.4 

10 10 -40.91 -0.15 87 N. D. N. D. 34.9 

11 11 -48.60 -0.11 89 N. D. N. D. 39.0 

12 12 -42.33 -0.07 77 77 -0.63 39.7 



 

 

 

However, poly(N-vinylamide) derivatives including MOENVF units (1, 2 and 3) dissolve 

in water at all temperatures. In other words, these polymers do not show LCST probably 

due to the hydrophilicity of the methoxy group at the N-position. 

On the other hand, poly(N-vinylamide) derivatives include EOENVF units (4, 5 and 6). 

Figure 2 shows the thermosensitive behaviors of poly(N-vinylamide) derivatives 

including EOENVF units. Aqueous solutions (0.2 wt%) of polymers were observed under 

UV light (500 nm) during heating or cooling (±2ºC/3 min) (Table 2, entries 4, 5 and 6). 

The thermosensitive behaviors of poly(N-vinylamide) derivatives including EOENVF 

units were observed between 45ºC and 70ºC. The hysteresis between the heating and 

cooling process was not so different. The EOENVF units were more hydrophobic than 

NVF and MNVA. Therefore, the LCST of 6 was the lowest at about 50ºC. Besides, the 

LCST of 4 was higher than 6 by about 10ºC even though 4 only has 20% NVF. The LCST 

of 5 was also higher by about 20ºC due to the inclusion of 20% MNVA units. This 

indicates that thermosensitive behaviors were influenced a great deal by the side chain 

effect of poly(N-vinylamide) derivatives at the N-position. 



 

 

 

 

 

 

 

 
Figure 2. Temperature dependence on light transmittance of poly(N-vinylamide) 
derivatives including EOENVF unit polymers (4, 5 and 6). (￮) 4 during cooling (a). 
(●) 4 during heating (b). (△) 5 during cooling (c). (▲) 5 during heating (d). (□) 6 
during cooling (e). (■) 6 during heating (f). 
 

Poly(N-vinylamide) derivatives including 2MOENVF units (7, 8 and 9) also dissolved in 

water at every temperature, the same as for MOENVF unit polymers (1, 2 and 3) and for 

the same reason. Figure 3 shows the thermosensitive behaviors of poly(N-vinylamide) 

derivatives including 2EOENVF units (Table 2, entries 10, 11 and 12). The 

thermosensitive behaviors of poly(N-vinylamide) derivatives bearing 2EOENVF units 

were observed between 70ºC and 95ºC. The LCST of these copolymers were higher than 

EOENVF unit polymers (4, 5 and 6) because of a more elongated ethylene glycol chain. 

2EOENVF units were shown to be more hydrophilic than EOENVF units. 



 

 

 

 

 

 

 

 
 
Figure 3. Temperature dependence on light transmittance of poly(N-vinylamide) 
derivatives including 2EOENVF unit polymers (10, 11 and 12). (￮) 10 during cooling 
(a). (●) 10 during heating (b). (△) 11 during cooling (c). (▲) 11 during heating (d). 
(□) 12 during cooling (e). (■) 12 during heating (f). 

 

The LCST of poly(N-vinylamide) derivatives with 2EOENVF units (10, 11 and 12) were 

higher than those with EOENVF units (4, 5 and 6). The LCST of 12 was also the lowest 

of the three polymers including 2EOENVF units (10, 11 and 12) in much the same case 

as 4, 5 and 6 because of the more hydrophobic nature of the ethyl group at the end position 

than the methyl group. Interestingly, the range of transitional temperatures of 2EOENVF 

unit polymers were broader than that for the EOENVF unit polymers and it was surmised 



 

 

that the range of transitional temperatures were affected according to side chain length at 

the N-position. Light transmittances of 4, 5 and 6 were switched from a transparent to a 

clouded state within a range of about 5ºC during heating and cooling. However, those of 

10, 11 and 12 were over a wider range of 10ºC. This result indicates that the side chain 

effect of poly(N-vinylamide) derivatives at the N-position was increased by increasing 

the length of the OEG chain. 

Table 2 shows the thermosensitive behaviors of poly(N-vinylamide) derivatives bearing 

an OEG chain as determined by DSC. The glass transition temperatures (Tg) of all 

polymers were observed in the range of -50ºC and -25ºC. 1, 2 and 3 had almost the same 

Tg of about -30ºC and methoxy group units, however, the Tg of 7, 8 and 9 were about -

50ºC in spite of the methoxy group units. For the ethoxy group polymers also, 4, 5 and 6 

had almost the same Tg of about -25ºC but the Tg of 10, 11 and 12 were about -45ºC. These 

results indicated that Tg were strongly influenced by chain length or number of oxygen 

atoms in the OEG unit. Furthermore, the difference between having a methoxy group or 

an ethoxy group at the chain end did not greatly influence Tg. The Tg of poly(N-

vinylamide) derivatives bearing more elongated OEG chains tended to be lower than in 

short chain polymers. The peaktops of heat flow by DSC were observed at around the 



