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Impact of Size Effects on the Thermodynamic Properties of
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Abstract Grenade-like ZnO micro/nano structures with three different sizes were prepared by microemul-
sion-mediated hydrothermal route. Through designing a thermochemical cycle, the relationship between
thermodynamic properties of nano ZnO and bulk ZnO systems was built. Combined with microcalorimetry,
thermodynamic properties of the ZnO micro/nano systems with different sizes were calculated. The results
revealed that size effect has significant influences on thermodynamic properties of micro/nano systems.
Along with the size of reactants decreasing, the standard molar enthalpy of reaction, standard molar Gibbs
free energy of reaction and standard molar entropy of reaction of micro/nano systems decreased, but the
standard molar enthalpy of formation, standard molar Gibbs free energy of formation and standard molar en-
tropy of themselves increased.
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Figure 1 Scheme of thermochemical cycle between nano ZnO
and bulk ZnO systems
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Figure 2 Typical XRD pattern of the prepared products. Parts

(a), (b) and (c) are related to the products I, II and III, respec-

tively
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Figure 3 FESEM images of the prepared grenade-like ZnO micro/nano structures. Parts (a), (b) and (c) are related to products I, IT and

II1, respectively
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Table 1 Standard molar enthalpies and rate constants of reaction of the bulk ZnO and grenade-like ZnO micro/nano structures systems

Reaction system No.  myz,o/mg QO/mJ AH (kT -molfl) Ink

1 1.107 —804.90 —59.179 —17.035

2 1.108 —804.34 —59.084 —17.039
Bulk ZnO 3 1.107 —805.69 —59.237 —17.031

4 1.107 —806.07 —59.265 —17.026

5 1.108 —805.26 —59.152 —7.032
Average value —59.183£0.071 —7.033+0.005

1 1.107 —982.83 —72.261 —6.710

2 1.107 —984.25 —72.365 —6.706
Products I 3 1.108 —984.57 —72.323 —6.713

4 1.107 —983.01 —72.274 —6.701

5 1.108 —985.47 —72.389 —6.708
Average value —72.322+0.056 —6.708 £0.005

1 1.107 —1182.33 —86.928 —6.394

2 1.109 —1184.72 —86.947 —6.386
Products IT 3 1.107 —1181.25 —86.849 —6.381

4 1.108 —1183.94 —86.968 —6.388

5 1.107 —1180.81 —86.817 —6.387
Average value —86.902+0.065 —6.387+0.005

1 1.107 —1298.81 —95.492 —6.305

2 1.108 —1301.73 —95.621 —6.299
Products I1I 3 1.107 —1297.69 —95.410 —6.290

4 1.107 —1299.41 —95.537 —6.303

5 1.108 —1300.24 —95.511 —6.295

Average value

—95.514+0.076 —6.299+0.006
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Table 2 Thermodynamic functions of the grenade-like ZnO micro/nano structures transformation systems

Reaction system Avans H /(kJemol ")

AgansG /(kJemol ™1 AwansSS /(Jomol oK 1)

Products I — bulk ZnO —13.14%+0.09
Products II — bulk ZnO —27.72%+0.10
Products III — bulk ZnO —36.33+0.10

—0.81£0.02 —41.3610.31
—1.60£0.02 —87.6110.34
—1.82£0.02 —115.75£0.34

I (M2 R AHYS . MGy, Se» WIER 3 TR,
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B AR AT R, B ST D), HoARHEEE 2K
A . B UEBE R AN Gibbs [ HIfiE . FRifEEE R4 1
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FI NS F A E A ZnO (R R MR, X85 WAk

3 TR ZnO TSR 1) 2 R B
Table 3 Thermodynamic functions of the grenade-like ZnO

micro/nano structures

Product A;HS /(kJemol ) A;GS /(kT*mol ") S5 /(Jemol 'eK ")

I —337.3210.28 —319.79+£0.02 —2.27%0.51
I —322.74+0.29 —318.92+0.02 43.95+0.52
111 —314.13£0.29 —318.70+0.02 72.11%0.52

RINF=IE o AT T o2 K i 328 (1 e . A
25 C, P I, T K HeAk ZnO 7R R P2l 3T %
439k 1.3359, 1.3358, 1.3359, 1.3359. ML SRR
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