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This supplementary information consists of 6 sections. SI-1 presents the solid-solid phase transition of PEG/PET. SI-2 presents the complete information of IR results and supplementary analysis. SI-3 presents DFT calculations for crystalline state of PEG molecule. SI-4 presents the details of barocaloric characterization. SI-5 presents the sample details with different doping ratios. SI-6 presents the details of thermal conductivity characterization.
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SI-1. Solid-solid phase transition of PEG/PET
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Fig. S1. Morphology of single PEG10000, single PET15000 and PEG10000/PET15000 at 293 K, 331 K, 341 K and 393 K during the heating process. To observe the morphological changes with temperature, single PEG10000, single PET15000 and PEG10000/PET15000 were heated simultaneously. The PEG/PET remains a shape-invariant solid-state throughout the entire heating process, while the single PEG transforms from solid to liquid around its transition temperature (Tt). That is, the liquid PEG successfully converts into solid in PEG/PET.
SI-2. Infrared (IR) spectra
Firstly, to avoid signal saturation and obtain high signal-to-noise ratio during infrared (IR) spectra measurements, both single PEG10000 and PEG10000/PET15000 are diluted by KBr powders before collecting IR spectra. However, we failed to dilute single PET15000 due to its hard texture, so signal saturation appears inevitably in the lower wavenumber region (< 1800 cm-1, Fig. S2). Fig. S3 and Fig. S4 show complete IR spectra of single PEG10000 and PEG10000/PET15000, respectively. The bands collected at 295 K and 353 K and their corresponding assignments are listed in Table S1.
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Fig. S2. Compared IR spectra for single PEG10000, single PET15000, and PEG10000/PET15000 collected at room-temperature. The bands at 3432 cm-1 and the region around 1721 cm-1 marked by green in the PEG10000/PET15000mainly come from the C=O stretching vibration of ester group of PET.S1, S2
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Fig. S3. Infrared spectra of single PEG10000 at variable temperatures from 295 K to 358 K on heating. The temperature increments around Tt ( 340.8 K are 2 K.
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Fig. S4. Infrared spectra of PEG10000/PET15000 at variable temperatures from 295 K to 353 K on heating. The temperature increments around Tt ( 334.6 K are 2 K.

The IR spectra in the region from 1000 cm-1 to 3800 cm-1 give fingerprint information of entire chain of PEG molecular. Specifically, the vibrations in regions of 3700-3150 cm-1, 3150-1200 cm-1 and 1200-1000 cm-1 mainly involve O-H/O-H···O, CH2 and C-C-O skeleton, respectively. The 3150-1200 cm-1 region includes stretching vibrations ((sCH2, 3150-2600 cm-1), scissoring vibrations ((CH2, 1500-1430 cm-1), wagging vibrations ((CH2, 1430-1310 cm-1) and twisting vibrations ((CH2, 1310-1200 cm-1), and the corresponding analysis is given in the main text and Fig. 4.

Here, we present the detailed analysis of vibrations for O-H/O-H···O (3700-3150 cm-1), C-C-O skeleton (1200-1000 cm-1), and supplementary analysis for (sCH2 (3150-2600 cm-1).

(1) O-H/O-H···O vibration bands in 3700-3150 cm-1
Fig. 4a shows the IR spectra of single PEG10000, where the vibration band of 3700-3150 cm-1 (purple zone) in the crystalline state contains the stretching vibration of free hydroxyl groups (-OH), and weak interchain hydrogen bond (O-H···O) formed by -OH and ether oxygen group (C-O-C) among PEG molecular chains.S3, S4 Due to the long molecular chain (n ( 227) of PEG10000, the actual fraction of -OH groups at ends is very low, resulting in the relatively weak vibration information of terminated O-H in single PEG10000, which remains weak even at the low-temperature crystalline state (295 K, Fig. 4a). In contrast, the PEG10000/PET15000 at the same temperature in the crystalline state (295 K, Fig. 4b) shows a broadened O-H/O-H···O band with a significantly increased intensity, suggesting that the strong hydrogen bond interaction (O-H···O, red ellipse in Fig. 1c) between the terminal -OH of PEG and acceptors in PET chains prevails.S4, S5
Although the single PEG10000 experienced solid-liquid phase transition with the increase of temperature, the O-H/O-H···O vibration peak position and intensity in the region of 3700-3150 cm-1 did not change significantly (Fig. 4a). It means the weakening of interchain hydrogen bond O-H···O after PEG liquefaction cannot cause substantial change for the O-H/O-H···O vibrations, strongly implying the O-H vibration band there mainly comes from the contribution of O-H at the ends of PEG molecule chains. In contrast, for the PEG10000/PET15000, the O-H/O-H···O vibrational band in the 3700-3150 cm-1 region is weakened and narrowed with the increase of temperature (Fig. 4b, Fig.S5, purple region), suggesting a weakening of the strong O-H···O hydrogen bond interaction between PEG and PET. The peak at 3432 cm-1 comes from the C=O vibration of PET skeletonS1, S2 without phase transition, which remains unchanged with temperature (purple zone in Fig. 4b, Fig. S2, Fig. S5).

