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SUMMARY

The mass spectra of a number of complexes of general formula XRh'L, where
X is 1,3-propanedione substituted at positions 1 and 3 with CH;, C¢H 5, p-CcH,CH 5,
p-C¢H,OCH3, p-C¢H,Cl and p-CsHNO, groups respectively and L is 1,6-dichloro-
1,5-cyclooctadiene, have been measured. The spectra were used to characterize the
fragmentation patterns of the molecular ions of the complexes under investigation and
to explain the character of the Rh—L bond in the molecular ion-radicals [XRhL]*
and in the fragments [Rh1.]*. The molecular ion-radicals of all complexes decompose
to yield the fragments X and [RhL]*, but not [RhX]*. The appearance potential
values (AP) of the fragment [RhL]™* obtained from various [XRhL]* ions appear to
depend on the character of the 1,3-substituents in the ligand X. The difference in the
AP values of [RhL]* for the nth and first complex is identical with the difference in
dissociation energies of the X—Rh bond in the complex [XRhL] and may be related
to the rates of polymerization of chloroprene initiated with the complexes studied
here.

INTRODUCTION

Recently, we have prepared a number of new complexes of monovalent rho-
dium, recorded their IR and NMR spectra and followed their effects on the dimeri-
zation and polymerization of chloroprene!-2. The following complexes have been

investigated : ,
R’ —C——0
HC/{' \RhI
nz——é"—“-o/
Ct
(Group X} (Ligand L)
(I) R!'=R?=CH, (V) RI=R2=p-CH,OC¢H,
(I) R!'=CH,, R*=Ph (VI) R1=R2%=p-CIC4H,
()R*=R?*=Ph . - (viD R‘=R2=p-N02C6H4

(IV) R! =R?=p-CH,CH,

- In this study, the mass spectra of the complexes described have been recorded
and the nature-of their fragmentation in the ion source of a mass spectrometer
-- characterized. At the same time, the ionization potential values (IP) of the individual
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complexes and the appearance potentlals (AP) of the [RhL]+ ion have been deter—"
" mined. The dlﬁ'erences between the appearance potennals ofthe [RhL]*ion have been
 usedito: characterize the dxﬁ‘erences in the bond. energy’ “X~-Rh'I: which appear to-

o dcpcnd on the nature. of thc ligand X. Tt has been found that the differences in this

- bond energy for the complexes (D)—(VII) may be related to the relative rates of poly-
- _merization of chloroprene when initiated with these complexes. The rates of poly-
~* ‘merization have also been: correlated with the values of the. Hammett constants of

- the substituents R* and R? in the ligand X as determined mass spectrometrically.

METHODS

The mass spectra were measured with an A.E.I. MS-902 apparatus, the electron
energy being 70 eV, by using a direct input system at ion source temperatures within
the range 120-200° depending on the vapour tension of the complexes under investi-
gation. The elementary compositions of some fragments of complexes (T1), (I1I) and
: (VI) were measured using 2 resolution of 10000/10"/ by using the peak matching

TABLE 1

THE COMPOSITION OF SOME FRAGMENTS OF COMPLEXES (II), (III) AND (VI) DETER
MINED BY THE PEAK MATCHING METHOD

Determined -. Composition . ~ Calcd. Determined Composition Calcd.
(mfe) ’ (m/e) (mfe) (m/e)
Complex (11} - : : . S

439.9816. .- CygH,00,ClLbRE 4399818 205.9594 CgH,Rh 2059604
405.0129 C,;5H;50,CIRh 405.0146 204.9522 CgHgRh 2049525
369.0380 C,sH;30:Rh 369.0378 180.5524 CsHgRh 1809525
368.0301 C,sH;,0:Rh 368.0300 179.9448 CsHsRh 179.9447
242.9450 CgHRhCl 2429449 a 105.0343 C,;H;0 105.0340
2419343 CgHgRhCI 241.9347 b 105.0706 CgH, - 105.0704

- 240.9287 CgH;RhCI 2409293 a 103.0547 CgH- 103.0548
2399114 CgHRhCI L 2399114 b 102.9058 Rh 102.9056
206.9674 CgHgRh . 206.9682 .
Complex (111) .

