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Abstract 

A relational database manager (DB) was previously employed to estimate values of 
kinetic parameters from isothermal TG (ITG) and from non-isothermal TG (NITG) data. 
The Paradox 3 DB, which possesses a powerful application language (PAL), was utilized to 
estimate values of reaction order n and activation energy E, and to ascertain the most 
probable decomposition mechanism from among 10 possibilities. When these results were 
compared with reported values, they were found to be in satisfactory agreement. 

The aim of this paper is to extend the utilization of PAL in the determination of values of 
E and n from NITG data. A cubic expression was employed which involves the use of slopes 
from TG curves at particular values of (Y. Analyses were carried out using theoretical TG 
data, benzenediazonium chloride, and magnesium hydroxide. 

INTRODUCTION 

The present author has previously utilized a relational database manager 
(DB) to ascertain values of kinetic parameters from isothermal TG data 
(ITG) [l] and from non-isothermal TG data (NITG) [2,3]. Thus, the 
versatile Paradox 3 DB (Borland International) was employed to determine 
reaction order IZ, activation energy E, and a ‘most probable mechanism’ 
from among 10 possibilities, using ITG and NITG. Paradox 3 was em- 
ployed because it possesses the powerful Paradox Application Language 
(PAL) which can be used to create scripts relevant to the estimation of 
kinetic parameters from TG data. 

The purpose of this paper is to continue the application of PAL and to 
determine values of E and n from NITG employing a cubic equation [4,5]. 
To this end, DB analyses of NITG were carried out using PAL for theoreti- 
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cal data, benzenediazonium chloride (BDC), and magnesium hydroxide 
WI). 

THEORETICAL ASPECTS 

It can be readily shown [6] that 

LH=[(l-a,)“-(l-&[(l-+)n-(l-~Z)] (1) 

where LH = [(RT>,/(RT>,](T,/T,>‘, RT = da/dT and (Y is the degree of 
conversion. From eqn. (11, for various fixed values of (pi and cyZ, values of 
LH can be calculated for various values of n. Thus, the following nine 
arbitrary values of al/a, were used: 0.2/O.& 0.2/0.9, 0.25/0.75, 0.3/0.6, 
0.3/0.7, 0.3/0.8, 0.4/0.7, 0.4/0.8, and 0.5/0.8. The values of n used 
ranged from 0.1 to 2. Then the calculated values of LH and n were 
correlated by means of a cubic expression such as 

n =A, +A,(LH) +A,(LH)’ +A,(LH)3 (2) 

Correlation coefficients varied from 0.9998 to 0.9999 and standard error of 
estimate values ranged from 0.00016 to 0.013. 

After an average value of n was obtained from the various (Y ratios, a 
value of E could be calculated from the following expression using a 
least-squares treatment [5] 

LHS = LN(LHS,) = (-E/R)(l/T, - l/T,) 

where LHS, = (T2/TI)2/[(1 - (1 - CZ,>‘-~>/(~ - (1 -Us)‘-‘?]. 

(3) 

RESULTS AND DISCUSSION 

Values of c~i and (Ye, TI and T2 (K), and RT, and RT, are listed in 
Tables l-3, employing values in ref. 5. These values were analyzed by 
means of the script, cubicpal (CP), listed in the Appendix. In script CP, 
eight ‘If-Endif statements were used in the analysis of the TG data in the 
three tables, even though there are only six sets of data in Table 1 for BDC 
and six in Table 2 for theoretical TG data, and only four sets of TG data in 
Table 3 for MH. This was done in order to make the script more general 
and also to use the data for the various a1/cy2 ratios given in the three 
tables. 

From the CP script, it can be observed that for the various values of a1 
and (Ye, corresponding values of the coefficients in eqn. (2) are listed. 
During the scan, when the appropriate al/a2 value is encountered, values 
of the coefficients in the corresponding row in CP are utilized to estimate n 
(values of LH are also employed). After an average value of n has been 
obtained from the various sets of a values, a value of E can then be 
determined by means of eqn. (3) (see the expressions in CP following the 
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‘Endif statement). From this, the following values for E (cal mol-‘), it, 
and standard deviation were obtained for BDC, the theoretical data and 
MH (see Tables l-3), respectively: 28878, 0.981, 0.0240 (ref. 5 gives 
corresponding values of 28553, 0.981, 0.024); 30275, 1.004, 0.0045 (ref. 5 
gives corresponding values of 30242, 1.004, 0.005); 68122, 1.828,0.0616 (ref. 
5 gives corresponding values of 62633, 1.83, 0.06). These values are in 
satisfactory agreement with values reported from the utilization of the 
Lotus spreadsheet (Release 2.2) analysis. 

