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ABSTRACT 

A series of aliphatic polyethers with different chain lengths (𝑛𝐶𝐻2= 6 to 12, and 16) is 

studied employing differential scanning calorimetry and X-rays scattering. The 

calorimetric and structural behavior of samples crystallized from the melt is divided into 

the odd-even and saturation regions. In the odd-even region (𝑛𝐶𝐻2 = 6 to 10), the odd 

samples (𝑛𝐶𝐻2 = 7, and 9) show enhanced calorimetric properties (e.g., higher transition 

temperatures) and faster crystallization kinetics than the even ones (𝑛𝐶𝐻2 = 6, 8 and 10). 

The odd samples crystallize in orthorhombic unit cells and the even ones in monoclinic 

unit cells. In the saturation region (𝑛𝐶𝐻2 = 11 to 16), the calorimetric properties increase 

as 𝑛𝐶𝐻2 increases without alternation. However, unexpectedly, the 𝑛𝐶𝐻2 = 12 displayed a 

mixed structure (monoclinic + orthorhombic) instead of an orthorhombic one. Thus, a 

structural saturation effect (i.e., an orthorhombic unit cell) is not reached. This particular 

structural feature was investigated under varied thermal histories, induced by different 

cooling rates. The samples as synthesized (i.e., crystallized during precipitation from 

solution) exhibited a structural saturation effect since both 𝑛𝐶𝐻2 = 10 and 12 display an 

orthorhombic unit cell. But, the 𝑛𝐶𝐻2 = 10 exhibits a monoclinic unit cell, and the 𝑛𝐶𝐻2 = 

12 a mixed structure when the samples crystallize from the melt at different rates. Only 

the 𝑛𝐶𝐻2  = 16 crystallizes in an orthorhombic unit cell, independently of the thermal 

history. Thus, the complex odd-even effects in these aliphatic polyethers are a function 

of the cooling rate from the melt and sample preparation procedures (solution or melt 

crystallization). 

 

Keywords: odd-even effect, saturation of the odd-even effect, rate-dependent behavior, 

structural alternation, odd-even effect limits. 
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1. Introduction 

Polyethers have maintained continuous development despite a long history of 

research (around 170 years). Their main characteristic is the oxygen bridge between two 

organics (alkyl or aryl) residues.1 In general, the aliphatic polyethers are defined as those 

containing ether groups in the saturated main chain.2 

The ring-opening polymerization (ROP) of cyclic ethers (e.g., oxiranes, oxetanes, and 

tetrahydrurofuran3-5) is the most employed method to prepare aliphatic polyethers.6, 7. 

The ones with the most commercial interest are poly (ethylene glycol), poly (propylene 

glycol), and poly (tetrahydrofuran), PTHF. It is possible to find properties in these 

materials ranging from highly crystalline to amorphous ones, leading to a broad range of 

applications. The most important known applications are water-soluble surfactants, drug-

delivery systems,8 products for the automotive or electrical industry,1 dry-solid polymer 

electrolytes,9 soft-segments in polyurethane chemistry,1, 10, 11 nanomedicine, among 

others.6  

However, the ROP is limited to polyethers containing up to five units between ether 

linkages.7 To obtain more units between ether linkages (i.e.,  more than 5 CH2), 

alternative methods must be used due to the stability of medium-long chain cyclic ethers.  

Thus, Williamson etherification,12 catalytic reduction of polyesters,13 or the self-

condensation of alcohols in the presence of a non-eutectic mixture organocatalyst 

(NEMO) 6, 7 have been explored for the production of medium-long chain polyethers. 

Among these methods, the latter one has recently allowed obtaining medium-long chain 

aliphatic polyethers, linear copolyethers, fully biobased copolyether polyols 

(polyurethanes chemistry),11 glassy polyether,14 and cross-linked aliphatic polyethers.6, 

7   

Recent works have synthesized aliphatic polyethers in a wide chain length range, 

𝑛𝐶𝐻2 = 6 to 12. These materials showed semicrystalline behavior and melting point values 

from 54 to 85 °C depending on 𝑛𝐶𝐻2, and two types of crystalline structures (i.e., PTHF- 

and polyethylene (PE)-type unit cell).6 Additionally, the 1,6-hexanediol (C6) and 1,12-

dodecanediol (C12) were copolymerized via a bulk self-condensation method (using a 

thermally stable NEMO) at high temperatures, obtaining C6-ran-C12 copolymers in a 

wide range of compositions. The C6-ran-C12 copolymers show an isomorphic behavior.7 

The isomorphism is a rare crystallization mode in random copolymers (see more details 
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in Reference 15). These studies show that the aliphatic polyethers have interesting 

properties and crystallization phenomena. One crystallization phenomenon that has not 

been intensely studied in aliphatic polyethers due to the 𝑛𝐶𝐻2 limitations is the even-odd 

effect. 

The even-odd effect has been studied since the last century. Its main characteristic 

is the alternation (i.e., even vs. odd) of the solid-state physical properties (e.g., modulus 

and melting points) as 𝑛𝐶𝐻2 increases. In contrast, the liquid state properties (e.g., boiling 

points in low molecular weight materials) generally increase linearly as 𝑛𝐶𝐻2 increases. 

Although, recently, it has been pointed out that the viscosity near the melting point shows 

an alternating behavior as well. 16 The even-odd effect is very pronounced for specific 

materials, as (a) thermotropic liquid crystalline phases, (b) n-alkanes, and some n-alkyl 

derivatives at a relatively low number of CH2 segments, and (c) in the presence of 

functional groups in both chain extremities compared to monosubstituted alkanes.17, 18 

Also, this effect has been found in precision polymers.19 Most cases reported that the 

even members exhibit higher properties than the odd ones, but some works reported the 

opposite.20, 21 Here, we take the convention of referring to the former case (and most 

general one) as an even-odd effect and the opposite case as an odd-even effect.  

Another characteristic of the even-odd effect is its disappearance, or saturation, 

due to the decreasing influence of the functional groups as the methylene sequence 

increases (i.e., increase of the 𝑛𝐶𝐻2). The increasing influence of the methylene sequence 

makes the London dispersion interactions the critical factor (instead of the dipolar 

interactions of the functional groups) to the packing structure.19 Therefore, the materials 

in the saturation region resemble polyethylene (PE) in both structure and conformations. 