- 403.0562 C;,H;oRhO © 403.0570 267.9765 C,;HgRh 267.9761
374.0536 C,.H,oRh 374.0543 224.0829 CysH;20; 224.0837
360.9863 : C,6H;5sOCIRh 360.9867 223.0761 . CysH;0, 223.0759
326.0178 C;6H;sORh 326.0179 191.9431 C,H,Rh 191.9447
297.9840- C,4H,;0Rh 397.9866 180.9523 CsHgRh 180.9525
2829990 C,.H,,.Rh 282.9995 165.0699 C,sHs 165.0704
2789214 CeH,oCL,Rh 278.9215 147.0455 C.H, 147.0446
269.9915. C,sH,;,Rh 269.9917 ‘

Complex (VI) . ) - ‘
469.9656 C,.H;,CI,ORAh 469.9676 2419371 CgHgCIRh - 2419371

© 3579644 C,6H;5>CIORR 3579655 2259060 C,H,CIRh - 2259058

- 3529360 - - CyH,,CLRh - 3529372 a 1810051 CyHgClO, - . 181.0045

- 250.9980 " - C,sH,0,Cl, - - 290.9980 b 1809519 CsHgRh , 180.9525

12789208 - . - CgH,;oCLRh . 2789215 1389952 C;H,CIO 1389951
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method (Table 1) All complex&s were stable under the expenmental condmons used
‘only complex: (VIL), which required the highest source temperature, underwent any
" apparent thermal decomposmon Some. metastable ions of complexes (II) and (III)
were also measured using the defocussing. method. The appearance and ionization
potentials were recorded with an accuracy +0.1 €V by means of the semilogarithmic
'method suggested by Lossing et al.® and were calibrated with respect to the ioniza-
tion potential of argon “°Ar for. which 1=15.75 eV. The values thus obtained are
summarized in Table 2. :

- TABLE 2

IONIZATION POTENTIALS (IP) OF THE XRhL COMPLEXES AND THE APPEARANCE PO-
TENTIALS (4P) OF THE [RhL]* ION

I[RBL}*
Complex IP AP AP,— AP AP—IP lo (——) +2
P (eV) ev) ! - o8 ILXRKLY*
] 8.80 12.45 0 3.65 1.901
(1) 860 1315 070 4.55 1.613
(IID) 870 - 1365 1.20 495 : 1.316
() 8.75 14.05 1.60 5.30 1.113
W) 830 13.85 140 555 0.948
(Vi) 8.45 12.85 0.40 440 - 1.674°
(vII) 9.50 = 1265 0.20 3.15 2.398

9 I{RhL]* and I[XRhL]* =relative intensities of the fragment (a) and of the molecular ion M* ; M* =
[XRhCgH,o3*CI3CI]*. ¥ I[XRhL]* = Iy +1Tye s+ 1 s s

RESULTS AND DISCUSSION

1. Fragmentation of molecular ions

The mass spectra (Figs. 1-4) are characterized by a number of intense mole-
cular peaks but a basically simiiar fragmentation pattern, the characteristic feature
of which is the formation of fragments of the type [RhL]* (m/e 279). The ions [RhL]}™
are present amongst the fragmentation products of all the complexes studied, their
relative intensity decreasing in the series (VII) > (I) > (VI) > (II) > (III) > (IV) > (V).
On the other hand, no ions of type [RhX]*, whose nominal m/e masses would corre-
spond to the values 202 (I), 264 (II), 326 (I1I), 354 (IV), 386 (V), 394 (VI) and 416 (VII),
could be detected. The greater stability of the [RhL]* fragments is obviously due toan
eleciren re-distribution involving the rhodium atom and the dichlorocyclooctadiene
ligand and possibly to a change in the valency of the rhodium atom. This change may
be depicted schematically as follows:

cl +

' C———CH p
[rn? ]’ P j l j eh]
\c CH

|
(@) " {continued on p.359)

Ci
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The d1£fercnt character of the Rh—L bond in the moleculat jon and n: theﬁ :
fragment (a) is also demonstrated by the somewhat different fragmentatxon patterns’
of the ligand L when present as a component of the molecular jon [XRhL]+ -and of
the fragment (a). For example, the intensity of the ions (b) (¢f: Scheme 1) is generally -
higher than that of the fragments (c). On the other hand, theintensity of theions(a) —Cl~
which are similar to the ions (b) is virtually zero. This may be explained on the basis
that the change in the valency of the rhodium atom in the molecular ion and the corre--
sponding increase in the strength of the Rh—L bond are preferred to the step involving .
the splitting-off of a chlorine atom, whlch from the above discussion may be depxcted
by the equation: : : :