 

 

same temperature as that determined by transmittance measurements. The temperature 

range was set to between -100º C and 95 ºC in order to avoid water vapor leakage from 

the DSC pan. Therefore, heat quantity peaks of 10 and 11 could not be observed because 

of overlaps in energy increase around the upper limit temperature and the endothermic 

peaks of 10 and 11. Actually, the LCST of 10 and 11 were about 90ºC, determined by 

transmittance, so the LCST of those polymers should have been observed at around 90 

degrees. Heat flow energy values of the polymers were slightly lower than that of poly(N-

isopropylacrylamide) (PNIPAM)19,36,40. In concrete terms, heat flow values of PNIPAMs 

were above 0.6 J/g and 4.8 kJ/mol19 or above 2.3 kJ/mol36. On the other hand, the values 

for the OEG side chain poly(N-vinylamide) derivatives were 0.3 ~ 0.63 J/g which were 

not so different. In addition, the thermal properties of poly(N-vinylamide) derivatives 

have also already been investigated36,40 and the heat quantities were not so different from 

previous polymers36 such as poly(N-vinylisobutylamide) and OEG side chain poly(N-

vinylamide) derivatives.  

Furthermore, thermosensitive behaviors of 6 was investigated by dynamic light 

scattering (DLS) and static light scattering (SLS) in detail. Under the dilute condition at 

0.01 wt%, LCST values of 4-6 were elevated with the decreased transmittance 



 

 

percentages, starting above 70ºC in the case of 4 and 5 (Figure S17). Therefore, we 

selected only 6 for the further investigation. Firstly, the concentration of polymer 6 in 

aqueous media was decided at 0.004 wt% because transmittance is above 60% at every 

temperature. (Figure S18). Secondly, temperature dependence of hydrodynamic radius 

and light scattering intensity were measured by DLS (Figure S19). The result indicated 

that polymer 6 was assembled about 50ºC by intermolecular interaction. Finally, the 

aggregation of 6 was analyzed by SLS at 70ºC. The weight-average molecular weight 

(Mn) was calculated (Mn = 1.08×108 g/mol) by SLS measurement (Figure S20). The 

association constant was also calculated (association constant = 2500) using molecular 

weight and PDI by SEC measurement (Table 1, entry 6: Mn = 12.0 × 103, PDI = 3.6). 

These results suggests that the mechanisms of thermosensitive behaviors were different 

among 4, 5, and 6. Probably, it will be important to clarify the aggregation mechanism 

among 4, 5, and 6 under diluted concentration.  

Next, we move to the evaluation of possible KHI applications. Numerous approaches are 

known for the evaluation of gas hydrate inhibitors.57 We selected the THF hydrate 

crystallization approach. THF hydrate forms a Structure II clathrate hydrate which is the 

same structure most commonly encountered in the field with natural gas mixtures. Our 



 

 

method investigates crystal growth inhibition not nucleation of THF hydrates. Figure 4 

shows the schematic view of the method of THF hydrate crystal growth (Figure 4a) and 

THF hydrate example (Figure 4b and 4c). 

 

 

 

 
 
Figure 4. The method of THF hydrate crystal growth (a). The photo of small amount of 
THF hydrate on the glass tube (b) and large amount of THF hydrate in whole beaker (c). 

 

These experiments were conducted according to previously reported methods.47,58-62 

Ammonium compounds with OEG have been also investigated, which are good reference 

to this study.62  

 



 

 

Table 3 shows results of the THF hydrate crystal growth. Under the condition without a 

polymer, THF hydrates were grown to a weight of up to 13.98 g (Table 3, entry 13). 

 
Table 3. Result of THF hydrate crystal growth. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

an = 3. bn = 1. 

On the other hand, except for in the polymer solution condition, weights of THF hydrate 

in each condition were decreased by more than 60% compared to the no polymer 

condition. Figure 5 summarized the THF hydrate generation under these conditions. 

 

Entry Polymer Concentration 
(ppm) 

THF hydrate 
(g) 

1 1 4000 4.69 ± 2.20a 

2 2 4000 13.46 ± 1.88a 

3 3 4000 3.44 ± 2.26a 

4 4 4000 3.45 ± 2.01a 

5 5 4000 9.09b  

6 6 4000 2.03 ± 1.32a 

7 7 2000 4.78 ± 0.81a 

8 8 2000 3.18 ± 0.69a 

9 9 4000 2.11 ± 1.46a 

10 10 4000 4.74 ± 1.78a 

11 11 4000 5.56 ± 1.08a 

12 12 4000 4.15 ± 3.03a 

13 No Polymer - 13.98 ± 1.40a 



 

 

 

 

 
 
 
 
 
 
 
Figure 5. The weight of THF hydrate after crystal growth using 1 (a), 2 (b), 3 (c), 4 (d), 
6 (e), 7, (f), 8 (g), 9, (h), 10, (i), 11 (j), 12 (k), and no polymer as a control (l). 
 