The saturation of the even-odd effect depends on the nature of the polymer (i.e., type of 

functional groups) and the 𝑛𝐶𝐻2 range studied. The saturation of the even-odd effect has 

been recently reported in aliphatic polycarbonates22 for 𝑛𝐶𝐻2  > 9, and precision 

polyacetals for 𝑛𝐶𝐻2 > 10.19 This effect has also been reported in arylate polyesters for 

𝑛𝐶𝐻2 = 15, in which an all-trans conformation was obtained.23, 24 It is worth noting that 

for polyamides (PA)25 and polyurethanes,26 the even-odd effect is still present for 𝑛𝐶𝐻2 

values as high as 12.  

The even-odd effect has been related to a “packing effect”. For instance, in n-

alkanes, the packing effect is related to the intermolecular distance between the end-

group, leading to a more efficient packing in the even samples than the odd ones, 
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producing, in the even members, higher densities and melting temperatures.16 For end-

substituted n-alkanes, where the substituent groups are diols and diamines, the packing 

effect is more evident due to hydrogen bonds and dispersive forces promoting it.27 

Another explanation for the even-odd effect is the conformation of the chains. In general, 

the even samples display an all-trans conformation that promotes a more efficient 

package.18 For instance, in arylate polyesters, for 𝑛𝐶𝐻2 < 15, even samples exhibited an 

all-trans conformation, while odd ones displayed kinked conformations with the gauche 

bonds around the C(O)‒O‒CH2CH2 bonds23, 24, explaining the even-odd effect. But, for 

those materials that cannot adopt an all-trans conformation, it is suggested that the ability 

of the CH2 chains to adopt different conformations generates the even-odd effect.18 The 

available conformations depend on kinetics barriers to exchange and intermolecular 

packing.18  

For aliphatic polyamides (PA X and PA XY), the even-odd effect has been related 

to the capacity to form hydrogen bonds. For instance, PA7 (i.e., six methylene groups in 

the repeating unit) can form all possible hydrogen bonds irrespective of the orientation of 

the neighboring chains (i.e., parallel and antiparallel orientations). In contrast, in PA6 

(i.e., five methylene groups in the repeating units), the hydrogen bonds can be formed 

when two neighboring chains adopt the antiparallel orientation. Thus, for PAs, the lack 

of complete hydrogen bonding for the odd members explained their lower melting points, 

despite a higher amide density, than the even members. In the case of the PA XY type, the 

even-even combination is more efficient packing than the odd-odd combination, 

explaining the higher melting points.25 Despite the well-established general even-odd 

effect behavior, the study of new materials still bring highlights regarding the even-odd 

effect phenomena, which has been studied for one century.28 

 As far as the authors are aware, the odd-even effect in aliphatic polyethers has not 

been detected yet. However, structural characterization of these materials has been 

performed by Kobayashi et al.29 They found different crystalline structures (i.e., PTHF 

vs. PE-type unit cell) for aliphatic polyethers with 𝑛𝐶𝐻2 = 4, 6 to 10, and 12, and detected 

that the melting temperatures (𝑇𝑚 ) increase as 𝑛𝐶𝐻2  increases.29 Similar results are 

reported by Basterretxea et al.6 These authors reported that the first-order transitions (i.e., 

crystallization and melting temperatures) and the corresponding enthalpies increases as 

𝑛𝐶𝐻2 increases. Structurally, those materials with 𝑛𝐶𝐻2 = 6 and 8 displayed a PTHF-type 

unit cell, whereas those with 𝑛𝐶𝐻2 = 7,  9 to 12 displayed a PE-type unit cell.6 These 

works6, 29 did not detect an even-odd effect and were not focused on it. Considering that, 
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in some cases,  the even-odd effect is caused only by different packing patterns, without 

differences in the crystal structure,27 a complete characterization (i.e., that includes 

thermal and structural characterization) is needed to identify the even-odd effect of a 

particular system.  

This work focuses on the thermal (through non-isothermal and isothermal 

experiments) and structural (through wide/small-angle X-ray scattering experiments) 

characterization of aliphatic polyethers. For this characterization, we have selected 

aliphatic polyethers with 𝑛𝐶𝐻2 = 6 to 12 and 16 to understand its odd-even effect.  

2. Experimental Part 

The synthesis of the materials was performed according to the procedure of 

Basterretxea et al.6 by a multistep polymerization process (Step 1 at 130 ° C for 24 h, 

Step 2 at 180 ° C for 24 h, and Step 3 at 200 ° C for 24 h) using 5 mol% of a non-eutectic 

base organocatalyst [methanesulfonic acid (MSA): triazabicyclo [4.4.0]dec-5-ene 

(TBD)].6 Samples were purified by dissolving them in chloroform followed by 

precipitation in methanol. After drying, a powder sample was obtained (denoted “as 

synthesized” samples in this work). The different chain lengths or the number of 

methylene units in the main chain, 𝑛𝐶𝐻2 , were obtained by a diol self-condensing, 

changing the number of methylenes on it from 6 to 12, and 16. For more details, see the 

synthesis and chemical characterization in our previous work in reference 6. The obtained 

aliphatic polyethers are listed in Table 1 and schematically represented in Scheme 1.  

 

Table 1. Aliphatic polyethers and their chemical characterization data. 

Monomer Abbreviation Chain length 

(𝒏𝑪𝑯𝟐) 

Mn
* 

(g/mol) 

Ð* 

1,6-hexanediol C6 6 22000 1.9 

1,7-heptanediol C7 7 8000 2.3 

1,8-octanediol C8 8 18000 1.4 

1,9-nonanediol C9 9 9500 2.5 

1,10-decanediol C10 10 8500 2.5 

1,11-undecanediol C11 11 8000 2.3 

1,12-dodecanediol C12 12 5000 2.5 

1,16-hexadecanediol C16 16 1500+ ‒ 

* Average number molecular weight (Mn) and dispersity index (Ð)6 were determined by SEC in CHCl3 

except for 1,16-hexadecanediol+ (determined by NMR). 
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The chemical structure of the aliphatic polyethers studied in this work is shown in 

Scheme 1. These materials only differ in the chain length (𝑛𝐶𝐻2). 

 

 

Scheme 1. Chemical structure of the different polyethers. 

 

Differential Scanning Calorimetry (DSC) 

The thermal behavior of the materials was determined with a DSC 8500 

(PerkinElmer) connected to an Intracooler III. The experiments were performed under an 

ultrapure atmosphere generated with a nitrogen flow of 20 mL/min. The DSC 8500 was 

calibrated with tin and indium standards. The selected scanning rate was 20 °C/min, for 

both heating and cooling scans, in a temperature range of ‒ 60 to 150 °C. Each sample 

weighed circa 5 mg. 

