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,A.BS'IRACT

The Ni(II), Pd(II) and Pt(II) coneplexes of dirnethyl-

glyoxinee, diphenl'J.glyoxirne, çd-fulildioxirne, nioxirne and 4-rnethvl-

nioxirne have t¡een studied by therrrroanaiytical and lTrass spectro-

rnetrlc lTrearrs,

It is found that the decornpositions of the vic-dioxirnates

are affected. by the presence of oxygen and that these decornpositions

are exotherrnic. Ail of the cornpJ.exes aïe stable up to z50oC with

the platinum. corrrplexes decornposing at the Lowest ternperatures,

contrary to the general therrnal stabilities of square planar

cornplexes of this group of rnetals.

Ma ss sner-1.1'a of thq r-¡ïnn] êLêq \x/êï. recor.ler]. .:'j-th. ar

electron energy of 50 volts and they show fair degrees of cornplexity,

especially the nioxime and 4-rnethyl-nioxirrre cornplexes where

decornposition of the cyclohexane ring also took place. General

trends between the various rnetals and ligands ale not clearly shown

but participation through )i-bonding of the rnetal p, orbital in the

stabilization of the ion is suggested. This participation rnight be

expected to inclease as the ease of oxidation of the rnetal increases,

i. e. Ni<Pd =Pt so that the relative intensities of the (p - OH)+

and (P -R)'ions shor,rl<l be in the sequence Ni>pdspt. In facr,

the opposite trend'"'¿as found. This rnal' be attributed to rylany

factors afiLong which atornic size of the rnetals and their relative

ionization potentials rnight be irnportant.
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I

Nickel, palladiurn and platinurn vic-dioxirnates (l),

especially those forrned frorn clirrrethylglyoxirne have been rnuch

studied t,y x-ray (z - B), infra-red (Ç), ultra-vioLet and visible (10,

I I) spectroscopy. Their nucleatjcn and geileration (IZ, 13) ancl

effects of pressure on thern (14) have also been investigated. The

trernendous arnount of. attention given to this gïoup of inner-rnetallic

cornplex salts (15) has been due to their low solubility and thus their

use as gravirnetric deterrnination and I or sepaïation reagents for

nickel, palladiurn and platinunÌ. (I6, I7, IB) It is hoped that the

study of the therrnograrns and lTrass spectra of sorne of these corn-

plexes will give a rnore thorough understanding of this particular

group of cornpouncis. We have rnade the study of the nicl<el. oalladium

and platinurn corrplexes forrned frorn the following dioxirnes (table I) :

I" Dirnethylglyoxime

Z. Diphenylglyoxiine

3, d -furildioxírne

4. Nioxirne

5, 4-Methyl-nioxirne

It has 'been concluded (3) that rnost of these cornplexes

have sirnilar crystal structules. The rrretal-nitlogen (lígand) distances

are characteristic of each rnetal, being sirnila.r to the rnetal-nitrogen

(oxirne) distances of other rnol1o- or di- oxirne cornplexes and shorter

than the rnetal-nitrogen (arnine) bond distances in the arnine cornplexes.

(See table Ir for cornpalison). The o-H-o bond distances are short



TABLE I. COMPLEXES STUDIED AND ABBREVIAT]ON

M = Nickel, palladium and platinurn (II)

OXIMES R-C_C-R FORMULA. STRUCTURE OF
ìt tl

- HO _N N-OH

Dirnethylglyoxirne

Diphenylglyoxime
(benzildioxirne)

cd- furildioxirne

OXIMES A-ÀT-OHtl
R-\--l\òI - OH

Nioxirne

4 - Methvl - Nioxirne

R-ry

COMPLEX

R O--H-O R
\fllC=N N=C

R O-H--.O R

USED

ABBR.
USED

M(Dlv[G)Z

M(DPG)2

M(e{-DI'D)z

M(Niox),

Ml4MNioxl -

R=CH3

R =Ph

-ÈJ

_ CTJ
j

l'*t l| .rr I

C=N N= C
/l{\

R

Þ



TABLE II. BOND LENGTHS AND BOND ANGLES IN THE
METAL VIC-D]OXIMATES AND RELATED
COMPOUNDS

SPECIFICATIONS AND ABBRE\T¿ATIONS:
Bond angles are in A
EMG = ethyknethylglyoxirne
C-C -C-C bond distance between the dioxirne

group s
._ Tìi q/ ? - n t¡i n¡ - ? -m,=fJrr¡l - ? -lirrf a-, ".,. -NíAO

oxirnato) nickel(II) chloride rnonohydrate
Ni(SAD) 2 = salicylaldoxir'e -Ni(II)
a = J. R. Wiesner and E. C" Lingafelter,

Inorg. Chern. 5,1770 (1966)
b - lì. Shintain, Aìta Cr-yst, 13, 609 ( 196 0)
c. = Intrarnolecular Distances, -I-8, London

Chern. Soc. 1965
HB = I{andbook of Chernistry and Physics,

t / ,14bth -Edition
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and increase frorn the nickel to the palladiurn ancl platinurn cornplexes;

and none of these compounds have J:een conclusively shown to have

syrnrnetlical hydrogen bonds (tOH = 2300 - 2900) (19), aLthough

the oxygen-oxygen bond distance in Ni(DMG)2 is short enough to

suggest the existence of a single-rninírnurn potential energy rve1l.

(3,6,r9) Also this hydrogen on the bond is difficult to be replaced.

The irnportance of rnetal-rnetal interrnolecular interactions in the

syrnrnetrical planar cornplexes of nickel, palladiurn and platíirurn

diroethylglyoxirnates (and even the heptoxirnates v¿hich are rnuch

less syrnrnetricai.) has been the subject of rnuch clispute. Through

X-ray (20), solubílity (16, ZI, ZZ) and dichroisrn (23) studies,

Y2¡nade. znL Tstrchida., Ba,nks a-nd C.fon, Be.nkt tîd Fr,::n.;l:,

God)¡cki and Rundle had been able to say t]nat metal-rnetal Ì:onds d.o

exist, with rnagnitucles of about 10 kcal / rnoIe. (23) However, in

rnore recent work, Basu, Cook and BelforC (11), Anex and Krist
(10) argued that the observed rrabnorrnalr' dichroisrn and conr.païatively

low solubility of these cornpounds (which'were taken as evidence for

rnetal-rnetal bonding) rnight well be clue to norrnaL vibronic selection

rules in a centric rnolecule and to crystal packing. Ingraharn ea)

undertook a theoretical rnolecular orbital treatrnent of nickel

dirnethylglyoximate using the extended wolfsberg-Heknotz rnethod.

He concluded that there is no evidence of rnetal-rnetal interaction

in the ground state, but such interaction could happen in the excited

states. The latest inforrnation obtainable \Ã/as given by Thornas,



Underhill (25) and Bhat, Chaudrashekhar and Rao (26). Through

a vibrating reed electrorrreter, they were able to detect serni-

conductivity frorn these cornplexes (6. 3 x IO-15 ohrrr-1 .rn-I fot
-1?. -1 -lNi(DMG), and 8.9 x 10 *- ohrn-'clTr-' for Pd(D¡aG)2, both at

I0OoC ). Ancl Thornas and. Unclerhill clairned their rneasr.lrerr:.ents

to be the first direct evidence for electron delocalization along the

line of rnetal-rnetal stacking. No evidence of rnetal-rnetal bonding

would be expected from. rrass spectral studies since the high eneïgy

of electron irnpact will be too great to preserve this weak bond, if

it ever existed. As can be seen frorn table rI , complexing the rnetal

with the vic-dioxirr¡es in every instance results in forrnation of

rathel stron ct nleta1 -n.if r'¡cran Ï,nnd-s- a-s eyiden.cecl b;' 1.he she::f: bcld
OO

lengths (1" 85 A for Ni(DMG) 2 and i.96 Ã in pt(DMG)2 as cornpared

to Z" IZ I in triethl'l.enediarnine-Ni(II)-nitrate, Ni(en)3NTO3)r. Also

the C-C bond between the dioxirne (NOH) groups is íncreased frorn
OOI,44 A in the free ligand to 1.50 t 0.03,{. in the cornplexes, reflec-

ting probably a "pull-overrr of the little double bond character of the

carbon-carbon bond through the carbon-nitrogen bonds to the rnetal-

nitrogen bonds. Complexation decreases the carbon-nitrogen bond

length in the case of nickel. dirnethylglyoxirnate (I.27 R E@ l.ZZ 8)

and increases it in the case of palladiurn and platinurn dirnethyl-

glyoxirnates ( l.Z7 Å**@1.31 ,8 and I.38 Å respectiveiy.) The C-C

bond (1.47 - I.57,8¡ i" longer than the arornatic C-C bond ( i.395 f

in copper acetl4lacetonate , I.404,8 in b"r,.r"tr"¡ and encornpasses



thtat oÍ a norrnal C-C single bond (I.54,8 in ethane). Thus, there

appears to be sorne conjugation through the rnetal-nitrogen-carbon

bonds to give each of these bonds sorrre double-bond character, but

the C-C bond seerrls to have 1itt1e double-bond character. This was

postulated by Godycki and Rundle frorn their X-ray studies and

supported by Banks and Barnurn (ZZ) through their studies of the

absorption spectla of sorne of these vic-díoxirnates. Additional

rnaxirna at 435 rnp and 406 rnp (for Ni(ef -DFD) 2 and Ni(DPG)Z

respectively) were observed with respect to those observed for

Ni(Niox), , Ní(4lv{Niox), , Ni(DMG)2 and nickel heptoxirnate. They

attributed these additional peaks to conjugation of the vic-díoxirne

groups with the arornatic groutls. Thev found a sirnilar effect with

the palladiurn cornplexe s.

The rnolecular structure given by Godycki and Rundle

(7) is

o€H_O
ff ^ _[ f -,- _ff*'"\"ê*\ /ru./"*u

î 
t|,,' 

Ï
,, ^/"\r/ 

\**Ø"\_
IJ3C- 'ì 'ì v¡r3-5lf

-O_4i_O_



$/i1h a s)¡rnrrrctry which r.rla\r l)e as high as DlL. 'llra fnrrr':rnciriyç:o ¿h'

nlr:r.rrac f ia .'- llrc, lrilr.ncirr. ¡1'Õntc anfl â'i.ê ttr.rll'r.¡1ivoÀ l-rr¡ l.JraUrléf ÈiUb If g Ujl L--- ----^ -Þ -^ir¡f , @r¡u oa u rrçu-- --^-.--* -J
II

oxygen atolTls. FIucl<el p1'efel:red the lollovring form :
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This rvould also give the rricliel atorn a very stlong sta.ble elec1.::onic

configuration and ensure fourr¡ery strong À4-N 'borids. In view of the

fjve eiectlo¡rs Dïesent in the electron-donor- l'ritrogen atorn, coval.encl,vb!,jl gçvr¿¡'

seerrls to J:e rathel apploplj.e*te f.or the M-N boncls. This natule of

covalency for the M-N bonds had been p1'oposecl by Bani<s (Zl) fo::

Ni(DMG) , fro:rrt hís ciralge tra¡rsfer al¡sorptiorr spectla studie s.

