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An accurate method of density measurement is proposed. The method makes use of a gravimetric adsorption apparatus 

and is quite suitable for powdery and porous solid samples. The sample volume is determined by measuring its 

buoyancy with microbalance and the mass is measured in vacuum in the absence of buoyancy effect. Densities of 

inorganic compounds, such as alumina and perovskite, and some organic compounds are determined with the proposed 

method, and the results are compared with the values either determined with conventional methods or obtained 

from literatures.

Introduction

The density of m가erial, a ratio of the sample mass to 

the volume, is one of the fundamental properties. However, 

the result of measurement is subjected to a considerable 

error especially when the sample is fine powdery or porous 

solid. The density of solid sample is commonly determined 

with a conventional liquid displacement method1^4, in which 

the real volume is measured by the volume of the liquid 

which is displaced by the sample. In most measurements, 

however, a considerable amount of gas dispersed as fine 

bubbles and trapped in fine capillary pores can not be readily 

displaced by the liquid, hence an overestimated value of the 

sample volume is resulted. Thi옹 inaccuracy in the sample 

volume measurement combined with the buoyancy effect 

which comes in when the sample mass is measured in the 

air results in an inaccurate density. This inaccuracy is signi

ficant especially when the sample is fine powdery or fine 

porous solid. In the gas volume measuring method, the 

known mass of sample is placed in a known volume of con

tainer and the v이ume of an inert gas which fills the pores 

and the free space is measured to obtain the sample volume. 

This method is also subject to a considerable error due to 

the inherent inaccuracy in the gas volume measurement. X- 

ray data for lattice dimension is also used to calculate the 

density. A correction for the lattice defects is neglected 

usually in calculating the density.

This paper is a supplement to a note previously reported 

in this journal5. The theoretical basis of the proposed method 

is the same, but the method is described in detail with the 

insertion of experimental basis in order to show the reliabil

ity of the method. Variety of samples ranging from organic 

to inorganic compounds are used for density measurement, 

and the results are found very satisfactory.

Experiments

Samples. Alumina samples are obtained by immersing 

aluminium foils with oxide film grown on it in an acid solu

tion to dissolve off the metal. The oxide left thereupon is 

very fragile and porous, and is known to have an /-alumina 

structure.

The perovskite-type mixed oxide samples are synthesized 

by the citrate precipitation method6 from the met지 nitrates 

in this laboratory. The crystal structures of synthesized ox

ides are confirmed with SEM and XRD. Other organic and 

inorganic samples are commercially obtained reagent grades.

Sensitivity of the balance. A gravimetric adsorption 

apparatus with a Nernst-Donau type quartz beam microbal

ance is 니sed牛 It has been described in a previous paper8. 

The sensitivity of the microbalance is determined by coun

terbalancing the standard weight. Alnico wire is used as 

the counter weight around which magnetic fi여d is generated 

by the controlled electric current passing through a solenoid, 

wound right around the outer wall of the encasing tube. 

Gold weights of known mass ranging from 372 gg through 

3183 pg are used as standard weights for calibration of the 

balance. A good linearity between the voltage of the counter

balancing current and the mass of the standard weights was 

obtained. The sensitivity of the balance calculated from this 

linearity was 2.23 pg/mV.

Blank volume of the balance. Whenever the mass 

of a sample is measured with a balance, there arises a buoy

ancy effect due to the unequal volume distribution between 

two arms of the balance beam. The magnitude of this buoy

ancy effect is a function of the pressure of the gas surroun

ding the balance according to the Archimedes' principle. It 

can be given by the following equation, assuming the ideal 

behavior of the gas.

片着J

where, M is the molar mass of the gas, AV the volume 

difference between two arms of the balace beam, and other 

symbols have their usual physical meanings. The buoyancy 

is the difference in weights measured in the fluid and in 

vacuum. Argon is used as a fluid gas. The buoyancy is meas

ured at various pressures and plotted against the pressure. 

A straight line should be resulted in according to the above 

equation, with the slope of M^V/RT. From the slope AV 

can be calculated.

The value of AV determined in this way includes two 

contributions: one from the sample and the other from the 

unequal volume distribution of the balance between two arms. 

In order to estimate the latter effect, following experiments 

are carried out with the sample bucket loaded successively 

with 5 tiny glass bulbs of known volume. The chamber arm,
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Figure 1. Buoyancy vs. the gas pressure, when the sample buck

et is loaded with a glass bulb of 0.377 cm3.

Figure 2. Buoyancy vs. the gas pressure, when the sample buck

et is loaded with 1血.卯* 0顧NiO*

Table 1. Blank Volume of the Balance

Bulb 1 2 3 4 5

Volume of bulb (cm3) 0.377 0.378 0.388 0.440 0.567

AV (cm3)* 0.309 0.306 0.321 0.364 0.487

Blank volume -0.068 -0.072 -0.067 -0.076 -0.080

* Values are the volumes measured without blank volume cor

rection.

in으ide of which the sample bucket is suspended, is immersed 

in ice water, and kept the temperature of the system at 0t^ 

during the measurement. The displacing gas, argon, is intro

duced slowly through a variable leak valve (capable of con

trolling the inlet gas at the rate of IO-10 cm3/sec through 

100 cm3/sec). With a glass bulb of 0.377 cm3 loaded on the 

sample bucket, the counterbalancing voltage is measured as 

a function of the gas pressure. The buoyancy is calculated 

and plotted against the gas pressure as shown in Figure

1. Similar measurements are repeated with other glass bulbs 

successively. These results are used to calculate the volume 

contribution of the balance itself. This contribution, shown 

in Table 1, is a blank volume to be corrected to the volume 

of the sample measured in the course of the density mea

surement. The blank volume obtained in this way is — 0.073 

cm3 in average. The negative sign means that the counter

weight side of the balance is bulkier.