Non-isothermal experiments were performed by heating the sample from RT to 

150 °C, recording the first heating scan, and holding the sample, for 3 minutes, at this 

temperature to erase the thermal history. Subsequently, a cooling from 150 to ‒ 60 °C 

was performed, recording the cooling scan. Finally, after 1 minute at ‒ 60 °C, the sample 

was heated to 150 °C to register the second heating.  
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Isothermal experiments were performed following the recommended procedure 

by Lorenzo et al.30 Before the isothermal crystallization, the minimum isothermal 

crystallization temperature was determined (𝑇𝑐,𝑚𝑖𝑛), through a simple test. The samples 

were cooled from the melt to selected 𝑇𝑐 , at a selected cooling rate (i.e., generally 

performed at 60 °C/min). Subsequently, a heating scan at 20 °C/min was performed. If 

an endotherm is detected during this heating, it implies that the sample can crystallize 

during the cooling step; hence, the selected 𝑇𝑐  is not high enough to avoid the 

crystallization during the cooling step. Therefore, a 𝑇𝑐,𝑚𝑖𝑛 can be defined in which the 

sample does not crystallize during the cooling step (i.e., no endotherm is detected during 

the subsequent heating). Thus, to correctly perform the isothermal experiments, the 

selected 𝑇𝑐 , must be higher than or equal to the 𝑇𝑐,𝑚𝑖𝑛 , i.e., 𝑇𝑐  ≥ 𝑇𝑐,𝑚𝑖𝑛 . 30 Here, we 

performed the isothermal experiments taking as a starting point 𝑇𝑐,𝑚𝑖𝑛. Afterward, 𝑇𝑐  > 

𝑇𝑐,𝑚𝑖𝑛 was employed, and up to 10 values of 𝑇𝑐 per sample were used. The isothermal 

experiments consisted of erasing the thermal history, cooling from the melt (at 60 °C/min) 

to 𝑇𝑐, and holding the sample at 𝑇𝑐 enough time to achieve a complete crystallization. 

Afterward, a heating scan at 20 °C/min was performed to record the melting behavior of 

the sample.  

 

Simultaneous Wide-Angle and Small-Angle X-ray Scattering (WAXS/SAXS) 

The samples (𝑛𝐶𝐻2  = 6 to 12) were inserted in aluminum DSC pans and were 

examined under non-isothermal conditions by simultaneous WAXS/SAXS, using 

beamline BL11-NCD in the ALBA Synchrotron radiation facility (Barcelona, Spain). The 

DSC pans were placed inside a hot stage equipped with a liquid nitrogen cooling system 

(Linkam THMS600).  For all the samples, the WAXS/SAXS patterns were collected 

during heating from 25 °C to 𝑇𝑚𝑓 (𝑇𝑚𝑓 = 𝑇𝑚𝑓 + 40°𝐶), employing a scanning rate of 20 

°C/min. A 12.4 keV (𝜆=1.0 Å) X-ray source was employed. For WAXS measurements, 

a Rayonix LX255-HS detector was used, with an 85 x 255 mm2 (pixel size 40x40 µm2) 

active area and the sample-to-detector distance set to 196.14 mm with 30.33° tilt angle. 

The SAXS measurements were performed in a Pilatus 1M detector (from Dectris), with 

an active area of 168.7 x 179.4 mm2 (pixel size 172x172 µm2). The sample-to-detector 

distance was set to 6790 mm with a 0° tilt angle. Silver behenate (SAXS) and chromium 

(III) oxide (WAXS) were employed for calibration purposes. 
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The C16 sample was analyzed in the Shanghai Synchrotron Radiation Facility 

(SSRF), with the same procedure described above and a wavelength of 1.24 Å. A Pilatus 

2M detector was used for SAXS, and a Pilatus 900 K detector was used for WAXS, 

respectively. Both with a pixel size of 172 x 172 µm2. The sample-to-detector distance 

for WAXS was 173.24 mm and for SAXS 2191.1 mm. An exposure time of 5 seconds 

and a period of 6 seconds were used, allowing taking patterns every 2 °C.  

 

X-ray Powder Diffraction (XRD) 

XRD experiments were performed at RT. Two sets of samples were used: as 

synthesized (powder, directly from synthesis after purification by 

dissolution/precipitation and drying) and samples with a previous thermal history (inside 

DSC pans). 

 

Samples without thermal history 

The XRD experiments at RT were performed in a Rigaku XRD. The samples were 

scanned at a rate of 2 °/minute in the range of 5 to 60°. The samples, in powder (directly 

from synthesis), were placed into the cavity of a glass holder (i.e., until filled), which was 

carefully cleaned with alcohol. Then, the sample was gently pressed with a glass cover to 

obtain a flat surface.  

 

Samples with previous thermal history 

For these samples, the experiments were performed in an XRD P3 PAnalytical 

EMPYREAN equipment in its transmission mode, using the range of 5 to 60° and 200 

seconds per step. The samples were previously prepared in DSC pans filled with 

approximately 20 to 30 mg of sample. In the DSC 8500 (see details in DSC section), the 

samples were heated until 150 °C for 3 minutes to erase their thermal history. 

Subsequently, the samples were cooled at different cooling rates: 1, 20, and 50 °C/min 

(high cooling rate) until ‒ 60 °C. Finally, the samples were removed from the DSC at RT 

and tested in the XRD equipment. 

Additionally, for C10 and C12 samples, an isothermal test was performed at high 

and low crystallization temperatures. For the C10 sample, the temperatures and times 

used were: 68 °C for 30 minutes and 73 °C for 90 minutes. For the C12 sample, we 

selected 73 °C for 30 minutes and 77 °C for 90 minutes. 
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3. Results and discussion 

3.1.Non-isothermal DSC 

Figure 1 shows the cooling (Figure 1a) and second heating (Figure 1b) DSC scans 

performed at 20 °C/min. All the samples show a single crystallization (𝑇𝑐) and melting 

(𝑇𝑚) peaks. Their values are listed in Table 2 and plotted as a function of the CH2 number, 

𝑛𝐶𝐻2, in Figure 2.  
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Figure 1. (a) cooling and (b) second heating DSC scans for all the samples (at a 

constant rate of 20 ºC/min). 

 

 Figure 1 shows that both 𝑇𝑐  and 𝑇𝑚  increase as 𝑛𝐶𝐻2  increases in two ways, 

depending on the 𝑛𝐶𝐻2  (see Figure 2), as we discuss below. Considering the 

crystallization and melting enthalpies (i.e., 𝛥𝐻𝑐  and 𝛥𝐻𝑚 ), from Figure 1, we have 

calculated the percentage of crystallinity (𝑋𝑐), using Eq. 1. 