Horveve::, there is still a laclt of l<norvledge as t.o horv the metal and

ligancl orbitals a::e r¡.ixecl r,vhen rve consjdel the problern florn the

rnoleculal orbital calculation point of vieiv. (l0)

Fro¡l.. the nrass spectl':ll stud¡' of these cornplexes, it is

hoped that a little trLore ¿rbout the bonding can be said,



CHAPTER TWO

THtrRMOGRAVIME TRIC ANAL YSIS



SECTION I. INTRODUCT]ON

Therneogravirnetric analysis (TGA) together with other

techniques such as differential therrnal analysis (DTA) and gas

evolutio¡r detection (GE or GtrD) are nct nerv therrrroanalvtical

rnethods, l:ut it is only in recent yeal's have they'becorne highly

developecl resea::ch too1s. TGA has l>een ernplo)¡ed in the studies

of such various phlr5i.o.hernical aspects such as therrnal stability

ternperatures, dissociation interrnediates, therrnal stability of

intelrnediates, residue composition and l<inetics. (28) And Horrda

(29), Nervkirk (30,3I), Duval (32) and \{endlandt (33) have been

especially noted for their contribution to this fie1d. However, the

literatu::e concerning therrnal analysis contajns ïÌaar1y contradictions

and anornalies. The shape of a therrnograÌTL can depend on so rnany

factor s such as sarnple size, state of suÌ:division, ho.." tightly the

sarnple is packed in its container, shape of the container, r:ate of

heating, arnbient atrnosphere and detection device. (3I) Other effects

like therrno-rnoleculal flow, aerodl'n¿rnics and ternperature

coefficient can be irnportant too, especially when the experirnent

is ca::ried out in vacuurn. The therrnoglarn of calciurn oxalate, for

exarnple, has often i:een used as a standard for therrnobalance

operation yet it has been shown that the shape of the therrnograrn

is dependent on so r:nany of these factols. The effect of sorne of

these variables is greater with lalge sarnples than with srnal1 sarnples.

Conrrrronly sarnples aå latge as 0.5 - 1. O grarn have been used in the
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recerlt past. Tl:e highly ser-rsitive Cahn balance used here allowed

reploducible results to be obtained with sarnples as srnall as Irng.

For these srnall sarnples, the effect of ternperature gradients with-

in the sarnple should be rninirnal but rnarl.y of these other variables

can still be operative.

The therrnolvsis of sorne of the vic-dioxirnates was

first studied try Duval (32) but with the advent of new highly developed

therrnobalances, a renewed study of thern is necessary. The therrnal

stability of thern iras to be l<nown first before the interpretations of

their' lTlass spectla are justifíed.

SECTION II. INSTRUMBNTAL - THE THERMAL BALANCE

The therrnal t¡alance used here is the Perkin - Ekner

TGS - I rnodel (fig I). The rnain conrponerlts are shown alongside the

diagrarre. It provides a record of rnicroglarn level weight cl:anges in

the sarnple as a function of ternpe::ature while it is being heated. The

ternpelature is controlled through a ternperature progral:nmer in a

differential scanning calorirneter (Perkir: - Elrner DSC - 1B type)

connected to the TGA - 1. Tire rnain cornponents a::e described in

the following. (34)

(a) The Cahn RG Autornatic Elect::obalance u'orks on the null-

balance principle.(35) A change in weight of the sarnple in the

sarrple pan in loop A ( or loop B ) will cause a deflection of the bearn.

The flag at the end of the bearn wiII rnove with it, changing the light



FIG. 1

'i' i i iji-i.ivi O.il ¡r;-,,iii C E C Olrdt, Ui'i iti!'i SOF MODEL TGS - I
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CAHN nc Et,'ctrol..,t;iii,:

13

10

il

ii

Countcrs",eio lìis
Hangclovr'n tube for higfr nrass ranqcs
Sureeping gas inlet
Mass dial-ten-turn prec¡s¡on poten-
t¡ometer Íor mass determination_
reads percent of Mass Range setting
Factoi selector-to reduce Recorder
Range by a factor of ten ¡f desired
Noise filter selector
Recorder Bange-portion of balance
range displayed full scale on recorder
Balance and r€corder mass calibra_
tion controls
Mass Flange-balance range rn mgs.
Temperature calibration controts
Selector switch, OFF, LOAD (batance
on, heater off), and HEAT {balance on,
neater on)

Seleclor switch, normal inteqral
mode, TG;and differential ,rñOe. pfO
Dual intensity pilot tight-dim indi-
cales system is on but nol in tempera_
ture control, bright indicates svsrem
is in temperature control
Sweeping gas outlet
Supporting arm for magnet
Micro Furnace surrounding sample
Fan
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intensity incident on ihe phototubes. This u'ill then give a different

reading in the phototube curlent. This cullent, aftel' being arnplified,

is applied to the coil attached to the bearn. The i¡earn is in a rrragnetic

field and the wh.ole set-up is sirrlilar to that of a dc-rnotor. The

current on the J¡earn thu-s exelts a restoling folce

f' = ibB

where i - current in amps.

(r)

b = width of loop in crn.

R = rrìaøneti c t; ^1r ^+- ^'- -4L ;n oe stedu Lrv IIçfU Þ Lr çrj.BLII r

aff4m¡fino fn nr¡f the l.eanr J¡"ci. tO jtS Origr.na-1 lOSit:Cn. Thjs châññô-'- "-[ - ''o " j "- '-'*Þ------- r- -- '--^'

in the electrornagnetic force is equa-l to the change in weight. A

scherrratic diagrarn of the therrnobalance is shown rn fig, Z,

(b) The furnace cornprises a platinurn heating elernent ernbedded

in a cerarrric cylinder for heating the sarnple (or standald). The

furnace is supported frorn below by a suitable length of cerarnic

rod, rvith tl:e heating coil connections going through it, onto the

base of a plug wirich can be screwed onto the bottorn of the hang-

clorvn tube.

(.) The electronic control unit which consists of all the various

units f.or zeroing, calibrating ancl weighing rnechanisrns. They are :

Power switch for OFF, and ON for loading and heating.

MASS RANGE in two groups of rnass values (I - 200 rng,



FIG. Z

SCHEMATIC DIAGRAT4 OT' CAHN RG
AUTOMAT]C ELtrCTR OBAT,ANCIi
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for loop A and 5 - 1000 rng. for loop B ),

MASS which perrnits a 4-digit reading of the sarnple

weight and is Lrsed in liasion with the MASS RANGE. It can be used

for both zeroing and rneasu-ring procedures,

RECORDER RANGE which ís reallr' a sensitivitv

contlol.

factor s

RANGE

FACTCR, a two-position scale expansion control with

I and I0. It rnultiplies the recorder reading - RECORDER

^^{-{.;-^- *..^1.,^{-Þ9LLrrrB Pr UUUUL.

SET 5 and SET 0 / 10 which aÍe r.lsed for zeroing

the recorder"

CALIBRATE RECORDER which is used to set l¡en ar

IO0To after zeroing procedule is cornpleted.

I'ILTER which is used for darnping purposes.

ZEF.O which is used to regulate the power supply to

the furnace during calibration with the ferrornagnetic standalds.

The change per turn of the dial is linear and it gives approxirnately
, ^o^I0 U per revolution.

RANGE wtrich is used to the satrre effect as the ZERO

contlol except that the change produced j.s not J.inear. It is about

^ ^o^0.9-C per unit division cirange in the dial at the higher ternpelature

ïange (4000 1 100o) and 0.3oC at the loweï ïange (zooo + t00o).

A schernatic diagrarn of the electrical and gas connections is shown

in fig 3.



FiG. 3

ELECTRICAL AND GAS CONNECTIONS
O.F' T}-IE.P"},4O8 A.]-,^ }IC.E S.ET 1-'IP
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SEC'IION III" EXPtrRI}/ENTAL - SA\4PLE PREPARATION

AND INSTRUMENT CALIBRATION

(a) SAMPLE: Al.1 the nickel dioxirnates were prepared Lry

dissolving the appropriate dioxirne in alcohol and adding an

aqueous solution of nickel chloride to it. There was irnrnediate

plecipitation of the rnetal-chelate in every case. The precipitate

was filtered off, r¡'ashed thorougb.ly wíth alcohol ancl then dried in

an oven at about 6OoC.

The palladiurn corrrplexes wer:e prepared by adding a

L) +2Pd - solution to an alcohol dioxirne solution. The Pd - solution

was rnade by heating palladous chloride in water to which a few

cc. of h;'dïsshloric acid had been added. Any residue was filtered

off.

The platinurn- corrlplexes were prepared in a sirnilar
)-2

way to the palladiurn complexes. The Pt'" solution was obtained

by dissolving potassiurn chloloplatinite KZPtCI . The colouls of

the complexes are shown in tal¡1e III.

The change in weight of the coffrpounds during heating

'was recorded as percentage change on a Texas Instrurnents

Incorporated Reading Data rrrodel Servo / Riter WD chart recorder.

(b) CALiBRATION of the ínstrurrrent for accurate ternperature

read-out rvas undertaken by use of the neagnetic standards, narrrely,

alurnel, rnurnetal., nicroseal, perhalloy and iron. A srnall sarnple

of each of these (total weigtrt less than or equal to one rng. ) was
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TABLE III" MOLECULAR \,VEIGHTS AND
MtrTAL VIC -DIOXIMATES

coffiplexe s
Ni

1. brick red
Z. blick red
3. ZBB

COLOUR OI' THE

Ref s.

1--^--^ 4 q ALt ¿, v

blonze
425

DJmethyl-
glyoxirne

Diphenyl-
glyoxirne

Difuril -
dioxirne

I\ _rLrx.IJ-I-te

4 -rnethyl -
nioxirrre

oxlrne s Pd

yellow
yelIow

336

yellow
yellornr

584

oTarr-ge
o1'ange

544

y cr-r-u w
ye11ow

3BB

';yeIIow
4r6

4Ã

Pt

II.

z.

1.
z.
3.

orange
oïange

5Jb

red
or" -red

496

,--.,..-ì^-bUéLII"CL

s carlet
340

s carlet
s carlet

368

91'e erl
pink- r ed

673

red-bro.
red -bro.

OJJ

gïe y

grey
477

grey-bl.
grey-bl.

505

4767 ( r958)

(1957)

i.
)
3.

l

?

I. Literature citing
Z. Obtained in this work
3. Molecular r¡'eight of the respecti.ve cornplexes
4. C. V. Banks and D. W. Barnurn, J. A" C" S" 80,
5. S. C" Ogburn, J" z\. C. S. , 49,2493 (1926)
6. A. G. Sharpe and D. B. wáËõfield, J" C" S. z9r
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heated together in the sample pan under. con.dítions sirrrjlar to

those used in the therrnogravirnetric analysis experirnents, and

undel the influence of the rnagnetic field of a srna1l rrragnet. Each

standard has its or.vn particular Curie point. As the ternper--ature

of the sarnpJ,e passes through the culie ternperature of one of the

rnetals, an apparent weight loss occurs and this is recorded on the

chart paper, where a corrrparison can be rnad.e with ttre ternperatur-e

recorded by the ternperature rnarking pen. The ZERO and RANGE

dials wel'e adjusted after eacir run until a satisfactory agreement

betrn¡een the apparent ternperature readings and the irranufactu::erts

stated values of these standards was o]¡tained. It was not possible

to achieve perfect agreernent or¡er tire whole ternperature ral1ge

of the instrurrent and the best corrrprolTrise settings \,Ã/ere sought.

