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IZis- ant1 tris(ctl~~lcnetli:Lmine) mctzd complexes, such as [Cu(cn)z7 [‘CclI,j] I, 
[Cr(cIl):,]SI>S4”, ~Cu(c11)2] [ I-lgr‘l]:‘, [c.:o(cn)3(scN)~] [A~(SCN).,J”, and others. hnvc long 

lxxm usctl in gravimctric nnrilj~sis. Of great irnportxncc in these clctcrrnitl~~tiol~s arc 
the drying zrnci/c)r ignition tcmpcraturcs of the prccipitrttccl c3~mplcscs. L)uv,\l,5 Iins 
stuclicd the thcrmai st;rbilit_v of ;L hrgc number of compouncls of the above formuias 
as well as otllers. WI~NI~I.ANI~‘r illId his coworltcrs 1l:rvc also stuclictl tlic thcrmril clisso- 
ciation of ;L hrge number of ctl~ylcnccliaminc amplcxcs ; among them arc1 : [Cr(cn):g] ,?W. 
[Cr(cn),(~t20),‘J.~:,7,[Ni(cn)nlS ,H~~‘,~)latinumctllvlcli~~li~~~i~i~~~~~lnp~~~~s*~,cobaltctl~yl- 
cnecliaminr: corr~ple,scs 11, and copper ctllylcnctli~lmine complexcs’~. In continuing 
with this work, tlic thrtrmal clct~f~nll~ositioI~ of ;L scrits of mctd cth_\tlcnctlinIniIIt: oxa- 
latcs wei stucliccl by tlIcrmo~r:rviIt~ctr~, cliff~rcntial tliemial xttalysis (IYI’A), tliffcrc*n- 
tird scanning calorimc!try (DSC), ;uitl high tcmpcrature rcflcctancc slxxtroxcqy. 

The D’1’A :kppiratus was previously clcscribctl~~. %mqdc sizes ranpxl in wcigltt 
from Go to 70 mg ancl wcsc I)yrol~xctl in il. dynamic IIcliuIn atmosphcrc: at ;L furn;lcc 
lit~ating riltC! of ro”/nIin. 

A Perkin-Wmcr cliffcrotltinl WiXIlI~it~g cnlorimt!ter, Moclcl DSC-x, was cmployccl. 
S~itnplc sizes r:~igc*tl in weight from 2 to 5 mg ancl wcrc pyrolyaccl in it static air 
atmospl~crc nt a hating rntc of 5”/min. 



XIETAL BTHYLESEDIAMINE OSALATE COblPLESES 357 

were measured with a 13eckman Model DK-z.4 s;I’ectroreflcctometcr equipped with n 
hated sample holder 14.13. Measuremcnts wcrc made at fisecl c+watccl tc!mpwaturcs 
in the 350-750 mp wnvclr:ng:th range. 

IJ7cficr7cztiotl of co~rtjde.ws 
Although a number of nirskcl, zinc, copper. and i*admium cthylcncdiaminc 

complcxcs tverc prepurcd by 1VeRser~ lo, the 0sal;tte comlxsuncls wore not syntlwsizccl. 
However, in connection with tlw purification of ~~tl~~lc!nccli;~rnil~~, I~,~II.AH~~ dcscribod 
the prcp;Lr;ition of %n(cn)C20.1. ‘I’lw m&hods dcwrilwd hcrc wcw tlcvclop~l for the 
synthesis of the cth~.lctlediuminc metal osalatcs. 

Tlic metal oxalatcs of 2%. Cd, Co, pu’i, and Cu wore prqwrcd by the aclclitit,n 
of an ec1uivalent amount of ;t sodium oxnlate solution to solutic)ns contnining the 
above metal ions. The prccipitatcd wrnpounds wwc all air-clriwl for 24 II at roum 
tcmpcwturc bcforc use in tlw synthesis of tlic t!th~.lencclinrniIlc cc~mplescs;. 

All of the tris(etll~lctlctli~lnlinc) mctnl osiil;ites wcrc’ pwparccl in the same 
gcncrnl manner, su~li as is illustratccl ha-c by [%n(en):~jC20.~. A two-fold ~SCCSS of 
ctli~lcnt:cliatninc was adtlccl to 3 g of zinc osalatc. The iatttr wits covcrccl cumplotcl~ 
with the amine, triturntocl, and ~~llotvccl to stand for I: h. ‘I’llt!1.~!sllltinR\vllitr. prccipitntc! 
was filtcrcd off and dissolvetl in ii minimum amount of Iiot water. t\c*ctonc \Viki then 

ucldcd to the solution to cffcct cr~stiLllization of [%n(cn)ajC204. Tllc crystals wcrc’ 
filtcrccl off, washed with a_*ctonc, and driccl in il \‘ilCUUnl dcsicc;~tor. ‘IYic ~+zltl \v;ts 
~L])pWXiIlli~tcl~ qunntitati\*c. The cobalt ancl cadmiunl cc~niplcscs wcrc not rcdissolvcd 
in hot wrrtcr but were wa4wd with x00’;:, cthrint)t :rntl then awtonc. ‘I’hc~ [C.~l(cn):~]- 
C.20.1 rquirccl storugc at o” to prevent rlccoml>cJsitioli, 

