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ABSTRACT

A seriesof Cu(ll), Co(Il), Ni(I1)and Cd(I1) complexeswith 4-amino -1,2,4-
triazole-3,5-di(2-Pyridyl)(abpt) have been prepared. The structure of the
complexes was determined by means of element analysis, molar
conductance, infrared and electronic spectra and thermal studies. The
thermal decomposition study of the prepared complexes was monitored by
TG, DTG and DTA analysisin dynamic atmosphere of nitrogen. TG DTG and
DTA studies confirmed the chemical formulations of these complexes. The
kinetic parameters were determined from the thermal decomposition data
using the graphical methods of Coats-Redfern and Horwitz- Metzger.
Thermodynamic parameters were calculated using standard relations. The
values of the activation energy increases by theincrease of the step number,
this may be attributed to the structural rigidity of the ligands. The
decomposition stability order of the complexes depends on the metal used.
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1.INTRODUCTION

Theuseof 1,2 4-triazole, moi ety asapart of ligand
sysemshasga ned considerabl eattention recent years¥,
thismainly because of thefact that Triazolederivatives
occur insevera drug substancesamongwhichisthe
phsychopharmocol ogicd activedassof benzodiazepine
annelated triazoles. Thefour nitrogen atomsof these
mol ecul es offer many modes of donation and chelation
thereby making them attractiveligands. The coordina-
tion chemistry of theligand 4-amino3.4-bis-(pyridine-
2-y)-1,2,4-triazole (abpt)wasinitiated by Reedijk and
coworkersthey reported®® avariety of mononuclear
and/or dinuclear complexesof trangtion metalswithin-

teresting gpectroscopic and X-ray crystalographic stud-
iesand established apreferred chelating behavior in-
volvingthenitrogensof triazoleand pyridyl group. The
ligand strengthistheright region to give spin crossover
compoundswithiron (I1) sats.

The1,2,4-triazole prepared by Dallacker™ system
isaso of magnetochemical interest becauseitisableto
act ashbridge between metd centersthus mediating ex-
change coupling, In addition it representsahybrid of
pyrazoleandimidazolewith regard to thearrangement
of itsthreehetero atomsthus promising arich and ver-
satile coordination chemistry. Inthis contribution the
synthesis, purification and characterization of Cu(ll),
Ni(1l), Co(ll) and Cd(lI) complexes. The complexes
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obtained were characterized by elementa andysis, IR,
UV-Visible spectral and therma analysis. Thekinetic
and thermodynamic parameterswere determined from
the thermal decomposition data using the graphical
methodsof coats-Redfernand Horowitz- Metzger. The
ligand hasthefollowing structure:

N N
17 YT
~ NH, =

Figurel: Sructurerepresentation of theLigand

2.EXPERIMENTAL

2.1. Materials

All chemicdsinthe preparativework wereof A.R.
or equivaent analytica grade, they includethefollow-
ing CuCl,.2H,0, CoCl,.6H,O, NiCl,.6H,0,
CdCl,.2.5H,0 and thetitleligand (abpt).

2.2.Complex preparation

The complexesof theNi(ll) and Co(ll) have been
previously prepared® aswell as Cu(ll) complex™.

For the Cd(ll) complex, to a solution of 2mmol
metal sat (CdCl,,.2.5H,0) in hot methanol, asolution
of Immol (abpt) in 25 hot methanol was added, the
complex formed during stirring after 3-4hrs.

2.3. Physical measurements

Elementa andysisof thesolid complexeswerepre-
paredine ementar system of GmbhVario El. Electronic
spectraof thesolid complexeswererun on PerkinElmer

Us/VIS Spectrophotometer Lambda 40 using 1-cm
matched slicacells. IR-Spectrawere obtained in KBr
discsusing 470 shimadzu infrared spectrophotometer
(4000-400cm). Conductivity measurementswerecar-
ried out using CDM 216 Meter |ab conductivity meter
inDMF solutionat 10*M concentrationsat room tem-
perature.