This occulred when the therrnobalance.cont,rols.were set at ziERo

= 555 and RANGE = 350 and these settings .were used in all sub-

sequent experirnents. The results are shown in table IV. The

rnach.ine was not acculately calibrated for use aÏ:ove 650oC and

definitely ternperatuïes above 800oC are unïetiable. Experirnents

ca.rried out here seld.or-.. exceeded 6sOoC in air and BO0oC in

nitrogen" As a rnatter of. f.act, unreliable results would be produ.ced

above BOOoc since above this ternpelature, the nichrorne hangdown

wire and stirlup probably v,rere being oxidised. The platinulTr pan

rnight not have been affected. Fig. 4 shows a gradual vueight-gain

after 700oC when the ernntw sa-r6pls pan is heated in air ald no
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TABLE TV. COÀ4PARISON OF APPARENT AND
MANUFA-CTURERIS VALUES OF
CURIE POINTS OF MAGNETIC
STANDARDS USED

Manufact. Apparent
values E>lpt. val

Alurnel

lvlurneta.i

Nicroseal

Perkalloy

Iron

158

390

445

5qR

1('0

158

?a4

444

602

770

Diff er enc e

0

+4

-I

+4

-16



FIG" 4

EFFECT OF I]EAT ON STIRRUP,
HANGDOV/N WIRE AND SAMPLE
PAI\ OT' TI]EF,}4ORA.T_,4\TCE I}I
AIR, iN]TROGjII\ Ai{D VACUUM
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appal'ent weight-gain when the arnbient atrnosphere is nitrogen.

The sarne figure shows the effect of heating the ernpty sample pan

in rracuurn, This apparent wlght-1oss is probably due to therrno-

rnolecular flow. Thus corrections to thermogram.s are required

for later experirnents perforrned in vacuul-rr.

( c ) TGA MODtr ANALYSIS : A sarnple weight of approxirnately

^l rng, was used in each case. A heating r"ate of 10"C per rninute

was usecl in general and other ra.tes and sarnple weights were used

as such need arose. A RECORDER RANGE of 0. I rvas used except

where otherwíse stated. The weight of the stirrup, hangdown wire

and platinurn sanlple pan was set at 0To weight on tire recorder

clnart. Sarriple was added to the pan to rnalce the pen read 100% (or

very close to it), This would be eo,uivalent to a sarnple weight of

approxir-nately 1 trrg. The heater \',/as turned on and the sarnple r¡¡as

heated to the desired ternperal.ure at the lequjred heating rate.

In running the experirnent in a nitrogen atrnosphere,

a steadlr strearn of nitrogen at a lolv flow-rate of Z0 rnl per rnin,

was passed through the apparatus, This nitrogen v¡as d::ied before-

hancl by passing it through a filter-drier coniaiiring silica ge1. The

sarnple was weighed in. air and nitrogen was passed through the

apparatus for twenty rninutes. 'Iire flow of nitrogen caused an

apparent change of sample weight. The recorder pen was adjusted

to its original position before the furnace heaters were switched on.

Since the therrnal conductivity of both nitlogen and air are the

zl
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the same, no error in weigl-rt would be caused by this readjustrnent

^J,,,.^lJ.r vLçuur ç.

(d) DTG MODE ANALYSIS : All sarnples were run with a ïrnore

sensitive scale of RtrCORDBR RANGE = 0, 04 instead of 0. 1.

Other specifícations were the sarne as in the TGA rnode, i, e. scan

rate of LOoc per rnin. , ZF.!.O at 555 and RANGE at 350

SECTION IV" RESULTS AND DISCUSSIONS

The thelrnograT:ns of the cornplexes obtained under

various conditions are show¡.* in figs. 5 -19.

Sorne p::elirninary cornrnents can be rlade about the

therrrrog::arns, Ali cornplexes are stable up to at least Z50oC, as

shown by the horizontal piatéaux in the initial part of the therrno-

grarres. In sorne cases, srnall weight losses of I - Zfo were ol:serrred

which inay be d-ue to slight sublirnation or loss of srnall an-¡.ounts

of volatile irnpurity or corrrplex, W'hen decorrrposition does occuï,

ít occuls rrruch rrÌore rapidly in the presence of oxygen than. in a

nitrogen atrnosphere or vacuurn (as shown in the cases of diphenyl-

glyoxirrrates and 6{- furildioxirnates, figs. 20, Z\. All decornposi-

tion ternperatures for runs in nitrogen are higher than those

obtained frorn runs in air. (table V). This lowering in ternpe::ature

and greater extent of decornposit ion for the runs in air clearly

demonstrate the exothe::rnic nature of the process. This therrno-

oxidation of the rnetal or ligand or both raises tire ternperature
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TABLE V.

COMPLEX

Ni(DMG)2
ñ 1/.^i .^r-ra(rJlVItr,l 2
Pt(DMG)t

Ni(DP G) z

Pd(DPG)z

Pr(DPG)z

Ni(a- DFD),

Pd(o{-DI'D)Z

Pt(o(-DFD)z

Ni(Niox),
Pd(Niox)i
Pt(Niox),

no 342
382

_ 3_48

- 324

no Z9B
3i7
384

- 316
340
384

no 3OZ

11/r t-Ð
1Aa

3s6 zôz
402 4r4

DTCOMPOSiTION'ItrMPERATURES OF
VIC - DIOXIMATES

DTG. in oC Duvalrs TGA TEh{PERATURE
I Oo/ miir. Resu.lts AIR, 50/rnin. I0o/rnin. z}u I nt. 4ou lrn. N2, l0o/rn.

338
332
332

362
402
3B4b

328

304
-"31
4ZZ
3rB
338
3BZ
330

300
ZBZ
z6z

250
zzB

55+
330
JJO

30¿
406
372
aa4
340

304
2)^

?oa
3r6
360a

304

29B
270
260

zB4
LO+
270

340
354
332

362

338

gãe'

314

,j'
330

3r.+
5LU
300a.

3jZa
314
ZB6a

Ni(4MNiox), ZBZ
Pd(4MNiox)", 266
Pt(aMNiox)f z7 0

zB4
¿ou
240

a.--ternperature oJ:tained at junction of two tangents (one to the start of
decornposition and the other to the fínal clecornposition process)

þ. -ternperature taken at maxirrrurrr decornposition
no - no decornposition ternperature obtainable
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T-Trìq (- 10¿ ^/

THERMOGRAMS OT' VIC .
DIOXIMATES OB TAINED UNDEIì
VARIOUS HEATING RATES AND
AMBIENT AT1\4OSPHERES

SPECIFICAT]ONS :

50/ rrrin. in air
IOo/ rnin" in air

aft,e^ îr\Ùl -^^;c'u"(iJ tu / ]lf.iL1. in alr
* É $3 t( 40o/ rnin. in air

. 1O?/ nein. in nitrogen
,^Oreoeoo" 10"/ rnin. in nitrogeir-l- arr
I0o/ rnin. in DTG experiernents

Recorder Range = 0. 04 for DTG runs
Recorder Range = 0" 10 for all other runs
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(a) Ni(DPG), (b) Pd(DPG),

ALL TI{REE RUNS
AT i OO/MIN.

(c) Pt(DPG),
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of the sarnple at a rate which is faster than the heating rate of the

furrrace, accelelating the rvhole decornposition process. This

could also be the explanation of the difference in our values of the

decornposition terrrpeïature and those obtained by Duval' (32)

(table \r) He used sarnple weights of.250 - 300 rng. (36) correpared

to our stTrall sarnples of 1 mg. Larger sarnples would definitely

be subject to larger self -heating effects. At a lower heating rate,

the ternperature shift shoutd be bigger, according to the above

assurnptioir, and this is clearly borne out to be the case. This

ternpe::ature shift of the decornposition would depend ou the arrlount

of heat gene::ated per rreole and, of coulse, on other factors such

as the forrl of the sarnples and how it is packecl. ln oxVgen - flee

nitrogen, the therrnogïarris are characterized by a sharp initial weigirt

loss follorved by a slow weight loss rvhich is still continuing at the

high teneperatuïe lirnit of the therrnogralres. we suggest that the

initial weight loss is caused by decornposition of the cornplex with

forrnation of sorne volatile decornposition products and sorne

rel atively non-volatile, high rnolecular weight organic cornpounds.

During the subsequent slow weight 1oss, carbonization of these

organic decornpositjon ploducts occurs with l'elease of volatile

by-pr-oducts. Table VI shows the colour of the residues left. In the

cases of nickel and palladiurn diphenylgl)'oxirnates and d-furil-

d.ioxirriates, a conÌparison of the therrnogratns obtained in oxygen 
b

and in nitrogen seerrrs to show that oxygen catalyses or takes
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palt j1r the decor.nposi.tion r.'e;.rction at the l¿rtel stzrge(s) onJ.y. The

othel i:he::rrrogral:rs do not shos, trx.,o rr¿e11-definecl steps in the

\\¡eighi. Loss stage due to c-¡r'eli.a-pping lcactions but r¡,,e cannot

exclude the probability that all decorrrposition reactions follow this

patteln. It seems 1;o bc genclally tlue florrr thc slopes ancl

de corrrpo s itioir terlpe r atur e s of the the lnro gr'.rrrr s tha.t 1:ì.atinurn

¡nrr¡r.lêv^ê â..o 1.hr,ir.rr-r allr¡ less Stable t].rarf the tfir-lrr-l r-orrrnle).ê1v urrv.L ¡rr4J.r) IU o o o vqtJLç ur.¡@rr L¡¡9 rrru¡\çtr uvlrtI/lç^v Þ.

No atterrrpt has been macle to corlelate the aJ¡ove

results wj-th those obtained under vacuuur, except for tl:e shal:es

of the clrr\¡es. The tempe::atuL:e caliblation curve obtainecl urlder

vacrlun-r. rvith oth el-' parametct'$ consl:airt, j.s so diffelent (b1' ¿g

rnuch ar; 89c(l in l:he ext.ïe.nrer-âsê. r¡rh,'n r-On1ìaâa'eç1 -.,i{.1-r. 11a-¡1r.-

factlrlerrs values) that no signjficant cot-l:ìÌ:r-re11ts can 1:e rnade.

The re:nai,níng fea.tui.'es of t-ire thelmoglams rvill be

di scus s ed indir'icluaILy.