 

𝑋𝑐 =
∆𝐻𝑚

∆𝐻𝑚
0  

(1) 

 

where 𝛥𝐻𝑚 is the enthalpy of fusion of the polyethers (see Table 2) (we also used the 

crystallization enthalpy (𝛥𝐻𝑐 ) for comparison purposes), and ∆𝐻𝑚
0  is the equilibrium 

melting enthalpy of the polyethers (see Table 2). The ∆𝐻𝑚
0  was calculated according to 

the group contribution semi-empirical theory established by Van Krevelen31 (see Section 
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S1). Table 2 shows the obtained 𝑋𝑐  values (i.e., from both crystallization (𝑋𝑐𝑐 ) and 

melting (𝑋𝑐𝑚) enthalpies) and all the thermal properties determined from Figure 1.  

 

Table 2. Calorimetric properties obtained for the samples shown in Figure 1 at 20 

ºC/min scanning rates. 

𝒏𝑪𝑯𝟐 
𝑻𝒄  

(°C) 

𝜟𝑯𝒄 

(J/g) 

𝑻𝒎  

(°C) 

𝜟𝑯𝒎 

(J/g) 

𝜟𝑯𝒎(𝟏𝟎𝟎%) 

(J/g) * 

𝑿𝒄𝒄  

(%) 

𝑿𝒄𝒎 

(%) 

6 35 75 54.9 83 250 30 33 

7 48 127 65.5 134 254 50 53 

8 50.8 115 67.9 125 258 45 48 

9 59.4 140 75.6 147 261 54 56 

10 63.9 135 80.4 142 263 51 54 

11 66.2 128 81.9 138 265 48 52 

12 68.4 157 84.7 166 266 59 62 

16 75.1 187 89.0 187 271 69 69 

*Calculated following the Van Krevelen Group contribution method (see Section S1 in SI)  

 

Figure 2 shows the 𝑇𝑐  and 𝑇𝑚 values, their enthalpies (𝛥𝐻), and the 𝑋𝑐 values, 

determined from Figure 1 and reported in Table 2, as a function of 𝑛𝐶𝐻2. 
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Figure 2.  (a) Temperature (𝑇, either 𝑇𝑚 or 𝑇𝑐 values) (b) Enthalpy (𝛥𝐻, either 𝛥𝐻𝑚 or 

𝛥𝐻𝑐values) and (c) Crystallinity (𝑋𝑐, either 𝑋𝑐𝑐 or 𝑋𝑐𝑚 values) as a function of 𝑛𝐶𝐻2. 

Samples were cooled from the melt at 20 ºC/min and then heated at the same scanning 

rate. 

 

 

Figure 2 shows two different regions describing different trends. For 𝑛𝐶𝐻2 = 6 to 

10, the 𝑇, 𝛥𝐻, and 𝑋𝑐 values increase as 𝑛𝐶𝐻2 increases, with the odd (𝑛𝐶𝐻2 = 7 and 9) 

samples exhibiting higher values than the even ones, thus deviating from a linear increase. 

Here, we refer to this behavior (i.e., odd sample properties > even sample properties) as 

an alternation in properties that is typical of the odd-even region of calorimetric behavior. 

In contrast, for 𝑛𝐶𝐻2 > 10, such alternation disappears as calorimetric properties saturate, 

and a linear increase of 𝑇 values as the 𝑛𝐶𝐻2 increases is observed. These two behaviors 

are indicated in Figure 2; the odd-even region (𝑛𝐶𝐻2 = 6 to 10) and the saturation region 

(𝑛𝐶𝐻2 = 11 to 12, and 16). Due to its crystalline structure, the C10 sample is considered 

within the odd-even region under this crystallization condition, i.e., non-isothermal 

crystallization at 20 ºC/min (see Section 3.3 for more details). Similar results were 

reported previously in linear aliphatic polycarbonates.22 

Figure 2 shows that the alternation of 𝑇𝑐 and 𝑇𝑚 in the odd-even region is weak 

compared to other materials (e.g., polyamides, polyesters, and polycarbonates). This 

behavior corresponds to the influence of the oxygen groups, ‒O‒, that establish weaker 

intermolecular interactions compared to other functional groups (i.e., carbonates, esters, 

and amides). Van Krevelen31 designed a molar contribution function to predict some of 

the properties of polymeric materials, e.g., melting temperature, based on the individual 

contribution of each chemical component in the monomeric unit. Considering these 

contributions, the ‒O‒ effect is lower (i.e., 0.3 K.kg/mol) than the ‒NH‒CO‒NH‒ groups 

(i.e., 2.5 K.kg/mol) effect that has the most substantial impact. From an experimental 

point of view, the weaker influence of the ether groups is reflected in the melt memory 

effect. Sangroniz et al.32 found that at 𝑛𝐶𝐻2 = 6, the melt memory effect (i.e., related to 

the width of Domain IIa) totally disappears for aliphatic polyethers but it is still is present 

for polyesters, polycarbonates, and polyamides.  

For comparison purposes, we determine the theoretical equilibrium melting 

temperature (𝑇𝑚𝑡
0 ) of all the samples (i.e., by applying the molar contribution function, 

see Section S1 and Figure S1 on the SI), and plotted them as a function of 𝑛𝐶𝐻2. The trend 

exhibited by 𝑇𝑚𝑡
0  vs. 𝑛𝐶𝐻2 curve (Figure S1) is similar to the one shown in Figure 2a, 
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evidencing the weaker influence of the ether group. On the other hand, such weak 

interaction generates a strong alternation of the crystalline structure (see Section 3.3). 

 The saturation region (i.e., 𝑛𝐶𝐻2 = 11 to 12, and 16) (see Figure 2) is characterized 

by the absence of alternation in 𝑇𝑚 between even and odd members. This saturation is 

caused by the increasing influence of the methylene groups, as the functional group (in 

this case, ether linkages) influence decreases (the proportion of ether linkages decreases 

as 𝑛𝐶𝐻2 increases). Thus, the material tends towards a polyethylene (PE)-like molecular 

conformation, intermolecular packing,33 and structure in the saturation region.  

Structurally, it is expected that the saturation of the odd-even effect leads to an 

orthorhombic unit cell (PE-like unit cell) independently of 𝑛𝐶𝐻2 (odd vs. even), as in 

other works reported in the literature.19, 20, 22 In these works, the saturation in the 

properties and the structural saturation occur at the same 𝑛𝐶𝐻2 . Here, under certain 

crystallization conditions, we found a saturation on the calorimetric properties (e.g., 𝑇𝑐 

and 𝑇𝑚 ) at 𝑛𝐶𝐻2  = 11 and a “total” saturation (including calorimetric and structural 

saturation) at 𝑛𝐶𝐻2 = 16 (see Section 3.3). 