The significantly enhanced hydrogen bond interaction in PEG/PET for the crystalline state implies that PEG has been fixed on PET. With the occurrence of SS-PT on heating, the binding of PET to PEG decreases but still remains a considerable strength (Fig. S5), which allows the PEG/PET to remain solid after the phase transition.
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Fig. S5. Infrared spectra of PEG10000/PET15000 at variable temperatures, where the region 3700-3150 cm-1 involving O-H/O-H···O vibrations is specifically marked by purple. The peak at 3432 cm-1 comes from the C=O vibration of PET skeleton.S1, S2
(2) Supplementary analysis for (sCH2 (3150-2600 cm-1)

The feature bands of (sCH2 at 2888 cm-1 undergoes a large blueshift to 2904 cm-1 and simultaneously the surrounding area is significantly widened, which can be able to identify during the SS-PT from crystalline to amorphous in PEG/PET (Fig. 4b, red track line), but it develops into a continuous broadband and no peak can be identified in the liquid region of single PEG (Fig. 4a, red trace line). Such evolution from the split vibration modes of CH2 into multi-mode vibrations with continuous frequencies predicts highly disordered molecular arrangement caused by molecular rotation, twisting, or folding in the liquid/amorphous state.S6 This is also an indicative of high entropy in either liquid state of single PEG or amorphous state of PEG/PET. However, compared with the liquid PEG, the significant blueshift of 2888 cm-1 still identified in amorphous PEG (Fig. 4b) illustrates, on one hand, the symmetrical stretching vibration of CH2 is enhanced, and more importantly, it indicates that the lost degree of order during SS-PT in PEG/PET reduces compared with the SL-PT in single PEG. This is also a reason for the entropy loss of amorphous PEG. Moreover, the three bands of 2807, 2741, and 2695 cm-1 at adjacent positions were all assigned from the C-H stretching vibration of CH2 (Fig. 4a, b, yellow zone).S7 One can see similar behavior occurs for single PEG and PEG/PET. The 2807 cm-1 band disappears immediately while the latter two merge into one broadband as soon as the solid-liquid (Fig. 4a) and solid-solid (Fig. 4b) phase transitions take place, implying the occurrence of similar multi-mode vibrations with continuous frequencies caused by disordered molecular chains for the single PEG and PEG/PET.