D] T4E T H )'L GL YOX TÀ,{A T JiS

Decor-n;:osition of the Ni(il), Pd(II) and Pt(IJ) drrnethyl-

B1)'oxirnates (or bis-(climethl.J.glyoximato)X4(II) rr,'he:.'e M = Ni, Pd

or Pt as these corrrpJ.e):es ale begirrnjng to be caJ.Ied) occul's l¡etrveen

330o ancì 3550 C. The thelrnogïams for Ni(Il) ancl Pi(II) appear

srnooth. ì¡ul l:lrre .l ôìr'i^'" is defirrif elr¡ rrol- a fi::st ordel' reaction.vLL¿vvv)L, ¿9 sv¿¡r¡r

Thel' clo not )'ic1d str.'aight linc graphs q,hcn t.he rnethod of l{olowitz

arrd lvletzger' (36,37) is a1>p1icd. In this method, a plot of log 1og I /x r

\rel'sus 0 is ]j. adc, v,'bere x isl the r¡ol.ar flaction of 1;he initial
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TABLE VI.

COMPLEX

DMG Ni
-Yci
Pt

DPG Ni
Pd
Pt

G&-DFÐ Ni
Pd
PT

Niox Ni
Pd
Pt

4MNiox Ni
Pd
Pt

RESIDUE CHARACTERISTTCS OF VIC - DIOXI\4ATES
AFTER HEATING IN A]R AND IN NITROGEN

COLOUR WEIGHT (Afterheating in air')
To wt. (a) cornr-nent (b)AIR

C'Tê\TtJ-'l
br. -blaclr

grey

grey
L- dr ãarÉ^ v-v

1. grey

d. grel'
1. ¡ d1-ô\t

6r v)

grey

.1 ¡v o'
6'")

1-¡ õ1.ô1r
é*,)r

d. grey

grey
brorvn
grey

NITROGtrN

blacl<
black
l-¡lacl<

gq
d. Srelr

blaclç

d. grey
d. grey
black

black
black
black

black
grey-bk.
black

17. 5 50
zB.5-31 96-IO4
38 L6Z

is,. o B0
17.19 105- I 17
30.0 z0z

1,0. 5 5z
r 1 -13 64-67
30. 0 l9o

(c) 64
(") Bz
(c) 97

(c)
(c)
(c)

B6
9B
B3

B.
1I.
ll

o z7 (c) 46
043'(.) 40
5 105 (") 54

x9. 0 37.5
zL-23 87 -96
37.5 r89

(a) - weight relative to I grn. rnolecular weight of starting rnaterial
(b) - (residue / atornic weight of rnetal) x 100
(c) - weight is less than rnetal
(d) -weight is l:eavier than the oxide, NiO, PdO or PtO?.
(e) - weight is heavier than the rnetal but lighter tl:an the oxide
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cornplex r.etTraining; 0 is the relative ternperature accolcling to

the equation 0 - T - Ts, T" being the ternperature rvhen x = l/e

of the initial value. A downward break is observed for the Pd(II)

cornplex et about 410oC (where it is rnost noticeable) and sirnilar

d.or¡,nwarcl breaks are not obserlved in the other therrnograrns

obtained in air, and this is in accord rvith Duvalrs results. (39)

The downward break rrlalr þs due to the onset of atrnospheric

oxidation. At the foot of the steep decents for Ni(DMG)2 and Pt(DMG)Z

are regíons where a further, slower and srrraller weight loss occurs

before the final plateau is reached. This region rnay be due to

oxidation or volatilization of organic residues frorn the decornpo-

sition of the chelate

For each rrretal chelate the weight of the final residue

is less than that required for the folrnation of either the rnetal or

the rnetal oxide. (Table \rI) A reasonable assurnption is that sorne

subli-rnation of the chelate accorrrpanies decornposition duríng the

rapid vzeight loss stage or even during the earlier, slight gradual

weight-loss stage. A red deposit in the case of Ni(DMG) , and a

yellow deposit in the case of Pd(DMG)2 (Pt(OtvtG)2 is less

discernil¡le) were noted on the air cooled glass tube surrounding

the furnace. This seelrrsto contradict Duvalrs result on Ni(DMG)2.

He denied the cornn-ìor1 belief of its sublirnation (except in vacuo)

but rather stated that I'two NO groups are lost per rnolecule of the

oxirne. " (39) Horvever, two NO groups would constitute I0.4To of
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the rnolecular rveight and this is not very clearly sl:orvir on the

thelrnograrn. The gradual v'eight loss r¡¡ould be too slow for this

reaction anyway. The diphenylgj.yoxirnates, as will be discussed

later, give thelrnogr:arrìs which have sharpel curvatures and rnore

abrupt clecornposition stages and are tl:e only series of cornpounds

in this studlr whicir give residues heavier than either the rnetal or

rnetal oxide (table VI). Also in trying to obtain rnass spectra of thern,

we fourrd that they are very sensitive to rise in terrrperature ou.ce

the terrrperature high enough for the appeararlce of the parent peak

is obta-ined. That is, they decornpose very readily after that

ternpelature. Thus we believe that sublirnation is one of the steps

that takes place in these cor.rrpounds in the application of heat under

an oxygenated atrnosphere.

NIOXIMATES ,{ND 4-METHYL -NIOXIMATES

Apalt frorn qualitatíve differences the therrnograrns

can l¡e explained in rnuch the salîne way as those of the dirrrethyl-

glyoximates. The decornposition ternperatures are rather lower

than for the dirnethylglyoxirnates, and the curves are steeper,

Furthermole, it seerns that for the nioxirnates a greate:: propcrtion

of the rveight loss is due to s ublirnation of the chelate than for the other

cornplexe s.

DIPHENYL GL YOXIMATES Ai{D q - FURILD]OXIMATES

Except for the Pt(Ii) cornplexes, the therrnogl:am.s

are rÌLore cornpl.icated for these series of cornplexes than for the
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previous ol1es. Three stages are apParent in the rapid dec.ents rn

the therrnogr:an-Is of Ni(e{-DFD) 2 and Pd(d-DFD) Z arld two stages in

those for Ni(DPG), and Pd(DPG)2. In each therrnograrrr, one of these

stages rnay characterize the advent of atrnospheric oxidation and

it would veïy likely be the last stage. This can be deduced frorn a

cornpar:ison with tÌ:errnograrrrs obtained in dry nitrogen. Since the

plateaux are not well-defined, it is not possible to assign a

particular significance to any of the b::eai<s in the therrnograrns

with any confidence, particularly since the breaks do not occur at

coïresponding points in the therrnograrns, even on an atorn per

¡anf lreqiq lrrrf a .ôrl-rl'ì'ìa)n nlocc^^;^ -^'';- -^+ ruled out. TheevLLù vvrÈ1v, **- a cori:IlTlon pÏocess ls agalll rloL

rl q4grnpoF iti on J:ernnera tr: re of th e o{- firril d i oxiirr a.te s are s irnil ar

to those of the dirnethylglyoxirnates, while those of the diphenyl-

glyoxii.rrates are ZO - 3OoC higher. As evidenced by the weights of

the residues, less sublirnation accorrlpanies decornposition for

fhr- dìnherrvl - than for the ê(-furiI- cornplexes.

Thus it appears tl:at the decornposition of the DMG,

Niox and 4MNiox cornplexes is fairly straightforward (although

the nature of the volatile products rnay be cornplicated), rvhile

a detailecl understanding of the therrnogralTrs of the other two

seïies lequires fulther study" The therrnoglalrLs show that, under

the conditions ernployed, little significant decornposition occulS

below ZSO}C for any of the cornplexes. These conditions ad-rnittedly

aïe very different frorn the baclcground vacuurn of the rnass
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spectroûleter which is approxirnately I x I0-o torr, yet since

the sarnple ternperatules required to obtaiu a rnass spectrurn

.were lower than the decornposition temperature by about lOOoC

in ::nost cases, it seenls likely that any therrnal decornposition

that occurs in the rnass spectrorneteï probably occurs within the

ion source itself (arrrbient terrrperatLlïe a'l¡ou.t Z5Oo C ) rathel than

during heating the sarnple. And this result rnakes the interpretation

of their lTrass sÐectra feasible.
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SECTION I. INTRODUCTION

The beginning of the rnass spectrornetry era dated back

to as early as lB86 when Goldstein discovered the so-cal.l-edrcanal

râ1rsr. (40) J. J. Thornson (41) then invented an apparatus to

sepa::ate these rays accorcling to theür rraass to charge latio and

this iç the first rnass spectrorneter of its lcind man had ever made.

Later, Aston (42), Dernpster (43), Carneron and Eggers (44) , Craig

(45), Nier (46), Mattauch and Herzog $7) and cthers irnproved his

instrurrrent by devising various types of rnass spectrorneters rvith rnuch

rnore sophiscated inlet systerns, ion sources, cleflection and ion

discrirrrination techniques, ion optics and detection devices to give

irrstrurnent.s of hisher reso.l.ution a.ncl better sensitivitv.

Since th.en, the field of rnass spectrornetry has been vastly

expanded ancl theories (such as the quasi-equilibriurn tb,eory (48) and

related. rate constants (49, 50) and appeararrce potential deterrnina-

tions (5I)) and proposed rnechanisrns for basic steps of decornposi-

tion of rnolecules (such as the Mclaffert)' Rearrangernent and odd-

and even-electron ion relationship (52)) were written by people related

to this branch of science.

The instrurnent has been engaged in structure deterrnin-

ation under various conditions such as erlergy of bornbarding

electrons a.nd ternperature of sarnpi-es. ft can also be used in free

radical studie s, radioisotopic half -life, isotopic al¡undance and

precise atornic weight deterrninations. Detection of ions íolrned in a
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chcrrrj,cal ::e¿rction (chen-ri-ioniz¿rtioll pïocess) can be achierred b1'

l)'ieans of a reras s spectrolrret'e1', Ilr the rrrot'e adve:-rtirrous no\r,/adays,

a n-r¿'"ss spectrorr-retel car-r al so find i1.self ìreing u-sed in u¡-rper'

atmosphele ïcsea1'ch. À4an has been able to obtain valuable

inlorrriation about the s1-riLce (e"g. e>:ospi:ele or ionspher-e) using

a qr.radr a¡:oIe, tirne - of - fJ ì ght ol radiofl equency Trras s spe ctl'oirle ter.

insta.ll.ed in a r-'ccl(et or satellite depcn.ling on the objective of the

o'vrrorirrrr.rrl'. ( \i)\ -. "/

l'he use of llLass spectlornetly in the stud¡' of iTlorgairic

coÍnpounds, ì:oth qualitatively and quantitativel.y (54,55, 56,57, 58)

has becorne ir-lol'e and rno::e importatit. By the use of it, Stl-'ltctul.'e

ancl rlroleculaï r¡,,eiøht detclrnínation in rrrost cases J:eco¡r.^ e easi.er.
I

For exarnple, the gelinaniurn comple>r Ge(C2Ì12)R2 rvas confilmed

to lte a clirner (II) r"ather than a lllolìomer: (I) onl.y through the use

R' \^ // R'"16-/Ge * ç/-'
R = CFI^

=c,f{-)b 5'
(r)

ñrtR
R*C-C_'R

\/
Ge

^(
RRR

llllr-c
- ,,- \ Gent "\- 

,R ,/-\ R
RR
( II)

of a mass s1:ec1.r'orrreter'. (59) Frorrr {ragrnentation patterns and

appeaïance ¡:otentials, certain ciremical propert.ies such as chernical

boncling (with tr or 7i orbitals), rr¡oIecu1ar aud electlotric structures

and l:rechalisrns of decorrrpositio¡ cau sgl11etines be deduced.