 Figure 2 exhibits an interesting and uncommon feature since the odd members 

display higher calorimetric properties than the even ones (note that this trend is evident 

in Figure 2b and c). In most of the polymers with the even-odd effect, higher calorimetric 

properties are found for the even members of a given polymer family. Only in limited 

cases, such as N-acyl L-alanines, the opposite trend (i.e., odd-even effect) is reported: 

higher properties for the odd members.34, 35 Sivaramakrishna et al.35 claim that the 

terminal methyl groups of opposing layers in N-acyl L-alanines are more tightly packed 

in the odd samples than the even ones. They suggest that this type of tight packing might 

be related to the tilted acyl chain packing. Therefore, the van der Waals interactions 

between methyl groups of opposite layers are different for the even and odd-chain length 

series. Alamo et al.19 provide the big picture of the odd-even effect for polyethylene with 

acetal groups precisely spaced, including data of precision polyacetals.20, 21 These 

authors explained the odd-even effect (for 𝑛𝐶𝐻2 < 10) through a favorable interlocking of 

the acetals in the odd samples crystals.19, 20 Here, the ether linkage can produce a similar 

effect, generating an odd-even effect. 

Figures 2b and 2c evaluate the evolution of 𝛥𝐻 and 𝑋𝑐 as a function of 𝑛𝐶𝐻2. Even 

though the analysis of 𝛥𝐻 escapes from the aim of this work, it illustrates the differences 

between the odd-even effect and the saturated regions. Here, an alternation in the odd-
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even region is found (i.e., the odd samples have higher 𝛥𝐻 and 𝑋𝑐 than the even ones). 

This alternation is inverted (i.e., 𝛥𝐻 and 𝑋𝑐 values of even samples are higher than odd 

ones) in the saturation region. Such a difference remarks that these calorimetric properties 

behave differently in each region. Similar differences were found in the behavior of the 

ΔH values for polycarbonates. 22 Badea et al. found an alternation of the 𝛥𝐻  in the 

saturation region in alkanediols. 36 The differences found by these authors are related to 

the different crystal structures and molecular conformation (i.e., monoclinic (even) vs. 

orthorhombic (odd), and trans (even) vs. gauche (odd) conformation).  

 

3.2.Isothermal Crystallization Kinetics evaluated by DSC 

The isothermal crystallization determined by DSC allows studying the overall 

(nucleation + growth) crystallization kinetics. The inverse of the half crystallization time 

(1/𝜏50%), i.e., an experimental value directly proportional to the overall crystallization 

rate, was determined from the DSC isothermal curves and plotted vs. 𝑇𝑐 for each sample 

in Figure 3a. The isothermal curves were analyzed with the Avrami theory 37 (see Figure 

S2 on the SI), determining the Avrami index, 𝑛, and the isothermal crystallization rate 

constant value, 𝐾1/𝑛 (see Figure S3). As expected, the latter displayed the same trend as 

the 1/𝜏50% vs. 𝑇𝑐 curves (see Figure 3a). To consider the influence of the 𝑛𝐶𝐻2 value on 

the crystallization kinetics, the 𝑇𝑐 values needed to reach a constant value of 1/𝜏50%= 0.5 

min-1 were determined and plotted as a function of 𝑛𝐶𝐻2 in Figure 3b.  
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Figure 3. (a) 1/𝜏50% vs. 𝑇𝑐, and (b) the 𝑇𝑐 (at constant 1/𝜏50% = 0.5 min-1) vs. 𝑛𝐶𝐻2. 

Note that the solid lines were obtained by applying the Lauritzen and Hoffman 

theory38, 39 (see Section S2 on the SI). 

 

Figure 3a shows that as 𝑛𝐶𝐻2 increases, the 1/𝜏50% vs. 𝑇𝑐 curves are shifted to 

higher 𝑇𝑐, in both, odd-even region (𝑛𝐶𝐻2 = 6 to 10) and saturation (𝑛𝐶𝐻2 = 11 to 16) 

region. For the odd-even region, the shift to higher 𝑇𝑐, instead of a strong alternation in 

the 𝑇𝑐 values (e.g., higher 𝑇𝑐 for the odd members), is attributed to the weak influence of 

the ether linkages. For “stronger” functional groups, a strong alternation of 1/𝜏50% vs. 𝑇𝑐 

curves (e.g., even members at higher 𝑇𝑐  than the odd members) is expected. This 

alternation in the crystallization kinetics has only been reported in a few works. 22, 40, 41   

Papageorgiou and Bikiaris40 found that polypropylene succinate (PPS, 𝑛𝐶𝐻2 = 3, 

odd) has the slowest crystallization rate between polybutylene succinate (PBS, 𝑛𝐶𝐻2 = 4, 

even) and polyethylene succinate (PES, 𝑛𝐶𝐻2 = 2, even). They attributed this alternation 

(i.e., PPS < PES < PBS) to the even-odd effect in poly (alkylene succinate)s and the 

flexible butylene units in the chemical structure of the PBS. In aliphatic polycarbonates, 

we previously reported that the 1/𝜏50% vs. 𝑇𝑐 curves for 𝑛𝐶𝐻2 = 6 and 8 are shifted to 

higher 𝑇𝑐 compared to 𝑛𝐶𝐻2 = 7 in the even-odd region (𝑛𝐶𝐻2 = 6 to 9).22 The different 

conformations and crystalline structures between even and odd samples explained this 

behavior. 22  

Figure 3b shows a detailed picture of the slight alternation of the 𝑇𝑐 (at a constant 

1/𝜏50% = 0.5 min-1) values as 𝑛𝐶𝐻2 increases for 𝑛𝐶𝐻2 = 6 to 10, as a result of the odd-

even effect. Note that such alternation is not easy to detect in the 1/𝜏50% vs. 𝑇𝑐 curves. 

The behavior displayed by the 𝑇𝑐  vs. 𝑛𝐶𝐻2 plot, in Figure 3b, is in line with the non-
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isothermal experiments; hence the overall crystallization kinetics behavior of aliphatic 

polyethers can be divided into the odd-even effect (𝑛𝐶𝐻2 = 6 to 10) region and a saturation 

region (𝑛𝐶𝐻2  = 11, 12, and 16). In the saturation region, the crystallization kinetics 

resembles alkanes, since as 𝑛𝐶𝐻2  increases faster crystallization kinetics is obtained. 

Figure 3b shows that, in the saturation region, the 𝑇𝑐  values increase linearly as 𝑛𝐶𝐻2 

increases, evidencing the differences between the odd-even and the saturation region.  

The Avrami theory was used to fit the isothermal data, employing the 

Crystallization_Fit Origin ® App.42 We have obtained 𝑛 values around 3 (see Figure S3 

in the SI), which indicates the formation of spherulitic morphology via instantaneous 

nucleation.  