In order to simplify the CP script, Table 4 was created and BDC was 
arbitrarily selected. In this table, known values of the coefficients in eqn. 
(2) were also entered for the various values of cxl and (Y*. A new script, 
cubicsht (CS), was devised to obtain values of kinetic parameters from 
Table 4 (see the Appendix). This CS script no longer includes the various 
‘If-Endif statements contained in the CP script, thus allowing for a smaller 
script. The kinetic results obtained for BDC using the CS script are almost 
identical with those reported previously using the CP script. 
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APPENDIX 

Script: D,\pdx3\sample\cubicpal 

I Calculate values of n and E using a cubic equation 
: cr. Thermochim. Acta, 164 (1990) 1 

Clear sx=o sy=o 5xX=0 sxy=o I initialize for LSS's 
7 n Which table to analyze (extension not reqd.Ir ' 
Accept "68" To tbl 
View tbl 
Editkey Home 
I ----------------Insert calcd. vals. of LH, N, LHS, Delta into tbl 

Scan 
al=CAlphal] aZ=[FllphaZ] Tl=[Tll TZ=[TZ] RTl=CRTl] RTZ=CRTZl 
LH=~RTi/RT2)S(Tl/T2):(Tl/T2) CLH]=LH 
CDeltal=tl/Tl)-(l/TZ) 
If rlc0.2 and a2=0.8 then CIAO=-1.2147 Ac11=S.8SO3 cIA2=-4.2998 AA3=1.6385 
Endif 
If alaO. and a2=0.75 then CIAO=-1.6883 Ac11=6.28063 F\A2=-4.04885 AQ3al.47883 
Endif 
If ala0.4 and a2sO.S then CIAO=-1.5997 C\Al=3.967 fM2=-1.7376 cIc\3=0.4623 
Endif 
If al=0.3 and a2sO.6 then MO=-3.89949 ~~1=10.41649 AA2=+6.60883 AA3=2.75432 
Endif 
If al=0.3 and a2=0.7 then MO=-2.3594 fic11=7.0232 AAZ=-4.1749 FIA3=1.91003 
Endif- 
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If al=O.3 and r25;O.B then CIAO= -1.3615 AM-4.4313 cIAZ=-2.3062 cIA3=0.67288 
Endif 
If al=0.4 and a2=0.7 then cIc10=+2.9409 cIF11=6.8085 AAZ=-3.634 AF13=1.2772 
Endif 
If al=O.S and a2=0.S then MO=-2.01 cIM=4.1432 AAZ=-1.7912 cIA3=0.49977 
Endif 
n=AAO+~AlS(lh~+A~2t~lh~~(lh~+~~3~~lh~&~lh~8~lh~ CNl=n 
LHSl~(T2/Tl)8(T2/T1~t((i-pow(~l-pow~~l-al~,~l-n~~~/~l-pow~~l-a2~,~l-n~~~~ 
tLHSl=LN(LHSl) 
sy=sy+CLHSl sn=sx+CDelta] J talc summations for LW's 
sxx=sxx+CDeltalXEDeltal sxy~sxy+CLHSlBCDeltal 
Endscan 
; -----__----_--- Calc final values of n(avg), STD and E(LSR's) 

Do-It! Home 
navg=caverage(tbl,"N") nstd=cstd(tbl.'N") 
nrs=Nrecords(tbl) 
~FIAZE(nrstsxy-sx$sy)/(nrs$sxx-(sxXsx)) 
Clear @lO,lO 
? * fiverage value of n =",Format("W6.3",navg), 
ti with a STD of",Format("W6.4",nstd) 
~12,lO 
7 M LSQ's value of E c",abs(int(~AAZ$Z))," cal/mol" 
sleeD 9000 

Script: Dr\pdx3\sample\cublcrht 

: Calculate values of n and E using a cubic equation. 
: This script was applred to Tablc4+(RDC data). 
: rable4+drffers from lable 1 (RDC data). rn that it 
t cnntalns parameters for the cubic equatzon. 

Clear s:c=o sy=o si:::=o sxy=o : initialize for LSQ’s 
7”Whrch table to analyze (extcnslon not req’d.): M 
FIccept “CIS” To tbl 
Edit tbl 

:Insert calcd. vals. of LH. N. LHS, Delta into Table 1A (also ‘cubrcsht’) 

Scan 
al=CCllphall a2=CAlpha21 Tl=CTll TZ=CTZl RTl=CRTll RT2=CRT21 
LH=(RTl/RT2)t(Tl/TZ)I(TI/T=) CLHI-LH 
CDeltal=(l/Tl)-(l/T21 

1 ---------------------talc wanmations for LSO’s 

sy=sy+CLHS] sx=sx+CDaltal 
~::x=s~x+CDeltaltCDeltal s:~y~rwy+CLHSltCDeltal 
Endscan 

: -----------------Calc final valuer of n(avg), STD and E(LSQ’s) 

Do It’ Hone 
navg=caverage(tbl.“N”) nstd=cstd(tbl.“N”) 
nrs=Nrecords(tbl) 
FIA~2=~nrs*sxy-sx8sy~/~nrs$sxx-~sx~~~~~ 
Clear e10.10 
-_* Average value of n =“.Format(“W~.S”,navg), 
” with an STD of”.Format(“W6.4”,nstd) 

Bl2,lO 
7”” LSQ’s value of E =“.abs(int(PIPIFI212)),” cal/mol” 
Sleep 9000 