Results and Discussions

The sample mass is measured in vacuum in order to elim

inate buoyancy and gas adsorption effects. For this purpose 

the mass of the sample is measured in air and the corres

ponding voltage which counterweight the sample is measured 

with the microbalance at first. Then the system with the 

sample loaded on the balance is evacuated down to 10-5-10-6 

torr. The counterweighing voltage is measured with the 

sample in this completely desorbed state. The difference be

tween the voltage in air and in vacuum can be attributed 

to the elimination of the buoyancy and adsorption effects.

Table 2. The Densities Determined with Various Method

Sample
Density (g/cm3)

This Conven

tional

Lattice 

parameter9

Litera

ture1011

LaNiO3 6.84 6.71 7.22

Lao.99Sro.oiNi03 6.81

Lao.9gSro.o2N i()3 7.00 6.64

Lao.9?Sro.o3Ni03 6.83

LagSromNiQ 6.84 6.04

Lao^Sro.oeNiOs 6.82

Lao^Bao.oiNiOs 7.57

LaFeO.3 6.67 6.00 6.64

Aluminium foil with 2.98

oxide film (1)

Aluminium foil with 3.16

oxide film (2)

y^alumina (3)' 2.56

Mannitol (CgHuOe) 1.53 1.52

Thiourea (H2NSCNH2) 1.40 1.41

Anthracene (C14H10) 1.21 1.28

Si3N4 3.15 3.20

a-SiC 3.37 3.21

a-alumina 4.14 4.00

BaCO3 4.38 4.29

TiB2 4.69 4.50

TiN 5.45 5.21

NiO 6.74 6.67

The mass equivalent of this voltage difference is calculated 

and subtracted from the mass in the air to obtain an accurate 

mass in vaccum.

The smaple volume is determined from the buoyancy 

measured in the course of its mass measurement. The buoy

ancy effect measured for perovskite【血由淑偈卜页为 is shown 

in Figure 2. The effects of other sample오 are not shown 

as they give similar straight lines. The densities obtained 

from the masses and volumes measured in this was are 
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given in Table 2. The densities determined by the conventio

nal method of liquid displacement, those calculated from lat

tice parameters9 and the literature values10'11 are also listed 

for comparison. The densities measured with the conventio

nal liquid displacement method are found to give smaller 

values, as expected. Fairly good agreement is obtained in 

general between the values of the proposed method and 

those calculated from the lattice parameters9. Also, the values 

of this method agree very well with the literature values10,11. 

The proposed method is simple, intuitive, and yet gives quite 

an accurate result. This method will be especially of value 

when the sample is in powdery, porous form, or is reactive 

to displacing liquids.
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Through two different techniques TGA and DSC the thermal decomposition processes of salicyaldehyde G-P complexes 

having the general formula: EMC12(L)2]2+ 2C1"; where L= salicyaldehyde carbohydrazone pyridinum cation, and M = Fe 

(III), Co (II), Cu (II) and Zn (II), have been studied. From the obtained thermogravimetric curves the following parame

ters n, Ea, A, z\S구, AH*  and AG*  were evaluated. The effect of the nature of the metal ions present in the complexes 

studied upon the calculated thermodynamic parameters was reported. A suitable mechanism for the thermal decompo

sition process was suggested.

Introduction

The thermal behaviour of the complexes plays a very im

portant role for chemist to understand the mechanism of 

the thermal process. This thermal behaviour is based on 

the qualitative and quantitative analysis of the DTA and TG 

curves respectively1-5. The aim of the present work is to 

describe the thermochemical behaviour of some complexes, 

discuss the differences in their thermal stabilities and also 

to find a suitable mechanism for the thermal decomposition 

process.

Experimental

Syntheses of the complexes studied were carried out as 

mentioned previously6. The stoichiometry of the solid com

pounds obtained was confirmed by the results of the elemen

tal analysis, molar conductance of solution of the complex 

(see Table 1), and magnetic measurements.

The thermal decomposition has been studied in a Pt cruci

ble by thermo-analyser [TGA-DTA (160此)GDTA 15, 

Setram Lyon-France and DSC 777 Lyon-France] using linear 

temperature programmer with a constant heating rate of 5 

t/min. Sample weight used was in the range of 20-37.2 mg.

Results and Discussion

Analysis of the DTA Curves. All the DTA curves ob

tained showed four different peaks. For example, in the case 

of the cobalt-complex the following peaks were observed:

1. A sharp endothermic peak at 254.3t which corresponds 

to the dechlorination of the chloride ions. This was confir-