 So far, we have divided the thermal behavior into two regions: the odd-even and 

the saturation regions. Despite the small changes in the odd-even region, we will show a 

remarkable alternation in the crystalline structure of even and odd samples in the next 

section. Here we will show how the alternation of the crystalline structures is extended to 

the saturation region.  

 

3.3.Structural characterization with WAXS and SAXS 

The WAXS and SAXS patterns were taken at room temperature after creating a 

standard thermal history by cooling the samples from the melt at 20 ºC/min, reproducing 

the crystallization conditions employed in the non-isothermal DSC experiments (Figures 

1-2). Figure 4 shows the WAXS patterns for all the samples at 25 ºC, whereas Figure S5 

shows the WAXS patterns taken in-situ during the heating of the samples.  
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Figure 4. WAXS diffraction patterns of each polyether at 25 °C after creating a 

standard thermal history (cooling the samples from the melt at 20 ºC/min). The vertical 

dashed lines indicate the diffraction main planes of PE- and PTHF-like unit cells.  

 

 

Figure 4 shows different WAXS patterns for the even and odd samples. In this 

work, the found diffraction peaks are correlated to the already reported structures of 

aliphatic polyethers with 𝑛𝐶𝐻2  = 6 to 10, and 12, by Kobayashi et al.29 The WAXS 

patterns of the even samples (𝑛𝐶𝐻2 = 6, 8, and 10) displays two main peaks at 𝑞 values of 

14.2 and 17.3 nm-1 (2𝜃  = 12.98 and 15.83°, respectively), which according to the 

literature, can be indexed to strong and very strong reflections of the (020) and (110) 

PTHF-type (monoclinic) planes, respectively.29 In contrast, for the odd samples (𝑛𝐶𝐻2 = 

7, 9, and 11) and the 𝑛𝐶𝐻2 = 16, the patterns displays two main peaks at 𝑞 values of 15.6 

and 17.1 nm-1 (2𝜃 = 14.26 and 15.64°, respectively), which can be indexed to the very 

strong and strong reflections of the (110) and (200) PE-type (orthorhombic) planes, 

respectively.29 For 𝑛𝐶𝐻2  = 7, a less intense peak is observed at 𝑞  ~ 18.3 nm-1 

(2𝜃=16.75°). Despite this peak,  which was also reported by Kobayashi et al.,29 the unit 

cell for the C7 sample can be also considered orthorhombic. In the case of 𝑛𝐶𝐻2 = 12, 

there are three prominent peaks, in which two of them, 𝑞 = 15.6 and 17.1 nm-1, can be 

indexed to an orthorhombic unit cell, and the remaining one, 𝑞  = 14.2 nm-1, to a 
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monoclinic unit cell. This is an interesting feature since the C12 belongs to the saturation 

region, and hence, a PE-like orthorhombic unit cell is expected22.  

The unit cell of the even samples (𝑛𝐶𝐻2 = 6, 8, and 10) resembles the unit cell of 

the polytetrahydrofuran (PTHF) that is monoclinic, with crystal sizes of 𝑎 = 0.559 nm, 𝑏 

= 0.890 nm,  𝑐 (fiber axis) = 1.207 nm, and 𝛽 = 134.2° with space group C2/c-C6
2h. 29 

The unit cell of the odd samples (𝑛𝐶𝐻2 = 7, 9 and 11) and the C16 sample resemble the 

unit cell of the PE that is orthorhombic, with crystal sizes of 𝑎 = 0.740 nm, 𝑏 = 0.493 nm, 

and 𝑐 (fiber axis) = 0.2534 nm, with space group Pnam-D16
2h.29 

The WAXS pattern of the C12 sample corresponds to a mixture of the PTHF-like 

(see that the (020) plane of the PTHF unit cell is present in Figure 4) and PE-like unit 

cell, in which the dominant crystalline structure (judging by the peaks intensity) is the PE 

one. A mixture of PE and PTHF-like unit cells was also found in linear aliphatic 

polyethers by Kobayashi et al.29 for 𝑛𝐶𝐻2 = 10 and 12.  

The conformational characterization of aliphatic polyethers family is reported in 

the literature.29, 43 It has been found that the first four members (i.e., 𝑛𝐶𝐻2 = 1 to 4) 

exhibited helical structures for 𝑛𝐶𝐻2 = 1 and 2,44 and zigzag conformation for 𝑛𝐶𝐻2 = 3, 

and 4.45 The 𝑛𝐶𝐻2 = 5, have not been studied because of the difficulties for its synthesis.6, 

44 The molecular conformation for 𝑛𝐶𝐻2  > 5 is also zigzag, complicating a 

conformational analysis of the odd-even effect compared to samples that show more 

significant differences, e.g., gauche vs. trans conformations of the methylene groups. 

However, it is reported that aliphatic polyethers can adopt a PTHF or a PE-like 

conformation, depending on the 𝑛𝐶𝐻2  value (even (PTHF) vs. odd (PE)). The only 

difference between these conformations is the angle, 𝜙, between the chains and the 𝑏𝑐 

plane. 

 In both PTHF-like (i.e., even samples) and PE-like conformations, planar zigzag 

chains pass through the center and the corner of the unit cell. For the PTHF-like 

conformation, the zigzag planes of the molecular chains are parallel to 𝑏𝑐. Therefore, the 

molecular packing for the PTHF makes an angle 𝜙 = 90° with the 𝑏𝑐 plane, resulting in a 

PTHF-like unit cell. In contrast, for the PE-like conformation (i.e., odd samples), the 

zigzag chains make an angle of 𝜙 = 41° with the 𝑏𝑐 plane, resulting in a PE-like unit cell. 

In the odd-even region, i.e., low 𝑛𝐶𝐻2 values the PTHF-like packing is more stable, and 

in the saturation region, i.e., high 𝑛𝐶𝐻2 values, in which the influence of the oxygen group 

is weakened, the most stable is the PE-like packing.29 The odd samples display a PE-like 
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packing independently of the 𝑛𝐶𝐻2 value, whereas the even samples can adopt either a 

PTHF or a PE-like packing, depending on the 𝑛𝐶𝐻2 value.29  

 When the samples are crystallized from the melt, only the even samples, 𝑛𝐶𝐻2 = 

6, 8, and 10, have a PTHF-like packing. As the 𝑛𝐶𝐻2 increases, the packing on the even 

samples changes to a mixture of a PE-like and PTHF-like packing, for 𝑛𝐶𝐻2 = 12, and a 

PE-like packing (i.e., due to structural saturation) for 𝑛𝐶𝐻2  = 16. In contrast, the odd 

samples, 𝑛𝐶𝐻2 = 7, 9, and 11, maintain a PE-like packing independent of the 𝑛𝐶𝐻2, as 

aliphatic polycarbonates.22 The explanation of the mixed structure for 𝑛𝐶𝐻2 = 12 needs 

further investigation. However, we can speculate that it is related to the 𝜙 angle with the 

𝑏𝑐 plane in between 90 (PTHF-like) and 41° (PE-like), constituting a boundary condition 

between the structural odd-even and saturation region. 