(3) C-C-O skeleton vibrations in 1200-1000 cm-1
In Fig. 4a and Fig. 4b, the bands at lower frequency 1200-1000 cm-1 (red zone) mainly come from the C-C-O skeletons of PEG chains. For the single PEG at 295 K crystalline state, the strong bands at 1117 cm-1 and 1110 cm-1 (Fig. 4a) come from the E(θ) skeletal stretching mode associated with the C-C and C-O vibrations, where the both symmetric and antisymmetric stretching modes of C-O-C are involved.S8-S10 While the bands on the left/right hands, at 1150/1060 cm-1, are caused by the corresponding C-O-C symmetric/antisymmetric stretching modes coupled with the CH2 symmetric rocking mode according to previous calculations,S6 and these coupled modes behave high sensitivity to the C-C-O skeletal movements and configurations.S8 Previous studiesS10 based on IR, Raman, incoherent neutron scattering (INS) experiments, and theoretic simulations indicated, for the crystalline state of PEG molecule, the internal rotation conformations about the O-CH2, CH2-CH2, and CH2-O bonds in the C-C-O skeletons are mainly involving TGT, TTT (see Fig. 5a)S7, S9, S11, which transforms into the coexistence of various conformations in liquid PEG, i.e. TGT, TGG, GGG, TTT, TTG and GTG (see Fig. 5b) with the occurrence of SL-PT in single PEG owing to the rotation, twisting, or folding of molecular chains.S7, S12 The increase of the conformational arrangements of the molecular chain, on one hand, makes the C-C-O skeleton vibrate in a variety of modes, resulting in the bands merging and broadening for the liquid PEG (Fig. 4a, red zone), and also makes the two vibration modes at 1150 cm-1 and 1060 cm-1 coupled with the C-C-O skeleton mutate abruptly around Tt. When the temperature rises to T ≥ Tt (339 K), the band 1150 cm-1 on the left suddenly decreases and merges with the main band of C-C-O skeleton, and the band 1060 cm-1 on the right suddenly decreases and disappears, but simultaneously a new vibration band appears at 1039 cm-1 (blue track dotted line, Fig. 4a), noting the concurrent appearance of the both peaks (1160 cm-1 and 1039 cm-1) at the exact transition temperature T = Tt (339 K). This result shows the influence of the multi-conformation of skeleton chain caused by SL-PT on the coupled vibration modes, producing decoupling or new coupled vibration mode. The band 1039 cm-1 was previously assigned to be relative to the C-C, C-O stretching and CH2 rocking vibrations (denoted as rCH2).S7, S12 The drastic change of conformation ordering in O-CH2-CH2-O skeletons and the caused changes of vibration modes for O-CH2, CH2-CH2, and CH2-O bonds and functional groups are in line with the colossal entropy change during SL-PT in the single PEG.

Attractively, similar evolution can be identified in amorphous PEG in the 1200-1000 cm-1 region (Fig. 4b, red zone). The strong E(θ) skeletal stretching at 1117 cm-1 and 1110 cm-1 (Fig. 4a) merged into one mode at 1109 cm-1 for the crystalline state below Tt (Fig. 4b), suggesting the weakening of PEG-PEG interchain interactions in amorphous PEG, like the case of (CH2. But the coupled vibration modes of skeleton chains with CH2 on the left and right of the main peak still maintain the same wavenumber and exhibit a similar evolution trend during SS-PT compared to the single PEG (Fig. 4a,b, blue track dotted lines). The only difference lies that the intensity of the new mode at 1039 cm-1 in amorphous PEG (Fig. 4b) is much smaller than that in the liquid PEG (Fig. 4a). This phenomenon is also consistent with the entropy loss detected in amorphous PEG. The band at 1022 cm-1 (Fig. 4b) comes from the aromatic ring’s C-H deformation vibration of skeleton PET [Ref. S2], which remains unchanged across the phase transition of PEG.
Table S1. IR bands and the vibration assignments of single PEG10000 and PEG10000/PET15000 at 295 K and 353K.

	Assigned vibration mode
	Wavenumber(cm-1)

	
	PEG10000

295K
	PEG10000

353K
	PEG10000/PET15000

295K
	PEG10000/PET15000

353K

	-OH stretching, intermolecular hydrogen bonds
	3600-3300
	
	3700-3150
	

	C=O stretching
	
	
	3432
	3432

	CH2 antisymmetric stretching
	2946
	2946
	2947
	2947

	CH2 symmetric stretching
	2888
	
	2888
	2904

	CH2 symmetric stretching
	2865
	2869
	2865
	2869

	C-H stretching
	2807,

2741,

2695
	
	2807,

2741,

2695
	

	aromatic ring
	
	
	1505
	1505

	CH2 scissoring (gauche)
	1469,

1455
	1461
	1469,

1455
	1468

	CH2 scissoring (trans)
	
	1485
	
	

	CH2 wagging
	1414
	
	
	

	aromatic ring
	
	
	1411
	1411

	CH2 wagging (gauche)
	1361,

1344
	1351
	1360,

1344
	1347

	CH2 wagging (trans)
	
	1324
	
	