The rnass spectla oÍ tr¿tnsition metal vic-dio>lirnates

have not been l'eported to date except tìlose giver b)' Jenkins
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lr4ajer' (ó0) for Ni(DivlC) , and Ni(DPG)2. ]-Jorvever', thei:' intelesi;

1ay mostly on the qira.ni.rtative point of viet, arr.l nc ex1>J.i:nation of

the fragrnenl.ation of these colr-rporrrlds w¿ls atternpted.

It has been discussed ea::Iier that in thr: r'ic-dioxir:rates

electro¡s aïe ver)¡ Iíke.11' partial)-y deloca.lizeci alc.ru.ncl the chela.tc

-j-a fl.nrrolr naf ^ ^ ^f Í^ ^+.i..^1.. e s .i rr lhe a .-€tl-.vf ?Á ¡¡16, ,^-- ¿ts er.recLrvety ¿s in the acetyla.ctonal.es (6 t) t'hich

can e\ren uncle::go aïonlatic type substitul:ion olr the ring. A stud1.9f

the fragmentatio¡1. ¡tattelns of the dioxirrrates r.vith diffelent

substi.tuent glorrps rlla)r lead to an ì.:::pr'ovec1 uucLelsta.ncling of thr:se

cornpounds. A coml:arra.tive study betr.'¿eeu ihe TGA lcsults and

those obtajned frorn nlass spectl'ot:retry can aLso l:e :rr¿r-de.

SECTTON II. INSTRUMENTAL - TI]E T{IT,/\CI_II Rli4U _ 6D MODtr]-

Most rnass spectrolTreters will be founcl 1:o consist of

the fo.1-l.ou'i.ng, (i) the inl.et. systern, (ii) the ion soul'ce, (iii) the

electrosi;a.{.ic accelc:rating slrsfern and nlass analyss¡ and (iv) the

ion collector, arn¡rlifier and reacl-out system.

The inlet systern fo¡-' the l-Iii:achi RMU-6D rnoclel used

in this wo::li is as follows; Solid j.s admittecì th::ottgh a clilect

insertion plobe. Gas (thlough the gas line 1.eseÏr,¡oi1' systcrn) or

liquicl (rvhose heate.d vapour goes in b1' \\,4)¡ of tire gas reselvoil')

aïe admitted through a 1:in hole into tire ionization cliarnber'.

The ion soì.r1'ce en.pioys tire electlon bcrrrbaldrnent

techn.ique ancl i s the heali of the rfrass spectlonreter'. It consists
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rnainlir of an ionization charaber, a pair oÍ r'epellers, a pair of lens

electrodes, a grourrded electrocle, a fiLainent, a tatget, a sarnple

block-heate:: right t>¡ tlne side of the insertion 1:::obe and therrrio-

coupLes for rneasu t'i.rig ternperatures. Cross - sectional vier','s of

the jon soul'ce can Ì¡e seen frorn fig. ZZ.

T]:e filarrrent is the source of electron supply and the

electron current ernitted is kept constant (filament current is 3-3.5

arrrps, and its ternperature is al¡out t?00oC) by the ernission

regulator supplied b)' a stabilizecl voltage. Rheniur¡r wiie is pleferred

as the filarnent rnateria.l or¡er the rnoîe leadily ol¡tainable tuugsten

rvire siinply because of its better ductility at aII ternperatures and

is thus iess likel-v to be ruptured bv the::rnal or rnechanica.l -\Ã¡ork

and because of tlne f.act tlnat ít is easily spot welded, is rrrore

resista.lt to the attack of water forrned frorn various decornpositions,

forrns u.nstable carbicles, is not gas-sensitive and its rneLting point

and therrnal worl< function are only slightLy belcr.v those of tungsien

(62).

The electrons ernitted are accelerated to 50-70 volts

and enter the ionization charnber. Tjre diverging angle of the

electlon ltearn is rnini-rnized b}' the use of a grid electrode in the

filäment assernbly ancl a collirnator rnagnet outside the ion source

assernbly. The mzrgnetic iield is a wea,rs tO0-200 gauss fielcl but it

certainly prevents co:rtarnj.nation (florn deposition of electrons

onto the walls before going into the ionj.zation ch¿rrnber) and ellsures



53

a greatea probabitity of ionizaticu of sa.rnple rnolecules (by givJ.ng

rnore electrons for collision).

The electt:ons, after passing th::ough the ionizatjon

cha,rr:be:: , are caught by the talge'l eiectrode. A rnaxirnizcd talget

current is o'otainecl b1' adjusting the collirnating el.ectrodes and

repeller vol.ta-ge so as to give the electron opiical systern its

best rvor'Ìiing conditions.

Sorne of the electrons, on tir.eir way frorn the filar¡rent

to the talget collide with the gaseous sarnple rnolecules, which

caûle in through the orifice, and ionize the latter. These ionized

rnolecules aïe pushed out towalds the ion accelelating fìeJ.rJ. by a

potential gradient established bet-ween a pair of repellers and a

pull slit of the charnber. Betrveen the pu-Il slit and the ground

electrode, a stabil-ized D. C. high voltage is appliecl which. is abie

to accelerate the ions. The rnaxirnur¡ acceleration is 3600 ''¡olts;

stepwise down to Z4OO, 1800, 1200,900, 600 r'oLts. The stabiliz-ed

D" C. high voltage is rectified and srnoothed frorn a high vo1-tage of

A. C. 5000 vo1ts.

By adjueting the vcltages of two lens electro,ies, situated

in between the two accelerating electrodes, the ior's forrned can be

focussed and ejected as a beam of narrorv apertule through the

exit slit into the an.al7,zs-'' tube. Here the ions are deflected in

traversing (fig. Z3) b;. influence of a hornogeneous rnagnetic fieid

at right angles to the ion bearn pa.th. They then fa.ll. on the coIlêctcr
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MASS DISPtrRSION IN
TFIE T,{AGNETIC FIELD
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plate and a.mplified and ::ecordecì as a lriassi spectru-ín. A general

layolrt of the lTrass spectrornetel is showu in Fig" Z/t,

It neigirt be apprcpliate io sa.y liere scrnethi¡rg rnore

abou'¿ ionization of the gaseolrs rnol-ecrrles. The ionization ín the

ionizaticn charnl:er is carried out in the instance clescribed above,

and in tire rnachine used here, b1. elecron bornbardrnerlt by

elecrrons erniitecl from- the lilarnent" Ot-rer ionization plocedures

include i:hotoionizatíort, gaseous or a-l:c discharge or hot spalk

source. These are not used as often. These electrons, as lTten-

tioned before, are usualJ-y acceleral.ed through a voltage of 50-70

volts, ancl a.s the first íoniz,atíon potential of n.^ ost rnolecules or

ator:rs seldom exceed i5 electroir volts, there will be surplus

eneïgy. This e>ctra energy will either be djssipated a\Ã/ay as

kinetic eneïgy, or most likeiy sorne will be a.bsorbed into the

vibraf:iona-I rnodes of the rnolecules. This rnay lesult in unirnole-

cula..:: dissociation, and the forrrration of various kinds of ions,

and neutlal fragrrrents. These ions forrm. a rnass spectru':n, or

pattern coefficient, of a cornpcund. The transítion of energy is

âssulrred to be ra'cliationless and to follow cIose11' the Flanck-

Condon Principle, (63,64) The theoretical prediction of a -nLass

spectrurn presently ernploys a statistical theory ca1-Ied the quasi-

eciuilibliu-rrr theoiy, rn,Ìrich assur:n(rs that the excited rnolecular

ion does r-Lct decor:npos{} irnr:redia.tely after irnpact j.nto the varic¡us

fragrnent ions and neutral species bu1. ratJ:er Lhere is a tiure lag
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LAY - OUT OF ION SOURCIJ,
ANALYZER AND DETECTOR OT'
RMU - 6D \4ASS SPECTROX4ETER
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when it would undergo se\¡eral vibr¿Ltional transitions and then

would decorrr¡.rose only aíter sufficient energy has -been accurnulatecl

in the necessary ciegrees of fleedcrn of the molecular ion. The

energy transfer into 'ihe rnolecu.lar ion upon t.anízing collision can

be desclibecl by the A4axrvell-Boitzm.ann energy ciistrjbution

lelatir:nship a.nd this tl'ansferred- energy' together with the internal

energ)¡ distribution are calried over ireto the various viblonic

levels accolding to the Franck-Condon Prir:ciple, The molecular

ion then deco-mposes through dj.fferent cornpeting steps whose late

constants can be calculated on the basj.s of the equilibriur¡r between

the leactant and activated cornple>;es. Information about these

rate constants will enab.l.e the tlieoreticai calcula.tion of the inten-

sities of peaks obtained as a result of these deccrnpositions, Ho-¡¡ever

there are still two rnajor regions that have not been clarifj.ed and thel'

ale stiil a rnatter of theoretical intelest. First, the hinetics J:.et'¡¿een

the reactant and activatecl cornplexes in an isola.teC, system su-ch as

one inside the ion source is stiLl unexplored and expressions used

to calculate late constants need to i:e rnodified if better lesults are to

be expected. Secondly, the transition of the excita.tj.on energy (surn

' of distribution of energy transfer and distribution of internal

energy) rnay not be transforr-ned into the vibration¡¿.l energy ieveJ.s

through a M¿¡.x-well-]Joltzrnann distribution, so that the internal energy

is not conserved as a result of the I'-::anclt-Condon tlansitions. A

Gaussian distribu'.tion has been user-t i.n sorne caÉes, especially in
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rrretastable tr an s itions.