RESULTSAND DISCUSSION

Theandyticd and physcal datafor the complexes
areresumedin TABLE 1. Theresultsagreewith the
formulas displayed in TABLE 1 for the complexes.
Colour, andyticd resultsand molar conductivity values
for the prepared complexesaregiveninTABLE 1. The
ligand usedinthisstudy isflexi dentatewhereit can act
as neutral tetradentate ligand. Theresults of the el -
ementd andyssareconsstentwith 2:1or 2:2metd ion
to ligand complexes having the formula
[M,(abpt)Cl,]xH, O and [Ni.(adpt).(H,0),]Cl ,.2H,O,
where M=Cu(Il) or Co(ll) or Cd(Il) x =2-3. Themea-
sured molar conductancevalues of thecomplexesare
intherangenonel ectrolyte. On the other hand themea
sured molar conductanceva ueof theNi(I11) complexes
present intherange 1:4 e ectrol ytes.

Electronic spectra

Thev  ande  valuesof the absorption bands
recoded for DM F solutionsof varioussynthesized com-
plexesarerecorded in (TABLE 1). Thebandsin the
range 23-35.0kK areassignedto Ln* «— Mdr metal
toligand chargetransfer (MLCT) transition. The d-d
transitionwithv__ at 16.8 kK that appeared inthe Ni

TABLE 1: Physical, Elemental Analysis, IR, Electronic spectral bandsand Molar Conductivity Datain MeOH of the

complexes
Calc(Found) % Am KK N-H C-N c=C
complex color mt v(kK) Assignment  (NH) v (C-N) v (C=C)
P C  H N M 1 (Emaen) ’ [om™] [em] [om]
[CUx(@bp)Cly). 2H,0
2067 3097 16.60 239(859.7)  LMCT 3300
CLsCliCituleO (2915) (259) (1647) 9N 595 4 350968) d-d 1500 130 1570
[%%2(2?%) C#] A 3096 5424 1749 o 2L69(1633)  LMCT 3400 ..
KA m?t=1255§_69$ 3 (30.21) (5.313) (17.22) ' 14.88 (612.2) d-d 1600
[N'Z(il"ipgf(gon)“]Nc'éZHzo 3492 4779 1987 light .,  3558(124) LMCT 3250 .
2M \Xn:mss?i 7172 6 (34.16) (3.820) (19.92) blue ' 16.8(116) d-d 1600
[ggngg)ﬂ“] 'N3H020 234 2263 1279 a3 2160(168.0) tmg /O o0 e
ﬁ/n vxft:léséegs 3 (23.14) (2.155) (12.75) ' 36.00(2000.0) 1600
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(1) complex isassignableto thetransition ‘A, . 4T
of the octahedra structure®¥,

Thed-dédectronictrangtion of theCu(l1) and Co(Il)
complexeswereobserved asan asymmetric band with
v, .a 11.3and 14.88kK respectively, whichisindica
tiveof atetrahedrd stereochemica configuration around
the Cu(ll) and Co(ll) ions. These are assignableto °T,
— 3T (p) and*T, — 'E, transitions respectively*,

Infrared spectra

Assignments of the most prominent IR bands pro-
vide supportive structural evidencefor the coordina-
tion modeinthecomplexesTABLE 1. TheIR spectra
of thefreeligand and Complexesexhibit variousbands
in the 200-4000cm* region most relevant infrared
peaksfor theligand and complexesarein TABLE 1.
The observed shift of theligand bands in the corre-
sponding complexeswastaken as evidencefor theco-
ordination of theligand to themetal ions

The NH, stretching vibration at 3300cm* for the
(abpt) ligand moiety isfound to be at the same position
inthe spectraof the complexes. Thisindicatesthat this
group isnot coordinated to the metal ion*. Thepyri-
dineringsshow intens vevibration bandsnear 1580cm
1 upon pyridinecoordinationto themeta thesebandsis
high shifted™®. The IR datashow that thisisthe case
for both pyridineringsof theligandsintheNi(Il) com-
plexesasconc udefromthe2:2 compositionsthismeans
that both pyridine nitrogenstogether with two of the
triazolenitrogensare coordinated totheNickel. Incase
of theCo(ll), Cu(Il), Cd(Il) complexestherearetwo
IR bandsin the 16590-1600cm* range Thismeansthat
inthese1:2M complexeseach tiazoleligand usesone
pyridinenitrogen and probably onetiazolenitrogen for
chelate binding aswas confirmed by structure determi-
nation™. Thespectraof thefreeligand hasstrong band,
the characteristic band appearing inthe 1340cm™ re-
gionisassigned to the vibration of thev(C=N) This
band acquiresan appreci able shift towardshigher fre-
guency in the IR spectra of the complexes strucure.
The complexes showed abroad band around 3400cm
*whichisdueto complexesv,,, water moleculespresent
inthe complex. Based on theforgoing discussionthe
proposed structure of the complexes can be formu-
lated asfollows:

