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Prepar ation and properties of photoinduced phase transition azobenzene-
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Abstract: Azobenzene-polyethylene glycol composite energy storage materials (PEG@C,;Azo) with
solid-liquid phase change function were prepared from coupling PEG (relative molecular mass 400, 600,
1000) with 4-butoxy-azobenzene (C4;Azo), and characterized by Raman, FTIR and UV-Vis adsorption
spectrum. The effects of PEG relative molecular mass and N(PEG) : n(C,;Azo) on the phase transition point
(AT, temperature difference between melting point and freezing point) were evaluated, while the
photothermal energy storage and release performance of PEG@CsAzo with maximum AT was analyzed by
DSC, TGA, photoresponse experiment, isomerization cycle experiment, infrared thermal imaging and
xenon lamp illumination test. The results showed that the phase change point of PEG@C,;Azo was
regulated by adjusting N(PEG) : n(C4;Az0). PEG400@C4Azo(3 : 7) and PEG600@C4Azo(3 : 7), prepared
with N(PEG) : n(C4Az0)=3 : 7 and PEG400 and PEG600 as phase change materials, exhibited the highest
AT of 8.7 and 8.3 °C, respectively. With PEG400@C4Azo(3 : 7) showing a high enthalpy of melting (152.3
J/g) and a high enthalpy change (29.5 J/g), the energy absorbed in the heat absorption process could be
released to the maximum extent. The enthalpy change of PEG600@C4Azo(3 : 7) was only 11.1 J/g under
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melting and solidification, indicating a high energy utilization rate. The enthalpy of isomerization and total
energy storage density of PEG600@C;Azo(3 : 7) were 136.1 and 224.3 J/g. PEG400@C4Azo(3 : 7)
absorbed the most heat during 500 s irradiation, and the temperature could rise to 44.1 °C, showing

excellent photothermal conversion performance. PEG600@C4Azo(3 : 7) displayed no obvious attenuation

in absorbance after 50 times of alternating excitation of ultraviolet light and visible light.

Key words. phase change azobenzene; photoinduced phase transition; photoisomerization; phase change

energy storage; photothermal properties; functional materials
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Fig. 1 Raman spectra of C4Azo (a) and three kinds of
PEG@C,Azo (b)

Raman YGiE RENE Wi 45 4> T B RE AR shigs, w] A
HERFIRT A B S5 FRAE . NI 1a AT LR
C4Azo 7E 1000 F1 1597 cm ' 4b 45 PR shig, 43
SR T C—C Al C=C % , X AR T 2RI A7AE 1M
FEAERY s AE 1143 cm ' Ab HER AR AR TR TR C—
O HMFETE; 7F 1400~1500 cm™' 4bH B8 =45104 , 4%
ST 1417, 1444 F1 1467 cm ' 40, HEBEHET
N=N PR sl L AR FR LA R R sht 7,
M 1b A[LIFE 1, 3 Fl PEG@CiAzo AR E AT 4
IR AR S CyAzo HHIE], IEBHAE C4Azo 43T



© 1026 ¢

A% 4m 4 T FINE CHEMICALS

42

5 PEG &AMl B plf KA A2 A e,
& 2 & C4Azo 1Y FTIR § A

2916~2850

1583
1467 1020

4000 3500 3000 2500 2000 1500 1000 500
WeE/em!

B2 Ci;Azo Y FTIR i &
Fig. 2 FTIR spectrum of C4Azo
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Fig. 3 Phase transition points of PEG@C,;Azo
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Fig. 4 Isomerization enthalpy of C4Azo and PEG600@
C4Azo(3 : 7) (a); DSC heating and cooling curves
of PEG400@C4Azo(3 : 7) (b) and PEG600@
C4Azo(3 : 7) (c)
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Table 1 Comparison of isomerization enthalpy and energy
storage density of PEG600@C;Azo(3 : 7) and
azobenzene energy storage materials in published
literatures
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TR RER A 275 3k

AHio/(J/g)  AHww/(J/g)

Cl1 83.13 212.43 [18]
Azo@Tde 16.4 207.5 [19]
Azo-4@G 130.1 209.6 [20]
C12Az0/C 1, VIM[Br] 74 151 [21]
CNF-AZO 23.3 44.6 [22]
PEG600@C,Azo(3 : 7)  136.1 2243 A3

H: Cl R KEEMARE GHVAMEL G ME; Azo@Tde
FRMAER A USG5 Azo-4@G Frn AR/ &
WEEAMEL; ClAzo/C L VIM[Br]Zem K B EEH A -5 T W iR 2
HH#EL; CNF-AZO FRG KT R RMEEE Y.
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Ultraviolet isomerization (a) and visible light

restoration spectra (b) of PEG600@C4Azo(3 : 7)

Fig. 5
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Fig. 6 Cyclic stability of PEG600@C4Azo(3 : 7) under
alternating ultraviolet and visible excitation
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7)F1 PEG600@C,Azo(3 : 7)FE AT Y6 I N R Bt it
[i] Fr) A Ak T £

50°C

K 7 PEG400@C,4Azo(3 : 7)AHIHMIR AL ANARIZ K
Fig. 7 Temperature change infrared thermal imaging of
PEG400@C4Azo(3 : 7) by thermal stimulation
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Fig. 8 Variation of sample temperature with time under
xenon lamp illumination

PEG@C4Azo S BER i 7 PEG fil C4Azo 43+
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3
Fig. 9 TGA curves of C;Azo (a), PEG400@C,Azo(3 : 7)
(b), PEG600@C,4Az0(3 : 7) (c), PEG1000@CsAzo(3 :
7) (d)
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TE 200 °CZJaA 2 KA W A5, RENSHH 2 I
JIT 5 4% T AE A SE B R R 5 2R, T 2% B
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