-+

X — rnle— ¥ - X——RHE : @
L 1 . ‘

Cl

Following from Scheme 1, the fragments (a) are probably the precursors of a
number of ions which were found in the spectra of all the complexes studied in the
present investigation, and which, in some cases, are those exhibiting the most intense
peaks (m/e 239-243, 205, 206, 207, 181). Splitting-off of hydrogen chloride and
hydrogen from ion (a) leads to the presence of intense peaks corresponding to the
fragments [CgHgRh]*, [CgH,Rh]* and [CsHRh]™ (mfe 207, 206 and 205). In
agreement with the metastable ions detected during this investigation, their decompo-
sition pattern is written as shown in Scheme 1, thus enabling an explanation of the

SCHEME 1

y [xrncgH, o] +_ZHG [thCaHg:l
prnL]t H:l o) o)) y [RZCOCHRhCBH-,]
X[XRPICBHQCI]T —=Ha [XRhCBHa] Ry CO®
) - td) T |:chocr-mrxc,,l~ia]+

+
o TR
(a) *

:::C' [RhCBH7Cl]+
mfe 241
[RncgHgct] g
mie 242
*® | —HC1
-HCI ,
fncers]’ : [Rncgt, 17 — 2w [RNCaHG] "

mle 181 — mje 206 - o mje 205 -

vy
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: _Aﬂe'e’aa mem&es- ‘-\bsswed "er- *-.;eﬂe &ag;;%at&w‘eea the. ‘attef 273 fer-meﬁ izs—m ﬁae"
;-:djﬁ'erent complexes studied-in: this: mvesnganon )
- No[XRAT* ions were detected in the spectra, but pammpatmn of the fra,,ments -
. ansmg from the ligand X but not containing the rhodium atom occurred to a con-
~ siderable ‘ extent. The formation of th&e fragments and of theu' decomposmon ‘
- -products is’ parﬁy deplcted mn Scheme 2 :

SCHEME 2

i ~RhCgHgCl TE o os _pcot ’
[anL] ——c°—9—3-- [ricocHcor, ] * 2 [ COCH2]+
e =(x + ¥
P .
e yyd —Ry ECC iy

[RaCOCH,CO] ———= [Ryc0]r ———=— [ra]”
oy 7_(3) - th

Those complexes in which the bond strength between X and the central atom,
Rh, is greatest i.e..complexes (III) (V) and (IV), fragment to form ions of medium
- intensity which contain groups arising from the ligand X in addition to the rhodium
atom. Their formation and fragmentation patterns are shown in Scheme 3.

2. Ionization porentlals of the complexes and appearance potentials of the [RhL]™ ion
The ionization potentials (IP) of the complexes investigated in this study

vary over the range 8.30-8.80 eV (Table 2). Complex (VII) is an exception ; the nitro

group present in this comples causes a considerable decrease in the electror density

in the region of the central Rh atom leading to an IP value of 9.50 V.

* From the definitions of the ionization potential of the [XRhL] molecule and

the appearance potential of the [RhL]* ion expressed in equations (3) and (4) it

IP[XRhL] = AH[XRhL]* —~ AH[XRhL] 3)
AP[RBL]* > AH[RhL]* +AH (X)-—AH[XRhL] 4

follows that the difference AP [RhL]* —IP [XRhL]* may be put equal to the disso-
ciation energy of the molecular ion which decomposes according to the reaction:

[XRhL]"’ — [RhL]* +X- (5)

" The magnitude of AP — I P increases in the series (VII)< (I) < (VI)< (If) < (I1f)

< (IV) < (V), (see Table 2). From Table 2 it will be seen that an inverse linear depen-

_ dence exists between the above differences and the logarithm of the intensity ratio of

the peaks I[RBLT/ITXRAL}? for alf complexes studied tere, thus suggesting that

the decompasition. reaction (,il is a simple nracess. In fact, the relativelv simple

nature of this reaction may, in some cases, be dn’ecﬂy confirmed by the presence of
, cf metas&ab!e ioms, -

