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Table 1 Components of the nano ZnO

Component ZnO Pb Mn Cu
w (%) 99.96 0.037 0.037 0.0002

2 ZRHER5ITIL
2.1 Zh3K ZnO RiZ 5 H

2004-09-29 W EFIFE, 2004-11-23 EMESRS.  BXRA A (E-mail ; tzc@dicp.ac.cn; Tel; 0411-84379199; Fax;0411-84685940).

*E% B AR A (20373072, 20073047) %R H



No.4 IR KA B A R IR A R S A 447

60 |- .

ﬁM ......,,.n,-"’.

E rys o

>

0l
e
60 20 %0 210 300 360
/K

Fan _ 40 . " B 2 #4KZn0 (d=30 nm) SLIEERMA Lk
Bl WKELHESEMESH Fig. 2 Curve of experimental molar heat
Fig. 1 SEM image of the nano ZnO capacities for the nano ZnO (d=30 nm)
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Table 2  Experimental molar heat capacities of the nano ZnO in the temperature range of 83~350 K

TIK C, /1K *mol™ TIK C, /1*K™mol™ TIK C, /1-K™-mol™
83.06 14.23 154.60 27.40 246.62 4191
85.16 14.64 156.38 27.73 250.15 42,37
86.79 15.02 157.50 27.04 252.87 4277
89.33 15.55 159.65 28.05 255.81 4334
90.79 15.93 161.39 28.39 258.78 43.86
93.17 16.38 163.59 28.77 261.60 4431
96.64 17.11 165.64 2915 264.73 44.87
99.11 17.61 168.13 29,55 268.39 4546
101.85 18.14 169.88 29.80 272,15 4591
104.34 18.65 172.49 30.07 275.73 46.52
106.60 19.17 17443 30.30 279.33 47.23
109.24 19.65 176.61 30.61 283.62 47.89
111.81 20.08 178.37 30.99 286.87 48.41
114.19 20.50 180.30 31.29 289.38 48.81
115.79 20.75 181.84 31.60 291.70 49.17
117.54 21.07 183.78 31.87 294.77 49.56
119.23 21.41 184.88 3213 297.08 49.92
121.00 21.75 186.39 32.40 299.97 50.31
122.99 22.06 188.38 32.74 302.84 50.62
124.82 22.38 190.30 33.05 305.53 51.02
126.11 22,50 192.91 33.49 307.84 51.32
128.05 23.01 195.90 33.97 310.56 51.77
130.00 2351 199.03 34.42 312.87 52.03
132.11 23.88 202.16 34.87 315.94 52.60
134.03 24.18 205.62 3536 318.63 53.0
135.66 24.38 200.22 35.87 321.85 53.57
137.60 24.76 212.83 3643 324.90 54.01
139.71 25.05 21645 3715 327.42 54.32
140.99 25.35 22035 37.74 32993 54.58
143.26 25.60 224.44 38.38 332.80 55.16
144.73 25.72 22741 38.90 335.31 55.73
146.01 26.02 230.56 39.35 339.07 56.22
14747 26.35 232.60 39.83 342.29 56.78
149.74 26.64 235.88 40.39 344.63 57.27
151.37 26.93 23918 40.90 347.79 57.88

152.81 27.15 242.90 41.40 350.56 58.46
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Table 3  Thermodynamic functions of the nano ZnO

FH

Cp HT _HZ()&IB ST _SZ()&IB _(07 _GZ()&B)
T/K _— [ it o TER
J-K"'+mol™ kJ -mol™ J-K™"'+mol™ kJ -mol™

30 14.00 -7.12 -37.89 4.08

90 1591 —-6.97 -36.13 3.71
100 17.79 -6.80 -34.36 3.36
110 19.62 —6.61 -32.58 3.03
120 21.41 -6.41 -30.79 2.71
130 23.17 -6.18 -29.01 2.41
140 24.89 -5.94 -27.23 2.13
150 26.59 -5.68 -25.45 1.87
160 28.25 -5.41 -23.68 1.62
170 29.89 -5.12 -21.92 1.39
180 31.51 -4.81 -20.17 1.18
190 33.11 —4.49 -18.42 0.99
200 34.69 -4.15 -16.68 0.81
210 36.25 -3.80 -14.95 0.66
220 37.81 -3.43 -13.23 0.52
230 39.35 -3.04 -11.51 0.39
240 40.89 -2.64 -9.81 0.28
250 42.43 -2.22 -8.11 0.20
260 43.96 -1.79 -6.41 0.12
270 45.50 -1.34 -4.72 0.07
280 47.04 -0.88 -3.04 0.03
290 48.59 -0.40 -1.36 0.01
300 50.14 0.09 0.31 0.00
310 51.71 0.60 1.98 0.01
320 53.30 1.13 3.65 0.04
330 54.90 1.67 5.31 0.09
340 56.53 2.23 6.97 0.15
350 58.17 2.80 8.64 0.22
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Fig.3 Comparison of heat capacities between 30 nm.18 nm nano ZnO and crystalline ZnO(a) and enlarged

curves of heat capacities in the temperature range of 80~150 K(b)
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Low-temperature Heat Capacity and Thermodynamic Functions of Nano ZnO*

YUE, Dan-Ting'?  TAN, Zhi-Cheng' DONG, Li-Na*

SUN, Li-Xian'

ZHANG, Tao'

(‘Thermochemistry Laboratory. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023;

*Marine Engineering College, Dialian Maritime University, Dalian 116026 )

Abstract The size of nano ZnO powders was determined to be 30 nm in diameter by SEM. The isobaric
molar heat capacity C, of the nano ZnO was measured with high precision adiabatic low-temperature calorimeter
in temperature range from 83 K to 350 K. The relationship of C, with temperature 7 was established as:
C, = =3.249 + 0.2400T — 3.413x107'T* + 4.485x107'T*.

The thermodynamic functions of the nano ZnO, relative to the standard temperature of 298.15 K, were derived
based on the heat capacity data through thermodynamic relationship. The measured C, values were compared
with those of coarse crystal and 18 nm ZnO powders cited from literature and the difference between the C,
curves was analyzed.
Keywords: Nano ZnO,

Low-temperature heat capacity, —Thermodynamic functions
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