 

 We have calculated the 𝑑-spacing, by using the 𝑞 values in Figure 4, according to 

Bragg’s law. Figure 5 shows the 𝑑-spacing as a function of the 𝑛𝐶𝐻2. Table S2 listed the 

𝑞 values and the calculated 𝑑-spacings.  
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Figure 5. Interplanar distance (𝑑-spacing) vs. 𝑛𝐶𝐻2 for all reflections at 25 ˚C for each 

polyether. 

  

Figure 5 shows that the 𝑑-spacing changes as 𝑛𝐶𝐻2  increases. In the odd-even 

region, the 𝑑-spacing (𝑑110 and 𝑑020) of even samples (i.e., PTHF-like) significantly 

increase at low 𝑛𝐶𝐻2 = 6 to 8, and only slightly increases (i.e., 𝑑110) at high 𝑛𝐶𝐻2 = 8 to 

10. The odd samples (see 𝑛𝐶𝐻2  = 7 to 9) display similar behavior, but with smaller 

changes than the even ones, related to their more efficiently packed structure.  
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   In the saturation region, 𝑛𝐶𝐻2 = 11 to 16, the methylene units have more weight 

than the ethers groups, adopting a PE-like packing and structure. Thus, the 𝑑-spacing 

changes are lower compared to the odd-even region. The C12 sample displays 𝑑-spacings 

corresponding to PTHF-like and PE-like unit cells but similar to the C11 and C10 

samples.  The C16 exhibits higher 𝑑-spacings due to the increases in 𝑛𝐶𝐻2.  

 To further understand the structural behavior, we performed the XRD test, with 

varied thermal histories, to understand the structural alternation (see Section 3.4)  

 

SAXS Analysis 

In-situ SAXS patterns were taken at the synchrotron source. A single main peak 

characterizes all the SAXS patterns due to the scattering caused by the periodic lamellar 

structure (i.e., long period). In Figure 6, we take, as an example, the Lorentz-corrected 

SAXS intensity profiles as a function of the scattering vector 𝑞 during the heating of the 

C6 sample.  
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Figure 6. Lorentz-corrected SAXS profiles for C6, with intensity as a function of 

scattering vector (left). Data taken of samples cooled from 25 °C to 95 °C at 20 °C/min. 

Long period (𝑑∗) and lamellar thickness (𝑙) as a function of 𝑛𝐶𝐻2 (right). 
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Figure 6 shows three peaks for low temperatures. The main signal is at 𝑞 = 0.43 

nm-1, and two weaker signals are at 𝑞 = 0.83 nm-1 and 𝑞 =1.29 nm-1, respectively. These 

peaks exhibit a 1:2:3 relationship in 𝑞, corresponding to a lamellar structure, as expected. 

The long period ( 𝑑∗ ) at different temperatures was estimated by Equation 2. The 

𝑞𝑚𝑎𝑥 (i.e., 𝑞 value of the main signal) values were taken from the Lorentz corrected plots 

(Intensity.𝑞2 versus 𝑞). 

 

 𝑑∗ =
2𝜋

𝑞𝑚𝑎𝑥
 

(2) 

 

The 𝑑∗ values at different temperatures were calculated for each of the polyethers 

(Figure S6 displayed their SAXS during heating) and are represented in Figure S7. Figure 

6 (right) shows the 𝑑∗and lamellar thickness (𝑙) values as a function of 𝑛𝐶𝐻2. The lamellar 

thickness (𝑙) was estimated using the following approximation (Equation 3). 

 

 𝑙 = 𝑑∗ .  𝑋𝑐 (3) 

 

where 𝑋𝑐  is the crystalline mass fraction (see Figure S8), listed in Table 1. Table S3 lists 

the calculated 𝑑∗ and 𝑙 values. Figure 6 (right) shows higher 𝑑∗ values (left y-axis) for the 

odd samples (16.0 ‒ 16.7 nm) than the even ones (13.9 ‒ 15.7 nm). We observe the same 

trend during heating (see Figure S7), and it is in line with the odd-even alternation (i.e., 

higher values for the odd members) observed in other properties. The 𝑙 values (right y-

axis) are higher for the odd samples than the even ones in the odd-even region. For the 

saturation region, the 𝑙  values only slightly change or remain unchanged as 𝑛𝐶𝐻2 

increases. The behavior of 𝑙 vs. 𝑛𝐶𝐻2 is in line with the findings on the crystallization 

behavior.  

           

3.4.Influence of the thermal history: XRD experiments 

Chain packing in the odd samples is stable, resembling PE-like packing, 

independently of 𝑛𝐶𝐻2  value. The even samples display a chain length-dependent 

behavior, since their packing shifts from a PTHF-like packing, at low 𝑛𝐶𝐻2 (i.e., 𝑛𝐶𝐻2 = 

6, 8, and 10), to a PTHF-like + PE-like packing at 𝑛𝐶𝐻2 = 12 and a PE-like packing at 

high 𝑛𝐶𝐻2 (i.e., 𝑛𝐶𝐻2 = 16). When different crystallization conditions are employed, the 
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chain packing of the odd samples remains unchanged, whereas alterations have been 

reported (and studied) in the even samples.  

Yoshida et al.46 found that a C8 polyether sample forms a mixture of PE and PTHF-

like unit cells when it is crystallized from solution and forms PTHF-like crystals when it 

is crystallized from the melt. Similarly, Fernandez-Bermudez and Balta-Calleja47 found 

both types of crystals (i.e., PE and PTHF-like crystals) in a C10 polyether sample 

crystallized from solution, whereas from the melt, the C10 forms PE-like crystals.29 The 

reported results46, 47 for the C8 and C10 samples, crystallized from the melt, are in line 

with our results (see Figure 4). In contrast, Kobayashi et al.29 found both types of crystals 

in the C8, C10, and C12 samples, crystallized from the melt.   