—= Fyll Poper

L:2M
M= Co (I1), Cu(ll), Cd(ll)

50

Cl;.2H,0

M
Figure?2: Sructurerepresentation of the metal complexes

Thermal measur ements

Thermogravimetric analysis of the various com-
plexeswas carried out using ashimadzu DTG 60HZ
thermal andyzer, a heatingrate 10°C min-tindynamic
nitrogen atmosphere. Themeasured curves obtained
during TGA scanning were anayzed to givethe per-
centage massloss as afunction of temperature. The
different decomposition datausing coats-Redfernand
Horwitz-Metzger methods™*12,

Coats-Redfern equation

n[%]ﬂ“.sforn;el @
In [‘1’12;2‘“)]=M+Bforn=l )

where a is the fraction of material decomposed, nisthe order
of the decomposition reaction and M=E*/R and B=ZR/®E*;
E*, R, Z and @ are the activation energy, molar gas constant,
pre-exponential factor (Collision factor) and heating rate re-
spectively.

Howitz-M etzger equation

InZRT¢ E*
OE*

L E*0
“RTs RTZ

Ln [1—(1—a)1‘” for n=1 (3)
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In [-In(l-a)] = % for n=1 %)

where 6 = T-Ts, Tsisthe temperature at the DTG peak.
Thecorre ation coefficient r, was computed usng the
least squaresmethod for different valuesof nby plotting
theleft hand sideof equation.1and.2aganst /T and 6
for equations .3, and 4. Linear relationshipswere ob-
tanedfor different valuesof nrangingfrom0to 2. The
vaueof nwhich gavethebestfit (r~ 1) was chosen as
the order parameter for the decomposition stage of in-
terest. From theintercept and linear dopeof such stage,
thekinetic parametersE* and Z were cd cul ated.
Thermodynamic parameters entropy (AS*), en-
thalpy (AH*) and free energy (AG*) of activation were

cd culated using thefollowing standard rel ationg*3.
[ Ln Zh]
As* = [In

KTs
AH* = AE* + A nRT

©)

(6)
AG* = AE* + TSA S* 0

Where h, plank’s constant ; K, Boltzman Constant ; R, Molar
gas constant ; Ts, Temperature at the DTG Peak.

Thermal decomposition studies

Thethermal analysisof the complexesin nitrogen
atmosphere show 6-7 decomposition stepsTABLE 2,
the kinetic and thermodynamic parameters are in
TABLE 3.

TABLE 2: TGA datafor themetal complexes

Weight loss %

Complex no. Temp. range°C Step no. L oss of moiety process
Calc(found)

18.72-194.73 [ 6.64 (96.339) 2H,0 Dehydration
195.79-266.85 11 9.55(9.192) NH»+Cl Decomposition
[Cuy(abpt)Cl4]. 2H,0 267.67-328, .11 v 2.58(1.189 N Decomposition
329.34-373.8 \% 6.54 (7.765) cl Decomposition
374.67-524.9 VI 8.94 (10.22) Cl,CH Decomposition

19.59-225.18 9.73(11.64) 3H,0 Dehydration
226.00-340.44 I, 1,1 12.78 (11.33) 2Cl Decomposition
[Coy,(abpt)Cl4]. 3H,0 341.66-447.52 v 2.88 (4.041) NH, Decomposition
448.75-499.43 \Y 6.395 (4.675) Cl Decomposition
VI Decomposition

28.14-117.0 [ 12.93(11.89) 6H,0 Dehydration
) 118.22-293.13 " 4.24 (4.961) Cl Decomposition
[N'Z(abptz)ﬁ("go)“]' Cla 20394-355.74 IV 10.409 (9.843) 2CI+NH, Decomposition
? 356.95-443.8 Y 6.165 (6.063) Cl+NH, Decomposition
444.61-498.34 Vi 9.580 (8.819) No+C4H4 Decomposition

19.82-211.48 I, 1,1 8.206 (8.172) 3H20 Dehydration
212.7-248.59 v 2.429 (3.1331) NH2 Decomposition
[Cd(abpt), Cl4]. 3H,0 249.81-336.26 \Y 10.77 (9.175) 2Cl Decomposition
337.48-423.93 Vi 2.192 (2.519) N Decomposition
426.38-562.58 Vil 40.25 (32.849) Ci, Hg N3+2CI Decomposition