The .¡arious types of icns -forrned as a result of

dissociation of the rnolecule are <iescri.bed as follor,vs. (65)

Thc La¡çIi1._lsn is the j.onized sarnple rnolecule (rnolecular ion),

or the ion -which gives out fragrnent ions. In rrrost cases, they

r'¿ill be singly cha::ged. However, since tÌre second ionization

potential of inost z:rolecules is only several el-ectron volts above

the fírst ioir.ization potential ( IP(Ð +IP(II) ( 30 ev ), the 50 volt

electron inrpact can 1'er¿fove rìLore than one electron easily and

for solr'le cornpounds there are rnatìy parent ions that are doubly-

or rnutiply-ch.arged.

llg-egtiv_e-. ions are procluced throush (l) electron captu-t'e, or (Z) ion-

pair production" The nurnber of thern p::oduced in ordinary ñÌass

spectral. conclitions is srna11 and they are of rnu-ch srnaller ion

íntensities. There has not been rnuch attention paid to thern yet,

and littIe is knor¡'n about negative ion ûLass spectrornetly of

organometal-lic cornpounds. (66)

Rearrange.rnen! t-"3L are produced by rearrangelLletft of atorns

du.ring rrnirnolecuiar decornposition of the parent ion (rnolecuLar

or fragnrent ion) . They are stable fragrrrent ions and are forrned

q,henever energetically favcral¡le" Rearrangernent of an ion can be

either 't specifict' or 'rrandorrtil cìepenciing on whether or not the

process follows a well-defined path due to the pïesence of certa:'.n

structural features. In a rearl'angernetlt process, an even electron
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neutral rnolecule is elir-ninatecl so that if I+ -repl'esents an ion,

and N a neutral rnolecule, then the foli.orvíng relationship hclds

for organic cornpounds, and organom.etai-Iic or J.nc,rganic cornpounds

where there is no âcccrnrpânying change in valence state of the
l

rnefal :

Rear::angernent+T'
even .1e"t=ort

I.+
odrl eLectrcn

Rea::rangernent

+rf + N
even electron e\¡el'L electron

If* J- N
odd electron e\¡erl electron

In cases v¿here a cha.nge of rnetal valence state of one duling

fragrnentation prevails, for exarnple, an odd electron ion wiil give

a forrnally ev.en eiectron ion. Rearrangerrrents a.re very cornrnon

and frequently involve hydrogen and fluorine, although rnigration of

other $rolrps such as phenyl. has treen observed. Exarnples of fluoline

colllpounds which have been studied are fluorina.ted acetyiacetonates

(61) and exarnples of hydrccarbons (unsaturated or saturated

brarrched chain) can be found easily. (65,66)

The energy obta-ined by the sarreple rnolecules as a result of electron

ímpact wiLl- cause decornposition. However, sorne decornposition

reactions are slor'¡, cf tire order of 1¡-rsec. , while tlr.e path tirne

fronr'che ionization cha.rnber to collector is about 10-6 to 10-7 sec.

Thus these pareni íons (each of rnass 11-ro, decomposing finally

into sorne neut::al fragrnent(s) and anothel positive ion rn1 ) will
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Ilowever this is also the raCiu-s of cur-,'ature that an ion of rnass

m.'l'r.rould trar.el tlirough the r'rragnetic field H travelling with a velocity

accelera.ted by a potenl-:ial V, i. e.

zv rlz
H,"e ( 1)

\z)

Thus an irnportant relationship

Fox and Conclon (68):

z
>:< Ifl1

rn =- ffio

v¿fre r e rn=
?"r.ì =--^ I
rno=

\r

\r
I

is obtained fi.rst derivecl by Hipl>le,

(rno_qllI(V-Vll-
*'I v

appar"ent rrass of the rnetastable ion

rnass of the dau.ghter ion

rnass of ihe parent ion

fulI accelerating potential

potential ai certa.in pcint of the accele-rating potential

fÍeld at v¿hich the decornposition of the metastable

(3)

t-
I

Ill+
l-
I

L
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Hor¡'eve::, rnetastable ions folrned at large va.lues of ( \¡ - VI ), i. e.

near the ion source, will not be detected because of their short

lifeti-¡rre (I ¡-rsec) and a-lso the d,ecornposition would sornetirnes release

interllal. energy r¡,'ith tire result that fragrnents forrncd will fl.r' in all

directions r¡'ithout ha.víng a good chance to go through the slit to the

collectol plate. Thus rnetastable ions detected aïe usually those

forrne<l at low values of V - V1 and a sirrrplj.fied equation js obtained:

.z>i< 1TI Irn=r (4)
ÍYì--^o

T1^.:','r.:lr:::.1.r j' .:cr-r-r at :rr,lc]: L:-..,'c: i::tc:::itj.c: ( 0 1l -C, lTt af.:\c

base peak) (65) and are diffuse and appear at non-integral n).asses

(w-hich can be deduced frorn equations (3) and (a)), Their intensity

varies linearll' with pressure of the original sarnple, and they

depend on exit slit r,vid-th and ion repeller electrodes just as other"

ion peaks do.

Metastable ions are, in fact, products of rnetastable transitions.

They aljse by the sarne rnechanisrn as ordinaly ions except for the

tirne delay in the dissociation of the parent ion. Whether each

rnetastable ion goes through two (Hipplers orígina1 stuCy) or three

(Coggeshall (69) and Moneigny (70)) tlansition steps -before disso-

cíating to a positive ion and. other neu.iral fragrnents is still an

open question, but it has been concl-uded that there is a contínuous
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distribution of raie constants fcr tire reaction (71,71/). Since each

of these peaks corïesponds to the forrnatíon of an ion of a particu-

lar structure and also to the Ì:reaking up of an ion of this ernpirical-

forrrrul.a, their pressence provì<ies valua-ble ciues to the identiJ:ica.tion

of ions. The appearance potential of an ion resulting frorr- a ineta--

stable ion would l¡e the sarne as orie lesull.ing frorn an ordiuary

dissociation process; their i,alues can be comparecl to confi.rm the

as signrnent.

It has been found that double-ionization is the result of a sirnpi.e

electron irnpact process since the residence tirne of the pareut ion

in the ionizatíon charnber is too short to perrnit the bornbardrrrent

Of a. sec-onrJ e.lec.tron - (7 j\ The abr.rndance of dnrrhl).-Charopri innq

(the easiest type of ryirltÞly-gba¡geq,jþn! to obtain) is usually low

(?4) and their relative intensities are usually srnalL cornpared

with those of singly-charged ions. The first exarnple to have (1969) in

r¡'hich a doubly-charged ion l:as a relative intensity greater than

singly-charged ions has been reported by Solomon and Mandelbaurn:

4b, 9b -dibrorno - 4lJ, 5, 9b, I 0 -tetr ahyclloincl eno (2, I - a)inCen - 5, I 0 -

dione. (75) They attributed this phenornenon to their relative

stabilities, i. e" the exceptional stability of the doubly-charged ion

and the relative instability of the singly-charged ion" Indeed, it is

a neces saîy condition for rnul-tipl)'-chargeC- ions to appear and they

are rnost usual-ly observed in aronr.atic or hetero-arornatic cornpounds

or rnolecules which do not contain bonds r¡rhich can undergo rupiure
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eas11y"

SECTION iII. EXPERIIvIEN'IAL - MASS SPECTRON{IITER

OPERATION COND]TiONS AND IDENT'IT'I-

CATIOI\ CT' MASS SPECTRA.

It11 the sarnples used here we1'e the sarne as those used

in the TGA studies, Any coirrplexes that r.¿ere -reprepared v¿ere

checked by their nrass spect::a rvith the ones obta-ined Írorn sarnples

used in the ther:noanalysis experirnent.

Deuteriation of Ni(DlVf G) a at tlne oxygen atorrrs was

found to be difficult follorving the rnethod described by Godycki,

lìundle, Voter and Banks. (76) 50% cieuteriation was achieved bv

dissolving the cornplex in dirnethylsulíoxide (DMSO) and ''efluxíng
the soLution v¿ith deuteriurn oxide for about an hour at 50oC.

The Hitachi Perkin-Elrrrer RMU - 6D single focussing

rnass spectrorneter equipped with a T - ZM ion sou-rce was used to

obtain all the rnass 'spectra. For each run, the following conditions

were satified:

FílarnentCu-rreirt = 3a.rnps.

AcceLer ating Voltage = 1200 volts.

Charnbel Ternperature = ZZ0 - Z5Oo C.

Electron Eirelgy = 50 vo1ts.

The spectra were recordeC on a Honeywell-1508 visicolder. In

recording a lnass spectrurn, reference is rnacle to the highest
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intensity rnetal-containir:g peak as the base peak in all cases. For

verv high rnasses, calibration cf the rnass scale rvas rnade r¡rith

the help of per'íluorokeroster:e (PFK).

Identifica.tions of scrne of the peaks \¡/ere rnade by use

of the progralrì u'::itten (ta.ble \¡iI) using an IBM 360 cornputer.

Various cornbinatiorrs of a peals value 'were obtained and unreason-

able results were discarded. f-he deuteriatecl Ni(DMG)" coirrplex

also helped in the process of identification.

SECTION IV" RESULTS AND DISCUSS]ONS

The rnass spectra. of the cornplexes forrned betrveen

dirnethvlglvoxirne. diphen vl slvoxírne. C( - furi lrlioxirn e, rr i oxirn e

and 4-rnethyl-nioxirne vøith Ni(il), Pd(II) ancl Pt(II) are shown in

figures Z5 -29. There are rnany peaks in the spectra, especiaLly

at low values of rn/e. Tlic.¡se of I\i(DMG), ancl Ni(DËGIZ are sirnilar

to the ones given by Jenkins and Majer (60), except fol one diffelence.

Sorne of their nickel-containing peaks in Ni(DMG), are one rn/e

unit less than ot-r-rs. (Fig. 30) For exarnple, so1Ì1e of their relatively

intense peaks are 115, 173,203 while our equivalent ones are 116,

L74, 204. Corrrparison of tl:ese peaks with the spectrurn of deuteri-

ated Ni(D*C)Z at the two hydrogens ( on the hydroxyl groups ) and

with the spectra of the corl:esponding palladiurn and pJ.atinurn

cornplexes indicates that our assignrrrents are rnore reliable.

Ae can be seen florn tables VIII- Xlleach series of the
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TIiBLE Vü. IBM 360 COMPUTER PROGIT,{Ì\4 FOR
MATCI-{iNG PtrAKS WITI-{ A1-O]VIS

VALUES T'O]ì DIMETHYLGLYOXIME
MATCIilNG "T:EAKS WITI-I ATON4S
I=Pt, I95, J=NZ, 14, K=OZ, L6, L=C, !2, lv{.=HZ, 1

DTMENSTON J CX(Z0o)
I READ (5, I00) (JCX(IJ),IJ = 1, B)

I00 FORMAT (BIIo)
DO IZ JI=1,B
JC = JCX(JI)
DO IZ IJ ="1,I

10r FoRMAT (618)
DO lZ I=0, I
DO IZ J=0,4
DO IZ K=0,4
DO 12 L=0,28
DO 1Z I,Ã" = 0, ZZ
JX = I'k195 + J'kI4 * K'l<I6 + L,:.12 -l- lvl'r1
Tñ / T\¡ -T T^\ ma\ I .)
:Jj (J-!. Ui-o JU,¡ \r\/ l-\-' LL

Ir' (JX. EQ" JC) WRITE (6, i0I) JC,r, J, K, L, M
IZ CONTINT]E

GOTOi
999 CALL EXIT

STOP
END

C
C
C



FIGS" 25 - Z9

MASS SPECTRA OF VIC - DIOXIMATES

I. Dirnethylgl)'oxirnate s, page 67
Z. Diphenylglyoxir:rates, page 6B
3. Cí F,-r.¡'iltli,-rxi.,.t.;.i.í.c¡;, it,.t..¡..c C)
4. Nioxirnates, page 70
5. 4-rnetlryl-nioxirnates, page 7 L
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FIG" 3O