In our previous work,6 WAXS measurements were performed in the samples as 

synthesized (i.e., crystallized during precipitation from solution and dried). In the odd-

even region, an alternation between PTHF-like (𝑛𝐶𝐻2 = 6 and 8) and PE-like (𝑛𝐶𝐻2 = 7) 

crystals was recorded, whereas in the saturation region, all the samples (𝑛𝐶𝐻2 = 9 to 12) 

formed PE-like crystals. In the present work, we found that when a standard thermal 

history is created (by cooling from the melt at 20 ºC/min), the odd samples (𝑛𝐶𝐻2 = 7, 9, 

11) show PE-like crystals, whereas the even samples show a different type of crystals. 

For 𝑛𝐶𝐻2  = 6, 8, and 10, PTHF-like crystals were found. The C12 crystallized with a 

mixture of PTHF- and PE-like crystals, and the C16 with PE-like crystals. Such behavior 

seems to indicate a thermal history influence, which we decided to investigate with XRD 

experiments.  

 

Measurements at different cooling rates 

 Different cooling rates, 1, 20, and 50 °C/min, were used to crystallize the samples 

from the melt, creating different thermal histories. Afterwards, XRD measurements were 

taken at RT (see Figure 7). The as synthesized samples, i.e., precipitated from solution 

and dried, were also studied. After measuring all the samples at RT, subsequent heating 

scans were performed in the DSC (see Figure S9 in the SI). 
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Figure 7. XRD taken at RT in samples previously prepared at different cooling rates. (a) 

As a received sample in powder. Samples crystallized from the melt at (b) 1, (c) 20, and 

(d) 50 °C/min.  

 

 Figure 7a shows that the as synthesized sample forms PTHF-like crystals for 𝑛𝐶𝐻2 

= 6 and 8, and PE-like crystals for 𝑛𝐶𝐻2 = 7, and 9 to 16. The XRD patterns are in line 

with the WAXS ones, taken at the same crystallization conditions. Differences in the 

XRD patterns beyond the corresponding to the PE-like and PTHF-like unit cell were not 

found at 2𝜃 > 30°, in neither of the crystallization conditions shown in Figure 7; however, 

a deeper study, such as the one performed by Tasaki et al.23, 24 might provide further 
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information. However, such a detailed crystallographic study is beyond the scope of the 

present contribution.. 

The XRD for as synthesized samples reveals that the limits of the odd-even and saturation 

region changed. The 𝑛𝐶𝐻2 = 8 to 9 are in the odd-even region, and the 𝑛𝐶𝐻2 = 10 to 16 in 

the saturation region. When the samples are crystallized from the melt (see Figures 7b, 

c, and d), the PE-like crystals are limited to the odd samples (i.e., 𝑛𝐶𝐻2 = 7, 9, and 11), 

and the even sample with 𝑛𝐶𝐻2 = 16. In contrast, PTHF-like crystals are observed in the 

even samples (i.e., 𝑛𝐶𝐻2 = 6, 8, and 10). In the case of the C12 sample, a mixture of crystal 

structures is observed in which the dominant reflections correspond to the PE-like 

crystals, whereas the PTHF-like crystals peaks increase as the cooling rate increases. 

Similar results were found in the XRD measurements in the C10 and C12 samples after 

isothermal crystallization at different 𝑇𝑐  (see Figure S10 in Section S4). Higher 𝑇𝑐 

favored PE-like crystals in the C12 sample, whereas the PTHF-like crystals are formed 

independently of the 𝑇𝑐 for the C10 sample.  

  The rate-dependent behavior of the even samples with 𝑛𝐶𝐻2 = 10 and 12 indicates 

that the oxygen group still influences the chain packing, limiting the total structural 

saturation of the odd-even effect. It might be speculated that the 𝜙 angle with the 𝑏𝑐 plane 

(i.e., 90º for even samples and 41º for odd ones) varies suddenly, in the odd-even region, 

between 90º (even) and 41º (odd). Afterward, at 𝑛𝐶𝐻2  values closer to the saturation 

region, 𝜙  might varied progressively in the even samples (note that odd samples maintain 

a 𝜙  = 41º independently of the 𝑛𝐶𝐻2  value), taking values in between 90º and 41º, 

affecting the crystalline structure. Finally, in the saturation region, the trans chains take 

a 𝜙 = 41º resembling a PE-like packing. From a structural point of view, the saturation of 

the odd-even effect occurs at 𝑛𝐶𝐻2 > 12, since the C16 (𝑛𝐶𝐻2 = 16) sample maintains its 

PE-like structure, independently of the thermal history. The results suggest that the C10 

and C12 can be in the odd-even region or the saturation region, depending on the adopted 

conformation at a specific crystallization condition, constituting a boundary between the 

regions. We found that the odd-even and saturation region limits are well established in 

the thermal and crystallization properties. Interestingly, from a structural point of view, 

the even samples can adopt either PTHF- or PE-like packing, altering the limits of the 

saturation region.  
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4. Conclusions  

A series of aliphatic polyethers, in a wide range of chain length (𝑛𝐶𝐻2 = 6 to 12, and 

16), were studied by differential scanning calorimetry (DSC), wide-and small-angle X-

ray scattering (WAXS and SAXS) and X-ray diffraction (XRD) experiment. Non-

isothermal DSC experiments reveal a weak odd-even effect for 𝑛𝐶𝐻2 = 6 to 10, in which 

the odd (𝑛𝐶𝐻2 = 7 and 9) samples show higher crystallization and melting temperatures 

than the even (𝑛𝐶𝐻2 = 6, 8, and 10) ones. This effect is saturated for 𝑛𝐶𝐻2 = 11 to 12, and 

16, in which a linear increase of the calorimetric properties as 𝑛𝐶𝐻2 increases was found.  

An odd-even region and a saturation region were also found under isothermal conditions. 

The odd-even region is explained by the weak dipole interactions imposed by the oxygen 

group and the saturation region, by the increasing influence of the methylene groups 

(hence the dilution of the oxygen group influence) as 𝑛𝐶𝐻2 increases.  

The structure of all the samples was investigated with X-ray experiments. 

Interestingly, despite the weak interactions, the structural alternation in the odd-even 

region is strong. The even samples (𝑛𝐶𝐻2 = 6, 8, and 10) exhibit monoclinic unit cells, 

and the odd ones (𝑛𝐶𝐻2 = 7 and 9) orthorhombic unit cells. The saturation region displays 

particular features since it depends on the thermal history. The odd C11 sample maintains 

an orthorhombic unit cell independently on the crystallization conditions. In contrast, the 

even C10 and C12 can adopt monoclinic, orthorhombic, or mixed structures (i.e., C12 

sample) depending on the thermal history, affecting the limits of the saturation region. 

Hence, structural saturation is reached only for the C16 sample, which adopts the 

expected orthorhombic structure independently of the thermal history.   
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