Thermal analysisof [ Cu,(abpt)CI ].2H,0

TheTGA of thecomplex Cu(ll) gavesix steps(Fg-
ure3). Thefirst step (T=18.72-66.73°C, E*=24.808
K /mol) isassignableto theremoval of the onewater
molecule. The second step (T=67.54- 194.73 °C),
E*=101.95K /mol) isassignableto theremova of the
second water molecule. The third step (T = 195.79-

266.85°C, E*=116.9535 K /mol) isassignableto the
remova of thedissociation of the abpt ligand withthe
removal of NH, moiety and chlorineatom. Thefourth
step (T= 267.67-328.11 °C, E*= 158.86 K /mol) is
assgnabletotheremova of nitrogenatom. Thefifthstep
(T=329.34 -373.86°C, E*= 162.762 K /mol) is as-
signableto theremoval of chlorineatom. Step six (T=
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374.67-524.9°C, E*=134.192 K /mol) isassignable
totheremovd of chlorineatomand CH moiety.

[Cu,(abpt)Cly]. 2H,O —= [Cu,(abpt)Cl4]

[Cuy(C12HgNs)Cl3]

v

V, VI
[Cuy(C11H7NL)CI] W [Cux(C1oHgN,)Cl3]

£4=

E.E-‘ fj

R0
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Figure 3: Coats- Redfern and Horwitz —metzger plots of
Copper complex

For different steps of decomposition

a: first step, b: second step, c: third step, d: fourth step,
e fifth step, f: sixth step

Thermal analysisof [Co,(abpt)Cl,]. 3H,0

The Cobat complex TGA displayssix decomposi-
tion steps. The first step (T=19.59-68.23°C,

—= Fyl] Paper

E*=30.358 K /mol), the second step (T=69.64-
162.64°C, E*=40.607 K /mol), the third step
((T=163.64-225.18°C, E*=112.959 K /mol).Thefirst
three steps are assignable to removal of three water
molecules. The fourth step (T=226.00 -340.44°C,
E*=102.08 K /moal) isassignable to removal of two
chlorineatoms. Thefifth step (T=341.66-447.52°C,
E*=199.49K /mol) isassignableto removal of NH,
moiety. The sixth step (T= 448.75-199.43°C,
E*=579.185K /mol) isassignableto remova of two
chlorine

LI
[Cou(@bpt)Cly]. 3H,0 ——— [Coy(abpt)Cly]

3H,0
|vl -Cl,
V,VI
[C0y(C1oHgN5)Cl] ~———— [Cop(abpt)Cly]
-NH,,-Cl

Thermal analysisof [Ni(abpt).(H,0),ICl,.2H.,O

TheNickel complex TGA displayssix decomposi-
tion steps. Thefirst step (T=28.14-57.22°C, E*=64.26
K /mol), the second step (T=58.43-117.02°C,
E*=103.691K /moal). Thefirst two steps are assign-
ableto theremoval of six water molecules. Thethird
step ((T=118,22-293013°C, E*=118.01 K /mol) is
assignabletoremovad of onechlorineatom. Thefourth
step (T=293.94-355.74°C, E*=194.4312 K /moal) is
assignabletoremoval of two chlorineatomsand NH,
moiety. The fifth step (T=356.95-443.8°C,
E*=186.743K /moal) isassignableto removal of NH,
moiety. The sixth step (T= 444.75-498.34°C,
E*=308.259 K /mol) isassignableto remova of two
nitrogen atomsand four CH moiety

I,
[Nix(abpt);(H20)4] Clg.2H,0 W [Nix(abpt),] Cly
-6H>

11 -Ckl 1V -Cl,

V.VI
-«—— [Niy(abpt) (C12HgNE)Cl
-NH,,-Cl -N,

[Nix(C1oHgN4)2]