' The homolytic dissociation of the complex {X-RhL} into radlca} fragmenis X'

f-—and RhL- a reaction wh.xchvmvolves the absorption of the dissociation energy D,
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cr’
*
e T . + _-co -
LTSRN A [reoenrmnegrge]t —~——— Dtancarga}t
) 3 : B
*|-HC I-R; T #j-Hal
+ .
+ + ¥
XRRC o1, lecncamnageal’ ExF“C b »
(w (s ' ) :
[N /1 -
- - ¥ _ % [~H,COCH,CO
§
-+ +
{RiCHCORRRCEHLT? [RoCHRhCgHaCI]* [rRRRCH,]
tm) : (x) (t)
—R;
% [—~CyHg
+ +
[rRicHCOR,RN]® [RaCHCORNCEH, |+
{n} (y)
* —co
—CgH
[RiCHR RN 88— [RiCHRRNCgHg T
(o) w
+ K
[Rocrn] [Riccor,rRn—+i]
®) )
-CO

[RiRoCRR—H]?
tw)

may be expressed by the equation
[X-RhL]+D — [X]-+[RhL]- (6)
According to eqn. (6}, the dissociation energies of the first and the nth complex may
be calculated from the heats of formation of the various components involved :
D, = AH[XJ-+ AH[RhL}-—AH[XRhL] (7)
D,=AH{XJ-+AH[RhL} — AH[X,RhL] ®)
Similarly, the appearance potentials for the formation of the [RhL] * ion can also be
calcuiated from the first and the nth complex via eqn. {4):' [
AP[RELY > AH[RAL]® + AH[X,]- — AH[X,RhL] o ©)
AP[RHL]} > AH[RBL]* +AH[X,]'—AH[X,RhL] - o (10)
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f':_i If it is- assumed that the exc1tatxon energy of the ion [RhL]+ is the same for each of
" the complexes (I)-(VII) under investigation, then. msertwn of this eqns. mformatlonj
mto (7)-(10) leads to the relatlonsmp ‘ o : R

 AP[RBL]; — AP[RHL]{ = D, D, o o o (11)_

_ The difference between the dppearance potentlals of the [RhL]* ion atising
. from the nth’ and the first complex is thus equal to the difference between the disso-
- ciation energies for the homolytic decomposmon of these complexes. The dissociation
- energy of the complexes increases in the series (I)< (VII) < (VI)< (II) < (II)) < (V)
< (IV) (see Table 2),.and for complex (IV) it is greater by a factor of 1.60+0.20 eV,
‘1.e. 36.94+4.6 kcal-mole™ !, than for the first complex.
' A plot of the d1fference AP [RhL]} —AP[RBL], or D,— D, vs. log (r, /r,)p,
~ wherer,and ry denote the polymerization rates (p) of cnloroprene when initiated with
_the nth and the first'complex, (Fig. 5) is essentially linear. This dependence is similar

T 1 ‘r 1 T 1
020 4
o
.p.u
g D
oo 1

Il - i N —
05 as0 075 100 125 50
: (0,0 eV}
Fig 5. Relationship between the logarithm of the relative rates of polymerization (r,,) of chloroprene in the
_presence of the nth and first complex and the difference between the dissociation energies (D) of the bond
Rh—X in the nth and the first complex.

to the relationship between log(r, /r), and the o, values of the substituents in the
phenyl groups of complexes (III)——(VII) mentioned earlier?. Hence, from the mass
spectra of the individual complexes it is possible to directly obtain overall values for
the Hammett constants of the various substituents by using the loganthm of the ratio
of the mtensmes of the fragment and of the ion from whlch it is derived®:

log(I[Rh.L]*‘/I[XRhL] )=p0o - . : o (12)

The o values thus obtained agree well with the rates of polymenzatlon of
chloroprene2 for all the complexes studied, with the exception of complex (V) (Fig. 6).
"It follows, therefore, that the previous correlation between the. polymerization rates
and the Hammett constants of the substituents present in the complexes may be ex-
- tended to include complexes (I) and (IT) where a direct determination: of these con-
stants ls not possxble Hence it is pos51ble to use mass spectral measurements for the
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Fig. 6. Relationship between the logarithm of the relative rates of polymerization (r,) of chloroprene in the
presence of the nth and first complex and the logarithm of the intensity ratio (I) of the ions [RhL}* and
[XRhL]? in the spectrum of the nth complex.

rapid estimation of the relative efficiencies of complexes such as those investigated in
this study as initiators in the polymerization of chloroprene without resorting to

time-consuming polymerization experiments.
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