--__.P .._. ._. ..- __...._...... ._ . ,_.-... . _.__._ _... . . _ .-_.- .._... . . .__ 

C’rJtrrplJrriIil ‘!(, :lll~fd ._ . II. s “{, ClC ),t 
:,y--r~,T&--’ - : - . _ _ ._I’__ .,-- _ .-___. ..- --.-_... . .___________._“___ 

f*<JltJld Y’illVJWliCCll /~r1rtrrtf ‘l’/lcvJrl~Iic~ul I’tJlCllCl 
.___ --..-____---_--- _._. -.__-. _____. ~__ _. . .___.__.__._ 

[Xl1 (c11)3]c:3o.J Jr).!%) 20.‘2 25.1() 
[Cll (CI1)RyI.nO.l 

23.4 IfJ.*JH 10. s 
2$5.2 Zf).fi - -_. 3-3. I1 

[Cu (cm)-( I I&)~JC~C.).~ 
‘Z!“.7 

2O.G.( ZO.,) I H:20 18.8 2H.fJO 

(Cl1 (Cll)a-JCz(_).r 
27.h 

S$1*=J ICg> 25.32 
[Ni(cn)~jC&‘.~,~ * 21 fzO 

Z5.0 h.52 25.X 
xc*. I7 15.2 23.15 

[Co(cn)3]C20a~ 
Z.(.li .?.$.a.* Z/.H 

lN.01 18.8 25.m 24.5 -- - 

----_ _.._^. .._,_ -..-.-.- .-.-.-.--P_-, .__---- __._. _ .__._._.. ._. - - _.._ 

The [Cu(cn)3(M~O)alC20 .I wis prcpwd by the addition of an cxccss of cthyl- 
enediaminc to solid copper oxalatc hernihydratc followed by enough water to effect 
solution. The dark purple colorccl solution was filtered, ancl acutonc was added to the 
filtrate to c;1usc crystallization of [Cu(en)~(Ii~O)1]CzO,l. After filtration, the cr+als 
wcrc washed with acetone and dried in a vacuum clesiccator. Y iclci was approximately 
qwntitative. 

The compounds wcrc analyzed for nitrogen content by USC of a Coleman Nitro- 
gen Analyzer ; for oxalate content by titration with standard potassium ~errnan~~ln~te ; 
and for mctnl ion content by ignition of the compounds to the metal oxide. The results 
of the analysts are given in Tnble I. 
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The weight-loss curves of the cthylcncdiamine metal complexes at-c given in 
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In gener;~l, the tris(cthylcne<lirninc) con~ploxc~s evolved 2 moles of amine per 
mole of complex, to form the moi~o(cthylcnec~inminc) con~~~lcx. Well-dcfincd curve 
plateaus were observed, indicating that the monoamine compounds were quite stable. 
The remainder of the ctl~ylcnccli~~mit~c was evolved at still liigllcr temperatures but 
no curve plateaus were observed for the ~u~1~yc1rous metal osalnte. Instend, the oxalato 
ion began to dissociate before all of the anine was cvolvccl, resulting in only ;L curve 
inflection point rather than it plateau. 

The decomposition tcmpcratures fur the tris- to mono(ethylencdiaminc) transi- 
tion were as follows: [%n(cn)o]CzO,r, 150-240~; [CcI(en)3]C~0,1, 140~a23c.f’; [Ni(en)s]C204, 
250-325” ; and [Co(cn):~]CzO~, ambient-cu. 3oo”. ‘The curve for [~Cu(en)&204 did 
not show a weight-change which corresponded to the above transition but instead, 
evolved all 3 amincs in one step, from x40-220°. 

Water of llyclrrrtion of [Ni(en)3]C204 . 2&O was evolved in the temperature 
range 7o”-x30°, resulting in the formation of anhydrous [Ni(en)3]&04. The coordinat- 
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ed water in [Cu(en)z(H2O)n]CsOa was evolved over ;L, similar temperature range, 
Go’-x30°, resulting in the formation of Cu(cn)&Oj. The two ethylencdiamincs were 
then evolved from 1700--~330~. 

In all cases, the rcsiduc of the thermal clccomI~osition rcnction was the nlCtil1 

oxide. 