	CH2 twisting
	1282
	1298
	1280
	1274

	CH2 twisting
	1241
	1251
	1247
	1257

	C-O, C-C stretching, CH2 rocking
	1150
	1140
	1149
	1127

	C-O, C-C stretching
	1117,

1100
	1107
	1109
	1110

	C-O,C-C stretching, CH2 rocking
	1060
	1039
	1060
	1039

	aromatic ring C-H in-plane
	
	
	1022
	1022


SI-3. DFT calculations for crystalline state of PEG molecule

For the crystalline state of PEG molecule, the calculated vibration frequencies of both (CH2 and (CH2 reflecting gauche conformation keep the same for fixed-PEG ((CH2: 1475, 1462 cm-1; (CH2: 1393, 1379 cm-1) and free-PEG ((CH2: 1475, 1462 cm-1; (CH2: 1393, 1379 cm-1), which are consistent with the experimental observations noting the corresponding (CH2 and (CH2 also remain unchanged (see Fig. 4a, b and Table 1). While for (CH2 reflecting the disordered degree of C-C-O skeletonS8, S13, which differs the most between fixed-PEG and free-PEG for crystalline state (Fig. 4a, b), calculations indicate (CH2-1 slightly redshifts (1319 cm-1(1318 cm-1) and (CH2-2 blueshifts (1291 cm-1(1298 cm-1) upon solidification, which also agree well with the experimental observations (1282 cm-1(1280 cm-1 redshift for (CH2-1 and 1241 cm-1(1247 cm-1 blueshift for (CH2-2, see Fig. 4a, b and Table S1). All these suggest the PEG molecules after fixed by PET still pose the two modes of TGT, TTT conformations at crystalline state, which also confirms the rationality of the model used in our calculation. Note that the both calculated (CH2-1 (1319 cm-1(1337 cm-1) and (CH2-2 (1291 cm-1(1300 cm-1) show blueshift during SL-PT for free-PEG, in line with experimental observations ((CH2-1: 1282 cm-1(1298 cm-1, (CH2-2: 1241 cm-1(1251 cm-1), see Fig. 4a, c and Table 1.

SI-4. Barocaloric characterization

We studied barocaloric effect (BCE) of PEG10000/PET15000 by quasi-direct method.S14 DSC equipped with μDSC7 evo microcalorimeter from SETARAM was employed to measure the isobaric heat flow curves for PEG10000/PET15000 at different pressures varying in the range 0-0.1 GPa. Meanwhile, the specific heat capacity of PEG10000/PET15000 was also measured by the same micro calorimeter at atmosphere pressure in our experiments, as shown in Fig. S6a, where the solid base line neglecting latent heat of phase transition was used to calculate the entropy curves. For completeness, the entropy curves with the specific heat capacity included and not are also given together, as shown in Fig. S6c (i.e. the insets of Fig. 6b) and Fig. S6b (i.e. Fig. 6b) respectively.

From the insets of Fig. 6b (Fig. S6c), the barocaloric entropy change ((Sp, Fig. 6c) and adiabatic temperature change ((Tp, Fig. 6d) can be obtained by the equations, (Sp (T, P1 ( P2) = S (T, P2) – S (T, P1), (Tp (S, P1 ( P2) = T (S, P2) – T (S, P1), where the atmosphere pressure is taken as the initial and end pressure for compression and decompression process, respectively. Accordingly, the maximum (Sp of PEG10000/PET15000 driven by a low pressure of 0.1 GPa attains to 416 J·kg-1·K-1, almost reaching the maximum (Str ( 426 J·kg-1·K-1 during the SS-PT of PEG10000/PET15000 (see Fig. 3b). One can see the achieved (Sp is larger than many other reported BCE materials (Table 2). Similarly, the obtained (Tp is 7.3 K under 0.1 GPa.
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Fig. S6. a) The measured specific heat capacity vs. temperature for PEG10000/PET15000, where the solid base line neglecting latent heat of phase transition was used to calculate the entropy curves. For completeness, the entropy curves without b) and with c) the specific heat capacity included are also given together.