COMPARISON OF fuTASS
SPECTRA Ol- Ni(DMG)z



7Z

(a) Jenkin and Majer's result

(b) Obtajned ín this u'olk



TABLE \rI[. ShMP]-tr TEMPEF,ATUIìE, M/",SS/ CHARGT R,A.TIOS
I'Orì lviETAST,tIlLtr AND DCUB]-Y - Ci-IAIìGED ION
PEAKS FOR DÏ\4ETHYLCLYOX]MATBS

Ni Pd

o^Ternp. "C 200 IB5

Metastable

Pt A ssignrnent

I70

213.5
2r4.5

189.5 ,,
tgQ. 5 (r - 47 )'-
191.5
1q?,.6

{.+

D. Cha::ged r44. 5'i' 16: , 5(z) zn, 5{27\ ï++
Ion Peaks 145" 5 i68. 5

146" 5

rr4"5 _ 18r"5(3) (r_60)
115" 5 rBZ.5

J-+

94.5-96.5 - 165.5-168.5 (r-c,9)

108" 5 - I09.5

73.5(z) 73.5."74.5(z)

Ãq6 -

50.5-52"5

{< tr'or this ta.ble and all subsequ.errt tables, doubllr-charged ions
which have integral lr:ìass units are not listed

( ) Indicates rneasura.l:le intensíty of values quoted
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TABLE IX. SAlr¡iPLE TIiIvÍPERATURE, MA.SS/CI-IARGii RATIOS
T.OR IVIETASTABLE AND DOUBL}: - CHARGED ION
PtrAKS I'OR DIPIfENYLGL YOXI]v{ATES

. t\1
o

Temp. C 205

Metastable

Pt As signrrrent

265

33. B 57**-44:
56.5 i05' - 77'

Pd.

r95

33. B

90. 
"

D. Charged I l

Ion Peal< s 269. 5 ZgI.5-zgZ. 5 336.5-337.5(15) f-''
l-+- 187.5-189.5 - (r-zCB)

r to. )

r55" 5 -r59.5 ^

I01. 5-I02. 5 I0I. 5-102.5

95,5-96.5

91.5 -92.5 (N-C(C@) - ø)**

88"5 B?:5-88.5 (ø-C=C-ø)-t*

58. 5 -59. 5

A.^ E-4A q 44 Ã-40 Ã
¿ /. J L /e J

37. 5-38. 5 37. 5-38. 5 C, FI."+o)



TABLE X" SAMPL.B TEMPERATURE, M1¡.SS/CHARG]I RA.IIOS
FOR METASTABLE .AND DCUI3.LY- CI-IA}ìGED ION
PEAKS trOR O¿- F UF-ILDIOXIIT4AI-trS

I.li Pd Pt As signrnent

Ternp. oc 85 I Io zTo

Metastable
-L.TD. Charged Z-48.5-249.5 270,5-?.7I.5 3ió. 5-3I?. 5(5) I' '

++ronPeak 
- jro,5-307.5 (r-30)

IJ243.5-244.5 - (r-60)"
++- 276.5-279" 5 558

2.2.q 4-?)'7 Ã -

- 2r4.5-215.5
l-+rBB.5-189.5 V
++115.5 r77 " 5-179.5 X

+t-
162.5- 163. 5 ( V .- 67 )

108. 5-.r09" 5 i0B. 5-109. 5 i08. 5-109. 5

96.5-99.5 95" 5-99.5 98.5-99.5

BZ.5-BB. 5 87.5-BB. 5

63" 5-66.5 - 6t.5-63.5

57.5-59.5 58. 5-59.5

(46. 5-53. 5) $rr. 5-47.51 45. 5-47.5

37. 5-38. 5 - 34. 5-36" 5
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ttABLE XI" SAMPLE TtrIr4PERA'I'U.RE, MASS/CHARGE RATIOS
I¡OR MtrTASTA-}-ìLÐ -4\I'{D DOUB]-Y - CHARGED ION
PEAKS FOR N]OXIMAT'ES

Ni Pd Pt As signrnent

o^ 11^ ìa.tr f 1^Ternp. Cì I30 i05 lZO

Metastable 306.9 354,7 443,4 tp+-*.tp - Otl)*
108' * B0-59. 5

D. Charged 170. 5- I? l. 5 i93. 5" 1 94,5 237. 5-239. 5(7\ I+r
Ion Peaks , r

zz4. 5(6) (r - 30 )-'
++r75.5-177.5 - (i-ZOH)

203.5 (r - 72.)++

rto6.5-167.5

1,26"5yt27.5 rzg.5-13r.5 -

126.5-127.5 - r44.5-145.5 X++

r0t08.5 .

96. 5-97. 5 96. 5-98" 5 95. 5-98. 5

- 7 5. 5-?8. 5 73.5-76.5

53" 5-54.5 53.5-54.5 53.5-59.5

44.5-45.5 43.5-44.5 43.5-45.5

38, 5-40. 5 37.5-39.5
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TABLE XI]." SAMPLE TE\4PERATURII, MASS/ CHARGE RATIOS
FOR" IVItrTASTAELE AND DOUBLY - CHARGED ION
PEAKS FOR 4 - À¿ETHYL - NIOXIMATES

Ni Pd Pt As s j.gnrnent

o
Te-rnp. C t60 I40 150

Metasta.ble 334.8 382.7 +7L,5 P* * (P - OFÐ+
37. 5

J. -L

D. Clralged iB3. 5 -184.5 207.5-209.5(Z) z5Z. 5-253. 5(9) I' '

Ion Peaks --r7s,,5-r77. 5 - 242. 5-244.5 (r -OH) " , ++(I - CH3)
++

225.5-229.5(5) (r-48)

r32.5- t33. 5 r7Z. 5-L78.5 rII++

i.63.'-ió7. t iov. 5-ió.7. 7'

1 18. 5 -120.5 -
++7r.5 98.5-101.5 r4r.5-144.5 Xlr

84. 5-87. 5 r37 . 5- 138. 5 Xilr++

7r.5-74.5 72.5-73.5 73.5^74.5

rrg. 5- r20.5

114.5- r r7. 5

105.5-r08.5

- 98. 5- 101. 5 98. 5- IoI. 5(9)

- /159. 5-6 l. 5 59.5-61. 5 s9. 5-6r" 5

- 45.5-47.5 45.5-¡+7.5



7B

rnetal-dioxirna.tes ha.s roughly' the sarne volatility under operating

cOnditions of the t'l:ìass spectrorrreter. These ternperaiules, however,

should not be taken to be too accurate a lrìeasurerne.nt of their ease

of sublirnation; but they do inclicate that under specified operation

conditions, nickel a-nc1 palladiurn O(-furil-dioxirnates have the

highest aud diphenf igJ-yoxirnates the lorvest volatility'

For ease in rnaking ccÍnparisons between the spectra

of chelates of the sarne ligand with the threernetals; the spectra are

reprod¿ced in the sarne figu-re (Figs. Z5'- Z9) so that rnetal-containing

ions fo::rned by loss of neutlal species of the same rnass faII

ver.ticall). above or below each other. trdetal-containing ions al.e

reaclilv xecosoízed bv their isotcpic patterrrs. This method of

presentation perrnits equivalent ions to be reaclily recognized. Ions

which do not contain a rnetal atorrr are a!so easily cornpared since

ions cf the sarne cornposition appear a.t the sarne values of rn/e.

.For íons r¡rhich contain Pd or Pt, and which differ by one or larore

h.yclrogen aiorns, a coïnplex pattern of peaks resulted, whicl: in

sorne cases was not readily resolved.

The rnass spectra of organi.c cornPo\lnds have been

rationalizeC in te.rrns of the preferred tendency towards forrnation

of ever:,-electron. ions, For corrrpounds which contain transition

rnetal atont, a sirnj.lar ration¿riization has l¡een rnade in which it

iS assurned that the ::est of the ion can'l¡ecoll1e evelì electron by

transfer of an urrpai.red electron to the cl or'l¡itals of the rnetaL
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z.torÍr, resulting in a forrnal change i.n tl're ',ralency state of tl:e

rnetal atorn. (52, 6I)

In fig. 3I is sho'wn a tentative fragrrrentation scherne

shor,ving the rnore irnportant ionic clecornpositions" 'llhis scherne

slr.ould be regarcled as speculative since the absence oÍ rneta-stable

peaks in the spectra, except in sorne cases for the transition
.L J.Pt * (P - Oi{)t-, Tteats that there is no confirrnation Íor any given

transition (page 63 ). Atterrrpts have been rnade to ration aLize trencls

in the rnass spectra of transition metal p-diketonates, but trend.s

between the various vic-dioxirne cornplexes aïe rnore difficul-t to find'

Rernoval of an electron frorn the neutlal chelate :results

ilr a.n ion r¡.rhiclr has t¡een forrnlrlafed as T. ìn rxrhich thç nocifi-'a

charge rreay be delocalized over one or. two chelate rings. Such a

conclusion is based on the following assurnption. In the solid sta.te, the

nêutral cornplex Ni(DMG), is perhaps best represen,ted as sho\Ã,rr j.n tal:le

I, page Z, since the ring C - C bond, after corrrplexation, lengthens

its bond length to that of a single bond and thus there is no intelaction

betrveen the oxirne gïoups. (10) The short rnetal-nitrogen bonds can

only be ascribed to increased f-bond strength relative to an octahe-

d::a1 cornplex and not as a result of delocalization of the íi- electrons"

For, if the out of plane ì[ - boncing is of any irnportance, e.lec.tron

delocalízation oveï the whole ring should occur, by analogy rvith

thiophene in which sulfur uses the cl*r, UU, 
^nU P". orbitals (?7),

furan, and pyrrole in which oxvgen and nitrogelL use the s and p
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hybridized orbital-s, and the ring C'- C bond should be shorter

than a norrnal single boncl. For sguare planar cornplexes, rnultipl-e

'Iìriophe:re

Pyr::ole

bonding between rnetal and ì.igancl can occur with the rnetal using

d__-, d--- and p- orbitals" lr4ultipie bonding i¡etr¡,een metal andxz' vz Lz

ligand results jn a reduction of negative charge on the rnetal-atom

and requires the availability of lorv energy acceptor orbital-s on lhe

ligand. For these vic-dioxirne J"igands, the available accepl-:or
>:<

orbítaIs of lowest energy are fhe 7î orbital.s. Florvever, in a

rnolecu1ar orbital treatrnent of square planar cornplexes in 'whj.ch

j[ -ìronding is possible, Gral' ancl Ballhausen (78) suggest that in

Tí -bonding between rrretal and ligand the rnetal p, orbJ.tal and the

ligand jI orbitals rnake the rnajor contribution. Tire acl-dition of a

fifth ligand above the souare plane decreases the )í -bcnding by

tying up the p_ orbitat in Ç-boirding. In the solici I\Ti(DMG). cornplex,
z-L

rnetal-rnetal boncls have been proposed ( Yarnada and Tsuchi.da, Banks

and Caton, Banl<s and Barnurrr, Godycki. and Runclle, page 5 ), and in

fact is said to have been cietected through sernicorrductivity consider-

ai.ions (Thornas and Under'l:il.l, page 6), to explain solubility and

other properties such as abnol'inal dichroisrn of the cornplex (page

5 ) although there is still disagreer::rent on this point (Ingraharn,
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Anex aird Krist, page 5). f'his bonding has invoked the u-se ot Or.rnr-

hybrid orbitals and rnay account fol the apparent lack of F-Uonaing

betrveen rnetal and liganC in tÌ:e solid state. In the vapour s1:ate,

discrete rnolecules of the chelate exist, and the pz orbital becornes

avail.able for if -bonding. Such îî -bondi¡rg is probabl.v of iir:po:rtance

in explaining the stabil.ities of the chelates r-lnCer electron irrrpact

since it provides a rnechanisrn by which a positive chalge ca.n

becorne delocalized. The existence of d-oubly-charged íons (tabl.es

VIII - XII) which is characterj.stic of a conjugated systern, particu-

1ar11' fused rings, seerns to suppo-r:t the above proposition.