Thermal analysisof [Cd,(abpt)Cl,]3H,0

TheCadmium complex TGA displayseght decom-
position steps. The first step (T=19.82-77.32°C,
E*=56.45K /mol), thesecond step (T=78.54-107.9°C,
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E*=78.086K /mol).The third step ((T=109.12-
211.48°C,E*=118.96 K /moal). Thefirst threestepsare
assignabletoremovd of thethreewater molecules. The
fourth step (T=212.7-248.59°C, E*=214.23 K /mol)
isassignableto remova of two NH, moiety. Thefifth
step (T=249.81- 336.26°C, E*=222.73 K /mol) isas-
sggnabletoremova of two chlorineatoms. Thesxthstep
(T=337.48- 423.93°C, E*=48.37 K /mol) is assign-
abletoremoval of onenitrogen atom. The seventh step
(T=426.38-562.58°C, E*=247.82 K /mol) isassign-
ableto presenceof 2/3Cd,N, asresidue. Stepeight (T=
564.62- 751.79°C, E*= 249.8716 K /mal) is assign-
abletotheremovd of thenitrogen and some cadmium
metd sinceit meltsat 325°C.

Studying the TGA and DTA curvesfor the com-
plexesindicatesthat thereisaseriesof therma changes
ontheir DTA curvesassociate theweight lossin the
TGA curves. Thisstudy leadsto thefollowing conclu-
sons
(1) Thepresenceof morethan oneexothermic peak
inthe DTA curvesof the complexesrevea sthat
thepyrolysisoccursin severa steps.
Thedifferenceinthe shape of the DTA curvesof
the complexeswith respect to each other may at-
tributeto thestructurd featuresof theligand or the
strength of the chelation between themetd ionand
theligand. Thisalsoledto thevariety inthether-
mal behavior of the complexed.

On heeting the compl exes contai ning water mol-
eculesfrom room temperature, thelossin weight
indicated by TGA curvesisaccompaniedin some
cases by endothermic peaksinthe DTA curves.
Thisweight lossmay correspond to the evolution
of water moleculeg®?.

Thethermal behavior of the complexesdisplays
an observable difference with respect to each
other. Thisdifferenceindicatesthat thermal be-
havior of these complexesdependsmainly onthe
typeof themetd ion rather than theligand.

M ost complexeshaving DTA curves character-
ized by the presence of main sharp and strong exo-
thermic peaksintheir ends. Thesepesksare as-
sociated with aweight loss on the TGA curves
corresponding to the decomposition of thestable
intermediate compoundsinto the corresponding
final resdue.

2

3)

(4)

©)

Thermodynamic parameters

Theentropy (AS*), enthalpy (AH*) and free en-
ergy (AG*) of activation were calculated for the com-
plexesusing standard equation™ andthevaluesarein
TABLE 3. The obtained data could be discussed as
follows
(1) Theentropy werefoundto benegative, whichin-
dicatesamore ordered activated state that may
be possible through the chemi sorptions of thede-
composition productg®?2,

Thehighvalues of thefree energy of activation
(AG*) for most of the steps in the decomposition
reactions of the complexes mean that the decom-
position reactionsare slower than that of the nor-
mal ones®3.

Thevaluesof thefreeenergy of activation (AG*)
of agiven complexes, generally increase signifi-
cantly for the subsequent decomposition stages.
Thisisduetoincreasingthevaluesof TAS* sig-
nificantly from one step to another which over-
ridesthevalues of AH*13,

Thereismuch closenessin the entha py (AH*)
values obtained by coats-Redfern equation and
Howitz-Metzger equation, indicating that thether-
ma degradation of thesecomplexesfollow thestan-
dard methods.

Kinetic parameter sand ther mal behaviour

)

3

(4)

() Thethermal decomposition of the complexesis
not 9 mpleand theprocessesgenerdly involveover-
lapping stepswhich together with thegreat diver-
Sity of possibleintermediate products precludes
exhaudtiveinterpretations. Although by successful
prediction and interpretation of thermal decom-
position patternsfor many complexes.

(i) Theprocedurefor thetherma decompositionA(s)

?B(5)+C(g) which can bestudied kineticaly.

All the complexeshaving auniform decomposi-

tion pattern.

inal complexesdehydration beingthefirst steps,

whenever they containingthewater molecules, |oss

of the side chain of theligand being the second
step and theloss of theligand fragmentsarethe
third or thelater stepswith the ultimate products.