‘WC cilrvc’s all ct)ntainccl cntiotlicrrnic paks which \vcrc clue to dchydrrrtion, 
clcamination, iltld clcconil~osition rcnctions. The transitions invdvctl wcrc tlic Si1111(? 

as previously discussed in the weight-loss studies. ‘1‘1~ curve for [Ni(cn):l]C&.~ l zH20 
contained 3 ~~lclotllernii~ licaks. The first peak, with a T,,,,,, of xIcP w;is clue to the 
dch~clration reaction ; the second at :joo”, tluc to the loss of 2fli~~l~~c~f~tl~ylcncclinminc; 
and the third, at doe”, to the loss of the remaining cthylcnccliatninc uncl tlic clccom- 
position of tlic oxalate ion , A similiw intcrprctation c;in lx mncle for [Cu(en)2(H&I)2]- 
C2O.j. ‘The first pak, at Ifso, to the clclryclration reaction; the other peaks, nt 200~ 

iktld qjs”, to the clenmination and clecomjtosititm reactions. 
The IHA curves of [%n(cn)~]C~O.~, [Co(cn):,jC&&, ancl [Cd(cn):SJC&~.a wcrc 011 

similar to cxll other. The first enclotlwrmic peak \ViLs due to the tris + mono amine 
transition, while the other smaller peaks were clue tc.) the clcarnination uncl clccomposi- 
tion rcxtions of the mono(ctl~ylcncdiaminc) complex. 

Gas cwltition (<;E) curves were c~btainecl simultrrncously with the DTA 
curves, but only the GE curve for [Cu(en)3]C204 is shown. The GE curves for the other 
compounds indicated that all of the DTA curve pcnlcs involved g;~~eous products, as 
was cxpcctcd. The GE curve for [Cu(en)o]CzOd inclicatecl that each IXA peak was 
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wllere no is tile initial numfxzr of mdcs of reactant, and A = A fl, the relationship 
bctwecn total pc:Lk arca to heat trxnsferrcd. ‘LXe amount of rcactnnt prcscnt at an3 
instant is given hy 

?I(JU 
n = ?ZIJ - .-.- 

A 

where: cd is the Iwak ;trcx up to ;t wrtxin time or temperature. ‘I%: rate constant, k, 
is given 11) 

( ) 
A V J-“’ c11-1 

-x _- k = 7; _ rr)= 

where V/rro is tllc rcciprocul of tlic initial concentration of reactants. ‘I’llen, assuming 
;L first wtlcr rc;Lc*tion, tlic previous wjuatiotl becomes 

dN/Cll 
k = p--q 

‘I’lie :lssumptions under whicll tlw above ccluntiw~s apply li~~ve Iweviously Iwcn clis- 
cussccl*H in tlctail. 

Typical kinetics plots for tlw deaminution of {,Ccl(en):~~GO~ ;~ncl [~%n(c!n):,~ICdI.r 
arc given in Fig. 7. At:tivution ctncrgicS, 1:‘$,, ff)r ttwsc 2 wrnplcxcs wwtr IxAh gr kc;nl/ 
mole. Kinetics drtt:r wc!rc also ol~t;~inccl for tllc dchyrlr~~tion of I:(:u(~!n)~(I-I~O)~~C~Oa, 
.E ,L = 38 kcnl/inolc, atid [Ni(cn):I]C~O.r - 2I-150, I:‘,, = 27 Iuxl/rnolc. ‘I’lic value for tlw 
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copper complex was somewhat larger than the E, = 29 kcal/mole, previously calcul- 
atecl for [Cu(en)( &O)#XD.I using a DTA method*“. 
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The thermal dcllydri~tic~n and dcaminntion of some cthylencrliamine complexes 
of %n, Ccl, Cu, Xi and Co oxalatc were studied by TGA, DTA, IXC, reflectance spec- 
trosccq)_y, and by GE. The tris(aminc) complexc?; deaminated to mono(amine) com- 
pounds wllich ttlen decomposed directly to the metal oxicle. The kinetics znd heats 
of dchyclrntion and tlenmination of several of the complexes were determined. 

Ii: IiS u 31 Ii 

Lcs auteurs ont cxaminC la dCcomposition thermique de complexes oxalatcs 
m&alliqlles (%;I, Ccl, Cu. Ni, C~)-dtt~yi~ncdinmine, par annlyse thcrmogravim&rique, 
~~alysc thcrmicluc diff&rcntiellc, c&rim&ric diff&cnticllc, spcctroscopie et par 
ciCgc?gcment gnzcux. Les complcxcs &udi4s donnent c~‘~~borc~descompos~s mononminCs; 
ils SC cl~composcnt cnsuitc dircctcmc*nt cn oxydc m8tnllicluc. 

IX! thcrmischc Zersctzung ciniger jitl~ylcncli~minkomy,lcxe dcr Oxnlate dcs Zn, 
Cd, Cu, Ni und Co wurden mit vcrschietlcncn Methoclcn wit ~13. dcr ‘WA, D’I’A u.a. 
untct-sucht. Die ‘I’risnminkomplcxc xersctzcn sich zu hIonoaminvcrl,indungctl und 
wcitcr dirckt zum Metalloxyd. 