The low lelative abundances of th.e (P - OFI)+ peaLs

for all chelates, and of (P - CH")+, (P - CAi-I6)+ ar.d (P - CnHrO)+

peaks for the M(DMG),, M(DPG), and M(o(-D¡-D), chelates

respectively, suggests that upon ionization of the chelate rnol-ecule,

an electron is either rerno-¿ed frorm. a rnetal-Corninated orbital, 01'

tha.t iL an electron is rernoved from a. ligand-dorninated orbitaL.

considerable stabilizatíon of the chelate ring by the rnetal ion occurs.

I{ooprnanst theorem (79) would pledict that upon ionization, a.rr

electron would be rerrroved frorn a rnetal-dorrrinated orbitaj-, since

ligand field tireory places one of these (d*v) as 1.he occupied

dz 2x"-y-

dxy
d2
z"

d ,dxz yz

(MX4)

tt

u? ¡

.-:

9L1'lór EOctahedral ( MX6 )
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orbital of híghest energy in tbe neutral complexes. Electron

irnpact stuciies r .'ith p -diketonate complexes suggest that Kooprnanrs

theorerrr inay not be valid for all transition rnetal cornplexes, however,

and the possiìrílit)'of r'cmoval of a iiganC electron caunct be excluded"

If a J,igancl eLectron js ::ernoved then unless stabih.zation of the

chelate ring by the rnetai atom occurs, the reacìy loss of . OH

t 
^rt(or 'CH3, .C6HS or .C4H4O for the M(DMG)2, tv{(DPG), and

N4(cq,-Ofn), complexes respectively) would be expected, since in

this way, a stable evell-electron ion wourld lesult t,)'transfer. of one

eLectr:on of the ring*to-substitnent bond to tire C 
- 

l.T bond, as in

¡:eactions A o:: B:

( possible

H'

fol al.I corrrplexes

LJî+
N N- ./cÍ-\ 4'-\.c'l: ì.r\[, ;l

c\.:i7 tl:ic.
i\N\r{oo

.H
o'---o
tl

\\TNT
'cl-:l\, .2,-:\-c +11 :I'r'Il ìl
,rc\-í7 \/"*.t{oo\

TJ

.At'H
o, ro
(l

r T\T T\T
\ trl ..\-c7-\- /;'-ì,ç

lr. ¿l\A ¡l
,c;"t ì'--r'c

/NN-t{oo\-'',
Il.

B

( possible for
DMG, DPG, oC

cornplexes of
-DFD only )
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The (P - CH")' peak is obse::ved for tire 4-rnethyl-nioxime
' J'

cornplexes but in these chelates, the rnethyl rarJical- is lost frorn
+

the cyclohexane ring. The ior'v intensity of tlie (P - OFI) and (P -R)

peaks thus suggests that the rnetal can stabiliz-e the rrolecu.lal ion

by rnultiple bonding to the ligand.

In Ï¡oth cases, forrnaiion of the doubly-charged ions can

be accounted for. Two electrons can either be ::errroved frorn the

rnetal-dorninated (d*..) orbítal oi from the i-¡-systerns of the C: N

bonds.

Whether, or not, the initial ioirization Irrocess is

caused by lernoval of an electron frorrr a rnetal-dorninated or'ligand.-

dornj.natecl orbital is not irnportant since the prorcess is very fast

cornpared with the atornic rnotions and the rnolecular ion lias tirne

to reach equilibriurrr. in its electronic states before flzrgrnentai:ion

occurÀ (page 56 ). Consequently stabilízation of the rnolecula:: ion

could occuï via multiple bonding between the rnetaL and the liga.ncl.

The intensity of the (P - OH)- ion increases in the

sequence Ni<Pd(Pt in each series of the dioxirnates. This is

the opposite of the trend expected since Pz arloítal participation in

ñ -bond fc¡rmation rnight be expected tc increase as the size of

the p, o::bital j.ncreases (Á'pr, 5p, and 6prfor nickel, pallad:urn

and platirlum respectively). This in turn r¡'ou1d increase the strength

of the N - OH boncs in the older Ni<Pd( Pt and so the intensities
l-

of the (P - OH)' ions should be in the reverse order. On the o1;her



õ-

hand, the ionization potential increases in the sequence t\i<Pcl<Pt

(7.6< B.3<8. B ev), rnaking electron release to the ligand rnore

difficult. Statrilization ability can also be offset by atornic sizes of

these respectir.e inetal atorns so tha.t Pt(II) cornplexes arc under

m.ore strain ancl tl:,.us less stable ('i7) r'ríth respect to the Ni(Il)

con.plexes (NiiDl,¡IG), has N -C -'C bonrl airgles of i09o and l130

while Pt(DMG), has N - C - C bond angles of lt30 and Mo , table

II, page 3). The clecrease in intensity of the (P - OH¡+ f"ott P1.(II)

to Ni(II) cornplexes rnightóccurif the 4p, and 5p, orbitals of Pd

and Pt respectivel;r, though rrrore extended, are less effective than

the nickel.3pz orbital in iuteractirrg with the Zp orbítal.s of the

ligand I sysi:eirr. In additj-on, any subsequent fragrnentation of t]re
+(P - OH)' wcutd also depend upon the nature of the lxetal, sc that,

at present the trend in the relative intensities of these ions is

regalded as a phenornenological one.

A preferred decornposition of the rnolecular ion resu.its

in the evelt-electron ion forrnu-lated as II, by the loss of NOCCH3CCH3,

likeJ.y as NOJ-CH3C=CCH' although this cannot be confirmed. (It

is possibl.e in. this decornposition that a reeetal-h¡rdrogen l--ono is

forrned but there is little e-vidence in the rest of the spectra to

support this pos sibility).

Other abundant ions in the spectïa aïe those forrrrulated

as IIIa or IIIb" Isotopr'c ratio ancl intetrsity calcu-l.ations show that

both species a::e present, r¡rith a lTrore aburrdant than'b in all cases
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III and IV (Table >íIII). The precursor of IIIb is like1y I but ct IÏIa

could be I or II, or both. IVa and IVb rnay be forrrrecl by 1.355 ¡f

. OH frorn IIIa and IIIb respectively. The ion V rnay be iorrned frorn

I\¡a by loss of an .OH radical l¡ut otÌre:: fragrnentatious l"ead to ions

in which the ring structuïe of the cb.elate is not possibie. Fu-rther-

rnot e, for the nicx:irne ar:.d 4-rnethyl-nio>cirne cornplexes, ion s now

appear in which flagrreentation of t1:e cyclohexane ring occuis, It

does not seern worthwirile to extend the Íragmentation schenìe to

inclucle these ions, since it would be highly speculative and tlie

interrnediate precursoïs of the ions are not l<nown. It suffices to

sa)¡ that colTrrnon ions can be recognized in both the nioxirne and

4-rnethvl-nioxi,rrre cornr¡le>les and a few of these can al so be found

in the dirnethylglyoxirne coirrplexes (for e>:alrrPle ions XIII, XrV and

XV in the spectra of nioximates and 4-rnethyl-nioximates).

Possible structures of sorne other l-raore abundan.t ions

a::e given at the bottorn of the fragrnentation schei.Tle ancl lítt1e

corrlfilent will be given because, as lTr.entioned eal:lier, the f::agrnerrt-

ation paths and precuïsof ions are unidentified. Two points might

be noted:

( i ) The rnigr.ation of a . OH radical to th.e rnetal atorn can be ccnfirrned

as ions can be identified in v¿hich a M-OH bond ffrust be present

(for exarnple, ions XI (and vI)). A peak of. rnl e=75 (v,rhicb is the

{-
NiOH'- ion) in the nickel dirnethylgl-yoxirne corrrplex is very intense

and its analogs in the palladiurn and platinum corlplexes are aÌ-¡sent.
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This inclicates the stronger tendency fol niclcel to fol'm a divalent

cornpound (in agreernen¡ with their accepted chernistry). It is

interesting to note that only the nickel dirnethylglyoxirnate ancl not

the other nicisel cornple>;es gi.ves this peak and at such high intensity

( a}To) .

(Z) The three rnetals ale knorvn to folrn stable ft-allyl cornplex.es,

especialllr platinuin. The spectra shorv the presence of the species

v¿itir intensities 15' I3 a*d 23 íor the Ni' Pd and Pt dirnethylgl)'o:<irnates'

This is what r¡'ould be expected if the relative intensities of the ion

peaks a're a rneasure of their relati.''e stability"

(]g-').(;¡ ,-)
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Frorn the::rrogravirnet::ic anallrsis' it is shown that all

vic-dioxirne coryìplexes of Ni(il), Pd(II) and Pt(il) are stable up to

at least Z5Oo C, Decor:-1Þosition reactions are exotherr:nic and oxygen

caialyzes or at least takes pa.rt in the decomposition ieacl:ions.

Frorrr the decornposition ternpera.ture values, it is Íound 1:hat tire

platinurn cornplexes are in general therrnalll' 1"ss stable than the

pallad.iurn and nicl<el cornplexes, contrary to other sq'Llare planar

cornp1exes of the sarne gïoup of rrretals" T'hat they do noi clecornpose

below Z5OoC rnakes expl.rnation of the rnass spectra feasible.

The rnass spectra of these vic-djoxirrrates ale cornplex

and they suggest participatiorr of the rnetal p" orbital in stabilizing

the various ionic species through delocalizat.icn of the positive

charge. The trends betrveen the va.rious rnetals and ligands a::e not

clearly defined, although the patladiurn species rnay give a highel'

abundance of non-rnetal-conatining ions, Participation of the rnetai

p orbital irr the stabilízation of the ions rnight be expected to'z
increase as the ease of oxidation of the rnetal increases, i" e.

Ni<,PdsPt. This effect is not readily apparent and it rnay be that

th.e 4p and 5p orbitals of Pd and Pt respectively, though n).ore
ZZ

extended, are 1e.ss effective tha-n the Ni 3p, orbital fol electron

delocalizafion through the iî-bc¡nd forrned as a result of the inter-

action between tlús p, orbital and the ?í -systern of the ligand.

However.. it h.as pr-oved extrernely difficult to predict and rationalize

trends in these spectra with the inforrnation available at present.
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