(v) Inmost casesthevaluesof thekinetic parameters

(i)
)
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TABLE 3: Kineticand ther modynamic par ameteresfor thether mal decomposition of metal complexesAE, AH and AGin KJ/
mol*Zin S?, Asin KJ/molK-

Coats.Redfern Thermodynamic parametrs Horwitz-M etzge Thermodynamic parametrs
Complex no. step order
E z As AH AG r E z As AH AG
[Cu,(abpt)Cl,]. 2H,0 1% 033 09999 3223 51963 -19344 34.86 96.22 09987 3596 3.933x10° 17661 3859 96.61
2™ 10 09999 10195 164212 -18519 10504 173.84 1.0 10821 2.209x10° -182.74 111301 179.23
39 033 09998 116953 1910.741 -186.76 121.29 214.84 1.0 12464 1.612x10° -54.166 12862 157.25
4" 00 09599 12295 2000.03 -187.96 128.2 246.92 09679 13372 348x10° -87.63 13897 194.321
5" 00 09974 7128 115073 -194.22 77.69 22754 09994 80.79 5.804x10° -199.91 87.20 241.443
6" 00 09657 9665 155893 -193.13 10427 28144 09750 112.83\ 3.78x10° -18577 12045 290.87
[Coy(abpt)Cl,]. 3H,0O 1% 033 09872 27.78 448.09 -194.63 30.405 91.87 09931 33024 9.266x10° -18859 35.64 95.124
2™ 05 1.0 40.60 654.175 -193.67 4405 12357 0.9999 47.492 4.891x10° -177.03 5090 123.63
39 10 09992 140.13 231007 -18420 14398 22948 09988 147.97 4.186x10" 31.327 151.82 137.289
4" 00 09999 86401 1400.62 -189.52 90.83  192.00 1.0 9574 5.961x10° -12043 100.17 164.45
5" 033 09999 18575 305509 -184.27 19117 311413 1.0 197.33 2.904x10® 6.31 202.7  198.63
6" 20 09935 87581 143085 172901 882.94 1010.60 0.9928 809.614 6.397x10°* 930.78 81575 128.52
7™ 10 10 19652 3168.85 -187.27 204.174 3765 1.0 21007 39.14x10° -7064 217.72 282.75
[Niy(abpt),(H;0)4]. Cl4 2H,0 1% 20 09828 10383 110954 -19368 106.06 16531 0.9807 108.95 8.296x10™ 59.18 111.632 29.54
2™ 00 09949 79.65 1300.76 186.88 82.64 144.85 09964 8553 1.33x10° -5264 8852 107.453
39 20 09373 148.88 2398418 -183.07 15237 229.416 0.9376 155646 3.588x10Y 8829 159.144 121.99
4" 00 09835 177,16 2916.26 -184.39 18214 292.66 09475 206.35 4.588x10"° 4898 211.33 181.97
5" 20 09994 46520 7591.11 -177.75 46878 48126 0.9985 479.22 2.82x10* 4075 48505 198.99
6" 1.0 0.9857 360.73 583548 -180.35 366.86 499.88 009815 384.06 1.419x10® 229.07 390.192 221.23
7" 066 04314 14.97 354 -109.54 2241 120516 0.9997 102.226 1.432x10° -193.64 109.67 283.08
8" 00 09897 179.47 291264 -188.68 187.79 376.82 0.9919 19522 3.64x10° -110.24 20354 313.99
[Cd,(abpt) Cl4]. 3H,0 1% 033 09993 54.41 883,74 188913 57.011 11611 09999 59.859 3.15x10° -101.76 62.46 94.29
2™ 20 0998 20232 327669 -179.37 20538 271,42 09972 20932 55x10® 30359 212.38 100.611
39 05 09858 11896 1960.24 -184.27 12226 19547 09891 126.173 1.259x10% 2263 12947 12048
4" 033 09999 191.92 3101.06 -18244 196.111 288.08 0.9997 198.975 3.617x10® 106.00 203.166 149.72
5" 1.0 009998 273.83 44.29.74 -180.59 278.62 382.81 0.9999 28344 1.24x10* 210.84 288.23 166.600
6" 20 09918 80.849 1309.815 -191.79 86.27 211503 0.9628 74.806 2317.90 -187.01 80.23 202.335
7" 05 09999 247.82 400.78 184121 254.214 400.80 0.9999 2654 2.19x10"° 4059 27201 239.704
8" 20 09677 297.98 481049 183904 30573 477.181 09695 31219 571x10* 28124 31994 293.72
obtained from Horwitz-Metzger equation arehigher REFERENCES
than the values obtained from Coats-Redfern
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