 

Therefore, nearly all synthesized polymers of poly(N-vinylamide) derivatives bearing 

an OEG chain at the N-position were expected to have KHI properties. However, 

compared with the conventional KHI, it is not so surprising result. For example, poly(N-

vinylcaprolautum) (PNVC) is one of the most famous compounds for the prevention of 

THF hydrate crystal growth. PNVCs gives zero growth of THF hydrate crystal at 4000 

ppm condition,47 which possesses the better prevention ability than those of poly(N-

vinylamide) derivatives bearing an OEG chain at the N-position in this study. This 

indicates the modest interactions between the hydrate surface and poly(N-vinylamide) 

derivatives bearing an OEG chain at the N-position. 



 

 

In addition, compared to MOENVF unit polymers (1, 2 and 3), EOENVF unit polymers 

(4, 5 and 6), 2MOENVF unit polymers (7, 8 and 9) and 2EOENVF unit polymers (10, 11 

and 12), the crystal growth speeds of THF hydrate were not so closely related to the 

thermal properties, such as LCST and Tg. However, in comparison with 4, 5 and 6 or 10, 

11 and 12, the weight of THF hydrate had a tendency to decrease with low temperature 

LCST. For example, when the LCST was 48ºC (Table 2, entry 6) which was a lower 

temperature than those of 4 (Table 2, entry 4: 59ºC) and 5 (Table 2, entry 5: 69ºC), the 

weight of the THF hydrate of 6 was 2.03 g (Table 3, entry 6) which was lighter than that 

of 4 (Table 3, entry 4: 3.45 g). Furthermore, EOE and 2EOE unit polymers shared the 

same tendency with respect to the relationship between LCST and weight of THF hydrate. 

When the LCST of 12 was 77ºC (Table 2, entry 12) which was a lower temperature than 

those of 10 (Table 2, entry 10: 87ºC) and 11 (Table 2,  entry 11: 89ºC), the weight of the 

THF hydrate of 12 was 4.15 g (Table 3, entry 12) which was lighter than those of 10 

(Table 3, entry 10: 4.74 g) and 11 (Table 3, entry 11: 5.56 g).  

It was surprising that homopolymers in each series possessed good prevention abilities 

for THF hydrate crystal growth in Figure 5, although the difference was not so large. 

When the results were compared among MOE unit polymers (1, 2 and 3), the prevention 



 

 

ability seemed to decrease by copolymerizing with NVF and MNVA. We would speculate 

that the conformation of the polymer is affected in different ways, resulting in the 

influence on the polymer adsorption onto the THF hydrate surface. At last, polymer 

solutions of poly(N-vinylamide) derivatives bearing an OEG chain at the N-position 

inhibited the growth of the THF hydrate crystal and that inhibition behaviors were slightly 

influenced by monomer structure, specifically those without OEG chain monomers.  

 

Conclusions 

In conclusion, thermosensitive poly(N-vinylamide) derivatives bearing OEG at the N-

position were synthesized for the development of KHI and their thermosensitive 

behaviors were investigated. KHI values of these polymers were also evaluated by the 

THF hydrate crystal growth method. Polymer compositions of the synthesized polymers 

were almost same for initially monomer ratio without 10 and 11, in which the polymer 

composition was influenced by the effect of steric bulkiness due to a long ethylene glycol 

chain. Poly(N-vinylamide) derivatives including MOENVF units or 2MOENVF units (1, 

2, 3, 7, 8 and 9) did not exhibit thermosensitive behavior and dissolved in water at every 



 

 

temperature because the methoxy group is hydrophilic. On the other hand, the other 

poly(N-vinylamide) derivatives including EOENVF units or 2EOENVF units (4, 5, 6, 10, 

11 and 12) showed thermosensitive behaviors (LCST: 55ºC ~ 90ºC) which were observed 

by light transmittance and DSC measurement. The results of DSC measurement indicated 

that phase transitions of poly(N-vinylamide) derivatives including EOENVF units or 

2EOENVF units were coil-globule transitions because the heat quantities were low values. 

Finally, the KHI value of poly(N-vinylamide) derivatives were evaluated by the THF 

hydrate crystal growth method. These results indicated that nearly all synthesized poly(N-

vinylamide) derivatives bearing OEG at the N-position inhibited the growth of the THF 

crystal by more than 60% and the weight of the THF crystal in the lowest LCST polymer 

of 6 was decreased by about 85%. Substituents of monomers with methoxy and ethoxy 

groups did not influence on THF crystallization very much. Homopolymers (3, 6, 9 and 

12) have better prevention abilities of THF hydrate crystal growth than than those of 

copolymers, possibly due to the conformation of the copolymers, which would be 

associated with the polymer adsorption onto THF hydrate surface. Generally, the 

inhibition behaviors were influenced by monomer structure, specifically those without 

OEG chain monomers. 
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