Specifically, to avoid the influence from hysteresis, (Sp(T, P1(P2) and (Tp(S, P1(P2) during pressurization (P2 > P1) and depressurization (P2 < P1) processes are obtained from the S(P,T) curves on cooling and heating, respectively. Moreover, the corresponding reversible entropy change (ΔSrev) is reckoned as the overlapping of ΔSp on compression and decompression, while similarly the reversible adiabatic temperature change (ΔTrev) is obtained excluding the influence of thermal hysteresisS15.
SI-5. Optimization of doping ratio
We additionally prepared the PEG10000/PET15000 samples with different doping ratios 1 wt.% and 10 wt.% PET15000. The measured heat flow and the correspondingly calculated isothermal entropy change are given in Fig. S7a and its inset, together with the one with 5 wt.% PET15000. The phase transition on heating occurs at Th (340.8 K, (338.7 K, (334.6 K, (330.9 K with thermal hysteresis (Thys (16.8 K, (20.6 K, (21.6 K, (23 K and entropy change (Str (543 J·kg-1·K-1, (511 J·kg-1·K-1, (426 J·kg-1·K-1, (364 J·kg-1·K-1 for single PEG10000, PEG10000/1%PET15000, PEG10000/5%PET15000, and PEG10000/10%PET15000, respectively. It can be seen that with the increase of PET content, the phase transition temperature shows a monotonous decrease towards room temperature, simultaneously the thermal hysteresis enlarges and the entropy change reduces. Although the retained ratio of entropy change can be up to 95.1% for PEG10000/1%PET15000, the little doping of 1 wt.% PET15000 isn’t enough to solidify PEG10000 and can’t convent the solid-liquid into solid-solid phase transition (Fig. S7). On the other hand, for more doping such as 10 wt.% PET15000, although the PEG10000 can be successfully solidified into solid-solid phase transition (Fig. S7), the entropy change reduces more. Note that the retained ratio of entropy change (74.5%) in PEG10000/10%PET15000 is less than that (83%) of PEG10000/5%PET15000. Therefore, in this work we carry out the study by choosing 5 wt.% doping of PET15000, which can convent solid-liquid into solid-solid phase transition (Fig. S1) while maintain large entropy change for PEG10000.
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Fig. S7. (a) Compared entropy change across Tt for single PEG10000, PEG10000/1%PET15000, PEG10000/5%PET15000, and PEG10000/10%PET15000, where the insets show the corresponding heat flow curves deducting baselines under atmosphere pressure at temperature ramping rate 1 K/min; (b) Morphology of PEG10000/1%PET15000 and PEG10000/10%PET15000 at 293 K, 335 K and 360 K during the heating process. The PEG10000/1%PET15000 transforms from solid to liquid around its transition temperature (Tt), while PEG10000/10%PET15000 remains a shape-invariant solid-state throughout the entire heating process.

SI-6. Thermal conductivity characterization
Thermal conductivity is an important cooling factor for potential practical application. We measured the thermal conductivity and the measurement process is as follows. The PEG10000/PET15000 were ground and pressed into two cycloidal plates with the thickness of 0.6 mm and diameter of 20 mm. The thermal conductivity in parallel direction was measured by using a hot disk thermal analyzer based on transient technique.S16 The measurements were performed by putting the sensor in between the two similar composite plates. The sensor provides a heat pulse to the sample and records the corresponding temperature change. The measured thermal conductivity (κ) of PEG10000/PET15000 in the in-plane direction is shown in Table S2. The average result of three measurements is κ ( 0.280 W/(m·K). A low thermal conductivity is indeed unfavorable for cooling application, but this problem can be expected to solve by making composites with high thermal conductivity materials, such as graphene. Its thermal conductivity can be as high as κ ( 5300 W/(m·K). For example, Liu et alS16 recently reported the enhancement of the thermal conductivity of neopentylglycol (NPG) by compositing it with graphene nanosheets (GPNs). Adding 50 wt% GPNs enhanced the thermal conductivity from 0.42 to 18.4 W/(m·K) while barocaloric entropy change still retains large.

Table S2. Thermal conductivity of PEG10000/PT15000

	Cycle
	Test temperature (K)
	κ (W/(m·K))
	(( (W/(m·K))

	1
	300.32
	0.283
	0.280

	2
	300.13
	0.277
	

	3
	300.08
	0.279
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